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The Horseshoe Gulch (HG) and Gregg Ranch (GR) areas of the

eastern Klamath Mountains, northern California, contain Paleozoic

rocks of Cambrian to Devonian age. The oldest unit is the Early

Cambrian plagiogranite-tonalite unit of Gregg Ranch (PGR) (c.565 Ma

U-Pb age on zircons). It is structurally overlain by the Middle

Ordovician or older keratophyre of Lovers Leap. These two units were

juxtaposed by Middle Ordovician and formed the basement on which

overlying Middle Ordovician to Early or Middle Devonian sedimentary

rocks were deposited. The relation of the PGR to the structurally

underlying Ordovician Trinity ophiolite is obscure; crosscutting dikes

indicate that the two units were relatively close together by Early to

Middle Devonian.

In the HG area tonalitic rocks similar to the PGR occur as fault

slices in the fault-bounded, blueschist-bearing schist of Skookum



Gulch (SSG). K-Ar ages suggest Ordovician-Silurian metamorphism of

the SSG. Also present at HG are Middle Ordovician or older quartz

keratophyre and Middle Ordovician to Late Silurian sedimentary rocks.

The PGR may have formed during continental breakup in western

North America. By Middle Ordovician the HG-GR area is inferred to

have been part of an arc-trench system, and was close enough to North

America by Late Ordovician for faunal exchange to occur with that

continent.

Fifty-three taxa of Middle to Late Ordovician brachiopods are

described. New genera and species are: Diochthofera conspicua,

Eripnifera praecipitis, and Sigmelasma pantherae. Other new species

are: Anoptambonites myriomorpheus, Elasmothyris limata, Epitomyonia

relicina, Salopina horseshoensis, Skenidioides glindmeyeri, S.

hadromesopleurae, S. multifarius, and S. rodneygreggi.
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STRATIGRAPHY AND SELECTED ORDOVICIAN BRACHIOPODS FROM THE HORSESHOE

GULCH AND GREGG RANCH AREAS, EASTERN KLAMATH MOUNTAINS, NORTHERN

CALIFORNIA

INTRODUCTION

Rocks in the eastern Klamath Mountains of northern California

provide important information about the Early Paleozoic history of

this part, of western North America. An investigation was carried out

to unravel a portion of this history through study of the

lithostratigraphy and biostratigraphy of a part of the eastern

Klamaths, the present author concentrating on Ordovician brachiopods

and referring other fossil groups to appropriate specialists. The

results of the stratigraphic phase of the project were published

earlier (Potter, 1977, 1982; Potter and others, 1977). Subsequent

work has added much new information and greatly modified earlier

ideas. Some of this new data is included on the maps and columnar

sections of Figs. 3, 4, and 5, and discussed briefly below, but a

complete discussion will be published elsewhere. The present report

is the first installment of the description of the Ordovician

brachiopods of the eastern Klamaths.
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GEOLOGICAL BACKGROUND

The reader is referred to Potter and others (1977) and Potter

(1977) for a description of the regional setting, stratigraphy, and

inferred geologic history of the Ordovician to Devonian rocks of the

Gazelle-Callahan-Yreka district of the eastern Klamaths. Figs. 1-5

show an index map, geologic maps, and columnar sections. Descriptions

of rocks units are given in Potter and others (1977), Hotz (1977), and

Potter (1977), and are not repeated here. The more significant

results of work since 1977 are mentioned briefly below.

Age of schist of Skookum Gulch (SSG): Potter and others (1975;

1977, p. 436) inferred that the Gazelle-Callahan-Yreka district was

part of a volcanic arc-trench system that formed on the Trinity

ophiolite by Middle Ordovician time. Churkin (1974) and Burchfiel and

Davis (1975) reached a similar conclusion. Apparent corroboration for

this hypothesis was supplied by isotopic ages measured on the schist

of Skookum Gulch (SSG), which contains lawsonite-glaucophane

blueschist. Potter and others (1981) reported K-Ar ages of 439+13 Ma

and 451+14 Ma on white mica from semischist and crossite-bearing

schist, respectively. Cotkin and Armstrong (1987) measured a

phengite-whole rock Rb-Sr age of 447+9 Ma from quartz-albite schist

and interpreted it as the time of blueschist metamorphism. The latter

date suggests that subduction occurred in the Klamath arc in the

Middle to Late Ordovician, using the "DNAG" time scale (Palmer, 1983).

Cashman (1980, p. 457) reported whole-rock 40Ar/39Ar ages of 442+

11.8 and 440+11.3 Ma for two samples apparently from the Duzel

Phyllite of Hotz (1977); she considered these ages to have been
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probably affected by inherited Ar from detrital muscovite in the

samples and to exceed the date of metamorphism. Potter (1982) noted

the similarity in these ages to the K-Ar ages of the SSG and inferred

that the Duzel ages dated a time of metamorphism. However, Wallin in

press) found that detrital zircons in the Sissel Gulch Graywacke give

U-Pb concordia-intercept ages of c.432-c.442 Ma; as the Sissel Gulch

is thought to depositionally underlie the Duzel (Hotz, 1977, p. 14),

it seems that Cashman (1980) is more likely to be correct than is

Potter. Wallin's results also lead to some uneasiness in interpreting

the isotopic dates of the SSG as metamorphic ages.

Plagiogranite-tonalite unit of Gregg Ranch (PGR): Potter (1977,

p.94) noted an unconformity between a unit of plagiogranite to

tonalite (IUGS Classification, Streckeisen, 1973), herein termed the

PGR, and overlying sedimentary rocks near Gregg Ranch. Samples were

sent for dating to J. M. Mattinson in 1981, but results did not become

available until 1986. Mattinson determined U-Pb concordia upper-

intercept ages of c.565-570 Ma on these rocks (Early Cambrian; Wallin

and others, manuscript submitted to Geology), similar to ages measured

by Wallin (1986) on tonalitic rocks occurring in the SSG.

The tonalitic rocks in the PGR and SSG probably were orginally

parts of one igneous complex; they may have formed during continental

rifting and breakup in western North America, dated by Bond and others

(1984) at c.555-600 Ma. However, analyses of two tonalitic samples

from the SSG plot in the field of volcanic-arc granites on the Ta-Yb

and Rb-(Yb+Ta) diagrams of Pearce and others (1984) (Polly Haessig,

oral comm.,1987), suggesting crystallization in a volcanic arc at an

unknown site. Obviously, much more geochemical data are needed to
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ascertain the setting in which the tonalitics formed.

The SSG tonalitic rocks appear to have been emplaced by faulting

into the SSG in the Late Silurian or earlier, as clasts of tonalitic

rock and schist occur together in a Late Silurian conglomerate (unit

h8) in Horseshoe Gulch.

The PGR are structurally above intrusive rocks of the Trinity

ophiolite and structurally beneath the Middle Ordovician or older

keratophyre of Lovers Leap (kLL) and overlying Middle Ordovician to

Devonian sedimentary rocks. Contacts of the PGR with other units are

usually unexposed or faulted, and the original relation of the PGR to

the Trinity is obscure. Dikes that intrude both units indicate that

PGR and Trinity were relativey close together by Early or Middle

Devonian and, perhaps, by Middle Ordovician. The PGR and kLL were

juxtaposed by Middle Ordovician and together served as the basement on

which overlying Middle Ordovician to Devonian sedimentary rocks were

deposited.

It seeems odd that no Cambrian sedimentary rocks or fossils have

yet been proved in the eastern Klamath terrane. The quartz keratophyre

of Horseshoe Gulch (unit hl) and kLL could both be Cambrian; unit hl

might even be a latestage differentiate of the PGR magma (or a

product of later remelting of the PGR, as noted below).

Moffett Creek Formation: Potter and others (1977) interpreted

the Moffett Creek Formation as a melange formed by sedimentary and

tectonic processes in a Silurian or older subduction zone. Later work

in Simpson Gulch (south of Bonnet Rock) indicates that much of what

was originally mapped as Moffett Creek consists of one or more

olistostromes that have been tectonically sheared and that contain
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scattered clasts of Gazelle Formation member 1-type lithologies. The

latter include chert-lithic breccia to sandstone like that

stratigraphically near Late Silurian Payton Ranch Limestone in

undisrupted sections of Gazelle member 1. Therefore, these

olistostromes are inferred to have been deposited in Late Silurian or

later time. Another clast is a )3-m block of dike/volcanic rock very

much like that of Gregg Ranch unit 2 (gr2), indicating that some

detritus in these olistostromes was locally derived. The age of these

olistostromes and the relatively nearby source of some of their clasts

suggest that they were not deformed in a Silurian subduction zone;

instead, deposition more likely occurred within or near a volcanic

arc.

Volcanic rocks of Bonnet Rock (vBR): This unit of spilites was

poorly dated and known only in the Bonnet Rock area by Potter and

others (1977). Recent work indicates that it is present in unit h2 in

Horseshoe Gulch, although exposures are too poor to reveal its contact

relations. Pebble- and sand-size detritus from this unit also occurs

in Middle Ordovician clastic rocks of units h2, h3, and h4 in

Horseshoe Gulch. Potter and others (1976) inferred that these

spilites formed at a spreading center or off-ridge location; as they

are now known to be Middle Ordovician or older, they may be coeval

with the Trinity ophiolite (or even with the PGR). Their connection

with the quartz keratophyre of unit hl is obscure; one hypothesis is

that during emplacement into Horseshoe Gulch the vBR or their parent

body heated and remelted the PGR to form the hl quartz keratophyre.
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REVISED GEOLOGIC HISTORY

Potter and others (1977, p. 436-438) attempted a reconstruction

of the paleogeography and geologic history of the district; the first

sentence of that discussion still applies: "So many . . . factors . .

. are unknown that any detailed configuration proposed here would be

purely speculative." A brief, updated version of the major Early

Paleozoic events in the the district is as follows: First,

crystallization of the tonalitic rocks of the PGR and SSG occurred in

the Early Cambrian, possibly during continental breakup in western

North America or in a magmatic arc at an unknown location. In Early

to Middle Ordovician (c.455? to c. 480 Ma; Wallin and others,

manuscript submitted to Geology) the Trinity ultramafic complex

crystallized; the tectonic environment in which it formed is also

enigmatic. Quick (1981, p. 11861) concluded that the Trinity

peridotite ascended through the upper mantle "beneath an oceanic

region, possibly in close proximity to a continental margin." Evans

(1984) dated an episode of crustal extension in east-central Idaho at

c.492-c.482 Ma. Perhaps the Trinity solidified near North America

during this event. It is uncertain whether the Trinity crystallized

near or within the Early Cambrian tonalitic rocks or was faulted

against them later; in any event, the two were juxtaposed by Early or

Middle Devonian, perhaps by Middle Ordovician. As mentioned

previously, the PGR and kLL together acted as the substrate on which

overlying Middle Ordovician to Devonian sedimentary rocks accumulated.

If the K-Ar and Rb-Sr dates on the SSG represent the age of

metamorphism, the eastern Klamaths were part of an arc-trench system
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in the Middle Ordovician to Early Silurian (or a portion of this

interval). Igneous rocks that may have formed in this arc include the

kLL, the dikes/volcanics of unit gr2 near Gregg Ranch, and a

microgabbro dike dated at 435+21Ma (Sm/Nd mineral-isochron age) by

Jacobsen and others (1984) and surmised by them to indicate arc

magmatism. The polarity of this arc is unknown; present data are

compatible with the inferences of D'Allura and others (1977), Varga

and Moores (1981), Schweickert and Snyder (1981), and Hannah and

Moores (1986) of an east-facing arc.

In the Late Silurian to Early or Middle Devonian large parts of

the Moffett Creek Formation and member 1 of the Gazelle Formation were

redeposited as olistostromes. This may have occurred in an

accretionary complex or near or within the volcanic arc.

Hannah and Moores (1986) surmised that the earlier west-dipping

subduction zone reversed polarity in the Late Silurian to Early

Devonian. Burchfiel and Davis (1972) and Cashman (1980) postulated a

west-facing arc in the eastern Klamaths in the Early to Middle

Devonian. Taking the paleomagnetic results of Mankinen and others

(1982) into account, Cannat and Boudier (1985) concluded from

structural data that plate convergence in the region occurred in a N-S

to N20°E direction along a north-dipping subduction zone at this time.

The Early to Middle? Devonian keratophyre-spilite of Gazelle member 3

was interpreted as arc volcanics by Potter and others (1975; 1976),

and may have been produced in the initial phase of this subduction

regime.
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FOSSIL LOCALITIES

All five-digit locality numbers in this report are U. S. National

Museum of Natural History (USNM) locality numbers. The localities and

the rock units to which they belong are shown on Figs. 1-5. Single-

letter suffixes (-a, -b, -c, etc.) have been added to some USNM

locality numbers to separate small areas that are relatively close

together, but these are not differentiated on Figs. 1-5.

The brachiopods described herein are virtually all from member 1

of the informal Gregg Ranch unit (Ogrl on Figs. 3 and 5) near Gregg

Ranch, clasts from conglomerate of member 3 of the Kangaroo Creek

Formation (Sk3 on Fig. 5) in the Lovers Leap-Gregg Ranch area, and

from member 5 of the informal Horseshoe Gulch unit (0h5 on Figs. 4 and

5) in Horseshoe Gulch. The stratigraphic relations, depositional

environments, and ages of these fossil localities are discussed by

Potter in Rigby and Potter (1986, p. 1-7) and are not repeated here.

The Ashgillian faunas from Horseshoe Gulch USNM localities 18138,

18169, and 36439 are inferred to have lived at about 30- to 90-m depth

in warm water (tropical to subtropical) of normal-marine salinity and

relatively low energy, based on associated dasycladacean algae (Rigby

and Potter, 1986, p. 3). The Llandeilian brachiopods at loc. 18128

probably lived under similar conditions (ibid., p. 6).

calcareous algae have been found at loc. 18128,

clasts from unit k3 do bear algae (D. M. Rohr,

Although no

some red-limestone

oral comm., 1986);

brachiopod faunules similar to that of loc. 18128 occur in some red-

pink clasts. Furthermore, the 18128 faunule is similar to that of the

Llandeilian Pratt Ferry Formation of Alabama, and the latter unit

contains receptaculitid dasycladacean algae (Benson and Stock, 1986,
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p. 8).

Localities 18121, 18123, 18124, 18125, and 18130 are outcrops

and/or float of member 3 of the Kangaroo Creek Formation of Rohr (in

Lindsley-Griffin and Rohr, 1977, p. 54-55). Member 3 is a Late

Silurian roundstone polymictic conglomerate that is 0.5-15 m thick and

contains cobble- to granule-size clasts which are commonly limestone

and in some cases fossil-bearing (ibid.). Ages of some clasts

yielding brachiopods are given in Rigby and Potter (1986, p. 7).
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PALEOBIOGEOGRAPHICAL RELATIONS

Williams (1973), Jaanusson (1979), Sheehan (1979), Boucot

(manuscript), and several other authors have discussed the

biogeography of Ordovician brachiopods. The Gregg Ranch Llandeilian

18128 faunule belongs to Williams' (ibid.) American Realm, and the

Ashgillian 36439 assemblage to his (and Sheehan's) North European

Province. In the terminology of Jaanusson (1979), the 18128 group

classifies in the Scoto-Appalachian fauna and the 36439 sample in the

Hiberno-Salairian fauna. Boucot (manuscript) suggests that these two

faunas of Jaanusson are benthic assemblages rather than true

biogeographic units.

Llanvirnian graptolites from unit h2 in Horseshoe Gulch probably

belong to the Pacific (or Australian-American) Faunal Province of

Berry (Berry and others, 1973). Llandeilian and, probably, Ashgillian

conodonts are members of the North Atlantic Conodont Province

(Bergstrom and others, 1980). The paleobiogeographical relations of

other Klamath faunules were discussed by Boucot and others (1973) and

Boucot and Potter (1977).

The Ordovician brachiopod faunules of the Klamaths differ from

coeval faunas in much of North America, including Nevada, allowing

speculation that the Klamaths constitute a far-traveled exotic

tectonostratigraphic terrane that was accreted to North America only

in post-Paleozoic time. In order to evaluate such a hypothesis, a

preliminary attempt was made to assess the taxonomic similarities of

the 18128 and 36439 faunules to coeval faunas described in the

literature from various localities over the world (excluding China,
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owing to the author's inability to read Chinese). The Affinity Index

(AI) of Savage and others (1979) was used, where AI=([
c_ccosm]

/rNL 1
cosm

N c
1

] x100, and C= number of genera common to the two samples being

compared, coC m is the number of comsmopolitan genera common to the

two samples, N1 is the smaller sample, and N
1
c
osm

is the number of

cosmopolitan genera in the smaller sample. Results reported below

should be regarded only as crude estimates because of uncertainties in

identification. The AI is reported as a range of values in most

cases; the minimum value results from exclusion of questionably

identified genera in C, and the maximum value from inclusion of same

in C. Furthermore, some comparisons were undoubtedly made between

faunules not coeval, introducing a further source of error in

interpreting the results. Comparison of the 18128 faunule with 10

approximately coeval faunas and with a Llandeilian-Caradocian sample

from the Nixon Fork terrane of west-central Alaska shows that the

18128 sample most closely resembles faunules from the Girvan area,

Scotland; Virginia-Tennessee-Alabama (Pratt Ferry Formation in

Alabama); and the Nixon Fork terrane (Fig. 6). Relative to 17 other

Ashgillian faunas, the 36439 collection is closest to those from north

Ireland; Jones Ridge, Alaska; and the Misty Creek Embayment, Northwest

and Yukon Territories. The Virginia-Tennessee-Alabama, Jones Ridge,

and Misty Creek areas were undoubtedly part of North America in the

Ordovician. Girvan and north Ireland are regarded as allied with

North America in the Ordovician by many authors (e.g., Williams,

1973), and the Nixon Fork terrane as such by no less than the eminent

authority on Alaskan geology, R. Blodgett (oral comm., 1987).

Obviously, much of the dissimilarity between the Klamath faunules
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and those from other areas results from comparing different

communities rather than analogous communities that are in the same

Benthic Assemblage but in different biogeographic units. (Attempts

were made to obviate this problem where possible.) Also, much of the

similarity to certain faunas is due to comparison of samples from more

offshore benthic assemblages; such faunules contain many relatively

cosmopolitan taxa (Johnson, 1983; Boucot, manuscript). Even so, the

Ashgillian faunas of the Klamaths (loc. 36439), Jones Ridge, and Misty

Creek areas share a small number of taxa that have yet to be reported

elsewhere and thus serve to unit these areas into one biogeographic

unit. Diochthofera n. gen. appears to be restricted to the Klamaths,

Jones Ridge, and Misty Creek areas; Elasmothyris n. sp. to the

Klamaths and Jones Ridge; Eripnifera n. gen. to the Klamaths and Nixon

Fork. The Klamaths and one or more of the above three areas also

share at least a few new species of other brachiopod genera.

The Girvan, Scotland, area and Perce, Quebec, have Ashgillian

brachiopod faunules similar to those of the Klamaths, yet contain

Fardenia, which is absent in the Klamaths, Nixon Fork, Jones Ridge,

and Misty Creek areas. Sampo and Schizophorella are other genera that

are absent in the latter four areas, yet appear in Ireland and Maine

in Ashgillian faunas resembling that of the Klamaths in many other

respects.

Finally, Rigby (in Rigby and others, in prep,) finds that the

Klamaths share 4 species of sphinctozoan sponges with the Nixon Fork

area and one with Jones Ridge (the Jones Ridge sphinctozoan collection

consisted of one fragment from one cobble-size piece of limestone).

These sphinctozoans are common, relatively large, and unusual enough
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in appearance that one would expect them to have been found in such

well-sampled areas as Perce, Girvan, and Pratt Ferry if they were

present there.

The above evidence indicates that the Klamaths were close enough

to North America in the Llandeilian-Ashgillian for faunal exchange to

occur. The apparent absence of Klamath-type faunules in Ordovician

rocks in Nevada is probably due to inadequate sampling of BA 4-5

biofacies. Kay and Crawford (1964) reported Bimuria sp. and

Scaphorthis? sp. in their Caesar Canyon Limestone in the Toquima Range

of Nevada, suggesting that other Klamath-type genera may be nearby.

If Klamath-type Ordovician faunules really are absent from Nevada

and neighboring regions, one could appeal to differing temperature

regimes and/or current-circulation patterns as preventing genetic

exchange with the Klamaths. Dasycladacean algae at loc. 36439 and in

Nevada (Johnson and Sheehan, 1985) suggest tropical-subtropical

conditions in both areas in the Late Ordovician, yet perhaps the

Klamaths were in slightly cooler waters or a temperature barrier

intervened and faunal exchange was prevented. A circulation pattern

like the one drawn on the map of Fig. 7 (paleolatitudes from Sweet and

Bergstrom, 1984; base from Elias, 1981) would have maintained gene

flow between Alaska and the Klamaths, and might have prevented same

with Nevada.

The current-circulation pattern shown on the Ordovician

paleogeographic map of Boucot and Gray (1979, p. 473), which is based

on a pangaeic interpretation, would have allowed faunal communication

from Alaska to Nevada and an eastern Klamath terrane that was

relatively near to present-day western North America.
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SYSTEMATIC PALEONTOLOGY

Order Orthida

Suborder Orthidina

Superfamily Orthacea Woodward

Family Orthidae Woodward

Subfamily Orthinae Woodward

Genus Diochthofera n. gen.

Diagnosis: Pedicle valve generally sulcate; dorsal adductor

field deeply impressed posteriorly and bounded laterally by raised

segmented ridges; one short ridge segment on each side is especially

prominent and knob-like or narrow-crested. Dorsal median ridge low,

narrow.

Description: Shell ventribiconvex to nearly planoconvex,

relatively small; in dorsal plan view outline wider than long,

commonly subtrapezoidal to subelliptical. Anterior margin bears

slight medial indentation in some valves. Hinge line width less than

maximum width; cardinal angles obtuse.

Lateral and anterior profile of pedicle valve convex overall.

Sulcus generally present, begins near beak and at valve margin is

rounded medially, relatively narrow to moderate width, shallow to

moderate depth or replaced by medially flattened area. Ventral

interarea concave, apsacline; delthyrium open, delthyrial angle

usually moderate.

Brachial valve gently convex overall, or planar or slightly

concave in anteromedial segments in lateral profile. Anterior
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profile ranges from shallow, subtriangular to gently convex and

medially indented. Sulcus present in most valves, usually moderate

width to wide and shallow to very shallow at valve margin. Anterior

commissure usually straight. Dorsal interarea planar to slightly

concave in lateral profile, anacline.

Ribbing generally more or less evenly costellate; ribs usually

rodlike, low to moderate amplitude, commonly with rounded crests and

interspaces. Single capillae between ribs are common in some valves,

rare or absent in others. In posterior portion of several valves the

sulcus is bounded laterally by a group of 2-3 ribs, commonly slightly

elevated above ribs within sulcus. An axial rib, commonly prominent,

generally occupies posteromedial part of sulcus.

Dental plates fairly to very short. Ventral muscle field usually

subtriangular or subpentagonal in plan, usually elevated anteriorly on

low platform and extending very short to moderate distance beyond

bases of dental plates. Adductor area evidently bounded laterally by

low rounded ridges or raised on low medial ridge and as wide or wider

than flanking diductor areas at front of muscle field. Low medial

callus commonly occurs at front medial edge of field and extends

anteriorly a short distance; in one stock this structure extends as a

low rounded medial ridge to the valve margin. Vascula media initially

slightly divergent from near anterolateral margins of muscle field.

Brachiophores blade-like, acutely divergent in plan view, appear

to rest posteriorly on a short, low to relatively high notothyrial

platform. Cardinal process commonly appears as prominent knob with

subtriangular anterior face. In most valves anterior portion of

socket appears partially bounded by relatively thick plate. Dorsal
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adductor field appears deeply impressed posteriorly and is bounded

laterally by raised ridges that are segmented by furrows for vascula

media and myaria. The short ridge segments between these furrows are

usually a pair of quite prominent knobs or narrow-crested elevations.

Median ridge low, narrow, visible only between prominent ridge

segments or over much of muscle field.

Type species: Diochthofera conspicua.

Derivation of name: Greek: "di"--two; "ochthos"--elevation,

hill; Latin: "fer"--carry, bear.

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch. Ordovician limestone clasts of member

3 of the Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: This genus is distinguished from other genera of the

subfamily Orthinae, as emended by Williams and Wright (1965), by the

characters noted in the diagnosis above. Williams and Wright (1965)

state that orthids generally possess rodlike brachiophores and a

simple ridgelike cardinal process, but several specimens of

Orthambonites illustrated by Cooper (1956), for example, do exhibit

blade-like brachiophores (0. bellus P1. 35, fig. 45, 47, 49; O.

blountensis, P1. 35, fig. 33; O. brachiophorus, P1. 36, fig. 33), or a

cardinal process thickened anteriorly (0.? neumani, P1. 37, fig. 25).

Bladelike brachiophores are common in the Dolerorthidae, as

emended by Williams and Wright (1965), but the Horseshoe Gulch genus

differs from members of this family because of their lanceolate

ventral adductors and medially convergent ventral vascula media (vs.

relatively wider adductors and wider-spaced, slightly divergent

ventral vascula media of the Horseshoe Gulch stock). Plaesiomyids
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commonly have the ventral muscle field extending well beyond the

umbonal region, and most plectorthids and finkelnburgiids have

brachiophores with convergent bases (Williams and Wright, 1965).

The Orthostrophiinae as emended by Havlicek (1977, p. 76) possess

a carinate pedicle valve (sulcate anteriorly in a few genera),

converging brachiophore bases, and well-developed fulcral plates,

hence differ from the Horseshoe Gulch genus.

Some specimens of Eodalmanella socialis illustrated by Havlicek

(1977, P1. X, fig. 10, 11, and 20) resemble the Horseshoe Gulch stock

in the form of the dorsal muscle field, but this species differs in

the form of the notothyrial "swelling" ("triangular at base and flat

or gently concave on top"), the lack of a ventral sulcus, the acute or

rectangular cardinal angles, and narrow, high, angular costellae.

Diochthofera conspicua n. gen. et sp.

Plate 1, figs. 1-26, 32, 33.

Diagnosis: Same as for genus.

Description: Shell ventribiconvex to nearly planoconvex, largest

specimen 6.1 mm long. In dorsal plan view outline is wider than long

and grossly subtrapezoidal to subelliptical. Lateral margins commonly

moderately convex overall, but straight near the hinge line in some

valves; anterior margin gently convex or bearing a slight rounded

medial indentation; rarely, margin is straight. In 10 ventral valves

3.5-6.1 mm long, length is 0.8-0.85 maximum width (one somewhat

deformed valve is 0.7 as long as wide); 9 dorsal valves 3-4.75 mm in

length are 0.7-0.8 as long as wide, with some tendency for 1/w to

increase as 1 increases. In 10, 2, 1 valves width at hinge line is
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about 0.65-0.75; 0.8; 0.9 maximum width, which occurs at a distance

from the beak about 0.5 to 0.65 of total valve length in ventral and

dorsal valves. Cardinal angles obtuse.

Lateral profile of pedicle valve usually moderately convex

overall, rarely gently convex, but one or more segments are gently

convex (rarely planar or concave) in some valves. In 10 valves the

depth/length ratio tends to decrease as length increases; for 1 =3.5-

4.4 mm, d/1= 0.35-0.4 in 4 valves; for 1=4.6, 5.5 mm, d/1= 0.35 in 2

valves; for 1=5.3-6.1 mm, d/1=0.3 in 4 valves. Maximum depth

generally occurs at a distance from the beak about 0.25-0.5 total

valve length.

Anterior profile of pedicle valve commonly grossly semielliptical

to lenticular. Medial segment gently to moderately rounded overall

(rarely nearly flat), generally bearing a medial indentation produced

by a sulcus which begins near the beak, and near the valve margin

becomes generally rounded medially, relatively narrow to moderate

width, moderate depth to very shallow-indistinct to replaced by a

medially flattened area. In some valves sulcus is absent, but

flattened area occurs anteromedially. Lateral slopes moderately

inclined, slightly convex in some valves, but commonly contain

relatively short, steeply inclined segments extending from valve

margins and joined smoothly to medial reagion of valve by moderately

or gently inclined segments. In plan view beak area is prominent and

protrudes beyond general outline of lateral segments of beak ridges in

a few valves, but merges smoothly with them in others.

Ventral interarea relatively moderate to short length (0.2-0.3

valve length in 9 valves), generally slightly to moderately concave,
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moderately to strongly apsacline overall, but curving to weakly

apsacline or orthocline near the beak of some valves. Delthyrium

open, rounded or blunt at apex in most valves, owing to breakage;

delthyrial angle generally moderate (about 35-55° in 16 valves).

Lateral profile of brachial valve commonly gently convex overall,

or
, nearly as commonly, planar or slightly concave in anteromedial

segment and gently to narrowly rounded near umbo. In some valves

gently convex on the whole, the medial segment is planar; in a few the

anterior or posterior segment is moderately rounded. Eight valves

2.8-4.8 mm long have depth relatively shallow, 0.15 to 0.25 valve

length, and maximum near beak or at a distance from beak of about 0.1-

0.7 valve length. In profile lateral commissure is straight or is

curved over much of its length to become gently convex ventrally.

Anterior profile of brachial valve ranges from shallow and

obtusely subtriangular with a narrowly or moderately rounded apex to

profiles that are gently convex overall, but bear a medial

indentation. Sulcus present in most valves; it originates in

posterior half of large individuals, and at anterior margin is

rounded, moderate width to wide (rarely narrow), shallow to very

shallow-indistinct (rarely moderate depth). In some valves sulcus is

absent or fades out at anterior margin. Anterior commissure usually

straight, rarely very slightly sulcate. Lateral slopes gentle overall

(rarely moderate; steep near margin of one valve); slopes slightly

convex, less commonly concave, straight or undulatory. Posterolateral

slopes generally slightly concave in lateral view, straight in a few

cases. Beak area prominent to subdued in plan view, swollen in some

valves. Beak ridges commonly straight or only slightly concave in
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plan view; beak usually not protruding beyond more lateral segments of

ridges.

Dorsal interarea shorter than ventral interarea (0.1-0.2 dorsal

valve length in 10 valves), planar to slightly concave in lateral

profile, anacline overall, but curved to nearly orthocline at the beak

of one valve.

Ribbing generally more or less evenly costellate; costellae arise

by implantation and branching. Ribs of relatively low to moderate

amplitude, rodlike, generally with flanks inclined, crests and

interspaces rounded (either or both subangular in places). Single

capillae are commonly to rarely present in rib interspaces (absent in

a few valves); in rare valves capillae increase in size anteriorly to

resemble small ribs near valve margin. In the posterior portions of

several valves the sulcus is rather abruptly bounded laterally by a

group of 2-3 ribs that are elevated a minor amount above the rib(s)

within the sulcus, and, in some cases, slightly above adjacent more

lateral ribs. The posteromedial segment of the sulcus generally

contains an axial rib that is commonly prominent.

Just lateral of the midline an average of 2, 3, 4, 5, 6, 7

ribs/mm were counted at 2-mm growth stage in 0, 0, 1, 6, 2, 1 brachial

and 0, 0, 1, 7, 4, 2 pedicle valves, respectively; at 4-mm growth

stage similar densities were counted in 1, 2, 1, 0, 0, 0, brachial

and 0, 3, 5, 1, 0, 0 pedicle valves, respectively. (See Table 1,

notes 2 and 3 for conventions used in rib counts.) Capillae were not

counted. A few concentric growth "ridges", lines, and/or

"indentations" occur in most valves.

Teeth subtriangular; crural fossettes observed as oblique notches
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on anteromedial surfaces of dental plates on one valve. Dental plates

fairly short to very short and blade-like or thicker and ridgelike,

somewhat divergent anteriorly in plan view, and commonly slightly

divergent dorsally in anterior view. Umbonal chambers mostly infilled

to open.

Muscle field subtriangular to subpentagonal in plan view,

subelliptical in one valve. It has maximum width at points ranging

from bases of dental plates to its anteror edge, is 0.85-1.15 as long

as distance between bases of dental plates in 20 valves and 0.25-0.4

as long as valve in 8 valves. It is somewhat elevated on secondary

shell material in its anterior portion, usually forming a low platform

roughly 1-3 times as high at its anterior margin as the anterior

continuations of the dental plates are thick. Within muscle field of

a few valves adductor area appears about 0.5-0.7 as wide as field at

its front margin, is delineated by low rounded ridges on either side,

and contains a very shallow medial depression. In rare valves

adductor area is elevated on low medial ridge. Flanking the adductor

area are furrows for diductors, commonly narrower and shallow. Muscle

field extends a short to moderate distance beyond bases of dental

plates, the anterior lateral margins of the field bounded by

relatively low anterior continuations from bases of dental plates or

by the abrupt edge of the platform, if present. In plan view the

portion of the field in front of bases of the dental plates usually

has a U-shaped outline overall; the anterior margin of field is gently

convex anteriorly to, uncommonly, straight, and is usually abrupt;

anterior face gently to moderately inclined to valve floor, more

gently inclined in medial area than at the corners. In several valves
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a low medial callus extends a short distance anteriorly from front

medial edge of muscle field at a gentle to moderate slope. In some

individuals shallow grooves or furrows for vascula media begin near

anterolateral margins of muscle field (they cross margins in rare

valves) and are initially slightly divergent anteriorly; several

valves without clearly defined vascula media markings have depressed

areas just anterior to anterolateral margins of muscle field.

Brachiophores appear as blades that are thin to moderately thick

in transverse section, relatively narrow ventrally-dorsally, acutely

divergent anteriorly in plan view, oriented at relatively high angles

to lateral commissure in lateral view. Blades appear to rest on a low

to relatively high, short (0.15-0.2 valve length in 7 valves)

notothyrial platform; the latter has an abrupt edge that is usually

concave anteriorly in plan view and an anterior face that is generally

steeply to moderately inclined. Cardinal process commonly appears as

prominent knob at front edge of platform and has subtriangular

anterior face (viewed anteroventrally) that is continuous with

anterior face of platform; in some valves process appears as low

ridge, commonly with subtriangular anterior face, or blade, perhaps

due to incomplete preservation. Sockets concave. In most valves

anterior portion of socket appears partially bounded by a relatively

thick, curved or straight plate extending from anterolateral or

posterolateral surface of brachiophore process to interior surface of

valve; this plate may be part of brachiophore base or a fulcral plate.

In rare valves the plate joins the posterolateral ("back" part of side

of blade) rather than anterolateral part of blade of brachiophore, a

position more easily explained if it is a fulcral plate rather than
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the base of the brachiophore joining the valve floor. In some valves

this "socket-bounding" plate appears to be absent or is obscured by

secondary deposits which join the brachiophore and bound the socket

between brachiophore and internal shell surface.

Dorsal adductor field appears deeply impressed into shell

deposits posteriorly and bounded laterally by raised ridges that arise

in area anterior to brachiophore bases or sockets. Ridges are

segmented by shallow to deep furrows marking vascula myaria and media.

Outline of muscle field in plan view consists of a larger

horseshoelike posterior portion open to the front and meeting

anteriorly a smaller horseshoe-shaped area open to the posterior.

This smaller area may not be a part of the actual muscle field itself.

Distance from beak to anterior edge of smaller "horseshoe" is about

1.1 to 1.5 maximum width of muscle field as a whole in 7 valves, and

0.65, 0.7-0.75 as long as valve in 1,5 individuals. Furrows for

vascula myaria cross muscle-bounding ridges at about 0.45, 0.55, 0.6-

0.65 of total distance from beak to front edge of small "horseshoe" in

1, 1, 6 valves (and appear to extend anterolaterally to valve edge in

a few valves) and furrows for vascula media at roughly 0.8-0.9 total

distance in 8 valves. Vascula- media furrows are slightly divergent

anteriorly and extend nearly to valve margin in rare individuals. The

posterior of the ridge segments are separated by a gap from the base

of the brachiophore and sockets, contain point of maximum muscle field

width, are usually relatively narrow and rodlike (rarely wide, low and

ill defined); anterolateral extensions of these segments commonly

curve toward lateral margins of valve and extend short distance beyond

muscle field. Segments of ridges between vascular furrows are usually
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highest and most prominent; are short with wide bases, inclined

flanks, and narrowly rounded to rounded crests (knoblike), and

convergent toward anterior or subparallel in plan view. Anterior

ridge segments join at front to define relatively small area somewhat

set apart and with horseshoe-shaped outline in plan; these segments

are generally low to very low, indistinct.

Median ridge low to very low, rodlike, or with a subangular crest

and inclined flanks; generally it is highest between the second pair

of the three bounding-ridge segments described above; it is not

preserved beyond these segments in some valves; in others it extends

posteriorly nearly to the base of the notothyrial platform and/or

anteriorly to the front edge of the small "horseshoe".

Marginal crenulations consist of narrow to relatively wide,

flattened eminences, rarely with a medial groove, separated by narrow

grooves. In a few valves some grooves appear to have a low narrow rod

alongside. Interior of shell commonly smooth otherwise, except for

vascular markings described previously. Indications of punctae not

certainly identified on exterior or interior.

Type material: Holotype: USNM 413225, Plate 1, figs. 14-18;

paratypes: all other illustrated specimens.

Type locality: USNM loc. 36439a.

Illustrated specimens: USNM 413221-413229.

Derivation of name: Latin: "conspicuus"--prominent.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18169a - 1 2

36439a 2 16 12
36439b - 1 3
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36439c 3 6

Totals: 2 21 23

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: Given after description of D. aff. conspicua.

Diochthofera aff. conspicua

(Not illustrated)

Description: All valves available are tectonically distorted and

have at least partially broken margins, hence original valve shape is

unknown. Largest specimen is 3.3 mm long. Valves now range from

somewhat wider than long to transverse. Growth lines indicate that

valve margins were rounded; anterior margin bears rounded medial

indentation in 2 of 3 18121-cl. y valves. Cardinal angles altered by

tectonic deformation.

Lateral profile of larger pedicle valves now moderate depth to

shallow, moderately to gently convex on the whole; maximum depth near

midlength or in posterior half anterior to umbo. In two small valves

profile planar in medial or anteromedial portion, with depth maximum

near umbo.

Anterior profile in larger ventral valves convex overall; medial

segment now gently to moderately convex, in 3 of 4 valves bearing a

medial indentation produced by a sulcus which begins posteriorly.

Indentation bears a prominent medial rib in two valves. Sulcus begins

near midlength in one 18121-mBlk valve and is present in all valves,

large and small, in the anterior valve segment, where it is now

relatively moderate width to narrow, shallow to moderate depth, and
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rounded medially. Lateral slopes now steeply to moderately inclined,

straight to slightly convex, their form commonly altered by tectonic

distortion. Two small valves are subtriangular in anterior profile

with apex subangular or narrowly rounded, lateral slopes moderately or

gently inclined, straight (concave in one case); sulcus begins

anterior to umbo. In plan view beak commonly prominent.

Ribbing costellate, costellae arise by implantation and, in

places, by branching. Ribs rodlike, crests generally rounded,

interspaces rounded to subangular, flanks inclined, amplitude usually

low to moderate, rarely high. Single capillae between ribs are

relatively common in one valve, rare or not observed in others.

Ventral sulcus bears medial rib in 5 of 5 valves, medial rib prominent

relative to other ribs in sulcus in 3 of 5 valves. Posterior portion

of sulcus bounded laterally by group of 2-3 ribs in 2 of 5 valves.

One 18121cl. y valve has fascicostellate ribbing in the medial

sectors lateral of the sulcus; another 18121cl. y valve has poorly

preserved ribbing, but scattered ribs appear slightly more prominent

in anterior portion of valve. Three other valves are more or less

evenly costellate.

Just lateral of the midline an average of roughly 4, 5, 6 ribs/mm

were counted at 2mm growth stage in 1, 2, 2 valves, respectively

(values very approximate because of tectonic distortion). Concentric

ornament absent in 2 valves, but occurs as one to a few growth lines,

low abrupt ridges, or indentations in two largest valves.

Teeth subtriangular, crural fossettes not observed. Dental

plates short to very short, ridgelike to bladelike, divergent dorsally

in anterior view. Umbonal chambers open or partly infilled. Muscle
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field grossly subtriangular in plan (like a rhombus in two small

valves), elevated anteriorly on low platform which is about 1-3 times

as high as anterior edges of dental plates are thick. Length of field

about 0.8-1.15 distance between midpoints of anterior basal edges of

dental plates in 6 valves and roughly 0.3-0.35 present valve length.

In two valves adductor area on platform is elevated on low rounded

medial ridge roughly 2/5-2/3 as wide as field at its anterior margin;

in one valve medial adductor area is bounded on either side by a faint

low, rounded, narrow ridge. In plan view anterior edge of platform is

moderately to gently convex or U-shaped, and joined laterally to bases

of anterior edges of dental plates (the point of maximum platform

width) or their very short anterior continuations. Anterior margin of

platform abrupt, clifflike; in two valves a short rounded callus

slopes gently anteriorly from front medial edge of platform; in 3

valves this callus extends as a low, rounded median ridge to the valve

margin and is at least partly an internal expression of external

sulcus (and in one valve is possibly accentuated by tectonic

deformation).

Interior of valves commonly smooth, but three are corrugated by

ribbing. Three valves bear up to several narrow radial grooves

internally at points corresponding to somewhat more prominent external

ribs. Peripheral crenulations consist of narrow to wide, flattened or

rounded eminences separated by grooves or furrows. Punctae not seen

on interior or exterior.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121,mBlk - 2

18121,c1. y - 3
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18130,c1. P-3 1 -

Totals: 6 -

Distribution: Ashgillian m-Blk and Ordovician limestone clasts

of member 3 of the Kangaroo Creek Formation in the Lovers Leap-Gregg

Ranch area.

Discussion: These 6 pedicle valves from clasts and m-Blk in the

Lovers Leap (LL) area are so tectonically distorted and broken that

they cannot be adequately compared with the Horseshoe Gulch (HG)

shells of D. conspicua with regard to valve outline and profile.

However, in many characters they resemble or overlap with the HG

stock.

One difference of possible taxonomic significance is the presence

of the low rounded median ridge that extends to the valve margin in 3

of 6 valves from the LL area (two valves lacking a ridge are very

tiny), while such a ridge is absent in the HG material. The callus

anterior to the muscle platform in the HG shells is much shorter and

more poorly defined. Another disparity is in the outline of the

portion of the ventral muscle field that is anterior to the bases of

the dental plates; it has a more or less U-shaped outline in plan view

in 1 of 6 valves from the LL area and 7 of 10 HG valves of similar

size. In 5 of 6 and 3 of 10 valves the outline is fairly evenly

convex, without the well-defined "corners" of a "U". Ribbing in the

two groups is similar, except that one 18121-cl. y valve has 4 or more

bundles of ribs, while the HG shells are not fascicostellate. In 1 of

5 pedicle valves from the LL area there are c.4 ribs/mm at 2-mm growth

stage, while only 1 of 16 HG pedicle valves has a similar density.
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Genus Lenorthis Andreeva

Lenorthis cf. parvicrassicostatus Cooper

Plate 1, figs. 27-31,34-54,60-61

cf. 1956 Lenorthis parvicrassicostatus Cooper, p. 309, Plate 35,

figs. 11-25.

Description: Shell ventribiconvex, relatively subquadrate in

outline, with lateral and anterior margins gently rounded to nearly

straight in plan. Anterior commissure gently sulcate. Hinge line a

bit less than or equal to maximum width, which is attained in poster

ior half of shell. Cardinal angles slightly acute to a little obtuse.

Pedicle valve moderately convex in lateral profile, greatest convexity

near umbo; anterior profile convex with gently convex to nearly

straight lateral slopes, the latter becoming slightly concave near the

hinge line. Interarea short, apsacline, curved near the beak. In a

measured sample of 8-13 shells, the pediclevalve length is 0.7-0.85

(one is 0.9) of maximum width, hinge line is 0.9-1.0 of maximum width,

depth is 0.3-0.4 valve length, and interarea is about 0.1 (0.08-0.12)

valve length. Immature shells are more transverse (1
pv
/w

max
=0.61

0.72) than adults.

Brachialvalve lateral profile gently convex, with convexity even

throughout to slightly greater posteriorly. Anterior profile gently

convex, with median depression caused by shallow sulcus arising near

umbo and widening anteriorly to occupy nearly half shell width at

anterior margin. Interarea very short, anacline. A group of 8-10

measured valves have length 0.6-0.8 of maximum width, depth 0.16 to

0.26 (one is 0.36) of length.

External ornament of angular to subangular costae with 15, 16, 17
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ribs counted or estimated on 5, 5, 8 ventral valves, and 14, 15, 16,

17 ribs counted or estimated on 1, 0, 10, 6 dorsal valves; 4-6 ribs

occur in the anterior dorsal sulcus. Interrib spaces less to much

less than rib width, with one fine rodlike capilla occurring in some

dorsal intercostal spaces in a few shells. Costal wavelength at 5 mm

anterior to ventral umbo is c.0.75-0.9 mm. Numerous concentric growth

lines common on both valves.

Teeth short, stout, triangular, supported by short dental plates

perhaps thickened by secondary deposits, which may also nearly fill

umbonal chambers. Crural fossettes commonly present as indentations

in dental plates; several shells have adjustor scars marked by shallow

furrows near bases of dental plates. Muscle field not preserved or

variably developed; it is commonly slightly elongate, c.0.4 valve

length, bounded anterolaterally by low ridges extending from bases of

dental plates, and may be bilobed anteriorly (subcordate, overall).

Median ridge low, commonly ill defined to nearly absent, widening

anteriorly to <0.6 width of muscle field, and generally extended

beyond muscle field as low, wide, rounded callus which may reach

slightly past midlength. In a few better-preserved valves it appears

that diductor impressions are slightly longer than adductor field.

Ill-defined impressions of the vascula media (two faint furrows flan-

king a low intervening ridge) extend anterolaterally from anterior

margin of diductors, hence are slightly divergent initially.

Brachial-valve interior has short, elevated notothyrial platform

to which bases of relatively short?, slightly thickened, bladelike

brachiophores are attached. Sockets elevated in some shells by secon-

dary deposits. Cardinal process is stout rod abruptly to gradually
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tapered posteriorly and supported dorsally by thick to narrow ridge;

it may protrude slightly from notothyrium. Thick, rounded median

ridge extends anteriorly from notothyrial platform to near midlength

of shell (to 0.52, 0.52, 0.49 valve length in 3 valves 7.7, 8.2, 9.3

mm long, respectively). Muscle field commonly not preserved, but in

two valves is nearly subquadrate, 0.8-0.9 as wide as long, and reaches

slightly beyond median ridge to nearly 0.6 valve length. Mantle canal

system not observed.

Both valves have marginal crenulations defined by deep furrows;

between are moderately wide eminences having radially orented medial

depressions.

Illustrated specimens: USNM 413230-413238.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. 2 (cf.) - 1 -

18130 cl. P-3 - 1 -

18138g 1 -

18169a 1 1 7

36439a 12 16 26

36439b 3 13 7

36439c 6 21 13

Totals: 22 54 53

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch. Ordovician limestone clasts of member

3 of the Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: given after description of L. or Orthambonites sp.

2.

Lenorthis sp.

Plate 1, figs. 55-59; Plate 2, figs. 1-17.

Description: All larger shells are broken and deformed, so that
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original shape and proportions of shell and many of its parts cannot

be ascertained. One apparently unwarped immature shell (1
pv
=3.4 mm)

is ventribiconvex, transverse, subquadrate in outline, with maximum

width at hinge line and length about half the width. Many of these

features may have changed during ontogeny, however.

Larger, deformed shells range from transverse and subquadrate to

elongate in plan, with lateral margins nearly straight to rounded to

slightly concave; anterior margins gently to sharply rounded; ventral

umbo moderately swollen. The shells were originally ventribiconvex

with straight hinge line and probably had maximum width at hinge line

or between it and midlength. Cardinal angles may have varied from a

bit more to somewhat less than 90° , but are acute in at least one

shell. Pedicle valve convex in lateral profile; anterior profile

convex, posterolateral slopes gently concave, anterolateral slopes

slightly convex; interarea moderate length, slightly curved, apsa

cline, but approaching orthocline in several valves. Delthyrium

grossly triangular with an apical angle about 60° in one valve, later

al edges slightly convex medially. Lateral profile of brachial valve

gently convex; anterior profile gently convex overall, with concave

posterolateral slopes, slightly convex anterolateral slopes, and low

rounded median depression due to shallow sulcus arising at umbo and

widening anteriorly. Interarea shorter than in ventral valve, planar,

apsacline. Anterior commissure sulcate.

External ornament of subangular costae, grossly triangular in

cross section; costae locally angular (sharp crests) to subround

(broadly rounded crests), the latter probably arising by incomplete

preservation and transverse stretching. Single, rodlike capillae
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occur locally in intercostal spaces and seem to be common to absent on

brachial valves and absent to rare on pedicle valves. Larger valves

have rare to common concentric growth lamellae anteriorly; a few

valves have faintly nodular-appearing ribs, suggesting poorly preser-

ved concentric fila or growth lines. Pedicle valves commonly possess

16-17 costae (14, 15, 16, 17, 22 costae on 1?, 1?, 5, 3, 1? valves,

respectively); 16-18 are generally on brachial valves (range: 14-20)

and 4 (rarely 2-3) in the dorsal sulcus.

One stretched shell bears a faint ventral sulcus anteriorly,

perhaps 22 ventral costae, and close-spaced concentric fila on poster-

ior dorsal valve. This shell may represent another species.

Teeth triangular (viewed normal to interarea), set off by dentic-

ular cavities, supported by slightly laterally divergent dental plates

appearing as rather thick blades and moderately long at bases. Crural

fossettes relatively broad pits, umbonal chambers well defined, but

partly to nearly filled by secondary deposits in some valves. Larger

valves poorly preserved, but appear to have slightly elongate muscle

field outlined by bounding ridges anterolaterally and anteriorly;

field has more or less rounded frontal margin, from which low, roun-

ded, narrow to moderately wide median ridge extends anteriorly. In

one longitudinally stretched valve muscle field extends about 0.43 of

valve length, while median ridge occupies another 0.14 of length.

Muscle-bounding ridges commonly join dental plates, but may be obscure

near plates when vascular markings are well impressed. Furrows mar-

king vascula media arise near anterolateral margins of muscle field

and extend anteriorly alongside median ridge, diverging anterolateral-

ly beyond ridge; hence, vascula media are initially slightly conver-
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gent to parallel just anterior to muscle field, but the posteromedial

segments of the vascula media as a whole are divergent anteriorly (see

Plate 2, figs. 7 and 14). Genital area marked by set of parallel

ridges anterolaterally oriented.

Dorsal interior with low to elevated, short notothyrial platform

supporting brachiophore bases. Brachiophores fairly short (due to

incomplete preservation), anterolaterally divergent; they resemble

truncated slender triangles in lateral profile (if bases and shell

material around bases included) or narrow (dorsally-ventrally), thin

to thick blades (if bases excluded from view). Sockets elevated; area

beneath notothrial platform and sockets filled in with shell material

or somewhat excavated. Cardinal process a narrow, rather prominent

ridge, commonly thickened on anterior edge. Median ridge joins noto-

thyrial platform and commonly reaches to about midlength or slightly

beyond as stout rodlike feature, but is ill defined in some valves.

Dorsal muscle field poorly preserved, but perhaps shorter than to

about as long as median ridge and about as wide as long in one valve.

Genital area marked by set of narrow subparallel ridges in posterola-

teral parts of some valves.

Marginal crenulations have eminences wider than high or as wide

as high, with upper surfaces bearing longitudinal medial depression

bounded laterally and, in some shells, anteriorly, by rodlike ridges.

Embayments commonly deep, narrow grooves.

Illustrated specimens: USNM 413239-413244.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18128 8 22 20
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Distribution: Llandeilian limestone of member 1 of the Gregg

Ranch unit near Gregg Ranch.

Discussion: given after description of L. or O. sp. 2.

Lenorthis or Orthambonites Pander sp. 1

Plate 2, figs. 23-27

Description: Material available consists of one distorted

articulated shell that is partly covered with silica. It may have

been originally roughly subequant in plan, with length similar to

width; maximum width about same as width at hinge line, cardinal

angles slightly larger than 900; lateral and anterior margins evenly?

curved. Ventribiconvex. Pedicle valve is evenly convex in lateral

profile, convex in anterior profile with slightly inflated posterome-

dial region, concave posterolateral slopes, straight anterolateral

slopes. Anterior commissure slightly sulcate. Interarea short, apsa-

cline; beak broken but not protruding beyond hinge line or beyond

dorsal beak, probably because ventral valve slightly squashed into

dorsal valve. Dorsal valve gently convex in lateral profile and

midvalve convexity slightly greater; anterior profile gently convex,

with slight median depression due to shallow sulcus originating at

umbo and expanding to c.1/3 valve width at anterior margin, where it

contains about 4 costae. Posterolateral slopes concave due to slight-

ly inflated umbo, anterolateral slopes straight to slightly convex.

Ornament of costae wider at bases than crests, with about 18 (or

19?) subangular ribs on ventral valve, about 19 ribs with more rounded

crests (due to poorer preservation?) on dorsal valve. Intercostal

spaces narrower than costae. Faint traces of concentric growth lamel-
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lae are present.

Measurements: (in mm; measured 5 mm anterior to beak):
1 11,

7n 6:11 7h6 7rngx 2n 04
1 1 /w w /w d /1 d /1pv0igter 0.55 p8.9gax h6.92ax p8.3?" 118.Av

0.55 (bv)
1
pv 61115§r

/1
pv

Illustrated specimens: USNM 413246.

Locality and Material:

USNM Locality A+AF P+PF B+BF

18130 cl. v 1

Distribution: Ordovician limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: given after description of L. or O. sp. 2.

Lenorthis or Orthambonites sp. 2

Plate 2, figs. 18-22

Description: One shell is assigned to this species; it is

slightly skewed longitudinally, ventribiconvex, roughly semicircular

in plan; lateral margins straight to gently rounded; anterior margin

rounded; cardinal angles probably about 90° before deformation.

Length about same as width, hinge line width about equal to maximum

width. Pedicle valve variably convex in lateral profile; convexity

greater at umbo and in anterior portion, gentle in midvalve area;

anterior profile convex, more convex in medial area than laterally,

very gently convex on anterolateral slopes, gently concave on postero-

lateral slopes. Interarea fairly short, curved, apsacline; beak

straight, protruding about 1/8 valve length beyond hinge line. Brach-

ial valve gently convex in lateral and anterior profile, with slight
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median depression in anterior profile due to shallow sulcus arising at

umbo and widening toward anterior margin, where it is about three

eighths as wide as valve and occupied by 4 or 5 costae. Anterior

commissure very gently sulcate. Interarea shorter than ventral inter-

area, anacline.

External ornament poorly preserved, but consists of rounded-

subrounded costae widest at bases; intercostal spaces less than basal

costal width. Rounded costae may or may not have been produced by

partial preservation of originally more angular costae. Ventral valve

with 15 costae, dorsal with 14 or 16 (16 if faint rib at each side

along hinge line is included). Costal wavelength 5 mm anterior of

either umbo about 0.65 mm.

Measurements: (in mm; measured 5 mm anterior to beak):
1 1

'4 1-1
51:st 6n 11.1i 11:1

1 . 1 /w w /w d /1 d /1
bb0.65 p8.982ax 4.9Tax p8.2gv b8.14v

0.65 (bv)
1 . /1pv eisr pv

Illustrated specimens: USNM 413245.

Locality and Material:

USNM Locality A+AF P+PF B+BF

18124 cl. W 1

Distribution: Ordovician limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: Williams and Wright (1965, p.H311 and H313) and

Williams (1974, p. 53) state that Lenorthis is distinguished from

Orthambonites chiefly by the arrangement of the proximal parts of the

ventral vascula media; these are divergent in Lenorthis, but adjacent

along the median plane in Orthambonites. In some species, however,
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such as L. sp. from GR described herein, the proximal segments are

subparallel or slightly convergent; they are also situated near the

anterolateral margins of the muscle field, and range from fairly close

together to relatively far apart, i.e., they are nonadjoining. These

stocks, therefore, do not strictly satisfy the criterion of Williams

and Wright (1965) for either of the two genera.

Pending formal emendation of the definitions of these two genera,

in this work those species in which the overall trend of the more

posteromedial segments of the vascula media is divergent anteriorly

are provisionally assigned to Lenorthis, even if the segments of the

vascula media very close to the muscle field are subparallel or

slightly converging and adjacent; all other species are relegated to

Orthambonites, even if the segments of the vascula media very close to

the muscle field are not adjacent.

The stocks referred to herein as Lenorthis cf. parvicrassicosta-

tus from HG and Lenorthis sp. from GR were assigned to Lenorthis on

this basis. For example, in Plate 1, fig. 47, the posteromedial parts

of the vascula media of HG Lenorthis appear to have been divergent

anteriorly overall; judging from Plate 2, figs. 7 and 14, the poster-

omedial segments of the vascula media in GR Lenorthis are inferred to

have been divergent anteriorly overall, although the segments just

anterior of the muscle field may have been subparallel in fig. 14.

Many species assigned to Orthambonites before Andreeva (1955)

defined Lenorthis do not have the ventral vascula media described or

illustrated, and may actually belong to Lenorthis; such shells are

referred to as Orthambonites? herein.

In L. or 0. sp. 1 and sp. 2 the ventral vascula media were no;t
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observed; therefore, the shells could not be certainly classified as

to genus. The specimen of L. or 0. sp.l bears more ventral (and

dorsal) costae than L. cf.. parvicrassicostatus from HG, L. sp. from

GR, and L. or 0. sp. 2, and therefore was provisionally assigned to a

separate species. The shell of L. or 0. sp. 2 has fewer ventral

costae than L. or 0. sp. 1 and most shells of GR L. sp.; its 1
pv

/w
max

is slightly greater than measured in any shell of HG Lenorthis of

comparable size; because of these differences, this shell was also

provisionally relegated to a separate species.

Poor preservation, lack of observable internal features, and

paucity of specimens prevent adequate description and knowledge of the

range of morphological variation of L. or 0. sp. 1 and sp. 2, and

these shells could conceivably belong to one species or even to the HG

Lenorthis or to L. sp. from GR.

The deformation and fragmentation of shells assigned to L. sp.

from GR preclude classification to species and attempts at meaningful

comparisons with previously described species. L. sp. differs from

thje L. cf. parvicrassicostatus from HG in the orientation of the

segments of the ventral vascula media immediately anterior of the

ventral muscle field: slightly convergent to parallel in the former

and slightly divergent in the latter.

The HG Lenorthis appears similar to L. parvicrassicostatus Cooper

(1956, p. 309), except that in the specimens illustrated by Cooper

(Plate 35, figs. 11-25) the dorsal median ridge appears relatively

shorter and more poorly defined (1mr/lbv=0.34 and 0.40 in two valves

5.5 and 5.2 mm long, respectively), and dorsal valves evidently lack

single capillae between costae. The fine concentric fila in costal
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interspaces described by Cooper (1956) were not seen in HG Lenorthis,

although growth lines are commonly numerous in the latter. L. parvi-

crassicostatus of Williams (1962, p. 98) possesses a mode of 18-19

ventral costae, while HG Lenorthis most commonly shows 17; Plate 7,

fig. 44, and Plate 8, fig. 3, of Williams (1962) do show single

capillae between dorsal costae, and Plate 8, fig. 5, a dorsal median

ridge <0.6 as long as the valve (1
by

>5.3 mm) and similar to that in

HG Lenorthis.

More thorough knowledge of the morphological variation in L.

parvicrassicostatus of Cooper (1956) and in HG Lenorthis is needed

before the latter can be identified at the species level. However, if

Williams' (1962) stock belongs to L. parvicrassicostatus, the HG

shells probably do also.

HG Lenorthis resembles to some extent L. playfairi (Reed, 1917);

yet, the latter has w
hl

/41
max=0.60-0.79 in 4 valves measured by Wright

(1964, p. 162) and >0.67 and c.0.86 in two valves illustrated by

Williams (1962, Plate 7, figs. 41,42), compared to values of 0.89-1.0

for 13 specimens of HG Lenorthis. Williams counted a mode of 15

costae in 59 pedicle valves of L. playfairi, differing from the value

in HG valves.

An abbreviated comparison of HG Lenorthis to other described

species of Orthambonites? and Lenorthis is given below. The name of

each species is followed by its major difference from the HG stock.

0? acutiplicatus (Raymond, 1905): Three illustrated specimens show

18, 19-20, and 22 costae.
0? alabamensis (Ulrich and Cooper, 1938): 22-24 costae.

L? angulatus (Cooper, 1956): Cardinal extremities form "small,
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acutely angular ears".

0? ardmillanensis (Reed, 1917): c.38 costae (Williams, 1962, p.99).

0? bielsteini (Cooper, 1956): 1=w in some shells.

0? bifurcatus (Cooper, 1956): costae bifurcate.

L? blountensis (Cooper, 1956): 19 and 21 costae on two illustrated

brachial valves.

0? buttsi (Cooper, 1956): 19 costae on pedicle valve.

0? calligramma (Dalman, 1828): 18?-34 costae (Rubel, 1961).

0? decipiens (Phleger, 1933): 28-32 costae (Ross, 1967).

0? dinorthoides (Cooper, 1956): 21-25 costae.

0? divaricatus (Cooper, 1956): a generation of finer costellae is

intercalated between larger costae.

L? eucharis (Ulrich and Cooper, 1938): multicostellate (three gener-

ations).

0? exfoliatus (Raymond, 1905): 30-40 costae.

0? friendsvillensis (Cooper, 1956): 32-36 costae.

L. girardi (Andreeva, 1955): >24 to >35 costae (and rare costellae)

on four illustrated specimens.

0? humilidorsatus (Wright, 1964): whl/wmax=0.75-0/ 85 (n=7); modal

number of costae 15 on pedicle valve (14, 15, 16 costae on 3. 13,

5 valves, respectively).

0? inaequalis (Rubel, 1961): 35-36 costae.

0? levisensis (Ulrich and Cooper, 1938): c.12 costae.

L? lyckholmiensis (Wysogorski, 1900): cardinal process thick and

posteriorly wedge-shaped.

0? majuscula (Rubel, 1961): 20-33 costae.

L? marshalli (Wilson, 1926): 20-32 costae (Ross, 1970, p.55).
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0? michaelis (Clark, 1935): 30-34 costae (Ulrich and Cooper, 1938).

0? minus (Cooper, 1956): 35-36 costae.

L? minusculus (Phleger, 1933): 20-24 costae (Ross, 1970, p.55).

0? minutus (Cooper, 1956): >40 costae.

L. mollesensis (Levy and Nullo, 1973): r=1.2 mm in one illustrated

pedicle valve.

L. mostellerensis (Cooper, 1956): no callosity anterior to ventral

muscle field; dorsal median ridge absent to poorly defined.

0? multicostellatus (Cooper,1956): c.36 costae.

0? neumani (Cooper, 1956): c. 32 costae.

0? occidentalis (Cooper, 1956): 27 costae.

0? orbicularis (Pander, 1830): 13-31 costae (Rube1,1961, p.174).

L? panderiana (Hall and Clarke, 1892): fine, threadlike "costellae"

on costae (Ulrich and Cooper, 1938).

0? paucicostatus (Ulrich and Cooper, 1938): c. 20 costae; rib

interspacaes broad, flat.

0? perplexus (Ross, 1967): 21-25 costae.

0? plana (Bondarev, 1968): >21 and >18 costae on two illustrated

pedicle valves.

L. proava (Salter, 1866): costae have fine capillae (Bates, 1968;

Williams, 1974).

0? rectangulatus (Cooper, 1956): description not detailed enough to

enable adequate comparison with HG Lenorthis.

0? riojanus (Levy and Nullo, 1973): 18 costae.

L. robustus (Neuman, 1964): 18-22 costae.

0? rotundiformis (Cooper, 1956): holotype has >17 costae on pedicle

valve and 19 costae visible on brachial valve.
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0? ruzickai (Havlicek, 1949): 7-10 costae.

L? subalata (Ulrich and Cooper, 1938): 29 costae.

L. subconvexus (Cooper, 1956): c.32 costae.

0? subplicatellus (Reed, 1917): c.32 costae.

0? swanensis (Ulrich and Cooper, 1938): 25 costae on one pedicle

valve (Plate 14, fig. 20).

0? tenesseensis (Cooper, 1956): 1
pv

/w
max=0.94, 0.89. 0.85, 1.0 in 4

illustrated pedicle valves 7.8, 8.5, 9.1, 10.9 mm long, respec-

tively.

0? tenuicostatus (Cooper, 1956): 34-40 costae and costellae.

0. transversa (Pander, 1830): reference not available.

Genus Taphrorthis Cooper

Taphrorthis? sp.

Plate 2, figs. 28-50

Description: Ventribiconvex, relatively subquadrate in outline,

lateral margins rounded, anterior margin very slightly rounded to

nearly straight in plan, ventral umbo narrowly swollen. Hinge line

c.0.8 maximum width, which occurs slightly anterior to ventral mid-

length (in two valves); cardinal angles obtuse. Pedicle valve with

length c.0.8 of maximum width and depth c.0.3 to 0.4 length; moderate-

ly convex in lateral profile, convexity less in midvalve area than

posteriorly or anteriorly; anterior profile convex overall, with

slightly concave posterolateral slopes and very gently convex antero-

lateral slopes. Interarea c.0.1 to 0.2 valve length, very slightly

curved to nearly planar, apsacline; tip of beak not preserved, so beak

curvature unknown. Delthyrium incompletely preserved, but apparently

wide, subtending an angle of 60° to 90°, and partly restricted by
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narrow lateral plates.

Brachial valve gently convex in lateral and anterior profile, the

latter marked by gently concave posterolateral slopes, slightly convex

anterolateral slopes, and shallow rounded medial depression due to

sulcus arising near umbo and widening anteriorly to occupy a bit less

than half maximum valve width at anterior margin. Two valves are

c.0.6 to 0.7 as long as wide and 0.2 as deep as long. Interarea very

short, anacline.

External ornament costellate; ribs subangular to subround, widen-

ing basally, and commonly arising in two to three (rarely, four)

generations, the first at beak, the second in posterior to midvalve

regions, and the third (and fourth) in midvalve to anterior regions.

Third and fourth generations represented by only a few costellae or

not developed in valves examined. In larger dorsal valves and, less

commonly, in ventral valves single, fine, rodlike costellae may im-

plant between larger ribs. Close-spaced concentric growth lamellae

common on anterior portion of larger shells; indistinct ridges and/or

vaguely nodular-appearing ribs may suggest presence of poorly preser-

ved lamellae (or fila?) in posterior regions of some valves. Measured

in medial area 5 mm anterior to beak, 9-13 ribs/5 mm are on 5 ventral

valves and 9-12 ribs plus c. 3 to 5 intercalated fine ribs occur per 5

mm on two dorsal valves. At medial anterior margins of ventral or

dorsal valves 8-12 mm long about 4-7 larger ribs are present per 5 mm.

Medial ventral costa may be very slightly larger than other ribs.

Teeth poorly preserved, apparently relatively small, triangular

in plan; small crural fossettes located medially. Dental plates short

to obsolescent near teeth, longer near valve floor; umbonal chambers
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shallow to filled by secondary shell material. Muscle field extends

0.25 to 0.35 valve length, is slightly elevated on secondary deposits

anteriorly, subequant to slightly transverse or elongate, bilobed

anteriorly, defined by low muscle-bounding ridges projecting from

bases of dental plates and recurving to join rather prominent median

ridge. The latter increases in height and width anteriorly to occupy

up to nearly half muscle-field width at anterior margin of the muscle

field, then decreases in size in some valves; it extends beyond the

field to about 0.4 to 0.5 valve length. A faint ridge or impression on

median ridge may mark anterior edge of adductors; if so, its position

suggests that adductor field was shorter than diductor areas. Adjus-

tor impressions represented by narrow furrows in dental plates in some

valves. Poorly defined rounded? genital areas observed in poste-

rolateral region of one ventral valve; areas seem confined to poste-

rior half of valve and are marked by series of short, subparallel,

curved ridges. Three valves exhibit traces of proximal parts of

vascula media extending from anterolateral margins of muscle field and

diverging anteriorly.

Brachial valve with short, moderately elevated notothyrial plat-

form to which are attached brachiophore bases. Brachiophore shape and

orientation obscured by secondary deposits, but appear relatively

short, slender, triangular, anterolaterally divergent. Cardinal pro-

cess is narrow ridge slightly thicker on anterior face. Low, rela-

tively broad median ridge joins notothyrial platform, extending anter-

iorly to nearly midlength. One valve (Plate 2, fig. 43) bears incom-

pletely preserved adductor field and vascular markings (saccate?).

The former is inferred to have been quadripartite originally (with the
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anterior pair of impressions not obvious in fig. 43), roughly as long

as median ridge and c. 0.9 as long as wide (measured as in Table 1).

The traces of the vascula media appear to diverge anterolaterally from

near the anterior end of the median ridge and those of the vascula

myaria from the sides of the median ridge just anterior of the poster-

ior adductor impressions. The genital area is lateral of the adductor

field and marked by a series of narrow, short, subparallel ridges.

Marginal crenulations defined by narrow furrows, with raised

areas between commonly wider than high and having radially oriented

median depression and two rodlike processes at anterior margin.

1
pv

iw
max pv=0.75-0.82? (n=6)

whl pv/wmax pv=0.76, 0.78 (n=2)

1pv inter/

1
pv

Measurements: (in mm)

w
max pv

>11.5 c.14.8

10.3 13.1

9.8 13.0

8.0 c.10

7.7 10.3

1pv=0.11, 0.20 (n=2)

d
pv

/1
pv
=0.33, 0.37 (n=2)

d
pv

/w
max=0.26, 0.28 (n=2)

1
bv

/w
max

=0.65, 0.73 (n=2)

whl
twmax=0.80 (n=1)

ribs /mm (2mm anterior dbv/ lbv=c.0.14 (n=1)

to beak) 1 /w =0.88-1.13 (n=4)pv mus pv mus

pv: c.2.5?,c.2.7,c.2.8, 1
pv mus

/1
pv

=0.26; 0.29-0.34 (n=5)

c.3.5,c.3.5,3.8 1
pv mr

/1
pv
=0.37?; 0.41-0.51 (n=5)

bv: 2.9,3.0,3.0

ribs/5 mm (5 mm anterior to beak)

pv: 9-13.5 (n=6)

bv: 8.5,12 (n=2)

Illustrated specimens: USNM 413247-413251.
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Localities and Material:

USNM Locality A+AF P+PF B+BF

18169a 3 1

36439a 8 5

36439b - 2 2

36439c - 4 4

Totals: - 17 12

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: The type species T. emarginata (Cooper, 1956, p. 327)
differs from the HG species by the former's indented front margin and

shallow ventral sulcus; it possesses c.10 costellae/5 mm at the anter-

ior margin (p. 327). T. peculiaris (Cooper, 1956) is dissimilar in its

anteriorly obsolete dorsal sulcus and finer costellation (12 costel-

lae/5 mm at the anterior margin of a valve 11 mm long). Both of

Cooper's species also have concentric fila on anterior and posterior

parts of the shell that impart a nodular appearance to the ribs; the

latter occur in five generations, and in figured specimens appear to

be rounded and ridgelike. T. bellatrix (Reed, 1917) is slightly dorsi-

biconvex, with the dorsal valve only initially sulcate and ventral

valve broadly sulcate anteriorly. T? sp. of Wright (1964) differs

from the HG shells in its lack of a ventral median ridge, its anteri-

orly obsolete dorsal sulcus, and its well-developed concentric fila.

Several features of T. aspera (Williams, 1962, p. 102) are within

the range of variation of corresponding traits in the HG species: The

ribs of the former are subangular and in two generations; the proximal

parts of the ventral vascula media are slightly divergent;

1
pv

/w
max

=0.74, 0.76 (n=2); d
pv/wmax<0.25; 1

pv mus
/1

pv
=c.0.25. How-

ever, concentric ornament seems poorly developed if present on Wil-
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liams' illustrated shells, and its occurrence or absence is not dis-

cussed in the description of the species; if lacking originally and

not merely as a result of poor preservation, T. aspera would differ

from the HG species (and the type species of Taphrothis) in this

regard. Other dissimilarities are: The interareas of T. aspera are

noted to be subequal and curved; the ribbing may be slightly finer (4

ribs/mm at 2 mm anterior to umbo vs. c.2.5-3.8 ribs/mm in the HG

form); fine rodlike intercalated ribs may not be present; and the

ventral adductor field is perhaps wider relative to diductors. How-

ever, both T. aspera and the HG species are known from only a small

number of specimens; larger samples are needed to determine whether or

not the ranges in character values within each sample overlap and thus

merely represent intraspecific variation.

In conclusion, because the ribs of the type species T. emarginata

appear nodular and those of the HG form do not, it is uncertain

whether the latter belongs to Taphrorthis. Of the species discussed

above, the HG material is closest to T. aspera.

Family Dolerorthidae bpik

Subfamily Hesperorthinae Schuchert and Cooper

Genus Hesperorthis Schuchert and Cooper

Hesperorthis aff. evenkiensis Nikiforova 1955

Plate 2, figs. 51-56; Plate 3, figs. 1-32

aff. 1955 Hesperorthis pyramidalis evenkiensis Nikiforova, in Andreeva

and Nikiforova, p. 66, Plate 40, fig.5, not fig. 6 and 7.

aff. 1961 Hesperorthis evenkiensis Nikiforova, in Nikiforova and An-

dreeva, p. 77, Plate 2, fig. 11, Plate 3, fig. 1-9.
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Description: Largest specimen is a pedicle valve that has proba-

bly been tectonically stretched along a line at a low angle to the

midline (s sub! ml); it is presently >11.3 mm long (margins broken);

all other specimens are <10 mm long. Shell planoconvex to slightly

concavoconvex to slightly ventribiconvex, outline transverse to sub-

equant. A few shells are slightly elongate, but may be tectonically

stretched. Small shells generally transverse to somewhat transverse.

Lateral margins gently rounded to nearly straight, anterior margin

gently rounded, rarely somewhat truncate, anterolateral margin more

narrowly rounded. Hinge line straight, equal to or slightly less than

maximum valve width (0.8-1.0 of w
max

for n=9), which may occur at

hinge line, or near or a bit anterior of midlength of shell; cardinal

extremities somewhat obtuse to nearly right angles.

Pedicle valve convex in lateral profile, greatest depth and

convexity in posterior part of valve; some shells are less convex

medially than anteriorly and posteriorly. Umbonal area not inflated

to very slightly inflated; anterior profile convex, greatest curvature

medially, with posterolataeral slopes nearly straight to somewhat

concave, anterolateral slopes nearly straight to slightly convex. No

fold seen in some valves; very low, indistinct fold observed in oth-

ers. Seven valves have lengths about 0.6 to 0.9 of maximum width and

are 0.3 to 0.4 (one is 0.6) as deep as long. Interarea moderately

long, about 0.3-0.4; 0.5 valve length (n=6; 1, respectively), moder-

ately to steeply apsacline (catacline in one valve), planar to slight-

ly curved near hinge line and curved near beak, giving beak straight

orientation. Delthyrium commonly open (or modifying structures not

preserved), but rarely possessing small apical plate; delthyrium nar-
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row, apical angle about 200 to 35°.

Lateral profile of brachial valve planar to slightly convex to

very slightly concave; umbo commonly gently convex and with greater

curvature than anteriorly. Longitudinal profile at midline commonly

slightly concave due to very shallow sulcus. Anterior profile very

gently convex to nearly planar, with umbo slightly convex and rounded

to sharply peaked; posterolateral flanks straight to very slightly

concave. Shallow to poorly defined, very shallow sulcus commonly

arises just anterior to umbo and may produce slight medial depression

in anterior profile; sulcus widens anteriorly to cause gently sulcate

anterior margin. Flanks bounding sulcus very slightly and broadly

convex to nearly flat in anterolateral view. Interarea planar, ana-

cline, much shorter than ventral interarea. Eleven brachial valves

have lengths c.0.6 to 0.8 maximum widths and depths (at umbo) '0.2

(one is 0.3) of valve lengths.

Ribbing costellate, with costellae arising by branching and/or

implantation, commonly in one generation on or near umbo. Second and

even third generations are present in some valves, although generally

represented by few ribs (44 per generation, usually, but one valve has

c.8 ribs in second generation), and may arise in the middle third or

anterior portion of valve. Costae and first-generation costellae

commonly occur in a fairly consistent pattern. Further, they are

moderately elevated ridges with flanks relatively steeply inclined,

greatest width at base, and crests narrowly rounded to subrounded,

rarely subangular-angular. Rib interspaces rounded to flattened,

generally less wide than basal rib width, locally nearly as wide or

slightly wider. Single capillae or parvicostellae implant in some
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interspaces, are more obvious on brachial valves. Concentric growth

lamellae and lines present on some valves; faint, low, ill-defined,

close-spaced, concentric growth ridges? or fila common on and between

ribs on many valves. In medial area 5 mm anterior to beak, ventral

valves commonly have 3-4 ribs (costae and costellae) per 2 mm (n=9)

and dorsal valves (2-4)/2 mm; 23-35 costae and costellae were counted

near the margins of 11 ventral valves 5.5 to >11.3 (s subilml) mm long

and 24-35 near those of 15 brachial valves 3.7 to 10 mm long. Along a

hypothetical growth line crossing the midline at 8 mm anterior to the

beak, an average of 29 (range: c.23?-c.35) costae and costellae were

counted on 5 pedicle valves and of 32 (range: c.28?-35) on 5 brachial

valves.

Teeth small, subtriangular (as viewed from posterior), set off

from interarea by sill of interarea and/or denticular cavity; crural

fossettes small, shallow indentations on anteromedial parts of teeth.

Dental plates short, anterolaterally divergent, thin to moderately

thick blades (thickened to a more ridgelike aspect by secondary shell

or silica in a few larger valves). Umbonal chambers small, moderate

in depth to partly infilled. In many valves bases of dental plates

merge with narrow, low muscle-bounding ridges extending anteriorly and

then recurving slightly posteriorly to join low to very low and indis-

tinct, relatively narrow (0.2-0.3 width of muscle field) "median

ridge" on which is located adductor track, the latter bounded lateral-

ly by two fine, rodlike ridges in some valves. Muscle field subellip-

tical to subcircular, commonly flattened or indented anteriorly, about

0.9 to 1.3 as long as wide (n=8) and c.0.25-0.3 length of valve (n=9).

Diductor impressions generally lobe-shaped, flanking but evidently not
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enclosing adductor track. Muscle-bounding ridges and/or adductor

track-median ridge not observed in a number of valves. In some small

valves the muscle field is defined anteriorly by an elevated sill of

shell material. In other valves a low extension of the "median ridge"

proceeds anteriorly of muscle field a short distance. Vascula media

observed in two valves to be initially parallel and close together,

then diverging anterolaterally (Plate 3, fig. 16, 17). Genital area

in one valve marked by short subparallel ridges.

Brachiophores and margins of notothyrium poorly preserved, hence

presence or absence of chilidium unknown. In some valves brachio-

phores appear as narrow (ventral-dorsal), thin to thick (laterally)

blades anterolaterally divergent; in other valves they are thickened

to a prismatic shape. Medial faces of some brachiophores have a

longitudinal furrow and ridge. Brachiophore bases slightly convergent

onto low to very low notothyrial platform extending about 0.2 valve

length (n=23) and bearing ridgelike cardinal process thickened on

anterior edge in some shells. Sockets elevated on shell material in a

number of individuals, but areas beneath sockets excavated in several

valves, making it appear as if fulcral plates were present. Median

ridge absent or present; where present, it joins notothyrial platform

posteriorly and is relatively wide and low to very low and indistinct,

in some valves becoming narrow to linear anteriorly and extending

beyond midlength. Two valves (Plate 3, figs. 21 and 23) exhibit

transverse ridges trending anterolaterally from median ridge at point

of narrowing and helping to define an apparently slightly elongate

quadripartite adductor field. Genital area marked by several low,

subparallel ridges in two valves.
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Eminences of marginal crenulations of both valves commonly in

groups of two, rarely three or one; furrows between groups longer than

those between eminences within a group and extending well posterior in

some shells. Eminences as wide as high or somewhat narrower or wider,

with flattened internal surface bearing depression bounded by lateral

ridges.

Illustrated specimens: USNM 413253-413261.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18118a 1 4 8

18118b 1 - -

18118c 3 10 22
18118d 4 4 14

18118e 5 3 7

18118f 4 11 21

18118g - 1 1

18118h 4 1 2

18118i - - 1

18118j 3 2 4
18138b 8 22 23
18138c 7 9 9

18138d 4 16 12

18138e 4 5 15

18138f 11 11 9

18138g 6 6 4
18138h 2 3 8

18138i 1 6 9

18138j 1 18 18

18138k - - 1

18138n - - 1

18138o - 1 -

18169a - - 2

18169b - 1 3

18169d - 1

18169f 2 3 1

36439a - 4 3

36439b - 1 2

36439c 1 1 1

36439d 1 -

36439f 1

36441a - 1

36443a 4 1? 3

36443b - 3

Totals: 77 145 209
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Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: Although described as costate, the illustrations of

many species of Hesperorthis can be interpreted as having one genera-

tion of costellae arising very near the umbo in a manner similar to

the HG form. Fewer species exhibit the sparse additional costellae

arising in the medial and/or anterior portions of the shell that are

present in the HG form. Several species possess >2 fine striae,

parvicostellae, or capillae between or/and on larger ribs; in con-

trast, the HG material contains a single such capilla or parvicostella

between some ribs.

Evidently, only a small number of species possess the wide range

in lateral profile of the brachial valve that is shown by the HG

Hesperorthis, in which concave, planar, and convex profiles are all

present.

Inconstancy in shell outline, the number of ribs at the margin,

and the apparent rarity of modifying structures in the delthyrium also

distinguish the HG shells from a number of other species.

The following table compares HG Hesperorthis with other species

in the characters discussed above:

Column headings:

1. No costellae or costellae arising only near umbo.

2. Costellae arise near umbo and uncommonly in medial-anterior parts.

3. One capilla between ribs.

4. >2 parvicostellae or capillae between and/or on some ribs.

5, 6, 7. <22, 23-35, >36 ribs (costae and costellae) at valve margin,

respectively.
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8, 9, 10. Lateral profile of brachial valve convex, planar, concave,

respectively.

11. Delthyrium open.

12. Pseudodeltidium or apical plate present.

x: yes; -: no; nd: no data; r: rare; vs: vestigial; x/2: yes in half

of profile.

1 2 3 4 5 6 7 8 9 10 11 12
HG Hesperorthis aff. evenkiensis xxx- -x-xxx x r
H. angustus (Bondarev,1968) - x? nd x x?- x x - nd
H. antelopensis (Cooper, 1956) - - - - - - - - -x - x
H. australis (Cooper,1956) x x? -x-x-xx?x - x
H. a. exitis (Williams, 1962) x - - x? - x - - x - nd
H. cf. a. exitis (Williams, 1962) x - - x - x - nd nd
H. biconvexa (Cooper, 1956) x - -x -x- x- - x? -
H. colei (Cooper, 1956) x - - x? -x- - -x - x-- __
H. concava (Cooper, 1956) x - - - - - - - -x - x
H.? costalis (Hal1,1847) (in

Cooper, 1956) x?- nd - x - nd nd
H.? costellata (Cooper, 1956) - x x?- - - x x - - x? -
H. craigensis (Reed, 1917) x - - - - - - - - -x ? -

1 2 3 4 5 6 7 8 9 10 11 12
H. crinerensis (Cooper, 1956) x - -x -x- x- - x-
H. davidsoni (Verneuil, 1848) (in

Rubel, 1962) x - nd x x?- - x - x? -
H.? decipiens (Phleger, 1933) nd
H. disparilis (Conrad, 1843) (in

Cooper, 1956) 7-xx- -x- - -x - x.
H. dubia (Cooper, 1956) x- -x -x- x-- x -
H. cf. dubia (in Ross, 1967) x - x- -xx -x- nd-,-_-
H. evenkiensis (Nikiforova, 1955) -x - x? - -x x x x x-
H. hillistensis (Rubel, 1962) -xxxxx-x- - - x?
H. ignicula (Raymond, 1905) x - x- -x- xx- x-
H. imbecilla (Rubel, 1962) - x x?- x x - x - - - x?
H. inostrancefi (Wysogorski, 1900)

(in Opik. 1930) x - -x xx- x- - x-
1 2 3 4 5 6 7 8 9 10 11 12

H. i. ubjaensis (Opik, 1930) - x nd - x - - x?- x? -
H. i. viruana (Opik, 1930) x?- nd - x - nd nd
H. interplicata (Roy, 1941) x - nd - x - nd x? -
H. karaadirensis (Klenina, 1984) - x? x?- x x - x?- - nd
H. kirki (Howe, 1966) x -x- -x- - -x - x

H.? laurentina (Billings, 1857) (in
Twenhofel, 1927) x - nd - x - nd - x

H. listrotis (Bassett, 1970) - x? x?- x - - x - - x?

H. longirostris (Cooper, 1956) x- -x -x- x x r - vs

H. matutina (Cooper, 1956) x - - x - x - x/2-x/2 x
H. cf. matutina (in Ross, 1970) x - -x xx- -x- x-
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H.? mucronata (Oraspold, 1959) - x? nd - x - x - - nd
H. multicostata (Cooper, 1956) x - x?- - - x x - - x? -

1 2 3 4 5 6 7 8 9 10 11 12
H. onniensis (Whittard and

Barker, 1950) nd nd - - x? x - - nd
H. plicatus (Sowerby, in Murchi-

son, 1839) (in Whittard and
Barker, 1950) nd nd - - x x - - nd

H. pyramidalis (Twenhofel, 1927) x - x?- - x - - x - x? -
H. cf. pyramidalis (in Macomber, 1970)x- - x? -x-xx- - x
H. quadrats (Cooper, 1956) x - x?- -x- - -x - x
H. quarrelensis (Reed, 1935) (in

Harper, 1984) -x -x x- - - -x x-
H. rowlandi (Alberstadt, 1973) x - nd - -x- -x - x
H. sulcata (Cooper, 1956) x ------ x-x - x
H. tenuicostata (Cooper, 1956) x - x?- - x - x - - x? -

1 2 3 4 5 6 7 8 9 10 11 12
H. torquata (Rubel, 1962) - x? x?- x x - - - x x -
H. tricenaria (Conrad, 1843) (in

Cooper, 1956) x -x- -x- -xx - x
H. virginiensis (Cooper, 1956) - x - - - - - - - -x ? -
H. sp. (in Alberstadt, 1973) x - x?- - x - nd nd
H.? n. sp. (in Borisyak, 1955) - x? nd - x?- nd nd
H. sp. 1 (in Cooper, 1956) - x? x?- - x - nd nd
H. sp. 2 (in Cooper, 1956) - x? x?- - x - - x - x? -
H. sp. (in Hiller, 1980) x - nd x x - -x- - x
H. sp. (in Mitchell, 1977) x - - x? - x?- - x x nd
H. sp. (in Whittard and Barker, 1950) x - x?- x - - x?- - nd
H. sp. (in Wright, 1964) x - x?- x x - - x - nd

1 2 3 4 5 6 7 8 9 10 11 12
Remarks

HG Hesperorthis aff. evenkiensis 1 <10 mm, except one pv
(gT subliml) has 1

pv
>11.3 mm.

H. angustus (Bondarev,1968)
H. antelopensis (Cooper, 1956)
H. australis (Cooper,1956)
H. a. exitis (Williams, 1962)
H. cf. a. exitis (Williams, 1962)
H. biconvexa (Cooper, 1956)
H. colei (Cooper, 1956) Chilidium; lateral plates.
H. concave (Cooper, 1956)
H.? costalis (Hal1,1847) (in

Cooper, 1956)
H.? costellata (Cooper, 1956)
H. craigensis (Reed, 1917) 1

b
/w

b
>3/4>in most HG bv.

H. crinerensis (Cooper, 1956) Sliv ght v- chilidium.

H. davidsoni (Verneuil, 1848) (in
Rubel, 1962) P.v. inter. orthocline.

H.? decipiens (Phleger, 1933)
H. disparilis (Conrad, 1843) (in

Cooper, 1956)
H. dubia (Cooper, 1956)
H. cf. dubia (in Ross, 1967)
H. evenkiensis (Nikiforova, 1955) C.p. bilobed in at least some;



H. hillistensis (Rubel, 1962)
H. ignicula (Raymond, 1905)

H. imbecilla (Rubel, 1962)

H. inostrancefi (Wysogorski, 1900)
(in Opik. 1930)

H. i. ubjaensis (Opik, 1930)
H. i. viruana (Opik, 1930)
H. interplicata (Roy, 1941)
H. karaadirensis (Klenina, 1984)
H. kirki (Howe, 1966)
H.? laurentina (Billings, 1857) (in

Twenhofel, 1927)
H. listrotis (Bassett, 1970)

H. longirostris (Cooper, 1956)
H. matutina (Cooper, 1956)
H. cf. matutina (in Ross, 1970)
H.? mucronata (Oraspold, 1959)
H. multicostata (Cooper, 1956)

H. onniensis (Whittard and
Barker, 1950)

H. plicatus (Sowerby, in Murchi-
son, 1839) (in Whittard and
Barker, 1950)

H. pyramidalis (Twenhofel, 1927)
H. cf. pyramidalis (in Macomber, 1970)

H. quadrats (Cooper, 1956)
H. quarrelensis (Reed, 1935) (in

Harper, 1984)

H. rowlandi (Alberstadt, 1973)

H. sulcata (Cooper, 1956)
H. tenuicostata (Cooper, 1956)

H. torquata (Rubel, 1962)
H. tricenaria (Conrad, 1843) (in

Cooper, 1956)
H. virginiensis (Cooper, 1956)

H. sp. (in Alberstadt, 1973)
H.? n. sp. (in Borisyak, 1955)
H. sp. 1 (in Cooper, 1956)
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p.v. mus. more transverse;
1 <21.2 mm.
Chilidium?

lat
1
n c)

/1 >bv-- in HG Hesper-
p

°ruins.
P.v. mus. field subtriangular;
b.v. m.r. absent?

Lateral plates; 1<c.28 mm.

Chilidium?
Antygidium; ant. margin rec-
timarginate to gently unipli-
cate.

Lateral plates.

1 /1 =c.0.50.
SCrinIFIEyg__ium;
1 i/1 >
pv inter n HG pv.

i

Deltidial plates partly close
delthyrium.
P.v. inter. c. orthocline;
b.v. inter. hypercline; 1<
c.0.25 mm; chilidial plates.
Chilidium?

Large (1<20.1 mm, n=3).
Less transverse than most HG
shells? (1/w<0.94; =0.96;
n=2).

1
bv

/w
bv

>in HG bv.
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H. sp. 2 (in Cooper, 1956) Chilidium?
H. sp. (in Hiller, 1980)
H. sp. (in Mitchell, 1977) 1

pv mus/wpv mus
=1.3.

H. sp. (in Whittard and Barker, 1950)
H. sp. (in Wright, 1964)

Summarizing from the above table, some individuals of HG Hesper-

orthis closely resemble H. ignicula (Raymond, 1905), H. interplicata

(Roy, 1941), H. longirostris (Cooper, 1956), H. matutina (Cooper,

1956), and H. sp. 2 (Cooper, 1956). However, the HG species differs

from these in that a few costellae arise in the medial and/or anterior

parts of some of its shells and the brachial valve shows more varia-

bility in lateral profile. H. longirostris differs also by the pre-

sence of lateral plates in the delthyrium and several parvicostellae

or capillae on and between ribs; and H. matutina by its development

of several fine capillae between ribs. H. interplicata and H. sp. 2

are known from few specimens and are inadequately described; larger

samples of each are needed to tell whether they belong to the same

species as the HG shells. H. australis (Cooper, 1956) contains several

capillae between ribs, and length/width of the ventral muscle field is

slightly larger than the values measured for the HG shells. H. craig-

ensis (Reed, 1917) (and in Williams, 1962) has several capillae on and

between ribs, and its brachial valve is on the average less transverse

and less variable in lateral profile than that of the HG species.

H. evenkiensis (Nikiforova, 1955) resembles the HG form in varia-

bility of outline and brachial-valve lateral profile, and in type of

ribbing. The following rib densities and counts were estimated for

valves of H. evenkiensis from Nikiforova and Andreeva (1961, Plate 3):

Number of ribs per 2 mm in medial area at 5 mm anterior to beak:

P.v.: 3-4.5 (n=5).
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B.v.: 3.3-4.5 (n=7).

Average number of ribs (costae and costellae) along a hypotheti-

cal growth line crossing the midline at c. 8 mm anterior to beak:

P.v.: 31 (range: 28-33) (n=3).

B.v.: 34 (range: 26-c.39) (n=6).

The corresponding values for HG Hesperorthis are given in the descrip-

tion above, and show complete to considerable overlap in ranges and

somewhat smaller average values than in H. evenkiensis.

Nevertheless, H. evenkiensis differs from HG Hesperorthis in that

its cardinal process is bilobed in at least some valves, its ventral

muscle field is more transverse in at least one valve (1
pv mus/wpv

mus
=0.70 in one valve 15.9 mm long), it may have capillae on as well

as between ribs, and it reaches larger size (1
pv

=21.2 mm in one

valve).

H. evenkiensis was described from only 7 articulated and 7 disar-

ticulated specimens, so its range of morphological variation is incom-

pletely known. It is possible that the HG material is a local variant

of H. evenkiensis. It seems more likely, however, that HG Hesperor-

this is a different species with at least a more elongate ventral

muscle field than is present in H. evenkiensis, even if one discounts

the apparent difference in form of the cardinal process as merely a

result of incomplete preservation of the HG shells and the smaller

size of HG forms as due to environmental effects.

Subfamily Glyptorthinae Schuchert and Cooper

Genus Glyptorthis Foerste

Glyptorthis sp. 1
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Plate 3, figs. 33-59; 65,66.

Description: Most specimens have been tectonically deformed to a

greater or lesser extent, so that it is difficult to determine origi-

nal shape in many. The largest is a pedicle valve tectonically

stretched (s) to a length of c.8.0 mm. Profile slightly ventribicon-

vex. Most shells transverse in outline; a few larger shells are

equant to slightly elongate. Lateral and anterior margins gently

rounded to nearly straight, anterolateral margin commonly more narrow-

ly rounded. A few small shells are slightly emarginate. Hinge line

straight, commonly equal to or, less commonly, slightly less than

maximum valve width (0.9 to 1.0 of w
max

for n=15), which occurs at

hinge line or near midlength of shell. Cardinal extremities at nearly

right angle to slightly acute, obtuse in some shells.

Pedicle valve gently convex in lateral profile, greatest depth in

posterior of valve; some valves have greater convexity in posterior

part of valve. Anterior profile convex, greatest curvature medially;

umbo slightly inflated, posterolateral slopes gently concave, antero-

lateral slopes slightly convex. A few valves may have a very low,

indistinct fold near the anterior margin. One valve is stretched

sublongitudinally, cracked, and healed internally along midline; it

possesses a slight sulcus bounded laterally by two slightly raised

ribs (Plate 3, fig. 57). Valve length commonly 0.6-0.7 maximum width

in 12 valves 2.7 to c.6.2? mm long and c.0.5 and c.0.75 in two other

valves c.1.8 and c.4.4 mm long, respectively. Valve depth generally

0.3-0.4 length (n=18). Interarea moderate length, usually 0.15-0.25

as long as valve (one is 0.10) (n=18), steeply to moderately apsa-

cline, and commonly slightly curved to give beak straight orientation.
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Faint growth lines occur on interarea oriented parallel to hinge line.

Delthyrium open, apical angle moderate (30° -60 °) to narrow, but apex

generally broken away; edges of delthyrium gently convex medially in

several valves.

Brachial valve convex in longitudinal profile; position of great-

est curvature varies from valve to valve, ranging from posterior to

anterior. Anterior profile convex overall, but has median depression

due to shallow sulcus which arises just anterior to umbo and widens

anteriorly to form gently sulcate anterior margin. However, anterior

margin in some valves is nearly rectimarginate. Flanks of sulcus

gently convex in anterolateral view, although anterolateral margin not

deflected by this convexity; anterolateral slopes gently convex, pos-

terolateral slopes of valve slightly concave. Interarea planar, much

shorter than ventral interarea, commonly nearly orthocline to ortho-

cline, anacline in a few valves. Nine valves were c.0.5-0.75 as long

as wide and 13 were c.0.1-0.3 as deep as long.

Ribbing costellate with costellae few in number, most commonly

arising by branching of medial costa on posterior part of ventral

valve, producing two costellae, or two medial costae on posterior of

dorsal valve, also yielding two costellae. Additional costellae uncom-

monly produced in some shells by branching of or intercalation between

other ribs; single capillae were observed between costae on one valve.

Ribs commonly moderately elevated ridges with inclined flanks and

broadly to narrowly rounded crests. Some ribs are low amplitude; some

have subangular crests. Near valve margins rib interspaces commonly

rounded and as wide or wider than rib width at midheight; some are

less wide. Ten pedicle valves 1.8-3.8 mm long average 17 ribs (costae
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and costellae) (range: 15-19) at valve margins; 8 pedicle valves 4.3-

5.0 mm long average 17 ribs (14, 15, 15 or 16, 16, 16 or 17, 17, 18,

19, 20, 21, 22 ribs on 1, 0, 1, 1, 1, 2, 1, 0, 0, 0, 1 valves,

respectively); 4 pedicle valves >5.2 (fragment)-c.8.0 (s) mm long

average 17 ribs ( range: 15 to 17 or 18). Four brachial valves 4.0,

4.2, 4.7, _4.8 mm long bear 16. 22, 20, 14 or 15 ribs, respectively

(average: 18). Some pedicle valves exhibit a prominent median rib;

brachial valves commonly contain 4 ribs (range: 2-6) in the sulcus,

with the 3 (range 1-4) ribs immediately lateral to the sulcus slightly

enlarged or elevated anterolaterally. Concentric growth lamellae

present over entire external surface of both valves; 2-4 lamellae/mm,

uncommonly 5/mm, occur at <3 mm from beak of either valve; 9 of 15

dorsal valves bear 4 or 5 lamellae at 1-2 mm from beak. Lamellae not

generally frilly, probably due to poor preservation; some shells have

frilly lamellae.

Teeth small, triangular (viewed posteriorly), set off from inter-

area by sill of interarea; crural fossettes not certainly observed,

may be present as slight indentations medial to teeth or on anterome-

dial basal parts of teeth. Dental plates short, anterolaterally

divergent, moderately thick ridges which thicken posteriorly to give

triangular cross section (section parallel to plane of commissure);

anterior edges of plates commonly curved and convex medially. Umbonal

chambers relatively small to moderate size, relatively shallow.

Bases of dental plates merge with low, rod-like muscle-bounding ridges

which extend anteriorly and recurve posteriorly to end near or join

anterolateral margin of slightly elevated medial adductor track; rid-

ges define diductor impressions as elongate, relatively narrow, and
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flanking but not enclosing adductor impressions. Adductor track pres-

ent as low to very low and indistinct ridge with slight medial depres-

sion which is shorter than diductors in three valves; ridge is c.0.4

to 0.5 width of muscle field and 0.3 to 0.4 valve length, in some

valves extending beyond diductor impressions a short distance. In one

valve stretched longitudinally, cracked, and healed internally along

midline, adductor track is progressively elevated to slightly beyond

or well beyond point of juncture of muscle-bounding ridges (juncture

not well preserved) with track at c.0.3? valve length, reaches maximum

height at 0.36 valve length, then decreases in height and gradually

merges with valve floor at 0.61 valve length (Plate 3, figs. 58, 59).

Muscle field elongate to subequant in overall shape, with length

c.0.9 to 1.2 of maximum width in 6 valves. Muscle-bounding ridges and

elevated adductor track not present or not preserved in some valves.

Proximal part of a vasculum medium may diverge from anterolateral

margin of elevated adductor track in one valve (in Plate 3, fig. 36,

but does not show in photograph). In valve with prolonged adductor

track, four small, rodlike, subparallel ridges extend anteriorly from

front of adductor track (these are not visible in Plate 3, fig. 58),

and grooves and ridges extend parallel and alongside track from junc-

ture of muscle-bounding ridges with track to mark vascula media.

Brachiophores relatively narrow (ventral-dorsal), somewhat

thickened (laterally) blades diverging anterolaterally. In some

valves brachiophores narrower, more rodlike. Brachiophore bases con-

verge on very low, short (0.2-0.25 valve length) notothyrial platform

bearing ridge-like cardinal process which is thickened anteriorly.

Sockets commonly elevated on secondary shell material (Plate 3, fig.
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56) but areas beneath sockets excavated in some valves, making it

appear as if fulcral plates present. Rounded, low to moderately ele-

vated, commonly narrow median ridge generally is produced as an inter-

nal expression of external sulcus; it extends from frontal margin of

notothyrial platform into anterior half of valve and may "bifurcate"

as ribs branch on exterior. Muscle impressions and genital areas not

observed.

Marginal crenulations not seen, although ridges and troughs re-

flecting external ribbing commonly are present on shell interiors, and

may extend well toward shell posterior.

Illustrated specimens: USNM 413262-413271.

Localities and Material:

USNM locality A+AF P+PF B+BF

18121 cl. x 2 4
18121 cl. y 1 1

18123 cl. 1 1 1

18124 cl.
18124 cl.

E
1

E

1

2 2

18124 cl.
2

G - 1

18124 cl. J 1

18124 cl. L 1

18125 cl. W 1

18126 blk. 2 1

18128 47 20 28
18130 cl. C 1

18130 cl. N 2

Totals: 59 30 29

Distribution: Llandeilian limestone of member 1 of the Gregg

Ranch unit near Gregg Ranch and of member 2 of the Kangaroo Creek

Formation near Lovers Leap. Ordovician limestone clasts of member 3

of the Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: The Gregg Ranch (GR) Glyptorthis is smaller than

most described species; because of the low number of specimens avails
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ble and the few localities from which the shell is known, it is

uncertain whether the small size is due to the absence of mature

shells in the sample, to environmental factors stunting normal growth,

or to genuine specific characters. Of the species with which the (GR)

Glyptorthis was compared, those most closely resembling it are, in

approximate order of decreasing similarity, Glyptorthis glypta (Coo

per, 1956), G. cf. concinnula (Cooper, 1956) of Mitchell (1977), G.

cf. maritima (Wright, 1964) of Hiller (1980), G. irregularis (Cooper,

1956), G. uncinata (Cooper, 1956), and G. sp. 4 (Cooper, 1956). Each

of these differs from GR Glyptorthis, however.

G. glypta differs chiefly by its "strongly elevated" ventral

adductor track. One faintly sulcate GR valve does possess an adductor

trackmedian ridge elevated to a similar degree, but differs in that

the point of maximum elevation above the valve floor is anterior of

the juncture of the musclebounding ridges with the median ridge; in

illustrations of G. glypta in Cooper (1956, Plate 48, fig. 8, and

Plate 108, fig. 3) the point of maximum elevation appears to be poste

rior of this juncture. The dorsal median ridge seems better defined

in at least one valve of G. glypta (Cooper, 1956, Plate 108, fig. 5)

than in GR Glyptorthis. L/w
max

for three illustrated pedicle valves

of G. glypta c.3.7, c.3.8, c.7.5 mm long is c.67, c.71, c.76, and for

two brachial valves c.3.1, 6.6 mm long is c.72, .73, respectively; the

ranges of values of this ratio therefore overlap those of GR Glyptor

this.

Compared to the GR species, G. cf. concinnula of Mitchell (1977)

is evidently a bit more elongate in ventral outline (1
pv

/w
max

has a

mean of 0.76 for 23 valves averaging 5.38 mm long (Mitchell, 1977,
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pv

mus /wpv mus 0.85 (n=32) (text, p. 35)), and its ribbing slightly finer

(17-22 ribs in 2, 7, 1, 0, 0, 1 valves at 3 mm growth stage and 19-22

ribs in 3, 7, 1, 2 valves at 5 mm (text, p. 36)). A larger number of

undamaged, mature GR specimens is needed to determine if these differ

ences are significant.

Relative to the GR species, G. cf. maritima of Hiller (1980) is

more elongate (1
pv

/w
max=c.0.8 for n=11 and average 1pv

=7.55 mm (Hil

ler, 1980, text, p. 135), has slightly coarser ribbing at 3 mm (12-18

ribs (mode 14),(text, p. 134)) (but rib counts at 5 mm are similar to

those in the GR form), and its dorsal sulcus flattens out anteriorly.

G. irregularis is larger than the GR shells at hand. Counts of

21,21 ribs were made at 3.5 mm from the beak and 33,c.33 ribs at 8.0

mm from the beak on illustrations in Cooper (1956) of one ventral and

one dorsal valve, respectively (see note preceding the list of species

below for method of counting ribs in this discussion); if these re

sults are representative, G. irregularis has finer ribbing than the GR

species at these distances. Estimating from growth lines on an illus

trated pedicle and brachial valve, 1/w
max

in immature G. irregularis

is slightly less (0.45, 0.46) than in most GR shells of similar size.

In adult G. irregularis the ventral diductors extend beyond the adduc

tors, and 1/w of the ventral muscle field and 1
pv mus

/1
pv

are both

greater than in GR shells; these differences may result from comparing

individuals of different size, however.

Three illustrated ventral and three illustrated dorsal valves of

G. uncinata bear 19 or 20,20,26,21,21,>23 ribs at 3.5 mm from the

beak, respectively; therefore, some shells of G. uncinata have more
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ribs at 3.5 mm than any GR specimen. G. uncinata also possesses del-

thyrial margins not convex medially, poorly developed lateral plates,

and a thickened cardinal process; again, the latter two differences

are perhaps artifacts of comparing different growth stages.

In G. sp. 4 the ventral median rib appears slightly more promi-

nent than in GR Glyptorthis, although the number of ribs (17 or 18) at

3.5 mm from the beak on one illustrated pedicle valve is similar. The

ventral interior of G. sp. 4 is not described or illustrated, so that

adequate comparisons cannot be made with the GR species.

G. rara (Cooper, 1956) is somewhat like the GR form; yet, one

illustrated pedicle valve 5.4 mm long has 20 ribs at the margin;

d
pv

/1
pv is slightly greater (0.50 in one illustrated valve); lateral

profile of pedicle valve is more unevenly convex; and the edges of its

delthyrium are not convex medially. The ventral interior of G. rara is

not described.

Other species with which GR Glyptorthis was compared are listed

below with their principal difference from the GR form. (N.b.:

"Ribs" include costae and costellae, and were counted on illustrated

specimens unless noted as "from text"; the phrase "at x mm", indicates

that the ribs were counted along a hypothethical growth line which

crossed the valve midline at x mm from the beak in plan view. Obvi-

ously, these counts are only approximate, and depend on the quality of

the photographs as well as the of the specimens. Furthermore, because

measurements were made in plan view, counts taken at "3.5 mm" on

highly convex shells were actually made at a later growth stage than

those at 3.5 mm on slightly convex valves. See Table 1 for other

abbreviations).
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Glyptorthis alta (Cooper, 1956): 1
pv inter

/1
pv

=0.50; ventral sulcus;

fold at dorsal margin.

G. assimilis (Cooper, 1956): 22-25 ribs at 3.5 mm on 4 p.v.

G. balclatchiensis (Davidson, 1883): c.20?, 21. 27-28 ribs at 3.5 mm

on 3 b.v. in Williams (1962); 19-20, 21-22, c.28? ribs at 3.5 mm

on 3 b.v. in Reed (1917). Beyond 5-mm growth stage dorsal sulcus

commonly dies out or is replaced by a fold (Williams, 1962,

text).

G. bellarugosa (Conrad, 1843) in Cooper (1956): c.27 and c.24 ribs at

3.5 mm on one p.v. and one b.v., respectively.

G. aff. bellarugosa in Rukavishnikova (1956): photographs too dark

and blurry to permit rib counts at 3.5 or 6 mm, so insufficient

data for comparison.

G. bellatula (Cooper, 1956): 19,19,20 ribs at 3.5 mm and 22,33,32

ribs at 8.0 mm on two p.v. and one b.v., respectively; w
max

slightly anterior to midlength.

G. concinnula (Cooper, 1956): averages of 23 and 24 ribs at 3.5 mm on

4 p.v. and 6 b.v., respectively.

G. cf. concinnula in Mitchell (1977): see discussion above.

G. costellata (Cooper, 1956): c.22,22,21,23,25 ribs at 3.5 mm on two

p.v. and three b.v., respectively.

G. crenulata (Cooper, 1956): 28 and 29 ribs at 3.5 mm on one p.v. and

one b.v., respectively.

G. crispa (M'Coy, 1846) in Wright (1964): dorsibiconvex; 41 and 45

ribs at 5-mm growth stage on two p.v. (Wright, 1964, text,

p.173).

G. crispata (Emmons, 1842): no data.
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G. daytonensis (Foerste, 1885): c.21,>18 ribs at 3.5 mm and >32 >30

ribs at 6.0 mm on one p.v. and one b.v., respectively.

G. equiconvexa (Cooper,1956): c.(32-34),27,c.36 ribs at 8.0 mm on one

p.v. and two b.v. From Cooper (1956, p. 368) text: ventral

sulcus at >4 mm from beak; low dorsal fold at >6 mm from dorsal

beak; ventral interarea almost orthocline.

G. fausta (Foerste, 1885): >21, c.25,>27 ribs at 6.0 mm on one p.v.

and two b.v.(in Foerste, 1885); >20 ribs at 3.5 mm and >33 ribs
....

at 8.0 mm on one b.v. (in Schuchert and Cooper, 1932).

G. glaseri (Alberstadt, 1973): >17,>15 ribs at 3.5 mm and >27,>28

ribs at 6.0 mm on one p.v. and one b.v., respectively. From text

(p. 19): 7-8 growth lamellae per 5 mm.

G. glypta (Cooper, 1956): see discussion above.

G. insculpta (Hall, 1847): c.24? ribs at 3.5 mm and >28 ribs at 6.0

mm on one p.v. (in Hal1,1847); c.22 ribs at 3.5 mm and c.36 at

8.0 mm on one b.v. (in Schuchert and Cooper, 1932).

G. insculpta maquoketensis (Ladd, 1929) in Howe (1966): 22,c.22 ribs

at 3.5 mm and 35,c.35 ribs at 6.0 mm on one p.v. and one b.v.,

respectively.

G. i. orientalis (Nikiforova and Andreeva, 1961): >22,>26,>26 ribs at

6.0 mm on two p.v. and one b.v., respectively.

G. irrupts (Rubel, 1962): >14 and 19 ribs at margins of two b.v.

c.2.8 and c.3.8 mm long, respectively;
1 bv /wm ax by

c.0.81,c.0.83 for these two b.v., respectively. From text

(p.94): no dorsal sulcus.

G. irregularis (Cooper,1956): see discussion above.

G. katangaensis (Nikiforova, 1961, in Nikiforova and Andreeva, 1961):



70

>20,>22,>28,>21 ribs at 6.0 mm on three p.v. and one b.v., res-

pectively.

G. maritima maritima (Wright, 1964): From Wright (1964, text): At 5-

mm growth stage 24 p.v. have an average of 20 ribs, range of 15-

24 ribs, and 9 of 24 valves have 23 or 24 ribs. At 5-mm growth

stage 8 of 29 b.v. bear one concentric lamella/mm. Dorsal sulcus

replaced by fold at 3-8 mm (mode 6 mm).

G. m. magna (Wright, 1964): From Wright (1964,text): 12-15 ribs at

3-mm growth stage on 1,2,2,1 p.v. and 12-16 at 5-mm growth stage

on 1,1,3,1,2 p.v. (mode and average 14 at 3 and 5 mm).

G. cf. m. maritima in Harper (1984): From Harper (1984, text): c.16

ribs at 3 mm and c.26 at 5 mm on one b.v.

G. cf. maritima in Mitchell (1977): From Mitchell (1977,text): 25,27

ribs at 5 mm on two p.v.

G. cf. maritima in Hiller (1980): see discussion above.

G. minor (MacGregor, 1961): 20,c.26 ribs at 3.5 mm on one p.v. and

one b.v., respectively. From MacGregor (1961, text): ventral

interarea "almost orthocline"; dorsal median ridge strong, ex-

tends to 0.75 valve length; 1
pv

/w
max

=0.83 for one p.v. 5 mm

long.

G. morkokiana (Nikiforova, 1961, in Nikiforova and Andreeva, 1961):

>18, >20,18 ribs at 6.0 mm on two p.v. and one b.v., respective-

ly. Data insufficient for adequate comparison.

G. multicostellata (Cooper,1956): >27,c.38 ribs at 3.5 mm on two p.v.

G. obesa (Cooper, 1956): >20,- ribs at 3.5 mm and >31,>38 ribs at 8.0

mm on one p.v. and one b.v., respectively (ribs poorly preserv-

ed).
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G. Plana (Roomusoks, 1964): >21 ribs at 3.5 mm and >25 ribs at 6.0 mm

on one p.v.

G. pulchra (Wang, 1949) (junior synonym of G. insculpta maquoketensis

(Ladd

wm at hinge line; cardinal angles <90 0 .

G. transversa (Cooper, 1956): 24 ribs at 3.5 mm and 27 at 5.9 mm on

one p.v.

G. uncinata (Cooper, 1956): see discussion above.

G. uniformis (Cooper, 1956): >22,25,>27,29 ribs at 3.5 mm on 4 p.v.

G. uniplicata (Cooper, 1956): 24,>24,>25 ribs at 3.5 mm on two p.v.

and one b.v., respectively.

G. virginica (Cooper, 1956): >18,>27,>22,>24,c.25 ribs at 3.5 mm on

two p.v. and three b.v., respectively.

G. viriosa (Williams, 1975): 21,33 ribs at 3.5 mm on two b.v.; dorsal

median ridge appears higher posteriorly in two illustrated valves

than in GR valves. From Williams (1975, text): 1
bv

/wmax=c.0.80.

G. sp. 1 (Cooper, 1956): c.26 ribs at 3.5 mm on one p.v.

G. sp. 2 (Cooper, 1956): 22,25 ribs at 3.5 mm and 27,27 ribs at

4.9,4.6 mm on one p.v. and one b.v., respectively.

G. sp. 3 (Cooper, 1956): >27,>25,32 ribs at 3.5 mm on one p.v. and

two b.v., respectively.

G. sp. 4 (Cooper, 1956): see discussion above.

In summary, the Gregg Ranch Glyptorthis appears to differ from

all species with which satisfactory comparison could be made. Larger

collections are needed, however, to determine whether these differen

ces are real, and the GR species is therefore not formally named
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herein.

Glyptorthis sp. 2

Plate 3, figs. 60-64.

Description: Valve 8.3 mm long, convex, and c.0.85 as long as

wide. Lateral margins very gently rounded, anterior and anterolateral

margins more rounded. Hinge line straight, c.0.81 maximum width,

which occurs near midlength. Cardinal extremity slightly obtuse.

Lateral profile convex, convexity a little greater than elsewhere just

posterior of midlength, and greatest depth at same position. Anterior

profile convex, greatest curvature medially; umbo slightly inflated,

posterolateral slopes a little concave, anterolataeral slopes nearly

straight. Very low, indistinct fold present in anterior part of

shell, defined by ribs slightly more elevated than those lateral of

fold. Valve depth c.0.34 of length. Interarea moderate length

(c.0.23 valve length), steeply apsacline, curved near beak to impart

straight orientation to beak. Delthyrium incompletely preserved, but

possibly originally subtending moderate angle (c.45°?). Small, poorly

preserved apical plate present near beak, joins sides of delthyrium

just interior to delthyrial margins. Plate may be secondary silica

deposit, but does seen platelike in cross section.

Ribbing costellate, costellae common, arise by branching; a few

may implant. Rare single capillae occur between some ribs. Ribs

moderately elevated ridges with moderately to very steeply inclined

flanks, commonly rather narrowly rounded crests. Rib interspaces

rounded to flattened locally. About 19 ribs occur at 3.5 mm from

beak, >32 at 8.0 mm (counted as in table comparing G. sp. 1 with
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other described species). Concentric growth lamellae poorly preserved

as swellings or nodules on ribs connected by low ridges between ribs;

they are present from anterior of umbo to valve margins, ribs not

being preserved in umbonal area. Four lamellae/mm were measured at 2-

3 mm from beak and 3/mm at 5-6 mm.

Teeth not preserved, crural fossette may be present as shallow,

relatively small indentation on anteromedial part of dental plate near

hinge line. Dental plates short (c.0.25 valve length at bases);

slightly divergent anterolaterally and faintly curved and convex medi-

ally; bladelike anteriorly and thickened posteriorly, hence triangular

in cross section parallel to commissure. Umbonal chambers moderate

depth, not infilled by shell material. Shallow furrow present along

base of dental plates, perhaps marking site of adjustors. Bases of

dental plates join valve wall slightly dorsal to valve floor and are

connected with low muscle platform by elevated shell deposit (which

may form lateral part of platform), giving overall pentagonal shape to

muscle field. Platform c.0.35 as long as valve and 1.6 as long as

wide at anterior edge, which is joined to valve floor by gentle slope.

Adductor track not well delineated. Initial parts of vascula media

marked by subparallel grooves extending short distance anteriorly from

anterolateral margins of platform. Genital markings not seen.

Marginal crenulations consist of eminences wider than high and

with flattened ("upper") surfaces; these are separated by narrow

furrows and are commonly in pairs, larger, longer furrows occurring

between pairs than between eminences of a pair.

Illustrated specimen: USNM 413272.

Locality and Material:
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USNM Locality A+AF P+PF B+BF

18130 cl. P-5 - 1

Distribution: Ordovician limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: This valve is larger than all those assigned to GR

Glyptorthis sp. 1, so that it is uncertain whether most morphological

differences between this valve and GR G. sp. 1 are interspecific or

arise from comparing different growth stages of one species. However,

the loc. 18130 clast P-5 valve bears >32 ribs at 8.0 mm, compared to

15 to 17 or 18 in four valves of G. sp. 1 >5.2 to c.8.0 mm long,

suggesting that it is a different species.

The range of morphological variation of the species represented

by the clast P-5 valve is unknown; therefore, comparisons with other

previously described species are not made.

Genus Eridorthis Foerste

Eridorthis sp. 1

Plate 4, figs. 1-7

Description: No pedicle valves can be assigned to this species

with certainty. Two brachial valves have broken margins, are

presently c. 8.2 and 9.7 mm long, and somewhat wider than long;

lateral margins rounded, anterior margins more gently rounded. Hinge

line straight, less than maximum valve width, which occurs at about

midlength; width at hinge line is c.0.8 maximum width of one stretched

shell. Cardinal angles obtuse. Longitudinal profile convex overall,

but nearly planar in area of fold; greatest convexity posteriorly,

although anterior quarter of one valve also narrowly convex. Lateral
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commissre slightly to moderately convex dorsally in side view.

Anterior profile convex overall, with slight median elevation due

to fold which develops at 4-5 mm from umbo and increases slightly in

width and substantially in height to anterior margin, forming

uniplicate anterior commissure with fold trapezoidal to rounded in

cross section and of width about 1/4 to 3/8 maximum valve width. Near

umbo is indistinct, very shallow sulcus in one valve (umbonal area

poorly preserved on other valves). Posterolateral slopes slightly

concave, anterolateral slopes gently convex. Interarea short, planar,

orthocline; notothyrium open.

Ribbing costellate; costellae arise mainly by branching, but a

few appear to intercalate. Ribs are moderately elevated to relatively

low ridges with moderately to gently inclined flanks and widest at

bases; crests rounded to very narrowly rounded; rib interspaces

rounded, at valve margins wider than to, uncommonly, sightly less wide

than rib width at midheight. Seventeen ribs estimated at 3.0-mm

"growth stage" in one valve; 24 and 25 ribs estimated at 8.0-mm

growth stage in two valves (n.b.: methods of counting and estimating

given in table of rib counts in discussion section following

description of indeterminate glyptorthinid.) Three ribs occur on the

fold at 7.3 (present margin along midline)- and 8.0-mm growth stages

in these two valves. Growth lamellae spaced at 2-3/mm.

Anterior portions of brachiophores narrow (ventral-dorsal)

somewhat thickened (laterally) blades or rods. Brachiophore bases

converge onto elevated short (c.0.15 valve length) notothyrial

platform bearing poorly preserved cardinal process that is now

ridgelike. Process appears elevated on small, low platform built on
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notothyrial platform in one valve (Plate 4, fig. 5). Lateral portions

of brachiophore bases project beneath sockets, joining valve wall;

sockets slitlike in one valve (Plate 4, fig. 5), elevated in both

valves. Relatively low, rounded median ridge extends form anterior

margin of notothyrial platform to c.0.4 valve length from beak. The

three valves from loc. 18121 possess a narrow ridge occupying crest of

median ridge and two short, low, well- to ill (Plate 4, fig. 5)-

defined ridges diverging anterolaterally from near its anterior end.

A slightly elevated to low, wide, and indistinct lateral ridge flanks

the median ridge on each side in the posterior half of the valve.

These ridges bound the medial depression produced by the exterior

fold. In the two deformed valves from loc. 18121 (not illustrated

herein) adductor impressions occur between these lateral ridges and

the median ridge, and are confined anteromedially by the ridges

diverging from near the anterior end of the median ridge; each

lateral ridge has a knoblike protuberance near its anterior end.

Genital area in posterolateral part of valve marked by low, rounded,

bifurcating ridges. Marginal crenulations consist of eminences with

flattened surfaces bearing medial depression and occurring in pairs or

singly, with deep narrow furrows between pairs or individuals.

Illustrated specimens: USNM 413273-413274.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. y 1 (+2?*)

18138k 1

Totals: 2

Both too distorted tectonically, broken, and covered with silica

and/or debris to be included in description.

*.
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Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch. Ashgillian limestone clast of member 3

of the Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: given after description of indeterminate

glyptorthinid.

Eridorthis cf. sp. 1

Plate 4, figs. 8-10.

Description: Valve broken on one side, perhaps somewhat squashed

ventrally-dorsally, c.12 mm long; ribs poorly preserved over much of

valve. Outline somewhat wider than long, lateral margin gently

rounded, anterior margin slightly emarginate, anterolateral margin

more narrowly rounded. Hinge line straight, c.0.8 maximum width,

which occurs near midlength. Cardinal extremities somewhat obtuse.

Lateral profile convex, greatest convexity and depth in posterior of

valve; lateral commissure straight. Anterior profile convex. Anterior

half of valve occupied by very shallow, indistinct sulcus, which begins

at c.4 mm from beak, widens anteriorly, and is bounded laterally by

gently convex flanks; anterior commissure very slightly, roundly

uniplicate. Posterolateral slopes slightly concave, anterolateral

slopes gently convex. Valve length c.0.8 valve width, depth c.0.3

length (but squashed?). Interarea apsacline, planar, c. 0.3 valve

length; delthyrium incompletely preserved, but may have been open,

subtriangular originally.

Ribbing costellate; costellae relatively uncommon, arise by

branching. Ribs similar in appearance to those of E. sp. 1, except

flanks steeply to moderately inclined. C.20 ribs estimated at 3.0 mm
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from beak (i.e., 3.0-mm "growth stage") and c.26 at 8.0 mm; 3 or 5

ribs in sulcus at 8.0 mm. Concentric growth lamellae close-spaced

from umbo to margins, c. 4-5 lamellae/mm at 1-2 mm from beak and 5

lamellae/mm at 5-6 mm.

Teeth small, triangular (viewed posteriorly, crural fossettes not

preserved. Dental plates short, straight, triangular in cross

section; umbonal chambers shallow, nearly filled by shell material.

Bases of dental plates merge with muscle-bounding ridges that extend

anteriorly to anterolateral margins of high muscle platform truncated

abruptly at its anterior end. Platform contains wide adductor track

(c.0.6 width of platform at its anterior end) separated by low ridge

on each side from flanking, somewhat shorter, narrow, elongate

diductor impressions. Genital markings and vascula media not observed.

Marginal crenulations indistinct; eminences very low, wider than

high, with flattened crests, and separated by short narrow furrows;

some eminences may occur in pairs (groove within pair smaller than

those between).

Illustrated specimen: USNM 413275.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. y 1

Distribution: Ashgillian limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: given after indet. glyptorthinid.

Eridorthis sp. 1?

Plate 4, figs. 16, 17.
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Illustrated specimen: USNM 413278.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. 2 1

Distribution: Ordovician limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: For brevity, only a few important characters and/or

those that are different from E. sp. 1 are mentioned here.

Anterior edge broken; present length c.8.5 mm. Sulcus developed

by c.3.5 mm from beak, contains 2 ribs, deepens and slightly widens

anteriorly to become well demarcated; it is confined on either side by

two or more slightly elevated ribs. Costellate; c.18 ribs estimated

at c. 3.0 mm from beak and c. 26 at 8.0 mm; 3 growth lamellae/mm at 4-

5 mm from beak and 4/mm near the margin.

Dental plates, umbonal chambers, muscle platform similar to those

of ventral valve from loc. 18121, cl. y, but adductor track of cl.-2

valve more elevated anteriorly relative to diductors, is narrower (0.4

width of muscle field at its front), and not obviously bounded

laterally by low ridges.

Genital area marked by 3-4 faint subparallel ridges.

See after section on indet. glyptorthinid for further discussion.

Eridorthis sp. 1?

Plate 4, figs. 18, 19.

Illustrated specimen: USNM 413279.

Localities and Material:

USNM Locality A+AF P+PF B+BF
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18121 cl. 2 - - 1

Distribution: Ordovician limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: Again, only a few important characters and/or those

that are different from E. sp. 1 are noted.

Anterior margin broken; present length c. 6.8 mm. Fold develops

by c. 4.5 mm from beak. Costellate; c.16 or 18 ribs estimated at

c.3.0 mm from beak and c.20 to 22 at c.6.8 mm. Four ribs on fold at

present anterior edge. C.3 growth lamellae/mm at c.4-5 mm from beak.

The anterior ends of brachiophores do not project beyond the high

notothyrial platform and overhang their bases, as they do in E. sp. 1,

i.e., they look more "upright". Lateral part of base of brachiophore

does not appear to project "beneath" socket, or does so at a steeper

(closer to vertical) angle than in E. sp. 1. Other differences from

E. sp. 1: 1) socket wider, not as slitlike; 2) cardinal process a

thicker ridge anteriorly (however, process may be only partially

preserved in E. sp. 1); 3) lateral ridge on either side of median

ridge not present.

Further discussion given after section on indet. glyptorthinid.

Eridorthis aff. sp. 1

Plate 4, figs. 20, 21.

Description: Valve tectonically deformed and anterior margin

broken off, hence original length and outline in plan view unknown.

Present length c.9.8 mm (measured perpendicular to hinge line). Hinge

line straight. Lateral and anterior profiles convex overall. Anterior

profile exhibits median indentation bounded by elevated ridges due to

sulcus and flanking raised ribs. Sulcus begins at c.2.5 mm anterior
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to beak, becoming deeper and wider anteriorly; it is bounded laterally

by raised ribs and is moderately deep at midlength. Posterolateral

slopes concave, anterolateral slopes gently convex. Interarea

moderate length, apsacline, gently curved to give beak straight

orientation. Delthyrium incompletely preserved and distorted, now

subtending moderate angle, with apex narrowly rounded and margins

slightly convex medially; lateral plates may once have been present at

delthyrial margins, since margins extend slightly medially beyond

dental plates.

Ribbing costellate, costellae common, arise by branching and,

locally, by intercalation. One capilla observed. Ribs similar in

appearance to those of E. sp. 1, allowing for deformation. C.17 ribs

occur at c.3.0 mm from beak and c.29 at 8.0 mm; 3 ribs in sulcus at

8.0 mm. Two elevated ribs confine sulcus on each side posteriorly; in

the medial half of the length the lateral rib of each pair branches

once laterally to produce a third elevated rib on each side.

Concentric growth lamellae close-spaced from umbo to margins, c.5/mm

at 1-2 mm from beak and c.4/mm at c.3.0 mm.

Teeth small, triangular (in posterior view). Crural fossette

present as relatively small, shallow indentation on one dental

plate. Dental plates very short, thick, ridgelike, receding,

triangular in cross section; umbonal chambers shallow. Dental plates

merge basally into highly elevated bladelike ridges that extend to

anterolateral portions of elevated muscle platform. The latter is

incompletely preserved; it may once have been subtriangular or

subpentagonal in plan view, with a steep anterior face. Medial

portion of platform (adductor track?) elevated anteriorly "above"
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relatively deeply impressed narrow, flanking diductor areas; it

occupies 0.6 width of platform at the latter's anterior end, and

presently protrudes well above the valve floor and slightly beyond the

anterior edge of the base of the platform, hence slightly

"overhangs" the valve floor. Prior to deformation this tonguelike

projection probably was inclined at a lower angle to valve floor and,

therefore, was more overhanging.

Ridgelike traces of vascula media diverge anteromedially from

anterolateral corners of muscle platform. Genital markings and

marginal crenulations not observed.

Illustrated specimen: USNM 413280.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18130 cl. AR - 1 -

Distribution: Ordovician limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: given after section on indet. glyptorthinid.

Eridorthis sp. 2

Plate 4, fig. 22.

Description: Length of this brachial valve 10.5 mm. Valve 0.7

as wide as long; lateral and anterior margins rounded in plan,

cardinal extremity obtuse. Hinge line straight, 0.85 maximum width,

which occurs in posterior part of valve. Longitudinal and anterior

profiles convex, with lateral commissure gently convex dorsally in

side view, and medial low rounded bulge produced by fold in anterior

profile. Posterolateral slopes slightly concave, anterolateral slopes
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convex. Fold develops at c.3-4 mm from beak, increases in height and

width anteriorly; it is bounded laterally by concave segments and

produces a roundly uniplicate anterior margin at which it occupies 0.5

maximum valve width. Sulcus not obvious at (3 mm anterior to beak.

Ribbing costellate, costellae common, arise by branching, rarely

by intercalation. Ribs moderately elevated ridges with flanks

moderately to steeply inclined, crests somewhat narrowly rounded,

locally broadly rounded; rib interspaces less wide to wider than rib

width at midheight. >17 ribs at 3.0 mm from beak and c.36 estimated

at 8.0 mm. Fold contains 3 ribs at c3.5 mm, 4 at 3.5 to c.5-6 mm, and

7 anterior of 6 mm from beak, as branching of one rib in fold occurs

at c.3.5 mm and of 3 at c.5-6 mm. Growth lamellae not preserved on

umbonal area, but present anterior of umbo, numbering 2/mm at (6 mm

from beak.

Interior of valve mostly covered by silica, except for ventral

segments of brachiophores and cardinal process. The former appear

relatively massive; exposed lateral parts of bases project "beneath"

sockets and exposed medial parts of bases converge medially. Anterior

face of cardinal process high, thick, ridgelike; its posterior surface

is covered.

Illustrated specimen: USNM 413281.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18130 cl. P-4 1

Distribution: Ordovician limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: In the same clast as the brachial valve described
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above is the posterior part of a pedicle valve that is now 9.0 mm long

and 15.5 mm wide at the hinge line (the original hinge-line width of

the brachial valve above is estimated at c.13.0 mm). This pedicle

valve is convex in lateral and anterior profiles. It has a very low

indistinct fold that arises at c.2 mm from beak and widens anteriorly

to the broken margin at 9.0 mm. Interarea apsacline; delthyrium open,

with apical angle moderate. Ribbing as in brachial valve described

above, except that single capillae uncommonly occur between some ribs.

C.20 ribs occur at 3.0 mm from beak and c.33 at 8.0 mm. Ribs on fold

slightly enlarged, numbering 4 posteriorly; two branch at 3-5 mm from

beak, so that 6 ribs are on the fold at >5 mm. Growth lamellae number

2-3/mm at <6 mm. Interior obscured by secondary silica. Dental

plates appear relatively short, anterolaterally divergent; umbonal

chambers moderate size, unfilled by shell material. Elevated muscle

platform present, but its morphology is obscured by silica.

As the brachial valve described above as E. sp. 2 bears a fold at

3-4 to 10.5 mm from its beak and a uniplicate anterior margin, it is

uncertain whether this fold-bearing pedicle valve belongs to the same

species or even the same genus.

Indeterminate glyptorthinid

Plate 4, figs. 11-15.

Description: Two of the three valves in the collection are so

tectonically deformed and broken that details of their original

outline and profiles cannot ascertained. In the third (Plate 4,

figs. 11-13) the length is estimated at c.6.3 mm, the ratio of length

to maximum width at c.0.7, and that of hinge-line width to maximum

width at c.0.6. In plan view lateral and anterior margins are
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rounded, hinge line straight, maximum width near midlength, and

cardinal angle obtuse. Lateral and anterior profiles gently convex.

Posterolateral and anterolateral slopes slightly convex. Interarea

only partly preserved, apsacline. A shallow sulcus extends from near

umbo (broken off) to anterior margin, becoming slightly deeper

anteriorly.

Another pedicle valve (not illustrated) is stretched transversely

and currently c.3.0 mm long (perpendicular to hinge line). Its sulcus

is absent or very faint, perhaps as a result of tectonic extension.

The third pedicle valve (Plate 4, figs. 14, 15) is a deformed fragment

with all margins broken off and a current length of 6.6 mm. It has a

very pronounced, deep sulcus, again a possible artifact of

deformation.

Ribbing costate in c.6.3-mm valve; in c.3.0-mm valve a costella

implants or branches from each side of median rib. Ribs generally low

to moderately elevated ridges with inclined flanks, broadly to,

locally, narrowly rounded crests; interspaces commonly as wide as or

wider than rib width at midheight. The c.3.0-, c.6.3-, and >6.6-mm

valves originally bore an estimated 15, 12 or 14, and unknown number

of ribs at c.3.0 mm from the beak, and 3?, >2, and 3 or 4 at c.3.0 mm

in the sulcus, respectively. Concentric growth lamellae are crowded

together in anterior part of c.6.3-mm valve (c.6/mm), and wider-spaced

posteriorly (3-4/mm at c.2-3 mm from beak); the other two valves have

2-4 lamellae/mm at 1-2 mm anterior to present posterior edge.

Teeth not preserved; dental plates inferred to have been

relatively short; umbonal chambers filled with shell material. All

three valves have similar ventral muscle fields. Adductor track
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comparatively wide and highly elevated anteriorly; its anterior face

plunges at a moderate angle to valve floor. In the >6.6-mm valve

(Plate 4, fig. 15) a relatively narrow, low, rounded median ridge

extends a short distance anteriorly from an origin on the basal part

of the front face of adductor track. Diductor impressions are deep,

narrow furrows in shell material alongside adductor track; they

diverge a bit anterolaterally and extend anteriorly to a point short

of or slightly beyond the elevated crest of the adductor track.

Frontal margins of diductors also slightly elevated "above" shell

surface. C.6.3-mm valve has the muscle field c.1.1 as long as wide

and c.0.4 as long as valve; at anterior end of field elevated adductor

track is c.0.7 width of field. Traces of vascula genitalia present in

two valves. Marginal crenulations not observed.

Illustrated specimens: USNM 413276-413277.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18128 - 3

Distribution: Llandeilian limestone of member 1 of the Gregg

Ranch unit near Gregg Ranch.

Discussion: The specimens belonging to Eridorthis and indet.

glyptorthinid are disarticulated, broken, and slightly to greatly

deformed tectonically. The morphological differences between some

specimens are great; yet, only a few valves are known from each

locality or clast. Therefore, it is difficult to decide how many

species are present and what the range of phenotypic variation of each

is. If one allows much intraspecific variation, perhaps two species

are present (E. sp. 1 and indet. glyptorthinid); if little, as many as
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six could be defined.

The following table lists the number of ribs at 3 and 8 mm from

the beak in the Klamath specimens described above and in species of

Eridorthis from other areas.

Locality;valve Rib Number at Ribs in Sulcus

3.0 mm 8.0 mm at 8.0 mm

E. sp. 1 18121,c1.y; b.v. covered 25* 3

18138k; b.v. 17* 24* 3 (at 7.3 mm)

E. cf. sp. 1 18121,c1.y; p.v. 20* 26* 3or5

E. sp. 1? 18121,c1.2; p.v. 18* 26*(or28*?) 2

18121,c1.2; b.v. 16*or18* (20*-22* 4 (at 6.8 mm)
at6.8mm)

E. aff. sp. 1 18130,c1.AR; p.v. 17 29 3

E. sp. 2 18130,c1.P-4; b.v. >17 36* 7

indet. glypt. 18128; p.v. 15* 3?(at 3.0 mm)

12*or14* >2

3or4

3.0 mm

Rib Number at: Ribs in

8.0 mm Sulcus/Fold

at 8.0 mm

E. nicklesi 18**,20*,22* 22**,26*,32*

E. rogersensis 11-12,c.161,c.18-191 21-22,c.251,c.27-281

E. angustisulcata >24,>25,>26
>27,>29,>39,>42*

E. inexpecta )26,>34*.>37 5/5,1>6,1>8

E. novadomis >37*
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E. subinexpecta - >24*,>30*,>34*
>36*,>36*

E. sp. Mitchell (1977) 16 >26

Notes:

1) Ribs were counted along a hypothetical growth line crossing

the midline at 3.0 or 8.0 mm from the beak, i.e., 3.0- and 8.0-mm

"growth stages". Rib counts from photographs are minimum values, as

all ribs on valves probably do not show on photographs, especially in

Foerste (1909).

*) Twice the number of ribs counted on one half of the valve.

.) From Schuchert and Cooper (1932); others of E. nicklesi and

E. rogersensis are from Foerste (1909).

Two to four brachial valves were assigned to E. sp. 1, one to

three from USNM loc. 18121 cl. y and one from loc. 18138k. Compared

to these valves, a pedicle valve from loc. 18121 cl. y has a few more

ribs at 3.0 and 8.0 mm from the beak (see table) and slightly more

growth lamellae/mm. However, the sulcus in this pedicle valve is very

shallow and ill defined at the anterior margin (possibly in part

because of tectonic deformation), while the fold in E. sp. 1 is high

and well defined at the margin. Foerste (1909, p. 222) stated that

the dorsal fold of E. nicklesi ranged from high to low. Perhaps E.

sp. 1 exhibited a similar range of variation in the height/depth of

the fold/sulcus, and the 18121 cl. y pedicle valve may belong to that

species. The pedicle valves from loc. 18121 cl. 2 and 18130 c. AR

each have a deeper sulcus than does the 18121 cl. y valve.

The brachial valve from loc. 18121 cl. 2 differs from those of E.
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sp. 1 chiefly in its: more "upright" brachiophores; anteriorly

thicker, "higher" cardinal process; lack of lateral ridges flanking

median ridge; and, probably, fewer ribs at 8.0 mm. However, the

cardinal process may not be completely preserved in any brachial valve

of E. sp. 1, and the brachial valve of loc. 18138k has very low,

indistinct lateral ridges. The above differences may be only

apparent, i.e., artifacts of incomplete preservation and of comparing

small sample populations; therefore, the 18121 cl. 2 valves are

tentatively classed as E. sp. 1?.

The sulcus of the pedicle valve from loc. 18130 cl. AR is deeper

than that of the 18121-cl. y valve, but similar to that of the 18121 -

cl. 2 valve. The bladelike anterior extensions of the dental plates,

deeply impressed diductors, and protruding medial portion of the

muscle platform distinguish this valve from all others described

above; furthermore, the number of ribs at 8.0 mm from the beak is

slightly higher than for other valves. The disparities in morphology

of the ventral muscle field between E. sp. 1 and the 18130-cl. AR

valve are comparable to the differences evident in Plate 5, figs. 32

and 43, which show two pedicle valves in one species (Austinella aff.

whitfieldi). Therefore, it is possible that the 18130-cl. AR valve

belongs to E. sp. 1. Until the range of variation in E. sp. 1 is

better known, the 18130-cl. AR valve is classed as E. aff. sp. 1.

The brachial valve from loc. 18130 cl. P-4 differs from other

valves described above in possessing, at 8 mm from the beak, more ribs

on the fold and more ribs on the valve as a whole. It is, therefore,

probably a different species than E. sp. 1, and is classed as E. sp.

2.
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It is uncertain whether the three pedicle valves from loc. 18128

belong to Glyptorthis or Eridorthis. Some species of the former

exhibit a ventral sulcus (e.g., G. alta, Cooper, 1956), and G. glypta

(Cooper, 1956) possesses a "strongly elevated adductor track" similar

to that of these three valves. On the other hand, the deep sulcus in

one valve, if of biological rather than tectonic origin, suggests

affinities to Eridorthis. These three valves differ from the Klamath

Glyptorthis sp. 1 by their ventral sulcus and strongly elevated

adductor track, and from specimens assigned herein to Eridorthis by

their fewer ribs at 3.0 mm from the beak. The elevated adductor track

and deeply impressed diductor areas resemble those of the 18130 cl. AR

valve, except for the protruding anterior end of the adductor track of

the latter.

Foerste (1909, p. 223) described two species of Eridorthis, E.

nicklesi and E. rogersensis. The latter differs from the former in

having fewer ribs on the fold, sulcus, and flanks of the shell;

broader ribs; and stronger, more distant growth lamellae. Foerste

(ibid.) noted that E. rogersensis occurs at the same horizon as E.

nicklesi and may be only a variety of the latter.

Rib counts on valves illustrated by Foerste (1909) and Schuchert

and Cooper (1932) are given in the table above. Ribs are incompletely

exposed on these photographs, so the counts are minimum values. If

Schuchert and Cooper's specimens are correctly identified, the data

suggest that there is overlap in rib number between the two forms, and

that further work is needed to determine whether two species are

actually present. Combining the rib counts from Foerste (1909) and

Schuchert and Cooper (1932), the Klamath specimens of Eridorthis
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cannot be distinguished from Foerste's species by rib number with the

meager information at hand, except for the 18130-cl. P-4 valve, which

has a higher number at 8.0 mm.

Foerste (1909, p. 223) stated that in E. nicklesi the ventral

adductor area is slightly narrower than the ventral diductor areas,

and that the ribs show internally in brachial valves. In all the

Klamath valves assigned to Eridorthis the ventral adductor area is

wider than either ventral diductor area, and ribs are not visible

internally in brachial valves except near valve margins. Foerste

(1909) did not describe the interiors of E. rogersensis, although he

implied (p. 223) that they were the same as in E. nicklesi. It

appears, then, that the Klamath species of Eridorthis differ from

those of Foerste (1909), although more corroborative evidence is

obviously needed.

In E. angustisulcata (Havlicek, 1981) the ventral adductor area

is evidently narrower than either diductor impression and not

elevated, unlike Klamath Eridorthis. Also, the ventral sulcus and

dorsal fold are both narrow.

E. inexpecta Cooper (1956) bears, on the average, more ribs on

the valve and/or on the fold and sulcus at 8.0 mm from the beak than

all Klamath valves except those from loc. 18130 cl. P-4, although the

sample is small (n=3; see table above). The 18130-cl. P-4 brachial

valve lacks an obvious sulcus at < 2.5 mm from the beak, unlike E.

inexpecta. More information on the interiors of E. inexpecta and the

18130-cl. P-4 valve is needed before adequate comparisons can be made.

E. novadomis (Bassett, 1972) has more ribs at 8.0 mm than any

Klamath Eridorthis (see table).
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E. subinexpecta (Severgina, 1967) has finer ribbing at 8.0 mm

from the beak than all Klamath Eridorthis except E. sp. 2.

E. sp. (Mitchell, 1977) has similar number of ribs at 3.0 and 8.0

mm to Klamath Eridorthis, but its range of morphological variation and

internal features are too poorly known for satisfactory comparison.

Genus Ptychopleurella Schuchert and Cooper

Ptychopleurella aff. mediocostata Cooper

Plate 4, figs. 23-44, 50.

aff. 1956 Ptychopleurella mediocostata Cooper, p. 387, Plate 42,

figs. 22-27.

Description: Small: largest specimen a pedicle valve 4.8 mm

long. Ventribiconvex, wider than long. Lateral margins gently

rounded, anterior periphery rounded and emarginate. Hinge line

straight, c.0.7-0.9 maximum valve width (n=16; 0.6 for one shell),

which occurs in the middle part of the shell. Cardinal angles obtuse.

Pedicle valve grossly triangular in lateral profile, with apex

and greatest depth at beak. Beak not commonly preserved; in some

valves it is fairly sharp to very narrowly rounded; it does not

protrude beyond hinge line. Lateral profile slightly concave anterior

to umbo, rarely highly concave for a short distance; anterior portions

straight or, uncommonly, slightly convex; one valve has a straight

profile, another is gently convex posteriorly. Anterior profile an

obtuse triangle with narrowly rounded beak (may originally have been

sharp in some valves) at apex and posterolateral slopes slightly

convex to nearly straight, rarely slightly concave; anterolateral

slopes similar to those in lateral profile previously described. A
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sulcus begins < 1 mm from beak, increasing in width and depth to

anterior margin, where in large valves it is narrow to moderate width

and shallow to relatively deep. In several larger HG valves the

median rib is low to apparently absent anteriorly and the narrow

anteromedial portion of the sulcus is flatened to slightly concave.

Flanks of sulcus convex, yet anterolateral commissure not deflected or

only very slightly convex ventrally; anterior margin rectimarginate

(or barely uniplicate in a few valves). Interarea long, generally 0.5

to 0.75 as long as valve (n=12), and at high angle to commissure,

commonly curving anteriorly ventral of the hinge line. Some valves

are catacline near the hinge line, becoming slightly procline near the

beak; others are slightly apsacline or procline near the hinge line,

curving to catacline or procline near the beak. Interarea of a few

valves is planar. Some interareas bear a few faint growth lines

oriented parallel to the hinge line. Delthyrium narrow to somewhat

narrow, with margins subparallel to divergent at relatively small

angle; lateral plates present in at least some valves. A few valves

bear a comparatively short to moderate-length (<0.4 length of

interarea) apical plate that is apparently planar to concave

posteriorly and joined to the margins of the delthyrium on the

latter's internal surface or to the sides of the delthyrium (i.e.,

posterior portion of dental lamellae). The valve length at the

midline is commonly c. 0.7 to 0.9 the maximum length (n=14); maximum

length is c. 0.45 to 0.6 maximum width (n=12), and depth 0.5 to 0.75

maximum length (n=12).

Brachial valve convex in longitudinal profile; greatest depth

medially, and greatest curvature ranging from posterior to medial to
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anterior portion of valve. Valve convex overall in anterior profile,

yet depressed medially due to sulcus that begins at or just anterior

to umbo and becomes wider and deeper anteriorly, ranging from

relatively shallow anteriorly to comparatively deep, and from narrowly

rounded medially to broadly rounded. Flanks of sulcus inclined; shell

convex on either side of sulcus; posterolateral slopes straight to

slightly concave. Commissure very faintly sulcate to nearly

rectimarginate. Interarea much shorter than ventral interarea, c.

0.15 to 0.20 as long as maximum valve length (n=4), commonly anacline

to orthocline near the hinge line. Interareas of several valves

curved posteriorly, becoming orthocline to apsacline near the beak;

one valve is nearly catacline at the beak. Valve c. 0.5 to 0.7 as

long as wide (n=7) and 0.3 to 0.7 as deep as long (n=5).

Ribbing similar to that in Klamath P. cf. mediocostata described

below, except that ribs generally appear somewhat narrower and lower

in amplitude, partly as a result of poor preservation. Some larger

valves have low-amplitude ribs with inclined flanks, broadly rounded

crests, rounded interspaces. Several valves have single capillae

between some ribs, with 1-10 capillae present. Counts of 18 or 19,

19, 19 or 20, 21, 21 or 23 ribs were made in 2, 1, 1, 1, 1 ventral

valves, respectively. Three ribs, or perhaps one in some valves, occur

in the ventral sulcus; however, the medial rib is low amplitude to

ill-defined/not present anteriorly, not prominent as in P. cf.

mediocostata. About 17, 18, 19 ribs were counted on 2, 1, 1 dorsal

valves, with 2 to 4 ribs in the sulcus. Very close-spaced growth

lamellae or lines occur on the anterior portions of several larger

valves, yet were not seen on posterior portions or on smaller valves.
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About 6-12 lamellae or lines/mm were counted (n=7), rarely 1 or 3/mm.

Teeth triangular (viewed posteriorly), wide at hinge line, set

off by sill of interarea in one valve, but sill not observed in other

valves. Crural fossettes present as laterally elongate depressions

just ventral to hinge line. Dental plates very short to fairly short,

slightly divergent dorsally, appearing as thick ridges thickening

posteriorly and more or less triangular as viewed in a section

parallel to commissure. Bases of plates joined to anterolateral

margins of muscle field, commonly by short, anteromedially directed,

elevated muscle-bounding ridges. Muscle field grossly subtriangular

in plan, in some valves perhaps more subpentagonal. It is commonly

inclined posteriorly and uplifted anteriorly on a low platform that

has a relatively moderately to steeply inclined margin joined

laterally by muscle-bounding ridges. Platform not present in some

valves. Muscle field (and platform, if present) joined anteriorly,

and in some valves evidently "underlain" by, a very low to elevated

median ridge that is an internal expression of the sulcus. Median

ridge nearly absent in some valves, even though sulcus is well

developed. The ridge has moderately to steeply inclined flanks, a

flatteded crest rounded laterally, and extends to the anterior margin;

it bifurcates near or posterior to the margin and merges with two

bladelike to rounded and ridgelike marginal eminences.

Muscle impressions not observed, except perhaps in one valve,

where median adductor track may be slightly elevated above flanking

diductors at anterior margin of low platform, occupying c.0.6 width of

muscle field. Muscle field c. 0.5 to 1.2 as long as wide (n=16) and

c. 0.25 to 0.40 length of pedicle valve (n=14). Genital and vascular
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markings not observed.

Brachiophores appear as thickened blades divergent

anterolaterally. Their dorsal posteromedial portions join a strongly

elevated, relatively short (0.3 to 0.4 length of brachial valve, n=6)

notothyrial platform. The latter bears a ridgelike cardinal process

that thickens anteriorly and in some valves exhibits a laterally

elongate knob at its anterior end. It is not clear whether the bases

of the brachiophores curve posterolaterally to join the valve wall and

underlie the sockets, or whether secondary shell material partly or

wholly underlies the sockets. Shell material partially excavated from

"beneath" notothyrial platform, anterior portions of brachiophores,

and sockets. Notothyrial platform joined anteriorly by strongly

elevated, rounded median ridge that extends to anterior margin to join

a marginal eminence, and that is partly an internal expression of the

sulcus. Adductor impressions faintly impressed in one valve, but too

indistinct to describe; they may be c.0.4 as wide as valve. Genital

and vascular markings not seen.

Marginal crenulations have eminences that are relatively thick

and narrow, higher than or as high as wide, and that have steeply

inclined or vertical sides and flattened to rounded internal surfaces.

Some eminences are rounded to subangular at their distal end in plan

view. Eminences are separated by narrow to relatively wide grooves or

furrows that are as wide as eminences in places and extend well into

valve interior in some valves. The two medial ventral eminences are

commonly more elevated, thickened, and bladelike to rounded and

ridgelike; they join the median ridge. A few eminences are subdivided

into a double ridge by a median groove in one valve.
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Illustrated specimens: USNM 413282-413288.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. y (?) - 1

18169a - 5 4
36439a - 8 1

36439b 1 1 1

36439c - 5 2

Totals: 1 20 8

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch. Questionably in Ashgillian limestone

clast y of member 3 of the Kangaroo Creek Formation in the Lovers

Leap-Gregg Ranch area.

Discussion: Given after description of P. cf. mediocostata below.

Ptychopleurella cf. mediocostata Cooper

Plate 4, figs. 45-49, 51-56.

cf. 1956 Ptychppleurella mediocostata Cooper, p. 387, Plate 42, figs.

22-27.

Description: Similar to P. aff. mediocostata, except in ribbing.

Ribs commonly moderately to relatively strongly elevated ridges with

inclined flanks and moderately to narrowly rounded crests.

Interspaces narrowly rounded-subangular to broadly rounded medially,

about as wide as rib width at midheight. Most ribs are costae, yet

several posterolateral ribs arise along the hinge line, and in some

pedicle valves the rib on either side of the medial rib arises by

branching or implantation anterior to the umbo. Ventral sulcus

contains a prominent median costa; the two ribs on either side of

median rib are depressed and within the anterior part of the sulcus of



99

some valves, but are elevated to the flanks of the sulcus or outside

of the sulcus in other valves, so that 1 to 3 ribs occur in the

sulcus. Two pedicle valves have 16 and 17 ribs. One brachial valve

bears 15 or 17 ribs, with 2 ribs in the sulcus and 2 on the upper

flanks that could also be counted in the sulcus. Close-spaced

concentric growth lamellae present in anterior and medial parts of

valves, yet not preserved or not present posteriorly in some valves.

About 6 to 7 lamellae/mm were counted on 5 valves, and one valve

appeared to have 10 lamellae/mm.

Illustrated specimens: USNM 413289-413290.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 m-Blk. - 1 1

18121 cl. y - 2 1

18125 cl. T - 1 -

Totals: - 4 2

Distribution: Ashgillian and Ordovician limestone clasts of

member 3 of the Kangaroo Creek Formation in the Lovers Leap-Gregg

Ranch area. Ashgillian m-Blk in the Lovers Leap area (see Rigby and

Potter, 1986, p. 7 for further details).

Discussion: Boucot (1970) defined Glypterina as "identical with

Ptychopleurella as re-defined here except that Glypterina almost

invariably possesses primary lateral costellae only and never reaches

a large size, whereas Ptychopleurella of average size (about double

that of average Glypterina) possesses both secondary and tertiary

lateral costae". Boucot (ibid.) included in Glypterina, among others,

Orthis porcia Billings 1859, Ptychopleurella globularis Cooper 1956,

and P. separata Wright 1964. An illustration of the holotype of O.
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porcia by Cooper (1956, P1. 42, ig. 11) shows that it has maximum

width estimated at c.7.6 mm and 3 or 4 lateral costellae that probably

arise by branching and that are lateral of the medial pair of

costellae. Nine specimens of P. globularis illustrated by Cooper

(1956, P1. 43, figs. 9-17; P1. 82, figs. 33-39) have an average

maximum width of c.6.4 mm (range: 4.7-c.7.7 mm) and 0 to 2 or 3

lateral costellae. Two valves of P. separata shown by Wright (1964,

P1. 3, figs. 13, 14) have maximum widths of 6.9, 6.5 mm and 2 (+2

along hingeline), 3 lateral costellae, respectively.

Boucot (1970, p. 985) classified Orthis bouchardi Davidson 1847

as Ptychopleurella. Schuchert and Cooper (1932, P1. 6, fig. 1) show

one pedicle-valve interior of P. bouchardi with a maximum width of

c.11.1 mm, and Bassett (1970, P1. 3, fig 14b) illustrates one brachial

valve of P. bouchardi that is ) 10.7 mm wide and has 10 or 11 lateral

costellae (+2 along hingeline). A maximum width of c.11 mm and a

number of lateral costellae of 11 are inferred to be roughly average

or above-average values for these characters in the species of

Ptychopleurella listed by Boucot (1970, p. 985).

Species classified as Ptychopleurella by other authors and

described after Boucot's 1970 publication have blurred the above

distinctions between Ptychopleurella and Glypterina, however. Wright

(1982) indicates that the Late Ordovician Ptychopleurella emarginata

Wright 1982 has a maximum shell width of 10.5 mm (average is 8.8 mm in

7 specimens that are 7.5 -10.5 wide, based on Wright's data (p. 355));

he notes that this species is costate, except for one pedicle valve

that bears one implanted? lateral costella.

Villas (1985) described a Late Ordovician unnamed species of
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Ptychopleurella. His data show that maximum width averages 8.2 mm in

5 valves (range: 3.6-12.5 mm) and that two lateral costellae occur on

one pedicle valve (it is not clear whether they arise by branching or

implantation).

Johnson and others (1976, p. 19) defined the Wenlockian P. micula

and noted that its "maximum width generally is between three and four

millimeters". One brachial valve with maximum width of c.4.5 mm bears

>6 lateral costellae, of which >3 arise by branching (P1. 8, fig. 2).

The sample contained 200 specimens.

Johnson and others (1976, p. 20) also described the Ludlovian P.

cymbella from 149 specimens; their illustrations indicate that 5

valves averaging c.7.1 mm in maximum width (range: 6.1-7.9 mm) bear

c. 6-15 costellae, most of which arise by branching (the first two

medial costellae in the brachial valve and the first two costellae

branching off the medial costa in the pedicle valve are excluded from

these counts).

Lenz and Johnson (1985, p. 42) established the Early Devonian P.

forticostata on a sample of 56 specimens. One illustrated pedicle

valve (P1. 2, fig. 20) has a maximum width of c.8.1 mm and 1 to 4

lateral costellae (excluding 2 costellae branching from medial costa);

1 to 4 of these arise by branching.

The above comments indicate that P. micula and P. cymbella fit in

the size range of Glypterina as conceived of by Boucot (1970), yet

have too many lateral costellae to be classed in that genus. P.

emarginata, P. sp. of Villas (1985), and P. forticostata reach sizes

larger than typical Glypterina, yet have fewer lateral costellae than

do most species of Ptychopleurella. A hypothetical sample with an
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average maximum width of c. 6-8 mm and 4 or 5 lateral costellae could

be classed in either genus. For this reason Glypterina is placed in

synonymy with Ptychopleurella herein.

The Klamath P. aff. mediocostata and P. cf. mediocostata differ

from P. mediocostata Cooper (1956) by having ventral interareas that

are slightly curved to procline near the beak, unlike the "catacline

to strongly apsacline" (ibid., p.387) ventral interarea of Cooper's

species. P. aff. mediocostata is different from P. cf. mediocostata

and P. mediocostata of Cooper in possessing more ventral ribs ([18 or

19] to [21 or 23] vs. [15 to 19]) and ribs that commonly appear

narrower and lower in amplitude. The median ventral rib of Klamath P.

aff. mediocostata is low amplitude to ill defined/not present

anteriorly in the ventral sulcus (vs. prominent rib in ventral sulcus

in Klamath P. cf. mediocostata and P. mediocostata of Cooper); single

capillae occur between some ribs (vs. no capillae observed in P. cf.

mediocostata and none reported in P. mediocostata of Cooper). Close-

spaced growth lamellae were noted on anterior portions of some larger

valves of P. aff. mediocostata, but not on posterior parts or on

smaller valves; in P. cf. mediocostata and P. mediocostata of Cooper,

all valves possess growth lamellae, although these were not observed

on posterior parts of some valves of P. cf. mediocostata, possibly due

to lack of preservation.

Because of the low number of specimens and the poor preservation

of the ribbing in P. aff. mediocostata, it is not certain whether it

and P. cf. mediocostata represent different species or variants within

a single species. One poorly preserved ventral valve from USNM

locality 18121, cl. y does resemble some P. aff. mediocostata in rib
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amplitude, and may possess a poorly preserved capilla. This valve

occurs with two other ventral valves differing from P. aff.

mediocostata in rib number and amplitude and resembling P.

mediocostata of Cooper in these characters. The presence of both

types of valves in one clast could suggest that Klamath P. cf.

mediocostata and P. aff. mediocostata are merely morphotypes within

one species. However, until larger collectons are available that show

all intermediates between these two forms, the shells are

provisionally classified as described above.

Klamath P. aff. mediocostata resembles P. emarginata Wright

(1982) in outline of the shell in plan view and in well developed

ventral sulcus with low median costa (compare Plate 1, fig. 18 of

Wright, 1982, with Plate 4, fig. 36 herein). P. emarginata differs

from the Klamath species in the former's lower number of ribs (13, 14,

15, 16, 17 ribs on 1, 0, 11, 1, 2 ventral valves and 14, 15, 16 on 8,

2, 3 dorsal valves (Wright, 1982, p. 354)); lack of capillae; flat,

catacline ventral interarea (ibid., p. 352); ventral surface slightly

concave less commonly than straight just anterior to umbo in lateral

profile (ibid., p. 352); and cordate ventral muscle field with narrow

adductor scars occupying 0.2 of width of field (p. 354). P.

emarginata differs from Klamath P. cf. mediocostata probably in P.

emarginata's slightly lower number of ribs (too few Klamath shells are

available to be certain of this), and in the three other characters

just enumerated above vis a vis P. aff. mediocostata.

Klamath P. aff. mediocostata and P. cf. mediocostata differ from

P. globularis (Cooper, 1956), P. glypta (Cooper, 1956), P. lapworthi

(Davidson, 1883), P. oklahomensis (Cooper, 1956), P. pirguensis
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(Roomusoks, 1964), and P. sp. of Hiller (1980) in the lateral profile

of the former, which is commonly concave posteriorly. They differ

from P. cf. lapworthi of Ross and Dutro (1966), P. separate (Wright,

1964), P. sulcata (Cooper, 1956), P. twenhofeli (Wright, 1964), P.

aff. twenhofeli of Harper (1984), P. uniplicata (Cooper, 1956),

Klamath P. aff. uniplicata, and P. sp. of Newman (1976) in the

presence of a ventral sulcus. P. lamellosa (Raymond, 1905) is widest

at the hinge line; P. porcia (Billings, 1863) has more ribs; P.

rectangulata (Cooper, 1956) has a ventral muscle field "short, not

strongly thickened"; P. sp. of Villas (1985) has fewer ribs.

Comparisons with P. keisleiensis (Reed, 1897) and P. sp. 1 of Bates

(1968) are inconclusive owing to lack of data, although one brachial

valve of P. sp. 1 has slightly fewer ribs (14) than the Klamath

species.

Ptychopleurella aff. uniplicata Cooper

Plate 4, figs. 57-66; Plate 5, figs. 1-30.

aff. 1956 Ptychopleurella uniplicata Cooper, p. 391, Plate 49, figs.

41-44.

Description: Small; largest specimen is a brachial valve 4.0 mm

long. Shell ventribiconvex, wider than long in outline and commonly

transverse. A few tectonically stretched shells are elongate.

Lateral margins gently rounded, anterolateral narrowly rounded, and

anterior margin slightly emarginate, much less commonly straight, very

rarely gently convex. Hinge line straight, 0.7 to 0.98 of maximum

width (n=57), which occurs between the hinge line and midlength

portion of the shell. Cardinal angles slightly obtuse to obtuse.
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Pedicle valve subpyramidal, beak sharp, not produced posteriorly;

in many shells ribs not preserved on umbo. Lateral profile most

commonly slightly concave in posterior portion and gently convex

anteriorly; several shells have a straight profile, some are gently

convex from umbo to anterior. Greatest depth near umbo. Anterior

profile triangular at hinge line, but convex anterior to hinge line;

greatest curvature medially. Beak sharp, posterolateral slopes nearly

straight to very slightly concave; anterolateral slopes are slightly

concave posteriorly and convex anteriorly, or are nearly straight to

slightly convex. Low fold commonly arises anterior to umbo and

expands anterolaterally to occupy most of the anterior margin. Valve

length c.0.45-0.70 maximum width (n=37; two shells have ratios of

0.8); valve depth c.0.40-0.70 valve length (n=38, one valve is 0.9)

Interarea long, c. 0.4-0.6 valve length (n=44; other values are 0.34,

0.67, 0.69), generally planar and very steeply inclined to plane of

commissure, usually slightly procline to slightly apsacline. A few

valves have faint growth lines on interarea oriented parallel to hinge

line. Delthyrium open and narrow, edges of delthyrium subtending

small angle or nearly parallel. Lateral plates appear to be present,

but their juncture with interarea is not noticeable.

Brachial valve convex in longitudinal profile, with maximum

curvature in the posterior (uncommonly medial) portions of the valve;

a few shells relatively evenly convex. Anterior profile convex

overall, but with medial indentation due to sulcus that arises on or

near umbo and widens anteriorly to a sulcate frontal margin. Flanks

of sulcus convex in anterolateral view, in some valves causing slight

dorsal deflection of lateral commissuire, in others not deflecting



106

commissure. Posterolateral slopes very slightly concave to straight,

anterolateral slopes gently convex. Interarea planar? to gently

curved near beak in some valves, anacline to, rarely, orthocline, much

shorter than ventral interarea, c. 0.1-0.2 length of dorsal valve

(n=36). Ratio of dorsal-valve length to maximum width 0.6-0.8 (n=36),

but two valves had ratios of 0.4 and 0.5. Valve depth was c. 0.2-0.4

valve length (n=40; 0.5 for one).

Ribbing commonly costate; however, in some valves the two ribs on

either side of the median ventral costa and/or the two medial dorsal

ribs appear to arise slightly anterior to the point of origin of the

other ribs (<1 mm from beak). In two valves some ribs appear to

branch or implant <1 mm from beak, although total rib number is same

as that in costate valves. Ribs moderately elevated ridges with

inclined flanks and moderately to narrowly rounded, less commonly

gently rounded or subangular, crests. Interspaces rounded, wider to

narrower than rib width at midheight near valve margins, this

character apparently varying from locality to locality. Commissure

corrugated by ribbing.

(11, 12, 13, 14, 15) ribs were counted on (17, 6, 19, 1?, 1)

pedicle valves, respectively, and (12, 13, 14, 15) ribs on (23-27, 4,

1, 1) brachial valves. Although exceptions occur, generally the five

medial ventral ribs are slightly elevated anteriorly to form a low

fold; the median ventral rib may be at the same height or, rarely,

depressed anteriorly relative to the two ribs on either side of it.

The dorsal sulcus commonly contains two ribs; two or one additional

rib may be included in the sulcus of a few valves. The three ribs

flanking the sulcus on either side appear slightly enlarged or
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elevated anteriorly in several valves.

Concentric growth lamellae occur over the surface of both valves;

no frilly lamellae preserved. (4, 4-5, 5, 5-6, 6, 6-7, 7, 8) lamellae/

mm were counted at 1 to 4 mm from the beak on (0, 1, 16, 7, 15-18, 2,

3, 1) pedicle valves and (9, 2, 21, 4, 8, 0, 2?, 0) brachial valves,

respectively.

Teeth triangular with relatively broad bases when viewed

posteriorly; in a few valves teeth differntiated from interarea by

sill along dorsal edge of interarea, but sill not seen in most valves.

Crural fossettes commonly well developed as indentations on inner

faces of teeth at or ventral of hinge line. Dental plates very short,

straight to slightly divergent dorsally, generally appear as thick

ridges (because of secondary deposits?) which are more or less

triangular when viewed in a cross section parallel to commissural

plane. Umbonal chambers shallow, delthyrial chamber deep. Muscle

field commonly shallowly to relatively steeply inclined posteriorly,

c.0.2-0.35 as long as pedicle valve (n=13), and variable in shape and

elevation anteriorly. Shape ranges from grossly cordate, with

smoothly curved anteromedial indentation that is wide and shallow to

narrow and rather deep (windentation /w
mus

0.4 -0.7, n=10), to more or

less subtriangular, with little or no anteromedial indentation.

Anterior margins of diductor impressions also smoothly curved. Some

valves have nonelevated muscle field that is defined by narrow

muscle-bounding ridges extending from bases of dental lamellae; in

other valves field is uplifted anteriorly on low sill or platform. A

continuum exists from shells with the adductor track not elevated

above the diductors and apparently not differentiated to those with
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adductor track elevated anteriorly on a broad to narrow, rounded

ridge. On one large valve 0.27 of length of adductor track extends

beyond diductors as wide ridge or callosity inclined toward valve

floor.

Brachiophores anterolaterally divergent; anterior portions vary

in shape from rodlike to relatively thickened (laterally) and narrow

dorsallyventrally blades or prisms. In some valves anterior ends

taper over a relatively short distance to sharp points.

Posteromedially, brachiophores are joined to relatively short (0.2-0.3

valve length, n=23) notothyrial platform, and help define relatively

deep to moderately deep notothyrial cavity in which is narrow

ridgelike cardinal process that thickens anteriorly in several valves.

Elevation of notothyrial platform ranges from low to high; area

"beneath" platform, sockets, and brachiophores varies from deeply to

little or nonexcavated. Typically, low platforms are relatively

littleexcavated beneath. Posterolateral portions of brachiophores

evidently curve beneath sockets and join shell wall at different

elevations above valve floor in different shells. Anterior portions

of brachiophore and socket exhibit a triangular form in plan view.

Secondary shell deposits may be present within sockets and around

posterior portions of brachiophores. In valves with elevated

platforms that are excavated beneath, the sockets are commonly

elevated as well. Posterior parts of sockets commonly partly covered

by extension of interarea. In these same valves the elevated platform

is joined dorsally by a rodlike median ridge which gradually

decreases in height anteriorly and extends forward to midlength or

beyond (>0.6 valve length), nearly reaching valve margin in some
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shells. In valves with low platforms the median ridge appears to join

the platform anteriorly. In different valves the median ridge varies

in width (relatively narrow to fairly thick), height (low to

moderate), and appearance (relatively thick, rounded, and rodlike to a

rather ill defined internal expression of the sulcus). In some valves

the median ridge is narrowly rounded anteriorly or at the crest.

A few valves exhibit poorly defined adductor impressions on

either side of the median ridge. Anterior and posterior adductor

impressions apparently are at least partly separated by low ridges

extending laterally or anterolaterally from the median ridge or from

near the median ridge, and the anterior portions of the posterior

adductor impressions may bne slightly lateral of the anterior

adductors. Adductor field c.0.5-0.7 as long as wide (n=2), extending

to 0.6-0.65 the length of the valve, slightly posterior? of the

anterior end of the median ridge. The posterior adductor impressions

of one valve appear to be somewhat elongate, anterolaterally

divergent, and c. 0.2 valve length.

Interior surface of brachial and pedicle valves ranges from

smooth to corrugated, the latter a reflection of the external ribbing.

Commonly the valves are smooth internally with marginal crenulations

consisting of narrow to moderately wide furrows or grooves between

eminences. The latter are of moderate width, somewhat wider than

high, and rounded to subangular to irregular at the anterior margin.

They are also flattened to rounded on the inner shell surface or

possessed of a median depression or groove that, if deep enough,

subdivides the eminence into a double ridge or two rodlike parts.

Furrows between eminences may extend well into the interior of the
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shell. The two medial eminences of some emarginate pedicle valves are

more steeply inclined and/or uplifted or curled slightly at the valve

margin than other eminences, but in some valves other eminences are

uplifted at the valve margins as well.

Illustrated specimens: USNM 413291-413303.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18118c 4 5 6

18121 m-Blk 2 3

18121 cl. x 2 - -

18121 cl. y 3 9 7

18121 cl. 2 - - 1

18121 cl. 15 (pink) - - 1

18121 cl. 15 (pink) (small box) 1 - 1

18121 cl. 16 (pink) - 2 2

18121 cl. 21 - 2 -

18121 cl. 27 (pink) 1 3 2

18123 cl. 1 - - 2

18124 cl. AJ 1 1 2

18124 cl. AM - 1 -

18124 cl. L 5 3

18124 cl. R - - 1

18125 cl.
1

T - 1 1

18130 cl. AP 1

18130 cl. P-2 - 1 -

18130 cl. P-3 2 -

18130 cl. P-5 - 1 -

18130 cl. S - - 1

18130 cl. 1 3 2

18138b - - 1

18138c - 1 1?

18138f 2 12 13

18138g 1 -

18138h 2 - 4
18138i - 3 1

18138j 41 40 47
18138o 2 1 1

18169a 3 13 11

36439a 147 118 67

36439b 24 35 27

36439c 28 29 18

Totals: 265 290 236

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch. Ordovician limestone clasts of member
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3 of the Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: Ptychopleurella aff. uniplicata from clasts and HG

differs from P. cf. mediocostata and P. aff. mediocostata in that its

ventral interarea is generally planar (vs. curved), an apical plate

was not observed, fewer ribs are present, and five medial ventral ribs

are commonly elevated to form a low fold.

P. uniplicata Cooper (1956) is close to the Klamath species

morphologically; however, a larger sample of the former is needed to

see if apparent differences between the two forms are a result of

intra- or inter-specific variation. The few specimens illustrated by

Cooper (1956) evidently have the following dissimilarities from the

Klamath species: fewer growth lamellae/mm (4/mm on pedicle valve and

3/mm on brachial valve); no ventral muscle-bounding ridges or low

platform (only one ventral interior is shown, however); outline of

anterior margin is slightly convex in one ventral valve, nearly

straight in another (but possibly emarginate in one dorsal valve); one

valve appears to possess a capilla.

The Klamath P. aff. uniplicata possesses fewer ribs than the

following species of Ptychopleurella (see discussion of P. aff.

mediocostata for authorship of various species): globularis, glypta,

keisleyensis,lamellosa,lapworthi, mediocostata, oklahomensis, porcia,

rectangulata, sulcata, twenhofeli, and P. sp. 1 of Bates (1968).

Other species differ as follows: P. sp. of Hiller (1980), P. sp. of

Newman (1976), and P. aff. twenhofeli of Harper (1984) have ventral

valves with lateral profiles that are convex, convex, and "essentially

flat but sloping gently anteriorly", respectively; P. separata and P.

sp. of Villas (1985) have fewer ribs, some of which are costellae; P.
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pirguensis has costellae; and P. cf. lapworthi of Ross and Dutro

(1966) has a ventral fold with three ribs.

Family Plaesiomyidae Schuchert

Genus Austinella Foerste

Austinella aff. kankakensis McChesney

Plate 5, figs. 31-54.

aff. 1861 Orthis kankakensis McChesney, p. 77; McChesney, 1868, p.

29, 30, P1. 9. figs. 3a,b.

aff. 1892 Plectorthis kankakensis--Hall and Clarke, p. 221, P1. 5,

figs. 24,25.

aff. 1895 Orthis (Plectorthis) whitfieldi Winchell, in Winchell and

Schuchert, p. 437, P1. 33, figs. 13, 8-12?.

aff. 1932 Austinella whitfieldi--Schuchert and Cooper, 1. 9, figs.

15-19.

aff. 1949 Austinella whitfieldi--Wang, p. 8, P1. 2A, figs. 1-7.

aff. 1949 Austinella kankakensis--Wang, p. 8, 9, P1. 2B. figs. 1-5.

Description: All valves available have one or more margins

broken off. Largest specimen is a broken brachial valve with length

>22.0 mm and maximum width c.28.0 mm. One pedicle and one brachial

valve suggest a subequally biconvex lateral profile and a slightly

transverse subelliptical outline in plan view. Where present in a few

shells, valve margins gently to very gently rounded laterally and

anteriorly in plan, more rounded anterolaterally; ventral umbo weakly

inflated. Hingeline straight, c.0.8-0.9 maximum width (n=3), which

occurs a bit anterior to midlength in two valves; cardinal angles

obtuse. Three ventral valves c. 11.1, >13.2, and c.19.2 mm long are
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about .0.8, >0.8, 0.9 as long as wide and 0.2, <0.35, 0.2 as deep as

long, respectively. They are moderately convex in lateral profile and

deepest in posterior half (in two valves). Anterior profile

moderately convex; posterolateral slopes gently concave, anterolateral

slopes convex to nearly straight. Interarea c.0.2 valve length,

curved, apsacline, longer than dorsal interarea; beak nearly straight

to suberect. Delthyrium open, with apical angle c. 50-60°.

One large brachial valve c. 20 mm long is moderately convex in

lateral profile; smaller valves are less so. Anterior profile convex

overall, with weakly concave posterolateral slopes, faintly convex

anterolateral slopes, and very shallow medial depression caused by

sulcus arising near umbo and widening anteriorly. Sulcus very shallow

to absent in anterior parts of 5 valves. Valve c.20 mm long is c. 0.9

as long as wide and c.0.25 as deep as long; of two smaller valves, one

is more transverse, the other relatively shallower than the 20mm

valve. Interarea of the 20mm valve short, slightly curved to nearly

an orthocline position; smaller valves have short, fairly planar,

anacline interareas.

Ribbing costellate; costellae arise mainly by branching,

generally from costae, not other costellae. One or two generations of

costellae commonly present, one arising in posterior to medial part of

valve, the second in the medial to anterior region; branching pattern

multiform. Anteriorly and anterolaterally, ribs are generally

moderately elevated ridges that are slightly wider to wider at bases

than near crests and rounded at crests. Spaces between ribs commonly

rather flat, a bit narrower to narrower than basal costal width, but

wider than some costellae. Single, fine, rodlike capillae implant in
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some rib interspaces. Some valves are faintly fascicostellate.

In most valves the larger costae and costellae appear to consist

of a bundle of c.3 (2-5) closely spaced small rods or ridges. These

bundles appear to arise anteriorly from a single larger rib; locally,

however, they merge into a single rib both anteriorly and posteriorly.

In certain shells closely spaced small rods occur in rib interspaces

as well as on ribs. Along the broken anterior margins of some valves

the shell material is seen to consist of >2-3 layers. The "bundles"

of three rods or ridges probably originate when the outer layer of

shell is stripped away from the rib crest, leaving the layer beneath

exposed along the crest and the former outer layer only on the flanks

of the crest. If the outer layer was relatively thick and its broken

edges smoothed over, three "rods" would appear to have arisen from the

rib. Five "rods" could be produced in a similar manner by stripping

of two layers from the rib crest. Uneven stripping of parts of shell

layers from rib interspaces could produce groups of ridges in the

spaces, although in some valves single capillae between relatively

well preserved ribs appear to be primary features.

In the medial area 5 mm anterior to the beak, ventral valves have

c. 5-9 ribs (costae and costellae) per 5 mm and 2-4 ribs per 2 mm;

brachial valves contain c. 6-11 per 5 mm and 2-5 per 2 mm. About 2-3

costae occur in dorsal sulcus (costellae not counted). One large,

nearly complete ventral valve c.19.2 mm long contained about 55 costae

and costellae along the margins; 3 broken valves c.11.1, >13.2, >16.6

mm long have c.35, >34, >43 ribs, respectively. Three broken dorsal

valves c.9.8, >13.2, >16.5 mm long bear c.38, c.43, c.41 ribs at their

present margins, respectively. Growth lines very rarely seen;
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concentric fila and expunctae not observed.

Teeth small, triangular (viewed normal to interarea), set off

from interarea by sill of shell material at hinge line. Crural

fossettes small, shallow pits or notches. Dental plates resemble

rather thick blades, slightly advancing or receding, of moderate

length at bases (.0.5-0.6 length of muscle field), divergent

anterolaterally, commonly somewhat curved and convex medially; they

may have shallow, broad, laterally convex indentations. Umbonal

chambers deep to moderate depth. Muscle field elevated anteriorly on

well developed platform in large valves; platform low, less distinct

in one moderate-size valve. Muscle area pentagonal to triangular in

shape, outlined laterally by muscle-bounding ridges joining bases of

dental plates. It contains a faint and very low to prominent and

elevated median ridge that is the site of the adductor impressions;

the latter are bounded laterally by low, narrow ridges in some valves.

The median ridge extends forward to anterior edge of platform, or even

beyond in one valve (Plate 5, fig. 43), and widens anteriorly to 0.3-

0.6 width of muscle field at anterior edge of platform. In larger

valves diductor tracks flank median ridge as well-impressed, narrow,

elongate, anterolaterally divergent areas shorter than to as long as

median ridge, rarely slightly longer. Adjustor impressions marked by

deep furrows near bases of dental plates in some valves. Mantle canal

system not observed.

Brachial valve interior not well preserved. Brachiophores and

bases together appear as slender to somewhat wide triangles in lateral

profile; preserved parts of brachiophores resemble narrow (ventrally-

dorsally), thin to thick (laterally) prisms that are anterolaterally
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divergent; bases commonly curved, convergent onto short, low to

moderately elevated notothyrial platform. Sockets elevated on shell

material in some valves; in others umbonal chambers somewhat

excavated, so that it appears as if fulcral plates support the

sockets. Cardinal process incompletely preserved, a slender rod in

anterior view in small to moderatesize shells, a stout rod in large

shells; it is commonly supported posterodorsally by bladelike to

relatively thick ridge. Notothyrial platform joined anteriorly by

moderately wide median ridge that is low to nearly absent, rarely

modestly elevated. Its flanks are gently to steeply inclined, crest

rounded to angular, and length relatively short. Its anterior end

extends to c.0.3-0.4 valve length in two valves and bifurcates in one

valve; slightly posterior of its midlength it is joined on each side

to a laterally directed ridge that subdivides a moderately to feebly

impressed quadripartite muscle field about as long as median ridge and

0.75 as long as wide. Muscle field more or less subelliptical in

outline, posterior adductors slightly smaller than anterior adductors.

Mantle canals not observed.

Marginal crenulations uncommonly preserved, manifold; eminences

in many cases in groups of two (rarely one or three), separated from

other groups by narrow, deep grooves which may extend well to

posterior (due partly to stripping of shell from inner surface);

eminences within groups separated by shorter furrows, commonly have

flattened "tops" and sides, subangular to rounded lateral edges, width

less than to greater than height. In one valve medial depressions and

low lateral ridges occur on eminences.

Illustrated specimens: USNM 413304-413311.
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Localities and Material:

USNM Locality A+AF P+PF B+BF

18138c (?) - 2

18138f (?) - - 2

18138j - 5 9

18138o 13 8

18169a (?) - 6 2

36439c (?) - 1 1

36441b (?) - - 1

Totals: - 25 25

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: The small number and broken nature of these HG

shells prevent determination of the range of morphological variation

in this stock and adequate comparisons to previously described

species.

Ross (1959) and Howe (1966) discussed difficulties involved in

distinguishing between Austinella kankakensis (McChesney, 1861) and A.

whitfieldi (Winchell in Winchell and Schuchert, 1895). Howe (ibid.,

p. 253) concluded that "the two species are probably conspecific" and

that A. kankakensis evidently has about 44 to 70 ribs along the valve

margin. Alberstadt (1973) treated A. kankakensis as separate from

a A. whitfieldi. Counting "segments" of ribs, where a segment

consists of all costellae branching from a given primary costa or from

a costella that has branched from this primary costa, and a primary

costa is one arising at the beak , Alberstadt (ibid.) found that the

first five segments of the right half of the brachial valve at 6.5 mm

from the beak contained 10, 11, 12, 13, 14, 15, 16, 17 ribs in 2, 1,

5, 4, 0, 1, 0, 1 valves, respectively, of A. kankakensis from the

Maquoketa Formation of Iowa. Counting ribs in a similar manner in 6
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dorsal valves of the HG species, except that the left sides of 4

broken valves were counted, 6, 7, 8, 9, 10 ribs occurred on 1, 0, 2,

0, 3 valves. Therefore, the HG stock is evidently less costellate than

A. kankakensis, or at least that end member of an A. whitfieldi-

kankakensis continuum.

The shells have many features similar to those of A. whitfieldi

from Iowa described by Wang (1949) and to topotype material discussed

by Ross (1959). The pedicle valve figured by Wang (ibid., Plate 2,

fig. 1) has about 55 ribs at the margin, as does one HG pedicle valve.

Other HG valves are broken or immature, but seem to have fewer ribs,

and may resemble A. whitfieldi in this respect. The HG specimens

differ from those described by Wang (1949) by evidently having few

costellae intercalated, no obvious fila or lateral plates, cardinal

process not strong in all shells, bilobed myophore not present or not

preserved, and growth lines rare to absent or not preserved (the

margins of most HG shells are broken off, and growth lines in Wang's

figured shells were most common at the margins).

A. scovillei (Miller, 1882) was originally described as having a

nearly flat pedicle valve in which a medial furrow divides the muscle

field and makes a notch in the middle of the front of the field; in

these features it differs from the HG shells. Wang (1949, p. 8)

studied USNM collections of A. scovillei and indicated that the costae

are "flat and broad, usually simple", therefore unlike the ribs of HG

shells. However, a specimen illustrated and described by Foerste

(1912, Plate 8, figs. 8a-8c) resembles the HG shells in rib number

(37-39? on one pedicle valve) and ventral interior, and may be

related. Furthermore, Ross (1959, p. 456) noted that A. whitfieldi
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and A. scovillei may be conspecific.

Characters of other species of Austinella that differ from those

of the HG stock are briefly as follows:

A. cooperi (Roy, 1941) has rounded ribs which increase by

implantation only in the umbonal region.

A. delicata (Wang, 1949) has a thin shell, flat-topped costae,

well-developed fila, and a bladelike cardinal process.

A. grandis (Klenina, in Klenina and others, 1984, p. 42) is

evidently more transverse than the HG species: three pedicle valves

c.18.2, 19.5, 24.7 mm long have length about 0.82, 0.56, 0.74 maximum

width, respectively; one brachial valve 20.8 mm long has length c.63

maximum width. One pedicle valve 18.2 mm long (P1. 3, fig. 7) has a

sulcus in the pedicle valve, unlike the HG species; however, another

pedicle valve 24.7 mm long (P1. 3, fig. 6b) apparently lacks a sulcus.

A. multicostella (Alberstadt, 1973) has more ribs: 19 brachial

valves of this species have 11-20 ribs in the first 5 segments of the

right side of the valve 6.5 mm from the beak (ibid.).

A? subcircularis (Roy, 1941) is equally- to dorsi-biconvex. It

has some similarities to the HG stock, but is known only from two

articulated shells; therefore, adequate comparisons cannot be made

with it.

In summary, the HG form appears to most closely resemble A.

whitfieldi or A. scovillei; however, a larger collection of well-

preserved shells is needed for satisfactory assessment of its

relations to these species. Study of topotype material of established

species is also needed. At present, the conclusion of Howe (1966)

that A. kankakensis and A. whitfieldi are probably conspecific is
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provisionally accepted, and the HG stock is classified as A. aff.

kankakensis.

Family Plectorthidae Schuchert and Le Vene

Subfamily Plectorthinae Schuchert and Le Vene

Genus Scaphorthis Cooper

Scaphorthis sp. 1

Plate 5, figs. 55-67; Plate 6, figs. 1-6

Description: Only one complete valve available, so variation in

external form of shell poorly known. Largest valve fragments over 9

mm long. Shell ventribiconvex. In dorsal plan view one brachial

valve c.6.4 mm long is shieldshaped in outline with one lateral

margin moderately rounded and anterior margin broken (P1. 6, figs. 1-

6). This valve is c. 0.7 as long as wide and has a hinge line c.0.7

maximum width; the latter occurs roughly one third of valve length

anterior of the hinge line. Another broken brachial valve is

estimated to have been originally c. 9.3 mm long and c.0.8 as long as

wide. Cardinal angles obtuse.

Pedicle valve gently convex overall in lateral profile, with

posterior segment moderately convex in some valves, rarely rather

narrowly convex. Depth appears relatively moderate in the few broken

valves at hand, and may have been maximal in the medial portion of one

valve.

Anterior profile of ventral valve moderately to gently rounded

medially. Lateral slopes generally moderately inclined and faintly

convex to straight, subtending an obtuse angle. Posterolateral slopes

weakly concave in lateral view in some valves. Beak prominent; umbo
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protrudes beyond general outline of lateral segments of beak ridges in

ventroanterior view. Ventral interarea relatively short, rarely

moderate length, concave posteriorly, apsacline on the whole; in some

valves it is curved to weakly apsacline or orthocline near the beak

(weakly anacline near the beak of one valve). Beak protrudes a bit

beyond general lateral profile in a few valves. Delthyrium open,

delthyrial angle moderate (c.30-50° in 6 valves); apex commonly

appears rounded, possibly due to breakage. Narrow ridgelike lateral

plates rarely present. Growth lines parallel to hinge line seen on a

few valves.

Lateral profile of brachial valve gently convex on the whole,

moderately convex in the posterior portion of a few valves. Valve

relatively shallow (c.0.15 and 0.2 as deep as long in two valves c.6.4

and c.9.3 mm long, respectively; maximum depth anterior of hinge line

and in the medial or posterior third of valve. Commissure appears

curved ventrally in anterior part of one profile (all other valves

broken off at anterior margin).

Anterior profile of brachial valve gently convex overall

(moderately convex in one valve), with medial indentation owing to

sulcus, which arises posteriorly. Indentation is rounded to

subangular medially and ranges in appearance from relatively broad to

rather narrow and from very shallow (nearly absent in a few valves) to

comparatively deep; at anterior margin sulcus shows similar range in

development; it appears to become shallower anteriorly in a few

valves. Anterior commissure sulcate. Lateral slopes gently inclined

(moderately inclined in one valve), usually weakly convex to straight.

Posterolateral slopes concave, straight, or convex in lateral view.
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Beak protrudes a little beyond general outline of lateral beak-ridge

segments in plan view in some valves; in a few valves the beak is

broken off, but may not have protruded.

Dorsal interarea shorter than ventral interarea, anacline,

commonly concave posteriorly, nearly planar in some valves.

Ribbing costellate; many costellae arise by branching, others

appear to implant. At least three generations of ribs commonly

observed and a few ribs of a fourth generation occur near the anterior

margins of rare valves. Umbonal area usually poorly preserved and

lateral and anterior maregins broken off, so that additional

generations could have been present in many valves. Ribs usually

appear as relatively moderate to low amplitude, rodlike or finely

ridgelike, and with inclined flanks and rounded crests and

interspaces. Crests and interspaces are subangular in places, some

spaces are flattened, and one valve has mostly subangular ribs. At

the valve margins the last-appearing generation of ribs is usually

smaller than others. On some brachial valves single capillae occur

between several primary sectors (primary sector: a costa and the

branching system dependent on it (Bancroft, 1928)).

Just

ribs/mm

lateral of the midline at 2 mm from the beak

were counted in 0, 0, 6, 3 brachial and 0,

3, 4,

0-2?,

5,

6,

6

5

pedicle valves, respectively (n.b.: Table 1, note 3 gives conventions

for allocating fractional ribs). At 5 mm from the beak similar

numbers of ribs were counted on 3, 1, 4, 0 brachial and 3, 1, 0, 0

pedicle valves, respectively. A few to 7 concentric growth lines and

ridges occur on most valves.

Teeth subtriangular. Crural fossettes present in several valves
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as prominent notches on anteromedial portion of tooth at or ventral of

level of hinge line. Dental plates well developed, appear as thick

blades, generally convex medially and slightly divergent (rarely

subparallel) anteriorly. Plates merge ventrally with muscle-bounding

ridges that are commonly somewhat convex laterally in plan and help

define muscle field that is roundly subtriangular to subelliptical and

c. 1.2 to 1.7 as long as wide in four valves. Anterior portion of

muscle field commonly thickened anteriorly, in several valves

exhibiting at its margin a low ridge that is gently convex anteriorly

in plan and merges with muscle-bounding ridges; in other valves a low

callosity rather than a distinct ridge occurs at anterior margin of

field and slopes gently to valve floor anterior of field. Muscle

impressions not observed within field. Traces of vascula media

diverge anterolaterally from anterolateral margins of muscle field.

Umbonal chambers and areas lateral of muscle-bounding ridges slightly

to largely infilled by shell material.

Brachiophore processes rodlike, oriented at high angle to plane

of commissure and slightly divergent ventrally. Fulcral plates

concave, umbonal chambers open to infilled. Brachiophore bases appear

as thickened blades or ridges that are concave medially in anterior

view, less commonly straight; bases converge dorsally to form

cruralium c.0.35 and 0.3 as long as valve in two valves c.5.0 and

c.6.4 mm long, respectively. "Floor" of cruralium relatively narrow

to moderate width; width generally maximum in medial segment of

cruralium, owing to common medially directed gentle concavity of walls

of cruralium in plan view. "Height" of anterior edges of brachiophore

bases "above" floor of cruralium (measured in the plane that contains
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the anterior edges of the brachiophore bases and perpendicular to a

horizontal line in that plane) roughly 1.1 to 3.9 width of floor at

anterior margin of cruralium in 18 valves. Cruralium elevated above

valve floor anteriorly, space beneath usually filled in by shell

material. Cardinal process resembles a low blade or narrow ridge in

plan view, generally extending from near the beak to anterior margin

of cruralium; in a few valves the crest of the ridgelike process is

thicker than the dorsal portion and tapers posteriorly. Median ridge

extends to c.0.65, 0.65, c.55, c.60 valve length in 4 valves c.5.0,

c.6.4, c.6.5, c.8.2 mm long, respectively. It is moderately elevated

in its medial segment (<0.6 mm high) and has a ventral edge gently

curved or straight in lateral profile; in cross section the crest is

rounded to subangular and flanks steeply inclined or vertical. Ridge

obscured by secondary shell deposits near its juncture with cruralium.

In some valves illdefined transverse ridges extend a short distance

laterally or slightly anterolaterally from either side of the

posterior part of the median ridge to or short of the longitudinal

musclebounding ridges; in several valves these transverse ridges are

not present or are contained within secondary deposits along posterior

portion of median ridge. Anterior margin of cruralium marked by a

slight sill above the median ridge in some valves, but not in others;

the margin is elevated "above" the ridge crest and joined to it by a

slope of shell material, or, uncommonly, is at the same height as the

crest.

Low musclebounding ridges extend from areas anterodorsal to

brachiophore processes or fulcral plates to or slightly beyond

anterior end of median ridge; they are gently convex laterally in
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plan; the overall adductor field so defined has l' /w (measuredmus mus

as in Table 1) c.0.9-1.3 in 7 valves, and maximum width 0.25, 0.25,

0.35 maximum width of valve in three valves c.6.4, 8.2?, c.9.3 mm

long, respectively. Where transverse ridges are preserved, posterior

adductor impressions generally appear as wide as or slightly narrower

than anterior adductor impressions and somewhat smaller in areal

extent. Commonly the posterior portions of the muscle-bounding ridges

have sharp crests, gentle slopes on the medial side and steep or

undercut slopes on the lateral side.

Valves are smooth internally. Marginal crenulations in one valve

consist of very low, flattened to slightly rounded ridgelike eminences

separated by shallow grooves or furrows.

Illustrated specimens: USNM 413312-413316.

Localities and Material: Mostly fragments.

USNM Locality A+AF P+PF B+BF

18124 cl. A
2

(?) - - 1

18125 cl. H - - 1

18169a - 5 14

36439a - 6 12

36439b 1 1 1

36439c - - 3

Totals 1 12 32

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch. Ordovician limestone clasts of member

3 of the Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: Scaphorthis sp. 1 from Horseshoe Gulch may belong to

a new species; however, larger collections are needed in order to

determine the ranges of morphological variation of diagnostic

characters, and to verify apparent differences from other species.

Accordingly, the HG species is not formally recognized herein.
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In the following comparisons some of the differences of other

species from the HG species are noted; the relevant contrasting

features of the HG species are given in the description above and are

not repeated in this section.

HG S. sp. 1 appears to resemble the illustrated shells of S.

virginiensis Cooper 1956 more than other described species of

Scaphorthis. Even so, Williams (1962) found that in 5 dorsal valves

of S. virginiensis (cruralium length / {valve length averaged 0.25 and

that (distance from beak to anterior end of median ridge / {dorsal

valve length averaged 0.34, unlike the values of these ratios in the

HG species. These differences may, however, result from comparing

different growth stages rather than different taxa. In one dorsal

valve 8.1 mm long illustrated by Cooper (1956, P1.55, fig. 8), (width

of adductor field / {maximum valve width was estimated at >0.35,

compared to 0.25-0.35 in three valves of the HG species. The sulcus of

S. virginiensis is described as quite shallow (Cooper, 1956, p. 506),

but is relatively deep in some valves of HG S. sp. 1.

S. kayi Cooper 1956 has rib density at 5 mm from the beak and

just lateral of the midline about (2.5-3 ribs/mm in two pedicle and

two brachial valves illustrated by Cooper (1956), suggesting somewhat

finer ribbing in HG S. sp. 1. The ratios (cruralium length / {brachial

valve length and (length from beak to anterior end of dorsal median

ridge / {brachial valve length are c.0.15 and 0.4, respectively, on

one valve of S. kayi c.16 mm long figured by Cooper (1956). These

values are unlike those in two valves of HG S. sp. 1, yet are of

uncertain significance, as different growth stages are being compared.

The traces of the ventral vascula media of S. kayi branch near the
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muscle field in one valve shown by Cooper (1956, P1.55, fig. 38); such

branching was not observed in HG S. sp. 1; again, however, different

growth stages are being compared.

According to Cooper (1956), S. perplexa Cooper 1956 has costellae

arising in 4 generations; its pedicle valve contains a fold with

slightly concave flanks, and usually exhibits lateral plates; and its

dorsal valve has a sulcus that is "shallow and very broadly Ushaped

in section". In two dorsal valves of S. perplexa illustrated by

Cooper (1956), the maximum width of the adductor field is c.0.4

maximum valve width, and the dorsal median ridge appears to be more

poorly defined in its anterior half than in HG S. sp. 1. In contrast,

as described above, only a few fourthgeneration ribs were observed in

rare valves of the HG species; no fold was obvious, and lateral plates

were seen only on scattered valves of the few S. sp. 1 ventral valves

available; and the dorsal sulcus may show more variation in form than

in S. perplexa. The maximum width of the dorsal adductor field is

c.0.25-0.35 maximum valve width in three HG species valves, and the

dorsal adductor field appears to be more elongate in plan in S. sp. 1.

Illustrations of S. ex gr. perplexa of Nikitin and Popov (1984)

do not show enough detail to allow satisfactory comparisons with

Klamath Scaphorthis sp. 1 or 2.

The single illustrated shell of S. sp. 1 of Cooper (1956)

resembles HG S. sp. 1 in rib density, dorsal outline, and lateral

profile; yet, some pedicle valves of the HG species seem more narrowly

rounded near the umbo in lateral profile. The interior of S. sp. 1 of

Cooper is not described or figured, so that a satisfactory comparison

cannot be made with the HG species.
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S. sulcata Wright is quite distinct from HG S. sp. 1 in

possessing very pronounced growth lines at about 0.1-mm intervals, a

dorsal median ridge that is only a reflection of the sulcus, and

cardinal process with definite myophore and shaft. Length/width of

dorsal valve averages 0.6 in 5 valves of S. sulcata and 0.75 in one HG

S. sp. 1 valve.

S. sp. of Harper (1984) is unlike HG S. sp. 1 in that it exhibits

abundant, close-spaced growth lines.

Scaphorthis sp. 2

Plate 6, figs. 7-17

Description: Valves broken and somewhat tectonically deformed,

so that exact original shape uncertain. The cl.-y valve is relatively

small, c. 4.8 mm long, outline more or less shield-shaped, with

lateral and anterior margins now relatively gently rounded and

anterolateral margin moderately rounded. This valve is estimated to

have been originally c.0.75? as long as wide; at present, maximum

width is about at midlength and cardinal angle obtuse, but valve

proportions may have been altered during deformation.

Lateral profile of cl.-y valve gently convex overall, depth

shallow, c.0.2 valve length. Its anterior profile is gently convex on

the whole, with medially rounded sulcus of more or less moderate depth

and width at anterior margin (heavy layer of silica on flanks of

sulcus makes it appear relatively deep and narrow at first sight;

tectonic deformation may also have affected its shape). Anterior

commissure roundly sulcate. Beak nearly covered by silica in plan
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view, yet evidently protrudes little beyond general outline of beak

ridges. In anterior profile the sulcus of the mBlk valve appears

narrowly rounded medially and somewhat wider than that of the cl.y

valve at the same length. Dorsal interarea short, anacline.

Ribbing costellate, mostly covered by silica in cl.y valve.

Where visible, ribs appear relatively moderate to highamplitude,

with inclined flanks and rounded crests and interspaces. Some crests

are subangular, some interspaces more widely rounded than adjacent rib

crests. At least three generations of ribs are present in the mBlk

valve. About 5 and 7 ribs/mm were counted in the sulcus at 2 mm from

the beak in the cl.y and mBlk valves, respectively.

Cardinalia rather heavily silicified and somewhat deformed in

cl.y valve. Brachiophore processes not preserved in cl.y valve; one

rodlike process remains in mBlk valve. Posterior portions of

brachiophores appear to rest on elevated notothyrial platform and

bound concave sockets medially; the latter are supported

anterolaterally by shell deposits that appear to merge medially with

notothyrial platform and brachiophores. Fulcral plates not certainly

identified, yet may be present and obscured by secondary shell

material. Anterior face of notothyrial platform very steeply inclined

to valve floor, nearly vertical. Floor of notothyrial chamber

depressed dorsally "below" anterior edge of platform; edge thus

appears as medially thickened ridge joining bases of brachiophores; it

is joined by low ridgelike cardinal process that extends posteriorly

to beak. Walls of notothyrial chamber steeply inclined and, in cl.y

valve, indented at their bases by rather deep, dorsolaterally directed

furrow. In plan view chamber is subtriangular (cl. y valve) or
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cordate (mBlk valve); its anterior margin is the point of greatest

width and is convex toward anterior. Maximum "height" of anterior

edges of brachiophore bases (excluding brachiophore processes) "above"

anterior margin of chamber c.0.20, c.0.30 width of chamber at its

anterior margin in cl.-y and mBlk valves, respectively. (This "height"

was measured in the same way as in HG S. sp. 1 above. The notothyrial

chamber might also be described as formed by the abrupt deflection of

the brachiophore bases toward the midline, where they form a cruralium

that is elevated anteriorly.)

Anterior face of chamber joined dorsoanteriorly by well-

delineated, relatively low median ridge that appears as thick rod with

its crest rounded in cross section and concave (cl. -y valve) or

straight (mBlk valve) in lateral view; it extends anteriorly to a

point c.0.65 valve length from beak in cl.-y valve. Low muscle-

bounding ridges extend from base of platform dorsoanterior to

brachiophore bases in cl.-y valve and apparently fade out near or

anterior to front end of median ridge. They are roughly convex in

overall plan view and define an adductor field with an overall length

(1' Table 1) c. 1.05 its maximum width. Posterior adductor region

apparently wider and larger in area than anterior adductor region

(greatest width of posterior field c.1.2 that of anterior field). In

the mBlk valve one muscle-bounding ridge is faintly preserved and

incompletely defines an adductor field with l'
mus

/w
mus

=c.1.3.

Indentations in muscle-bounding ridges in midlength segments probably

mark vascula myaria.

Shell smooth internally. Marginal crenulations well defined as

ridgelike eminences with flattened to gently rounded crests separated
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by deep to shallow furrows.

Illustrated specimens: USNM 413317-413318.

Localities and Material:

USNM Locality A+AF P+PF BF

18121 m-Blk. - - 1

18121 cl. y - - 1

Totals: - - 2

Distribution: Ashgillian m-Blk in the Lovers Leap area (see

Rigby and Potter, 1986, p. 7, for further details). Ashgillian

limestone clast y of member 3 of the Kangaroo Creek Formation in the

Lovers Leap-Gregg Ranch area.

Discussion: S. sp. 2 differs from S. sp. 1 of HG in the form of

the cardinalia: The floor of the cruralium or notothyrial chamber of

S. sp. 2 is widest near its anterior margin and the chamber is

relatively shallow, with height of brachiophore bases "above" floor

c.0.2-0.3 width of floor at its anterior margin. In HG S. sp. 1 the

maximum width of the cruralium floor is commonly in the medial segment

in plan view and the cruralium is comparatively deep, with height of

brachiophore bases "above" floor c.1.1 to 3.9 width of floor at

anterior margin. S. sp. 1 also appears to differ from S. sp. 2 in the

form of the dorsal adductor field: in S. sp. 1 the anterior adductor

impressions are larger and generally as wide as or slightly wider than

posterior impressions, while in the cl.-y valve of S. sp. 2, the

anterior impressions appear smaller and narrower than the posterior.

Obviously, more specimens are needed to determine if HG S. "sp.

1" and S. "sp. 2" should be considered as separate taxa or are merely

variants of a single species. As intermediate forms are not in

evidence at present, the shells are provisionally allocated to two
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species.

S. sp. 2 resembles S. perplexa Cooper 1956 in the form of the

notothyrial platform; yet, S. perplexa bears fulcral plates and its

dorsal anterior adductor field is larger than the posterior field.

Further, the ribbing of S. perplexa may be slightly coarser (3-4 and

c.5 ribs/mm at 2 mm in two illustrated dorsal valves (Cooper, 1956,

P1. 55, figs. 17, 19) vs. 5 and 7 ribs/mm in two S. sp. 2 valves).

S. virginiensis Cooper 1956 appears to differ from S. sp. 2 by

the "slender and discrete" (Cooper, 1956) nature of the brachiophore

supports of the former; the supports seem relatively thicker and more

ridgelike in S. sp. 2, and may be relatively shorter as well. Fulcral

plates are "well defined" (ibid.) in S. virginiensis.

S. kayi Cooper 1956 is "slightly sulcate" (ibid.) in the umbonal

region and has a faint, shallow, broad sulcus at the anterior margin.

S. sp. 2 is evidently more deeply sulcate.

Adequate comparison cannot be made with S. sp. 1 of Cooper, as

internal structures are not described in the latter.

S. sulcata Wright 1964 and S. sp. of Harper (1984) bear pronounced

close-spaced growth lines, unlike S. sp. 2.

Scaphorthis aff. sp. 2

Plate 6, figs. 18-28.

Description: No pedicle valves available. Dorsal valves small

(largest c.3.2 mm long). They are also tectonically deformed and

locally broken, so that original outline is uncertain. One valve c.

3.1 mm long and a distorted one c.3.2 mm long appear to be c. 0.8 and

c.0.9 as long as wide, respectively. A deformed valve with a more or
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less intact lateral margin has an obtuse cardinal angle.

Lateral profile of brachial valve usually gently convex overall,

but the mBlk valve is narrowly rounded at the umbo and nearly straight

in profile anterior of the umbo. Depth shallow to moderate, c.0.25 to

0.35 valve length the three cl.-y valves and c.0.2 valve length in the

mBlk valve. Depth greatest in posterior third of two valves and near

umbo of two others.

Anterior profile of brachial valve gently to moderately convex

overall; medial segment moderately convex; lateral slopes gently to

moderately inclined and concave or relatively straight. Sulcus not

observed in one valve, which is rectimarginate; in three others it is

not apparent in anterior profile, yet begins anterior to umbo and is

very shallow and broadly rounded near anterior margin. In

anterodorsal view umbo ranges from very prominent, with narrowly

rounded, knoblike aspect, to mildly prominent and less narrowly

rounded (in mBlk valve). Umbo is set off by concave segments of beak

ridges and posterolateral slopes on either side; it protrudes slightly

to markedly beyond outline of lateral segments of beak ridges, which

are more or less straight. Posterolateral slopes straight to concave

in lateral view.

Interarea short, c. 0.15 to 0.2 valve length in three valves,

planar or concave in posterior direction, generally anacline. Beak

protrudes beyond general outline of interarea in lateral profile of

one valve, not in three others.

Ribbing costellate and totaling three generations; costellae

arise by branching and implantation in two generations. Ribs appear

rodlike in plan, are relatively moderate- to low-amplitude in cross
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section, with inclined flanks and crests and interspaces that are in

many cases rounded, in some places subangular. Second-generation

costellae are commonly somewhat smaller than other ribs near the valve

margins. Ribs of three valves are more or less evenly costellate. In

one cl.-y valve first- and second-generation costellae appear grouped

into bundles in the anterior and anterolateral portions of the valve.

Rare single capillae occur between ribs in two valves. In the medial

region of the valve at 2 mm from the beak, 5, 6 ribs/mm were counted

in 2, 2 valves. Concentric growth line observed near margin of two

valves.

Brachiophore processes rodlike to subelliptical in cross section.

Brachiophore bases are subvertical or steeply inclined to valve floor

and curve medially near the valve floor to form the lateral portions

of notothyrial platform. The latter is elevated anteriorly to a height

similar to or somewhat greater than the cross-sectional thickness of

the brachiophore bases. Platform is c.0.3 to 0.35? valve length in

three valves; in two valves maximum "height" of anterior edges of

brachiophore bases "above" platform is c.0.8 and 0.85 width of

platform at its anterior margin (measured as in HG S. sp. 1 above);

greatest width of platform is in medial or anterior segments.

Anterior face of platform very steeply inclined to valve floor;

anterior edge of platform in plan view is convex anteriorly to nearly

straight overall, with a slight medial indentation superimposed on

some valves. Notothyrial chamber is thus subovoid to subtriangular in

plan view. The notothyrial platform might also be described as a

sessile cruralium.

Fulcral plates not seen; they may be present and obscured by
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secondary shell deposits that partially to completely fill umbonal

chambers. In valves with pronounced umbo, umbonal chambers are very

narrow and midlength portions of brachiophore bases almost appear

attached to valve walls. In two valves median ridge is well

delineated as relatively low and rodlike, with rounded crest and

steeply inclined flanks in cross section; it joins the notothyrial

platform posteriorly at about the same "height" as or a bit "lower"

than the anterior edge of the platform; the ridge extends anteriorly

to a point at c. 0.6 to 0.65 valve length. Cardinal process a low

blade or ridge extending from ridge or callosity at anterior edge of

platform nearly to apex of valve.

The mBlk valve, which has a less prominent beak than others,

exhibits interior structures similar to those described above, except

that the notothyrial platform appears slightly lower at its anterior

margin and the brachiophore bases less elevated "above" the platform

(maximum "height" of anterior edges of bases "above" platform margin

c.0.5 width of platform at its front margin). The medial ridge is

very low and indistinct.

Poorly defined adductor impressions occur on either side of

median ridge just anterior to notothyrial platform in two cl.-y

valves. Muscle-bounding ridges not present.

Marginal crenulations are internal reflections of ribbing, but

some "eminences" are subdiveded by longitudinal grooves.

Illustrated specimens: USNM 413319-413320.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 m-Blk. 1

18121 cl. y 3
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Totals: 4

Distribution: Ashgillian m-Blk in the Lovers Leap area (see

Rigby and Potter, 1986, p. 7, for further details). Ashgillian

limestone clast y of member 3 of the Kangaroo Creek Formation in the

Lovers Leap-Gregg Ranch area.

Discussion: These small valves of S. aff. sp. 2 occur in the

same blocks (18121, cl. y and mBlk) as the two larger valves of S. sp.

2 , and all may belong to one highly variable species in which the

small valves represent early growth stages. Dissimilarities between

S. sp. 2 and S. aff. sp. 2 are noted below; whether these disparities

are ontogenetic or interspecific can only be resolved by study of

larger collections, so the classification of the small valves as

possibly a different species is, of course, provisional.

Growth lines on the large (>3.6 mm long) mBlk valve of S. sp. 2

indicate that (length /(maximum width of that valve at the 2.3-mm

growth stage was c.0.68 and at 3.3 mm, c.0.72. These values are lower

than in the small valves of S. aff sp. 2, for which this ratio is

c.0.8, c.0.9? in two cl.-y valves c.3.1, c.3.2 mm long, respectively.

Growth lines on specimens of Scaphorthis illustrated by Cooper (1956)

suggest that early growth stages are commonly more transverse than

adults. Accordingly, the adults produced from the small S. aff. sp. 2

valves described above might be significantly less transverse than the

4.8-mm-long valve of S. sp. 2 from cl. y with 1bv/wmax of c.75 ?.

The large (113,7)3.6 mm) S. sp. 2 and small (1
bv

=2.9 mm) S. aff.

sp. 2 valves from mBlk are fairly similar in the degre of prominence

of their beaks; however, the large S. sp. 2 valve is more transverse

and has a much deeper and wider sulcus at the 2.9-mm growth stage.
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Small S. aff. sp. 2 valves from cl. y have more pronounced beaks than

larger S. sp. 2 valves from cl. y and mBlk and similar to greater

depths at the 2.9mm growth stage.

Internally, the notothyrial platforms in both small S. aff. sp. 2

and large S. sp. 2 valves from cl. y and mBlk are all roughly the same

absolute length (0.9 to 1.1 mm), but those of the larger valves are

quite a bit more elevated at the anterior margin.

Subfamily Rhactorthinae Williams

Genus Eripnifera n. gen.

Diagnosis: Ventral muscle field moderately to highly elevated

anteriorly on subtriangular platform extending to or somewhat beyond

bases of welldeveloped dental plates. Brachiophore processes

supported on medial sides by bladelike plates (ancillary struts?);

dorsal parts of processes joined laterally to thick plates which

partially bound sockets and may be fulcral plates or brachiiphore

bases. Punctae not observed.

Description: Shell moderate size, ventribiconvex, wider than

long, subrectangular to shieldshaped in dorsal outline in the few

valves available. Cardinal angles commonly somewhat obtuse.

Lateral profiles of both valves convex. Ventral and dorsal interareas

apsacline and anacline, respectively. Delthyrium open. Anterior

profile of pedicle valve commonly obtusely subtriangular, rounded to

angular medially, subcarinate in some valves. Brachial valve sulcate,

yet gently convex overall in anterior view.

Ribbing fascicostellate to more or less evenly costellate.

Concentric ornament one or more low to high growth "ridges", lines, or
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"indentations".

Dental plates well developed. Ventral muscle field raised

anteriorly on moderate-height to high subtriangular platform that

extends to ends of dental plates or a bit beyond. Platform commonly

bears an adductor field somewhat elevated anteromedially and flanked

but not enclosed by shallow to deep furrows (diductor impressions?)

along the bases of the dental plates. Vascula media diverge anteriorly

from these furrows.

Sockets partially bounded by thick plates that join dorsolateral

surfaces of bladelike brachiophore processes and may represent fulcral

plates or brachiophore bases. Processes supported on medial side by

bladelike plates (ancillary struts?). Median ridge generally rather

low, narrow, moderate length to long, and continuous with rod-, ridge-

, or bulb-like cardinal process. Muscle-bounding ridges usually

prominent and convex laterally in plan; they define an elongate

adductor field. Furrows marking vascula -media, -myaria, and -

genitalia commonly well defined.

Punctae not observed.

Type species: Eripnifera praecipitis.

Derivation of name: Greek: "eripne"--cliff; Latin: "-fer"--

carry, bear.

Discussion: The Horseshoe Gulch genus resembles Rhactorthis

Williams 1963 in certain respects, especially if the plates that

partially define the sockets anteriorly and join the brachiophore

processes are brachiophore bases and not fulcral plates. Rhactorthis

has divergent brachiophore bases curving laterally to define the

sockets. It also possesses a ridgelike cardinal process continuous
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with a long median ridge, features present in the HG stock. However,

the latter differs by its elevated ventral muscle platform, divergent

ventral vascula media, and its ancillary struts and prominent muscle-

bounding ridges in the brachial valve (Rhactorthis lacks a ventral

muscle platform, has subparallel ventral vascula media, and both

dorsal ancillary struts and prominent muscle-bounding ridges are

wanting). The HG shells are fascicostellate to evenly costellate;

hollow costellae were not observed. Rhactorthis is evenly

multicostellate, with costellae commonly hollow.

Bancroftina Sinclair 1946 and Ravozetina Havlicek 1974 possess

ancillary struts, yet lack the elevated ventral muscle platform of the

HG genus. Other dalmanellids and schizophoriids (as emended by

Walmsley et al., 1969) also lack such a platform. Species of

Austinella Foerste 1909 and Mimella Cooper 1930 possess ventral muscle

platforms, but they and other plaesiomyids and plectorthids differ

from the HG genus in the form of the cardinalia.

Because no punctae were observed in the HG material and there are

some similarities to Rhactorthis, the new genus is provisionally

placed in the Rhactorthinae.

Eripnifera praecipitis n. gen. et sp.

Plate 6, figs. 29-61.

Diagnosis: Early growth stages usually fascicostellate, with

bundles of 1-3 ribs common; bundles generally become less distinct to

absent near margins of large valves. In the dorsal valve a

conspicuous low ridge extends some distance lateroanteriorly from its

juncture with the plate bounding the socket anteriorly.
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Description: Shell ventribiconvex, largest specimen a broken

pedicle valve >7.8 mm long, estimated to have been c.8.0 mm long

originally. Margins of nearly all valves are broken, so outline

poorly known. One dorsal valve 5.6 mm long is subrectangular in plan

view and has lateral margins gently rounded, anterolateral margins

moderately convex , and anterior margin possessing a slight rounded

medial indentation. A growth line at 4.8 mm in one ventral valve and

at 4.2 mm in one dorsal valve suggest a shield-shaped outline with

lateral and anterior margins gently rounded. The three valves just

described have length 0.7 maximum width at the given lengths; the

c.8.0-mm-long pedicle valve is estimated to have been c.0.85 as long

as wide originally.

Cardinal angles obtuse, commonly c.90-100°. Hinge-line width

<0.8, 0.85, 0.95 maximum width in 1, 2, 1 valves, respectively;

maximum width occurs in segment between 0.3 and 0.55 valve length from

beak in measured dorsal and ventral valves.

Lateral profile of pedicle valve gently to moderately convex

overall. Depth 0.45, 0.35 valve length in two valves 4.3, 6.8 mm

long, respectively, and commonly greatest in interval between 0.3 and

0.5 valve length from beak.

Anterior profile of pedicle valve usually subtriangular, rarely

more evenly convex; medial segment rounded to angular. Lateral slopes

generally moderately inclined, subtending an obtuse angle, and

straight to slightly convex. Medial rib a bit elevated to produce a

weakly subcarinate profile in some valves. A low, indistinct fold was

observed in a few valves, defined at midlength by small relative

elevation of medial 4-8 ribs and/or by very slightly concave segments



141

of profile just lateral of fold. Beak nondescript to prominent.

Ventral interarea 0.2 to 0.25 length of hinge line (n=6) and

0.25, 0.20, 0.25 valve length in 3 valves c.4.3, c.6.7, c.8.0 mm long,

respectively. It is usually weakly concave posteriorly in lateral

profile and strongly to moderately apsacline overall. Delthyrium

open; delthyrial angle moderate, in most valves 30-40° (range 25-55°

in 24 valves).

Lateral profile of brachial valve gently to moderately convex on

the whole. Commissure curved ventrally in anterior part of profile in

several valves. Depth 0.2 to 0.35 valve length in 9 valves 3.3 to 6.7

mm long, and commonly maximum at 0.2 to 0.6 valve length from beak.

No systematic change of dbv/lbv vs. lbv obvious in measured sample.

Anterior profile of brachial valve usually gently convex overall.

A medial indentation is produced by a sulcus that begins near umbo and

at the anterior margin is deep to shallow and subangular to rounded

medially. In 4 valves the sulcus becomes more rounded and shallower

anteriorly. Lateral slopes mostly gently inclined and straight or

faintly convex; posterolateral slopes concave or straight in lateral

view. Anterior commissure roundly sulcate in one valve. Umbonal area

a small knob or more subdued.

Dorsal interarea shorter than ventral interarea, 0.1 to 0.2

dorsal valve length in 11 valves, anacline, planar to slightly concave

in profile.

Ribbing costellate; costellae commonly arise by branching. Ribs

low to moderate amplitude at valve margin and rod- to ridge-like;

their flanks are inclined and crests and interspaces generally

rounded, locally subangular. Single capillae occur in a few rib



142

interspaces of some valves. At valve lengths of (<2-3 mm, ribs in

ventral medial sector and sectors 2, 3, +4 of both valves generally

form poorly to welldeveloped bundles of 1-3 ribs, rarely 4 ribs; a

bundle of 5-6 ribs is in the medial sector of two ventral valves.

Bundles customarily are less distinct or disappear in anterior

portions of large valves, which may thus become more or less evenly

costellate anteriorly. The ventral medial rib is a bit wider or

higher in a few valves.

Using the notation of Bancroft (1928), the ribbing pattern in the

medial 4 sectors in the dorsal valve at the 4mm growth stage is:

Rib Rib Frequency, Rib Frequency,
Right Half Left Half

4a°
4

4a
4at
3a°
3

36

3a

3at
2a°
2

2a

1

la

6/7 0.86
8/8 1.00
7/8 0.88
3/8 0.38
5/8 0.63
14/14 1.00
2/14 0.14

14/14 1.00
10/14 0.71
5/16 0.32

16/16 1.00
13/16 0.81
16/16 1.00
2/16 0.13

6/8 0.75
9/9 1.00
9/9 1.00
0/9 0.00
7/10 0.70

11/11 1.00
3/11 0.27

11/11 1.00
5/11 0.45
4/13 0.31
13/13 1.00
11/13 0.85
14/14 1.00
1/14 0.07

Just lateral of the midline at 2 mm from the beak, 2, 3, 4, 5

ribs/mm were counted on 1, 12, 7, 0 brachial and 0, 11, 9, 3 pedicle

valves, respectively; at 4 mm from the beak similar densities were

counted on 2, 7, 1, 1 brachial and 2, 7, 5, 0 pedicle valves,

respectively. (See Table 1, note 3, for conventions used in counting

ribs.) Concentric ornament occurs in most valves as one or more low

to high, abrupt, concentric growth ridges, lines or indentations.. A
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few valves have local areas of closespaced, low, concentric growth

ridges.

Teeth subtriangular in posterior view. Crural fossettes appear

as shallow notches in a few valves. Dental plates well developed as

thick blades, divergent anterolaterally in plan view and most commonly

a bit divergent ventrally in anterior view. Anterior portion of muscle

field rests on high to mildly elevated platform that extends as far

anteriorly as bases of dental plates or somewhat beyond. Platform is

subtriangular in plan, 0.8 to 1.3 as long as wide (maximum width) in

18 valves and 0.3 as long as valve in one valve c.8.0 mm long; it is

c.0.3 to c.0.4 valve length is 6 broken valves whose lengths were

estimated. Anterior edge of platform is abrupt and in plan view

ranges from weakly convex or concave to sinuous. Anterior face of

platform steeply inclined (hence the generic and specific names),

concave, and undercut in some valves. In transverse section

anteromedial portion of adductor field is very commonly raised and

bears a faint medial depression flanked by a low rounded ridge on each

side. Cresttocrest distance between these ridges is c.0.45-0.65,

0.8 maximum width of platform at anterior edge of platform in 14, 1

valves. Presumed diductor impressions are rounded, shallow to deep

furrows that flank this elevated medial portion of platform and extend

along bases of dental plates. In valves with platform extending

anteriorly beyond bases of dental plates, low to high anterior

continuations of plates commonly extend to anterior corners of

platform.

Traces of vascula media are well delineated as shallow to deep

single or double furrows; they extend from anterior edges of inferred
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diductor impressions and diverge anterolaterally at c.45-70° in 15

valves. They approach valve margins in some cases. Area between

these furrows is a smoothly rounded cavity.

Umbonal chambers open, but generally constricted by secondary

deposits on internal surface of interarea and on valve slope; the

slope deposits form "platforms" with indistinct to abrupt anterior

edges and moderately inclined to steep anterior faces. In plan view

the anterior edges reach anteriorly as far as bases of dental plates

or, uncommonly, to a point between bases and anterior edge of muscle

platform.

Brachiophore processes appear as thin blades that are relatively

narrow to moderate width in anteriorposterior direction; they are

oriented at high angles to commissure in lateral view, are divergent

anteriorly in plan view, and are divergent ventrally in anterior view.

Each socket is concave and is bounded anteriorly, and at least partly

dorsally in some valves, by a relatively thick, curved "slab"; the

latter joins the valve surface posterolaterally and the lateral face

of brachiophore processbrachiophore medially. This "slab" may be the

brachiophore base itself; however, there is generally an abrupt

contact, commonly marked by a narrow indentation or line, at the

anterior end of the juncture of this slab with the brachiophore

process, suggesting that this slab may a discrete fulcral "plate".

A relatively thin, bladelike plate usually extends from the valve

floor on each side of median ridgecardinal process and appears to

join medial surface of basal part of brachiophore process; in some

valves this plate extends to the ventral edge of the brachiophore

process; in anterior view, the contact is again generally marked by an
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indentation or line, implying that this plate may be an ancillary

strut rather than the brachiophore base itself. Hence, if the

brachiophore base is not the "fulcral plate", it is evidently shorter

than the ancillary strut and obscured by the secondary deposits which

smooth over area between "fulcral plate" and strut near valve floor.

The struts are subparallel to divergent anteriorly in plan view

and generally divergent in anterior view. Anterior edges of struts in

a few valves join flanks of median ridge. Space dorsal of

brachiophore-process - fulcral-plate assembly is open to partially

infilled. A conspicuous, low to high ridge extends along the

posterior valve surface a fair distance from its juncture with the

lateral margin of the fulcral plate, and makes a low to moderate angle

with the hinge line in anterior view. On the dorsal side of this

ridge is commonly a shallow to deep furrow that may mark the vascula

zenitalium and in some valves is seen to extend beyond the end of the

ridge to or near the valve margin.

Muscle-bounding ridges define an elongate adductor field, and are

commonly relatively high at least locally, yet are low in some valves.

In almost all cases they begin at points just lateral of ancillary

struts; they extend to a distance from the beak 0.7 to 0.8 valve

length in 3 valves 3.0 to 4.2 mm long and 0.55 to 0.75 valve length in

8 valves 5.1 to 6.3 mm long. They are convex laterally in plan, with

length from beak (projected onto midline) 1.3 to 1.9 their maximum

distance apart in 15 valves. Posterior portions of ridges are

commonly undercut on lateral side and gently to steeply inclined

medially on medial flanks. At 0.65 to 0.75 of its total length from

beak in 18 valves, each ridge is cut at low angles in plan view by a
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shallow to deep groove, presumably denoting vasculum myarium, which in

some valves extends anterolaterally to or near valve margin. At

anterior end of each ridge another shallow to deep groove for vasculum

medium truncates ridge; it usually diverges anteriorly at low angle to

midline in plan view, and extends to or near valve margin in several

valves. Near muscle-bounding ridges, furrows for vascula- myaria and

-media are bounded laterally by anterolateral extensions from the

ridges in a number of valves. Area between anterior ends of muscle-

bounding ridges is open or occupied by low callosity.

Median ridge generally low overall, but ranges from barely

discernible to somewhat higher than high points of muscle-bounding

ridges. Its height above valve floor and thickness vary over its

length: height greatest posteriorly or anteriorly in several valves;

anterior end of ridge narrower or bladelike in some cases. Median

ridge usually rather narrow on the whole, flanks moderately to very

steeply inclined, crest subangular to rounded. In some valves, median

ridge is situated on relatively broad, low medial elevation produced

by external sulcus. Posteriorly, median ridge joins cardinal process;

anteriorly, it extends to a point in vicinity of the anterior ends of

the muscle-bounding ridges or fades out in the anterior portion of the

adductor field. In one small valve 3 mm long, transverse ridges

extend nearly perpendicularly from median ridge to muscle-bounding

ridges, delineating anterior and posterior adductor fields, the latter

slightly larger. Partially preserved transverse ridges suggest

subequal anterior and posterior fields in a few other valves.

Uncommonly, secondary shell material infills much or all of area

within muscle-bounding ridges to produce a low platform that generally
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bears vascular markings.

In plan view, cardinal process commonly appears as rod- or ridge-

like continuation of median ridge, with a relatively blunt posterior

end at the valve apex. Width of process ranges from somewhat less to

greater than that of posterior portion of median ridge, and in some

valves gradually increases or decreases posteriorly; in a few valves,

width abruptly increases to form bulblike myophore. Notothyrial area

slightly thickened in some valves.

Interior of valves smooth except for vascular markings;

peripheral crenulations and punctae not observed.

Type material: Holotype: USNM 413322, Plate 6, figs. 33-39;

paratypes: all other illustrated specimens.

Type locality: USNM loc. 36439b.

Illustrated specimens: USNM 413321-413328.

Derivation of name: Latin:

Localities and Material:

USNM Locality A+AF P+PF

"praecipitis"--steep.

B+BF

18138f - 4 2

18138h 1? 2 4
18138i 1 22 16

18138j - 24 15
18138o - 2 1

18169a - 7 1

36439a - 8 9

36439b - 7 -
36439c - 1 4

Totals: 2 77 52

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.
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Subfamily Sigmelasminae n. subfam.

Diagnosis: Brachiophores long, bladelike, Sshaped in cross

section; the blades commonly appear to intersect or rest on floor of

brachial valve posteriorly; in some valves they widen ventrally

dorsally in an anteroventral direction in lateral profile.

Description: Costellate; interareas well developed; hinge lines

wide; dorsal valve sulcate in most cases. Dental plates ordinarily

short. Brachiophores as in diagnosis. Fulcral plates commonly

present. Cardinal process rodlike in anteroventral view; notothyrial

platform and dorsal median ridge usually absent.

Type genus: Sigmelasma n. gen.

Discussion: The characteristics of the brachiophores given in

the diagnosis above, presence of fulcral plates, and absence or poor

development of a notothyrial platform in this subfamily serve to

distinguish it from typical genera in the family Orthidae Woodward

1852 that were described by Williams and Wright (1965). The members

of the Dolerorthidae Opik 1934 illustrated by Williams and Wright

(ibid.) have a welldeveloped notothyrial platform. The Plaesiomyidae

Schuchert 1913 are described by the same authors (ibid.) as possessing

a ventral muscle field reaching anteriorly "well beyond" the umbonal

region, and their illustrations (ibid.) show that the notothyrial

platform is commonly well developed in this family.

The Sigmelasminae differ from those Plectorthidae Schuchert and

Le Vene 1929 described by Williams and Wright (1965) in the morphology

of the brachiophores (in lateral profile and cross section) of the

former. Nevertheless, some similarities do exist: the Plectorthidae



149

commonly have fulcral plates; the ventral muscle field ranges from

relatively short (e.g., illustrations in Williams and Wright (ibid.)

of Oligorthis arbucklensis Ulrich and Cooper 1936 and Giraldiella

protensa Sowerby 1839) to comparatively long (such as in Doleroides

gibbosus Billings 1857, as shown in Williams and Wright (ibid.)); and

the notothyrial platform is low in some species (e.g., in Oligorthis

arbucklensis and Desmorthis nevadensis, as described by Ulrich and

Cooper (1938, p. 157 and 159)).

Because of the differences from other families and the

correspondences to the Plectorthidae discussed above, Sigmelasma is

provisionally assigned to a new subfamily in the Plectorthidae.

Better-preserved material is needed to determine if the genus is

punctate or not, hence the tentative classification.

Genus Sigmelasma n. gen.

Diagnosis: Brachiophores as given in diagnosis for subfamily

above. Notothyrial platform and dorsal median ridge are generally

absent, but either may uncommonly exist as low, indistinct structures.

Description: Shell small, ventribiconvex; dorsal outline

commonly shield-shaped to subquadrate and barely to obviously

transverse. Cardinal angles acute to obtuse; maximum width at the

hinge line or posteromedially.

Commonly, depth of pedicle valve relatively moderate to low and

brachial valve shallow. Maximum depth generally in the posterior

third of either valve, but in the medial region of some valves.

Ventral interarea usually apsacline and moderate length to short

(relative to valve length); dorsal interarea shorter, anacline.
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Brachial valve ordinarily bears a shallow sulcus.

Ribbing costellate; ribs arise by implantation and branching,

resemble rods or ridges, and commonly are of relatively moderate to

high amplitude.

Dental plates customarily short. Ventral muscle field subequant

to elongate; of moderate length relative to valve length; thickened

anteriorly to a very low platform in some valves; and possessing an

anteriorly convex, straight, or, rarely, indented anterior margin.

Brachiophores as given above in diagnosis of subfamily. Fulcral

plates commonly present, concave. Cardinal process rodlike in

anteroventral view. Notothyrial platform and dorsal median ridge are

generally absent; uncommonly, either may be manifest in a low,

indistinct form.

Type species: Sigmelasma pantherae n. sp.

Derivation of name: Greek: "sigma"--s; "elasma"--plate.

Discussion: Comparisons with some other orthaceans are given in

the discussion following the description of the Sigmelasminae above.

The enteletacean Diorthelasma Cooper 1956 has some similarities to

Sigmelasma, yet has brachiophores that appear to be triangular and

narrower (ventrally-dorsally) in an anteroventral direction in

longitudinal profile, and not S-shaped in cross section, hence unlike

those of Sigmelasma.

Sigmelasma pantherae n. gen. et sp.



151

Plate 7, figs. 1-36; 41-43.

Diagnosis: Sigmelasma with a rib density normally 4 to 6

ribs/mm at the 2mm growth stage on either valve, averaging c.5 ribs/

mm. About 20 to 40 ribs are generally present in valves 3 to 4 mm

long.

Description: Shell ventribiconvex, small, largest specimen c.4

mm long. In dorsal plan view outline is commonly grossly shield

shaped to subelliptical to subquadrate and weakly to clearly

transverse. {Length / {maximum width is 0.45, 0.55-0.85, 0.90, 0.95

in 1, 33, 1, 1 pedicle valves and 0.50, 0.55-0.80, 0.85 in 1, 33, 1

brachial valves, respectively, for valves c.1.8 to c.3.9 mm long.

Lateral and anterior margins commonly gently rounded, in some cases

moderately rounded or locally straight; anterolateral margins

moderately to gently rounded. Hinge line straight, c.0.8 to c.1.0

maximum shell width (n=37), which is at the hinge line or in the

medial or posterior third of shell length. Cardinal angles acute to

obtuse.

Lateral profile of pedicle valve (excluding interarea) commonly

gently convex overall; the posterior segment of some profiles is

moderately to narrowly rounded. Depth low to moderate, 0.2 to 0.6

valve length in 40 valves c.1.8 to c.3.9 mm long; greatest depth

usually in posterior third.

Anterior profile of pedicle valve usually moderately to broadly

rounded medially, uncommonly rather narrowly rounded. Lateral slopes

customarily moderately to gently inclined, straight to slightly

concave or convex, and subtending an obtuse angle. A very low,

indistinct fold was observed in a few valves. In ventroanterior view
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beak ridges are generally concave near beak and slightly concave to

straight in more lateral segments; beak prominent.

Ventral interarea moderate length to short; it is 0.1, 0.2-0.45,

0.5 valve length in 1, 36, 1 valves; concave posteriorly to planar,

strongly apsacline overall. Delthyrium open, delthyrial angle narrow

to moderate.

Lateral profile of brachial valve usually gently convex on the

whole. Valve shallow, 0.15-0.30 as deep as long in 35 valves,

greatest depth in posterior third of valve in 46 individuals, in

medial third in 23. Commissure appears curved ventrally in anterior

half of profile in 24 valves.

Anterior profile of brachial valve usually gently convex overall.

Several valve profiles are broadly convex medially. Most have a

shallow medial indentation produced by a sulcus that is generally

shallow, moderate width to wide, and rounded medially at the anterior

margin. Sulcus very faint or absent in some valves. Lateral slopes

gently inclined, normally straight or slightly convex. Beak ridges

weakly concave to straight. Anterior commissure roundly and shallowly

sulcate.

Dorsal interarea shorter than ventral interarea, concave

posteriorly to planar, weakly to strongly anacline.

Ribbing costellate; costellae arise by implantation and branching

in a pattern that differs somewhat from shell to shell. Ribs commonly

resemble rods or ridges with relatively moderate to high amplitudes,

steeply to moderately inclined flanks, and angular to rounded crests.

Rib interspaces usually are rounded and very rarely contain single

capillae. At the margins of many shells the ribs in the medial sectors
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of either valve appear higher and/or larger and more widely-spaced

than ribs near the posterior margins. The commissure is corrugated by

ribbing.

In 29 shells c.2.7 to c.3.2 mm long, 21 to 41 ribs were counted

at the margin of either valve. Just lateral of the midline at 2-mm

growth stage, 3, 4, 5, 6, 7 ribs/mm were counted in 1, 5, 22, 6, 4

pedicle valves and 1, 15, 18, 9, 0 brachial valves, respectively, with

an average of 5.3 ribs/mm in pedicle valves and 5.0 ribs/mm in

brachial valves. (See Table 1, notes 2 and 3, for conventions used in

rib counts.)

Concentric ornament not observed on most valves. Sparse

concentric ridges are on some individuals; several rows of

concentrically arranged swellings (fila? remnant growth lamellae?) are

on the ribs of a few shells.

Teeth relatively small, subtriangular (viewed posteriorly).

Crural fossettes not observed. Dental plates short, commonly appear

as moderately thick ridges or thick blades. They merge ventrally with

muscle-bounding ridges that ordinarily extend anteriorly before

curving medially to define a muscle field c.0.7 to c.1.8 as long as

wide and c.0.25 to c.0.45 as long as valve in 12 and 9 valves,

respectively. (The valves were c.1.7 to c.3.2 mm long and showed no

trends in these ratios with valve length.) In many valves muscle

field is thickened to form a very low platform with an abrupt anterior

margin; the latter is elevated to a height slightly less or greater

than the width of the muscle-bounding ridge. Within muscle field

adductor area commonly appears as an elevated medial ridge or

callosity; in some valves it is defined by a low lineament or ridge on
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either side. It occupies about 0.3 to 0.6 the width of the muscle

field at its anterior margin. Narrower elongate areas, presumably

diductor fields, occur on either side. Front margin of muscle field

commonly slightly convex anteriorly in plan view, rarely straight or

roundly indented medially. The medial ridge/callosity protrudes

anteriorly a bit beyond general outline of margin in some valves; it

is of course shorter than the flanking diductor impressions in muscle

fields that are medially indented.

Brachiophores appear as wide (ventral-dorsal direction) blades

that are S-shaped in transverse section. In some broken articulated

valves the brachiophores are seen to extend anteroventrally nearly to

the floor of the pedicle valve and over half the length of the

brachial valve; in a few individuals (P1. 7, figs. 35, 43) they become

wider as their length increases. Brachiophore bases generally not

well defined, the dorsal edge of the blade commonly appearing to

intersect or rest on the valve floor posteriorly. Small concave

fulcral plates join interior surface of interarea and lateral surface

of brachiophore at or near its ventral edge (P1. 7, fig. 43). Space

between plate and valve floor commonly open.

Cardinal process poorly preserved; in anteroventral view it now

commonly resembles a rod with a blunt posterior end; the latter is

knoblike in rare valves (P1. 7, fig. 43). Notothyrial platform and

median ridge generally absent; poorly developed low platform and/or

median ridge could be present very uncommonly. External sulcus

produces a broad internal medial elevation in some valves. Muscle

impressions and vascular markings not observed; in one valve

indistinct muscle-bounding ridges may extend from just lateral of
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brachiophores to midvalve area.

Interiors of valves smooth or corrugated by external ribbing.

Marginal crenulations consist of flattened to rounded eminences

separated by commonly rounded furrows. Eminences locally subdivided

by medial groove into two ridges.

Type material: Holotype: USNM 413340; Plate 7, figs. 41-43;

paratypes : all other illustrated specimens.

Type locality: USNM locality 18122 (clast 1).

Illustrated specimens: USNM 413329-413340.

Derivation of name: Latin: "panthera", f.--panther. (The type

locality is at Panther Rock.)

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121,c1. Si 2

18122,c1. 1 175 122 128

18122,c1. 2 155 54 108
18125,c1. J 1 - -

18125.cl. S 32 2 -

18125,c1. 3 29 3 1

18126,blk.2 20 2 2

18126,blk.3 6 - -

18126,b1k.4 1 - -

18130,c1. B1 3 - -

18130,c1. L 8 - 1

18130,c1. 1 - - 1

18131,cl. B 4 - -

18134,c1. M 3 - -

18134,c1. N1 51 4 5

18134,c1. N2 10 1 1

18134,c1. Q 9 - -

18136 1 - -

18137,c1. Ai 9 - -

18137,c1. P-1 1 - -

18144,bed 3' 5

36444,bed 2 1 - -

36444,bed 3 3 - -

Totals: 529 188 247

Distribution: Llandeilian limestone of member 2 of the Kangaroo
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Creek Formation near Lovers Leap. Ordovician(?) limestone of member 2

of the Gregg Ranch unit at Gregg Ranch. Ordovician limestone clasts

of member 3 of the Kangaroo Creek Formation in the Lovers Leap-Gregg

Ranch area.

Discussion: See description of S. sp. 1 for comparison with S.

pantherae. Material included here in S. pantherae could be subdivided

into two species or subspecies, most readily on the basis of

differences in rib number and density. Specimens from clasts

collected at USNM loc. 18122 (Panther Rock) and 18131 form one group

("18122 group") with 21 to 32 (or 36?) ribs in 14 valves 2.7 to 3.2 mm

long and an average of 4.5 ribs/mm at the 2-mm growth stage in 16

dorsal valves (counted as in Table 1, note 3). Shells from USNM locs.

18126, 18144, and 36444 and other clasts listed above fall in a second

group ("18126 group") with c.26 to 41 ribs in 13 valves 2.7 to 3.2 mm

long and an average of 5.3 ribs/mm at 2-mm growth stage in 27 brachial

valves. A t-test shows the difference in rib density to be

significant (P=c.0.001), so that at least two sample populations are

probably present. However, some specimens of the 18122 group resemble

those common in the 18126 group, and the characters studied in these

sets of shells overlap enough from one group to the other that all are

placed in one species for the time being.

Sigmelasma sp. 1

Plate 7, figs. 37-40; 44-53.

Diagnosis: Finely costellate Sigmelasma with 5 to 9 ribs/mm at

2-mm growth stage on either valve, averaging c.7 ribs/mm. About 45 to

60 ribs usually occur in valves 3.3 to 3.7 mm long.

Description: Shell ventribiconvex and small; largest specimen is
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a broken shell c.3.7 mm long, 5.5 mm wide. In dorsal plan view

outline is similar to that of S. pantherae. (Length / {maximum width

is c.0.55-0.75, 0.85 in 10, 1 pedicle valves and 0.55, 0.65-0.8 in 2,

8 brachial valves, respectively, for valves c. 1.6 to c.3.0 mm long.

Smaller shells tend to be more transverse than larger in this sample.

Hinge line c. 0.9 to 1.0 maximum width; the latter occurs at hinge

line or in medial or posterior third of shell. Cardinal angles acute

to obtuse.

Lateral profile of pedicle valve resembles that of S. pantherae.

Depth generally moderate and maximum in the posterior third of the

valve; it is 0.4 to 0.6 valve length in 9 valves 2.3 to c.3.0 mm long,

and tends to decrease relative to valve length as the latter

increases.

Anterior profile of pedicle valve ordinarily moderately to

narrowly rounded medially. Lateral slopes normally are moderately

inclined, subtend an angle >900, and range from straight to slightly

convex.

Ventral beak ridges, beak, and interarea, and brachialvalve

lateral and anterior profiles similar to those of S. pantherae.

Ventral interarea 0.3 to 0.5 valve length in 8 valves; delthyrial

angle generally narrow. Dorsal valve 0.15 to 0.25 as deep as long in

7 valves.

Ribbing costellate. Costellae arise by implantation and

branching, the latter difficult to verify and perhaps relatively

uncommon. Pattern of ribbing multiform to a degree: one or more

groups of 3 ribs each occur in 6 of 20 shells; in 5 of 20 shells

scattered ribs are somewhat accentuated to produce a series of sectors
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(sensu Williams and Rowell, 1965, p. 80) and unequally costellate

ribbing; in several specimens ribs in the medial sectors appear

larger and/or more widely spaced than ribs near the posterior margin.

Ribs are rodlike, relatively moderate to high amplitude near the

anterior and anterolateral shell margins, have crests and interspaces

rounded to subangular, and corrugate the commissure.

Four valves 3.3 to 3.7 mm long have 47 to 58? ribs; 9 valves 2.5

to 3.2 mm long have 32 to 51 ribs. At 2-mm growth stage 5, 6, 7, 8, 9

ribs/mm were counted on 3, 4, 4, 1, 1 pedicle and 2, 5, 2, 4, 1

brachial valves, respectively. (Table 1, notes 2 and 3 give

conventions.)

A single remnant growth lamella occurs on 4 valves; concentric

ornament not seen on other valves.

Teeth, dental plates, and ventral muscle field similar to those

of S. pantherae, including details of muscle platform, adductor and

diductor areas, and anterior margin of muscle field. Muscle field

about 0.9 to 2.0 as long as wide and 0.3 to 0.4 as long as valve in 6

valves c.1.4 to 2.5 mm long. Adductor ridge/callosity occupies c.0.6

width of muscle field at its front edge.

Cardinalia poorly preserved except for anterior portions of

brachiophores, which resemble those of S. pantherae: wide (ventrally-

dorsally) blades that widen anteroventrally in few valves and are S-

shaped in transverse section. In 8 partially broken articulated

shells (e.g., P1. 7, fig. 53) they extend anteroventrally to or nearly

to the floor of the pedicle valve and up to c.0.6 length of brachial

valve. Brachiophore bases not preserved or not exposed. Fulcral

plates not certainly identified, yet may be present. Cardinal



159

process, notothyrial platform, median septum, and muscle-bounding

ridges were not seen, owing to poor preservation or their original

absence.

Valve interiors obscured by silica, corrugated by external

ribbing or smooth where exposed. Marginal crenulations in some shells

consist of flattened to somewhat rounded, low, ridgelike eminences

separated by grooves.

Illustrated specimens: USNM 413341-413344.

Localities and Material: (N.b.: t=tiny (length <2 mm).)

USNM Locality A+AF P+PF B+BF

18118c 2+3t - -

18118d 5+3t 1 1

18118h? lt - -

18138b 4+4t 1 2t

18138c lt - -

18138d 2+2t 1+2t -

18138e 2+3t 2 -

18138f? 9+2t 2t 4t
18138g? 1+4t - -

18138h? 3t lt -

18138j? 2t lt -

18169b? lt - -

36443b? 1 - -

Totals: 26+29t 5+6t 1+6t

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: Until better-preserved specimens are available to

allow more complete description of the cardinalia (especially the

brachiophore bases) and determination of the presence or absence of a

cardinal process, this species is not formally named. It differs from

S. pantherae chiefly by its greater abundance and higher density of

ribs. As described previously, 43 brachial valves of S. pantherae

bear an average of 5.0 ribs/mm and 14 of S. sp. 1 7.0 ribs/mm. A t-
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test shows this difference in density to be highly significant

(P<<0.001). Differences in rib density between S. sp. 1 and the S.

pantherae 18122 group (defined in discussion of S. pantherae) and

between S. sp. 1 and S. pantherae 18126 group are also highly

significant (P«0.001), as indicated by t-tests. If the apparent

absence of a cardinal process in S. sp. 1 is verified in better-

preserved specimens, this would obviously be an important difference

from S. pantherae.

Family Cremnorthidae Williams

Subfamily Phragmorthinae Williams

Genus Phragmorthis Cooper

Phragmorthis aff. buttsi Cooper morphotype 1

Plate 8, figs. 1-29.

aff. 1956 Phragmorthis buttsi Cooper, p. 510, P1. 146, figs. 31-38;

P1. 148, figs. 5-26; P1. 221, figs. 16-22.

Description: Shell small, ventribiconvex, wider than long.

Largest shell 3.2 mm long, 4.2 mm wide. Outline in dorsal plan view

has lateral margins normally gently rounded and anterior margin

slightly emarginate; a predominantly rounded medial indentation is

present in the otherwise gently rounded anterior outline. Hinge line

straight, 0.7, 0.8-0.95, 1.0 maximum valve width in 1, 20, 2 shells,

respectively. Width generally maximum in medial third of shell

length, rarely at hinge line. Cardinal angles chiefly obtuse, rarely

acute.

Lateral profile of pedicle valve triangular overall, with
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greatest depth generally in umbonal area. Various segments of profile

commonly moderately to gently rounded; umbonal area narrowly rounded

and/or medial segment nearly straight in some valves.

Anterior profile triangular, narrowly to moderately rounded

medially; lateral slopes steeply inclined and weakly convex or

straight; overall angle between the slopes obtuse to barely acute.

Beak prominent, generally not protruding or only faintly jutting

beyond general outline of beak ridges in plan view; beak ridges

slightly concave or straight. Fold not seen.

Interarea moderate length to long, 0.4-0.7, 0.8 valve length in

14, 1 valves 1.7 to 3.2 mm long (this ratio commonly decreases with

increasing length). It ranges from moderately concave posteriorly to

planar in lateral view; overall, it is apsacline and commonly at high

angle to surface of commissure. Delthyrium open, narrow, delthyrial

angle c. 10°c.25° (n=13). Lateral plates not certainly identified.

(Length /(maximum width 0.55, 0.60-0.80, 0.85 in 2, 14, 1 ventral

valves 1.7 to 3.2 mm long; depth/length 0.5 to 0.9 in 17 ventral

valves with same range in lengths; as length increases, there is a

crude tendency for the first ratio to increase and the second to

decrease.

Lateral profile of brachial valve commonly moderately to gently

convex overall, with maximum depth in medial region; some valves have

maximum depth posteriorly. Greatest curvature at different places in

different valves; several valves are more or less evenly convex.

Anterior profile gently to moderately convex, with medial

indentation due to sulcus. The latter originates near umbo and

expands anteriorly; it is commonly of moderate width and depth at
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anterior margin, rarely shallow, and broadly to narrowly rounded

medially, even angular in some valves. Anterior commissure sulcate,

with a deflection c.0.4 to c.0.8 maximum valve width (n=18). Sulcus

bounded laterally by convex areas of shell that merge smoothly with

moderately to gently inclined, straight to slightly convex lateral

slopes. Posterolateral slopes and beak ridges range from weakly

concave to faintly convex. Beak inconspicuous. Dorsal interarea much

shorter than ventral interarea, about 0.2 to 0.3 valve length (n=9),

gently concave posteriorly to straight in lateral view, anacline

overall. <Length / {maximum width is 0.55-0.65, 0.75 in 15, 1 dorsal

valves 1.8 to 2.5 mm long; depth/length is c.0.25 to c.0.45 in 18

dorsal valves with same range in lengths.

Ribbing costellate; costellae arise by implantation and/or

branching. Ribs commonly small, rodlike, and of relatively low

amplitude; scattered ribs are a bit larger or more prominent than

others on some shells. Median ventral rib slightly enlarged on a few

valves. Rib densities at the 1.5mm growth stage just lateral of the

medial area of either valve are:

Number of pedicle valves

Number of brachial valves

Ribs/ 0.5 mm Ribs/mm

2,3,4,5 6,7,8,9

1,4,5,1 3,3,3,1

,7,7,1 4,3,2,

(Table 1, notes 2 and 3, gives conventions used.) From 1 to 7

concentric growth "ridges", lines, and very short lamellae were seen

on many shells.

Teeth relatively small, subtriangular in posterior view. Crural

fossettes not certainly observed. Umbonal chambers shallow. Dental
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plates very short, thin to thick ridges joined ventrally to short

anterior continuations (or muscle-bounding ridges). The latter curve

anteromedially to unite with low, short to moderate-length sessile

muscle platform that is c.0.35 to c.0.45 valve length (n=4) and

elevated anteriorly to a height equal to or somewhat greater than the

width of the anterior continuation. Anterior margin of platform

ranges from an abrupt lip, which may be slightly excavated ventrally,

to a steep slope joining valve floor; anterior portion of muscle

platform commonly U-shaped or convex anteriorly in plan. Thickened

"patch" of Cooper (1956) anterior to platform may occur in one or two

valves. Combined structure formed by dental plates, anterior

continuations, and platform commonly U-shaped when viewed from

anterior. In several valves each anterior continuation is deflected

gently to markedly laterally to form a laterally directed, rounded

furrow at base of dental plate, possibly a site of diductor or

adjustor attachment. Muscle impressions not observed. In some valves

a narrow groove extends anterolaterally from each anterolateral margin

of the muscle platform, marking the vascula media.

Anterior portions of brachiophores in some valves resemble narrow

(anteriorly-posteriorly), somewhat thick blades oriented at high

angles to surface of commissure and convex anteriorly (P1. 8, figs.

17, 18). Fulcral plates concave ventrally, commonly apparently joined

to ventral part of lateral surface of brachiophore. Brachiophore

bases unite to form a septalium that rests on median septum and is

c.0.3 to c.0.4 as long as valve (n=7). Septalium ranges from

platelike, with a nearly smooth ventral surface (P1. 8, figs. 22, 23)

to a "draped" form with a medial elevated area reflecting the
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supporting median septum (P1. 8, figs. 25, 26). In some valves this

medial elevation is cleft medially by hairline fracture reflecting

incomplete mergence of brachiophore bases (P1. 8, figs. 28, 29).

Space between valve floor, fulcral plates, and septalium open to

almost completely filled in by secondary shell material. Anterior

margin of septalium is nearly straight to medially indented in plan

view, and forms a step resting on median septum. The latter is

bladelike, thickened posteriorly in some valves, moderately elevated

anteriorly to a "blunt point" (sensu Cooper, 1956, p. 509) in two

valves, and extends nearly to the front margin to a point 0.8 to 0.9

valve length (n=5). Low muscle-bounding ridges are present in 7

valves and define a subelliptical adductor area on each side of the

median septum; (maximum width of overall adductor field / {maximum

valve width is c.0.50, c.0.40 in two valves 2.1, 2.4 mm long,

respectively. The ridges extend along the valve floor, in many cases

from near the brachiophores or fulcral plates to just short of the

anterior end of the median septum. In some valves they recurve to

nearly join the anterior part of the septum and impart a rounded

anterior end to each adductor area (P1. 8, fig. 22); in others they

evidently do not, and the anterior end of each adductor area is

undefined (P1. 8, fig. 28). Mantle canal system not observed.

Interiors of valves generally smooth. Marginal crenulations not

seen, except for small indentations separating wider internally

flattened eminences at edges of one dorsal valve.

Illustrated specimens: USNM 413345-413353.

Localities and Material:

USNM Locality A+AF P+PF B+BF
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36439a 20 24 33
36439b 12 18 16

36439c 5 17 6

18169a 5

Totals 37 64 55

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: Given after description of P. cf. sp. 1.

Phragmorthis aff. buttsi Cooper morphotype 2

Plate 8, figs. 31-35.

aff. 1956 Phragmorthis buttsi Cooper, p. 510, P1. 146, figs. 31-

38; P1. 148, figs. 5-26; P1. 221, figs. 16-22.

Description: Valve c.5.2 mm long, subcircular in outline; hinge

line width c.0.8 maximum width, which occurs in medial third of valve.

Lateral margins relatively gently rounded, anterior margin gently

rounded overall, but very slightly indented medially. Cardinal angles

obtuse. Length c.0.95 maximum width. Lateral profile moderately

convex overall; medial segment appears a bit more gently convex than

posterior and anterior segments. Depth moderate, 0.35 valve length,

and greatest in medial third.

Anterior profile moderately convex on the whole; moderately

inclined lateral slopes are slightly more gently rounded than medial

segment. Beak very prominent, bluntly pointed, protrudes beyond

outline of lateral segments of beak ridges in plan view.

Ventral interarea relatively short, c.0.2 valve length,

concave posteriorly in lateral view, and apsacline overall.

Delthyrium open, with narrow delthyrial angle (c.30°); narrow

lateral plates appear along margins of delthyrium dorsally. Ribbing
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finely and unequally costellate; costellae arise by branching and

implantation. Ribs appear as relatively low amplitude, fine rods;

medial costa and about six other ribs are accentuated (slightly

higher and wider than neighbors), dividing valve into sectors of

unequal angular width. Medial costa is persistently accentuated

throughout its length; most other accentuated ribs lose their

prominence posteriorly or anteriorly. At 1.5-mm growth stage c.9.5

ribs/mm were counted just laterally of midline. About 4 to 6 growth

lines occur on shell, all showing a slight rounded medial

indentation.

Teeth subtriangular in posterior view and curved to point

posteriorly at their apices in lateral view. Large notches on

anterior sides of teeth may represent crural fossettes. Dental

plates well developed, bladelike, somewhat divergent dorsally,

weakly divergent anteriorly. Anterior portion of muscle field

thickened to form very low platform with abrupt silllike margin that

is locally slightly undercut and about as high at its anteromedial

edge as the dental plate is wide at its front edge. Platform c.0.45

as long as valve and joined laterally to bases of dental plates by

short "ventroanterior continuations" of dental plates that are

convex laterally in anterior view. In anterior view overall

structure formed by dental plates and platform is like a deformed

"U" the sides of which have been deflected medially at midheight.

In plan view anterior edge of platform is gently convex. Platform

surface smooth; muscle impressions not observed. Well-defined,

relatively wide, shallow furrows extend anterolaterally from points

just lateral of muscle platform to mark slightly divergent vascula
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media. Umbonal chambers partially infilled; interior of valve

smooth; marginal crenulations not seen.

Illustrated specimen: USNM 413354.

Locality and Material:

USNM Locality A+AF P+PF B+BF

18123 cl. 1 1

Distribution: Ordovician limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: This valve may well belong to the same species as

the loc.-18121-c1.-x shells. It is a bit longer than the 18121-cl. x

specimens (5.2 vs. <4.4 mm) and less transverse (1/w=0.95 vs. 0.70-

0.85); yet, at the 4.3-mm growth stage it has 1/w=0.85, within the

range of the 6 18121-cl. x shells. In lateral profile the posterior

segment of the 18123-cl. 1 specimen has a lower elevation relative to

the medial segment than in profiles of 18121-cl. x valves and appears

more evenly convex on the whole. The 18123-cl. 1 valve has slightly

finer ribbing than 18121-cl. x shells (c.9.5 ribs/mm vs. 6, 7, 8, 9

ribs/mm in 2, 4, 0, 1 18121-cl. x pedicle valves; see descriptions for

details). The dental plates of the 18123-cl. 1 individual appear less

divergent anteriorly than in the few 18121-cl. x valves at hand.

The 18123-cl. 1 valve differs from Klamath shells from loc.

36439a, 18128, and 18121, cl. y, and from Phragmorthis buttsi Cooper

1956 and P. crassa Cooper 1956 in valve profiles and, in certain

cases, depth/length and rib density. Compared to these 5 stocks,

its anterior profile is more evenly rounded and in lateral profile

the posterior segment is relatively lower vis-a-vis the medial

segment. Depth/ length is 0.35 vs. about 0.5, 0.45, >0.35 in three
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illustrated valves of P. buttsi (Cooper, 1956). The 18123cl. 1

specimen has a rib density at the 1.5mm growth stage that is finer

than in all but a few Klamath shells (see descriptions above) and

than in P. buttsi (6 to 7 or 8 ribs/mm in 6 illustrated valves in

Cooper, 1956) and P. crassa (3 ribs/mm in one dorsal valve in

Cooper, 1956). P. antiqua Ross 1970 has fascicostellate ribbing

unlike that of the 18123cl. 1 valve.

Phragmorthis cf. buttsi Cooper

Plate 8, figs. 30, 36-56.

cf. 1956 Phragmorthis buttsi Cooper, p. 510, P1. 146, figs. 31-38;

P1. 148, figs. 5-26; P1. 221, figs. 16-22.

Description: Shell moderate size for genus, largest specimen 4.4

mm long, 4.3 mm wide. Ventribiconvex, usually wider than long. In

dorsal plan view lateral margins are gently to moderately convex and

the anterior margin very gently convex, possibly faintly emarginate in

a few valves. Hinge line straight, about 0.7 to 0.9 maximum width

(n=8), which is predominantly in the medial portion of the shell.

Cardinal angles obtuse.

Anterior to umbo, pediclevalve lateral profile is gently to

moderately convex posteriorly and gently convex mediallyanteriorly;

greatest curvature and depth generally posteriorly. Ventral interarea

usually short to moderate length, c.0.2 to c.0.4 valve length in 5

valves 3.2 to 4.4 mm long; on the whole, it is apsacline and unevenly

concave posteriorly to nearly straight in lateral view. Delthyrium

open, delthyrial angle relatively narrow.

Anterior profile convex, with moderately to weakly convex medial

area and gently to steeply inclined, faintly convex to nearly straight
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lateral slopes. In plan view beak is prominent, beak ridges concave

overall. No fold observed. Pedicle valve about 0.70, 0.75-0.85 as

long as wide in 1, 5 valves 3.2 mm to 4.4 mm long and 0.30, 0.40-0.50

as deep as long in 1, 5 valves with same range in lengths.

Lateral profile of dorsal valve convex overall; greatest depth

and curvature in medial to posterior regions, which are moderately to

gently rounded; anterior portion gently rounded to straight.

Interarea much shorter than ventral interarea; it is poorly exposed,

yet may be curved and apsacline near the beak in some valves.

Anterior profile gently to moderately convex, with a medial

indentation produced by a sulcus beginning near the umbo and appearing

shallow and moderately wide at anterior margin. Anterior commissure

weakly sulcate, with a medial ventral deflection 0.5 to 0.7 as wide as

maximum valve width (n=5) and no or very feeble dorsal deflections at

lateral margins of sulcus. Sulcus has sides meeting at an obtuse

angle or is rounded medially; it exhibits a medial groove in some

valves. On either side of sulcus are convex segments that merge with

gently to moderately inclined, barely convex to straight lateral

slopes. Beak subdued in plan view, beak ridges and posterolateral

slopes weakly concave. In 5 measured valves 3.3 to 4.2 mm long,

length was 0.6 to 0.8 maximum width and depth 0.25 to 0.4 length.

Ribbing multicostellate; costellae arise by implantation and,

locally, by branching. Ribs are small, closely spaced, rodlike.

Medial ventral rib and other scattered ribs are slightly elevated or

enlarged on some valves. Rib densities at the 1.5-mm growth stage

just lateral of the medial area of either valve are:

Ribs/ 0.5 mm Ribs/mm



Number of pedicle valves

3,4,5 6,7,8,9

6,2,- 2,4,-,1

Number of brachial valves 1,3,- 1,2,1,-
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(Table 1, notes 2 and 3, gives conventions used; only brachial valves

counted for articulated specimens.)

Teeth relatively small, subtriangular. Crural fossettes not

certainly identified, may be present as shallow indentations on

anteromedial surfaces of teeth. Dental plates short, resemble

thickened blades, merge ventrally with short ventroanterior

continuations that in turn curve anteromedially and join (or form)

anterolateral margins of sessile muscle platform. The latter is 0.4

valve length in one deformed valve 3.2 mm long, elevated anteriorly,

and has an abrupt anterior margin that is at a height about equal to

the thickness of a ventroanterior continuation. In plan the anterior

portion of the muscle platform is convex anteriorly to U-shaped. In

anterior view the combined structure formed by dental plates,

continuations, and platform is commonly U-shaped; in some valves the

continuations are roundly deflected laterally to give the structure a

bulblike cross section wider basally than near the teeth. No muscle

impressions or pallial markings observed. One valve may have a poorly

preserved, thickened deposit of shell material anterior to the muscle

platform.

Brachial-valve interiors observed in only two poorly preserved

specimens, one largely covered by silica. Brachiophores relatively

long, narrow (ventral-dorsal) thickened (medial-lateral) blades or

laterally compressed rods that are concave posteroventrally. Fulcral

plates concave, join ventral part of lateral surfaces of
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brachiophores; brachiophore bases obscured by silica in the two valves

at hand; in one valve bases may curve medially to join sides of median

septum and form septalium (P1. 8, fig. 30). Median septum resembles a

relatively high, thick to thin blade, with a ventral edge concave

throughout in lateral view in one valve, but more or less straight in

its anterior segment in another valve. Septum appears to extend from

vicinity of beak nearly to valve margin; anterior end of crest of

septum forms a blunt point, and is the point of maximum elevation of

septum "above" valve floor or is slightly less than maximum elevation.

In two valves 4.2 and >3.7 (P1. 8, fig. 36) mm long, crest of septum

at its anterior end is >0.7 and >1 mm above valve floor, respectively.

No muscle impressions or vascular markings were observed.

Marginal crenulations consist of fine, low, rodlike eminences

separated by narrower furrows.

Illustrated specimens: USNM 413355-413359.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. x 4 11 2

18137 cl. C (cf.) - 1

Totals 4 11 3

Distribution: Ordovician limestone clasts of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: The material from loc. 18121, cl. x differs from all

other Klamath stocks in that its dorsal septum is highly elevated at

its anterior end.

A single broken brachial valve from loc. 18137, cl. C (P1. 8,

figs. 51-55) resembles the few cl.-x valves presently available in
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several respects and probably belongs to the cl.-x stock. It is

longer (>3.7 mm) than any brachial valve from the HG, GR, or cl.-y

groups and is like the brachial valves of cl. x in size and ribbing

density; however, its sulcus is somewhat deeper then in the cl.-x

form. The interior of the 18137-cl. C valve has a median septum that

resembles a thick blade. In lateral profile the septum has a ventral

edge relatively straight except near the septalium and a height near

its anterior end of 0.6 mm; therefore, the septum is similar to that

in one cl.-x valve. The 18137-cl. C valve also possesses a septalium

that appears "draped" over the median septum, the latter producing an

obvious rounded medial bulge in the floor of the septalium along its

midline. At the septum the anterior margin of the septalium appears as

a nearly flush, barely detectable, very low step; the margin is more

or less straight in plan view.

See latter part of discussion following description of P. cf. sp.

1 for comparison of 18121-cl. x material with P. buttsi, P. antiqua,

and P. crassa.

Phragmorthis sp. 1

Plate 9, figs. 1-28.

Diagnosis: Phragmorthis with dorsal sulcus generally angular to

narrowly rounded medially, ventral and dorsal umbonal areas

protuberant in some valves, septalium resting on or flush with the

ventral edge of the dorsal septum, and dorsal septum not highly

elevated above valve floor at its anterior end.

Description: Shell small, ventribiconvex, wider than long.

Largest specimen a brachial valve c.3.2 mm long. Most specimens

tectonically deformed, so original shapes and measured dimensions of
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their structures were only estimated in many cases. In dorsal plan

view lateral margins weakly to moderately rounded; anterior margin

commonly gently rounded; usually a rounded to angular slight

emargination is present. Hinge line straight, commonly 0.8 to 1.0

maximum shell width, which ordinarily is in the medial third of

undeformed shells. Cardinal angles obtuse, rarely acute.

Lateral profile of ventral valve narrowly to gently rounded in

umbonal area; posterior, medial, and anterior segments customarily

range from gently to moderately rounded, yet medial-anterior intervals

of several valves are nearly planar. Maximum depth normally

posteriorly, rarely medially. Interarea commonly moderate length,

about 0.2, 0.35-0.5, 0.7 valve length in 2, 16, 1 valves 1.7 to c.3.1

mm long, respectively; this ratio has some tendency to decrease with

increasing valve length. In lateral profile interarea usually

apsacline to nearly catacline overall, concave posteriorly near the

beak, and concave to straight dorsal of the beak. Delthyrium open,

commonly with a rather narrow delthyrial angle. Lateral plates not

certainly observed.

Anterior profile of ventral valve generally resembles an obtuse

triangle, with narrowly to moderately rounded medial area at apex and

gently to steeply inclined, faintly convex to straight lateral slopes.

Beak prominent; in 12 valves umbonal area merges smoothly into lateral

slopes, and beak ridges and posterolateral slopes are slightly concave

to straight. In 7 other valves (e.g., P1. 9, fig. 8) the umbonal area

is demarcated as a knoblike protuberance (in anteroventral view) by a

narrowly to gently concave segment of the beak ridge and

posterolateral slope on either side, or by an indentation or
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constriction of the valve at a growth-ridge or -line. Intermediates

exist between these "smoothly merging" and "knoblike" end members in

the form of the umbonal area. Very low fold present in a few valves.

Measured pedicle valves are about 0.55-0.65, 0.70, 0.75 as long as

wide in 11, 1, 1 valves 1.7 to c.3.0 mm long and 0.30, 0.35, 0.45-

0.55, 0.60, 0.80 as deep as long in 1, 1, 11, 3, 1 valves with the

same range of lengths.

Posteromedial portion of lateral profile of dorsal valve is

usually gently to moderately convex overall; greatest depth and

curvature in posterior or medial segments. In the profile of some

valves the anterior portion of the shell appears to be moderately to

abruptly curved ventrally. Dorsal interarea shorter than in pedicle

valve, concave posteriorly to nearly straight in lateral view,

anacline overall.

Anterior profile commonly gently convex on the whole; a medial

indentation is present owing to a sulcus that begins posteriorly and

expands anteriorly. At anterior margin sulcus is usually relatively

narrow to moderately wide, moderate to shallow depth, and has weakly

convex slopes and an angular to narrowly rounded axial region. Sulcus

is customarily flanked by convex segments of shell that merge smoothly

with lateral slopes; the later are generally gently to moderately

inclined and a bit convex to straight. Anterior commissure sulcate;

width of sulcus at commissure about 0.4-0.6, c.0.7 valve width in 13,

3 valves. Posterolateral slopes and beak ridges generally faintly

concave to straight. Commonly the beak protrudes a minor amount or

very little. {Valve length / {maximum width about 0.50, 0.55, 0.65-

0.80 in 2, 1, 9 brachial valves 1.7 to 3.2 mm long; depth/length about
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0.15 to 0.40 in 9 valves 2.1 to 3.2 mm long.

Ribbing costellate; costellae arise by branching and

implantation. Ribs are commonly rodlike and of moderate or low

amplitude; on some valves they appear as ridges with inclined flanks

and broadly rounded to subangular crests. The median ventral rib

and/or other ribs are larger or more prominent than surrounding ribs

in a number of valves. A few ventral valves are almost carinate or

angular medially, owing to a prominent medial rib. The commissure is

commonly crenulated by ribbing. At 1.5-mm growth stage rib densities

just lateral of the midline on either valve are:

Ribs/ 0.5 mm Ribs/mm

3,4 5,6,7

Number of pedicle valves 3,- 1,1,-

Number of brachial valves 4,1 -,2,2

(Table 1, notes 2 and 3, gives conventions used; only brachial valves

counted for articulated specimens.)

One to five concentric short growth-lamellae, -ridges, and -lines

were counted. Some valves may possess close-spaced concentric fila or

growth lines.

Teeth relatively small, subtriangular (viewed from posterior).

Crural fossettes possibly present in a few valves. Dental plates very

short, moderately thick or thick ridges, nearly absent or not

preserved in some valves. Umbonal chambers shallow. Short

ventroanterior continuations or muscle-bounding ridges extend from

ventral portions of dental plates and merge with or form low sessile

muscle platform. The latter is c. 0.30 to 0.45 as long as valve in 12

valves 1.3 to c.3.1 mm long (ratio commonly decreases as valve length
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increases). Platform is elevated anteriorly to a height equal to or

somewhat greater than the thickness of the ventroanterior

continuations. Anterior margin of platform normally forms abrupt step

that is slightly excavated ventrally in a few valves. In plan view

platform and continuations exhibit an overall outline that is

predominantly U-shaped. In anterior view ventral portions of dental

plates/ continuations generally are deflected laterally before

recurving medially to join muscle platform; the deflection is slight

to moderate and rather narrowly to very broadly rounded in anterior

view. Mantle-canal system and muscle impressions not observed.

Anterior portions of brachiophores narrow, relatively thick

blades or rods oriented at high angles to commissural surface (P1. 9,

fig. 20, 27). Fulcral plates concave dorsally, joining ventral part

of lateral surface or lateral surface of brachiophores. Brachiophore

bases curve medially to join one another and form relatively short to

moderate-length septalium that is 0.3 to 0.4 valve length (n=14).

Septalium appears in some valves to have a smooth ventral surface, in

others to be draped over the median septum and to have a narrow to

moderately wide medial bulge as a result (P1. 9, fig. 28). Viewed

from the anterior, the septalium ranges in form from relatively deep

with smoothly curved sides (P1. 9, figs. 7, 26) to comparatively

shallow with a wide, flattened medial area (P1. 9, fig. 14). In many

valves the septalium rests on the median septum and possesses an

abrupt steplike anterior margin (P1. 9, figs. 21, 28); in other valves

a slope exists between the septalium margin and median septum (P1. 9,

fig. 7, 14); in still others the septalium only partially "overlies"

the septum and exhibits a low or indistinct step at its anterior
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juncture with the median septum (P1, 9, fig. 26). In some valves the

septalium is flush with the ventral edge of the median septum and no

steplike margin or slope is present. Anterior margin of septalium

commonly convex anteriorly to straight in plan view; a small knob

occurs at its juncture with the median septum in one valve (P1. 9,

fig. 13). A very low linear feature (cardinal process?) is evident

along midline of septalium in rare valves (e.g., P1. 9, fig. 13).

Space between septalium and fulcral plates generally open or slightly

infilled by shell material. Median septum bladelike, low to moderate

height, extends to 0.6, 0.8-0.95, 1.0 valve length in 1, 12, 1 valves

that are 1.4 to 3.2 mm long (0.6 in valve 3.2 mm long). It is not

highly elevated above valve floor at its anterior end.

In some valves elongate or subelliptical adductor field is

partially defined on either side of median septum by low muscle-

bounding ridges extending from near fulcral plates or brachiophores

almost to anterior end of median septum; this field is c.0.4 as wide

as maximum valve width in one valve c.2.1 mm long. Anterior end of

adductor field not preserved. In a few cases (e.g., P1. 9, fig. 13)

elongate posterior adductor areas reach to the medial portion of the

valve, being shorter than and flanking larger anterior adductor areas.

Mantle canal system not observed.

Interior of shell ranges from smooth to faintly corrugated as an

internal reflection of ribbing. Some valves have faint marginal

crenulations consisting of low, rounded, ridgelike eminences separated

by narrow grooves.

Illustrated specimens: USNM 413360-413367.

Localities and Material:
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USNM Locality A+AF P+PF B+BF

18125 cl. H
18128

1

80 55 32

Totals: 80 55 33

Distribution: Llandeilian limestone of member 1 of the Gregg

Ranch unit near Gregg Ranch. Ordovician limestone clast H of member 3

of the Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: Given after description of P. cf. sp. 1.

Phragmorthis cf. sp. 1

Plate 9, figs. 29-47.

Description: (Based on 18121-cl. y specimens only.) Shell

small, ventribiconvex, wider than long. Largest specimen 2.6mm long,

4.2 mm wide. As in P. sp. 1, most specimens are tectonically

deformed, so that measured dimensions are estimates. Only differences

from P. sp. 1 are noted in the following.

Hinge line 0.7-0.9, 0.95, 1.0 maximum valve width in 8, 2, 2

valves, respectively. Cardinal angles obtuse to, commonly, acute.

Lateral profile of ventral valve usually triangular with greatest

depth in umbonal area; normally, profile is narrowly to gently rounded

in umbonal area and gently rounded to nearly straight in medial-

anterior segments. Interarea commonly moderate length to long, 0.6,

0.7, 0.8 valve length in 2, 1, 1 valves 2.4,2.6; 1.8; 1.6 mm long,

respectively; it is apparently short or broken in some valves. In

lateral profile interarea is in many valves concave posteriorly near

the beak and straight, gently concave, or, rarely, faintly convex

dorsal of the beak area; overall attitude is apsacline to barely

procline.
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Anterior profile of ventral valve as in P. sp. 1. Beak

prominent; umbonal area resembles the "knoblike" protuberance of P.

sp. 1 in 9 valves (e.g., P1. 9, figs. 29-33, 34) and the "smoothly

merging" end member in 2 valves (e.g., P1. 9, figs. 35-39). No fold

observed. (Length /(maximum width c.0.35, c.0.45, 0.60, 0.70?, 0.80

in 1, 1, 1, 1, 1 valves 1.8, 1.8, 2.6, 1.6?, 2.0 mm long,

respectively; depth/length c.0.55, 0.70, 0.85? in 2, 2, 1 valves with

same range in lengths (ratio c.0.55 in 2.6-mm valve).

Lateral profile of dorsal valve weakly to moderately convex,

greatest depth medially or posteriorly, and greatest curvature

commonly posteriorly or medially. Interarea much shorter than in

pedicle valve, concave posteriorly to, rarely, planar; orientation

chiefly anacline overall, orthocline in one valve.

Anterior profile commonly gently convex on the whole, moderately

convex in a few valves; medial indentation present owing to sulcus.

The latter is rounded to angular along the midline. Anterior

commissure sulcate; sulcus at commissure c. 0.5 to 0.6 maximum valve

width in 10 valves. Beak commonly subangular and protruding beyond

general outline of beak ridges in plan view. Brachial valve about

0.50 to 0.65 as long as wide in 7 valves c.1.7 to 2.4 mm long and c.

0.25 to 0.45 as deep as long in 9 valves with same range in lengths.

Ribbing costellate, costellae arising by branching and/or

implantation. Ribs commonly relatively small, resemble rods or fine

ridges of relatively low amplitude; they are very faintly preserved on

some valves. Median ventral rib possibly slightly enlarged in a few

valves, but generally too poorly preserved to make comparisons. Rib

densities at 1.5-mm growth stage just lateral of midline of either
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Number of pedicle valves

Number of brachial valves

Ribs/ 0.5 mm Ribs/mm

2,3,4 3,4,5,6,7,8,9

3,7,2 -,-,1,6,-,-,1

2,8,4 1,-,3,4,3,1,-
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(Table 1, notes 2 and 3, gives conventions used; only brachial valves

counted for articulated specimens.) One to five concentric short

growth lamellae, "ridges", and lines were counted on either valve.

Pedicle-valve interior generally similar to that described in P.

sp. 1, except that in plan view the muscle platform and ventroanterior

continuations more commonly (11 of 12 cases) have an overall outline

that is convex anteriorly rather than U-shaped. In anterior view the

ventral portions of the dental plates/ventroanterior continuations are

less commonly deflected laterally before recurving medially to join

platform, so that the overall structure formed by dental plates,

continuations, and platform is U-shaped in 8 of 10 valves. Platform

about 0.35 to 0.45 valve length in 7 valves 1.6 to 2.2 mm long.

Interior of brachial valve shows septalium resting on median

septum and c.0.35 to c.0.45 valve length in 10 valves c. 1.7 to 2.4 mm

long. Rarely, the midline of the septalium is occupied by a very

narrow low ridge possibly representing a cardinal process (P1. 9,

figs, 41, 43). Anterior margin of septalium usually is abrupt step

that is nearly straight to slightly anteriorly convex in plan, rarely

indented medially. Median septum bladelike, thickened posteriorly in

some valves, not highly elevated ventral of valve floor at its

anterior end; it extends nearly to anterior margin, about 0.8 to 1.0

valve length in 9 valves 1.7 to 2.4 mm long. In some valves an
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elongate subelliptical adductor area is defined on either side of

median septum by low muscle-bounding ridges; these extend from sites

dorsal of fulcral plates nearly as far anteriorly as front end of

median septum, where they recurve medially in some valves (P1. 9, fig.

41). Anterior end of each adductor field is undefined (P1. 9, figs.

43, 47) to rounded (P1. 9, fig. 41). Total width of adductor field

about 0.3 to 0.45 maximum valve width in 5 valves >1.8 to c.2.4 mm

long. Mantle canal system not observed.

Illustrated specimens: USNM 413368-413373.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 mBlk (?) 2 1 4
18121 cl. y 3 16 17
18121 cl. 20 (?) - 1 -

18121 cl. 27 (pink) (cf.) 1 3 2

18124 cl. L 1 2 1

Totals: 7 23 24

Distribution: Ordovician limestone clasts of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Questionably in Ashgillian m-Blk near Lovers Leap (see Rigby and

Potter, 1986, p. 7, for further details on m-Blk).

Discussion: Phragmorthis aff. buttsi Cooper 1956 morphotype 1

from loc. 36439a in Horseshoe Gulch (referred to below as the HG

species), P. sp. 1 from 18128 near Gregg Ranch (the GR species), P.

cf. buttsi from 18121, cl. x (the cl.-x form), P. cf. sp. 1 from

18121, cl. y (the cl.-y form) may all be local populations or

subspecies of one highly variable species, because a few shells from

each locality all resemble one another and the range in variation of a

given character in one group customarily overlaps the corresponding
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range in another group. Even so, the present populations from the

above localities can be distinguished from one another when all

individuals within each are considered; therefore, they have been

classified separately for the time being.

Comparing larger shells of the HG and GR species, those of the

latter commonly are somewhat more transverse (1/w lower) and have the

pedicle valve a bit shallower; the ventral umbonal area is

differentiated into a knoblike protuberance more frequently; the

dorsal sulcus is more commonly angular along the midline; the ribs are

commonly of higher amplitude; the septalium is more frequently

relatively deep, more commonly lacks an abrupt steplike margin, and in

plan view has an anteriorly convex margin in a much greater percentage

of cases.

A few shells of the cl.-y form closely resemble individuals of

the HG species or have characters of that stock; others are like some

shells of the GR species or have many of its features. On the whole,

the cl.-y material appears to be intermediate between the HG and GR

forms and a bit closer to the latter.

Compared to P. buttsi Cooper 1956, the HG, GR, and cl.-y stocks

are smaller in size (1<c.3.2 mm). When (length /(maximum width is

measured from growth lines at the 3- to 3.5-mm growth stage of three

ventral valves and from two other shells 3 and 3.2 mm long of P.

buttsi illustrated by Cooper (1956, P1. 146, 148), values of 0.6,

0.65, 0.65, 0.7, and 0.75 are found, well within the range of the

Klamath material. Measurements of depth/length and (interarea

length /(valve length from growth lines in two pedicle valves and in

one small shell of P. buttsi figured by Cooper still yield values
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slightly below those for most individuals of the HG and cl. y forms:

0.35, 0.45, 0.5 vs. 0.5-0.9 in 22 shells of HG and cl. y for

depth/length; and 0.3, 0.35, 0.35 vs. 0.45-0.8 in 19 shells for

{interarea length / {valve length . The rib density of Cooper's

illustrated P. buttsi shells at 1.5 mm overlaps that in the Klamath

collections. Cooper (ibid.) notes that P. buttsi possesses a single

stronger costella that extends along the midline of the ventral valve

from the beak to the margin and serves as a fold. However, the

ventral median rib does not appear to be conspicuously stronger in

specimens illustrated in P1. 146, fig. 32, or P1. 148, figs. 5 and 16,

nor in several specimens in the HG and GR collections. The HG shells

also commonly lack the narrow medial dorsal groove extending from beak

to margin in P. buttsi (Cooper, ibid.).

Cooper's P1. 146, fig. 36 shows the brachiophore bases joining

the median septum dorsal of the ventral edge of the septum, while in

P1.148, fig. 10 and in shells from HG, cl. y, and GR, the bases join

"above" or at the ventral edge, and the septalium "overlies" the

septum. The dorsal septum of P. buttsi is "highest at its front end"

(Cooper, 1956, p. 509), and where unbroken, its point of maximum

elevation usually appears to be higher than in valves from HG, GR, and

cl. y.

{Maximum width of dorsal adductor field / {maximum valve width is

0.25, 0.25, 0.30 in three dorsal valves 3.2, 4.2, 5.3 mm long

illustrated by Cooper (ibid.). The corresponding ratio is 0.30 to

0.50 in HG, GR, and cl.-y valves >1.8 to c.2.4 mm long. In these same

three valves of Cooper the anterior portion of each muscle-bounding

ridge makes an acute angle with the median septum in plan view and the
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overall adductor field has a Vshaped outline near its anterior end

(P1. 148, fig. 20) or is undefined (P1. 146, figs. 37, 34). In the HG

and cl.y valves the anterior end of each adductor area is rounded

(P1. 8, fig. 22; P1. 9, fig. 41) or undefined (P1. 8, fig. 28; P1. 9,

figs. 43, 47).

The HG, GR, and cl.y forms may be early growth stages of P.

buttsi or one or more distinct species of smaller shells. No final

conclusions can be reached until immature forms of P. buttsi can be

compared with Klamath shells of similar size.

Summarizing the above discussion one locality at a time, the

differences between P. buttsi and the HG shells in (depth /(pedicle

valve length , (interarea length /(pediclevalve length , (width of

adductor /(dorsalvalve width , and in form of dorsal septum,

septalium, and anterior dorsal adductor field suggest that the HG

shells are different species.

The GR and cl.y shells appear to differ from P. buttsi in the

protruding ventral beak of some of their valves, the anterior height

of their dorsal septum, and form of their septalium and dorsal

adductor field.

The cl.x and 18137cl. C shells resemble P. buttsi more than

other Klamath shells do, yet the dorsal sulcus of P. buttsi may be

deeper and its dorsal septum more highly elevated anteriorly.

P. antiqua Ross 1972 appears to have a relatively low rodlike

dorsal median septum and a cardinal process ranging from "almost

absent to greatly thickened". All Klamath stocks from HG, GR, cl. y,

and cl. x possess a relatively narrow, bladelike dorsal septum and

lack a greatly thickened cardinal process, although several valves
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exhibit a narrow to wide medial bulge in the floor of the septalium.

The fascicostellate ribbing of P. antique is not unlike that of

several P. sp. 1 shells. The two illustrated ventral valves of P.

antique do not have an obviously accentuated medial rib, while some P.

sp. 1 valves do. P. antique may have finer ribbing than P. sp. 1:

two illustrated dorsal valves have about 6-7 and 7-10 ribs/mm at the

1.5-mm growth stage just lateral of the midline. Cardinal angles are

90° or obtuse in P. antique, but rarely acute in P. sp. 1.

P. crassa Cooper 1956 has coarser ribbing than all Klamath

shells: 3 ribs/mm at the 1.5-mm growth stage of one dorsal valve

illustrated by Cooper (ibid.).

Family Skenidiidae Kozlowski

Genus Skenidioides Schuchert and Cooper

Skenidioides hadromesopleurae n. sp.

Plate 9, figs. 48-62; Plate 10, figs. 1-15.

Diagnosis: Skenidioides with ventral fold usually ranging from

low and indistinct to highly elevated. Median ventral costa arises at

umbo, is generally enlarged, only rarely branches to yield ribs of

major size. Valves <1.9 mm long have 10-14 ribs. About 3 to 4

ribs/mm occur at 1.5-mm growth stage just lateral of the medial area.

Description: Shell very small; largest specimen 1.9 mm long, 2.7

mm wide. Ventribiconvex, wider than long. Shells commonly grossly

subtriangular in dorsal outline with greatest width at straight hinge

line and cardinal angles acute; lateral margins gently convex to,

rarely, slightly concave, and converging to a narrowly to moderately
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rounded anterior margin. A few shells have alate cardinal

extremities; one shell is very faintly emarginate. Rare specimens

have maximum width in posterior to midvalve region, cardinal angles

slightly obtuse, and length of hinge line 0.9 maximum width.

Pedicle valves vary in lateral profile, owing to differing

heights of ventral fold. Profiles are gently to moderately rounded to

nearly straight anterior to umbo, which in a few valves is highly

convex; maximum depth occurs from posterior to anterior (in valves

with high fold); greatest curvature varies in position. Anterior

profile narrowly to moderately rounded medially; some valves carinate;

lateral slopes steeply to moderately inclined, weakly convex or

concave to straight, forming obtuse apical angle. Beak ridges are

generally barely concave to straight overall; in some valves they are

abruptly to gently deflected dorsally near cardinal extremities. Fold

normally ranges from low and indistinct to high, narrow to wide; it

may be absent in one valve. In lateral profile interarea usually

moderate length (0.4 to 0.5 valve length for n=10; 0.3-0.6 valve

length for n=16), moderately to steeply apsacline, slightly curved or

straight. Delthyrium open, usually relatively narrow; angle at apex

estimated to be commonly c. 20° to 30°. Pedicle valve about 0.5 to

0.8 as long as wide (n=23) and 0.4 to 0.9 as deep as long (n=15; 0.5

to 0.6 for n=9).

Brachial-valve lateral profile slightly convex posteriorly,

moderately to rather abruptly curved in medial or anterior area,

deflecting anterior part of valve ventrally. Anterior profile gently

convex overall, with low medial pointed elevation from beak, or with

depression caused by sulcus. The latter arises near umbo and expands
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anteriorly to moderate width; it is commonly shallow throughout,

rarely becoming deep anteriorly, and is rounded medially. In a few

valves sulcus is bounded by low, rounded elevations, but these are

absent or indistinct in most valves. Anterior commissure greatly

sulcate to paraplicate; in some valves anteriomedial portion prolonged

to form rounded tongue. Beak ridges gently convex to slightly

concave. Interarea much shorter than in ventral valve, anacline.

Brachial valve about 0.5 to 0.7 as long as wide (n=14) and 0.1 to 0.35

as deep as long (n=12).

Ribs commonly moderate to lowamplitude ridges with inclined

flanks and rounded crests and interspaces. Costellae rare, arise by

branching or implantation. Median costa of ventral valve arises at

umbo and is commonly greatly to moderately enlarged relative to other

ribs; it is slightly or not enlarged in a few valves; ribs of major

size only very rarely arise from it by branching. Median dorsal rib

arises at umbo, implants or branches from another rib anterior to

umbo, or, rarely, is apparently absent; it is somewhat wider and lower

than flanking ribs in some valves. Valves have about 10 to 14 ribs

(n=8), commonly c.3 in the fold and c.3 (possibly up to 4 or 5) in the

sulcus. At 1.5mm growth stage of either valve there are usually 1.5-

2.3, 2.8 ribs/0.5 mm and 3-4.3, 5 ribs/mm in 10,1 valves just lateral

of the medial area. Up to 5 concentric growth lines seen on some

valves.

Teeth small, subtriangular (viewed from posterior), presently

having subrounded or blunt tips. No crural fossettes seen. Teeth set

off from interarea by sill of interarea. Tooth ridges barely

distinguishable as low, rounded elevations of shell along interior
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edge of delthyrium, not seen in some valves. Spondylium short to

medium length, about 0.3 to 0.5 length of interarea (n=13); it is

concave posteriorly and joined to tooth ridges. Region ventral of

spondylium is open in some shells, filled in with shell material or

silica in one valve.

Interior of dorsal valve not well exposed in material at hand.

Brachiophores appear to be rod- or bladelike, inclined

ventroanteriorly at high angles to commissural plane. Sockets and

brachiophore bases not certainly observed; in one dorsal valve

possibly belonging to this species, brachiophore bases evidently are

joined to very short (<0.16 length of valve) notothyrial platform? or

sessle septalium? Cardinal process like a ridge or blade; it is joined

to bladelike median septum that extends to or near anterior margin and

becomes elevated anteriorly to intersect floor of ventral valve.

Interior of shell commonly slightly corrugated as an internal

reflection of ribbing. No impressions of muscles or mantle canal

system or marginal crenulations seen.

Type material: Holotype : USNM 413376, P1. 9, figs. 55-59;

paratypes: all other illustrated specimens.

Type locality: USNM loc. 18138e.

Illustrated specimens: USNM 413374-413381; probably 413382.

Derivation of name: Greek: "hadros"--well developed, strong;

"mesos"--middle; "pleura"--rib.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. y (cf.) 1 1

18128 (cf.) 3

18138a 2 1

18138b 1
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18138d 2

18138e 2 1

18138h 1 1

18138j 3 3

Totals: 14 7 1

Distribution: Probably in Llandeilian limestone of member 1 of

the Gregg Ranch unit near Gregg Ranch. Ashgillian limestone of member

5 of the Horseshoe Gulch unit in Horseshoe Gulch. Probably in

Ashgillian limestone clast y of member 3 of the Kangaroo Creek

Formation in the Lovers Leap area.

Discussion: Only one or two features of other species that

differ from corresponding characters of S. hadromesopleurae are noted

here.

S. glindmeyeri has higher rib abundance and rib density than does

S. hadromesopleurae. In S. multifarius the ventral secondary median

rib is commonly wider and/or flatter than flanking ribs, and an

indistinct low fold of moderate width is rarely present (ventral

medial costa commonly greatly to moderately enlarged, and fold high

in some pedicle valves of S. hadromesopleurae). S. rodneygreggi has a

ventral medial fold, commonly flanking lower folds or convex segments,

and ribs superimposed on these folds. S. sp. 1 from Horseshoe Gulch

(HG) has fewer ribs and a lower rib density.

Skenidioides paucicostatus Wright 1964 is similar to S.

hadromesopleurae from Horseshoe Gulch (HG) in some ways, but the HG

species is evidently more variable in form. S. paucicostatus is

elate, unlike most HG shells. It tends to be a bit more transverse:

length/width is 0.44, 0.55, 0.58 in three specimens vs. 0.5-0.8

(average 0.65, n=23) for the HG form. It has a deep steepsided

dorsal sulcus apparently lacking a median rib; in the HG shells the
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sulcus is commonly shallow and possesses a median rib in 6 of 7

valves. The ventral median costa bifurcates in S. paucicostatus in

some cases; such bifurcation was not observed in the HG shells. Just

lateral of the medial area in either valve at the 1.5mm growth stage

S. paucicostatus has about 2.4 to 3 ribs/mm (n=5); the HG form has 3-

4.3, 5 ribs/mm in 10,1 valves. (It should be noted that S.

paucicostatus is larger than the HG form, so that some of the above

differences may arise from comparison of different growth stages.)

S. scoliodus Temple 1968 has 14? to 16 ribs at the 1.5mm growth

stage, and immature ventral valves are commonly concave in lateral

profile, unlike the HG species.

S. aff. multifarius from HG generally has a greater apical angle

and a transverse profile less narrowly rounded near the umbo then in

S. hadromesopleurae.

Skenidioides glindmeyeri n. sp.

Plate 10, figs. 18-41.

Diagnosis: Skenidioides with a rib density on the valve flank at

1.5mm growth stage of c. 5-8 ribs/mm and about 26 to 37 ribs at a

length of 2.3 to 2.6 mm. Cardinal angles range from acute to obtuse,

and ventral fold from well defined to indistinguishable.

Description: Shell small, largest specimen 3.2 mm long, 4.7 mm

wide. Ventribiconvex to nearly planoconvex, wider than long. Shell

outline has lateral margins gently rounded, rarely straight; anterior

margin gently rounded to, rarely, nearly straight or weakly

emarginate. Hinge line straight, about 0.9 to 1.0 maximum shell width

(n=27), which occurs at hinge line or in posterior half of shell.
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Cardinal angles range from acute to obtuse; most are acute in 18128

sample.

Lateral profile of pedicle valve commonly triangular overall,

greatest depth about at position of hinge line. Some valves are

gently convex, not triangular. Profile commonly gently convex

anterior to beak; however, some valve profiles are nearly straight or

slightly concave in midvalve area or in posterior part. Anterior

profile ranges from convex to roughly an obtuse triangle; greatest

curvature in medial area, which is broadly to narrowly rounded.

Posterolateral slopes and beak ridges faintly concave to nearly

straight; anterolateral slopes slightly convex or almost straight.

Narrow to broad fold of low to moderate height commonly arises

posteriorly and widens to anterior margin; in some valves it merges

smoothly with slightly convex lateral slopes to become nearly

indistinguishable; in others slopes are a bit concave just lateral of

fold, making it a distinct feature.

Ventral interarea of moderate length (c. 0.3 to 0.5 valve length,

n=13), planar to slightly curved, commonly steeply to moderately

apsacline overall. Beak short, pointed in some valves. Delthyrium

open, angle at apex usually moderate (200-600). Ventral valve length

c. 0.5 to 0.8 maximum width (n=27), depth c. 0.4 to 0.6 valve length

(n=10).

Lateral profile of brachial valve commonly gently convex overall;

some valves are nearly straight in the posterior half or two thirds.

The anterior part of the valve is deflected ventrally at different

points in different valves and to various degrees, depending on depth

of sulcus. A few valves have concave segments medially or posteriorly
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in lateral profile. Anterior profile ranges from large obtuse angle to

gently convex; posterolateral slopes and beak ridges straight to

slightly concave. Sulcus arises near umbo, occurs as medial

depression in some anterior profiles; it widens and deepens to

anterior margin, where it is relatively wide to narrow, has broadly to

narrowly rounded medial region, is shallow to moderately deep. In

some valves the sulcus is bounded by low convex elevations of valve

lateral of which the slopes are faintly concave; in other valves these

elevations are absent or indistinct. Anterior commissure is sulcate

to slightly paraplicate.

Dorsal interarea much shorter than ventral interarea, anacline.

Length of dorsal valve c. 0.5 to 0.8 maximum width (n=16); depth c.

0.1-0.2, 0.3 length in 10, 1 valves.

Ribbing costellate; costellae arise by branching and

implantation, are rodlike, and are not preserved on the umbo in some

valves. Rare single capillae may occur between ribs of a few valves.

In 8 ventral and 9 dorsal valves 2.3 to 3.2 mm long, c. 23 to 40 ribs

are present. At the 1.5mm growth stage of either valve the rib

density on the medial part of the valve flank is commonly 3-4 ribs/0.5

mm (range 2.5-4.3, n=31) and 6-7 ribs/mm (range 5-8, n=31). Five

ventral valves with length >2.3 mm have c. 7-12 ribs on the fold and

10 dorsal valves >2.2 mm long 7-19 ribs in the sulcus. In several

ventral valves the median rib is slightly larger anteriorly than

surrounding ribs; it arises near umbo or implants anteriorly, and

rarely branches. There are 1 to 3 (rarely 4) ribs in the medial group

at the crest of the fold.

Growth lines absent to modest in number, in some valves marked by
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abrupt indentation of shell, thickening of shell material, or

lamellae.

As presently preserved, teeth are relatively small, subtriangular

(viewed posteriorly); their apices are commonly blunt, set off by sill

of interarea. Crural fossettes not observed. Tooth ridges rodlike.

Spondylium strongly concave toward posterior, flatened medially in

some valves, and joined to tooth ridges; it occupies about ventral

half of delthyrium or less. In some valves short bladelike extensions

of spondylium (or dental plates?) proceed along tooth ridges from

juncture of ridges with spondylium nearly to hinge line. Very short

median ridge supports spondylium at valve apex in a few specimens.

Brachiophores commonly broken off; in some broken articulated

valves they are seen to extend steeply anteroventrally as thin blades.

Sockets poorly exposed, apparently partly bounded by short, concave

fulcral plates. The latter seem to join ventral edges of

brachiophores, imparting to them a semicylindrical, laterally concave

aspect with an axis of curvature along length of brachiophore.

Brachiophore bases curve medially to converge onto bladelike median

septum and form septalium; the latter is elevated "above" valve floor

or apparently sessile and c. 0.3 to 0.4 valve length (n=8). Cardinal

process a narrow ridge joined to median ridge anteriorly and thickened

to a knoblike structure posteriorly in a few valves. In broken

articulated valves median ridge can be seen to increase in height

abruptly anteriorly to form elevated blade intersecting or nearly

intersecting ventral valve floor; ridge extends c. 0.7 to 0.9? (n=7)

length of brachial valve.

Valve interiors smooth to corrugated as an internal reflection of



ribbing;

194

margins commonly similarly corrugated, but no distinctive

eminences or embayments observed. Traces of mantle canal system

observed in one ventral valve.

Type material: Holotype: USNM 413387; P1. 10, figs. 34-39;

paratypes: all other illustrated specimens.

Type locality: USNM loc. 18128.

Illustrated specimens: USNM 413383-413388.

Derivation of name: After R. Glindmeyer of Portland, Oregon,

who has a strong back.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. 34 1

18123 cl. 1 (cf.) 1

18124 cl. F 1

18128 90 32 15

18130 cl. AL - 1 -
18134 cl. Si 1(cf.) 1 -
36439a (cf. 2 5

36439c 1

36440 1

Totals: 99 36 20

Distribution: Llandeilian limestone of member 1 of the Gregg

Ranch unit near Gregg Ranch. Ashgillian limestone of member 5 of the

Horseshoe Gulch unit in Horseshoe Gulch. Ordovician limestone clasts

of member 3 of the Kangaroo Creek Formation in the Lovers Leap-Gregg

Ranch area.

Discussion: Only one or two features of other species that

differ from corresponding characters ofS. glindmeyeri are noted here.

Other Klamath species of Skenidioides have lower rib densities

(ribs/mm) than does S. glindmeyeri.

S. anthonensis Sardeson 1892 tends to have a slightly lower rib
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density and rib number and to show less variabiltiy in some features

than does S. glindmeyeri.

S. halli Hall and Clarke 1892 commonly has a lower rib density.

S. obtusus Cooper 1956 has cardinal angles "obtuse or nearly a

right angle in the adult", while S. glindmeyeri exhibits acute to

obtuse cardinal angles, commonly acute. S. obtusus also contains a

narrow deep trough in the central part of its dorsal sulcus (Cooper,

1956).

S. perfectus Cooper 1956 tends to have fewer ribs and a lower rib

density than does S. glindmeyeri; it has acute cardinal angles, while

some cardinal angles are obtuse in S. glindmeyeri.

S. platys Cooper 1956 has a "prominent" ventral fold and acute

cardinal angles; S. glindmeyeri has the ventral fold indistinct in some

valves and some cardinal angles obtuse, as noted previously.

S. rectangularis Cooper 1956 is less variable in outline and

cardinal angles, and has fewer ribs.

Skenidioides multifarius n. sp.

Plate 10, figs. 42-66; Plate 11, figs. 1-5.

Diagnosis: Skenidioides with great variation in form and radial

ornament. Ventral medial rib arises at umbo or implants anteriorly;

it branches in some valves. It is commonly wider and/or flatter than

flanking ribs. Ribs nearly disappear anteriorly in a number of

shells. Rib density on valve flank about 3 to 4 ribs/mm at 1.5-mm

growth stage. Shell commonly wider than long, rarely slightly longer

than wide; cardinal extremities obtuse to acute, rarely elate. Fold

indistinct-absent to well defined.

Description: Small; largest specimen 4.7 mm long, 4.6 mm wide.
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Shell ventribiconvex, variform, commonly wider than long. In dorsal

plan view posterolateral margins are gently rounded to straight to

faintly concave and alate. Anterior periphery weakly rounded to

slightly emarginate. Hinge line straight, c. 0.7 to 1.0 maximum valve

width (n=13), which occurs at the hinge line or in the posterior part

of the shell. Cardinal angles obtuse to acute.

Pedicle valve commonly gently convex in lateral profile anterior

of umbo; greatest depth generally posteriorly, position of greatest

curvature variable. A few valves have local concave intervals

posteriorly or medially , rarely anteriorly. Anterior profile convex

overall, greatest curvature usually medially. Fold indistinct or

absent to relatively low, narrow to moderate width, merging smoothly

with lateral slopes or bounded laterally by short concave segments.

Umbonal area slightly swollen in some shells. Posterolateral slopes

and beak ridges weakly concave to straight, anterolateral slopes

slightly convex; slopes gentle to steep. Valve length 0.45-0.49,

0.50-0.75, 0.80-1.1 maximum valve width in 4, 17, 6 valves,

respectively. Depth is roughly 0.5-0.6, 0.8 valve length in 10, 3

valves, respectively.

Interarea moderate length, c. 0.3 to 0.6 valve length (n=9),

commonly concave posteriorly and moderately to very steeply apsacline

overall. Delthyrium open, angle at apex commonly estimated at c. 40 °-

60°, rarely narrower.

Brachial valve gently convex to nearly planar overall in lateral

view; segments anterior of umbo of several valves are slightly concave

or planar. Greatest depth commonly posteriorly; anteromedial portion

of some valves appears strongly curved ventrally in profile.
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Anterior profile grossly weakly convex, approaching planar in

some valves. Shallow medial depression present owing to sulcus which

begins at or near umbo and widens and deepens anteriorly to narrow to

moderate width and shallow to mild depth at margin. Posterolateral

slopes and beak ridges faintly concave to straight. Sulcus commonly

bounded laterally by low, rounded elevations that pass

posterolaterally into slightly concave slopes. In several valves the

elevations are evidently absent. Anterior commissure sulcate to

barely paraplicate. Valve length about 0.4 to 0.6 valve width in 7

larger valves; depth c.0.3 length (n=4).

Interarea normally anacline, much shorter than ventral interarea.

Ribs consist of costae and rare to common costellae that arise by

branching and implantation. Some valves do not have ribs preserved on

umbo. Single capillae may occur between ribs of a few shells. Ribs

are ridgelike with inclined flanks and rounded crests; rib interspaces

commonly rounded, of variable width. Rib amplitude varies among

shells; it is rarely comparatively high, commonly moderate to low.

Some shells from several collections have ribs that are moderate- to

low-amplitude posteriorly and that decrease gradually or abruptly in

amplitude toward the valve margins, nearly disappearing anteriorly on

some shells. Such anterior decreases in amplitude do not appear to be

systematic with respect to size, occurring at different growth stages

in different shells.

The medial rib on ventral valves may arise near the umbo or

implant anteriorly; in some valves it branches. It is commonly

slightly to markedly wider and/or flatter than flanking ribs. The

medial group of ribs generally contains 1 to 3 ribs. A medial rib is
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present in some dorsal valves; in one it implants anterior to umbo, is

wider than other ribs, and branches anteriorly.

Moderate-size to large dorsal and ventral valves possess about 10

to {18 or 20 ribs, some large valves having as few as 11 or 12 ribs

(counts were made on 19, 1 shells 1.7-3.5, 4.7 mm long, respectively).

Rare valves probably in the same species have up to 23 ribs. Five

dorsal valves showed 3 to 6 ribs in the sulcus and 9 ventral valves 3

to 7 ribs on the ventral fold. For 16 ventral and 4 dorsal valves,

counts were made of about 1.5-2.1 ribs/0.5 mm and 2.7-4.5 ribs/mm at

the 1.5-mm growth stage just lateral of the medial area. One other

dorsal valve had 2 ribs/mm at the 1.5-mm growth stage. Concentric

growth lines are rare to common; growth lamellae, abrupt ridges, or

indentations occur at growth lines in some shells.

Viewed posteriorly, teeth appear small, subtriangular to

triangular with pointed ends, delimited by sill of interarea. Tooth

ridges rodlike in anterior view. Crural fossettes not seen.

Spondylium concave posteriorly and commonly flattened medially; it

occupies about 0.65 to 1.1 of delthyrium in 12 shells; it is joined to

anteromedial surfaces of tooth ridges. In 6 valves short bladelike

structures extend dorsally along the tooth ridges from the juncture of

spondylium with the ridges, and may represent extensions of the

spondylium. A shell deposit or short thick median ridge reaches from

spondylium to valve floor in some shells, not persisting anterior of

spondylium in plan view.

Brachiophores bladelike, extending ventroanteriorly at a steep

angle to plane of commissure. Fulcral plates concave ventrally; they

appear to join ventral edge of brachiophore and commonly aid in
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imparting a laterally concave appearance to it, the axis of curvature

oriented parallel to length of brachiophore. Brachiophore bases curve

medially to join median septum, forming anteriorly elevated septalium

that extends about 0.3-0.45 valve length (n=18). Cardinal process

narrow ridge or blade, with posterior portion like a knob in plan view

of some valves. Process joins bladelike median septum that extends to

0.7, 0.8-0.9 valve length in 1, 16 valves and that becomes abruptly

elevated anteriorly to meet floor of vental valve, as seen in some

articulated shells. One valve has three faint radial lineations on

one side, possibly representing traces of mantle canal system.

Otherwise, evidence of muscle impressions and mantle canal system not

observed.

Interiors of ventral and dorsal valves smooth to corrugated as a

reflection of external ribbing. Marginal crenulations seen rarely if

at all, possibly consisting of rounded eminences separated by rounded

furrows in a few valves.

Type material: Holotype: USNM 413391, P1. 10, figs. 47,48;

paratypes: all other illustrated specimens.

Type locality: USNM loc. 18121 (cl. y).

Illustrated specimens: USNM 413389-413395; probably 413396-

413400.

Derivation of name: Latin: "multifarius"--manifold; having many

and various forms.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 mBlk - 10 6

18121 cl. x (cf.) 2 3 2

18121 cl. y 1 25 23

18121 cl. 1 (pink) (cf.) 2



18121 cl. 3 (cf.)
18121 cl. 15 (pink)
18121 cl. 16 (pink)
18121 cl. 27 (pink)
18124 cl. A (aff.)
18124 cl. AJ (cf.)
18124 cl. L (aff.)
18124 cl. P-1 (aff.)
18125 cl. H (cf.)
18125 cl. T
18128 blk. 1 (cf.)
18130 cl. AP (aff.)
18130 cl. P-3
18130 cl. 1 (cf.)
18134 cl. C (aff.)
18137 cl. C (cf.)
18137 cl. X (cf.)

1

1

1

3 1

1

2

1

2
- 1 1

- 1 -
- 1 1
- 1 -

1 -
2

1

1

1 1
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Totals: 4 61 35

Distribution: Probably Llandeilian limestone of member 1 of the

Gregg Ranch unit near Gregg Ranch. Ordovician limestone clasts of

member 3 of the Kangaroo Creek Formation in the Lovers Leap-Gregg

Ranch area. Ashgillian m-Blk in the Lovers Leap area (see Rigby and

Potter, 1986, p.7, for further details on m-Blk).

Discussion: The shells described above exhibit a wide range of

variation in form, ribbing, and other characters. Even so, the

specimens in the collection from loc. 18121 cl. y alone span nearly

the total range in variability, and exhibit intermediates between most

end members; therefore, they and the other shells listed above in

Localities and Materials are provisionally included within a single

species. Larger samples may show systematic differences between some

groups and enable more than one species to be recognized.

Comparisons of S. multifarius to S. hadromesopleurae and S.

glindmeyeri are given after descriptions of those species above. S.

sp. 1 from HG has fewer ribs than does S. multifarius. S.

rodneygreggi differs from S. multifarius by its ventral medial fold,
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commonly flanking lower folds or convex segments, and ribs

superimposed on these folds.

Skenidioides cf. asteroidea Reed 1917, described by Wright (1964,

p. 212), is similar to S. multifarius, yet differs in that its

cardinal angles are "over 900" and its lateral profile is in some

cases "quite strongly convex with somewhat incurved beaks". S.

multifarius has cardinal angles obtuse to acute, lateral and anterior

margins more variable in outline than in S. cf. asteroidea, ventral

beak not incurved, and medial ventral rib flattened in some cases.

Skenidioides aff. multifarius n. sp.

Plate 11, figs. 6-24.

Description: Small; largest specimen 5.3 mm long, 6.3 mm wide.

Shell ventribiconvex, wider then long. Lateral and anterior margins

rounded. Hinge line straight, c. 0.9 to 1.0 maximum width, which

occurs in posterior half of shell or at hinge line itself. Cardinal

angles slightly obtuse to nearly right angles.

Pedicle valve gently convex in lateral profile anterior to beak,

except one valve has moderate convexity in anterior region, deflecting

the valve surface dorsally. Greatest depth in posterior to medial

portion. Anterior profile with moderately rounded medial region and

very gently convex to straight, steeply inclined lateral slopes.

Apical angle c. 110° to 125° (n=3). Posterior margins faintly concave

to straight, becoming gently to moderately convex near cardinal

extremities in some valves. Indistinct low fold of moderate width

rarely present. Valve length c. 0.75-0.85 maximum width (n=3), depth

c. 0.5-0.7 length (n=3).

Interarea moderate length , c. 0.4 to 0.6 valve length, gently to
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barely concave posteriorly in lateral view, apsacline overall.

Delthyrium open, narrow, angle at apex commonly 200 -350 (n=6).

Brachial valve convex in overall lateral profile, some valves

more or less evenly convex, others moderately convex at one or more

segments from posterior to anterior and gently convex elsewhere.

Anterior profile gently convex on the whole, with medial depression

due to shallow sulcus that arises posteriorly and expands to moderate

width at anterior margin, which is sulcate. Beak ridges slightly

convex to feebly concave. Sulcus rounded medially; it merges smoothly

with valve flanks or is bounded by very low, wide, rounded elevations

of valve, which in places have slightly concave posterolateral slopes.

Dorsal interarea anacline, much shorter than ventral interarea. Valve

length c. 0.7 maximum width in two valves and depth c. 0.3 valve

length in one specimen.

Ribs ridgelike, with inclined flanks and rounded crests and

interspaces; amplitude low to moderate. Costellae common, arise by

branching and implantation. Near umbo median ventral costa commonly

appears slightly wider than flanking ribs; anterior to umbo it gives

rise to other ribs by branching and implantation in some shells; the

secondary median rib is commonly wider and/or flatter than flanking

ribs. The median sector or group of ribs ranges from 1 to c.7 in

number. Dorsal median costa present in several valves. It is

commonly somewhat wider and/or flatter than flanking ribs; in three

valves it branches anteriorly, producing ribs not wider or flatter

than flanking ribs.

Three pedicle valves c. 5.0 to 5.3 mm long have about 26 to 30

ribs. (Three smaller valves similar to one another in size show a
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range in total mumber of ribs of at least 5 or 6, possibly 8 or 9.)

Five brachial valves 3.7 to 4.3 mm long have about 6 to 9 ribs in the

sulcus. Counts on 16 pedicle and brachial valves at the 1.5-mm growth

stage yielded c. 1.3 to 2.5 ribs/0.5 mm and c. 2.8 to 4.1 ribs/mm just

lateral of the medial area. These same valves contain c. 14 to 15

(possibly 17) total ribs at the 1.5-mm growth stage. Concentric

growth lines and indentations, short lamellae, and abrupt ridges are

present in modest numbers on valve exteriors.

Teeth presently relatively small, subtriangular, separated by a

sill from interarea in some valves. Crural fossettes not seen. Tooth

ridges low, rounded linear elevations. In large valves spondylium is

deeply depressed at its dorsal end; its medial area is commonly

flattened and joined to its lateral slopes at rounded corners; its

lateral slopes are slightly convex to concave medially and steeply

inclined toward the midline. Spondylium joined to medial edges of

tooth ridges; short, dorsally tapered extensions of spondylium along

tooth ridges occur locally. Moderately thick to thick, short to

medium-length median ridge "underlies" spondylium in some cases; in

others it is evidently absent or obscured by secondary shell material

that occupies apical region ventral of spondylium. Low, rounded, wide

callosity occurs in posteromedial portion of valve floor, extending

from base of median ridge, where the latter is present. In a few

valves (e.g., P1. 11, fig. 13) this callosity is flanked by traces of

vascula media that diverge anterolaterally from near the valve apex.

Traces of the vascula genitalia? extend from the apical area laterally

along the valve floor just anterior of the interior surface of the

interarea.
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Brachiophores bladelike, extend ventroanteriorly at high angle to

commissural plane. Anterior portion of socket commonly bounded by

concave fulcral plate that appears to join ventral edge of

brachiophore, giving dorsal portion of brachiophore a laterally

concave aspect, as described previously in S.multifarius. Locally the

fulcral plates are not present, not preserved, or obscured by

secondary shell material. Brachiophore bases curve medially to join

median septum, forming septalium elevated above valve floor and

extending about 0.25-0.35 (n=5) valve length; secondary shell material

commonly fills in part or all of space dorsal of septalium. Cardinal

process ridge to bladelike; it may be slightly swollen posteriorly

in a few valves. Process joins bladelike median septum that extends to

c. 0.7-0.8 valve length (n=5). Elongate subelliptical muscle field

that is defined by low ridges occurs on either side of median septum

in some specimens, extending anteriorly as far as or somewhat less far

than the median septum. In one valve (P1. 11, fig. 21), using the

parameters drawn in Table 1, 1
mus (from beak)/w

mus
=c.1.55;

1
mus

/1
bv

=c.0.65; w
mus /wmax bv

=c.0.25.

Marginal crenulations commonly not highly differentiated; locally

they consist of low, wide to narrow eminences with rounded crests,

separated by shallow, relatively narrow, rounded furrows, the

eminences corresponding to external rib interspaces and the furrows to

ribs. Internal surfaces of valves are commonly smooth; some are

slightly corrugated as an internal reflection of ribbing. Internal

surface of one ventral valve has faint, closespaced, fine, rodlike

ridges superimposed on marginal crenulations.

Illustrated specimens: USNM 413401-413404.



Localities and Material:

USNM Locality A+AF P+PF B+BF

36439a 1 4

36439b 1 4 2

36439c - 2 1

18169a - 1

Totals: 1 7 8
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Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: This group of shells from Horseshoe Gulch (HG) is

similar to S. multifarius; however, the few specimens available attain

larger size and do not exhibit the great range in form and the near

disappearance of ribbing toward the valve margins shown by several

shells of that species. Obviously, more material is needed to

determine the range of variation of this HG stock and whether it can

be separated taxonomically from S. multifarius.

S. aff. multifarius from HG differs from the four other Klamath

species of Skenidioides in the same ways as does S. multifarius, in

most repects. The ventral valve of S. hadromesopleurae is commonly

more narrowly rounded medially in transverse profile than is the

posterior 2 mm of the ventral valve of shells referred to S. aff.

multifarius.

S. aff. multifarius resembles S. billingsi Schuchert and Cooper

1932; yet the single specimen depicted by Schuchert and Cooper (1932)

appears to have the ventral median rib similar in size to flanking

ribs, the ventral beak protrudes further posteriorly than in the HG

shell, and the (interarea length / {valve length and depth / {valve

length of ventral valve are slightly less in S. billingsi. More
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specimens of both stocks are needed to determine if they overlap in

characteristics or are distinct taxa.

S. aff. multifarius is also similar to the specimens of S. cf.

pyramidalis Hall 1852 described by Sheehan (1976). Even so, the HG

shell appears to have fewer ribs at 1.5mm growth stage (14 to 17? vs.

17 to 22?), the maximum width is not always at the hinge line in HG

shells (however, illustrations of S. cf. pyramidalis seem to show

maximum width anterior of the hinge line in several valves), and some

costellae are narrower or finer than some costae in the HG stock (vs.

less marked size differences in ribs of S. cf. pyramidalis).

S. henryhousensis Amdsden 1958 is known from a single specimen

and may belong to the same species as S. cf. pyramidalis of Sheehan

(1976), although it is described as having "rounded" cardinal

extremities. It differs from the HG form in the same ways as S. cf.

pyramidalis and by its "rounded" cardinal extremities. Again, larger

samples are needed for satisfactory evaluation of taxonomic

relationships.

Skenidioides rodneygreggi n. sp.

Plate 11, figs. 25-40.

Diagnosis: Skenidioides with ventral medial fold commonly

flanked on either side by a lower fold or convex section of shell that

occupies much of the lateral slope. Four to eight ribs are

superimposed on these folds or elevations of shell.

Description: Very small; largest specimen is a deformed brachial

valve 2.4 mm long, 3.3 mm wide. Shell ventribiconvex, wider than long.

Shell outlines and profiles somewhat irregular owing to plicate nature
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of shell and tectonic deformation. In dorsal plan view lateral

margins are gently concave and somewhat slate to weakly convex;

anterior margin more or less rounded to slightly emarginate. Hinge

line straight, c. 0.98 to 1.0 maximum valve width (n=5), which occurs

at hinge line or in posterior to medial portion of shell. Cardinal

angles range from acute to faintly obtuse.

Anterior to umbonal area, lateral profile of ventral valve

consists of concave to nearly straight posterior segment and gently to

highly convex anterior segment. Beak commonly pointed in profile.

Anterior profile an obtuse angle with angular to rounded apex and

moderately to rather steeply inclined, straight to convex or concave

slopes. Profiles of some valves have local irregularities imparted by

plications. Medial fold arises near or anterior to umbo and is

commonly flanked on either side by a lower fold or convex section of

shell that occupies much of the lateral slope. Medial fold has

moderately rounded crest, inclined flanks, and increases anteriorly in

width and elevation above valve surface. Furrows bounding medial fold

are angular to rounded axially, have curved to nearly straight slopes.

Lateral folds in some valves are bounded posteriorly by a concave

slope or shallow furrow rounded axially. Pedicle valve c. 0.5 to 0.6

as long as wide (n=4) and c. 0.6 to 0.8 as deep as long (n=3).

Interarea moderate length, c. 0.5 to 0.7 valve length (n=3); in

lateral view nearly straight, or curved locally near beak or hinge

line; almost catacline or steeply apsacline. Delthyrium open,

moderately wide, angle of apex commonly estimated at 40 °-50° (n=5).

Brachial valve gently convex posteriorly in lateral profile;

anteriorly, profile is locally sharply to moderately convex,
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deflecting profile ventrally. In anterodorsal view dorsal umbonal

region is gently convex and beak ridges are gently concave to almost

straight. Sulcus arises near umbo and is moderately wide (c. 0.3 to

0.4 maximum valve width, n=3) and deep to moderately deep at anterior

margin, which is paraplicate. Sulcus rounded medially in one valve;

it has a very narrow flattened medial strip and steep, nearly flat to

slightly convex slopes in two valves. Tectonic deformation may be

partly or wholly responsible for the form of the sulcus in these two

valves. Sulcus bounded on each side by a low to strongly elevated,

grossly rounded to subangular fold with a concave posterior slope.

Brachial valve c. 0.6 to 0.7 as long as wide (n=3), 0.2 as deep as

long (n=1). Interarea much shorter than in ventral valve, usually

anacline, nearly orthocline in one valve.

Ribbing is superimposed on folds described above. Ribs arise at

or anterior or lateral to umbo, commonly resembling ridges of

relatively small amplitude with very narrowly to broadly rounded

crests and steeply to moderately inclined flanks. The ventral medial

fold bears three closespaced ribs or traces of ribs separated by very

narrow grooves or furrows; the medial rib is weakly to greatly

enlarged. These ribs commonly fade out near the anterior margin. One

or two, rarely none or three, ribs occur on each flank lateral of the

median fold. In some valves the distinctions between low wide lateral

ribs, lateral folds, and convex valve surfaces are unclear, and

designation here of a given feature as one or the other is arbitrary.

Dorsal sulcus contains two ribs, one on each slope. On each flank of

dorsal valve one, two, or three ribs occur on and/or posterolaterally

of the fold. Total number or ribs on valve ranges from about 4 to 8.
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Teeth presently short, small, subtriangular to rounded in

posterior view; tooth ridges indistinct to faintly thickened.

Spondylium concave posteriorly, flattened medially in some valves,

about 0.5 to >0.7 as long as interarea (n=3), joined to anteromedial

edges of tooth ridges. Dorsally tapering extensions of spondylium

proceed along the tooth ridges for some distance in one valve. Much

of space ventral of dorsal edge of spondylium filled in by secondary

shell deposits.

Brachiophores narrow (dorsallyventrally) blades. Sockets

bounded anteriorly by concave fulcral plates that evidently join

ventral edges of brachiophores. In cross section the posterior

portion of the brachiophore appears concave anterolaterally about an

axis along its length. Bases of brachiophores curve medially to join

median septum, forming elevated septalium that extends c.0.4 valve

length (n=2). Space dorsal of septalium and/or fulcral plates filled

in by secondary deposits in some cases. Cardinal process narrow,

ridgelike, joined to bladelike median septum that extends nearly to

anterior margin.

Valve interiors commonly relatively smooth, with minor to strong

undulations reflecting exterior folds, fold interspaces, and sulcus,

and, locally, smaller corrugatons arising from external ribbing.

Muscle impressions and mantle canal systems not observed.

Type material: Holotype: USNM 413407, P1. 11, figs. 31-35;

paratypes: all other illustrated specimens.

Type locality: USNM loc. 18121 (cl. y).

Illustrated specimens: USNM 413405-413409.

Derivation of name: After Rodney Gregg, owner of Gregg Ranch.



Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. y - 5 2

36439a 1 - -

Totals: 1 5 2
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Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch. Ashgillian limestone clast y from

member 3 of the Kangaroo Creek Formation in the Lovers Leap-Gregg

Ranch area.

Discussion: S. rodneygreggi differs from most other described

species of Skenidioides by its ensemble of ventral medial fold,

commonly flanking lower folds or convex segments, and ribs superposed

on the folds/convex segments. S. paucicostatus Wright 1964 does not

have smaller ribs superimposed on the ventral median costa, and

possesses more ribs (c. 9-13) than does S. rodneygreggi (c. 4-8).

Skenidioides sp. 1

Plate 11, figs. 41-51.

Description: Small; largest specimen a broken pedicle valve

originally >2.7 mm long. Shell ventribiconvex, wider than long.

Outline unknown because all valves broken. One pedicle valve has

straight hinge line, gently convex lateral margin, and a slightly

obtuse cardinal angle. Its hinge line is c.0.9 maximum width, which

is in posterior half or midvalve region.

Lateral profile of pedicle valve commonly gently convex overall;

greatest convexity in posterior segments of two valves and in anterior

segment of one. Anterior profile commonly moderately convex medially,
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with faintly convex, steeply to moderately inclined lateral slopes.

One valve may have low fold anteriorly, suggested by slightly elevated

lateral rib. Beak ridges slightly concave to barely convex. In

profile interarea weakly concave posteriorly, apsacline overall,

estimated (owing to breakage) to be of moderate length. Delthyrium

open, angle at apex moderate (400-500?; n=3).

One brachial valve with all margins broken off is now gently

convex in lateral and anterior profiles. Its sulcus is very shallow

and indistinct. Interarea not preserved.

Ribbing costate, costae ridgelike, of moderate amplitude; near

valve margins crests and costal interspaces are moderately to broadly

rounded and slopes inclined. Median ventral rib somewhat wider and/or

more flattened anteriorly than flanking ribs in two valves; it is

slightly elevated and enlarged in one other valve and two immature

valves. In one brachial valve the two medial ribs are a bit wider

apart than are other ribs, the area between them somewhat flattened or

very faintly convex. At the 1.5mm growth stage of 4 pedicle and 1

brachial valves there are 1.0 to 1.5 ribs/0.5 mm and 2.1 to 2.8

ribs/mm, measured just lateral of the midvalve region. Nine ribs were

estimated to occur in each of the 4 pedicle valves at 1.5mm growth

stage. No to five concentric growthlines and lamellae were counted

per valve; they are closespaced anteriorly in some cases.

Teeth now small, relatively short, narrowly rounded to

subtriangular as viewed posteriorly and rodlike in cross section.

Tooth ridges rodlike to indistinct. Spondylium concave, c.0.5, 0.7 as

long as interarea in two valves, joined to anteromedial edges of tooth

ridges. Moderately thick, very short median ridge occurs ventral of
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posterior portion of spondylium on one valve, evidently absent in

others.

Anteroventral parts of brachiophores not preserved. Sockets

concave, elevated on thickened plates that are unsupported at

anterolateral ends in one immature valve 1.2 mm long; sockets raised

on secondary shell deposits in another valve >2.3 mm long. Bases of

brachiophores curve medially to join median ridge and form elevated

septalium. Secondary shell material partially fills in space dorsal

of septalium. Cardinal process a narrow ridge, slightly thickened

posteriorly in one valve. Location of adductor field suggested by

differentially preserved areas in brachial valve shown in P1. 11, fig.

42 (darkened areas). Valve margins broken off, preventing

measurements of ratios of interior features to valve dimensions.

Interiors of valves slightly corrugated in some cases as a

reflection external of ribbing.

Illustrated specimens: USNM 413410-413412.

Localities and Material:

USNM Locality A+AF P+PF B+BF

36439a 1 4 2

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: S. sp. 1 has lower rib density and fewer ribs at the

1.5-mm growth stage than does S. aff. multifarius, also from loc.

36439a. More specimens are needed to see if intermediate forms exist

between these two groups. Comparisons with other Klamath species of

Skenidioides are given above in the discussions of those taxa.
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Suborder Dalmanelloidea

Superfamily Enteletacea Waagen

Family Schizophoriidae Schuchert and LeVene

Subfamily Draboviinae Havlicek

Genus Salopina Boucot

Salopina horseshoensis n. sp.

Plate 11, figs. 52-65; Plate 12, figs. 1-7.

Diagnosis: Salopina with shallow ventral sulcus relatively

common; accentuated ribs and/or a group of 2-4 finer ribs just lateral

of the ventral midline are present but not dominant.

Description: Shell fairly small, largest specimen 5.7 mm long;

ventribiconvex. In dorsal plan view outline is transverse to not much

wider than long and usually grossly subpentagonal or shieldshaped;

less commonly, subelliptical or subrectangular; rarely subcircular.

Lateral margins commonly moderately rounded. Anterior margin mostly

gently rounded; in several shells it is straight or very slightly

emarginate. (Length / {maximum width is 0.55, 0.6, 0.65-0.75, 0.85 in

1, 1, 8, 2 pedicle valves 2.9 to 4.8 mm long and c.1 in one valve 5.7

mm long; it is c. 0.5-0.75 in 10 brachial valves 2.4 to 4 mm long and

0.9 in one valve 5.1 mm long. In 13 shells hinge line width is 0.65-

0.85 maximum width, which occurs in the medial third of the pedicle

valve. Cardinal angles obtuse.

Lateral profile of pedicle valve moderately to gently convex

overall. Posteriormedial segments moderately to gently rounded;

anterior portion gently convex, rarely straight. Depth commonly low

to moderate, relatively great in some valves. Depth/length c. 0.35
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0.45 in 8 pedicle valves 2.9-3.6 mm long, 0.4-0.5 in 3 valves 4.2-4.3

mm long, and 0.25-0.3, 0.45 in 3, 1 valves 4.7-5.7 mm long,

respectively. Depth maximum in segment c. 0.25-0.5 valve length from

beak in 16 valves.

Anterior profile of pedicle valve generally appears rounded to

subtrapezoidal or subtriangular. Sulcus produces very shallow

indentation in profile of several valves; in some valves it begins

posteriorly and extends to anterior margin, where it is shallow and

broadly rounded medially; in a similar number of other individuals it

is absent altogether. In several others sulcus is not present

posteriorly, or dies out anteriorly; it is replaced by or fades into a

medially flattened area in some valves. Lateral slopes of valve

generally moderately to gently inclined, rather steep in a few valves;

they are usually slightly convex to straight, rarely a bit concave.

In plan view beak prominent.

Ventral interarea relatively short to moderate length, 0.2 to 0.3

valve length in 17 valves; it is apsacline overall, predominantly

concave in profile. In profile of interarea of some valves one or two

intervals of abrupt curvature occur, commonly marked by lines or

grooves oriented parallel to hinge line and continuous with growth

ridges or lines on valve surface. Delthyrial angle moderate to

narrow; delthyrium open, with rodlike lateral ridges along its edges

in rare valves. Beak ridges appear as prominent narrow lineaments in

plan view of interarea in several valves.

Lateral profile of brachial valve usually gently convex overall,

very rarely moderately convex. Umbonal area commonly moderately to

narrowly convex, beak pointed in several valves. Valve relatively
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shallow, depth c. 0.2-0.35 valve length in 16 valves 2.4-4 mm long and

0.15 in one valve 5.1 mm long. Greatest depth in segment anterior to

beak and at or posterior of midlength.

Anterior profile of brachial valve appears shallow to moderate

in depth. Sulcus present or absent. Where present, it begins

posteriorly or in the medial segment, becoming shallow and gently

rounded at the anterior margin; in a few valves it fades out

anteriorly into a medially flattened area. Medial segment of anterior

profile bears very shallow indentation produced by sulcus or is

rounded. Lateral slopes gently to moderately inclined, usually

slightly convex or straight. Anterior commissure generally

rectimarginate, rarely slightly sulcate or uniplicate, corrugated by

ribbing. Posterolateral slopes concave to straight in lateral view.

Umbonal area generally prominent, knoblike or more widely swollen in

plan view.

Dorsal interarea usually shorter than ventral interarea. It is

0.05, 0.1-0.2 brachialvalve length in 1, 21 valves, respectively;

concave to planar in lateral view; and normally strongly to weakly

anacline.

Ribbing costellate; ribs appear rodlike in plan, are relatively

moderate to low amplitude at anterior margin and generally have

inclined flanks and rounded crests. On a few valves some ribs appear

to be hollow. Rib interspaces are commonly rounded. Single capillae

occur rarely in interspaces in some shells. Pattern of costellation

differs among shells, and in 6 valves the pattern on one side of the

midline differs from that on the other. At least 6 valves show poorly

to welldeveloped unequally costellate ribbing, with 1 to 6 ribs very
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slightly to clearly more prominent than others and subdividing the

valve surface into unequal sectors. Other valves have ribbing of

variable amplitude at the valve margin (several costellae are smaller

than parent ribs); still others have no accentuated ribs and are

evenly costellate. In 6 brachial valves up to 6 costellae in the

sulcus appear slightly finer and/or lower than those immediately

flanking the sulcus. In the anterior portion of 10 pedicle valves 2-4

costellae on one side of the valve just lateral of the midline are

finer than the ribs at corresponding positions on the opposite side.

No ribs were observed to recurve and intersect the posterior margin.

At the 2-mm growth stage and just lateral of the midline 3, 4, 5,

6, 7 ribs/mm were counted in 0, 5, 11, 10, 1 brachial valves and 0, 3,

10, 4, 3 pedicle valves, respectively (see Table 1, notes 2 and 3, for

conventions; in some valves with asymmetrical ribbing rib densities on

either side of the midline differed by <2.5 ribs/mm at 2 mm from the

beak, so an average of densities on either side was used). At 4 mm

from the beak a similar number of ribs/mm was counted in 7, 5, 0, 0, 0

brachial and 3, 5, 3, 0, 0 pedicle valves, respectively. Concentric

growth ridges and lines are not uncommon to rare.

Complete ventral interiors known from only a few valves. Teeth

subtriangular, crural fossettes marked by notches on anterior surfaces

of teeth in a few valves. Dental plates well developed, appear as

thick to thin blades divergent anterolaterally in plan view and

straight or faintly curved in anterior view. In many valves dental

plates merge ventrally with muscle-bounding ridges; in plan the latter

are subparallel or slightly divergent anteriorly near juncture with

dental plates, then generally curve toward the midline to become
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weakly convergent before fading out anteriorly. Hence, maximum width

of muscle field is at or anterior to basal front edge of dental plate.

Anterior margin of muscle field is undefined in most valves; in one

individual (P1. 11, figs. 57-62) the field is bounded laterally by

relatively high musclebounding ridges, is thickened anteriorly to a

height slightly less than thickness of musclebounding ridge, and has

an abrupt clifflike anterior edge with a rounded medial indentation in

plan view. Field in this valve is 0.6 as long as valve and 1.7 as

long as maximum width of field; within field adductor area is slightly

thickened to form poorly defined low median ridge c.0.8 as wide as

field at its anterior end. In two other valves musclebounding ridges

die out at distances from beak c.0.35 and c.0.45 of valve length; this

distance is c.1.5 maximum width between ridges in both valves.

Anterior part of field of one of these valves has welldefined,

relatively wide, low median ridge or callosity with flat upper surface

and anterior edge that is just short of anterior ends of muscle

bounding ridges, gently convex in plan view,

distance between ends of bounding ridges.

partly infilled.

In several partially broken articuated shells, brachiophore

processes are seen to extend along anterior edges of dental plates to

or nearly to musclebounding ridges along floor of ventral valve. The

parts of the processes along the dental plates are thin to moderately

thick blades; they have greatest width oriented subparallel or at low

angles to hinge line and a concave cross section that produces a

rounded longitudinal medial depression along the anterior blade face.

These segments of the processes rotate and curve to join the

and c.0.6 as wide as

Umbonal chambers open to
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brachiophore bases; the latter in all valves are anterolaterally

divergent in plan view and have anterior edges approximately vertical

or somewhat divergent toward the valve floor in anterior view.

Anteriorly, brachiophore bases join muscle-bounding ridges without

abrupt flexure in the latter in plan view (in one valve ridges begin

just laterally of bases). Ridges are fairly straight or slightly

convex laterally in plan view and are slightly divergent toward the

anterior, hence widest apart at their anterior ends. Distance from

beak to anterior end of ridges is c. 0.7-0.8 valve length in 4 valves

and 1.1 to 1.6 width between anterior ends in 5 valves. Ridges are

not preserved in a few valves and are low and indistinct in others,

yet are commonly quite prominent, with inclined flanks and subangular

to rounded crests.

Median ridge present in most valves as relatively low structure

(about as high as muscle-bounding ridges) with narrow, subangular to

round crest and very steeply to moderately inclined flanks; in a few

valves it is higher and thinly bladelike. It extends anteriorly about

the same distance as or just short of ends of muscle-bounding ridges;

posteriorly, it commonly joins shaft of cardinal process. In several

valves secondary shell deposits occur on floor of notothyrial chamber

and partially or completely obscure median ridge in this area.

Cardinal process commonly bears a bulblike myophore at the apex of the

notothyrium. In 7 small- to moderate-size valves with well-developed

muscle-bounding ridges the median ridge is absent or barely

discernible as a low, wide, rounded elevation, and cardinal process is

preserved as a short narrow blade near apex of valve. Fulcral plates

concave; spaces beneath (dorsad) open to partly infilled.
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Interior of valve generally smooth, locally corrugated by ribbing

in some valves. Marginal crenulations consist of low ridgelike

eminences with flattened crests and, locally, a slight medial

longitudinal depression. Eminences separated by narrow furrows, some

of which are longer or larger than others and group the eminences into

pairs or larger groups. A few furrows in some valves extend well into

valve interior, commonly but not always at sites corresponding to

accentuated ribs on exterior.

Type material: Holotype: USNM 413413, Plate 11, figs. 52-56;

paratypes: all other illustrated specimens.

Type locality: loc. 18118f.

Illustrated specimens: USNM 413413-413417.

Derivation of name: "horseshoe" -- Horseshoe Gulch; Latin:

ensis" -- a suffix denoting place.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18118c - 1

18118d 2

18118f 18 8 6

18118g 6 1 4
18118h 20 2 4
18118i 1 - 2

18118j 21 4 3

18121 mBlk (cf.) - 3

18138b (cf.) 1 1 -

18138d - 1 2

18138e - 1

18169a 3

36439a 1 4
36439b 1 - -

36439c 3

36443a -1 -

Totals: 71 18 36

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.
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Discussion: Given after description of S. sp. 1.

Salopina sp. 1

Plate 12, figs. 8-22.

Diagnosis: Salopina with sulcus absent in pedicle valves, but

present in at least some brachial valves; commissure rectimarginate to

sulcate; brachial valve lacks distinct median ridge and bears muscle-

bounding ridges joining brachiophore bases without sharp flexure.

Description: Shell generally small; largest individual from

18121 cl. y is a pedicle valve 3.8 mm long; pedicle valve from 18130

cl. AP is 6.1 mm long. In dorsal plan view shells are wider than

long, subelliptical to shield-shaped. Lateral margins mostly

moderately rounded, rarely gently rounded; anterior margin gently

convex, very slightly emarginate in one or two shells. Two 18121-cl.

y pedicle valves 3.3 and 3.8 mm long have length / {maximum width of

0.7 and 0.8, respectively; one 18137-cl. D2 pedicle valve 3.7 mm long

and one 18130-cl. v pedicle valve 6.1 mm long have ratios of 0.85 and

0.75, respectively. In two 18121-cl. y pedicle valves hinge-line

width is 0.75 and 0.7 maximum width, which occurs near midlength; this

ratio is 0.75 in the 18137-cl. D2 valve. Cardinal angles obtuse.

Lateral profile of pedicle valve moderately to gently convex

overall; posterior portion moderately to gently rounded, anterior half

very gently rounded; beak blunt to sharp. Depth relatively moderate,

c. 0.4-0.5 valve length and maximum in segment c. 0.25-0.5 valve

length from beak. Lateral commissure straight.

Anterior profile of pedicle valve generally subtriangular and

moderately to gently rounded medially; 18137-cl. D2 valve narrowly

rounded medially. Lateral slopes usually moderately inclined and
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slightly convex or straight. Sulcus absent except in one somewhat

tectonically deformed valve from 18121 cl. y that is c. 3.5 mm long

(P1. 12, figs. 8-13); the latter exhibits a narrow sulcus in the

posterior c.0.6 of its length, and near its anterior margin 3 to 5

ribs are slightly elevated to produce a very low narrow fold. The

sulcus is at least partly a result of post-mortem breakage that caused

a pit c. 0.7 mm in maximum dimension in the posterior c.0.35 of the

valve. It is uncertain whether this sulcus and anterior fold occurred

in the living organism or were produced by taphonomic breakage and

tectonic deformation.

Anterior commissure rectimarginate in one 18121-cl. y and one

18130-cl. v valve, and very faintly and roundly sulcate in the 18137 -

cl. D2 valve and possibly one 18121-cl. y valve. Beak prominent.

Ventral interarea relatively short to moderate length, c. 0.2-0.3

valve length in 18121-cl. y valves and 0.3 in 18130-cl. v valve,

concave posteriorly in lateral view, and apsacline overall. Beak

ridges sharply defined in posterior view of some valves, rounded and

indistinct in others. Delthyrial angle usually moderate; delthyrium

open; in one 18121-cl. y valve a concave piece of silica (remnant

pedicle collar?) is attached to inner surface of interarea and

oriented at a high angle to it.

Lateral profile of brachial valve gently convex overall, but

moderately convex in posterior segment of a few valves. Depth

relatively shallow (0.2 valve length in 18137-cl. D2 valve), maximum

in segment anterior to umbo and posterior of midlength.

Brachial valve gently convex in overall anterior profile. All

18121-cl. y brachial valves are deformed or broken; some fragments
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bear indications of a shallow sulcus; one small valve fragment may

lack a sulcus. 18130-cl. AP and 18137-cl. D2 valves bear a medial

indentation in profile produced by a sulcus beginning posteriorly and

expanding anteriorly to become shallow and broadly rounded at the

margin (18137-cl. D2 sulcus appears as subangular furrow locally in

profile of midlength area). 18121-cl. 16 (pink) valve is deformed

tectonically and broken, yet is sulcate. In profiles of all valves

lateral slopes are gently inclined. Beak relatively prominent in plan

view.

Dorsal interarea shorter than ventral interarea (0.15 brachial-

valve length in 18130-cl. AP valve, 0.1 valve length in 18137-cl. D2

valve) generally concave posteriorly and anacline on the whole, yet

curved to orthocline or apsacline near the beak of some valves.

Ribbing costellate with costellae arising by intercalation and by

branching. Ribs appear rodlike in plan view; in cross section most

have inclined flanks and rounded crests and interspaces. Some crests

and interspaces are subangular. Rib amplitude generally low at valve

margin. No well-developed accentuated ribs or medial groups of finer

ribs were observed; some costellae are smaller than parent ribs at

valve margin. Ribs evidently do not recurve to intersect posterior

margin; however, cardinal extremities of most valves are broken off

and ribs are commonly poorly preserved near hinge line. Single

capillae are not uncommon between ribs of a few valves. Concentric

growth ridges rarely present.

At 2-mm growth stage and just lateral of the midline 5, 6, 7

ribs/mm were counted in 2, 0, 2 18121-cl. y brachial valves and 1, 1,

1 pedicle valves, respectively (see Table 1, notes, for conventions).
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In 3 18121-cl. y individuals (length <3.8 mm) teeth are

subtriangular; dental plates well developed, bladelike, a bit

divergent anteriorly in plan view, slightly convex medially and

divergent ventrally in anterior view. Plate bases join lateral slopes

of valve somewhat dorsad of valve floor in two valves, and valve floor

in one valve. Umbonal chambers open. Muscle field not preserved in

these 3 valves, although there is some suggestion of a low medial

callosity in the area between and just anterior to the bases of the

dental plates (e.g., P1. 12, fig. 9). One small valve fragment

questionably belonging to this species possesses a muscle field that

is slightly thickened anteriorly, grossly subtriangular in plan, and

c. 0.9 as long as wide; its anteromedial margin is abrupt, clifflike,

and gently convex anteriorly in plan; it joins laterally low, short,

curved extensions of dental plates (or muscle-bounding ridges) so that

the anterior portion of the field is rounded in plan. Two somewhat

deformed valves from 18130-cl. v and 18137-cl. X (the latter

questionably assigned to this species and 3.8 mm long) have relatively

straight dental plates that are now more or less vertical or slightly

convergent ventrally. The 18130-cl. v valve (P1. 12, figs. 21, 22)

bears a subtriangular muscle field similar to that of the one 18121-

cl. y valve; it is thickened anteriorly, producing a very low platform

with a clifflike anterior margin that is rounded in plan, c.0.9 as

long as its maximum width, and 0.25 as long as valve. Umbonal

chambers partially infilled. The interior of 18137-cl. X valve is

obscured by silica, but appears to have a subpentagonal muscle field

c.1.4 as long as maximum width and <0.5 as long as valve; the anterior

lateral portions are defined by relatively low subparallel extensions
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of the dental plates, and anterior margin is possibly slightly

elevated and rounded in plan.

Brachiophore processes narrow thin blades with greatest width in

plan view subparallel to or at moderate angle to hinge line; processes

projected at high angle to commissural plane in side view. Fulcral

plates concave, space "beneath" (dorsad) commonly open.

Brachiophore bases slightly to moderately divergent in plan view;

their anterior edges are subvertical in anterior view. Bases join

without abrupt flexure relatively long, prominent to very low muscle-

bounding ridges. In plan view the latter have posterior portions

slightly to moderately divergent anteriorly; they gently curve to

become subparallel or slightly convergent near anterior ends. Ratio

of (distance from beak to anterior ends of ridges /{valve length

(i.e.,
lbv mus

/1
by

in Table 1) is c.0.8 in one valve 4 mm long; 1
by

where win, is maximum distance between ridges, is 2.3
musiwbv mus'

in same valve and 2.4 in another small broken valve. These ratios are

0.7 and 2.3, respectively, in one distorted, broken 18130-cl. AP valve

3.5 mm long. In one small 18121-cl. y valve fragment >2.8 mm long the

muscle-bounding ridge diverges at c.30° from the midline and at its

anterior end recurves medially and slightly posteriorly; 1bv mus
/w

by

is 0.8-0.9.

Median ridge usually absent, although in some valves a very low,

indistinct medially thickened area occurs. Cardinal process resembles

a short elevated ridge or blade near valve apex in plan view; crest of

process slightly thickened in one valve.

Valves generally smooth internally. In two 18121-cl. y valves

marginal crenulations consist of relatively wide to narrow eminences

taus
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with flattened to somewhat rounded crests, separated by shallow to

deep grooves; deeper, longer grooves combine eminences into pairs or

larger groups in places. Some eminences bear a shallow medial groove

or indentation.

Illustrated specimens: USNM 413418-413419; 413420 (cf.)-413421

(cf.).

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. y - 4 4
18121 cl. 16 (pink) (cf.) - - 1

18121 cl. 27 (pink) (?) 1

18125 cl. L (?) 1

18130 cl. AP - - 1

18130 cl. v (cf.) - 1 -
18137 cl. D2 (cf.) 1

18137 cl. X (?) - 1 -

Totals 3 6 6

Distribution: Ordovician limestone clasts of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: The 18121c1. y stock resembles that from Horseshoe

Gulch (HG) in many respects, especially that from 36439a. Apparent

differences exist in ribbing: 18121c1. y (and associated) shells lack

obviously accentuated ribs and the group of 2-4 finer ribs just

lateral of the pedicle-valve midline; these features occur in 11 of 41

and 10 of 30 HG valves, respectively, including specimens similar in

size to the 18121c1. y individuals. The rib densities at 2 mm from

the brachial-valve beak overlap in 18121c1. y and HG stocks, but the

former more commonly have finer ribbing: 2 of 4 18121c1. y brachial

valves bear 7 ribs/mm vs. 1 of 27 HG valves. The 18121c1. y and

18137-cl. X pedicle valves lack a sulcus, while c.0.5 (17 of 36) of HG



226

specimens of similar size or smaller are ventrally sulcate. The 18121

cl. y brachial valves do not possess a welldeveloped median ridge;

most HG shells bear a median ridge, yet some do not (valves from

36439a). The musclebounding ridges of 2 of 3 18121cl. y dorsal

valves are less divergent than in 8 HG valves: 1
bv mus /wby mus

is

0.8-0.9, 2.3, 2.4 in 18121c1. y valves (and 2.3 in one 18130cl. AP

valve) and 1.1-1.9 in 8 HG specimens. The {length / {maximum width of

ventral muscle field in one 18121c1. y valve fragment and the 18130

cl. v valve is 0.9, while in 3 HG valves this ratio is 1.5, 1.5, 1.7.

Except for form of the ventral muscle field, whose range of

variation is poorly known in both 18121c1. y and HG stocks, some HG

valves resemble the 18121c1. y shells in each attribute listed above,

e.g., some HG individuals lack accentuated ribs and a medial group of

finer ribs; it is, therefore, possible that the 18121c1. y and

associated shells are a small, somewhat atypical subpopulation

belonging to the same species as the HG valves.

The HG stock is distinguished by its relatively common ventral

sulcus and not uncommon accentuated ribs and group of 2-4 finer ribs

just lateral of the ventral valve midline. These features are

evidently absent in other described species of Salopina, including the

Ordovician S. ordovicica (Mitchell, 1977), Llandoverian S. sp. of

Temple (1968) and S. shelvensis (Walmsley and others, 1969), and

Llandoverian and younger S. submedia (McLearn, 1924) and S.

conservatrix (McLearn, 1924).

S. ordovicica further differs from the HG form in the

length/width of its ventral muscle field (0.85 vs. 1.51.7 in 3 HG

valves) and in anterior extent of dorsal median ridge (0.4 valve
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length vs. c. 0.70.8 valve length in 4 HG individuals).

S. ordovicica is unlike the 18121c1. y group in its consistently

sulcate anterior commissure (rectimarginate in 1 of 2 18121c1. y

valves and the 18130c1. v valve, and only very faintly sulcate in the

other 18121c1. y and 18137c1. D2 shell) and its dorsal median ridge

(absent in 18121c1. y form).

S. sp. Temple (1968) has 5 ribs/mm at 2mm growth stage in 4

brachial valves, while 2, 2 18121c1. y brachial valves bear 5, 7

ribs/mm, possibly suggesting that finer ribbing is more commonly

developed in 18121c1. y valves. The dorsal musculature of S. sp.

Temple is very faintly preserved, yet musclebounding ridges are

prominent in some 18121c1. y valves.

S. shelvensis lacks a dorsal sulcus; at least one broken 18121c1.

y valve and 3 valves from clasts 18130 cl. AP, 18121 cl. 16 (pink),

and 18137 cl. D2 are sulcate. The margins of the dorsal muscle field

are not defined in S. shelvensis; musclebounding ridges are well

developed in some valves of the 18121c1. y stock.

S. submedia and S. conservatrix possess dorsal musclebounding

ridges that arise immediately external to the brachiophore bases or

sharply curve to join the bases, while in 18121c1.y valves the ridges

join the bases without abrupt flexure. S. conservatrix has

brachiophores with blunt extremities, unlike the long bladelike

processes of 18121c1. y valves.

S. hazardensis (Walmsley and others, 1969), S. missendenensis

(Straw, in Straw and Smith Woodward, 1933), and S. robitaillensis

(Walmsley and others, 1969) all lack a dorsal sulcus (except for some

S. missendenensis valves that are faintly sulcate), while S. boucoti
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(Sheehan, 1976), S. crassiformis (Kozlowski, 1929), S. delta (Johnson

and others, 1976), S. hitchcocki (Walmsley and others, 1969), S.

lunata (J. de C. Sowerby, in Murchison, 1839), and S. submurifer

(Johnson and others, 1973) all possess a dorsal median ridge. Hence,

all the above species are unlike the 18121c1. y valves. . tubulata

(Lindstrom, 1861) has a welldeveloped sulcate anterior commissure,

while 18121c1. y valves are rectimarginate in some cases.

S. kosovensis (Havlicek, 1977) has strong internal ribbing in the

pedicle valve, its sockets are supported by pads of shell material,

and its dorsal muscle field is discernible in only one valve. The

18121c1. y shells are generally smooth internally, their brachial

valves have fulcral plates, and dorsal muscle-bounding ridges are well

developed in some cases.

Family Paurorthidae Opik

Genus Paurorthis Schuchert and Cooper

Paurorthis sp. 1

Plate 12, figs. 23-27, 29-45.

Description: Nearly all specimens are tectonically deformed

and/or broken at the margins, so that original shape is poorly known.

Shell ventribiconvex, largest undeformed valve is a dorsal valve >5.8

mm long. One shell 2.9 mm long is subelliptical in dorsal plan view,

with lateral margins moderately rounded, anterior margin very slightly

emarginate; its pedicle- and brachial-valve lengths are 0.65 and 0.6

its maximum width, respectively; the latter occurs near midlength.

(Hinge width /(maximum width is 0.7. Early growth stages of three

other valves are also very slightly emarginate. A few larger dorsal
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valves (<6 mm long) are shield-shaped with more or less gently rounded

lateral and anterior margins; one valve 4.2 mm long has

(length /(maximum width of 0.8 and (hinge-line width /(maximum

width >0.85; width is greatest at c.0.4 valve length from beak.

Cardinal angles in undeformed valves are obtuse.

Lateral profile of pedicle valve convex. Two small relatively

undeformed valves 2.8 and 2.9 mm long are moderately convex with

depth/length of 0.4 and maximum depth at 0.4-0.5 valve length from

beak. Lateral commissure straight or concave ventrally in profile,

commonly curved toward ventral valve in anterior portion.

Anterior profile of pedicle valve semilenticular to

subtriangular, commonly moderately or gently rounded in medial

segment. Lateral slopes generally form an obtuse angle, and are

ordinarily moderately inclined and straight to slightly convex. Beak

prominent in plan view. A very low, indistinct fold may be present in

a few distorted valves, but deformation obscures verification of its

existence.

Ventral interarea of undeformed and less deformed valves curved

in profile, apsacline overall, c.0.2 valve length in two valves 2.8

and 2.9 mm long. In several valves the interarea is rather abruptly

curved near the beak in profile. Delthyrium open, delthyrial angle

moderate to narrow.

Brachial valve usually gently convex in overall lateral profile,

yet moderately convex in one small valve and near the umbo of some

larger valves. Three valves 2.7, 4.2, and >5.8 mm long are 0.35,

0.25, <0.2 as deep as long, with maximum depth at c. 0.3-0.4 valve

length from beak. In other valves maximum depth is anterior to beak.
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Anterior profile of brachial valve grossly gently convex to

subtriangular, but bears a medial indentation produced by a sulcus.

The latter begins posteriorly; near valve margin it is commonly

shallow , rarely moderate depth or absent, and medially rounded to

subangular. Anterior commissure sulcate in three valves, possibly

rectimarginate in one. Lateral slopes usually gently inclined and

straight to slightly convex (rarely concave). Beak fairly prominent

to subdued in plan view. Posterolateral slopes slightly concave to

straight in anterolateral view.

Dorsal interarea shorter than ventral interarea, c. 0.1, 0.1,

0.15, (0.15 of brachialvalve length in 4 valves 2.7, 4.2, 4.3, >5.8

mm long, respectively; it is curved or planar? in profile, anacline.

Ribbing commonly fascicostellate. Several valves contain a few

to many minute ribs; these may be artifacts of poor preservation in

some cases. At valve margins rib bundles range from poorly defined or

nonexistent to well defined, the latter condition more common.

Customarily, a fascicle contains two or three more prominent ribs or

subgroups of finer ribs; larger valves contain 2-9 ribs per fascicle

at the margin (including minute ribs), yet up to 15 minute ribs occur

in a few fascicles. Ribs are normally of relatively moderate to high

amplitude and rodlike, with rounded crests and vertical or inclined

flanks; several hollow ribs were observed. Rib interspaces are

rounded to subangular, narrow to wide. Just lateral of the midline at

2mm growth stage, about 5, 6, 7, 8, 9, 10, 13 ribs/mm were counted in

0, 0, 3, 1, 0, 1, 1 brachial valves and 0, 2, 3, 2, 4, 3, 0 pedicle

valves, respectively; at 4mm growth stage similar densities were

observed in 0, 1, 2, 0, 0, 0, 0 brachial and 2, 1, 4, 2, 1, 0, 0
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pedicle valves, respectively. Ignoring the more obscure minute ribs,

which were included in the above counts, the respective numbers of

brachial valves for the above densities are 0, 3, 3, 0, 0, 0, 0, at 2

mm and 2, 0, 1 for 4, 5, 6 ribw/mm at 4 mm; only minor changes occur

in the distribution of pedicle valves.

Concentric ornament consists of up to 6 growth ridges (short

growth lamellae), lines, and/or indentations; it was not observed in

some shells.

Teeth subtriangular, crural fossettes appear as fairly shallow

oblique notches in some valves. Dental plates well developed or

relatively short, resembling comparatively thick blades; in plan view

they are commonly fairly widely divergent at >800; in anterior view

plate edges are straight or somewhat convex medially. Commonly, bases

of plates appear to attach to sides of valve "above" (dorsal of )

valve floor. Umbonal chambers narrow in some valves, open to

infilled.

Muscle field well delineated, c. 0.9, 1.0, 1.2 as long as

distance between front edges of dentalplate bases in 1, 4, 1 valves

2.8, >3.1 to >5.3, 3.6? mm long, respectively; values range from 0.75

to 1.4 in deformed valves. Muscle field reaches beyond bases of

dental plates to distances c. 0.3 and 0.4 valve length in two deformed

large valves, and 0.4 valve length in one undeformed valve 2.8 mm

long. In a few valves muscle field appears impressed into shell

deposits; in some it is partly bounded by low narrow ridges; commonly,

its anterior portion is raised on a low pad. Within field, the

presumed adductor area is elongate, subtriangular, and bounded

laterally by posteriorly converging low ridges and/or raised above
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flanking diductor areas on very low platform. On either side of (but

not enclosing) adductor area are lobate diductor(+adjustor) areas;

their maximum width is at or just anterior to basal front edges of

dental plates; they are generally defined anterolaterally by very low

narrow curved ridges or pad edges that extend anteriorly from bases of

dental plates. Each of these lobate areas is commonly a bit smaller

than or same area as the medial adductor area. The lobes range from

slightly longer to a bit shorter than the adductor area, giving rise

to shallowly trilobed, truncate anterior margin for the overall muscle

field. The width of the adductor area at the front edge of the field

is c. 0.4-0.65 the total frontal width. In one valve narrower

diductor lobes are sufficiently longer than the adductor area to give

a bilobed appearance to the field margin. A very low (initially high

in two valves), rounded to flattened, short to moderate-length ridge

or callus usually joins front margin of medial lobe of muscle field.

This ridge is generally a bit narrower than or about as wide as medial

lobe, and is commonly flanked on either side by shallow furrows for

vascula media. These furrows, also present in some valves lacking a

distinct median ridge, arise near indentations in anterior margin of

muscle field; they are commonly initially subparallel; in a few valves

they are at first a bit divergent, or become slightly divergent

anteriorly. Apex of some pedicle valves occupied by somewhat elevated

plate or callus, commonly with anterior edge undercut and concave in

plan.

Brachiophore processes range from comparatively narrow thin

blades to rods, are divergent at acute angles in plan view. Sockets

commonly appear as relatively narrow rounded furrows, rarely are
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fairly wide. Sockets bounded anteriorly and partially dorsally by

curved to straight fulcral plates between sides of valve and

posterolateral faces of brachiophores. Brachiophore bases convergent,

curving to join crest or ventral portion of median septum, forming

somewhat elevated septalium; the latter is 0.3, <0.2 valve length in

two valves 1.9, >5.8 mm long and c.0.2 valve length in two moderately

deformed valves now 4.2 and 4.3 mm along the midline. Space between

septalium, interior surface of valve, and fulcral plate usually at

least partially open, rarely completely infilled by shell material.

Median septum resembles a thick blade or a relatively narrow ridge

with rounded crest and steep flanks; it is low overall (<0.3 mm),

highest "above" valve floor near front of septalium, and its crest is

concave, straight, or undulatory in lateral view. The septum usually

tapers anteriorly in plan view and fades out in anterior part of

valve, at a distance from the beak c. 0.7, 0.7?, 0.8?, <0.8 valve

length in four mildly deformed valves now c. 4.2, 4.2, 4.3, >5.8 mm

along the midline. Cardinal prosess a low blade or ridge somewhat

thickened anteriorly in a few valves, extending from near apex to or

near front edge of septalium, yet separated from median septum by

short slope or by edge of septalium. In two valves a single very fine

low ridge occurs on each side of cardinal process. Dorsal adductor

field very faintly impressed in rare valves, too poorly preserved to

characterize, may extend laterally to a point about even with sockets.

Interior of valves smooth or marked by shallow grooves and low

ridges, reflecting external ribbing. In serval valves marginal

crenulations resemble relatively fine, rodlike eminences separated by

grooves and wider furrows. In other valves eminences vary from
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narrow, rodlike to moderately wide, ridgelike; they are usually low to

moderate amplitude; rounded to, less commonly, flattened, and are

locally clustered into pairs or larger groups.

Illustrated specimens: USNM 413422-413427.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18128 5 29 22

Distribution: Llandeilian limestone of member 1 of the Gregg

Ranch unit near Gregg Ranch.

Discussion: The distorted nature of most valves in the Gregg

Ranch (GR) sample precludes detailed comparison with previously

described species of Paurorthis. Differences in shape between the few

GR valves that are undeformed and mature shells of described species

have uncertain taxonomic significance, as undamaged GR valves are

immature and subject to anisometric growth.

Ignoring more obscure minute ribs, rib densities of GR

individuals at 4 mm from the dorsal beak overlap with those of all 11

species described by Cooper (1956), as measured from his illustrated

specimens. One GR shell 4.7 mm long has length/width and depth/length

of pedicle and brachial valve similar to values measured from shells

shown by Cooper (1956) of the rare P. fascifera (length 7.1 mm) and P.

sp. 2 (7.7 mm long). Depth/length of the GR pedicle valve is less

(0.35 vs. 0.45 and 0.4, respectively), but is slightly squashed. Rib

density, number of ribs per fascicle, valve outlines, and form of

sulcus of P. fascifera resemble those of some GR valves; yet the

ventral beak of P. fascifera appears more incurved (anacline at beak),

the brachial valve more convex in overall lateral profile, and the
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"strong and prominent" fascicles may be less variably developed than

in the GR stock.

P. sp. 2 Cooper (1956) differs from the GR form by its more

incurved ventral beak, ventral fold, and "moderately deep" dorsal

sulcus (sulcus usually shallow in GR valves).

P. sp. Mitchell (1977) overlaps with the GR valves in several

measured ratios.

Paurorthis aff. sp. 1, morphotype 1

Illustrated specimens: none.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18134 cl. AK 1

Distribution: Ordovician limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: A broken pedicle valve from 18134 cl. AK may have

affinities to the GR species. It is similar to the latter in its

ribbing, yet has (length /(maximum width of <1.1; the difference in

elongation may result partly or wholly from tectonic deformation. The

valve is unlike the GR material in its marginal crenulations, which

consist of relatively wide, flattened eminences separated by deep

furrows. Shallow longitudinal grooves and furrows locally subdivide

the eminences.

Paurorthis aff. sp. 1, morphotype 2

Plate 12, fig. 28.

Illustrated specimens: USNM 413428.
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Localities and Material:

USNM Locality A+AF P+PF B+BF

18127 cl. C 2

Distribution: Ordovician limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers LeapGregg Ranch area.

Discussion: Two broken and distorted pedicle valves from 18127

cl. C are now >6.7 and >10.5 mm along the midline, but anterior

margins are broken off and original lengths are unknown. Bundles of 2

to (6 or 7 ribs are well defined, and c. 5-6 ribs/mm occur at 4 mm

from the beak (ribs are obliterated over major parts of larger valve).

Lateral and anterior profiles convex. The larger valve has a gently

curved, apsacline interarea <0.35 valve length along midline.

Delthyrial angle narrow, possibly in part because of deformation

and/or narrow lateral plates. Interarea of smaller valve partially

broken off, yet probably apsacline and at least 0.2 estimated valve

length along midline. The larger valve has relatively short, very

thick, massive dental plates and a muscle field that extends well

beyond plates to <0.65 midline valve length; field length is c. 2.1

times distance between front edges of dentalplate bases. Form of

field anterior to dental plates appears roughly subrectangular;

however, area around anterior margin of field is covered by spongy

silica. Spaces on either side of field largely infilled by shell

deposits; these extend from dorsal parts of dental plates to

anterolateral corners of field, forming steepwalled "chamber" for

field. In smaller valve dental plates are relatively short, and one

is thickened. Muscle field poorly preserved, yet is subequant, c.0.3

as long as estimated present valve length along midline, and is
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bounded anterolaterally by low ridges; it may have short rounded

diductor lobes protruding a bit at the front or may be non-lobate

anteriorly. Low rounded relatively wide median ridge extends from

front of field a moderate distance anteriorly.

Their co-occurrence in the same clast suggests that these two

valves belong to the same species. The smaller is similar in many

ways to the GR species, but may have a higher (interarea

length /(valve length ratio. This ratio is possibly significantly

higher in the larger valve also. The length/width of 2.1 for the

muscle field in the larger valve is greater than the range of 0.75-1.4

in 16 distorted and nondistorted GR pedicle valves. Whether the

relative lengths of the interareas and muscle field are greater than

those of the GR stock solely because of deformation or because the

valves belong to a different species is uncertain.

Specimens of P. longa and P. ponderosa illustrated by Cooper

(1956) have length/width of ventral muscle field of 1.6-1.8, yet have

relatively shorter interareas and more incurved beaks than do the

18127-cl. C valves.

Paurorthis sp. 2

Plate 12, figs. 46, 47.

Illustrated specimen: USNM 413429.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. y 1

Distribution: Ashgillian limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.
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Discussion: The brachial valve from 18121 cl. y differs from all

but a few others (Klamath and non-Klamath) by the coarseness of its

ribbing. It may represent a distinct species. although P. inflata

(Rubel, 1961) possibly has a similar rib density. P. cf. inflata of

Hintz (1975) has finer ribbing. The valve is >8.3 mm along its

midline (anterior margin broken off), and is broken and tectonically

distorted. Ribbing is fascicostellate with at least 3 generations of

ribs present. Relatively large low-amplitude ribs of generation 1

branch anteriorly into groups of 2 and 3 costellae, at least some of

which subdivide into fascicles of 2 and 3 ribs belonging to generation

3. Just lateral of the midline there are c. 2 ribs/mm at 2-mm growth

stage and 2-3 ribs/mm at the 4-mm growth stage. The valve seems to

have been convex in lateral profile; it evidently possesses a very

shallow sulcus, at least in the midlength area in anterior view.

Brachiophores and sockets poorly preserved; notothyrial platform

relatively high, with an anterior face not undercut. Cardinal process

resembles a thick blade. Median septum is a narrow low ridge that

gradually widens and decreases in height anteriorly; its front end is

ill defined and merges with a wide low transverse muscle-bounding

ridge that is not evident in P1. 12, fig. 47. Adductor field

moderately impressed, extending to or a bit short of anterior end of

median septum (contrary to impression given by P1. 12, fig. 47). On

one side of valve, field is bounded anteriorly-laterally by a

partially preserved, low, wide to narrow, muscle-bounding ridge; the

field appears to exhibit three lobes in P1. 12, fig. 47, but this may

be an artifact of breakage and silicification.



239

Family Dicoelosiidae Cloud 1948

Genus Dicoelosia King 1850

Dicoelosia aff. jonesridgensis Ross and Dutro 1966

Plate 12, figs. 48-60; Plate 13, figs. 1-21.

aff. 1964 Dicaelosia sp.--Dutro and Ross, p. 53.

aff. 1966 Dicaelosia jonesridgensis Ross and Dutro, p. 6, P1. 3,

figs. 1-5.

Diagnosis: Deeply emarginate concavo-convex Dicoelosia with

variable costellation; some valves bear a prominent rib on the crest

of each lobe, others do not. Ribs distributed evenly across the

ventral sulcus of some valves. Brachial valves have pronounced dorsal

ridges that commonly completely cross the lobes and are U-shaped in

plan.

Description: Largest specimen is an articulated shell 6.3 mm in

maximum length. Moderate to large specimens are concavo-convex with

deep emargination. Pedicle valve length 0.75 to 1.0 maximum width

(n=26), which is near anterior margin. Midline length commonly 0.6 to

0.75 maximum length (n=44); lobes range from narrow and long to

moderate width and length. Lobe divergence usually
530_65o

in 30

shells.

Pedicle valve relatively evenly convex in lateral profile, but

depth (sensu Wright, 1968, p. 305) of valve decreases anteriorly.

Thickness (as used by Wright, 1968, p. 305) of articulated valves c.

0.5 to 0.6 maximum length of pedicle valve (n=28). Hinge-line width

usually 0.35-0.65 maximum valve width (n=33). Cardinal extremities

angular, obtuse. Ventral interarea slightly curved in profile,

apsacline, 0.25 to 0.35 as long as wide (n=39) and 0.15 to 0.25 as
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long as maximum valve length (n=34). Delthyrium open.

Brachial valve length commonly 0.6 to 0.85 maximum valve width

(n=46) and midline length 0.6 to 0.75 maximum length (n=56). Valve

shallow, generally slightly convex at umbo (rarely planar), but

markedly concave in overall profile. Dorsal interarea in most shells

planar, anacline, shorter than ventral interarea.

Both valves contain a sulcus originating at umbo, the dorsal

sulcus appearing a bit shallower and broader in several shells.

Ribs generally poorly preserved and therefore difficult to

characterize. Shells evidently variably costellate. Several shells

contain a prominent rib on the crest of each lobe in both brachial and

pedicle valves. A number of others, with apparently well- to

moderately well-preserved ribbing, do not exhibit such a crestal rib

and are merely costellate or have other ribs accentuated. Other

shells contain weakly accentuated crestal ribs or crestal ribs that

seem to increase in prominence anteriorly. It is probable that a

spectrum exists from shells with a pronounced crestal rib on each lobe

to those without such ribs.

Several pedicle valves appear to possess ribs distributed evenly

across the sulcus; yet in some sulci no ribs were seen near the

midline. A few brachial valves have faint ribs across the sulcus;

ribs were not seen in the anteromedial areas of most dorsal sulci. It

is not clear whether absence of ribs in the sulci is an original

character or an artifact of incomplete preservation.

Attempts to measure rib density were restricted by inadequate

preservation. Several shells evidently bear 3-4 ribs per 0.5 mm

across the brachial-valve crest at 2 mm from the dorsal umbo. Growth
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lines rarely observed.

Only a few pediclevalve interiors were seen. The teeth appear

relatively stout. Dental plates comparatively short overall; they

lengthen ventrally and merge with high musclebounding ridges or

anterior continuations that extend nearly to or to the anterolateral

portions of the muscle field. The combined plates/ridges are a bit

divergent anteriorly and concave medially. Muscle field is relatively

small (<0.25 valve length) and generally subequant (elongate in one

valve); it is slightly raised or defined by a low ridge or lip

anteriorly in some cases. Median ridge ranges from absent or not

preserved to variably developed and extending nearly to anterior

margin of field.

Mantle canal system not seen.

Ventral eminences and embayments well developed and in two valves

extend far into the valve interior, resembling rodlike ribs.

Brachiophores incompletely preserved. They evidently diverge

from beak just posterior to cardinal process, bound sockets medially,

and pass anterolaterally as thin, high blades along sides of valve

medial to eminences and embayments. Brachiophore bases short to long,

extending 0.15-0.2 maximum valve length in 4 specimens and 0.4 valve

length in one shell. In the latter specimen one brachiophore process

reaches over 0.5 valve length (P1. 13, fig. 19). The ventral edges

of the brachiophores are insufficiently preserved to determine if the

hooklike processes described by Wright (1968, p. 272) are present.

Cardinal process knoblike, bilobed. In some valves a short shaft is

present that is narrow and rodlike or thick.

Muscle scars not observed. Pronounced dorsal ridges extend
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anterolaterally from near the posteromedial edge of each lobe to about

the middle of the lobe, then curve laterally or posterolaterally,

commonly joining a ridge that runs along the lateral lobe edge. The

dorsal ridges are thus generally U-shaped in plan. In one or two

valves recurvature is abrupt, resulting in a V-shape. The lateral

parts of the dorsal ridges in many valves contain a notch, decrease in

elevation, or, uncommonly, even terminate in midlobe before recurving

posteriorly. In some cases a deposit of silica occupies part of the

notch in the dorsal ridge. In one valve (P1.. 13, fig. 19) one

brachiophore process passes through such a notch in the dorsal ridge.

This evidence suggests that the notches, lateral decreases in

elevation, and gaps between dorsal ridges and valve margins in other

valves may also have allowed the brachiophore processes to extend

anterolaterally to or beyond the dorsal ridges. In addition, the

notch-lateral decrease-gap may have facilitated passage of a mantle

canal to the anterior part of the valve (see below).

Mantle canals not observed, except possibly they are marked

locally by indistinct grooves in the valve shown in P1. 13, fig. 19.

On the "left" side of this valve a faint groove trends anterolaterally

from the notch between the dorsal ridge and the ridge along the

lateral margin of the valve. An even fainter groove occurs on the

"right" side of this valve just interior of the ridge along the valve

margin and anterior of the dorsal ridge.

The follicular eminences and embayments of Wright (1968) are well

developed in the brachial valve. They commonly form a low, moderately

wide to narrow, crenulated, ridgelike structure that runs along the

valve margin just medial to the edge in the anterior parts of the
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lobes and posterolaterally. Near the anteromedial margin of the valve

the eminences and embayments are bounded medially by a high ridge that

gradually merges anteriorly with the eminences and embayments and to

which are joined the dorsal ridges. Also, a high narrow ridge

gradually arises from the eminences and embayments near the lateral

margins and is commonly joined to the lateral end of a dorsal ridge.

Illustrated specimens: USNM 413430-413445.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18118c 56 4 9

18138b 15 2 1

18138e 28 - -

18138h 23 - 9

36439a 22 - 16

36439b 6 - 7

36439c 12 - 13

Totals: 162 6 55

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: The species of Dicoelosia from Horseshoe Gulch (HG)

is distinguished from all described species other than D.

jonesridgensis Ross and Dutro 1966 and D. indenta Cooper 1930 (as

redescribed by Wright, 1968) by the existence of the prominent dorsal

ridges in its brachial valve. Wright (1968, p. 275) noted that D.

biloba, D. varica, and D. verneuiliana may rarely contain dorsal

ridges, but their ridges are low compared to those of D.

jonesridgensis, D. indenta, and the HG Dicoelosia.

The HG species resembles D. jonesridgensis and D. indenta in the

deep emargination; the relatively slender, rounded, mildly divergent

ventral lobes; the concavity of the brachial valve in lateral profile;
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and in the presence of pronounced dorsal ridges (n.b.: the last two

characters are inferred for D. indenta by Wright, 1968).

As described above, HG Dicoelosia exhibits an apparent range in

ribbing style, from shells with a prominent rib on the crest of each

lobe to those with no such prominent ribs. Ribs are distributed

evenly across the sulcus of the pedicle valve of several specimens and

of the brachial valve of a few specimens. The dorsal ridges are

commonly U-shaped in plan. In these characters HG Dicoelosia differs

from D. indenta, which Wright (ibid.) concluded to have fairly even

ribbing on the lobes, ribs poorly developed in the sulci, and V-shaped

dorsal ridges. HG Dicoelosia may partly overlap the range of

variation in dorsal-ridge shape in D. indenta, because: 1) a limited

number (>3) of dorsal interiors of D. indenta were examined by Wright,

and 2) some HG dorsal ridges approach the V shape of D. indenta that

is illustrated by Wright (ibid., P1. 4, fig. 3).

HG Dicoelosia differs from D. jonesridgensis in that some HG

valves do not contain a prominent rib on the crest of each lobe; their

brachiophores are flat blades rather than slender rods; and their

dorsal ridges commonly, but not always, extend completely across the

lobes rather than ending in midlobe. However, D. donesridgensis is

known from only eight specimens, and the range of variability in its

characters is poorly documented. Except perhaps for a significant

difference in brachiophore shape, HG Dicoelosia may fall within the

limits of variation of D. jonesridgensis; until more specimens of the

latter have been studied, it seems advisable to classify the former as

D. aff. jonesridgensis.



245

Dicoelosia aff. inghami Wright 1968

aff. 1968 Dicoelosia inghami Wright, p. 297, P1. 3, figs. 1-13.

Diagnosis: Small Dicoelosia with variably developed lobation.

Sulci strongly to weakly developed and anterior commissure moderately

to only slight invaginated, giving rise to lobes fairly short to

nearly absent (in extreme cases). Shell length/width ratio variable,

but less than one; larger shells concavo-convex. Rib density average

for genus (c.3/ 0.5 mm at 2 mm from dorsal umbo); ribs occur across

both sulci; ventral sulcus commonly bounded on each side by group of

2-3 slightly prominent ribs.

Description: Shells commonly broken and tectonically deformed,

making appraisal of original shape difficult. Virtually the total

range of variation occurs in the specimens from loc. 18121 cl. y.

Size small: largest specimen is a pedicle valve 3.2 mm long. Form

multifarious. Anterior commissure moderately to only slightly

emarginate and sulci strongly to weakly developed, so that lobes range

from fairly short and rounded anteriorly to very short (to virtually

absent in a few shells). Two large shells have the deepest

invagination, but within any size class there appear to be

intermediate stages between those with moderate invagination and those

with very little. Hence the morphological diversity is not due solely

to ontogenetic effects. Larger shells are concavo-convex in overall

lateral profile, with shell thickness c. 0.5 to 0.6 maximum length.

(Samples of 19 to 25 valves were measured, including small as well as

largest sizes; ranges listed below change little if only largest

valves are considered.) Maximum length is commonly 0.6-0.85 of the

maximum width and midline length 0.8-0.9 of maximum length; however, a
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few more emarginate valves have midline length as low as 0.7 maximum

length. Ventral lobe divergence from the ventral beak was c. 50° to

85°. Hinge line typically 0.55 to 0.8 maximum width; cardinal

extremities obtuse, small ears present. Interarea curved, apsacline,

interarea length 0.1 to 0.35 interarea width and c. 0.1-0.25 maximum

valve length.

Ventral sulcus originates near umbo; it is shallow to moderate

depth, narrower than dorsal sulcus, 0.7 to 1 mm wide at 2 mm from

umbo, rounded in transverse section and commonly bounded on each side

by a group of 2 to 3 slightly accentuated ribs; ribs distributed

evenly across sulcus in many valves; median rib is in sulcus of

several valves; one large valve contained 7-8 ribs in the anterior

part of the sulcus.

Brachial valve convex at umbo in lateral profile, but becomes

concave anteriorly in larger shells (except for one deformed large

shell). In measured sample maximum valve length commonly 0.55 to 0.75

of maximum width, midline length 0.75-0.95 maximum length. Interarea

planar, anacline, shorter than ventral interarea; ears present.

Sulcus begins near umbo, expands anteriorly to wider than ventral

sulcus at anterior margin. It is shallow to moderate depth, fairly

evenly rounded in transverse section and not bounded laterally by

prominent ribs. Ribs distributed across sulcus, with 12-13 ribs in

anterior part of sulcus of one large valve.

Ribbing consists of rounded costellae in most shells, with

density commonly 2.5 to 3 ribs/0.5 mm on lobe crest at 2 mm from

dorsal umbo (n=23). At 2 mm from umbo rib density is 2, 3, 4 ribs/0.5

mm on lobe crest of 4, 13, 1 pedicle valves, respectively, and 4, 5,
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6, 7, 8 ribs/mm on 3, 3, 9, 2, 1? pedicle valves. Capillae may rarely

occur; no growth lines observed.

Pedicle valve with triangular teeth (viewed from posterior)

supported by short stout ridgelike dental plates longer at bases than

near hinge line and extending to anterolateral part of subequant

muscle field. The latter is 0.2-0.3 as long as maximum valve length

in two small valves; it bears a raised medial area corresponding to

external sulcus and is on a low platform with an anterior lip in some

valves.

Four small brachial valves have poorly preserved interiors

showing cardinal process as short shaft restricted to apical area or

extending anteriorly a short distance; posterior end of shaft

thickened in a few valves. One valve has a low small notothyrial

platform and rodlike median ridge extending anteriorly to 0.4 valve

length and joining shaft of cardinal process posteriorly.

Brachiophore bases stout ridges bounding sockets medially and

diverging anterolaterally (and slightly dorsally in some valves),

extending <0.3 valve length; brachiophore processes not preserved or

incomplete.

Eminences and embayments (Wright, 1968) present in both valves.

One brachial valve has a low short flange or ridge bounding eminences

medially at anteromedial margin. Muscle scars, mantle canal systems

and punctation not observed.

Illustrated specimens: USNM 413446-413455.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 mBlk 4 4



18121 cl. y 30 5

18121 cl. 21 - 1 -

18124 cl. L 2

18125 cl. H 1 1 -

18130 cl. v - 1 2

Totals: 37 12 7
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Distribution: Ordovician limestone clasts of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Ashgillian m-Blk near Lovers Leap (see Rigby and Potter, 1986, p. 7,

for further details).

Discussion: The species of Dicoelosia from USNM loc. 18121 cl. y

(referred to below as the "cl. -y Dicoelosia") resembles D. inghami

Wright 1968, yet differs in its more variable lobe length and lobe

divergence, and in the common presence of the two groups of 2-3 ribs

bounding the ventral sulcus. Without a large collection of shells it

would be difficult to separate some cl.-y Dicoelosia from D. inghami.

The cl.-y species is similar to D. lata Wright 1964. However, the

former has slightly finer ribbing: 4, 5, 6, 7, 8 ribs/mm at 2 mm from

the ventral umbo in 3, 3, 9, 2, 1? valves vs similar densities in 14,

20, 2, 0, 0 valves of D. lata (Wright, 1964). If the cl.-y sample

represents an average population, the cl.-y species is a bit shorter

than D. lata; the latter has an average pedicle-valve length of 3.1 mm

(Wright, 1964, p. 229). The few larger cl.-y brachial valves are

concave anteriorly in lateral profile (except for one deformed shell),

whereas some brachial valves of D. lata are convex in this profile

(Wright, 1964, 1968).

The combination of moderate anterior emargination and wide

divergence of ventral lobes (c.90°) of D. transversa Wright 1968

distinguishes it from the cl.-y form. The (hinge-line width /(maximum
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width ratio of <0.5 of D. transversa is less than that of most cl.-y

shells.

D. jonesridgensis, D. indenta, and the Horseshoe Gulch Dicoelosia

all exhibit deep emargination, narrow lobes, hinge line about half

shell width, and dorsal ridges in the dorsal interior, hence are all

distinct from the cl.-y form in these characters. D. anticipata

Wright 1968 differs from the cl.-y species in its generaaly cordate

outline and poorly defined sulcus in the anterior of the dorsal valve.

Most cl.-y shells have hinge-line width greater than half shell width,

hence differ from D. anticipata in this respect also.

The variable ventral-lobe length and divergence, the group of

slightly elevated ribs bounding the ventral sulcus, and the presence

of ribs on the floor of the dorsal sulcus of all shells of cl.-y

Dicoelosia separate it from D. osloensis Wright 1968. Pedicle valves

of the latter have (length / {maximum width greater and (midline

length / {maximum length less than in most pedicle valves from cl. y.

D. alticavata Whittard and Barker 1950 possesses a deep, narrow

emargination and brachial valves with concavo-convex to piano- convex

lateral profile, unlike the cl.-y species. The latter differs from D.

verneuiliani Bucher 1891 because the latter has a pedicle valve longer

then wide and narrow lobes less divergent (350) than those of most

cl.-y shells.

D. paralata Basset 1972, D. biloba Linnaeus 1758, D. oklahomensis

Amsden 1951, D. bilobella Amsden 1968, D. nitida Johnson and others

1973, D. varica Conrad, and D. dimera Barrande 1879 do not possess

concave brachial valves, hence differ from the cl.-y species. D.

acutiloba Ringueberg 1888 has some plano-convex as well as concavo-
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convex shells.

Genus Epitomyonia Wright

Epitomyonia relicina n. sp.

Plate 13, figs. 62-68; Plate 14, figs. 1-31.

Diagnosis: Concavo-convex Epitomyonia with moderate to deep

invagination of anterior margin and well-developed lobes in most

shells. Lobes range from wide and short to narrow and long. Anterior

part of dorsal adductor field bounded by structures more like dorsal

ridges than an elevated platform.

Description: Largest specimen is a pedicle valve 6.2 mm long.

Concavo-convex, with moderate to, uncommonly, deep emargination.

Pedicle-valve length generally c. 0.65 to 0.85 maximum width and

midline length c. 0.7 to 0.9 maximum length (n=28 for both ratios).

Lobes variable in length, usually diverge at c. 55° to 75 o from the

pedicle valve beak (n=27). Pedicle valve generally unevenly convex in

lateral profile, with greater curvature in posterior half. Shell depth

(Wright, 1968, p. 305) commonly decreases anteriorly. Lateral and

anterior commissures convex ventrally. Thickness (Wright, 1968, p.

305) of articulated valves c. 0.5-0.65 maximum pedicle-valve length

(n=25). Hinge-line width usually c. 0.35 to 0.5, rarely up to 0.65,

maximum valve width (n=28). Cardinal extremities obtuse, ears fairly

small. Ventral interarea curved in profile, apsacline, generally c.

0.25 to 0.35 as long as wide (n=28) and c. 0.15 to 0.2 as long as

pedicle valve itself (n=27); delthyrium open.

Brachial valve shallow, slightly convex in lateral profile at

umbo, becoming concave anteriorly. Anterior profile shows protruding
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umbonal area and concave lateral slopes. Valve length commonly c.

0.55-0.7 maximum width and midline length c. 0.65 to 0.9 maximum

length (n=29, 30, respectively). Dorsal interarea planar, rarely

slightly curved, anacline, usually less than half length of ventral

interarea; notothyrium open.

Sulcus present in both valves, originating at or near umbo.

Sulcus variable in pedicle valve, ranging from relatively narrow to

anteriorly widening, from moderate depth to shallow to, rarely,

indistinct. Brachial-valve sulcus expands anteriorly to become wider

than ventral sulcus, is moderate to shallow depth.

Ribbing commonly incompletely preserved and locally indistinct;

it is costellate, with rodlike ribs of variable prominence and spacing

arising by branching (and implantation?). Rib density c. 2.5 to 4

ribs/0.5 mm on lobe crest of brachial valve 2 mm from the beak (n=28).

Ribs relatively evenly distributed across both sulci of shells

examined, with one or more ribs prominent in the ventral sulcus of

some shells. Several ribs may become prominent anterolaterally on

lobes of dorsal and ventral valves.

Growth lines rarely observed; (8 counted per valve.

Pedicle-valve interior with stout teeth supported by short dental

plates that are a bit divergent anteriorly and over twice as long near

bases as near hinge line. Umbonal chambers narrow . Dental plates

almost attached to valve wall near their bases, where they merge with

relatively low anterior continuations or muscle-bounding ridges. The

latter extend anterolaterally and partly define a subequant to

slightly elongate relatively short muscle field that is slightly

elevated in one valve and c.0.15 maximum valve length in another.
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Most valves contain in their muscle field a low, ill-defined medial

elevation corresponding to the external sulcus; one valve has a low

median ridge in the field. Eminences and embayments well developed,

the former extending as rodlike ribs well into interior of some

valves.

Brachial valve interior with knoblike cardinal process that is

possibly bilobed in some valves (e.g., P1. 14, fig. 31); locally it is

joined to short shaft. Anterior to cardinal process a median septum

arises and increases in height anteriorly, extending to very near the

anterior valve margin in several cases. The septum is commonly narrow

to bladelike and is continuous with the shaft of the cardinal process

in some valves. Brachiophores not well preserved, and hooklike

brachiophores ss. of Wright (1968) not seen. Brachiophores diverge

from an area posterior to cardinal process and bound sockets medially;

they extend anterolaterally along sides of valve medial to eminences

and embayments as thin, high blades. Brachiophore bases c. 0.2 valve

length (n=6); brachiophores processes long where well preserved,

reaching over half valve length through lateral notch in dorsal ridge

in one case.

Brachial valve bears two "dorsal ridges" set posterior to

anteromedial margin and more or less perpendicular to median septum;

they extend laterally across the lobes, generally terminating before

reaching lateral valve wall, but in some valves nearly reaching wall

or joined to it by a low ridge. Dorsal ridges high to low, in the

latter case perhaps due mainly to incomplete preservation; they are

upright or slope a bit posteriorly. Their ventral edges in some cases

curl posteriorly and/or contain a notch. The ridges are commonly
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separated from median septum; they join median septum in some valves.

In at least one valve the gap between dorsal ridge and lateral wall

allows passage of a brachiophore process. In two valves a lower

secondary ridge or elevation of shell occurs at posterior base of

dorsal ridge, perhaps marking anterior limit of the adductor field.

Rodlike eminences and intervening embayments well developed, in

some cases coalesce to form a low narrow crenulated ridge along

anterior lobe margin. A low narrow ridge occurs just interior of the

anteromedial valve edge in some brachial valves. In many brachial

valves a low to high ridge is present along the lateral margin in the

area toward which the dorsal ridges extend.

Muscle scars, mantle-canal systems, and punctae were not

observed. In a few brachial valves faint grooves extend anteriorly

from notches between the dorsal ridges and ridges along the lateral

valve margin. Presumably these furrows are traces of mantle canals.

It is plausible that mantle canals also crossed the dorsal ridges

through gaps/notches between the median septum and dorsal ridges, and

possibly through notches along the crests of the dorsal ridges, as in

P. 14, fig. 31, "left" side of valve.

Type material: Holotype: USNM 413457, Plate 13, figs. 67,68;

paratypes: all other illustrated specimens.

Type locality: USNM loc. 36439a.

Illustrated specimens: USNM 413456-413468.

Derivation of name: Latin: "relicinus"--bent backward

(referring to the curled ventral edges of the dorsal ridges of some

brachial valves).

Localities and Material:



USNM Locality A+AF P+PF B+BF

18138c - 1 -

18138e 4 - 3

18138h 1 - 1

36439a 20 - 70

36439b 17 - 30

36439c 18 16

Totals: 60 1 120
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Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: According to Wright (1968b), the brachial valve

interior of Epitomyonia glypha Wright 1968b contains "antero-ventrally

directed platforms on each side of median septum". The comparable

structures in E. relicina are referred to as "dorsal ridges" because

where well developed they are more commonly upright overall than

antero-ventrally directed, and resemble the dorsal ridges described by

Wright (1968a) in Dicoelosia.

E. relicina is distinguished from Dicoelosia aff. jonesridgensis

by the presence of a well-developed median septum in the brachial

valve of the former. The latter has a narrow high ridge bounding the

eminences in the anteromedial area, and the dorsal ridges join this

ridge; in E. relicina the narrow eminence-bounding ridge is absent or

very low, and the dorsal ridges are set posteriorly to the

anteromedial margin on either side of the median septum. External

features are not reliable in distinguishing these two species.

Compared to E. glypha, E. relicina usually has deeper

emargination and therefore better developed lobation. Ribs are more

rodlike, as opposed to the subangular ribs of E. glypha.
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Family Linoporellidae Schuchert and Cooper

Genus Elasmothyris Cooper

Elasmothyris limata n. sp.

Plate 14, figs. 32-51, 58.

Diagnosis: Finely and unequally costellate Elasmothyris with

rodlike ribs. Some ribs branch; in most shells some ribs are slightly

enlarged to subdivide the valve surface into sectors.

Description: Shell small, ventribiconvex, wider than long.

Largest shell 4.4 mm long and 5.2 mm wide. Lateral and anterior

margins gently to moderately rounded in dorsal plan view, the outline

ranging from grossly subtriangular to shield-shaped to subelliptical;

rarely it is slightly emarginate. Hinge line straight, c. 0.7 to 0.9

maximum shell width (n=23), which occurs in the medial or, rarely,

posterior third of the shell. Cardinal angles obtuse.

Lateral profile of pedicle valve gently to moderately convex,

greatest depth in medial third, rarely in posterior third.

Anterior pedicle-valve profile moderately rounded medially,

uncommonly rather narrowly rounded. Lateral slopes generally slightly

concave immediately lateral to fold, but usually very gently convex

along more lateral segments; they are ordinarily moderately inclined

to subtend an obtuse angle. Fold low, rounded, and flanked laterally

by slightly concave segments of shell. Beak ridges gently concave,

beak prominent in plan view.

Ventral interarea moderate length, relatively short in some

valves, c. 0.2 to 0.4 as long as valve (n=13); it is gently concave

posteriorly in profile, apsacline overall. Delthyrium open, narrow,

commonly preserved with U-shape at apex and with margins subtending
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small angle (10
o
-20

o
, 25

o
, 35

o
in 5, 1, 1 valves, respectively).

Measured pedicle valves are 0.75 to 0.9 as long as wide (n=13)

and 0.4 to 0.5 as deep as long (n=12).

Lateral profile of brachial valve gently to moderately convex;

greatest depth in medial third, or posteriorly in some valves;

anterior region appears to be deflected ventrally in profile of

several valves.

Anterior dorsal profile commonly gently convex overall, but

moderately convex in a few valves. Shallow medial indentation present

in profile; it is produced by sulcus, which originates posteriorly,

becomes moderately wide and shallow at anterior margin, and nearly

disappears near margin in a few valves. Sulcus usually broadly

rounded medially at anterior margin; it is flanked by low, convex

elevations that merge smoothly with lateral slopes; the latter are

customarily gently inclined and slightly convex; they are straight or

undulatory in some cases. Anterior margin roundly sulcate; sulcate

commissure c. 0.6 to 0.7 as wide as valve width (n=5). Beak ridges

and posterolateral slopes slightly concave to straight.

Interarea much shorter than ventral interarea, commonly concave

posteriorly in profile and anacline overall.

Brachial valve c. 0.6 to 0.8 as long as wide, and 0.2 to 0.4 as

deep as long in 15 valves.

Ribbing finely and unequally costellate, usually poorly

preserved; some ribs branch, other probably implant. Ribs rodlike and

relatively low amplitude; in most valves several ribs (commonly 4-8)

are slightly enlarged to subdivide the ribbing into sectors. Medial

ventral rib not enlarged in some valves; slightly enlarged in others.
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At 1.5mm growth stage of either valve c. 4-5 ribs/0.5 mm were counted

in 23 of 31 valves (range: 3-6). Concentric growth lines, ridges,

short lamellae, indentations rare to moderate in number.

Teeth relatively small, subtriangular (as viewed from posterior).

Dental plates very short, commonly moderately thick and ridgelike.

They merge ventrally with short musclebounding ridges that are

usually deflected laterally and recurve anteromedially to join

anterolateral part of a highly elevated muscle platform. Secondary

shell material commonly fills in much of area lateral to dental plates

and bounding ridges. The deflections give rise to laterally directed,

rounded indentations in the walls of the delthyrial chamber at their

juncture with muscle platform. Possibly these indentations mark

adjustor impressions.

Platform c. 0.25 to 0.3 as long as valve (n=8), relatively flat

in some valves; in others two indistinct, low, rounded, slightly

anterolaterally divergent ridges appear to delimit a medial adductor

impression from narrow, shallow, troughlike diductor impressions; the

latter commonly merge with the lateral indentations in walls of

delthyurial chamber. Anterior margin of platform bladelike; cavity

ventral of platform deep to shallow. In plan platform margin is

nearly straight or slightly undulatory with a gentle medial

indentation flanked by minor bulges that mark the anterior ends of the

low ridges traversing the platform. Vascula media marked by

narrow grooves that are straight, slightly divergent in plan, and

extend anterolaterally from corners of muscle platform. Anterior to

the platform and between these grooves secondary shell deposits in

some valves form two low, rounded, wide, arcuate, anterolaterally
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divergent ridges. These ridges are separated posteromedially by a

trough or narrow groove that in turn extends anteriorly into a bowl-

like depression. The depression is somewhat wider or narrower than the

width of the muscle platform at its front end.

Anterior portions of brachiophores customarily appear as wide

(ventral-dorsal direction) blades oriented at high angles to

commissural surface. Fulcral plates concave, joining sides or ventral

parts of sides of brachiophores; umbonal chambers open to infilled.

Brachiophore bases bladelike; they extend anteriorly and curve

medially to join median septum at or near valve floor. Thereby is

formed a sessile to slightly elevated septalium that reaches 0.25,

0.4-0.45 valve length in 1, 8 valves, respectively. Sides of

septalium commonly form a relatively narrow, smoothly rounded trough

on either side of septum; trough is rather angular in some valves

owing to intersection of septum and side of septalium at acute angle.

In plan anterior end of septalium is acutely angular to rounded.

Dorsal median septum bladelike. It extends nearly to anterior

margin, c. 0.8 to 0.95 valve length (n=10); in the posterior portion

of the septalium it becomes steeply inclined at high angle to

commissural surface, reaching greatest height in medial portion of

valve (as seen in two valves). Dorsal septum intersects floor of

pedicle valve in some shells (e. g., P1. 14, fig. 38). Profile of

ventral edge of posterior part of septum concave posteriorly.

Cardinal process has an anteriorly inclined ventral edge and a

ridge-, rod-, or knob- like aspect in plan view; it is joined

anteriorly to median septum.

Low, narrow muscle-bounding ridges extend from points lateral to
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septalium and join septum at acute angle (plan view) in anterior

portion of some valves; they define elongate muscle impressions on

either side of septum and septalium; anterior margin of overall field

is angular to rounded in plan; field extends to 0.8 valve length in

two valves.

Interiors of valves commonly smooth; rodlike traces reflecting

external ribbing are visible in some valves. Marginal crenulations

consist of rodlike eminences separated by grooves.

Type material: Holotype: USNM 413469, Plate 14, figs. 32-36;

paratypes: all other illustrated specimens.

Type locality: USNM loc. 36439a.

Illustrated specimens: USNM 413469-413474.

Derivation of name: Latin: "limatus"--elegant.

Localities and Material:

USNM Locality A+AF P+PF B+BF

36439a 7 8 9

36439b - 9 6

36439c - 3 3

Totals: 7 20 18

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: The Horseshoe Gulch (HG) species differs from E.

concinnula Cooper 1956 mainly in the external ornament. According to

Cooper (1956, p. 985), E. concinnula has costellae "increasing by

intercalation" and is "anteriorly somewhat fascicostellate"; however,

>5 ribs appear to branch in P1. 99, fig. 42 of Cooper (1956). As

noted above, the HG species has some ribs that branch; the ribs are

rodlike and form an unequally costellate pattern with several ribs
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slightly enlarged to subdivide the valve surface into sectors.

Elasmothyris sp. 1

Plate 14, figs. 52-57; Plate 15, figs. 1-4.

Diagnosis: Fascicostellate Elasmothyris with carinate pedicle

valve produced by highly elevated medial costa.

Description: This species is known from two pedicle and one

brachial valves, all of which appear to be broken off at the margins

and tectonically distorted to some degree. Shell ventribiconvex and

small. Largest pedicle valve c.3.1 mm long along midline; valve is

now subtriangular in outline, about as long as wide, maximum in width

at c. 0.3-0.4 valve length anterior of the beak, and bears obtuse

cardinal angles; however, all these features may be a result of

deformation and breakage. Lateral profile of larger pedicle valve

more or less gently convex overall and moderate in depth; depth

presently on the order of 0.4-0.5 valve length and greatest in medial

segment of profile. Anterior profile of pedicle valve carinate;

elevated medial costa is at crest of fold that arises between umbo and

midlength and is prominent at anterior margin, where it contains three

primary rib sectors (discussed below); otherwise, profile is

moderately convex overall; slopes on either side of midline are

possibly tectonically distorted in places, are moderately inclined,

and more or less gently convex on the whole, although some segments

are steeply inclined, straight or moderately convex. Beak prominent.

Ventral interarea partially broken off, but probably was short to

moderate length, concave, apsacline overall. Delthyrium open,

delthyrial angle moderate (c. 500).
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Lateral profile of one brachial valve gently convex and shallow

overall, but moderately convex and apparently deepest in segment 0.25-

0.5 valve length anterior of umbo. Interarea broken off. Anterior

profile gently convex on the whole, with a medial indentation caused

by a sulcus which deepens anteriorly and appears corrugated in profile

and contained between narrow crests of two high-amplitude costae; at

anterior edge sulcus looks relatively shallow to moderate depth along

crests of costae and moderate depth to deep along low points of rib

interspaces, with medial interspace the deepest, very narrowly rounded

medially, and bearing steeply inclined flanks. Anterior commissure

sulcate. Lateral slopes gently inclined, more or less straight or a

bit concave.

Ribbing generally fascicostellate in the three valves at hand.

Ribs are rodlike in plan view, and in cross section have inclined

flanks; rib crests and interspaces are usually rounded, commonly

rather narrowly rounded, in places angular-subangular. Rib amplitude

ranges from very high to low. (Rib amplitude and angularity may have

been increased medially and decreased laterally by deformation.)

Adapting the rib notation of Bancroft (1928, p. 61-62, 72) to the

pedicle valve, the ventral median costa (primary) is here labeled "M",

the adjacent costa on each side of M as "l(rt.)" and "1 (lt.) ", the

next nearest as "2 (rt.)" and "2 (lt.) ", and so on.

In the pedicle valve M is very high amplitude, giving a carinate

anterior profile; 1 (rt.) and 1 (lt.) are somewhat lower, 2 (rt.) and

2 (lt.) lower still, and more lateral costae and costellae moderate to

low amplitude. The ribs in the three medial "primary sectors" (sensu

Bancroft, 1928, p. 62) in the pedicle valve are elevated to form a



261

fold that first becomes evident between the umbo and midlength,

although the medial costa is elevated from umbo to anterior margin.

In the dorsal valve costae of sector 2 are highest and bound the

sulcus laterally. Costellae evidently arise by branching, or may

implant in some cases; one generation of costellae is common; two

occur in places. The daughter costellae commonly are present on the

flanks of the moderate- to high-amplitude parent costae, producing the

fascicostellate pattern.

On either side of the midline at 2-mm growth stage c. 5 to 0 or

8 ribs/mm were counted on 2 pedicle valves and 1 brachial valve.

Differences in rib densities of 2 ribs/mm or more can be obtained in

different places on one valve, owing to vagaries of branching and

spacing. The three medial sectors forming the ventral fold contain 8

ribs at the margin of a valve 3.1 mm long. The dorsal sulcus contains

8 ribs at the margin of a valve 2.6 mm long.

A few very faint, close-spaced, low, rounded swellings were

observed on ribs in one area of one valve.

Dental plates appear as relatively short, thick blades

anterolaterally divergent; anterior edges of plates very slightly

divergent dorsally. Bases of dental plates curve abruptly medially

and join lateral edges of an elevated subhorizontal plate c. 0.2 as

long as valve in one valve; front edge of plate appears in anterior

view as a thick blade ranging from slightly convex to weakly concave

dorsally; ensemble of dental and elevated cross plates present a

subrectangular aspect in anterior view. Space "beneath" (ventral of)

plate mostly open to largely infilled. Umbonal chambers partially

infilled in one valve.
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Cardinalia not preserved in the one brachial valve available; no

median septum preserved, but external deep medial rib interspace

resembles a moderately elevated median ridge on the internal surface

and is narrowly rounded at the crest, with inclined flanks.

Interiors of valves corrugated by ribbing.

Illustrated specimens: USNM 413475-413476.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18121 cl. y 2 1

Distribution: Ashgillian limestone clast y of member 3 of the

Kangaroo Creek Formation in the Lovers LeapGregg Ranch area.

Discussion: Because of broken and distorted nature of valves of

E. sp. 1, no satisfactory comparisons can be made with other species

in details of valve shape. E. sp. 1 is a bit larger then shells of E.

concinnula figured by Cooper (1956): c. 3.1 mm vs. <1.5 mm in length.

The fascicostellate ribbing of E. sp. 1 resembles that of E.

concinnula in some respects, but some of the ribs of E. sp. 1 appear

to be higher in amplitude and perhaps have a somewhat different

pattern of arrangement than the specimens illustrated by Cooper. In

particular the ventral median costa seems more elevated in E. sp. 1,

and the dorsal medial rib interspace deeper. The delthyrial angle of

E. sp. 1 is much greater than in one illustrated specimen of E.

concinnula (50° vs. c.10°). Obviously, an adequate sample of

undamaged E. sp 1 shells is needed to see if persistent differences

occur between it and E. concinnula.

E. sp. 1 differs from E. limata by its carinate ventral valve and

its fascicostellate, locally highamplitude ribbing, compared to the



263

fine, low-amplitude, unequally costellate ribbing of the latter. The

delthyrial angle of E. limata is narrower than that of E. sp. 1 (10 °-

35° vs. 500).

Genus Laticrura Cooper

Laticrura sp. 1

Plate 15, figs. 5-17; 18?-20?

Description: Ventribiconvex; most specimens smaller than average

for genus; largest shell broken, but over 8.5 mm long, 12.2 mm wide.

In dorsal plan view outline is shield-shaped. Shells commonly wider

than long. Three pedicle valves have (length /(maximum width of c.

0.8. 0.8, 1.1; the latter value is probably a result of tectonic

deformation. One brachial valve is c. 0.8 as long as wide. Lateral

and anterior margins gently to moderately rounded. Hinge-line width

c.0.9 maximum width in 2 individuals (0.7 in 2 deformed shells).

Maximum width is in posterior third or medial third of shell. Cardinal

angles obtuse.

Lateral profile of pedicle valve moderately to gently convex

overall, with posterior and medial segments customarily moderately or

gently rounded , anterior segment gently curved to nearly straight.

Depth moderate to rather large, c. 0.4-0.5 valve length in 3 valves,

and maximum in medial or posterior third of valve.

Anterior profile of pedicle valve usually moderately rounded

medially, lateral slopes a bit convex to straight and moderately to

steeply inclined, subtending an obtuse angle that approaches 90° in

some valves. In ventroanterior view beak ridges concave near beak and

slightly concave to straight in more lateral segments. Beak
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prominent.

Ventral interarea relatively short to moderate length (c. 0.25-

0.35 valve length in 3 valves), very gently to moderately concave

posteriorly, generally apsacline overall. Delthyrial angle narrow,

rarely moderate, delthyrium open but a bit constricted by apical plate

(described below) and a low narrow rodlike ridge along each lateral

edge.

Lateral profile of brachial valve moderately to gently convex on

the whole, with the umbonal area narrowly rounded in some valves.

Depth moderate to low, c. 0.3 valve length in 2 valves, and maximum in

the medial third of the valve in the limited sample at hand.

Commissure curves ventrally in anterior part of profile.

Anterior profile of brachial valve commonly gently convex on the

whole, yet moderately convex in a few individuals; a medial

indentation is present, produced by a sulcus which arises posteriorly

and is usually shallow to very shallow and of moderate width at a

broadly rounded, shallowly sulcate anterior commissure. In 1 valve

sulcus is moderately deep anteriorly and narrowly rounded-subangular

medially. Lateral slopes commonly gently inclined, rarely moderately

or even steeply inclined, and slightly convex or concave.

Posterolateral slopes usually concave in lateral view. Beak ridges

concave near beak, faintly concave to straight more laterally.

Dorsal interarea shorter than ventral interarea, concave,

anacline on the whole. In some valves notothyrial edges bear rodlike

ridges similar to those along delthyrial margins.

Ribbing is costellate, with costellae arising by implantation and

branching. Ribs are rodlike and appear of relatively moderate to low
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amplitude. Most valves have a few to several (range 1 to 7) slightly

elevated or enlarged ribs subdividing the surface into sectors;

usually (9 of 12 cases) the median ventral costa is accentuated.

Accentuated ribs are poorly developed or evidently absent on some

valves, and in a few articulated shells are obvious on one valve yet

barely discernible on the other. A few single capillae occur between

the ribs of some valves. Commissure corrugated by ribbing.

Just lateral of the midline at 2-mm growth stage 5, 6, 7, 8

ribs/mm were counted on 6, 0, 2, 0 brachial valves and 3, 5, 2, 1

pedicle valves, respectively. Several concentric ridges and/or growth

lines were observed on most valves. In places the ribs of some valves

appear to be nodular or subdivided into very short segments by

constrictions or hairline cracks that seem discontinuous laterally;

this feature may be an artifact of taphonomic processes.

Teeth subtriangular in posterior view. Crural fossettes appear

as shallow oblique grooves in one valve. Dental plates well developed,

bladelike, subparallel to slightly divergent anterolaterally and

rarely bearing a laterally directed, rounded indentation near the

base; they merge ventrally with muscle-bounding ridges that at least

partially outline an elongate muscle field which in some valves is

subrectangular anteriorly and is c. 1.3 to 2.0 as long as wide and 0.4

as long as valve in 6 and 1 valves, respectively. Anterior margin of

muscle field not preserved in several valves; where present it ranges

from more or less convex to roundly indented to straight in plan, and

forms a low sill in a few valves where anterior portion of field is

slightly thickened. Muscle field of 2 valves contains an adductor

area slightly elevated anteriorly and about half as wide as field at
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its anterior margin; a medial elevation extends somewhat beyond

anterior margin of field in one of the these valves.

Apical plate normally present, short, and concave anteriorly to

straight in plan; it is contained within the delthyrial chamber,

joined to sides of chamber just interior of delthyrial edges, and

commonly oriented at an acute angle to

(ventral to) plate open to infilled.

partially infilled.

Brachiophores wide (ventral-dorsal direction) blades, S-shaped in

cross section, reaching floor of pedicle valve in one broken

articulated shell, not doing so in another. Fulcral plates concave,

umbonal chambers open to partially infilled. Median ridge relatively

narrow, moderately elevated, rounded to subangular at the crest, and

c.0.6 valve length in one small valve. In some valves brachiophore

bases appear to curve medially and intersect median ridge at high

angle; in other valves bases intersect ridge at much lower angle,

yielding a septalium with a narrow "floor". Septalium commonly

elevated anteriorly "above" valve floor with space "beneath" open. On

median ridge anterior end of septalium is normally marked by low sill

or hump that forms a discontinuity between ridge and a low bladelike

or narrow ridgelike cardinal process; the latter reaches posteriorly

almost to apex. Low muscle-bounding ridges extend from beneath

brachiophores along either side of median ridge to define narrow

elongate adductor field in one valve. Genital markings present as low

subparallel ridges in one individual.

Valve interiors commonly smooth, but corrugated by external

ribbing in places. Peripheral crenulations generally not preserved;

interarea; space "beneath"

Umbonal chambers open to
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they evidently occur as small rodlike ridges separated by grooves in

one or two valves.

Illustrated specimens: USNM 413477-413480; 413481

Localities and Material:

USNM Locality A+AF P+PF B+BF

(?).

18121 cl. 14 1 - -

18121 cl. 27 (pink) (cf.) - 3 -

18123 cl. 1 - 1 -

18123 cl. 1 (?) - - 1

18124 cl. AU (?) - - 1

18125 cl. T (?) - 1 -

18128 2 3 1

18130 cl. AP 1 1 1

18130 cl. H1 1 - -

18130 cl. W 1 - -

18137 cl. X (?) - 1 -

Totals: 6 10 4

Distribution: Llandeilian limestone of member 1 of the Gregg

Ranch unit near Gregg Ranch. Ordovician limestone clasts of member 3

of the Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: Laticrura sp. 1 is referred to below as the "Gregg

Ranch (GR)" species; it is compared with L. aff. erects from Horseshoe

Gulch following description of that species. Comparisons of L. sp. 1

with the 6 previously described species of Laticrura are largely

frustrated by the poor preservation and low populations of the Klamath

material. The GR species resembles L. heteropleura Cooper 1956 in the

occurrence of accentuated ribs in both stocks, although accentuated

ribs are poorly defined or absent in some L. sp. 1 valves. However,

illustrated specimens of L. heteropleura seem to have a relatively

shallower brachial valve: depth/length is c. 0.15 and 0.2 in 2 valves

vs. c.0.35 in one valve of L. sp. 1 (and 0.3 in one small valve). In

anterior profile the pedicle valve seems more broadly rounded medially
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and possibly less steeply inclined on the lateral slopes than in the

few GR valves at hand. The presence or absence of an apical plate in

L. heteropleura is not discussed by Cooper (ibid.).

L. sp. 1 appears to resemble L. latibrachiata Cooper 1956 in many

aspects of external shape. However, in a plan view of the pedicle

valve the beak ridges subtend a lower angle in some valves of L.

latibrachiata than in L. sp. 1: c. 100°, 110°, 115° in 3 valves 7.5,

8.9, and 6.1 mm long illustrated by Cooper (1956) vs. (115°, 115°,

120°, 135°, 135°, in 5 valves of L. sp. 1 >8.5, >4.5, >5, >6.7, >4.7

mm long, respectively. The form and position of the apical plate are

similar in both stocks. L. latibrachiata is multicostellate (Cooper,

1956), yet one valve illustrated by Cooper seems to have a few ribs a

bit more prominent than others, and resembles some L. sp. 1 valves in

this regard. Further, the degree of rib accentuation is low in L. sp.

1, and accentuated ribs are not obvious on some valves, suggesting

that L. sp. 1 and L. latibrachiata may be end members of a continuous

series in this regard. The ventral muscle field is 1.8 and 2.4 as

long as wide in 2 valves of L. latibrachiata vs. 1.3, 1.5, 1.8, 1.9,

2.0 in 5 L. sp. 1 valves.

Some illustrated specimens of L. pionodema Cooper 1956 exhibit

accentuated ribs like those of the GR stock. One ventral valve

(Cooper, 1956, P1. 144, fig. 17) is described as possessing an apical

plate, which resembles that of GR L. sp. 1. Even so, Cooper (1956, p.

983) states that L. pionodema lacks an apical plate, hence is

different from L. sp. 1. Mature ventral valves of L. pionodema appear

to be relatively shallower than some valves of L. sp. 1: depth/length

is c. 0.35-0.4 in 3 valves of L. pionodema vs. c.0.5 in 1 GR valve
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about half as large and 0.45 and 0.55 in 2 other valves of L. sp. 1

that are quite small.

L. magna Cooper 1956, L. inconstans Reed, and L. sp. of Williams

(1962) differ from GR L. sp. 1 in their lack of accentuated ribs.

Further, L. inconstans possesses angular costellae (Williams, 1962, p.

145).

Rib densities at 2mm growth stage of the brachial valve in

specimens illustrated by Cooper (1956) are c. 5-6, 5-6, 5-7, 4-6

ribs/mm for L. heteropleura, L. latibrachiata, L. pionodema, and L.

magna, respectively, overlapping with values measured in shells of the

GR species.

L. erecta Wright (1964) evidently possesses a platform in the

notothryial area and nearly vertical brachiophore plates. In contrast,

GR L. sp. 1 commonly bears a septalium formed by the intersection of

inclined brachiophore bases with the median ridge. L. erecta has 3, 4,

5 ribs/mm on the medial dorsal valve at 5 mm from the beak in 1, 7, 2

valves, while similar densities were counted on 0, 2, 2 dorsal valves

of L. sp. 1, respectively, indicating little apparent difference in

this regard.

On balance, L. sp. 1 seems to resemble L. latibrachiata somewhat

more than other described species of Laticrura. Williams 1962, p.

145) and Wright (1964, p. 234) discuss the possibility that L.

latibrachiata, L. pionodema, and L. heteropleura are conspecific. In

any case more specimens of the GR stock are needed to assess its

specific affinities.

Laticrura aff. erecta Wright

Plate 15, figs. 21-35.
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aff. 1964 Laticrura erects Wright, p. 233, P1. 10, figs. 17, 18; P1.

11, figs. 16, 18-21.

Description: The only specimens of this taxon available for

study are fragments of disarticulated valves, hence the shell

dimensions and shape are largely unknown. The shell is

ventribiconvex; one individual is at least 10 mm in length; one

deformed brachial valve a bit wider than long. Three fragments have

an obtuse cardinal angle.

Posteromedial segments of three incomplete pedicle valves have

relatively gently convex lateral profile that is moderately convex

near the umbo.

Anterior profile of posterior segments of some ventral valves

have a barely discernible, narrow, very shallow, rounded medial

indentation; this feature apparently fades out in anteromedial

segments. Ignoring this indentation, overall anterior profile of 3

partial valves is moderately to gently rounded medially, with lateral

slopes steeply to moderately inclined. In plan view beak prominent.

Beak ridges concave near beak, a bit concave to straight more

laterally.

Ventral interarea well developed, concave posteriorly in profile;

attitude of interarea presumably apsacline, although commissure not

preserved. Delthyrium constricted by apical plate (described below)

and commonly by rodlike ridges (rarely by very narrow lateral plates)

along delthyrial margins. Delthyrial angle narrow to moderate.

Lateral profile of one relatively complete but deformed brachial

valve gently convex overall, c.0.25 as deep as long, with depth

greatest in the posterior third of the valve. Some fragmented valves
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are relatively moderately convex near the umbo.

Anterior profile of brachial valve gently convex on the whole,

generally with a shallow medial indentation produced by a sulcus that

begins posteriorly and is shallow and broadly rounded at anterior

margin. Anterior commissure roundly sulcate in one valve. In a few

broken valves sulcus appears to be absent or to disappear anteriorly;

more-complete specimens are needed to verify this, however. Lateral

slopes gently inclined, straight or faintly convex or concave. Beak

ridges concave near beak, straight to slightly concave more laterally.

Beak prominent in plan. Posterolateral slopes concave in lateral

view.

Dorsal interarea much shorter than ventral interarea, anacline,

weakly concave toward posterior in at least 1 valve.

Ribbing costellate, yet generally indistinct because of wretched

preservation. Where discernible, ribs generally appear rodlike and of

relatively low amplitude. A few ribs are slightly accentuated on

several fragmentary valves. At 2 mm from the beak and usually just

lateral of the midline, 5, 6, 7, 8 ribs/mm were counted on 2, 3, 0, 0

brachial valves and 0, 2, 0, 3 pedicle valves, respsectively. A few

growth lines were observed on some valves.

Teeth subtriangular in posterior view; in a few valves narrowly

subtriangular, stout, and rodlke in plan. Crural fossettes occur in a

few specimens as small notches on anteromedial sides of teeth at about

the level of the dorsal margin of the interarea. Dental plates well

developed, bladelike, commonly a bit divergent dorsally; plates are

more or less subparallel anteriorly and merge ventrally with muscle-

bounding ridges. The latter help define an elongate muscle field of
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grossly subtriangular, subrectangular, or ovoid outline that is 1.5-

2.2 as long as wide in 6 valves. The anterior portion of the field

usually has sides faintly divergent anteriorly or gently convex

laterally; anterolateral margins narrowly rounded; and anterior margin

gently convex. Anterior portion of muscle field poorly defined in

some valves. Adductor and diductor impressions not certainly

identified. Umbonal chambers and spaces just lateral of muscle field

commonly partly infilled by secondary shell material.

Apical plate relatively short and thick, concave toward hinge

line in plan view, and flush with surface of interarea. Space between

plate and valve floor open to partly infilled.

Anterior portions of brachiophores relatively wide (dorsal

ventral direction) blades, Sshaped in crosssection, extending about

half the valve length in one specimen.

In plan view of the ventral edges of the brachiophores, the edges

diverge at c. 60° and 70° in 2 valves and possibly 45° in one broken

valve. The inside surfaces of the brachiophores diverge at c. 20°,

not not mot and 40° in 5 valves. Fulcral plates concave, umbonal

chambers commonly infilled or partly infilled. Median ridge

relatively narrow, rounded to subangular at its crest; maximum ridge

height moderate and usually occurs between ends of ridge, gradually

decreasing anteriorly and posteriorly; ridge extends to c.0.8 valve

length from beak in 1 valve. Posteriorly, median ridge joins an

ostensible elevated platform that is supported by shell material

"beneath" (dorsally) and has an abrupt, clifflike to steeply inclined

anterior edge. Possibly the platform represents an elevated septalium

infilled beneath and "above" (ventrally) by secondary shell material.
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Platform is longest medially, reaching c.0.3 valve length in 2 valves.

A low step or hump occurs on crest of median ridge at its juncture

with platform in several valves. Cardinal process a low narrow ridge

or blade that is continuous with median ridge in most valves.

Posterior portions of brachiophores intersect platform or bound it

laterally; angle of intersection with platform very high, approaching

90° in a few valves.

In several specimens low narrow muscle-bounding ridges extend

from area beneath brachiophores or near fulcral plates and proceed on

either side of and subparallel to median ridge to near its anterior

end, defining narrow elongate adductor field.

Interior of valves smooth. Marginal crenulations consist of low,

small rods separated by furrows. Lateral of the midline on each side

of one valve a pair of rods on the anterolateral margin is accentuated

and extends some distance posteriorly; on the external surface

accentuated ribs occur at the corresponding position.

Illustrated specimens: USNM 413482-413485.

Localities and Material:

USNM Locality

18121 m-Blk (cf.)
18169a

A+AF

-

P+PF

-

-

B+BF

2

4

36439a 7 7

36439b - 1

36439c 1(?) 2

Totals 1(?) 9 14

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch. Probably in Ashgillian 18121 m-Blk,

which is an isolated limestone block in the Lovers Leap-Gregg Ranch

area (see Rigby and Potter, 1986, p. 7 for further details).
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Discussion: The rib densities at 2 mm from the beak do not

appear to differ significantly in L. sp. 1 from Gregg Ranch (GR) and

L. aff. erecta from Horseshoe Gulch (HG) in the few specimens

measured. An accentuated medial rib occurs in 9 of 12 pedicle valves

of L. sp. 1, while this feature was not observed in any valves of L.

aff. erecta. Unfortunately, the ribbing is poorly preserved in L.

aff. erecta, so this difference may be illusory. The posterior

portion of the pedicle valve bears a shallow medial indentation in

some valves of L. aff. erecta, but not in any of those of L. sp. 1.

The apical plate of pedicle valves of L. sp. 1 is contained within the

delthyrial chamber internally of the delthyrial margins, while the

plate of HG species is flush with the delthyrial margins. Brachial

valves of L. sp. 1 possess a septalium with the space beneath open in

3 of 6 valves; in contrast, all 13 brachial valves of the HG stock

possess a platform in the notothryial area with no open space beneath.

The valves and their internal structures in L. aff. erecta commonly

seem somewhat more robust or thicker than their counterparts of equal

size of L. sp. 1. Obviously, more and betterpreserved specimens of

both taxa are needed to assess the reality and taxonomic significance

of these apparent disparities; with the data at hand it seems

reasonable to infer two provisional species.

The HG specimens resemble L. erecta Wright 1964 in the presence

of a platform in the notothyrial area. The posterior portions of the

brachiophores join the platform at a very steep angle in HG valves,

possibly corresponding to the subvertical brachiophore bases of L.

erecta. Rib densities of 3, 4, 5, 6 ribs/mm in the medial sector at 5

mm from the dorsal beak were found in 1, 7, 2, 0 valves of L. erecta



275

(Wright, 1964, p. 234) and in 0, 2, 0, 1 valves of the HG species,

suggesting similar densities. Both taxa possess some accentuated ribs

and an apical plate. Four L. erecta brachial valves are 0.79-0.95 as

long as wide and 3 are 0.24-0.26 as deep as long (Wright, 1964, p.

234) vs. values of 0.85 and 0.2 in one deformed HG valve.

The HG form appears to differ from L. erecta in the angle of

divergence of the medial surfaces of the brachiophores, this angle

estimated at 20° -40° in 5 HG valves, but averaging c.40° in L. erecta

(Wright, 1964, p. 233). The apical plate that is flush with the

surface of the interarea in the HG stock may differ from that in L.

erecta, although the plate of L. erecta is not described.

In conclusion, available material suggests some affinities of the

HG species to L. erecta. However, no adequate comparisons can be made

until the external form and ornament of the HG stock is determined

from more extensive collections.

L. aff. erecta differs from L. latibrachiata and L. pionodema in

the flush position of its apical plate and by its platform in the

notothyrium; the plate is contained internally in L. latibrachiata

and supposedly is absent in L. pionodema, and the two latter species

both possess a septalium. L. magna and L. inconstans lack accentuated

ribs. The interiors of L. heteropleura are not described, and a

satisfactory comparison with the HG species cannot be made.

L. rostrata Hintze 1975 differs the the HG stock by containing a

septalium and brachiophores with inside edges diverging at c. 55
o

(Hintze, 1975, p. 113). Judging from illustrations, an apical plate

is absent in L. rostrata or is contained within the delthyrium.
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Order Strophomenida Opik

Suborder Strophomenidina Opik

Superfamily Plectambonitacea Jones

Family Leptellinidae Ulrich and Cooper

Subfamily Leptellininae Ulrich and Cooper

Genus Leptellina Ulrich and Cooper

Leptellina sp. 1

Plate 15, figs. 36-41; Plate 16, figs. 1-26.

Diagnosis: Leptellina with anacline to hypercline dorsal

interarea, < c.30 accentuated ribs, and ventral muscle field slightly

wider than long to longer than wide. Average length/width ratio of

pedicle valve c.0.55, depth/length c.0.35. Concentric lamellae

customarily uncommon or absent.

Description: Largest valve c.9.5 mm long. Shells are concavo-

convex and in dorsal plan view are commonly shield-shaped, less

commonly subtriangular or transverse, rarely subquadrate. Cardinal

angles usually acute, yet obtuse in some individuals. Short alae are

generally present, well to poorly defined by concave posterior

segments of lateral margins; some shells are mucronate. Anterior

segments of lateral margins usually gently rounded, but straight in

some shells of subtriangular outline. Anterior margin generally

moderately to gently convex on the whole, rarely narrowly rounded.

{Length /{maximum width ratio averages 0.55 (range: 0.30-0.70) in 18

pedicle valves 3.3-9.1 mm long and 0.55 (range: 0.35-0.65) in 10

brachial valves 3.3-7.4 mm long.

Maximum width customarily at the hinge line, but is between hinge

line and midlength in some valves.
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Lateral profile of pedicle valve (excluding interarea) moderately

to gently convex overall; it is commonly unevenly rounded and

moderately rounded to subangular in the segment of greatest curvature,

which occurs in medial or anterior third of profile. Some valves are

geniculate. Maximum depth usually occurs in medial third of valve;

depth/length averages 0.35 (range: 0.20-0.60) in 24 valves 3.3-9.1 mm

long.

Ventral interarea planar to a bit concave in side view,

apsacline, its length averaging 0.15 of valve length in 24 valves

(range: 0.10-0.30). Delthyrial angle usually moderate (300-600),

uncommonly wide (600-750; 95
o

in one valve). Pseudodeltidium

generally moderately to highly arched.

Anterior profile of pedicle valve customarily subtriangular on

the whole. Medial segment generally narrowly rounded, less often

moderately rounded. Lateral slopes are gently to moderately inclined.

A low fold is usually present. It commonly extends from umbo to

anterior margin, although in some cases it occurs only in the

posterior or anterior of the valve. Fold is generally flanked by

concave segments. One or two plications occur in the flanks of some

valves. Anterior margin faintly to moderately sulcate or straight.

Longitudinal section along midline of brachial valve is

moderately to, less commonly, gently concave. Maximum curvature

occurs in anterior or posterior half of profile. Dorsal interarea

short, anacline to hypercline. In anterior profile beak ridges

subtend a highly obtuse to straight angle (usually 170 °- 180°).

Sulcus generally present, beginning just anterior to protegular

node. In posterior medial segments it is rounded, flanked by rounded
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segments, and of very shallow to moderate depth. Sulcus commonly

reaches front margin, yet is often absent or indistinct in anterior of

valve.

Ribbing finely, unequally costellate, divided into sectors by 11?

to 29 accentuated ribs (in valves 7.1 to 9.2 mm long), 1 or 2 (rarely

3?) orders of which arise anterior of the umbo. Rib density just

lateral of midline is 7-13 ribs/mm and 8-12 ribs/mm at 2 and 4 mm from

beak, respectively. Occurring on some valves are a few to several

growth lamellae, growth lines, concentric linear indentations, and/or

very fine concentric grooves that partially segment nonaccentuated

ribs into fila? (<5-12 (15?) /mm). Several (2-7 on one flank) low

rugae are not uncommonly present; in some valves they occur near the

posterior margins, obliquely oriented to the hinge line; in others

they occur elsewhere and are concentric. Concentric comae cover

anterior three quarters or half of two pedicle valves.

Teeth single or double. Segments of dental plates ventral of

teeth are initially commonly of moderate height, and slope steeply to

gently anteriorly to form parts of lateral boundaries of muscle field.

These segments usually extend into anterior half of field, or to its

front corners in several valves. Sides of anterior part of delthyrial

chamber generally appear gently to deeply concave overall. Pedicle

callist and/or tube very rarely present. Foramen open (due to

breakage?) in some valves. Umbonal chambers open to completely

infilled.

Muscle field usually crudely subpentagonal in outline except for

a bilobed anterior margin; it is c. 0.2-0.35 as long as valve in 5

valves >6.8 mm long and 0.85-1.4 as long as maximum distance between
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anterior edges of dental plates in 11 valves. Anterior portion of

muscle field elevated on low platform, or defined by muscle-bounding

ridges and not elevated. Muscle impressions not distinguishable in

most valves. Muscle field uncommonly bears low rounded medial ridge.

A small shallow circular depression occurs just anterior to medial

indentation of muscle field in some valves. Just anterior to this, or

to the indentaton of the muscle field itself if depression is not

present, is a short low tubercle-bearing ridge or zone of tubercles in

a few valves. vascula media usually a bit divergent initially from

anterior lobes of muscle field; branches evidently extend

posterolaterally in rare valves, suggesting a saccate canal pattern.

Anterior portion of valve commonly bears furrowlike vascular markings

and rare to abundant tubercles. Near valve margin are fine low

rodlike ridges or ribs (7-12/mm). Valve margin beveled in some

individuals.

In posterior view cardinal process appears as narrow medial

ridge; it is flanked by two subsidiary ridges that converge dorsally;

their lateral margins form an acute angle (300-800). The ridges are

separated from the process by furrows. Anterior face of cardinal

process-subsidiary ridge ensemble ranges in appearance from: 1) gently

inclined and thickened, thereby forming a low notothyrial platform, to

2) steep; in the latter case the ensemble appears as a moderately high

transverse ridge in plan. Extensions from subsidiary ridges or

notothyrial platform join socket ridges. In plan view socket ridges

usually diverge at 100 0 -160 0 and have narrow (ventrally-dorsally)

bladelike elevated distal ends. "Fulcral plates" absent or present;

where present, they extend from posterior ventral surfaces of socket
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ridges to elevated shell deposits along the interarea, or to valve

floor, or to interarea. Sockets just lateral of socket ridges are

triangular to furrowlike in plan; a second pair of pitlike sockets is

present just medial of socket ridges in uncommon valves. Median

septum usually begins anterior of cardinal process, ranging in

appearance from bladelike to a moderately wide or narrow ridge with

angular or rounded crest and inclined flanks. Maximum height of

septum above valve floor usually moderate to low (t1 mm), occurring in

its anterior half.

Lophophore platform relatively low to moderately elevated

anteriorly; it ranges from 1) undercut and bladelike to 2) ridge- or

step- like with anterior face steeply to moderately inclined. Ventral

surface of platform commonly ribbed. Platform outline in plan view is

generally crudely shield-shaped; uncommonly it is subtriangular,

transverse, or subquadrate; its maximum width is at its posterior end

or in its posterior half, and its anterior margin is bilobed. Platform

margins usually rounded overall, but anterior lobes are rarely

angular. Platform averages c.0.70 as long (from posterior margin) as

valve in 4 valves (range: 0.60-0.80) and is c. 0.35, 0.50, 0.50 as

long as wide in 3 valves. Poorly defined subelliptical or

subrectangular adductor field c.0.7 as long as platform and 0.7 as

long as wide was seen in 1 valve.

In 1 valve branches of vascula myaria extend to anterior and

lateral edges of platform. In this and other valves the vascula

genitalia pass along posterior valve margins from depressions or

furrows just anterior to bases of socket ridges. Vascula media occur

along or near median septum. Overall pattern seems to be pinnate.
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Valve surface beyond platform bears rare to common vascular

markings, tubercles, and/or fine rodlike ribs (6-11/mm).

Illustrated specimens: USNM 413486-413500.

Localities and Material:

USNM Locality

18124 cl. H (?)

A+AF

-

P+PF

-

B+BF

1

18128 20 7 14

18130 cl. AH - - 1

18130 cl. P-4 (?) - - 1

18130 cl. P-7 (?) 1 1 3

18132 cl. A 1 - -

18132 cl. 1 18 45 20

18132 cl. 2 18 43 24

18132-1 1 4 -

18137 cl. C 10 12 8

Totals: 69 112 72

Distribution: Llandeilian limestone of member 1 of the Gregg

Ranch unit near Gregg Ranch. Ordovician limestone clasts of member 3

of the Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area

and from unnamed limestone conglomerate near Gregg Ranch (loc. 18132).

Discussion: Given after description of L. sp. 1 subsp. 3.

Leptellina sp. 1 subsp. 1

Plate 15, figs. 36-41; Plate 16, figs. 1-5.

Diagnosis: Leptellina sp. 1 that is rarely submucronate and

rarely subgeniculate. Dorsal interarea commonly anacline. "Fulcral

plates" evidently absent.

Description: Specimens from USNM loc. 18132 are mostly broken

and covered by silicified residue, yet appear less deformed than

shells from 18128 and 18137 cl. C. The largest valve is c.9.5 mm

long. Comparatively undeformed shells are concavo-convex and commonly

shield-shaped in dorsal plan view, uncommmonly subquadrate,
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subtriangular or transverse. Cardinal angles usually acute, large

(50 ° -90°), but obtuse in some individuals. Short, well to poorly

defined alae are commonly present (in 12 of 27 large specimens),

accompanied by conspicuously to very faintly concave posterior

segments of lateral margins, respectively. Anterior portions of

lateral margins commonly gently rounded overall in plan; in some

shells of subtriangular outline they are straight; in subquadrate

shells anterolateral margins are moderately to narrowly rounded.

Anterior margin usually moderately to gently convex on the whole; in

several valves a medial fold in the pedicle valve produces a narrowly

rounded to subangular medial segment in the outline, and/or

anterolateral ventral plications cause minor undulations in the margin

in plan view. Subtriangular valves are narrowly to moderately rounded

medially in plan.

Length/width ratios are given in the accompanying table; the

ratios tend to increase a bit with increasing length.

Maximum width is usually at the hinge line; in some valves it is

between hinge line and midlength, and (hingeline width /(maximum

width ratio is >0.8.

Lateral profile of pedicle valve (excluding interarea) moderately

to gently convex overall, ranging from approximately evenly rounded

to, more commonly, unevenly convex. The latter valves are usually

moderately to rather narrowly rounded in the segment of greatest

curvature, which occurs in the medial or anterior third; posteriorly

and anteriorly of this segment these valves are usually gently convex

to nearly straight in profile; rarely they are moderately convex

posteriorly or anteriorly. The bend in profile resulting from unequal
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convexity is more gently rounded and subtends a larger angle than in

most valves described as "geniculate" in the stock from 18128.

Maximum depth occurs in medial third of large shells, commonly

in the medial fifth; depth/length ratio tends to increase with

increasing length (see Table 3).

Posterior segment of lateral commissure very commonly slightly

deflected ventrally; other segments usually straight or nearly so.

Ventral interarea planar to weakly concave in side view and apsacline,

weakly so in several valves. Delthyrial angle generally moderate,

averaging 45 0; it measures 20-29 0, 30-39 0, 40-49 0, 50-59 0, 60-65
o

in

2, 5, 6, 11, 2 valves, respectively. Pseudodeltidium commonly highly

arched and narrowly rounded to subangular along its crest; although

relations are frequently obscured by breakage, its length along its

crest appears shorter than along its lateral margins, which in turn

are c. 0.6?-0.9 as long as delthyrium; in one shell 5.7 mm long the

pseudodeltidium covers the ventral portion of the cardinal process-

chilidial plate ensemble. In several valves pseudodeltidium appears

to be joined to posterior walls of delthyrial chamber, and linear

grooves are commonly seen between pseudodeltidium and exterior edges

of delthyrium. Small open apical foramen present in some valves,

possibly as a result of breakage. Ratio of { interarea length / {valve

length in 14 valves 3.3 to 9.1 mm long averages 0.15 (range; 0.10-

0.15), with no trend apparent as valve length increases.

Anterior profile of pedicle valve usually subtriangular on the

whole, very uncommonly semilenticular. Medial segment generally

narrowly rounded. A low fold is frequently present; it occurs in at

least 26 of 30 larger valves; it is completely absent in at least 1 of
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30 valves. In some valves the fold occurs only in the posterior or

anterior of the shell; more commonly it extends from umbo to anterior

margin. The fold is usually relatively narrow and flanked by concave

segments. One or two plications occur on each flank in the anterior

half of several valves. Plications are rounded to subangular;

commonly they are low, narrow, and have an accentuated rib on the

crest. Lateral slopes are gently to moderately inclined; they range

from gently undulatory to faintly concave, straight, or convex.

Posterolateral slopes usually concave at alae; elsewhere they are

straight to weakly concave. Beak ridges concave near beak, straight

or feebly concave more laterally. Umbo customarily somewhat swollen.

Anterior margin sulcate to straight, locally undulatory at plications.

Medial deflection of margin in sulcate valves is slight to moderate,

narrowly to gently rounded at apex.

Longitudinal section along midline of brachial valve is

moderately to, less commonly, gently concave. Maximum curvature in

larger valves most commonly in anterior half of valve. Dorsal

interarea short, planar, mostly hypercline, as shown in following

table:

Inclination of Interarea

anacline anacline catacline catacline hypercline
or or

Locality catacline hypercline

18128 5 1 - 2 5

18132 8 1 1 2 11

18137 cl. C 1 1 - 2 4

(Length of interarea / {valve length averages 0.10 in 8 valves
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(range 0.05-0.10).

In anterior profile of brachial valve beak ridges subtend a

highly obtuse to straight angle (170°-180° in 23 valves); they range

from straight to, less commonly, slightly concave, convex, or

undulatory. Protegular node relatively small, usually flanked by very

small concave segments or indentations in beak ridges in anterior

view.

Sulcus is present in 18 of 18 larger valves. It usually begins

just anterior to protegular node and expands anteriorly; in posterior

medial segments it is medially rounded, flanked by rounded segments,

and ranges from very shallow to moderate depth. Sulcus commonly

becomes indistinct or absent in anterior portion of larger valves (in

9 of 18 valves), but reaches front margin in 7-9 of 18 valves. Sulcus

usually relatively moderate width to somewhat narrow at its front end;

in anterior half of rare valves it is bounded on each side by a low

rounded plication.

Ribbing finely, unequally costellate, divided into sectors by

several accentuated costae and costellae. Generally 1 or 2 (rarely

3?) orders of accentuated costellae arise anterior of the umbo in

larger valves. The midline of each valve is usually occupied by an

accentuated rib which is wider than other accentuated ribs in a few

valves. Accentuated ribs are generally relatively low to moderate

amplitude at valve margins, but are high in places. Unaccentuated

ribs are commonly fine, low amplitude, closely spaced. Data on sector

width, number of accentuated ribs, and rib density are given in Table

4.

A few (<5) growth lamellae occur at or near the margins of some
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valves. Very fine concentric grooves partially segment unaccentuated

ribs into low, narrow, concentric ridges (file?) (0-12 (-15?) /mm) on

parts of several specimens. From 0 to 8 concentric growth lines

and/or concentric narrow to linear indentations were seen per valve.

Several (2-7 on one side of midline) very low rounded rugae are not

uncommonly present; they were seen only near the posterior margins in

some valves, where they are usually oriented oblique to the hinge

line; in other specimens rugae occupy additional or other areas and

are concentrically arranged. Some rugae appear to be discontinuous

across accentuated ribs, others to persist through more than one

sector.

Teeth are commonly a single pair or, less commonly, appear

subdivided into two pairs; in a few valves the teeth are transitional

between single and double. Of 10 larger valves from 18132 a single

pair of teeth occurs in 6, two pair in 3, transitional in 1. In

posterior view single teeth are commonly subtriangular, with medial

side longer than lateral side; uncommonly they appear sublenticular.

Crest and/or anterior portion of teeth of most valves bear a

variably developed indentation, cavity, or groove that ranges from

very shallow to deep and small to relatively large. In valves with

double teeth these indentations appear to subdivide tooth area into a

more medially or anteromedially situated "hinge tooth" and a laterally

located "accessory tooth" (terminology from Williams and others, 1965,

p. H93). The latter often appears subtriangular in posterior view and

higher than the former. In some valves the hinge tooth is also

subtriangular in posterior aspect, but is frequently moundlike or

ridgelike in anterodorsal view.
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Dental plates commonly appear very short and thick near bases of

teeth. The segments of the plates more ventral of the teeth slope

steeply to gently anteriorly (in lateral view) to form parts of

lateral boundaries of muscle field. These segments are initially

commonly of moderate height, less commonly relatively high or low;

they range from comparatively thick to bladelike. Their anterior

edges usually extend into anterior half of muscle field, uncommonly to

its front corners or to its posterior half; the edges merge into low

muscle-bounding ridges if the latter are present. In anterior view

the sides of the anterior part of the delthyrial chamber generally

appear gently to deeply concave overall, and in detail unevenly

rounded to, locally, subangular. Pedicle callist is present in at

least one valve; it is short and thick and has a steep anterior face

and concave dorsal face that combines with inner surface of

pseudodeltidium to form short tube; foramen now open (due to

breakage?). Another valve lacks a callist, yet a short tube exists

between pseudodeltidium and valve floor; foramen is closed. Pedicle

callist not observed in other valves,

occupied by thin to thick shell material.

Umbonal chambers open in 2 larger valves, partially infilled in

12, completely infilled in one.

Muscle field crudely subpentagonal in outline

narrowly rounded or subangular medial indentation

in which the apical area is

except for a

in a generally

roundly bilobed anterior margin. Anterior portion of field is usually

somewhat elevated to form a low platform with an abrupt front edge and

anteromedial face steeply or moderately inclined; low muscle-bounding

ridges are present or absent along platform margins. Rarely the
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muscle field is not elevated and is defined by low muscle-bounding

ridges. Muscle impressions not distinguishable in most valves. In

anteromedial portion of muscle field of rare valves a low rounded

medial ridge exists that at its anterior end occupies much of width of

medial indentation; ridge is flanked by slightly depressed elongate

areas presumably marking diductor lobes. In 2 of these valves faint

muscle impressions seem to be present posterior of the low medial

ridge.

Just anterior to the muscle field of 3 valves is a relatively

short, low median ridge with angular to rounded crest and steep to

moderate slopes; it bears scattered tubercles. Two other valves bear

a linear zone of tubercles rather than a ridge in this area.

Main trunks of vascula media usually marked near muscle field by

two low rounded ridges flanked on both or one side by grooves or wider

furrows. These ridges are initially a bit divergent from the front

lobes of the muscle field; in a few valves it appears as if very low

extensions of these ridges occur within the muscle field. Branches

from vascula media evidently extend posterolaterally in 3 valves,

suggesting a saccate canal pattern. Genital area indistinctly marked.

Anterior portion of valve commonly bears vascular markings that

consist of shallow to deep furrows separated by narrow low ridges or

wider areas and that locally branch; tubercles are rare to abundant,

low small knobs rare.

Near valve margins are fine low rodlike ridges or ribs that are

close-spaced ({7-12 /mm) and usually poorly preserved. Traces of

pseudopunctae? occur on valve interior.

{Length of muscle field / {length of pedicle valve estimated at
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0.2-0.35 in 4 valves that have lengths >8.2 mm and anterior margins

covered or broken. (Length of muscle field /(maximum distance between

anterior edges of dental plates averages 1.05 (range: 0.9-1.4) in 10

larger valves.

In posterior view cardinal process appears as narrow medial

ridge, usually with angular or bladelike crest; it is flanked by 2

subsidiary ridges that converge dorsally, are separated from the

process by furrows, and commonly appear a bit lower and thicker than

the process. Lateral margins of subsidiary ridges appear to converge

at an acute angle (average: 500; range: 30-80°) in 13 valves. In plan

view anterior face of combined cardinal process-subsidiary ridges

structure commonly appears gently inclined and thickened by secondary

shell deposits, producing a kind of notothyrial platform. In one

other valve anterior face of cardinal process-subsidiary ridge

ensemble is evidently steep and the element resembles a narrow

transverse ridge in plan. In the 5 valves with posterior parts of

socket ridges exposed or partly exposed, it appears as if extensions

from the subsidiary ridges or the nearby parts of the notothyrial

platform join the medio-ventral surfaces of the socket ridges. Socket

ridges diverge at a large obtuse angle in plan view (average: 1200;

range: 75°, 100-145° in 1, 8 valves); their anterior ends are elevated

above valve floor, narrow (ventrally-dorsally), and usually bladelike.

The "fulcral plates" of L. sp. 1 above were not identified in

18132 valves; they may be absent, not preserved, or concealed by

secondary shell deposits. Sockets immediately lateral of socket

ridges are concave and triangular in plan view, or pitlike; lateral

edges of sockets elevated, abrupt in some valves, not in others. In
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at least 2 of 5 valves a second pair of sockets is present as 2 pits

just medial of the socket ridges and just anterior of the interarea.

Median septum usually begins anterior of cardinal process,

commonly >1 mm from crest of process in larger valves. Anteromedial

parts of septum are bladelike to, less frequently, a moderately wide

or narrow ridge with angular or rounded crest and inclined flanks

(commonly steep). Maximum height of septum above valve floor moderate

(0.5-0.8 mm in 11 of 13 valves), less often low; maximum height occurs

anteromedially, commonly at or near front end of septum, where it

joins medial indentation of lophophore platform.

Lophophore platform is relatively low to moderately elevated

anteriorly. It ranges from undercut and bladelike to, nearly as

commonly, step- or ridge- like with angular-subangular crest and

anterior face steeply inclined or slightly undercut, rarely moderately

inclined. Platform varies from undercut to not undercut on same valve

in some cases. Ventral surface of platform commonly finely, radially

ribbed. Platform outline in plan view is crudely shield-shaped, with

maximum width usually at posterior ends and anterior margin bilobed

with angular to narrowly rounded medial indentation. Lateral margins

commonly gently convex; anterior lobes often moderately rounded

overall. Small angular salients occur in outline of several

platforms, commonly where they are crossed by furrows marking mantle

canals.

Poorly defined, slightly impressed, subelliptical or

subrectangular adductor field was observed in 1 valve; it is c.0.7 as

long as platform (from tip of cardinal process) and 0.7 as long as

wide.
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Vascular markings generally poorly preserved, but occur as

furrows in parts of some valves. Vascula myaria evidently extend

anteriorly and slightly laterally from anterolateral portion of

adductor field to platform edge; possible branches from vascula myaria

are preserved in rare valves. Vascula media proceed alongside or near

median septum to platform edge. Vascula genitalia not observed in

18132 valves.

Valve surface anterior and lateral of platform commonly bears

indistinct furrows for mantle canals and/or rare to common tubercles.

Some valves have fine (<6-11 /mm) low rodlike "ribbing" near valve

margin. Tiny spots on interior of valve suggest presence of

pseudopunctae. Ratios of {platform length (from posterior

margin) /{valve length and {platform length /{maximum platform width

are given in Table 3.

Illustrated specimens: USNM 413486-413592.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18124 cl. H (?) - - 1

18130 cl. AH - 1

18130 cl. P-4 (?) - 1

18130 cl. P-7 (?) 1 1 3

18132 cl. A 1 -

18132 cl. 1 18 45 20

18132 cl. 2 18 43 24

18132-1 1 4 -

Totals: 39 93 50

Distribution: Ordovician limestone clasts of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area and from

unnamed limestone conglomerate near Gregg Ranch (loc. 18132).

Discussion: Given after description of L. sp. 1 subsp. 3.
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Leptellina sp. 1 subsp. 2

Plate 16, figs. 6-12.

Diagnosis: Leptellina sp. 1 very rarely of mucronate and/or

geniculate aspect. Dorsal interarea uncommonly anacline. "Fulcral

plates" present.

Description: Shells from clast 18137 cl. C are tectonically

deformed, and most are broken. The largest valve, now broken, was

>8.3 mm long. Lessdeformed shells are concavoconvex and shield

shaped to transverse in dorsal plan view. Cardinal angles are large

acute angles in 2 specimens; obtuse angles occur in some distorted

valves, but may have been produced during secondary deformation.

Relatively short ala occurs in 1 individual, well defined by concave

posterior segment of lateral margin. One other nonalate shell has

gently rounded lateral margin; this and another specimen have a small

rounded medial indentation in an otherwise gently rounded anterior

margin. Maximum width is at the hinge line in one specimen.

In the following paragraphs only features of 18137cl. C shells

that differ from those of 18132 shells are discussed; features not

dealt with below are as described for 18132 valves. Length/width and

other ratios for 18137cl. C shells are given Table 3.

The lateral profile of large 18137cl. C valves is more commonly

gently convex overall and more frequently unevenly convex compared to

that of 18132 valves. The pseudodeltidium is similar to that of 18132

valves, but usually more poorly preserved.

The ventral fold is less common in 18137cl. C than in 18132

valves. A low, narrow to moderately wide fold is evident in 2

(possibly 5) of 9 larger valves (compared to at least 26 of 30 18132
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valves) and completely absent of 4 of 9. The fold extends from umbo

to anterior margin in 1 valve, yet may exist only in the anterior

portion of 1 valve and the posterior half of 3. A low rounded

plication was seen on the flank of 1 valve.

The longitudinal section along midline of the brachial valve is

more commonly gently convex in 18137-cl. C valves than in 18132

shells. Maximum curvature in larger valves is commonly posteriorly,

less often anteriorly or medially. The dorsal interarea is relatively

more frequently hypercline than anacline in 18137-cl. C valves (see

table in description of L. sp. 1 subsp. 1). In 10 valves beak ridges

subtend an angle of 170-180°, as in 18132 valves. Sulcus absent in 2

of 8 18137-cl. C valves, compared to 0 of 18 18132 specimens. Sulcus

is shallow in posterior and medial segments of 4 of 4 18137-cl. C

valves, yet is commonly moderate depth in posterior segments of 18132

shells. Sulcus becomes indistinct or absent in anterior portion of 5

of 6 larger 18137-cl. C valves (compared to 9 of 18 18132 valves), but

reaches front margin in 1-3 of 6.

External ornament of 18137-cl. C valves resembles that of 18132

specimens (See Table 4). At 6 to 9 mm from the beak of 1 poorly

preserved pedicle-valve fragment is a zone of spongy silica with >2

discontinuous concentric lamellae. Two other valves have <2

concentric lamellae near the margins and 3-6 low concentric ridges.

Within the pedicle valve the umbonal chambers are mostly or

completely filled with shell material in 8 of 9 large and medium-size

18137-cl. C valves, but only in 2 of 18 18132 valves of similar size.

In completely filled chambers the deposits extend forward to the

anterior edges of the dental plates. This infilling and the highly
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deformed nature of the 18137-cl. C valves commonly obscures the dental

plates; they are inferred to be present in most valves, but appear to

be completely absent in at least 1 or 2 of 9 large to medium-size

valves. Dental plates are absent in 0 of 21 18132 valves. The

anterior edges of the more ventral segments of the dental plates (or

of sides of delthyrial chamber if dental plates are absent) extend to

very near the front corners of the muscle field in 4 of 9 18137-cl. C

valves (compared to 3 of 18 18132 valves of similar size) and to the

anterior half of the field in 4 of 9; because the umbonal chambers are

filled, the delthyrial chamber commonly appears recessed into shell

deposits. The muscle field appears subtriangular in 3 of 9 deformed

18137-cl. C valves and subpentagonal in 6 of 9, and the vascula media

initially subparallel in 4 of 10 and slightly divergent in 6 of 10.

However, the subtriangular field and subparallel vascula media may

have been produced during post-mortem deformation, so these

differences from 18132 valves may not be primary.

The anterior portion of the muscle field is elevated on a low

platform in 5 of 11 18137-cl. C valves (compared to 15 of 17 large to

medium-size 18132 valves); a very low median ridge occurs in the

muscle field of 4 valves. The ridges and grooves marking the main

trunks of thw vascula media in most 18137-cl. C valves resemble those

in 18132 specimens, although the medial pair of grooves commonly

appears to extend into the muscle field and bounds the median ridge

(if present . In one valve the ridges marking the vascula media are

greatly enlarged, bulbous, and nearly contiguous near the muscle-field

diductor lobes, and seem to impart a convex, swollen appearance to the

diductor lobes as well; the ridges diverge and decrease in size over a



295

short distance anterolaterally. Shell deposits occur between and

lateral of the bulbs, yet a transverse elliptical depression occurs

anterior to them. In a few other valves the vascula media ridges

appear a bit larger than average near the diductor lobes or to extend

into the muscle field. Commonly a small shallow circular depression

occurs just anterior to the medial indentation of the muscle field and

between the vascula media. It is bounded anteriorly by a low

callosity or very short, low, narrow to moderately thick, tubercle-

bearing radial ridge.

Six valves have a thickened, beveled margin that was not observed

in 18132 valves.

The interior of the brachial valve of 18137-cl. C shells differs

from that of 18132 specimens chiefly in the presence of "fulcral

plates" (which may be just bases of socket ridges that appear "offset"

to posterior side of socket ridge). These are readily observed in 8

of 8 small to large 18137-cl. C valves, yet were not certainly

identified in any of 5 18132 valves. However, the anterior portions

of the sockets in the 18132 valves are poorly preserved or partially

covered, and "fulcral plates" may have been present originally. In

18137-cl. C valves the plates bound the sockets anteriorly and extend

from the posterior-ventral surfaces of socket ridges to, commonly,

elevated shell deposits along the interarea, or, less commonly, to the

valve floor or interarea. The lateral edges of the sockets are

usually elevated, abrupt, and steep, or joined laterally by elevated

shell deposits along the interarea.

The valves from 18137-cl. C usually bear laterally elongate

depressions or furrows (for gonocoels?) just anterior to the bases of
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the socket ridges. These commonly appear rather deep, and undercut

the socket ridges and/or fulcral plates in some valves; they are

bounded anteriorly by elevated shell deposits joining the notothyrial

platform. In a few (3-4) valves narrow grooves (vascula genitalia)

extend laterally from the depressions along and just anterior to the

interarea (or to shell deposits along interarea) to posterior of ends

of platform, and are bounded anteriorly in places by elevated to low

secondary shell deposits; rarely, 2 grooves emerge from a depression.

The posterior ends of the lophophore platform are preserved in 4

valves. In 2 of these the posterior segments of the platform edge

curve slightly medially (in plan view), so that maximum platform width

is in posterior half of platform rather than at its posterior end. In

one valve the posterior segment trends a bit laterally, and maximum

platform width is at posterior end of platform. In 2 other valves the

posterior segments are very faintly to markedly concave laterally, and

maximum width is at posterior end of platform. No 18132 valves were

seen with concave posterior segments in platform, and maximum platform

width was observed to be only at posterior ends of platform; however,

posterior ends of platform are rarely exposed in 18132 valves.

In plan view the anterior face of the cardinal process-subsidiary

ridge ensemble appears built up to form a gently inclined "notothyrial

platform" in 3 valves, as is common in 18132 valves. However, one

minor difference is that in 18137-cl. C valves an elongate medial

indentation occurs on the anterior face of the cardinal process and/or

the notothyrial platform immediately anterior to it; on either side of

this indentation the platform appears a bit bulbous. In 2 other

18137-cl. C valves the cardinal process-subsidiary ridge ensemble is a
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bit elevated above the notothryial platform as a rather narrow

transverse ridge.

In one 18137-cl. C valve furrows marking vascula myaria trend

anterolaterally across presumed adductor field (boundaries not

preserved) from near posterior end of median septum; branches from

main trunks extend to lateral and anterior edges of platform, and

cross platform at small angular salients or notches; further branches

extend to valve margins from base of platform. Vascula media occur on

either side of anterior portion of median septum and cross platform

edge at notches; anteromedially trending branches of vascula myaria

appear to join posterior parts of vascula media. Vascula genitalia

are as described in a preceding paragraph; one subparallel branch?

appears to cross the platform near its posterior end. The overall

pattern is evidently pinnate.

Illustrated specimens: USNM 413493-413495.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18137 cl. C 10 12 8

Distribution: Ordovician limestone clast of member 3 of the

Kangaroo Creek Formation in the Lovers Leap-Gregg Ranch area.

Discussion: Given after description of L. sp. 1 subsp. 3.

Leptellina sp. 1 subsp. 3

Plate 16, figs. 13-26.

Diagnosis: Leptellina sp. 1 that is mucronate and geniculate in

a moderate number of cases. "Fulcral plates" very rarely present.

Description:Most valves from locality 18128 are broken and/or
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distorted by post-mortem deformation. The largest shell present is

broken, yet was probably >9 mm long originally.

In the following only characteristics of 18128 valves that differ

from those of 18132 valves are noted; other features not discussed

below are as described for 18132 specimens. Various ratios determined

for 18128 valves are given in Table 3.

Relatively undeformed individuals are concavo-convex, roundly

geniculate to nongeniculate. In dorsal plan view outline of large

shells is commonly transversely subtriangular and mucronate (2 (or 3?)

shells) or shield-shaped 4 (or 7?) shells. Shells intermediate in

form between these extremes are also present. Cardinal angles usually

acute, ranging from c. 15-200 on some mucronate valves to c. 850 on

one nonalate shell. Obtuse angles exist in some valves; however, these

have slightly broken or deformed cardinal extremities, so that the

obtuse angles may not be primary features. Well- to poorly defined

alae, along with concave posterior segments of lateral margins, are

commonly present in both subtriangular and shield-shaped forms; alae

are present in a least 8 large to small shells, probably absent in at

least 2 specimens. In larger shells lateral margins, excluding

posterior segments, are usually gently rounded to straight on the

whole. In subtriangular specimens anteromedial margin is narrowly to

moderately convex; in other valves anterior margin is gently to

moderately convex.

Maximum width usually is at the hinge line, but was possibly

originally in the posterior segment of some valves with cardinal

extremities now a bit broken or distorted.

Lateral profile of 18128 pedicle valves is similar to that of
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18132 shells except that unevenly rounded valves have their segment of

greatest curvature narrowly rounded to subangular, rarely moderately

convex. This segment occurs from c. midlength to near the anterior

margin, at 2.9-5.6 mm from the beak. The curvature is abrupt enough

to be termed a geniculation in several valves, where it subtends an

obtuse to right angle and produces a relatively deep valve in some

cases. Maximum depth occurs in medial third of valve, very rarely in

anterior third.

Ventral interarea apsacline. Delthyrial angle moderate to wide

(average: 60
o

; range 30
o

, 50-70
o

, 75
o

, 95
o

in 1, 10, 1, 1 valves,

respectively); average angle greater than in 18132 and 18137-cl. C

valves (average is 450 in each). Pseudodeltidium usually moderately

to highly arched, moderately rounded to subangular at crest; crest as

long as or, apparently, shorter than lateral edges, which extend to

hinge line in 2 valves.

Anterior profile of pedicle valve usually subtriangular overall;

some profiles have markedly concave segments flanking a rounded "apex"

(fold). Medial segment generally narrowly to moderately rounded,

rarely gently convex.

Fold common; it is present in 7 of 11 larger valves, absent in 1

specimen, and indeterminate in 3 valves (owing to breakage). It

extends from umbo to anterior margin in 2 of 7 larger valves, but

fades out in the anterior half of 3 specimens that possess an abrupt

bend in lateral profile. (Two other valves are broken off

anteromedially.) Fold is usually relatively low and indistinct,

uncommonly moderately high or high posteriorly; it ranges from narrow

to relatively wide at its anterior end; it is flanked by faintly to,
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rarely, highly concave segments. A low narrow rounded plication was

observed on the flank on one valve.

The exteriors of 18128 brachial valves differ from those of 18132

valves in the following: Sulcus is absent of 1 of 9 18128 valves,

indistinct or absent anteriorly in 4 of 8, and reaches front margin in

1 or 2 of 4 valves. Deformation has evdidently increased the depth

and/or length of the sulcus in some 18128 valves.

External ornament of 18128 individuals is similar to that of

18132 shells, except that average sector width at anterior margin is

somewhat greater (1.2 mm, compared to 0.9 mm in 18132 specimens). One

broken 18128 pedicle valve now 4.6 mm long bears laterally

discontinuous concentric comae on its anterior half or two thirds.

Another shell 4.8 mm long and questionably assigned to Leptellina has

concentric comae on the anterior 0.75 of the pedicle valve and locally

on the anterior 0.6 of the brachial valve.

The interior of the shell of 18128 specimens resembles that of

18132 valves except for the features discussed below.

In the pedicle valve the anterior part of the muscle field is

very faintly elevated or not elevated in 4 of 8 larger 18128 valves,

as opposed to 2 of 15 larger 18132 valves. The umbonal chambers are

mostly or completely filled in 2 of 8 large to medium-size 18128

valves, compared to 2 of 18 18132 valves and 8 of 9 18137-cl. C valves

of similar size range.

One shield-shaped 18128 pedicle valve 6.8 mm long has a muscle

field 0.2 as long as valve and 0.85 as long as greatest distance

between anterior edges of dental plates. The latter ratio is 0.55?,

1.35, and 1.4 in 3 other valve fragments. Another shield-shaped valve
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6.8 mm long differs from all other valves in that it evidently lacks a

medial indentation in the anterior margin of the muscle field, which

is c.0.10 as long as the valve; in other respects this valve resembles

other 18128 valves.

In posterior view of the brachial valve the lateral margins of

the subsidiary ridges converge at an average angle of c.70° in 10

large amd medium-size 18128 valves (range: 60-800), compared to c.50°

in 13 large and medium-size 18132 valves (range: 30-80°). In 13 of

15 large to small 18128 valves the anterior face of the cardinal

process-subsidiary ridge ensemble is steep and appears as a relatively

high, narrow transverse ridge in plan view; the ensemble has a similar

form in 1 of 9 large 18132 valves and a lesser resemblance in 2 of 6

18137-cl. C valves. In anterior view of these 18128 valves the

ensemble usually appears higher than the adjacent parts of the socket

ridges; the cardinal process itself is commonly flanked by a notch on

each side at the crest; a slight medial ridge often protrudes near the

base of the ensemble. Extensions from the cardinal process-subsidiary

ridge ensemble join the medio-ventral or medial surfaces of the socket

ridges. Notothyrial platform like that of 18132 valves is absent. In

1 small and 1 large valve of the 15 18128 valves in the sample the

anterior face of the element appears gently inclined and thickened.

In plan view socket ridges of 8 large to medium-size 18128 valves

diverge at an average of c.135° (range: 100-1600); however, post-

mortem deformation has changed the divergence of the ridges in several

valves.

"Fulcra' plates" (described above in 18137-cl. C valves) may

occur in one small valve, but were not seen in 12 other small to large
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18128 valves. Sockets range from narrow and furrowlike to triangular

in plan view, and are commonly not elevated. A second pair of pitlike

sockets just medial of the socket ridges is evident in 2 valves.

Median septum begins c. 0.2-1.1 mm anterior to cardinal process

in 6 of 6 large and 7 of 10 medium-size and small valves. In these 17

large and small valves the septum is bladelike overall in 16 and a

narrow, steep-sided ridge with a bladelike crest in one small valve.

Maximum height of septum above floor in large valves is usually

moderate (c. 0.5-0.8 mm in 9 valves) and occurs in anterior half of

septum (at anterior end of septum in 2 valves).

In 18128 valves the lophophore platform is not completely

preserved or is deformed. It is low to moderately elevated anteriorly

and usually (14 of 17 valves) undercut and bladelike. In one medium-

size valve it is a low ridge with a steep or vertical anterior face

and subangular crest. In 2 medium-size valves the platform is absent

or not preserved. Platform outline ranges from shield-shaped to

subtriangular? to transverse with maximum width at posterior ends or

in posterior 0.4 of length (from posterior valve margin). Anterior

platform margin bilobed, with angular to rounded medial indentation

and rounded to angular lobes; lateral margin gently rounded in one

valve; small angular salients are present in outline of a few

platforms. Ventral surface of platform commonly radially ribbed. In

some valves similar ribbing extends interior of the platform locally.

Adductor field not preserved. Vascular markings poorly preserved

as depressions or slight furrows, suggesting that vascula myaria trend

anterolaterally near platform and vascula media and vascula genitalia

occur as in 18132 and 18137-cl. C valves. Narrow furrows occur along
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the bases of the socket ridges in few valves, but are usually not

bounded anteriorly by shell deposits as in 18137-cl. C valves; in some

cases these "furrows" were produced or enhanced by deformation.

Several valves bear fine ((7-11 /mm) rodlike ribs between base of

platform and valve margin, generally a reflection of external ribbing.

Vascular markings and tubercles rarely observed anterior to platform.

Illustrated specimens: USNM 413496-413500.

Localities and Material:

USNM Locality A+AF P+PF B+BF

18128 20 7 14

Distribution: Llandeilian limestone of member 1 of the Gregg

Ranch unit near Gregg Ranch.

Discussion: The populations of Leptellina sp. 1 found at

localities 18128, 18132, and 18137 cl. C differ in several

characteristics. Most dissimilarities are in relative frequencies of

occurrence of characters rather than presence or absence of a feature.

Further, the small sample size and generally poor preservation of the

shells cast doubt on the significance of some apparent differences;

e.g., the sockets of 18132 valves are rarely exposed, and are poorly

preserved when observed, so that "fulcral plates" could well be

present in some 18132 valves. Because of these factors, the shells

are provisionally grouped into three informal subspecies, as described

above. Larger, better preserved samples may indicate that more than

one species is present; for example, the 18128 stock may be a separate

species.

Specimens from 18128 generally contain less secondary shell

deposits than those from 18137 cl. C and 18132, while 18137-cl. C
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valves contain the most. Hence, the cardinal process of most 18128

brachial valves has a steep anterior face, and a "notothyrial

platform" is absent. In contrast, in most 18137-cl. C valves the

anterior face is gently inclined and a "platform" is present. In

addition, secondary deposits commonly occur along or near the

posterior dorsal margin of 18137-cl. C valves, fill the ventral

umbonal chambers, and create a beveled pedicle-valve margin. Because

depositon of secondary shell may be environmentally induced or

ontogenetically controlled, the differences in the above-mentioned

features between 18137-cl. C and other valves are of uncertain

taxonomic significance.

The chief differences among the three subspecies are as follows:

Shells of L. sp. 1 subsp. 1 from loc. 18132 tend to have a

greater <length / {maximum width ratio than do specimens of L. sp. 1

subsp. 2 from 18137 cl. C and L. sp. 1 subsp. 3 from 18128. Compared

to L. sp. 1 subsp. 3, L. sp. 1 subsp. 2 has the dorsal interarea

anacline less commonly, the average delthyrial angle narrower, and

"fulcral plates" more common. L. sp. 1 subsp. 3 more commonly has a

mucronate outline and a geniculate lateral profile than do L.

subsp. 1 and L. sp. 1 subsp. 2.

The Klamath stock can be distinguished from most other species by

one or more of the following features: its anacline to hypercline

dorsal interarea, relatively low number of accentuated ribs, high

<length / {maximum width of ventral muscle field, and low length/width

and depth/length of pedicle valve. Concentric lamellae or comae

usually appear to be absent or uncommon. However, the external

ornament on many Klamath valves is poorly preserved or covered, so in

sp. 1
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these cases it is not known whether lamellae were present originally

or not. A zone of spongy silica with 2-4 laterally discontinuous

concentric lamellae does occur at 6-9 mm from the beak in one poorly

preserved 18137-cl. C pedicle-valve fragment, and concentric comae

cover the anteromedial segments of two 18128 shells.

L. pulchra Cooper 1956 resembles the Klamath species in many

respects, especially the 18128 shells, and shows a somewhat similar

range in outline, from transverse and alate (Cooper, 1956, P1. 189,

fig. 23) to shield-shaped (P1. 189, fig. 19). The cardinal process-

chilidial plate ensemble has a steep anterior face with a medial

ridge, similar to the ensemble in many 18128 shells, but unlike that

in 18132 and 18137-cl. C valves. The undercut, bladelike lophophore

platform is different from the step- or ridge- like platform of

several 18132 valves. The average rib density and the average number

of accentuated ribs both appear to be a bit lower in L. pulchra than

in the Klamath stock as a whole, and the length/width ratio of the

ventral muscle field lower (except for two poorly preserved 18128

valves). L. pulchra reaches greater size than the Klamath shells, and

the larger pedicle valves are deeper and, in some cases, less

transverse than most of the Klamath valves. More data on the ribbing

and form of shells of L. pulchra in the same size range as that of the

Klamath shells are needed to tell if the stocks are related.

L. llandeiloensis Davidson 1883 is also similar to the Klamath

shells in some ways, but has a more transverse ventral muscle field

(its length/width averages 0.62 (Williams, 1962), compared to 1.05 in

Klamath shells), and evidently lacks? alae and a fold and sulcus.

More information is required on presence or absence of alae and fold
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and sulcus, attitude of interareas, and number of accentuated ribs for

adequate comparisons.

Genus Anoptambonites Williams

Anoptambonites myriomorpheus n. sp.

Plate 16, figs. 27-49; Plate 17, figs. 1-13, 14?, 15?. 16-33, 39.

Diagnosis: Anoptambonites with socket ridges joined to a

transverse, ridgelike structure that bears cardinal process, and not

separated from this structure by deep excavations. Pseudodeltidium

absent. In plan view anterior margin of lophophore platform ranges

from subangular (very common) to convex (common) to bilobed (common).

Description: Shell concavo-convex, largest specimen 16 mm long.

In dorsal plan view outline is shield-shaped (rarely subtriangular)

and ranges from subequant to transverse. Lateral margins commonly

gently convex overall, uncommonly straight or concave in the posterior

segment. Anterior margin gently to moderately convex. Cardinal

extremities acute to obtuse. In the umcommon valves with posterior

lateral margins concave, short, barely discernible to prominent,

earlike cardinal extremities are produced; in 1 valve ears are

conspicuous enough to impart an alate outline.

Nine pedicle valves and 8 brachial valves 6.7-14.2 mm long have

(length /(maximum width of 0.55-0.85 (average: 0.7) and 0.55-0.8

(average: 0.65), respectively; inclusion of 5 other pedicle and 22

brachial valves that are slightly to moderately deformed does not

change these ratio ranges or averages. Larger pedicle and brachial

valves tend to have higher ratios, with some exceptions. One

moderately deformed pedicle valve 14.8 mm long and 2 distorted
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brachial valves 14.6 and 16 mm long have ratios of 1.0, 1.1, and 0.9,

respectively, with "length" measured in plane of median ridge and

"maximum width" measured perpendicular to this plane. Hinge-line

width is 0.85-1.0 maximum width in 17 undistorted valves, but 0.8 in

two slightly deformed specimens; maximum width occurs at points

ranging from midlength to the hinge line.

Lateral profile of pedicle valve (excluding interarea) commonly

gently to moderately convex overall, ranging from very approximately

evenly rounded to unevenly convex, with greatest curvature in medial

or anterior portion of profile, rarely in posterior segment. Some

valves are so narrowly rounded or, rarely, even subangular, in the

medial or anterior segments that they appear geniculate. The

posterior portion of profile and short segment near anterior edge are

commonly gently convex to flat.

For length c. 6.2-10.1 mm, depth/length ranges from 0.3 to 0.5 in

8 pedicle valves, generally tending to increase with increasing

length; 3 valves 10.8 to >15.2 mm long are 0.4 to 0.3 as deep as long,

the ratio tending to decrease with greater length. Average

depth/length in 11 valves is 0.4. Six slightly to moderately deformed

valves have ratios that follow the apparent nonlinear trend with

increasing length outlined above, but a larger sample is needed to

determine if the trend is real or an artifact of small sample size.

Maximum depth generally at 0.25-0.5 valve length anterior to beak in

measured valves, yet ranges up to 0.7 valve length from beak. In

lateral view the overall configuration of the lateral commissure,

except for its posterior segment, is straight, or, less commonly,

gently concave (ventrally or dorsally) or undulatory. The posterior
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commissure segment is usually faintly or conspicuously deflected

toward the pedicle valve in each of the above configurations.

Ventral interarea gently concave or, rarely, planar in lateral

profile; it is apsacline, commonly strongly so. Delthyrial angle

moderate (30-650). Delthyrium open, yet in several valves it is

partially constricted by narrow lateral plates that in at least 5

valves protrude posteromedially; it is not clear whether these

represent remnants of a convex pseudodeltidium. Eleven pedicle valves

6.7-15.2 mm long have (length of interarea / {valve length at 0.2-0.4

(average: 0.25); the 3 highest values occur at lengths of 9.0, 10.1

and 10.8 mm.

Anterior profile of pedicle valve usually subtriangular, rarely

lenticular; medial segment moderately to narrowly rounded, in some

valves subangular. A low fold is evident in a number of valves in the

posterior or anterior portions or throughout; it is bounded laterally

by faintly concave segments. A very low rounded plication or fold

occurs on each flank of rare valves. Lateral slopes usually

moderately inclined, rarely steep, ranging from straight to slightly

convex, concave, or undulatory. Posterolateral slopes and beak ridges

usually a bit concave to straight. In ventroanterior view umbo

generally subangular-angular, rarely somewhat inflated.

Brachial valve gently concave in longitudinal section along

midline. Posterior valve edge and beak angular to subangular in

lateral view; segment of edge near midline and beak usually protrudes

a bit dorsally of the posterior lateral commissure.

Dorsal interarea short, planar, anacline to catacline, or,

rarely, apsacline.
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In anterior profile posterior margin of brachial valve subtends a

highly obtuse to straight angle (150-180° in 37 valves). Apical area

angular to gently rounded and beak ridges in most cases gently concave

or straight, less commonly undulatory. Beak small, angular to

rounded, obscure to clearly visible relative to adjacent beak ridges,

commonly flanked by small notches in posterior margin. It protrudes

slightly dorsally of beak ridges or is at same height, rarely a bit

lower. Anteriorly expanding sulcus begins just anterior to beak and

is generally most easily seen in posterior-medial portions of valve,

where it is very shallow to moderate depth (rarely deep), medially

rounded, and flanked by rounded segments. Sulcus commonly appears

indistinct (or even absent?) in medial-anterior segments, yet extends

to margin in at least 18 of 49 valves. Anterior commissure straight,

or roundly, gently to moderately sulcate.

Ribbing finely costellate, costellae arising by branching and

intercalation. Ribs are of rodlike aspect, with crests commonly

rounded, flanks steep or inclined; rib interspaces generally rounded.

In rare pedicle valves a few low plications occur on valve flanks, on

which ribbing is superposed. Accentuated ribs are usually present,

but range from absent to abundant (e.g., >24 in one valve); along

their lengths they are indistinct-impersistent to well defined. At

the margins of large valves with several accentuated ribs, 2-3 smaller

ribs commonly occur between the more prominent ribs, less frequently

1, 4, or 5, rarely 6 or 7; the resulting pattern resembles unequally

parvicostellate ribbing in some valves. Accentuated ribs are commonly

relatively moderate to high amplitude, other ribs moderate to low

amplitude; valves lacking accentuated ribs generally have relatively
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moderate- to high-amplitude ribs.

Just lateral of the midline at 6 mm from the beak 2, 3, 4, 5

ribs/mm were counted in 2, 7, 5, 2 pedicle and 2, 9, 4, 5 brachial

valves, respectively.

Concentric growth lines, ridges (remnant lamellae?), and

indentations range from 1 to several on larger valves. At the edges

of some valves are relatively narrow to wide, commonly sharply defined

zones where most ribs are absent or poorly preserved. A few

(customarily (4) overlapping growth lamellae occur at the margins of

many larger valves. These lamellae generally possess extensions of

the accentuated ribs, or narrow notches or rod-bearing furrows that

usually project from accentuated ribs. Other ribs are generally poorly

preserved or absent on lamellae, yet notches on the lamellae extend

from them in some cases.

Teeth subtriangular in posterior view. The dental plates usually

appear to have abruptly to gradually projecting bladelike anterior

extensions or continuations that form part of lateral boundary of

muscle field. The point at which the dental plates sensu stricto end

anteriorly and the "anterior continuations" begin is difficult to

define in most cases, but for purposes of description is arbitrarily

chosen at the sharp change in slope that is commonly present. In these

valves the continuations generally are long to short blades that:

are moderately high or low initially; project from the medial, rarely

dorsal, parts of the dental plates; and are somewhat divergent in

plan. In most of these valves and in those with anterior

continuations that have ill-defined origins, the continuations pass

gradually or abruptly into low, narrow "muscle-bounding ridges" at



311

points ranging from the medial segment to near the anterolateral

corners of the muscle field. Rarely the continuations extend all the

way to the muscle-field corners.

In anterior view front edges of dental plates-anterior

continuations range from conspicuously undulatory to straight. In

lateral view of these front edges their ventral segments (the portions

ventral of the prominent change in slope noted above, if it is

present) are relatively smoothly curved to moderately undulatory.

Muscle field roughly cordate in outline, 0.25-0.35 (average:

0.3) valve length in 7 valves 6.7 to >15.2 mm long; 3 deformed valves

have ratios <0.4. Ratio of (muscle field length / {distance between

front basal edges of anterior continuations is 0.9-1.4 in 9 valves

(and 3 deformed valves), averaging 1.1 in 9 valves. Anterior portion

of field distinctly bilobed and, in several valves, slightly elevated,

with or without an undercut edge; anterior ends of lobes rounded to,

rarely, subangular. The medial indentation is rounded to angular in

plan view and slightly to rather highly elevated at its apex. The

front edge of the indentation ranges in appearance from a low muscle-

bounding ridge (rare) to a thin, uplifted plate; the latter has the

space ventral of it partly to completely infilled by shell deposits.

In those valves with anteriorly elevated, slightly undercut diductor

lobes this plate appears to extend laterally to underlie the diductor

lobes and then to join the anterior continuations of the dental

plates; hence, one continuous, folded sheet seems to underlie the

muscle field and to join the dental plates in these valves.

A median ridge usually begins near pedicle callosity and expands

anteriorly to its juncture with medial indentation of muscle field,
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attaining same height, width, and crosssectional form as indentation;

its flanks range from gentle to very steep and crest angular to

rounded. Muscle impressions rarely preserved; presumed diductor

impressions occur in the lobate areas on each side of median ridge in

a few valves. Depressions in medially concave (in anterior view)

segments of dental platesanterior continuations possibly represent

adjustor sites. Presumably, adductors were situated on median ridge,

yet evidence of their location was not certainly observed.

Pedicle callosity at valve apex attached to sides of delthyrial

chamber and valve floor, rarely to edges of delthyrium; it is commonly

rhombic to subtriangular in outline in plan view and thick; its

anterior margin subtends an acute or right angle and is angular to

rounded at its apex; rarely, anterior margin is an obtuse angle,

undulatory, or concave. In anterior view the margin generally appears

slightly undercut, rarely deeply undercut.

Umbonal chambers open to partly infilled by shell material;

spaces just lateral of elevated segments of anterolateral

continuations from dental plates open to infilled.

In one valve from locality 18118c a moderately long, ridgelike

callus extends anteriorly from the medial indentation of the muscle

field; it lacks a concave notch, yet otherwise resembles the callus

common in valves from locality 36439a, which are described in a

subsequent section as a different subspecies.

Vascula media emerge from ends of diductor lobes, each commonly

marked initially by a low rounded ridge or flat area flanked on each

side by a furrow or raised edge. In a fair number of valves the main

trunks are seen to be very short anterior of the diductor lobes, less
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commonly to branch nearly at lobe edges, and rarely to be of moderate

length. Main trunks branch into several shallow grooves or low ridges

that also branch and extend to anterior and lateral valve margins in

an inferred saccate pattern. The main trunks seem initially divergent

in a number of valves, yet some proximal branches appear to converge

in others. Genital areas poorly defined; in 1 valve several parallel

ridges occur in 1 genital area, but may be artifacts of taphonomic

processes.

Close-spaced to scattered tubercles commonly occur on interior

surface, notably just anterior to medial indentation of muscle field

or on callosity extending from indentation. In several valves

tuberculate areas occur between vascular markings; these areas are a

bit elevated in some cases, rarely becoming highly elevated

callosities. Interior of valve faintly corrugated by ribbing in a few

specimens. Low, rounded to angular peripheral rim or beveled edge

commonly is present.

Socket ridges bladelike, usually divergent at an obtuse angle in

plan view (80, 90-130, 140, 150° in 2, 25, 2, 1 valves, respectively).

Their anterior portions are elevated above valve floor. Usually the

posterior portions of the socket ridges join a narrow to moderately

wide, elevated transverse-ridge-like structure near valve apex. This

transverse ridge is anteriorly concave in plan view and in some valves

bilobed toward the posterior; it contains the cardinal process. In 2

of 201 large and small valves there is a shallow notch between the

ventral portions of this transverse ridge and each socket ridge; this

notch is ventral of or posterior of the area where these ridges join.

Such a notch is absent in at least 168 valves; 23 valves are too
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poorly preserved to verify the presence or absence of this notch. A

deep excavation separating socket ridge and transverse ridge was not

observed in any reasonably well-preserved valve.

Small, narrow "cross ridges" oriented parallel to long axis of

valve were seen on crest and posterior surface of the transverse ridge

in uncommon valves (21 of 201); these may be primary features rather

than artifacts of silicification in at least 5 valves. In the latter

the medial cross ridge is slightly more prominent and appears to be

flanked by 2-6 smaller cross ridges; in 2-3 valves the medial cross

ridge extends dorsally along the anterior face of the transverse ridge

and joins the median septum. The posterior surface of the transverse

ridge bulges a bit beyond interarea in plan view and is flanked on

each side by a dorsally converging notch representing posterior end of

socket. Small convex chilidium is preserved at valve apex in several

valves and covers dorsal portion of transverse ridge and notches of

sockets. In several valves relatively thick secondary deposits fill

in area between posterior parts of socket ridges, obscuring the

transverse ridge presumed to have been present; these deposits from a

short notothyrial platform in a few valves.

In most valves each socket is evidently bounded anterolaterally

by a plate that resembles a sessile fulcral plate; it is fused to the

posterior surface of the socket ridge and extends to valve surface

along anterolateral edge of socket. In a sample of 180 large and

small valves this plate is present in at least 135, appears to be

absent in 3, and could not be verified as present or absent in 42

valves, commonly owing to poor preservation. In several individuals

this plate appears to curve posteriorly along valve floor to join
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inner surface of interarea and form floor of socket. Lateral portion

of socket usually is concave and its lateral edge commonly abrupt and

a bit elevated; in some valves edge of socket not elevated or is

obscured by secondary deposits.

Lophophore platform flangelike, undercut, inclined medially and

usually progressively elevated anteriorly so that it is highest

anteromedially and lowest at its endpoints in the general vicinity of

the cardinal extremities. Much variation exists in degree of

undercutting, elevation of anterior margin (low (uncommon) to very

high) and outline of margin in plan view. In several valves platform

is finely, radially striated.

In 7 undeformed valves 6.6 to 13.2 mm long ratio of (platform

length /(valve length is 0.55-0.9, averaging 0.7; average of same

ratio is 0.75 and 0.7 for 18 slightly deformed valves 6.7-16 mm long

and 10 moderately deformed valves, respectively. Average for all 35

valves is 0.75. Maximum width of platform occurs at its posterior

ends or in posterior half. Ratio of (platform length /(maximum

platform width is 0.5-0.85 (average 0.65) in 7 valves 6.8-13.2 mm

long; 14 slightly deformed valves have the same average, although in 1

valve the ratio is 1.0. There appears to be some tendency for this

ratio to increase with increasing valve length.

Outline of platform very crudely shield-shaped. Lateral margins

are undulatory (with a concave segment posteromedially) to gently

convex. Some undulations are angular in a few shells. Anterior margin

ranges from roundly bilobed, with angular to rounded medial

indentation, to gently convex to subangular; concave segments occur on

either side of the midline of some subangular anterior margins.
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Median septum joins or begins just anterior to the transverse

ridge connecting posterior portions of socket ridges; in most

specimens exact point of origin of septum is obscured by secondary

shell deposits between posterior parts of socket ridges. Anteriorly,

septum generally resembles a thin to thick blade and commonly becomes

highly elevated (3.2 mm high in one valve >11.3 mm long); it reaches

its maximum height above valve floor in the interval from near

midlength to its anterior end. In some valves the septum is

relatively low. Front end of septum is usually at or very near to

anterior edge of platform; septum extends only to base of platform in

some valves, rarely ends posteriorly of base. In 5 valves a ridge

extends from the dorsal surface of the platform to the valve floor

along the midline and joins or nearly joins the front end of the

septum at platform edge.

Adductor field poorly preserved. In several valves low

indistinct bounding ridges and faint impressions are locally present;

low platforms occur anteriorly in 3 valves. Lateral boundaries were

not certainly observed, but there is a suggestion of a grossly

subrectangular to subflabellate field that extends laterally to a

point about even with the anterolateral edges of the sockets and

anteriorly to c. 0.5-0.8 length of platform (measured from valve apex;

average: 0.6; n=16). Distance from valve apex to front edge of field

is 0.6-1.3 of its width (average: 0.9; n=15).

Vascular markings preserved in many valves as furrows; rarely

these flank a low rounded ridge. Vascula myaria cross adductor field

and valve floor obliquely, extending anterolaterally from posterior

portion of field. Vascula media proceed from adductor field alongside
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median septum, diverging a bit anteriorly in some valves. In rare

valves vascula genitalia are marked by one or more shallow furrows

extending across posterolateral part of valve floor. Traces of

vascula media and vascula myaria cross edge of platform at small

notches (rarely large) and continue along its dorsal surface in some

valves.

Commonly, several moderately to narrowly spaced, faint to deep

grooves pass from near base of platform to lateral and anterior valve

edges or are apparent near valve margins only. Several valves have

abrupt, thickened edges, in some cases slightly raised above the

interior valve surface to a low rounded to angular peripheral rim;

valve edge or rim is usually segmented by the marginal grooves. In

other valves the interior surface appears deflected dorsally near the

valve edge to produce a steeply to moderately inclined peripheral

zone. Interiors of a number of valves are locally finely pitted or

spotted (indicating pseudopunctae?) and/or tuberculate.

Type material: Holotype: USNM 413509, P1. 16, figs. 45, 47-49;

paratypes: all other illustrated specimens.

Type locality: USNM loc. 18118c.

Illustrated specimens: USNM 413501-413521.

Derivation of name: Greek: "myrios"--numberless; "morphe"--

form.

Localities and Materials:

USNM Locality A+AF P+PF B+BF

18118a 3 13 10

18118b 2 1

18118c 25 214 320

18118d 27 53 90

18118e 1 26 17

18118f 9 11 17
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18118g 2

18118h (?) 1

18118i (?) - 1 -

18118j - 1 -

18121 cl. y (?) - 1 3

18130 cl. P-3 (cf.) - - 3

18130 cl. P-4 (cf.) - 4

18138b 2 - 3

18138c - - 1

18138d 1 - 1

18138e 1 -

18138f - 1

18138h - - 2

18138i - 2 4

18138j 1 1

18138k 1

18169a 1 24 24

36439a 5 24 33

36439b 1 2 2

36439c 7 9

36443a 3

36443c 1

Totals 82 382 547

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch. Probably also in Ordovician limestone

clasts of member 3 of the Kangaroo Creek Formation in the Lovers Leap-

Gregg Ranch area.

Discussion: Given after description of A. m. subsp. 1.

Anoptambonites myriomorpheus myriomorpheus n. subsp.

Plate 16, figs. 27-49; Plate 17, figs. 1-13.

Diagnosis: A. myriomorpheus with anterior edges of dental

plates-anterior continuations lacking the prominent salient described

below in A. m. subsp. 1.

Type material: Same as for A. myriomorpheus.

Type locality: Same as for A. myriomorpheus.

Illustrated specimens: USNM 413501-413516.

Locality and Materials: Same as for A. myriomorpheus exclusive
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of specimens from localities 36439a, 36439b, and 36439c.

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch. Probably also in Ordovician limestone

clasts of member 3 of the Kangaroo Creek Formation in the Lovers Leap-

Gregg Ranch area.

Discussion: See description and discussion of A. m. subsp. 1

below for differences between A. m. myriomorpheus and A. m. subsp. 1.

Anoptambonites myriomorpheus subsp. 1 n. subsp.

Plate 17, figs. 16-33, 39.

Diagnosis: Anoptambonites m riomorpheus with anterior edges of

dental plates-anterior continuations highly to moderately undulatory

in lateral view, exhibiting two embayments separated by a prominent

salient.

Description: The description given for A. myriomorpheus applies

to A. m. subsp. 1, except for the following modifications:

The largest valve is a bit over 10 mm long. Accentuated ribs are

absent in 12 of 16 valves of A. m. subsp. 1, but only very rarely in

A. myriomorpheus from other localities.

The dental plate and its anterior continuation are united in an

initially high, acutely divergent (in plan) bladelike structure that

bounds the muscle field laterally and whose anterior edge extends from

the dorsal or medial segment of the delthyrial margin to anterolateral

corner of the muscle field or to its anterior quarter. In anterior

view the anterior edges of the plates-continuations are slightly to

conspicuously undulatory, rarely straight; in lateral view these edges

are highly to moderately undulatory, exhibiting 2 rounded to angular

embayments separated by a prominent salient; a third embayment is
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rarely present at the anterior end of the continuation. The ventral

edge of the socket ridge is accommodated in the more dorsal, posterior

of these embayments, which is thus comparable to a crural fossette.

The interior surface of the platecontinuation usually bears a groove

or line extending from near the valve apex to the salient; this groove

is an artifact of partial silicification in some valves.

The lateral edges of the ventral muscle field itself (not the

anterior edges of anterior continuations) generally appear rather

straight in plan view, giving the field the appearance of a triangle

with a bilobed base, rather than a more round, cordate aspect, as in

most valves not belonging to this subspecies.

In 24 of 28 small and large valves the edge of the medial

indentation of the ventral muscle field is joined by a callus that

partly to completely obscures the indentation and ranges from very

short to a moderately long ridge that slopes steeply or gently to the

valve floor at points up to 0.5 length of valve from beak, in a few

cases not following the midline of the valve. The callus commonly has

steep flanks and a maximum width slightly less or greater than that of

medial indentation, but in one heavily silicified valve is nearly as

wide as the anterior margin of the muscle field. Within or near

medial indentation the crest of the callus is commonly a concave

notch, which in some valves is bounded on each side by a short, raised

subsidiary ridge; the notch accommodated the tip of the median septum

of the brachial valve. Elsewhere the crest is rounded, subangular, or

flat.

In the heavily silicified valve mentioned above a series of 3

knoblike tuberculate callosities separated by deep furrows from the
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vascula media is arranged in a line extending from the anterior end of

a short medial callosity toward the cardinal extremity.

In the brachial valve of A. m. subsp. 1 the anterior edge of the

lophophore platform is very slightly to prominently bilobed,

moderately to gently rounded, narrowly rounded to angular in 23, 5, 0

small to large valves, compared to a distribution of 22, 27, 39

moderate-size to large valves of A. myriomorpheus not belonging to A.

m. subsp. 1. The "cross ridges" on the cardinal-process element of A.

myriomorpheus were not seen in valves of A. m. subsp. 1; they may be

absent or just not preserved.

Type material: Holotype: USNM 413518, P1. 17, figs. 16-22;

paratypes : all other illustrated specimens.

Type locality: USNM loc. 36439c.

Illustrated specimens: USNM 413518-413521.

Localities and Material:

USNM Locality A+AF P+PF B+BF

36439a 5 24 33
36439b 1 2 2

36439c - 7 9

Totals: 6 33 44

Distribution: Ashgillian limestone of member 5 of the Horseshoe

Gulch unit in Horseshoe Gulch.

Discussion: The callosity anterior to the ventral muscle field

in Anoptambonites myriomorpheus subsp. 1 and relatively heavy

secondary deposits common at other points in the shell may be

environmentally induced; valves of other genera from locality 36439

seem to bear thicker secondary deposits than their counterparts from

other localities.
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Anoptambonites myriomorpheus subsp. 1 differs from A. m.

myriomorpheus in the form of the anterior edges of the dental plates-

anterior continuations; in all pedicle valves of A. m. subsp. 1, small

and large, the edges bear the salient described above; no valves of A.

m. m. exhibit such a feature. The frequencies of occurrence of some

other features differ in A. m. subsp. 1 and A. m. m., as noted in the

description of A. m. subsp. 1 above.

Most features described in A. grayae Davidson 1883 by Williams

(1962) can be found in at least some individuals of A. myriomorpheus

from Horseshoe Gulch (HG), owing to the great variability in the

latter. For example, the lophophore platform of A. grayae has a

bilobed anterior margin; this trait is common in valves of the HG

species, yet specimens with convex or subangular margins are also

common. The main difference between A. grayae and the HG form is that

in A. grayae the "brachiophore bases" are separated from the plates

of the "notothyrial platform" by deep excavations (Williams, 1962, p.

170), while in the HG valves the socket ridges are joined to the

"transverse ridge" (corresponds to "notothyrial platform" of A.

grayae) with no deep excavations intervening. Whether plates

resembling sessile fulcral plates exist in A. grayae as they do in the

HG stock could not be ascertained from the illustrations of Williams

(1962).

Average length/width and depth/length ratios in 4 pedicle valves

of A. grayae were 0.715 and 0.384 (Williams, 1962), compared to 0.7

and 0.4 in 9 and 11 HG valves, repectively. The average of the ratio

of (lophophore-platform length / {valve length in 3 brachial valves of

A. grayae was somewhat lower than in 35 HG valves (0.671 vs. 0.75,
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respectively), and that of (platform length / {platform width a little

higher (0.698 vs. 0.65 in 21 HG valves, respectively). The small size

of the sample of A. grayae makes the importance of these differences

uncertain. In A. grayae 9, 2 pedicle valves have 4, 5 ribs/mm

anteromedially (Williams, 1962), while 2, 7 (of 16 total) pedicle

valves from HG bear 2, 3 ribs/mm, respectively, suggesting a tendency

toward slightly coarser ribbing in the latter stock.

A. sp. of Williams (1962) from Pinmore has a ventral muscle field

no longer than 1/6 the valve length (Williams, 1962), compared to a

range of 0.25-0.35 in the HG species. Two pedicle valves of A. sp.

from Penwhapple Glen bear 5, 6 ribs/mm anteromedially (Williams,

1962), while only 2 of 16 HG valves have 5 ribs/mm at 6 mm from the

beak and none have 6 ribs/mm.

A. sp. described by Mitchell (1977) overlaps with the HG stock in

the measured parameters given and in several other respects. However,

more information is needed to ascertain whether the two forms are

conspecific, including the relation of the socket ridges to the

"notothyrial platform" (joined or separated from platform?), and the

presence or absence of: plates resembling sessile fulcral plates,

pedicle callosity, and pseudodeltidium.

It is not clear from present data whether A. cf. grayae described

by Ross and Dutro (1966) belongs to the same species as the HG form.

The two stocks appear to have much in common. Nevertheless, there are

differences: costellae of A. cf. grayae increase by implantation,

and its brachiophores are "slender rods"; in contrast, branching is

not uncommon in the HG valves, and its socket ridges are bladelike.

It is difficult to tell from illustrated valves of A. cf. grayae if
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the "raised quadrate platform" and "brachiophores" join in the manner

of the HG stock. They appear to be connected in P1. 2, fig. 5 of Ross

and Dutro (1966); they may be partially separated by a shallow? notch

in P1. 2 fig. 1 (ibid.), or the ostensible notch may be only an

artifact of the orientation of the valve and/or partial preservation.

Some rather poorly preserved HG valves are similar to the valve in P1.

2, fig. 1 in this regard.

The interior of A. carinata Holtedahl 1916 is not known, so no

detailed comparisons can be made with the HG form.

A. pirguensis Roomusoks 1963 has a pseudodeltidium and large

foramen. In the brachial valve the diaphragm is semicircular in

outline, with front and lateral edges slightly thickened and raised.

The dorsal median septum is low. Although lateral plates are present

in the HG stock, no pseudodeltidium was observed; this is taken as the

chief difference between the two species. Further, the lophophore

platform of the HG shells is very commonly subangular in outline at

its anterior margin; the platform is also undercut, flangelike, and

generally moderately to highly elevated at its front edge. The dorsal

septum is commonly highly elevated.

Clasts P-3 and P-4 from loc. 18130 contain 3 and 4 brachial

valves, respectively, that resemble A. myriomorpheus in most regards,

and are provisionally assigned to that species. They exhibit the wide

range in variation of the HG form:

<Length / {maximum width is 0.55 and 0.75 in 2 slightly deformed

valves from cl.P-4. Considering all valves from both clasts together,

the sulcus is shallow to fairly deep posteromedially and very shallow

to moderate depth at anterior margin; accentuated ribs are absent to
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common (common in valves from cl. P-4); anterior margin of lophophore

platform is slightly bilobed to gently convex (in cl.P-4 valves) in

plan; median septum joins "transverse ridge" or begins anterior to

ridge. As in A. myriomorpheus, the transverse ridge just referred to

bears "cross ridges" of the cardinal process, is concave anteriorly in

plan, and joins the socket ridges. The lateral portions of the

transverse ridge appear narrow and very faintly to markedly Sshaped

in plan; they abruptly or gradually decrease in height as they curve

first anteriorly and then laterally to join the ventral edges of the

socket ridges and/or the medial surfaces of the socket ridges dorsally

of their ventral edges. As seen in plan view, this juncture with the

medial surface alone leaves a moderately deep notch between ventral

edge of socket ridge and lateral segment of transverse ridge in one

valve from cl. P-3 (P1 17, fig. 15), and a narrow slit in the

corresponding position in 2 valves from cl. P-4. In this regard these

3 valves appear to be intermediate between A. myriomorpheus (usually

no notch) and A. grayae (deep excavation). No notch or slit is

present in one valve from cl. P-4. The plates resembling sessile

fulcral plates that are generally so conspicuous in A. myriomorpheus

were not certainly seen in the valves from cl. P-3 and cl. P-4; they

may be absent or relatively thin and obscured by secondary deposits.

These 7 valves from cl.P-3 and cl. P-4 differ from A. grayae in

the lack of a deep excavation between socket ridge and transverse

ridge, lack of accentuated ribs in some valves, and in the convex

lophophoreplatform margin of 1 valve; they differ from A. pirguensis

in their commonly bilobed, undercut, bladelike, anteriorly elevated

platform.
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EXPLANATIONS OF PLATES

See Table 1 for abbreviations.

Plate 1

Figs. 1-26, 32, 33. Diochthofera conspicua n. gen. et sp.

1-5. Exterior, interior, oblique, anterior, lateral views of

pedicle valve; x4 ; USNM 413221; paratype; USNM loc.

36439a.

6. Interior of pedicle valve; x4; USNM 413222; paratype;

USNM loc. 36439a.

7-11. Exterior, interior, oblique, anterior, lateral views of

pedicle valve; x3.5 ;USNM 413223; paratype; USNM loc.

36439a.

12,13. Interior, oblique views of pedicle valve; x3.5; USNM

413224; paratype; USNM loc. 36439a.

14-18. Exterior, interior, oblique, anterior, lateral views of

brachial valve; x5; USNM 413225; holotype; USNM loc.

36439a.

19,20. Interior, oblique views of brachial valve; x5; USNM

413226; paratype; USNM loc. 36439b.

21,22. Interior, oblique views of brachial valve; x5; USNM

413227; paratype; USNM loc. 36439a.

23,24. Interior, oblique views of brachial valve; x4; USNM

413228; paratype; USNM loc. 36439a.

25,26,32,33. Exterior, interior, anterior, lateral views of

brachial valve; x4; USNM 413229; paratype; USNM loc.
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36439a.

Figs. 27-31, 34-61. Lenorthis cf. parvicrassicostatus

27-31. Pedicle-valve exterior, brachial-valve exterior, ante-

rior, posterior, lateral views; x2; USNM 413230; USNM

loc. 36439a.

34-38. Pedicle-valve exterior, brachial-valve exterior, ante-

rior, posterior, lateral views; x2; USNM 413231; USNM

loc. 36439b.

39-41. Exterior, interior, lateral views of pedicle valve; x2;

USNM 413232; USNM loc. 36439a.

42-45. Exterior, interior, oblique, oblique views of pedicle

valve; x2 (42-44); x3 (45); USNM 413233; USNM loc.

36439b.

46,47. Exterior, interior of pedicle valve; x2; USNM 413234;

USNM loc. 36439b.

48. Interior of brachial valve; x2; USNM 413235; USNM loc.

36439c.

49,50. Exterior, interior of pedicle valve; x2; USNM 413236;

USNM loc. 36439c.

51,52. Exterior, interior of brachial valve; x2; USNM 413237;

USNM loc. 36439a.

53,54,60,61. Exterior, interior, oblique, oblique views of

brachial valve; x2 (53,54,60); x3 (61); USNM 413238;

USNM loc. 36439c.

Figs. 55-59. Lenorthis sp.

55-59. Pedicle-valve exterior, brachial-valve exterior, ante-

rior, posterior, lateral views; x2.5; USNM 413239; USNM



loc. 18128.

Plate 2
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Figs. 1-17. Lenorthis sp.

1-7. Pedicle-valve exterior, brachial-valve exterior, ante-

rior, posterior, lateral views; oblique view to show

interior of brachial valve; oblique view showing inte-

rior of pedicle valve; x2; USNM 413240; USNM loc. 18128.

8-10. Exterior, interior of pedicle valve; view perpendicular

to interarea (n.b.: teeth); x2; USNM 413241; USNM loc.

18128.

11,12. Exterior, interior of brachial valve; x2; USNM 413242;

USNM loc. 18128.

13-15. Exterior, interior, lateral views of pedicle valve; x2;

USNM 413243; USNM loc. 18128.

16,17. Exterior, interior of brachial valve; x2; USNM 413244;

USNM loc. 18128.

Figs. 18-22. Lenorthis or Orthambonites sp. 2

18-22. Pedicle-valve exterior, brachial-valve exterior, ante-

rior, posterior, lateral views; x2.5; USNM 413245; USNM

loc. 18124.

Figs. 23-27. Lenorthis or Orthambonites sp. 1

23-27. Pedicle-valve exterior, brachial-valve exterior, later-

al, anterior, posterior views; x2.5; USNM 413246; USNM

loc. 18130.

Figs. 28-50. Taphrorthis? sp.

28-32. Exterior, interior, anterior, posterior, lateral views

of pedicle valve; x1.5; USNM 413247; USNM loc. 36439c.
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33,34. Exterior, interior of pedicle valve; x1.5; USNM 413248;

USNM loc. 36439a.

35-41. Exterior, interior, oblique, anterior, posterior, later-

al, oblique views of pedicle valve; x1.5 (35-40); x3

(41); USNM 413249; USNM loc. 36439a.

42-48. Exterior, interior, oblique, anterior, posterior, later-

al, oblique views of brachial valve; x1.5 (42-47); x3

(48); USNM 413250; USNM loc. 36439b.

49,50. Exterior, interior of brachial valve; x1.5; USNM 413251;

USNM loc. 36439a.

Figs. 51-56. Hesperorthis aff. evenkiensis

51-56. Pedicle-valve exterior, brachial-valve exterior, ob-

lique, anterior, oblique (normal to pedicle-valve inter-

area), lateral views; x2; USNM 413252; USNM loc. 18138d.

Plate 3

Figs. 1-32. Hesperorthis aff. evenkiensis

1-5. Pedicle-valve exterior, brachial-valve exterior, ante-

rior, posterior, lateral views; x2; USNM 413253; USNM

loc. 18118i.

6-8. Exterior, oblique, oblique (normal to interarea) views

of pedicle valve; x2 (6,8); x4 (7); USNM 413254; USNM

loc. 18138d.

9-12,16,17. Exterior, interior, oblique, lateral, interior,

oblique views of pedicle valve; x2 (9-12); x4 (16,17);

USNM 413255; USNM loc. 18138d.

13-15. Interior, oblique, lateral views of pedicle valve; x2;
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USNM 413256; USNM loc. 18138b.

18-20. Exterior, oblique (normal to interarea), lateral views

of pedicle valve; x2; USNM 413257; USNM loc. 18138d.

21. Interior of brachial valve; x2; USNM 413258; USNM loc.

18118a.

22-27. Exterior, interior, oblique, oblique (n.b.: "fulcral

plates"), anterior, lateral views of brachial valve; x2

(22-24, 26, 27); x4 (25); USNM 413259; USNM loc. 18118d.

28,29. Interior, interior of brachial valve; x2 (28); x4

(29); USNM 413260; USNM loc. 18138j.

30-32. Exterior, interior, lateral of brachial valve; x2; USNM

413261; USNM loc. 18118a.

Figs. 33-59, 65, 66. Glyptorthis sp. 1 (n.b.: specimens slightly to

greatly deformed tectonically).

33-35. Pedicle-valve exterior, brachial-valve exterior, poste-

rior views; x4; USNM 413262; USNM loc. 18128.

36. Oblique view of fragment of pedicle valve to show muscle

field; x4; USNM 413263; USNM loc. 18128.

37-41. Pedicle-valve exterior, brachial-valve exterior, ante-

rior, posterior, lateral views; x4; USNM 413264; USNM

loc. 18124.

42-44. Exterior, oblique (II interarea), posterior views of

pedicle valve; x4; USNM 413265; USNM loc. 18124.

45-49. Pedicle-valve exterior, brachial-valve exterior, ante-

rior, posterior, lateral views; x4; USNM 413266; USNM

loc. 18128.

50,51. Exterior, interior of pedicle valve; x4; USNM 413267;

USNM loc. 18128.
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52,53. Pedicle-valve exterior, brachial-valve exterior of de-

formed shell ("stretched" c. perpendicular to hinge-

line); x4; USNM 413268; USNM loc. 18125.

54-56. Exterior, interior, oblique views of brachial valve; x4;

USNM 413269; USNM loc. 18128.

57-59. Exterior, interior, oblique views of pedicle valve; x4;

USNM 413270; USNM loc. 18128.

65,66. Exterior, interior of brachial valve; x4; USNM 413271;

USNM loc. 18128.

Figs. 60-64. Glyptorthis sp. 2

60-64. Exterior, interior, oblique, posterior, lateral views of

pedicle valve; x3; USNM 413272; USNM loc. 18130.

Plate 4

Figs. 1-7. Eridorthis sp. 1

1-3. Exterior, interior, lateral views of brachial valve; x2;

USNM 413273; USNM loc. 18138k.

4-7. Exterior, interior, anterior, lateral views of brachial

valve; x2; USNM 413274; USNM loc. 18121, cl. y.

Figs. 8-10. Eridorthis cf. sp. 1

8-10. Exterior, interior, lateral views of pedicle valve; x2;

USNM 413275; USNM loc. 18121, cl. y.

Figs. 11-15. Indet. glyptorthinid

11-13. Exterior, interior, oblique views of pedicle valve; x2;

USNM 413276; USNM loc. 18128.

14,15. Exterior, interior views of deformed pedicle-valve

fragment;x2; USNM 413277; USNM loc. 18128.
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Figs. 16-19. Eridorthis sp. 1 ?

16,17. Exterior, interior views of pedicle valve; x2; USNM

413278; USNM loc. 18121, cl. 2.

18,19. Exterior, interior views of brachial valve; x2; USNM

413279; USNM loc. 18121, cl. 2.

Figs. 20,21. Eridorthis aff. sp. 1

20,21. Exterior, interior views of deformed, broken pedicle

valve; x2; USNM 413280; USNM loc. 18130, cl. AR.

Fig. 22. Eridorthis sp. 2-

22. Exterior view of brachial valve; x2; USNM 413281; USNM

loc. 18130, cl. P-4.

Figs. 23-44,50. Ptychopleurella aff. mediocostata

23-27. Pediclevalve exterior, brachialvalve exterior,

anterior, posterior, lateral views; x4; USNM 413282;

USNM loc. 36439b.

28,34,35. Lateral, interior, posterior views of pedicle valve;

x3; USNM 413283; USNM loc. 36439a.

29-33. Exterior, interior, anterior, posterior, lateral views

of pedicle valve; x3; USNM 413284; USNM loc. 36439c.

36-40. Exterior, interior, anterior, posterior, lateral views

of pedicle valve; x3; USNM 413285; USNM loc. 36439a.

41,42. Exterior, interior of brachial valve; x3; USNM 413286;

USNM loc. 36439a.

43,44. Exterior, interior of brachial valve; x3; USNM 413287;

USNM loc. 18169a.

50. Interior of brachial valve; x3; USNM 413288; USNM loc.

36439b.
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Figs. 45-49,51-56. Ptychopleurella cf. mediocostata

45-49. Exterior, interior, anterior, posterior, lateral views

of pedicle valve; x3; USNM 413289; USNM loc. 18121,

mBlk.

51-56. Exterior, interior, oblique, anterior, posterior,

lateral views of pedicle valve; x3; USNM 413290; USNM

loc. 18121, cl. y.

Figs. 57-66. Ptychopleurella aff. uniplicata

57-61. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x5; USNM 413291;

USNM loc. 36439a.

62-66. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x5; USNM 413292;

USNM loc. 36439a.

Plate 5

Figs. 1-30. Ptychopleurella aff. uniplicata.

1-5. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x5; USNM 413293;

USNM loc. 36439a.

6,7,13,14. Exterior, interior, posterior, lateral views of

pedicle valve; x5; USNM 413294; USNM loc. 36439a.

8,9,10. Interior, oblique, posterior views of pedicle valve; x5;

USNM 413295; USNM loc. 36439c.

11. Interior of pedicle valve; x5; USNM 413296; USNM loc.

36439b.

12. Oblique interior of pedicle valve; x5; USNM 413297; USNM

loc. 36439a.
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15-19. Exterior, interior, oblique, posterior, lateral views of

pedicle valve; x5; USNM 413298; USNM loc. 36439a.

20. Interior of pedicle valve; x5; USNM 413299; USNM loc.

36439a.

21-23. Exterior, interior, oblique views of brachial valve; x5;

USNM 413300; USNM loc. 36439a.

24-26. Exterior, interior, oblique views of brachial valve; x5;

USNM 413301; USNM loc. 18138j.

27. Interior of pedicle valve; x5; USNM 413302; USNM loc.

36439b.

28-30. Exterior, interior, oblique views of brachial valve; x5;

USNM 413303; USNM loc. 18123.

Figs. 31-54. Austinella aff. kankakensis

31-33. Exterior, interior, lateral views of pedicle valve;

x1.5; USNM 413304; USNM loc. 181380.

34. Oblique interior view of pedicle valve; xl; USNM 413305;

USNM loc. 181380.

35-40. Exterior, interior, oblique, anterior, posterior,

lateral views of pedicle valve; xl; USNM 413306; USNM

loc. 181380.

41,42. Exterior, interior of pedicle valve; xl; USNM 413307;

USNM loc. 181380.

43. Oblique interior view of pedicle valve; xl; USNM 413308;

USNM loc. 181380.

44-47. Exterior, interior, oblique, oblique views of brachial

valve; x1.5 (44-46); x3 (47); USNM 413309; USNM loc.

181380.
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48,49. Exterior, interior of brachial valve; xl; USNM 413310;

USNM loc. 181380.

50-54. Exterior, interior, anterior, posterior, lateral views

of brachial valve; xl; USNM 413311; USNM loc. 181380.

Figs. 55-67. Scaphorthis sp. 1.

55-58. Exterior, interior, anterior, lateral views of brachial

valve; x3; USNM 413312; USNM loc. 36439c.

59-64. Exterior, interior, oblique, anterior, posterior,

lateral views of pedicle valve; x3; USNM 413313; USNM

loc. 36439a.

65,66. Exterior, interior of pedicle valve; x3; USNM 413314;

USNM loc. 36439a.

67. Interior of brachial valve; x3; USNM 413315; USNM loc.

36439a.

Plate 6

Figs. 1-6. Scaphorthis sp. 1.

1-6. Exterior, interior, oblique, anterior, posterior,

lateral views of brachial valve; x3; USNM 413316; USNM

loc. 36439a.

Figs. 7-17. Scaphorthis sp. 2.

7-11. Exterior, interior, anterior, posterior, lateral views

of brachial valve; x4; USNM 413317; USNM loc. 18121,

mBlk.

12-17. Exterior, interior, oblique, anterior, posterior,

lateral views of brachial valve; x4; USNM 413318; USNM

loc. 18121, cl. y.
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Figs. 18-28. Scaphorthis aff. sp. 2.

18-23. Exterior, interior, oblique, anterior, posterior,

lateral views of brachial valve; x5; USNM 413319; USNM

loc. 18121, cl. y.

24-28. Interior, exterior, anterior, posterior, lateral views

of brachial valve; x5; USNM 413320; USNM loc. 18121, cl.

y.

Figs. 29-61. Eripnifera praecipitis.

29-32. Exterior, interior, oblique, anterior views of pedicle

valve; x3; USNM 413321; paratype; USNM loc. 18138i.

33-39. Exterior, interior, oblique, oblique, anterior,

posterior, lateral views of pedicle valve; x2.5; USNM

413322; holotype; USNM loc. 36439b.

40-43. Exterior, interior, anterior, lateral views of pedicle

valve; x3; USNM 413323; paratype; USNM loc. 181380.

44-46. Exterior, interior, oblique of brachial valve; x5; USNM

413324; paratype; USNM loc. 18138j.

47,49-52. Anterior, exterior, interior, oblique, oblique views

of brachial valve; x5; USNM 413325; paratype; USNM loc.

36439c.

48,53. Oblique, interior of brachial valve; x5; USNM 413326;

paratype; USNM loc. 36439a.

54-58. Exterior, interior, oblique, anterior, lateral views of

brachial valve; x3.5; USNM 413327; paratype; USNM loc.

181380.

59-61. Interior, oblique, oblique of brachial valve; x4; USNM

413328; paratype; USNM loc. 36439a.
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Plate 7

Figs. 1-36, 41-43. Sigmelasma pantherae n. gen. et sp.

1-5. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x6; USNM 413329;

paratype; USNM loc. 18122, cl. 1.

6,7,13. Exterior, interior, oblique views of pedicle valve; x6;

USNM 413330; paratype; USNM loc. 18125, cl. 3.

8-12. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x6; USNM 413331;

paratype; USNM loc. 18122, cl. 1.

14-18. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x6; USNM 413332;

paratype; USNM loc. 18122, cl. 1.

19. Oblique interior of pedicle valve; x6; USNM 413333;

paratype; USNM loc. 18122, cl. 1.

20. Interior of pedicle valve; x7.7; USNM 413334; paratype;

USNM loc. 18122, cl. 1.

21-25. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x6; USNM 413335;

paratype; USNM loc. 18126, bl. 2.

26-28. Interior, oblique, oblique views of pedicle valve; x6;

USNM 413336; paratype; USNM loc. 18122, cl. 1.

29,30. Exterior, oblique views of pedicle valve; x6; USNM

413337; paratype; USNM loc. 18122, cl. 1.

31-33. Exterior, interior, oblique views of brachial valve; x6;

USNM 413338; paratype; USNM loc. 18122, cl. 1.
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34-36. Exterior, interior, oblique views of brachial valve; x6;

USNM 413339; paratype; USNM loc. 18122, cl. 1.

41-43. Exterior, interior, oblique views of brachial valve

(n.b.: S-shaped brachiophore, fulcral plate); x6; USNM

413340; holotype; USNM loc. 18122, cl. 1.

Figs. 37-40, 44-53. Sigmelasma sp. 1.

37-40. Exterior, interior, oblique, lateral views of pedicle

valve; x6; USNM 413341; USNM loc. 18138d.

44-48. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x6; USNM 413342;

USNM loc. 18118d.

49,50. Pedicle-valve exterior, brachial-valve exterior; x6;

USNM 413343; USNM loc. 18118d.

51-53. Pedicle-valve exterior, brachial-valve exterior, oblique

views (n.b.: Brachiophore S-shaped in cross section,

extends to silica on floor of pedicle valve); x6; USNM

413344; USNM loc. 18138b.

Plate 8

Figs. 1-29. Phragmorthis aff. buttsi Cooper 1956 morphotype 1.

1-4. Pedicle-valve exterior, anterior, posterior, lateral

views; x7; USNM 413345; USNM loc. 36439b.

5,6. Interior, oblique views of pedicle valve; x7; USNM

413346; USNM loc. 36439a.

7-11. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x7; USNM 413347;

USNM loc. 36439b.

12. Oblique view of pedicle valve; x6.7; USNM 413348; USNM
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loc. 36439b.
13-18. Pedicle-valve exterior, anterior, posterior, lateral,

lateral, oblique views (n.b.: brachiophores, median

septum); x7; USNM 413349; USNM loc. 36439a.

19,20. Interior, oblique views of pedicle valve; x7; USNM

413350; USNM loc. 36439a.

21-24. Exterior, interior, oblique, lateral views of brachial

valve; x7; USNM 413351; USNM loc. 36439a.

25,26. Interior, oblique views of brachial valve; x7; USNM

413352; USNM loc. 36439a.

27-29. Exterior, interior, oblique views of brachial valve; x7;

USNM 413353; USNM loc. 36439a.

Figs. 31-35. Phragmorthis aff. buttsi Cooper 1956 morphotype 2.

31-35. Exterior, interior, oblique, anterior, lateral views of

pedicle valve; x4; USNM 413354; USNM loc. 18123, cl. 1.

Figs. 30, 36-56. Phragmorthis cf. buttsi Cooper 1956.

30,36,37. Interior, oblique, anterior views of brachial valve;

x5; USNM 413355; USNM loc. 18121, cl. x.

38-42. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x5; USNM 413356;

USNM loc. 18121, cl. x.

43,49,50. Exterior, oblique, lateral views of pedicle valve;

x5; USNM 413357; USNM loc. 18121, cl. x.

44-48. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x5; USNM 413358;

USNM loc. 18121, cl. x.

51-56. Exterior, interior, oblique, oblique, anterior, lateral

views of brachial valve; x4; USNM 413359; USNM loc.
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Plate 9

351

Figs. 1-28. Phragmorthis sp. 1.

1-5. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x7; USNM 413360;

USNM loc. 18128.

6,7. Interior, oblique views of brachial valve; x7; USNM

413361; USNM loc. 18128.

8-12. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x7; USNM 413362;

USNM loc. 18128.

13,14. Interior, oblique views of brachial valve; x7; USNM

413363; USNM loc. 18128.

15-20. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral, oblique views (n.b.:

anterior portions of brachiophores at high angles to

commissural surface in fig. 20); x7; USNM 413364; USNM

loc. 18128.

21,28. Interior, oblique views of brachial valve; x7; USNM

413365; USNM loc. 18128.

22-25. Exterior, interior, oblique, lateral views of pedicle

valve; x6.8; USNM 413366; USNM loc. 18128.

26,27. Oblique, lateral views of broken articulated shell; x7;

USNM 413367; USNM loc. 18128.

Figs. 29-47. Phragmorthis cf. sp. 1.

29-33. Exterior, interior, anterior, posterior, lateral views
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of pedicle valve; x7; USNM 413368; USNM loc. 18121, cl.

Y.

34. Oblique view of pedicle valve (n.b.: knoblike umbonal

area); x7; USNM 413369; USNM loc. 18121, cl. y.

35-39. Exterior, interior, anterior, posterior, lateral views

of pedicle valve; x7; USNM 413370; USNM loc. 18121, cl.

y.

40.41. Exterior, interior of brachial valve; x7; USNM 413371;

USNM loc. 18121, cl. y.

42-45. Exterior, interior, oblique, lateral views of brachial

valve; x7; USNM 413372; USNM loc. 18121, cl. y.

46,47. Exterior, interior of brachial valve; x7; USNM 413373;

USNM loc. 18121, cl. y.

Figs. 48-62. Skenidioides hadromesopleurae n. sp.

48,49. Pedicle-valve exterior, brachial-valve exterior views;

x8; USNM 413374; paratype; USNM loc. 18138b.

50-54. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x8; USNM 413375;

paratype; USNM loc. 18128.

55-59. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x8; USNM 413376;

holotype; USNM loc. 18138e.

60-62. Exterior, interior, oblique views of pedicle valve; x8;

USNM 413377; paratype; USNM loc. 18138j.

Plate 10

Figs. 1-15. Skenidioides hadromesopleurae n. sp.

1-5. Pedicle-valve exterior, brachial-valve exterior,
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anterior, posterior, lateral views; x8; USNM 413378;

paratype; USNM loc. 18138j.

6-8. Exterior, anterior, lateral views of pedicle valve; x8;

USNM 413379; paratype; USNM loc. 18138j.

9-13. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x8; USNM 413380;

paratype; USNM loc. 18128.

14,15. Oblique, lateral views of broken articulated shell

(n.b.: profile of dorsal median septum, which meets

floor of pedicle valve in fig. 15); x8; USNM 413381;

paratype; USNM loc. 18138j.

Figs. 16,17. Skenidioides cf. hadromesopleurae.

16,17. Exterior, interior of brachial valve; x8; USNM 413382;

USNM loc. 18138h.

Figs. 18-41. Skenidioides glindmeyeri n. sp.

18-21. Exterior, interior, oblique, posterior views of pedicle

valve; x7; USNM 413383; paratype; USNM loc. 18128.

22-26. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x6.5; USNM 413384;

paratype; USNM loc. 18128.

27-31. Pedicle-valve exterior, brachial-valve exterior,

posterior, anterior, lateral views; x6.5 (27-29); x5

(30, 31); USNM 413385; paratype; USNM loc. 18128.

32,33. Oblique view of broken articulated shell; fig. 33 is

same as fig. 32 except that it is underexposed to show

that dorsal median septum meets floor of pedicle valve;

anterior edge of one long brachiophore process also
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visible; x7; USNM 413386; paratype; USNM loc. 18128.

34-39. Pedicle-valve exterior, brachial-valve exterior,

oblique, posterior, anterior, lateral views; x6.5 (34-

37); x5 (38,39); USNM 413387; holotype; USNM loc. 18128.

40,41. Exterior, interior of brachial valve; x7; USNM 413388;

paratype; USNM loc. 18128.

Figs. 42-59. Skenidioides multifarius n. sp.

42-44. Anterior, posterior, lateral views; x6; USNM 413389;

paratype; USNM loc. 18121, cl. y.

45,46. Exterior, interior of pedicle valve; x4; USNM 413390;

paratype; USNM loc. 18121, cl. y.

47,48. Exterior, interior of brachial valve; x6; USNM 413391;

holotype; USNM loc. 18121, cl. y.

49,50. Exterior, interior of brachial valve; x6; USNM 413392;

paratype; USNM loc. 18121, cl. y.

51-53. Exterior, interior, lateral views of pedicle valve; x4;

USNM 413393; paratype; USNM loc. 18121, cl. 16 pink.

54-56. Exterior, interior, lateral views of brachial valve; x6;

USNM 413394; paratype; USNM loc. 18121, cl. y.

57-59. Exterior, interior, lateral views of brachial valve; x4;

USNM 413395; paratype; USNM loc. 18121, cl. y.

Figs. 60-66. Skenidioides cf. multifarius.

60. Exterior of pedicle valve; x4; USNM 413396; USNM loc.

18128.

61-65. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x3.5; USNM 413397;

USNM loc. 18121, cl. x.
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66. Interior of brachial valve; x4; USNM 413398; USNM loc.

18121, cl. x.

Plate 11

Figs. 1-5. Skenidioides cf. multifarius.

1-2. Exterior, interior of pedicle valve; x4; USNM 413399;

USNM loc. 18121, cl. x.

3-5. Exterior, interior, lateral views of pedicle valve; x4;

USNM 413400; USNM loc. 18121, cl. 3.

Figs. 6-24. Skenidioides aff. multifarius.

6-11. Exterior, interior, oblique, anterior, posterior,

lateral views of pedicle valve; x3.5; USNM 413401; USNM

loc. 36439b.

12-17. Exterior, interior, oblique, anterior, posterior,

lateral views of pedicle valve; x3.5; USNM 413402; USNM

loc. 36439a.

18,19. Interior, oblique views of brachial valve (n.b.:

fulcral plate in fig. 19); x3.5; USNM 413403; USNM loc.

36439a.

20-24. Exterior, interior, anterior, posterior, lateral views

of brachial valve; x3.5; USNM 413404; USNM loc. 36439b.

Figs. 25-40. Skenidioides rodneygreggi n. sp.

25-29. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x8; USNM 413405;

paratype; USNM loc. 36439a.

30. Exterior of pedicle valve; x7; USNM 413406; paratype;

USNM loc. 18121, cl. y.

31-35. Exterior, interior, anterior, posterior, lateral views
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of pedicle valve; x7; USNM 413407; holotype; USNM loc.

18121, cl. y.

36. Exterior of pedicle valve; x7; USNM 413408; paratype;

USNM loc. 18121, cl. y.

37-40. Exterior, interior, anterior, lateral views of brachial

valve; x7; USNM 413409; paratype; USNM loc. 18121, cl.

y.

Figs. 41-51. Skenidioides sp. 1.

41-45. Exterior, interior, anterior, posterior, lateral views

of brachial valve; x6; USNM 413410; USNM loc. 36439a.

46-50. Exterior, interior, anterior, posterior, lateral views

of pedicle valve; x6; USNM 413411; USNM loc. 36439a.

51. Interior of brachial valve; x8; USNM 413412; USNM loc.

36439a.

Figs. 52-65. Salopina horseshoensis n. sp.

52-56. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x4; USNM 413413;

holotype; USNM loc. 18118f.

57-62. Exterior, interior, oblique, anterior, posterior,

lateral views of pedicle valve; x3.5; USNM 413414;

paratype; USNM loc. 18118f.

63-65. Exterior, interior, oblique views of brachial valve;

x3.5; USNM 413415; paratype; USNM loc. 18118j.

Plate 12

Figs. 1-7. Salopina horseshoensis n. sp.

1-4. Exterior, interior, oblique, anterior views of pedicle
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valve; x3.5; USNM 413416; paratype; USNM loc. 18118f.

5-7. Oblique, anterior, oblique views of brachial valve;

x3.5; USNM 413417; paratype; USNM loc. 18118f.

Figs. 8-15. Salopina sp. 1.

8-13. Exterior, interior, oblique, anterior, posterior,

lateral views of pedicle valve; x4; USNM 413418; USNM

loc. 18121 cl. y.

14,15. Interior, lateral views of brachial valve; x4; USNM

413419; USNM loc. 18121 cl. y.

Figs. 16-22. Salopina cf. sp. 1.

16-20. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x4; USNM 413420;

USNM loc. 18137, cl. D2.

21,22. Interior, oblique views of pedicle valve; x3; USNM

413421; USNM loc. 18130 cl. v.

Figs. 23-27, 29-45. Paurorthis sp. 1. (N. b.: orientations of

broken and/or tectonically deformed specimens are only

approximate in "standard" views.)

23-27. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x6; USNM 413422;

USNM loc. 18128.

29-31. Brachial-valve exterior, anterior, lateral views; x5;

USNM 413423; USNM loc. 18128.

32-34. Exterior and interior (both slightly oblique), oblique

views of brachial valve; x4; USNM 413424; USNM loc.

18128.

35-39. Exterior, interior, oblique, posterior, lateral views of
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pedicle valve; x6; USNM 413425; USNM loc. 18128.

40-42. Exterior, interior, oblique views of pedicle valve; x4;

USNM 413426; USNM loc. 18128.

43-45. Exterior, interior, oblique views of pedicle valve; x3

(43,44); x4 (45); USNM 413427; USNM loc. 18128.

Fig. 28. Paurorthis aff. sp. 1, morphotype 2.

28. Oblique view of pedicle valve; x2; USNM 413428; USNM

loc. 18127 cl. C.

Figs. 46, 47. Paurorthis sp. 2.

46,47. Oblique views of exterior and interior of brachial

valve; x2.5; USNM 413429; USNM loc. 18121 cl. y.

Figs. 48-60. Dicoelosia aff. jonesridgensis.

48-52. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x4; USNM 413430;

USNM loc. 18138e.

53,54. Pedicle-valve exterior, brachial-valve exterior views;

x5; USNM 413431; USNM loc. 18138e.

55,56. Pedicle-valve exterior, brachial-valve exterior views;

x4; USNM 413432; USNM loc. 18138h.

57,58. Pedicle-valve exterior, brachial-valve exterior views;

x4; USNM 413433; USNM loc. 18138e.

59,60. Pedicle-valve exterior, brachial-valve exterior views;

x4; USNM 413434; USNM loc. 36439c.

Plate 13

Figs. 1-21. Dicoelosia aff. jonesridgensis.

1,2. Pedicle-valve exterior, brachial-valve exterior views;

x4; USNM 413435; USNM loc. 18138e.
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3. Pedicle-valve exterior view; x4; USNM 413436; USNM loc.

36439c.

4-8. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x4; USNM 413437;

USNM loc. 36439b.

9,10. Pedicle-valve exterior, brachial-valve exterior views;

x4; USNM 413438; USNM loc. 18138e.

11. Exterior of brachial valve; x4; USNM 413439; USNM loc.

18138h.

12. Exterior of brachial valve; x4; USNM 413440; USNM loc.

18138h.

13. Exterior of pedicle valve; x4; USNM 413441; USNM loc.

18138b.

14. Interior of brachial valve; x4; USNM 413442; USNM loc.

36439c.

15,16. Interior, oblique views of pedicle valve; x4; USNM

413443; USNM loc. 18138b.

17,18. Interior, oblique views of pedicle valve; x4; USNM

413444; USNM loc. 18138b.

19-21. Interior, anterior, posterior views of brachial valve;

x4; USNM 413445; USNM loc. 18138b.

Figs. 22-61. Dicoelosia aff. inghami.

22-26. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x6; USNM 413446;

USNM loc. 18121 cl. y.

27,28. Interior, oblique views of pedicle valve; x7; USNM

413447; USNM loc. 18121 cl. y.
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29-33. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x5; USNM 413448;

USNM loc. 18121 cl. y.

34,40,41. Oblique, exterior, interior views of pedicle valve;

x7; USNM 413449; USNM loc. 18121 cl. y.

42-46. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x5; USN M 413450;

USNM loc. 18121 cl. y.

47,48. Exterior, interior of brachial valve; x7; USNM 413451;

USNM loc. 18121 cl. y.

49-53. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x5; USN M 413452;

USNM loc. 18121 cl. y.

54,55. Exterior, interior of brachial valve; x7; USNM 413453;

USNM loc. 18121 cl. y.

56-60. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x5; USNM 413454;

USNM loc. 18121 cl. y.

61. Interior of brachial valve; x7; USNM 413455; USNM loc.

18130 cl. v.

Figs. 62-68. Epito m yonia relicina

62-66. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x4; USNM 413456;

paratype; USNM loc. 36439b.

67,68. Interior, posterior views of brachial valve; x4; USNM

413457; holotype; USN M loc. 36439a.
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Plate 14

Figs. 1-31. Epitomyonia relicina

1-5. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x4; USNM 413458;

paratype; USNM loc. 18138e.

6-8. Exterior, interior, oblique views of pedicle valve; x4;

USNM 413459; paratype; USNM loc. 18138c.

9-13. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x4; USNM 413460;

paratype; USNM loc. 18138e.

14. Oblique view of brachial valve; x4; USNM 413461;

paratype; USNM loc. 36439c.

15-19. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x4; USNM 413462;

paratype; USNM loc. 36439a.

20,21. Pedicle-valve exterior, brachial-valve exterior views;

x4; USNM 413463; paratype; USNM loc. 36439c.

22. Exterior view of brachial valve; x4; USNM 413464;

paratype; USNM loc. 36439a.

23-26. Pedicle-valve exterior, brachial-valve exterior,

oblique, lateral views; x4; USNM 413465; paratype; USNM

loc. 18138e.

27,28. Interior, oblique views of brachial valve; x4; USNM

413466; paratype; USNM loc. 364396.

29,30. Exterior, interior views of brachial valve; x4; USNM

413467; paratype; USNM loc. 36439a.

31. Oblique view of brachial valve; x4; USNM 413468;
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paratype; USNM loc. 36439b.

Figs. 32-51, 58. Elasmothyris limata

32-36. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x6; USNM 413469;

holotype; USNM loc. 36439a.

37,38. Interior, oblique views of pedicle valve (n.b.: part of

dorsal median septum attached to floor of this pedicle

valve); x6; USNM 413470; paratype; USNM loc. 36439c.

39-44. Exterior, interior, oblique, anterior, posterior,

lateral views of pedicle valve; x6; USNM 413471;

paratype; USNM loc. 36439c.

45-49. Exterior, interior, anterior, posterior, lateral views

of brachial valve; x6; USNM 413472; paratype; USNM loc.

36439a.

50,51. Exterior, interior of brachial valve; x6; USNM 413473;

paratype; USNM loc. 36439b.

58. Oblique view of fragment of brachial valve; x6; USNM

413474; paratype; USNM loc. 36439a.

Figs. 52-57. Elasmothyris sp. 1

52-57. Exterior, interior, oblique, anterior, posterior,

lateral views of pedicle valve; x6.3 (55); x6.4

(others); USNM 413475; USNM loc. 18121 cl. y.

Plate 15

Figs. 1-4. Elasmothyris sp. 1

1-4. Exterior, interior, anterior, lateral views of brachial

valve; x6.4; USNM 413476; USNM loc. 18121 cl. y.
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Figs. 5-17. Laticrura sp. 1.

5-7. Exterior, oblique, oblique views of pedicle valve; x4;

USNM 413477; USNM loc. 18128.

8-12. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x4.3; USNM 413478;

USNM loc. 18128.

13-15. Exterior, interior, lateral views of pedicle valve;

x4.3; USNM 413479; USNM loc. 18130 cl. AP.

16,17. Interior, oblique views of brachial valve; x4.3; USNM

413480; USNM loc. 18130 cl. AP.

Figs. 18-20. Laticrura sp. 1?

18-20. Oblique exterior, oblique interior, oblique interior

views of posterior part of brachial valve; x4.3; USNM

413481; USNM loc. 18123 cl. 1.

Figs. 21-35. Laticrura. aff. erecta Wright

21-25. Interior, oblique, oblique, oblique, lateral views of

pedicle valve; x4.3 (21); x4 (22-25); USNM 413482; USNM

loc. 36439b.

26,27. Interior, oblique views of brachial valve; x4; USNM

413483; USNM loc. 18169a.

28-30. Oblique, oblique, oblique views of interior of posterior

part of brachial valve; x4.3 (28,30); x4.1 (29); USNM

413484; USNM loc. 36439b.

31-35. Exterior, interior, oblique, anterior, lateral views of

brachial valve; x4; USNM 413485; USNM loc. 18169a.

Figs. 36-41. Leptellina sp. 1 subsp. 1.

36,37. Brachial-valve exterior, lateral views; x3; USNM 413486;
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USNM loc. 18132 blk. 2.

38. Mold of pedicle-valve interior; x2; USNM 413487; USNM

loc. 18132 blk. 2.

39. Lateral view of broken articulated shell; x3; USNM

413488; USNM loc. 18132 blk. 2.

40. Lateral view of broken articulated shell; x3; USNM

413489; USNM loc. 18132 blk. 1.

41. Exterior of pedicle valve; x2; USNM 413490; USNM loc.

18132 blk. 2.

Plate 16

Figs. 1-5. Leptellina sp. 1 subsp. 1. (N.b.: All specimens are

broken and tectonically deformed.)

1-3. Oblique, oblique, oblique views of pedicle valve; x3;

USNM 413491; USNM loc. 18132-1.

4,5. Interior, lateral views of brachial valve; x3; USNM

413492; USNM loc. 18130 cl. AH.

Figs. 6-12. Leptellina sp. 1 subsp. 2. (N.b.: All specimens are

tectonically deformed; breakage minor to major.)

6-9. Pedicle-valve exterior, brachial-valve exterior,

anterior, lateral views; x3; USNM 413493; USNM loc.

18137 cl. C.

10. Oblique view of pedicle valve; x3; USNM 413494; USNM

loc. 18137 cl. C.

11,12. Interior, lateral views of brachial valve; x3; USNM

413495; USNM loc. 18137 cl. C.

Figs. 13-26. Leptellina sp. 1 subsp. 3. (N.b.: All specimens are
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broken and tectonically deformed.)

13-15. Pedicle-valve exterior, brachial-valve exterior, lateral

views; x3; USNM 413496; USNM loc. 18128.

16. Oblique view of exterior of brachial valve; x3; USNM

413497; USNM loc. 18128.

17-19. Exterior, interior, lateral views of pedicle valve; x3;

USNM 413498; USNM loc. 18128.

20-22. Oblique-interior, oblique-posterior, lateral views of

brachial valve; x3; USNM 413499; USNM loc. 18128.

23-26. Exterior, oblique, oblique, lateral views of pedicle

valve; x3; USNM 413500; USNM loc. 18128.

Figs. 27-49. Anoptambonites myriomorpheus myriomorpheus n. sp. et

subs p.

27-31. Pedicle-valve exterior, brachial-valve exterior,

anterior, posterior, lateral views; x1.5; USNM 413501;

paratype; USNM loc. 18118d.

32,33. Pedicle-valve exterior, brachial-valve exterior views;

x1.5; USNM 413502; paratype; USNM loc. 18118d.

34. Interior view of pedicle valve; x1.5; USNM 413503;

paratype; USNM loc. 18118c.

35-39. Exterior, interior, oblique, anterior, lateral views of

pedicle valve; x1.5; USNM 413504; paratype; USNM loc.

18118c.

40. Oblique view of pedicle valve; x2; USNM 413505;

paratype; USNM loc. 18118c.

41,42. Interior, oblique views of pedicle valve; x1.5; USNM

413506; paratype; USNM loc. 18118c.
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43. Oblique view of pedicle valve; x1.5; USNM 413507;

paratype; USNM loc. 18118c.

44// . Oblique view of pedicle valve; x2; USNM 413508;

paratype; USNM loc. 18118c.

45,47-49. Oblique-lateral, oblique-interior, oblique-interior,

oblique-lateral views of brachial valve; x4 (45,47); x6

(48,49); USNM 413509; holotype; USNM loc. 18118c.

46. Oblique view of pedicle valve; x1.5; USNM 413510;

paratype; USNM loc. 18118c.

Plate 17

Figs. 1-13. Anoptambonites myriomorpheus myriomorpheus n. sp. et

subsp.

1,2. Interior, oblique views of brachial valve; x1.5 (1); x4

(2); USNM 413511; paratype; USNM loc. 18118c.

3. Interior view of brachial valve; x1.5; USNM 413512;

paratype; USNM loc. 18118c.

4-6. Exterior, interior, lateral views of brachial valve;

x1.5; USNM 413513; paratype; USNM loc. 18118c.

7,13. Interior, oblique views of brachial valve; x4; USNM

413514; paratype; USNM loc. 18118c.

8,9. Exterior, interior views of brachial valve; x1.5; USNM

413515; paratype; USNM loc. 18138k.

10-12. Exterior, interior, lateral views of brachial valve;

x1.5; USNM 413516; paratype; USNM loc. 18118c.

Figs. 14, 15. Anoptambonites myriomorpheus?

14,15. Slightly oblique views of interior of brachial valve; x2

(14); x8 (15); USNM 413517; USNM loc. 18130. cl. P-3.
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Figs. 16-33, 39. Anoptambonites myriomorpheus subsp. 1.

16-22. Oblique, exterior, interior, oblique, oblique, anterior,

lateral views of pedicle valve; x4 (16); x2 (17-22);

USNM 413518; holotype; USNM loc. 36439c.

23-28. Oblique-exterior, oblique-interior, oblique, oblique-

posterior, lateral, oblique views of pedicle valve; x1.5

(23, 25-27); x2 (24); x4 (28); USNM 413519; paratype;

USNM loc. 36439a.

29. Oblique view of pedicle valve; x4; USNM 413520;

paratype; USNM loc. 36439a.

30-33,39. Interior, oblique, oblique, oblique, oblique views of

brachial valve; x3 (30-32); x6 (33,39); USNM 413521;

paratype; USNM loc. 36439a.
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Figure 1. Locality maps. 1: Eastern Klamath Mountains and

localities in northern California.

Leap; GR, Gregg Ranch House.

localities 18138, 18169, 36439a,

HG, Horseshoe Gulch; LL, Lovers

2, Map of Horseshoe Gulch and USNM

and 36440. Base map is Etna 15'

quadrangle. 3, map of Gregg Ranch and Lovers Leap area showing

location of Gregg Ranch house (GR) and USNM localities 18121, 18123,

18124, 18125, 18128, and 18130. Base map is China Mountain 15'

quadrangle. (From Rigby and Potter, 1986, Figure 1).
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Figure 3. Geologic map of Gregg Ranch area. (Sheet 2 of 2.)
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Dg2: Member 2 of Gazelle Formation: Tan-weathering, siliceous

volcaniclastic siltstone, sandstone, and mudstone. Early to

Middle? Devonian (Potter, 1977).

S?Dgl: Member 1 of Gazelle Formation: In SE1/4 sec. 16, S1/2 sec.

15, and secs. 21 and 22, member 1 contains mudstone-shale,

siltstone, lithic sandstone, pebble and granule conglomerate-

breccia, and is Silurian? to Early or Middle? Devonian (Potter,

1977).

Dg3f4 (=g3f4): Member 3 of Gazelle Formation, facies 4: Pyroxene-

feldspar-phyric to aphyric keratophyre and spilite. Early to

Middle? Devonian (Potter, 1977).

Dg3f3, Member 3 of Gazelle Formation, facies 3: Volcanic

conglomerate-breccia (± massive volcanics locally). Commonly

aphyric. Weathers in shades of green to brown. Early to Middle?

Devonian (Potter, 1977).

Dm (=Dg3f2m): Member 3 of Gazelle Formation, facies 2, mudstone:

Black, poorly bedded mudstone, usually not laminated, locally

with siltstone to sandstone laminae, lenses. Early Devonian

(contains Dls).

Dls (=Dg3f21s): Member 3 of Gazelle Formation, facies 2, limestone:

Bedded to massive limestone and limestone conglomerate-breccia.

Early Devonian (on basis of conodonts, brachiopods, and corals).

Dc (=Dg3f1c): Member 3 of Gazelle Formation, facies 1,

conglomeratic unit: Cobbly sandstone-siltstone-mudstone. Some

clasts are tannish volcanic or dike rock. Early Devonian (by

stratigraphic relations; Potter, 1977).

S7Dg3f1mcss (=Dmess=mcss): Member 3 of Gazelle Formation, facies 1:

Laminated mudstone-siltstone, siltstone, lithic sandstone, chert-

lithic sandstone, conglomerate-breccia. Silurian? to Early or

Middle? Devonian (Potter, 1977).

Cobbly and pebbly sandstone. Some clasts are pebbles of whitish

keratophyre. Age uncertain.

Dvh-c, D? or 0? vb-ss: Poorly exposed unit. Some outcrops are

Devonian volcanic breccia-conglomerate, locally with phenocrysts

of feldspar or pyroxene. Ocher exposures are undated

volcaniclastic breccia-conglomerate-sandstone; these may be of

Devonian or Ordovician age. Contact relations between Dvb-c and

D? or 0? vb-ss are unknown. Some outcrops of volcanics with

phenocrysts of feldspar or pyroxene may be Dg3f4.

sh, Member 3 of Kangaroo Creek Formation: Roundstone polymIct

conglomerate. Some clasts are red limestone. One clast of red

limestone yielded conodonts of probable Llandeilian age (S. M.

Bergstrom, written comm.). Member 3 is Late Silurian (Lindsley-

Griffin and Rohr, 1977).

v: Ogr2dv (=Odv): Green

some volcanic breccia.

to brownish- or grayish-green dikes-volcanics;

Probably keratophyre-spilite.

consist of feldspar and mafics

Secondary red hematite-limonite

phenocrysts commonly present,

altered to secondary minerals.

usually absent. Secondary calcite present in places.

Llandeilian? (might be younger; Potter, 1982).

Ogr2rls: Lenses and/or xenoliths of reddish gray to red limestone

breccia and limestone in Ogr2dv. Undated, but inferred to be

same age as cleat of red limestone in Sk3 that contained probable

Llandeilian conodonts. Present at sites 35 - 38 on map.

Ogr2qss (=gas): Pebbly quartz-rich sandstone to conglomerate with

rare pebbles and boulders of quartz diorite-plagiogranite.

Undated; inferred to be Middle Ordovician (Potter, 1982).

Ogrlvbcss: Volcaniclastic breccia-conglomerate-sandstone. Siltstone-

mudstone very rarely present. Cleats mainly volcanics, range up

to boulder size. Some clasts are limestone. Lenses/clasts of

Ogrlls are contained in Ogrlvbcss, and some of these bear sand-

sized detritus inferred to have been derived from Ogrlvbcss.

Middle Ordovician (Llandeilian; Rigby and Potter, 1986).

0grlls: Limestone and limestone conglomerate-breccia. Usually

massive, rarely bedded. Fossils present locally. At loc. 18128

brachiopods, bryozoans, sponges, and conodonts occur; the latter

are of P. anserinus-Zone age (Llandeilian, Middle Ordovician;

BergstrOm and others, 1980; Rigby and Potter, 1986).

COkll: Keratophyre of Lovers Leap: green to grayish red to gray

keratophyre-spilite; massive and breccia. Pbenocrysts commonly

present, originally were feldspar and mafics (olivine?), now

altered to secondary minerals; secondary red hematite - limonite

commonly occurs in mafic phenocrysts. Secondary calcite usually

present. Llandeilian or older (based on stratigraphic

relations).

Cpgr: Plagiogranite-tonalite of Gregg Ranch:

plagiogranite-tonalite. Four samples were dated at c. 565-570

Ma. (Early Cambrian) by U-Pb methods on zircon (Wallin and

others, submitted for publication). Cpgr is intruded by dikes of

Ogr2dv, Dg3f4, and, possibly, COkll.

x, dio.: Dioritic dikes. Undated; perhaps Ordovician.

Predominantly

r174
: Mafic to silicic dikes. Post-Early Devonian. Common in map

area, but omitted from map in all but three small areas.

Other units: cg: conglomerate; Is: limestone; mdst. mudstone; qdo

and qdf: outcrop and float of Cpgr; sad.: sedimentary rock; sh:
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Figure 5. Columnar sections of Horseshoe Gulch, Lovers Leap, and

Gregg Ranch Areas.

Explanation:

1). Time scales from Palmer (1983; "DNAG" scale) (upper number of

each pair) and McKerrow and others (1985) (number in parentheses

in each pair).

2). f : Fossil age range; all ages based on conodonts except Sk3

(brachiopods in clasts) and Sk4 (corals).

3). All columns are generalized, diagrammatic, and composite.

Lithologic symbols from Compton (1962). Rock units briefly

described on geologic maps of Fig. 3 (Gregg Ranch), Fig. 4

(Horseshoe Gulch), and in Lindsley-Griffin and Rohr (1977)

(Lovers Leap).

4). ------: Age of contact uncertain.

5). Age of contact very uncertain.

6). : Fault.

7). Contact not exposed.

8). [ ] : Rock-unit name in brackets shows present structural

position of rock unit.
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Figure 6. Comparison Of Klamath Llandeilian faunule of loc. 18128

with coeval faunas.
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Figure 8. Map of North America showing distribution of Bighornia (C))

(from Elias, 1983) and approximate location of Ordovician equator

(from Sweet and Bergstrom, 1984). Hypothetical shallow-marine

current patterns also indicated. EK, eastern Klamath terrane;

JR, Jones Ridge; MC, Misty Creek Embayment; NF, Nixon Fork

terrane; NS, North Sierra terrane; Perce, Quebec.



Table 1. Abbreviations and Notes

Drawings showing features measured. Drawings are modified from

Williams (1974, p. 24, Fig. 3) and are molds of interiors except for

SW1/4 of the pedicle valve, which is exterior surface. 1
pv inter

and

were measured parallel to line drawn from hinge line to apex1
bv inter

of valve. 1
mus

/1
pv

and 1
mus

/1
bv

were measured with commissural

surface approximately perpendicular to line of view and horizontal

overall. 1 /w was measured with surface of muscle field
mus mus

approximately perpendicular to line of view.

Abbreviations:

HG: Horseshoe Gulch.

GR: Gregg Ranch area (including loc. 18128).



Table 1 (continued, page 2 of 4).

LL: Lovers Leap area.

c.: Approximately ("c." followed by a space refers to the whole series

of values following the space: c. x, y, z = c.x, c.y, c.z).

1: length; length of shell=1=1 .

pv

1
plt

: length of lophophore platform (measured from posterior margin).

w: width; width of shell=w=w
max

maximum distance between anterior edges of dental plates.
wdp

w
max

maximum width.

wpit: maximum width of lophophore platform.

d: depth of shell, measured perpendicular to commissural surface.

inter: interarea.

mus: muscle field.

add: adductor.

did: diductor.

brach: brachiophore base.

cp: cardinal process (=c.p.).

mr: median ridge or median septum (=m.r.).

noto: notothyrium; notothyrial.

plat: platform.

plt: lophophore platform.

r
: wavelength of rib.

A (=a): articulated shell. See note 1 below.

AF: fragment of articulated shell.

P (=p=pv): pedicle valve. See note 1 below.

PF: fragment of pedicle valve.

B (=b=bv): brachial valve. See note 1 below.



Table 1 (continued, page 3 of 4).

BF: fragment of brachial valve.

ext: exterior.

int: interior.

ant: anterior.

post: posterior.

lat: lateral.

obl: oblique.

USNM: United States National Museum of Natural History.

loc.: locality.

P1.: Plate.

fig.: figure.

F (=f): fragment. See note 1 below.

hl: hinge line.

1: perpendicular.

11: parallel.

ml: midline of valve: line of intersection of valve surface with

median plane (median plane=plane of symmetry of valve).

sa: sagittal axis: ml.

cf.: compare; probably belongs to.

aff.: related to; close to, but probably belongs to a different

species than.

n.b.: nota bene, Latin: note well.

subsp.: subspecies.

n: number of specimens in sample.

s: tectonically stretched.

cl.: clast.

Blk= blk =bl.: block.



Table 1 (continued, page 4 of 4).

Notes:

1. A+AF, P+PF, and B+BF in "Localities and Material" include

unbroken specimens and fragments in the appropriate category,

e.g., A+AF includes unbroken articulated shells and fragments of
articulated shells.

2. "x-mm growth stage": hypothetical or actual growth line crossing

midline of either valve at x mm anterior to beak; distance from

beak to growth line measured with commissural surface horizontal

(or in standard orientation if commissural surface curved).

3. In counting number of ribs y per x mm on valve exteriors,

fractions of ribs are allocated as follows: "y" ribs per x mm

actually includes y-0.4 ribs to y+0.5 ribs, e.g., "2" ribs/mm

actually includes 1.6 to 2.5 ribs/mm, "3" ribs/mm actually

includes 2.6 to 3.5 ribs/mm, etc. Ribs are counted proceeding

laterally from a starting point immediately lateral of the

midline or medial rib of either valve.

4. Brackets enclose multiple-word variables and ranges of values of

variables, e.g., {length of muscle field / {length of pedicle

valve =0.2-0.5 mm.

5. (cf.) after a locality in "Localities and Material": specimens

from that locality or clast probably belong to the given taxon.

(?) after a locality in "Localities and Material": uncertainty

whether any specimens from that locality or clast belong to the

given taxon: (?) after specimen: uncertainty whether that

particular specimen belongs to the given taxon.

6. In this work some words are used with literary license: 1)

"frequently" and "often" are used as synonyms for "commonly"; 2)

in describing features of the interior of the pedicle valve,

"above" is used as a synonym for "toward the dorsal direction"

and "below" as a synonym for "toward the ventral direction"; in

the brachial-valve interior, "above" means "toward the ventral

direction", and "below" means "toward the dorsal direction".



Table 2. Ratios of Parameters Measured from Leptellina sp.l.

L. sp. 1 subsp. 1 from loc. 18132:

1(g) 1(g) 1
pv

1 1
by inter

1
ipv nter by inter dpv ipv mus 1pv mus Iplt Iplt

w
max

w
max

1 1
by

1 1 w
dp

1
by

w
pltpv pv pv

3.3 3.3 0.60* 0.60* 0.15 0.10 0.25
4.5* 4.5*0.60* 0.60* 0.10 0.05
5.7* 0.65* 0.15* 0.25*
5.8* 0.60* -

6.1 0.25
6.1 - 0.50 - 0.30
6.2* - 0.50* 0.15* - 0.25* -

- >6.7 - - 0.50
>6.8 - 0.90
7.0 6.7 0.65 0.65 0.10 0.05 0.30 _

6.8* - 0.70*
7.0* - 0.30*
- 7.6* - 0.60* 0.10*

7.7* 6.8 0.60* 0.55 - -0.15 0.10* 0.40

8.0 7.6 0.70 0.65 0.10 0.05 0.30 0.70*

8.2* 0.65* - 0.10*
8.3* 0.60* 0.10 - 0.20*

8.7* 8.0* 0.10* 0.10* 0.30*
8.8* 7.4* 0.65* 0.55* - _0.10* 0.10* 0.45*

8.8 - -0.15 0.30 0.35*

8.8 0.15* - 0.35*

9.1 - 0.15 0.40

Average value:

- 0.60 0.60 0.15 0.10 0.30 0.25 1.05x 0.70 0.50

Range:

- 0.50- 0.55- 0.10- 0.05- 0.25- 0.20- 0.90-

0.70 0.65 0.15 0.10 0.40 0.35 1.4

n:

12 7 14 8 14 2 6 2 1

x(5 not
listed)



L. sp.1 subsp.

1 v
1(g) (g) pv

Table 2 (continued, page 2 of 3).

2 from loc. 18137 cl. C:

1 1 1
by pv inter by in dpv 1pv mus 1py mus 1plt 1plt

w
max

w
max

1
pv

1
by

1 1
pv pv

w
dp

1
by

w
plt

5.4* 0.40* 0.15 0.60* 0.35*

5.6* 0.10* 0.80*

6.2* - 0.15* 0.20*

6.0 5.8 0.10 0.10 0.25*

6.7* 6.1* 0.15* 0.10* 0.30*

6.5* 5.9* 0.50* 0.45* 0.10* 0.10* 0.30*

Average value:

0.50 0.45 0.15 0.10 0.25 0.70 0.35

Range:

0.40- 0.10- 0.10- 0.20- 0.60-

n:

0.45 0.15 0.15 0.30 0.80

- 1

L. sp.1 subsp.

1 1 1
(g) (tba) pv

/ _4 5 42 /

3 from loc. 18128:

1 1
iby pv inter lby inter dpy 1pv mus

- 2 1

1pv mus 1plt 1plt

w
max

w
max

1
pv

1
by

1
pv

1
pv

w
dp

1
bv

w
plt

3.6* 0.40* 0.15* 0.45*

4.1* - 0.30* 0.30* - 0.60*g 0.55*

4.6 4.1 0.35* 0.35* 0.15* 0.10* 0.35*g

4.7* 0.50*

5.3* 0.10*

5.8* 5.4* 0.10* 0.35*g

6* 5.5* 0.15* 0.10* 0.50*g

6.8* 0.65* 0.15* - 0.20* 0.20* 0.85*

6.9 6.5 0.60* 0.15* 0.10* 0.30

Average

- 0.45 0.35 0.15 0.10 0.40 0.20 1.05x 0.50

Range:

- 0.30- 0.10 - 0.20 0.55-

0.65 0.30 0.60 1.4



Table 2 (continued, page 3 of 3).

n:

5 1 7 44 7 1 /4
x(2 not
listed)

Notes:

*Estimated, owing to breakage or deformation.

g: Geniculate.

Other abbreviations are given in Table 1 (in pocket).
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