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V INTRODUCTION I
Area of Study

The Nolichucky Formation of late Middle and early Late

Cambrian age crops out in the Valley and Ridge Province of the

Appalachian Mountains from Alabama and Georgia northward to Giles ·

and Montgomery counties in southwestern Virginia, as well as in

Tennessee in a few small areas within the Blue Ridge Province.

The Nolichucky was studied from Giles and Montgomery counties,

Virginia, southward to about the latitude of Knoxville, Tennessee,

and the exact localities and region encompassed by this report are

shown on plate l. i
U ·

Introductory Summary

The purpose of this paper is to describe the fauna and
V stratigraphy of the Nolichucky Formation in southwestern Virginia
l

and northeastern Tennessee. To this end, the writer has prepared
A

and identified more than 3600 fossil specimens from 27 geologic

sections and 22 isolated localities. Each measured section is

described in detail and all fossils collected are listed herein.

Faunas were collected at every fossiliferous horizon that could bei

found. At some localities, the writer attempted to locate faunas
l

above and below the Nolichucky Formationa as a result, four _

faunules were discovered in adjacent formations, one each in the

Honaker Dolomite, Maryville Limestone, Copper Ridge Dolomite, and

Conococheague Formations . V



ll

Within the region studied (plate 1) the Nolichucky ranges

in thickness and lithology from about 900 feet of limestone and shale

in the southwest part to an average of 50 feet of silty dolomite in

the northeast. In an east-west direction a few miles north of the

Virginia-Tennessee state line, the Nolichucky ranges from about 700

feet of limestone and shale in the west to little more than 100 feet

of limestone in the east; the thin eastern limestone facies of the

Nolichucky is commonly included in the Elbrook Formation. Southwest

of the region studied, in Tennessee and Alabama, the Nolichucky and

the immediately underlying formations pass laterally into a thick

section of shale, the Conasauga Formation (or Group), and are rarely

separable except on paleontologic evidence. Further southwest, in

Georgia and Alabama, abundant limestone reappears in the southeastern

outcrop belts.

Although the Nolichucky Formation within the region
l

studied is extremely heterogeneous lithologically, it can be divided

geographically into four areas (fig. 2), each characterized by a

distinct lithologic suite (fig. 1):

1) Area 1. Southwestward from Tazewell County, Virginia,

and with one exception, northwest of the Pulaski Fault, the

Nolichucky thickens to nearly 900 feet and consists of limestone

and shale representing the Bolaspidella through Aphelaspis zones.

The base of the formation becomes younger northeastward due to

_ passage of the lower beds into the underlying Honaker Dolomite.
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This area includes geologic sections 6-ll, l5—20, and 25, and

localities 2, 3, 20 and 2l. Geologie section 20 at Bailey School, n

Jefferson County, Tennessee, is somewhat anomalous in that beds

representing the Aphelaspis Zone are not present; in this respect

the Bailey School section resembles the section in Area M. Geologie °
V

section 25 is also unusual in that it lies southeast of the Pulaski

Fault near Bristol, Virginia. The section near Marion, Virginia,

geologic section 22, is intermediate in facies between the suites

typical of Area l and Area M.

2) »Area_g. In the northeast part of the region northeast ·

of a line passing through Wittens Mill, Tazewell County (geol. sec.

5) and Crockett Cove, Wythe County (geol. sec. 2l), the Nolichucky

Formation ranges in thickness from 3 to about.L§$feet and eonsists

of silty and shaly dolomite representing only the Crepicephalus Zone,

and locally also the Aphelaspis Zone. Geologie sections l-5, 12-lM, A

2l, and localities l, M, and 5 lie within this area.
‘

3) Area 3. Southeast of the Pulaski Fault and southwest

of Sullivan County, Tennessee, the Nolichucky is about 500 feet thick

and eonsists of limestone and shale. This area includes two sections:

geologic section 26 near the type loeality of the Nolichueky and

geologic section 27 which lies southeast of the Holston Mountain · °

Fault (plate l). At both sections the lower beds consist of shale

and limestone, undated, but possibly representing the Cedaria Zone.

The middle contains a Crepicephalus fauna and eonsists of limestone
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very similar to that in Area Ä. The upper beds at geologic section I

26 are unfossiliferous but at geologic section 27 contain anAphelaspis fauna. l
V Ä) A£ea_Ä. Southeast of the Pulaski Fault in Smyth and '

Washington counties, Virginia, and in Sullivan County, Tennessee, the
Nolichucky is only 100 to 200 feet thick and consists predominantly Q
of oolitic calcarenite representing the Crepicephalus Zone only.
Where shale is entirely lacking, this limestone is placed in the
Elbrook Formation (Butts, l9Ä0; Rodgers, 1953; and others). This
area includes geologic sections 23 and 2Ä and localities 6 to 18. ·

Within the region studied, underlying the Nolichucky is
the Maryville Limestone, Elbrook Formation or Honaker Dolomite, and
overlying the Nolichucky is either the Copper Ridge Dolomite or the
Conococheague Limestone (fig. 1). The Maynardville Limestone, con-
sidered by some workers to be a separate formation, is included in
the Nolichucky Formation in this report.

· Detailed biostratigraphy shows that the relationship
between the Nolichucky and adjacent formations is much more complex
than previously thought. One unequivocal example of intertonguing
between the lower part of the Nolichucky and the underlying Honaker
Dolomite is demonstrated. The exact relations are equivocal in other

localities, but fossil evidence clearly shows that neither the base
nor the top of the formation is correlative throughout the region
studied, as shown on figure 1 and on the fence diagram (plate 2).
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Fossils in the Nolichucky are abundant in contrast to the

relatively unfossiliferous formations above and below. The Nolichucky

fauna consists principally of trilobites and contains representatives

of the Middle Cambrian Bolaspidella Zone and of the Cedaria,

Crepicephalus, and the Aphelaspis zones of the Late Cambrian

Dresbachian Stage (fig. 1). Sponge spicules, disarticulated plates

of pelmatozoon echinoderms, and shells of inarticulate brachiopods

are common in some beds, but molluscs and articulate brachiopods

are exceedingly rare.
l

Eighty—two species of trilobites from the Nolichucky

Formation are described, as well as two species from the Maryville

Limestone, six species from a tongue of Nolichucky lithology within

the Honaker Dolomite, two species from the Copper Ridge Dolomite, and

one species from the Conococheague Formation. Two species of Mollusca

and one sponge are described, and the occurrence of two species of

articulate brachiopods in the Nolichucky Formation is recorded for

the first time. The inarticulate brachiopods, although moderately

abundant, are not described in this report.
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Previous Work

Stratigraphic studies.——The Nolichucky Formation has been
described in many reports dealing with Appalachian geology since the
first published description of the formation by Campbell (189)+, p. 2).
Early knowledge of the formation derived mainly from the geologic

folios of the U.S. Geological Survey by Arthur Keith, C. W. Hayes,
and H. R. Campbell published in the interval between 1890 and 1908.
More recently the regional stratigraphy of the Nolichucky was dis-
cussed briefly by Resser (1938a) in his report on the Cambrian faunas
of the southern Appalachians. Rodgers (1956) summarized knowledge of
the Cambrian stratigraphy of the southern and central Appalachians.

In Virginia the regional stratigraphy of the Nolichucky
Formation was described in some detail by Butts (19hO, p. 79-86)
in his massive report on the geology of the Appalachian Valley in
Virginia. Butts included four geologic sections of the Nolichucky
in his report and recognized that the original name "Nolichucky

Shale" is a misnomer, since the formation commonly contains more
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limestone than shale. Butts also recognized the eastward change to
L

limestone and the equivalence of part of the Nolichucky to the upper
limestone of the Elbrook Formation.

Local details of Nolichucky stratigraphy and measured
sections are presented in areal reports by Cooper (1936, l9hMa),
Bates (1936), Miller and Fuller (195M), Miller and Brosg€ (195h),
Harris and Miller (1958), and Brent (1963), as well as in regional
studies by Cooper (l9hMa, l9h5) on industrial limestones. Addi-
tional information on the Nolichucky and equivalent beds is available
in unpublished theses at Virginia Polytechnic Institute, most notably
those or Moon (1961), vie. (1962), and Derby (1961).

In Tennessee the regional stratigraphy of the Nolichucky was
briefly described by Rodgers (1953) in the text accompanying the
geologic map of East Tennessee. Bridge (1956) gave a detailed account _
of the Nolichucky in the Mascot-Jefferson City Zinc- District in
Knox and Jefferson counties, Tennessee, but discussed the regional
relationships as well. Previously the stratigraphy of the Maynardville
Limestone, here considered the uppermost member of the Nolichucky
Formation, was briefly described by Oder (193M).

Detailed measured sections of the entire Cambro-Ordovician ‘

section including the Nolichucky were described by Hall and Amick
(193M) at Thorn Hill, Grainger County, and by Rodgers and Kent (l9M8)
at Lee Valley, Hawkins County. Cattermole (1958, 1960, 1962) des-
cribed the Nolichucky in three areas south of the region studied.
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Recently Oder and Bumgarner (1961) gave a detailed description

of the upper part of the Nolichucky in a small area in Jefferson

and Sevier counties, describing for the first time the importance

of stromatolites as a major feature in Nolichucky facies relation-

Ships.

Faunal Studies.--The fauna of the Nolichucky was described

by Walcott (1916a, 1916b, 1925, and miscellaneous other reports)

and by Resser (1938a). Unfortunately most of these early collections

were accurately located geographically but not adequately located in

the stratigraphic sequence. Thus the stratigraphic range of most of

the Species was unknown.

Recently Rasetti (1965) described a large trilobite fauna

from the Nolichucky in northeastern Tennessee based on collections

from six measured sections and numerous other collections all

accurately located in the stratigraphic sequence, though not from

complete Sections. Although Rasetti had already begun his study.of l

Nolichucky trilobites at the time the writer proposed this study,

Rasetti encouraged the writer to proceed, and albeit no attempt was

made to outline separate areas of study, there was no-duplication of

localities studied. Furthermore, Rasetti placed more emphasis on the

fauna of the Aphelaspis Zone in the upper part of the formation,

whereas the writer emphasized the lower zones. As a result, the two

reports are complementary.
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STRATIGRAPHY ·

Introduction
V

The Nolichucky Formation is a highly variable unit con- '

taining a wide variety of lithologic types. In detail the formation

is endlessly variable, but in general it is characterized by the

presence of shale, siltstone, and various types of pure limestones,

commonly intimately admixed with impure limestones and dolomite.
l

Facies changes within the formation are abrupt, with very few units

persistent in thickness or lithology for more than a few miles.

The general time—stratigraphic and facies relations of the

Nolichucky have been known for years. Rodgers (l953, fig. 3) presented

a stratigraphic cross-section which shows the general east-west facies
I

relations of the Nolichucky and adjacent formations. As correctly

implied in Rodgers' diagram, the base of the Nolichucky is not the

same age throughout the area. Detailed biostratigraphy in this study

shows that the relations of the Nolichucky to the underlying and

overlying formations is considerably more complex, however, and that

the base of the formation is strongly time transgressive in nature in ·a northeast-southwest direction. g
This study demonstrates one unequivocal case of intertonguing

between the lower part of the Nolichucky and the underlying Honaker

Dolomite. The relationship of the upper part is not so well estab-

lished. Although the evidence can be interpreted in several ways,

faunal evidence clearly indicates that the upper part of the Nolichucky
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is either missing in some areas by nondeposition or erosion, or that
the upper Nolichucky beds have changed facies so as to be classified
with the overlying formation.

4
l

Formations above and below the Nolichucky consist primarily
of carbonate rocks, and although infinitely variable in small details,
appear to be monotonously uniform both vertically and laterally over
wide areas. Some marked facies changes in the formations adjacent to
the Nolichucky do occur, however. In the northwestern belts of outcrop
(plate 1), the Nolichucky is underlain by the Honaker Dolomite in
Area 2 and the northeast part of Area 1 (fig. 2). In the south-
western part of the region, the Honaker is replaced by the Maryville
Limestone; and along the southeast margin of the area, the Elbrook
Formation occupies the same position as the Honaker, or Maryville,
and includes beds equivalent to the Nolichucky as well. Similarly,
the Copper Ridge Dolomite overlies the Nolichucky in the belts of
the outcrop northwest of the Pulaski Fault (plate 1), but southeast
of the Pulaski Fault the Conococheague Formation overlies either
the Nolichucky Formation or the Elbrook Formation where the beds .
equivalent to the Nolichucky are included in the Elbrook.

Maryville Limestone

§epe_epd type locality.--The Maryville Limestone was named
by Keith (1895, p. 3) for outcrops in the vicinity of Maryville, ‘

Blount County, Tennessee. No type section was designated, but
Bridge (1956, p. 10) states that the type area is in a belt of
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Cambrian rocks cropping out northwest of the town, where the

Maryville Limestone is 300 to uoo feet thick. The general geology

of the Maryville area was recently redescribed by Cattermole (1962).

Description.--In the region studied, the Maryville Limestone'

is typically a thick-bedded, medium- to dark-gray limestone. The

limestones in the Maryville are generally free of silt and shale and

form massive outcrops, in contrast to the less resistant silty and

shaly limestones in the overlying Nolichucky.

The upper beds commonly contain abundant algal oncolites

(pl. 7, fig. 2) which thin sections show to consist of a species of

Girvanella (pl. 12, fig. 1). At every locality studied, the upper

beds emit a strong odor of light hydrocarbons when freshly broken;

this odor is strong enough to impair one's sense of smell for a few

minutes. This strong odor, the presence of algal oncolites in thick-

bedded limestone, and the lack of silty and shaly partings serve to

distinguish the Maryville from the overlying Nolichucky in the south-

west part of the region (Area 1) where the basal beds of the Nolichucky

consist predominantly of limestone. .

The contact between the Maryville and the overlying
(

Nolichucky is gradational, although the change from limestone typical

of the Maryville to limestones typical of the Nolichucky commonly

occurs within a few feet. Some previous workers, notably Rodgers and

Kent (19üB) and Brent (1963), placed the top of the Maryville at the

base of the lowest shale in the Nolichucky, including within the
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Maryville some limestone beds that the writer has placed in the

Nolichucky. Although an abrupt change in gross lithology is a

convenient marker for use in mapping, the writer believes that the

limestones indistinguishable from those found higher in the Nolichucky
_ should also be included in the latter formation._ Miller and Fuller

(1958) apparently agreed with this point of view and placed the

contact at the Rye Cove syncline section (geol. sec. 8, herein)

only slightly higher than the contact chosen by the writer, but still
below the top of the basal Nolichucky Limestone. .

The Maryville Limestone passes northward and eastward into
the Honaker Dolomite. At geologic section 10, near Creswell, Russell

County, Virginia, Butts (19hO, geologic section 9, p. 71) placed the
strata below the Nolichucky in the Honaker Dolomite because the major
portion of the section is dolomite, with the note that the upper 80
feet constitute a tongue of Maryville Limestone. The writer included
only the upper 50 feet in his geologic section at this locality and
referred these beds to the Maryville.

A similar situation occurs in the vicinity of Rogersville, 4
Hawkins County, Tennessee. Rasetti (1965) described as Maryville a
section 992 feet thick with the lower 807 feet consisting of dolomite
and the upper 185 feet grading from massive gray dolomite at the base
to massive coarsely crystalline or oolitic limestone at the top. The
writer prefers to describe the Rogersville section in the same manner
as Butts described the Creswell section, that is, as a section of



26

Honaker Dolomite with a tongue of Maryville Limestone at the

top.Ragga.--The

Maryville Limestone, as here defined, is
sparsely fossiliferous. Resser (1938a, p. 27, M8, 7M, 9Ä) reported

three Middle Cambrian trilobite species and a brachiopod from unit

103 of the Thorn Hill section (Hall and Amick, 193ü) and Bridge

(1956, p. 10) reported that V- H. Cloud collected a Middle Cambrian

trilobite from unit 12h in the Maryville Limestone at the Thorn

Hill Section (Hall and Amick, 193h), 22 feet below the base of the

Nolichucky. Bridge (1956, p. 10) stated that he and A. R. Palmer

found other Middle Cambrian fossils in the Maryville.

In contrast, the upper part of the Maryville contains Upper

Cambrian fossils at some localities. Rasetti (1965) reported several

species of Upper Cambrian fossils from the Maryville Limestone at

Rogersville, Hawkins County, Tennessee. The writer collected two

species of Upper Cambrian trilobites from about 50 feet below the top

of the Maryville Limestone at geologic section 10, near Creswell,

Russell County, Virginia.

- Honaker Dolomite ‘

locality.-—The Honaker Dolomite was named by
‘ Campbell (1897, p. 2) for a sequence of dolomite with some limestone

exposed at Honaker, Russell County, Virginia. Cooper (19Ä5, geologic

section 63, p. 127) described the upper 600 feet of the formation

from outcrops along the railroad south of the town.
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and contains medium- to dark-gray, finely to medium-crystalline

dolomite. Beds of dark—b1uish-gray limestone are common near the

type area but disappear northeastward. Some thick beds of very

light-gray, very finely crystalline dolomite and also very light-

gray, very coarsely crystalline dolomite beds are common. Locally,

especially near the top of the formation, the dolomite contains

numerous silty laminae and thin silty partings. The writer has not

studied the petrology of the Honaker but similar silty laminae of

the Nolichucky contain silt-sized quartz, dolomite, and feldspar in

a clay matrix.

The Honaker intertongues with the Maryville Limestone a

few miles southwest of the type locality. However, the Honaker

includes not only beds equivalent to the Maryville but also beds

equivalent to the underlying Rogersville Shale and Rutledge Limestone ·

as well. Cooper (19MM) recognized a tongue of Rogersville Shale

bearing the Middle'Cambrian Ehmaniella fauna as far northeast as

Tazewell County. Southeast of the Pulaski fault (pl. 1) the

Honaker is replaced by the Elbrook Formation. To the northeast,

near Ceres, Bland County, Virginia, the upper part of the Honaker

intertongues with the lower part of the Nolichucky, as discussedU below. ‘
Cooper (19hM, p. 19) noted that the part of the Honaker

above the Ehmaniella-bearing tongue of Rogersville Shale is much



28 »

thicker than the Maryville Limestone to the southwest and suggested

that the Honaker in the Burkes Garden area, Tazewell and Bland counties,

Virginia, may include beds younger than the Maryville. Cooper's

suggestion has proved correct, for at Page Branch, near Ceres, Bland

County, Virginia, a few feet of limestone ll? feet below the top of

the Honaker contain an Upper Cambrian Cedaria Zone faunule. At

this section, geologic section 15 herein, (geologic section 2 of

Cooper 19hh, p. 21), the top of the Honaker consists of finely to
_

coarsely crystalline silty dolomite, abruptly overlain by silty

limestones and shale fully typical of the Nolichucky and containing

a Crepicephalus Zone fauna. There seems to be little doubt that

the Honaker-Nolichucky boundary was placed at essentially the same

horizon by Cooper and the writer at this locality.

The Cedaria Zone faunule occurs in three feet of slightly

mottled limestone, mostly a fine-grained fossiliferous intrasparite

with some biomicrite fully typical of limestones occurring in the

Nolichucky elsewhere. The faunule contains species which occur
l

above the Honaker and Maryville to the southwest. This proves

that the upper part of the Honaker intertongues with the basal

Nolichucky and that the upper Honaker at this section includes beds

correlative with part of the Nolichucky to the southwest in Area l

(mg. 1 and pi. 2).
Eauna.·-The Honaker is generally barren of fossils.

The only Honaker faunas known to the writer are the Middle
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Cambrian Ehmaniella fauna reported by Cooper and the Upper Cambrian

Cedaria Zone faunule reported herein.

Elbrook Formation

gage aaa Eype locality.--The Elbrook Formation was namedl
by Stose (1906, p. 209) for outcrops near Elbrook, Franklin County,

Pennsylvania. According to Wilson (1952, p. 30h), the Elbrook at the

type locality consists of thin-bedded to laminated dolomite and

dolomitic shale, commonly alternating with limestone beds of various

types. The Elbrook in southwestern Virginia and northeastern

Tennessee is somewhat different in lithology from the type Elbrook,

and therefore use of the name Elbrook may be inappropriate in this

area.

Historically, the name Elbrook has been applied to a

sequence of dolomite and limestone southeast of the Pulaski thrust
_ and occupying the same stratigraphic position as the Honaker and

Nolichucky formations combined (Butts, l9M0; Rodgers, 1953). If
the Nolichucky contained shale, it was considered a separate forma-
tion, and the beds below were placed in the Honaker. In this paper,

the writer uses the name Elbrook even in areas where the Nolichucky
is recognizable as a separate unit (see below).

Description.-—The Elbrook Formation consists of many types°
of dolomite, limestone, and argillaceous, shaly-weathering dolomite. ‘

It differs from the Honaker Dolomite in having more limestone. In
areas where the Nolichucky Formation is present, the top of the
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Elbrook is characterized by about uoo feet of alternating thick-

bedded, finely crystalline dolomite and coarse-grained dolomitized

calcarenite or coarsely crystalline dolomite. In areas where the

Nolichucky is not mapped as a separate formation, limestones equi-

valent to part of the Nolichucky are included in the Elbrook as its

upper member (described below).

In an unpublished thesis (Derby, 1961), the writer gave a

detailed description of a complete and well-exposed section of the

Elbrook and overlying Conococheague Formation. Part of this section

is repeated herein as geologic section QM. On the basis of this

section and mapping the Elbrook throughout the Damascus, Virginia,

Quadrangle, the writer subdivided the Elbrook into four members as -

shown in Table 1 below.

Table l.--Members of the Elbrook Formation in the Damascus area.

MEMBER I THICKNESSI DESCRIPTION
Feet

Widémér Gray calcarenitic limestone and oolitic cal-
limestone l5Q carenite,locally silty and dolomitic, sparse

quartz sand. Crepicephalus fauna throughout.
Upper Light-gray to tan finely crystalline dolomite,
dolomite M67 and dark-gray dolomitized calcarenite.
Middle Gray calcarenitic limestone and "ribbon-banded"
limestone 351 limestone-dolomite; some calcilutite, dolomite,

and shaly dolomite.
Lower Gray, tan, or olive—drab laminated argillaceous
dolomite 695+ dolomite, shaly dolomite, few beds of finely

crystalline dolomite and dark-gray limestone.
Base not exposed. Cryptozoon chert common in
lmmrpmt.

Total thickness - 1665+ feet
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This subdivision of the Elbrook is recognizable in earlier

descriptions of the Elbrook, as in Butts (19hO, geologic section

10-12, p. 7M-76) and in Rodgers' (1953, p. 52) generalized descrip-

tion of the Honaker Dolomite in the belts between the Pulaski and

Holston Mountain faults. The essential similarity between the beds

referred to the Honaker by Rodgers and the Elbrook in southwest

Virginia has led the writer to extend usage of the name Elbrook to
l

all of the areas southeast of the Pulaski fault, that is, areas 3

and M of this report.

Widener Limestone Member.--The name Widener Limestone is

herein proposed for the silty, locally dolomitic,oo1itic calcarenite

that forms the uppermost member of the Elbrook Formation in parts gf

Smyth and Washington counties, Virginia, and part of Sullivan County,

Tennessee (Area M, fig. 2). The member also is recognized in the A
Nolichucky Formation, underlying the Maynardville Member in Area 3

at geologic sections 26 and 27. The member is named for Widener

Valley, Damascus Quadrangle, Washington County, Virginia, where it

is well exposed at three localities: at the type section on Wright

Branch (geol. sec. 2M); in a field approximately 800 feet southeast

of Pleasant View Church (loc. 17), and along Widener Branch (Butts,

19hO, geol. sec. ll, p. 75). The member is 152 feet thick at the

type section, 129 feet at Meadowview (geol. sec. 23) and ranges from

100 feet to 150 feet in thickness elsewhere. Everywhere it occurs,

the Widener Limestone contains abundant trilobites of the upper part
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of the Crepicephalus Zone only. Therefore, the Widener Limestone

appears to be a thin, but widely traceable member, of restricted

age, occurring in two formations--the Elbrook and the Nolichucky.

Extending a member from one formation into another is somewhat

unusual, but the writer believes that it is the most realistic

way to express the true relationship in this case and is explicitly

allowed under the Qgde gf Stratigraphic Nomenclature (American

Commission on Stratigraphic Nomenclature, 1961, Art. 7 [b])·

A detailed description of the petrology of the Widener

Limestone is included below in the description of Nolichucky

lithologies.

· Feepet--Except for the Upper Cambrian Crepicephalus Zone

fauna from the Widener Limestone member, no fossils other than

Cryptozoon have been reported from the Elbrook Formation in south-

western Virginia and northeast Tennessee. Butts (19MO, p. 78)

reported a Middle Cambrian species from near the base of the

Elbrook west of Marlboro, Frederick County, in northern Virginia.

Nolichucky Formation _

äege epd type locality.--The Nolichucky Formation was named by
Keith (1905, p. 5) although the name was first used in print by Campbell

(189h, p. 2). The type area as designated by Keith is along the belt of

outcrop repeatedly crossed by the meanders of the Nolichucky River a few

miles southeast of Greeneville, Greene County, Tennessee. No type sec-

tion was designated by Keith and no complete, well-exposed sections exist
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along the Nolichucky River. The nearest good section to the type local-
ity is the Jockey Creek Section near Limestone, GreeneCounty (geol. sec.
26).

Description gf_the section near_the type locality.--At the
Jockey Creek Section, the Nolichucky is 569 feet thick and can be sub-
divided into three members: a lower shale, the Widener Limestone in the
middle, and the Maynardville Limestone at the top.

Underlying the Nolichucky is thick-bedded dolomite of the
upper dolomite member of the Elbrook Formation, and overlying the Noli-
chucky are the sandy and dolomitic limestones of the Conococheague

Formation.

The lower shale is about 160 feet thick and consists of light-
olive-gray to yellowish-brown calcareous shale and thin beds and nodules
of limestone, with a few beds of limestone containing irregular silty
laminae commonly called "ribbon rock". Above the shale is about 130
feet of oolitic calcarenite, bearing a Crepicephalus fauna, similar to
and believed to be continuous with the Widener Limestone Member of the
Elbrook to the north. Overlying the Widener Limestone is approximately
280 feet of limestone, commonly with abundant irregular silty dolomite
laminae (also called "ribbon rock") and a few beds of dolomite and silt-
stone. Although no fossils were found in this upper limestone, it
probably represents the Maynardville Limestone which has its type locality
to the west at geologic section 9. I

Keith (1905) originally included only the shale part of the
section in the Nolichucky; however, mapping in other areas by Keith,
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Campbell, and Hayes (1895 to 1908) showed that in other areas, especially

to the west, the shaly part of the section is much thicker and contains

much limestone, particularly in the upper part. If the upper limestones

were separated from the overlying limestones and dolomites by shale, they

were placed in the Nolichucky; if the shale were missing, the upper lime-

stones were placed in the overlying Knox Group. Over the years the

name Nolichucky has been applied to different parts of the section by .

different authors, some of whom included only shale in the Nolichucky,

whereas others included a thick sequence of limestone, limestone and

dolomite, or limestone and shale at the top, the Maynardville Limestone,

in the Nolichucky. The various applications of terminology to the beds

in question reflect the very real difficulty in applying a consistent

stratigraphic nomenclature to a stratigraphic interval with abrupt

lateral facies changes. Bridge (1956, p. 9-17) presented a detailed

history of Nolichucky nomenclature, concerned principally with the status
of the Maynardville Limestone, to which the reader is referred; only the
major points will be repeated here following the description of the

formation.

l Definition pf_lpwgp_apd uppgp contacts.--The base of the
Nolichucky has never been actively in dispute, although the actual basal
contact has been placed on different criteria by different workers. In
areas where the Nolichucky is underlain by either the Honaker Dolomite
or the Elbrook Formation (as at the type area and throughout areas 2, 3,
and M), the base has consistently been drawn at the base of the lowest

shale or limestone bed underlain by dolomite. In areas where the Maryville
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Limestone underlies the Nolichucky, the base has been variously placed
at the base of the lowest shale bed, as at the Lee Valley section (geol.
sec. ll) by Rodgers and Kent (IQM8), or at the base of some argillaceous
limestones and above the thick—bedded clay and silt-free limestones
described previously as typical of the Maryville, as at the Creswell
eeebieh (geol. sec. 10) by Butts (191+0, geei. eee. 15, p. 81). The
writer has consistently placed the base of the Nolichucky at the top of
the highest bed of dolomite in the Honaker or Elbrook formation, or at
the top of the highest bed of thick-bedded, Girvanella—bearing, pure
limestone in the Maryville Limestone.

The top of the Nolichucky Formation is defined, for the pur-
poses of this report, on different criteria in the respective areas be-
cause of the different lithologies in the Nolichucky in these areas. In

‘ general, the overlying formations, the Conococheague Formation and the
Copper Ridge Dolomite, contain discrete beds of sandstone and some chert
near the base. The top of the Nolichucky, or the equivalent Widener
Limestone, is always placed at a horizon below the first appearance of
sandstone and large amounts of chert.

Throughout Area l (fig. 2), the top of the Maynardville Lime-
stone, and hence, the top of the Nolichucky, is placed at the top of the
highest bed of limestone "ribbon rock" below the sandstones and chert

8

beds of the Copper Ridge Dolomite. The contact is gradational, with
limestone beds alternating with dolomite beds through a considerable in-

C

terval at some sections, as at the Whites Mill section (geol. sec. 18,
pl- 37)-
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Other criteria were used by previous authors. Butts (19MO,

p. 91) recognized a bed of light-gray, finely crystalline straticulate

dolomite as a widespread marker for the base of the Copper Ridge Dolomite

in southwestern Virginia. The writer agrees that commonly a straticulate

_ dolomite bed directly overlies the top of the Nolichucky as here defined.

However at several sections more than one straticulate dolomite bed is

present, with the lower ones lying below limestone beds typical of the

Nolichucky (see for example geol. sec. 8, Rye Cove syncline section,

description of units no to M6).

Bridge (1956, p. 13) placed the base of the Copper Ridge or

top of the Nolichucky at the base of the lowest bed of dark coarsely

crystalline dolomite. Although the writer agrees with Bridge's argument

for placing the contact at this point, extension of this criterion to

other areas would be contrary to Bridge's concept of the formational

boundary. At some sections, for example the Whites Mill and Busby Creek

sections (geol. secs. 18 and 19), beds of chert and sand lie below the

lowest bed of dark coarsely crystalline dolomite. It is clear from

Bridge's (1956, p. 12,13) discussion that he intended to exclude beds

with abundant chert from the Nolichucky.

In Area 2 (fig. 2) the Nolichucky consists of silty andshalydolomite

throughout its thickness and is overlain by dolomite in the

Copper Ridge Dolomite. In this area the top of the Nolichucky is

placed at the top of the highest bed of thin irregularly banded silty or

shaly dolomite below, although not necessarily at the base of, the lowest

thick—bedded, coarsely crystalline dolomite. At several sections, the
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lowest bed in the overlying Copper Ridge is the light-gray straticulate

dolomite mentioned above.
‘

In Areas 3 and M, where the Conococheague Formation overlies

the Nolichucky Formation or Widener Limestone Member of the Elbrook

Formation, the contact is more difficult to place. The lower few hun-

dred feet of the Conococheague Formation contains finely crystalline

dolomitic limestones somewhat similar to the "ribbon rock" in the May-

nardville Limestone, a few beds of sandstone, and beds of finely to

medium-crystalline dolomite. As mentioned above, the top of the Noli-

chucky is always placed below the lowest sandstone in the overlying for-

mation; however the exact position of the formational boundary in these

two areas must be somewhat arbitrary. In Area M, as typified by the

Wright Branch section (geol. sec. QM), the Maynardville Limestone is not

recognized, and the top of the Widener Limestone Member of the Elbrook

Formation is placed at the highest bed containing corase-grained oolitic

calcarenite. In this area the highest oolitic calcarenite directly

underlies beds of finely to medium crystalline dolomite here assigned to

the Conococheague.

In Area 3, at the Jockey Creek section (geol. sec. Q6), the

top of the Maynardville Limestone Member of the Nolichucky is tentatively

placed at the top of a Q7-feet thick unit of finely crystalline dolomitic

"ribbon rock", 66 feet below the basal sandstone of the Conococheague,

and directly underlying a bed of straticulate dolomite. Oder (l93M,

p. M97) had previously placed the top of Maynardville at the base of the

lowest sandstone in the Conococheague. The writer placed the contact
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lower because 0der's contact would include cherty beds in the Nolichucky

and because the bed here chosen as the top represents the highest

occurrence of limestone "ribbon rocks" identical to those characteristic

of the Maynardville to the west. Also in Area 3, at Big Springs (geol.

sec. 27), the top of the Nolichucky is placed at the first occurrence of

dolomite overlying thick beds of finely crystalline mottled algal lime-

stone.

General description.--Throughout the southwest part of the

region, in Area l, the lower part of the Nolichucky consists of limestone

ranging in thickness from 30 to 160 feet, commonly "ribboned" with

abundant irregular silty laminae, and containing many shaly partings.

An exception is the section near Honaker, Virginia (geol. sec. 6), where
the lower 60 feet of the Nolichucky are calcareous siltstone and shale.

In Area Ä and at the Jockéy Creek section (geol. sec. 26) in Area 3, the

lower limestone is not recognized and is either represented by the upper

dolomite of the Elbrook Formation or by°a hiatus. The lower limestone

is absent at Page Branch (geol. sec. 15) where the lower limestone is

replaced by the Bonaker Dolomite. A lower limestone is present at Big

Springs (geol. sec. 27), but this limestone has not been definitely

correlated with the lower limestone in Area°1 to the west. ·

Above the lower limestone is a thick section of shale and silt-

stone commonly with one or a number of thick limestone beds near the

middle or top and with thin limestone lenses scattered throughout. At

some localities limestone predominates over shale in this interval.

This thick, shaly interval extends throughout Area l and is present in
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Area 3 at Big Springs. The lower shale at Jockey Creek represents at

least part of this interval. The shale interval in Area 1, locally sub-

divided into a lower shale, middle limestone, and upper shale, represents

the upper Bolaspidella through lower Aphelaspis zones at the Lee Valley

and Rye Cove syncline sections (geol. secs. ll and 8) but becomes re-

stricted in age to the northeast. At the Page Branch section (geol. sec.

15), the shale member represents the Crepicephalus Zone only.

In the northeast part of the region, in Area 1, the Nolichucky

consists of 3 to 138 feet of thin-bedded, silty and shaly dolomite. The

entire Nolichucky in this area represents the thinned northeastern equiv-

alent of the middle shale to the southwest in Area 2. This silty dolo-

mite facies is sufficiently different from the typical Nolichucky shale

and limestone to the southwest that a new member or formation name would

be justified. The writer prefers, however, to use an informal designa-

tion, "silty dolomite facies of the Nolichucky", rather than adding

another name to the literature.

The upper part of the shale member in Area 1 is in part corre-

lative with the Widener Limestone in Areas 3 and M. The thick limestones

in the shale member, where developed, closely resemble the Widener Lime-

stone. Superficially it would appear that these limestones lie at the

same position as the Widener Limestone and thus constitute a widely

traceable horizon. Unfortunately this is not the case. The limestones

in the shale member pinch out laterally into shale and are found at

different positions at sections only a few miles apart. This was clearly

shown by Brent (1963, fig. 6) and by the writer at Panther Creek (see
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description of loc. 2l). In addition, most of the thick limestones in

the shale member are in the lower part of the Crepicephalus Zone,

whereas the fauna of the Widener Limestone indicates that it represents

_the upper part of the Crepicephalus Zone.

Overlying the shale member at all sections in Area 1, except

at Bailey School (geol. sec. 20) and overlying the Widener Limestone in

Area 3, is the uppermost member of the Nolichucky Formation, the Maynard-

ville Limestone.
n

The Maynardville typically consists of finely crystallinelime-stone

(micro-sparite) with abundant thin, irregular dolomitic partings.

The dolomite partings weather in relief to give the rock a characteristic

"ribbon rock" appearance (pl. 3, fig. 2). Interbedded with the "ribbon

rock" are small lenses of fossiliferous calcarenite. The Maynardville

Limestone ranges in thickness from 50 to 150 feet at all but two locali-

ties where it is present. At the new type section on the Norris Reser-

voir (geol. sec. 9), the Maynardville is 315 feet thick according to

Bridge (1956) although the writer advocates placing the base of the mem-

ber 83 feet higher, making the thickness 232 feet. At the Jockey Creek

section (geol. sec. 26), the beds here assigned to the Maynardville are

279 feet thick.
l °

The Maynardville Limestone at the Jockey Creek section has not

been dated faunally so the relationship of this thick section of Maynard-

ville to the thinner sections elsewhere is undetermined. However, at the
6

type section of the Maynardville, the boundary between the Aphelaspis and

Crepicephalus faunal zones lies inthe interval 6h to 88 feet above the
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base of the member as defined by Bridge (1956) but in the interval M

feet above to 2O feet below the base as redefined herein (see p. u3)·

At the Lee Valley section (geol. sec. ll), the Aphelaspis-Crepicephalus

boundary lies in the interval 68 to 9h feet belgw the base of the May-

nardville Limestone. This demonstrates that the base of the Maynardville

at Lee Valley is at least M8 feet and possibly as much as 98 feet strati-

graphically higher than the base of the Maynardville at the type section.?

Similar evidence shows that the base of the Maynardville lies at a

different time-stratigraphic horizon at nearly every geologic section

where the member is present. At most localities the Maynardville repre-

sents only part of the Aphelaspis Zone.

In Area M, as typified by the Wright Branch section(geol. sec.

2M), the Maynardville Limestone is not recognized. Beds equivalent to
the Maynardville may be included in the lower dolomite member of the

Conococheague, or alternately, may be missing through non-deposition or

post-depositional erosion. In the northeast part of the region, Area 2,

beds containingan Aphelaspis fauna and therefore equivalent to part of

the Maynardville at the type locality are either missing, included in

the Copper Ridge Dolomite, or represented by a few feet of silty dolomite
in the upper part of the Nolichucky as at Crockett Cove (geol. sec. 21).

Status of the Maynardville Limestone.--Ulrich (1911, p. 635)

recognized a unit of limestone and dolomite occurring above the Nolichucky
Shale and called it the "basal division of the Knox." Oder (193M, p.h75-
MY6) proposed the name Maynardville for the same sequence and placed it~
in the Knox group as a separate formation; the type locality designated
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by Oder (193M, p. M75) lay along Tennessee Highway 33, 5% miles north-
east of Maynardville, Union County. As Oder's original type locality

for the Maynardville is now covered by Norris Lake, Bridge (1956, p. 11)
proposed a new type locality, 3% miles northeast and in the same strike
belt as the original locality. Bridge (1956, p. 13) described the new
type locality in detail; part of Bridge's description is reproduced

herein as geologic section 9. Bridge (1956) and Rodgers and Kent (l9M8)

considered the Maynardville to be a member of the Nolichucky Formation,

arguing that the limestones in the Maynardville are more like those in
the Nolichucky than they are to any in the overlying Knox Group. Rodgers
(1953) later classed the Maynardville as a separate formation and con-
sidered it to be the uppermost formation of the Conasauga Group. Oder
and Bumgarner (1961) followed Rodgers' (1953) classification.

Bridge (1956, p. 13) placed the lower contact of the Maynard-
ville "at that level in the section above which limestone predominates
over shale. It is a facies and not a time boundary." The writer has
found this definition of the base of the Maynardville to be unsatisfactory
northeast and east of the type locality, because at many sections, such
as the section at Honaker (geol. sec. 6), limestone predominates over
shale throughout the entire thickness of the Nolichucky. At other sec-
tions, as at Busby Creek (geol. sec. 19), the Nolichucky is predominantly
limestone through great thicknesses, but a thick unit of shale inter-
venes between the uppermost limestone and the limestone below. Through-
out the region studied, the writer has placed the base of the Maynard-

ville Limestone at the lowest bed of compact, finely crystalline, dolamtm
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"ribbon rock" limestone and above either the highest thick bed of shale

or thick-bedded, coarse-grained, oolitic calcarenite. This definition

of the base of the Maynardville appears to be satisfactory within the

region studied and minimizes problems of placing the contact. The low-

est occurrence of compact, finely crystalline, dolomitic "ribbon

rock"limestonecorresponds in most sections to the highest occurrence of

thick beds of shale or the highest occurrence of thick-bedded oolitic

calcarenite. The lower limit of the Maynardville Limestone is defined,

therefore, not as a simple limestone-shale contact, but as the contact

between a specific type of limestone and another type of limestone or

shale. Extending this definition to the type section of the Maynardville

would require the removal of about 83 feet at the base of the member as

defined by Bridge (1956).

As thus redefined, the base of the Maynardville lies at or

above the lower boundary of the Aphelaspis Zone; nowhere does the Qrepi-
cephalus fauna lie in the strata here included in the Maynardville. It

must be emphasized, however, that the base of the Maynardville is not

everywhere the same age, nor is recognition of the Aphelaspis fauna

necessary to identify the Maynardville Limestone.

Miller and Fuller (195M, p. 33-MO) considered the Maynardville

in the Rose Hill district, Lee County, Virginia, to be a separate forma-

tion and subdivided it into two members, the Low Hollow Limestone below

and the Chances Branch dolomite above. These members were subsequently

mapped by Harris and Miller (1958) in the Duffield Quadrangle, Lee and

Scott Counties, Virginia, and by Brent (1963) in the Clinchport Quadrangle,
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Scott County, Virginia. As defined by Miller and Fuller (l95h), the Low

Hollow limestone consists of finely crystalline dolomitic'ribbon rock"

limestone with some beds of mottled limestone, and the overlying Chances

Branch Dolomite consists of light-gray finely crystalline dolomite with

some chert and sand.

The lower contact of the Maynardville was placed on the same

criterion as used by the writer, i.e., the lowest occurrence of "ribbon

rock" limestone. The top of the Maynardville was placed at the point

where dark-gray, coarsely crystalline dolomite, characteristic of the

Copper Ridge, exceeds in amount the light-gray, finely crystalline dolo-

mite, considered by Miller and Fuller (l95h) to be characteristic of the

Chances Branch member. The contact between the two members was placed

at the point where dolomite becomes more abundant than limestone.

The Maynardville Limestone, of this report, is almost the

exact equivalent of the Low Hollow Limestone of Miller and Fuller (l95M)

with the addition at the top of the highest beds of "ribbon rock" lime-

stone. The Chances Branch Dolomite is here considered to be.a lower

member of the Copper Ridge Dolomite. Miller and Fuller (l95h, p. 39)

noted that the Maynardville is transitional by interbedding with the

Copper Ridge Dolomite above but normally lies in sharp contact on the

Conasauga (= Nolichucky) Shale below. For this reason they considered

the Maynardville a separate formation, more closely related to the over-

lying Copper Ridge than to the underlying Conasauga. The writer agrees

that the Maynardville, however defined, is indeed transitional with the

overlying Copper Ridge in Lee County, Virginia, and throughout much of
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Area l (fig. 2) as well. However, at other localities, the Maynardville
is also transitional by interbedding with shale with the rest of the
Nolichucky below, as at the type section of the Maynardville (geol. sec.
9) and at Busby Creek (geol. sec. l9).

Obviously there is no unique solution to the Maynardville
problem, nor can any of the interpretations discussed herein be considered
"right" or "wrong". In the writer's interpretation, the Maynardville is
restricted to essentially those beds included in the Low Hollow Lime-
stone by Miller and Fuller (l95M) and is considered the uppermost member
of the Nolichucky Formation for the followingreasons:l)

The Nolichucky Formation, excluding the Maynardville,
is a sequence of limestone and shale containing a normal marine fauna
'(trilobites and brachiopods) and almost totally lacking chert and sand.M

2) The Copper Ridge Dolomite is a sequence of dolomite
containing abundant chert and sand, almost totally barren of fauna.

3) The change from deposition of the Nolichucky to depo-
sition of the Copper Ridge reflects a major change in both the physical
and chemical environment. _

M) The Maynardville Limestone, restricted to the Low
Hollow Limestone member of Miller and Fuller (l95M), represents the last
phase of a normal marine environment in which the sea was essentially
free of quartzose sand, contained little dissolved silica, and in which
life could flourish.

5) The Copper Ridge Dolomite, including most of the
Chances Branch Dolomite of Miller and Fuller (l95M), represents a totally
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different environment in which abundant quartzose sand was transported

into the area, the sea was saturated with silica, circulation was re-

stricted or the area was periodically emergent to allow formation of ·

dolomite, and the sea was devoid of marine life.

6) In mapping, the formational contact is placed on the

objective criteria of the highest bed of limestone underlying the Copper

Ridge sandstone and not on the relative amounts of limestone versus

dolomita or light dolomite versus dark dolomite.
·

Fauna.--The Nolichucky Formation contains a locally abundant
‘ trilobite fauna representing the Middle Cambrian Bolaspidella Zone and
dthe

Cedaria, Crepicephalus, and Aphelaspis zones of the Upper Cambrian

. Dresbachian Stage. Trilobites occur in great abundance in small trilo-

bite biosparite lenses in the Maynardville Limestone but are generally

scattered throughout the thick-bedded calcarenites in the lower lime-

stone and middle shale. Limestones representing the Bolaspidella through

Crepicephalus zones contain spicules of the sponge Chancelloria. Inar-

ticulate brachiopods occur sparsely throughout the formation.

e Shale beds and the silty dolomites in Area 2 are generally~

sparsely fossiliferous, but trilobites, inarticulate brachiopods, and

plates of a pelmatozoon echinoderm can be found in great abundance in

localized patches on the bedding planes.

Molluscs and articulate brachiopods have been found at a few

localities exclusively in algal limestones.
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Copper Ridge Dolomite

game and type locality.-—The Copper Ridge Dolomite was named by
Ulrich (1911, p. 635-637) as the "Copper Ridge chert". The name is taken
from Copper Ridge, a low narrow ridge at the northwest base of Clinch
Mountain, extending from west of Knoxville northeast to Scott County,
Virginia. The type section designated by Ulrich lies along U.S. Highway
25-E, near Thorn Hill Post Office, Grainger County, Tennessee. This sec-
tion, generally known as the Thorn Hill section, was described in detail
by Hall and Amick (193M) and by Oder (193M).

Description.--The Copper Ridge Dolomite consists principally of
dark-gray, coarsely crystalline dolomite and 1ight—gray, finely crystal-
line dolomite, cemmonly with a few beds of medium-crystalline, somewhat
silty, dolomite. The darkcoarsely crystalline beds emit a strong fetid

l

odor on fresh fracture, hence the name "stinkstone" has been applied to
E

them by some authors.

Chert of various types is a common constituent in the formation; two
of the most common varieties inihe lower part of the formation are oolitic
chert and Cryptozoon chert. Bridge (1956, p. 31) suggested that these
cherts were originally deposited as limestone and then later silicified,
probably during weathering. Evidence from two localities suggests that
Bridge was correct. At the Whites Mill section (geol. sec. 18), a bed of
oolitic limestone two—tenths of a foot thick is M8 feet above the basal
sandstone of the Copper Ridge; elsewhere oolitic chert is common at U
about this horizon. At the Busby Creek section (geol. sec. 19), the
lower few hundred feet of the Copper Ridge contains numerous lenses of
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medium-gray calcilutite in which dark bands outline the shape ofCryptozoon stromatolites.
The lower hundred feet of the Copper Ridge Dolomite contains quartz

sandstone beds; the number and position of these beds varies from locality
to locality. At most localities in the northeast part of the region,

Area 2, and the northeast part of Area 1, the lowest sandstone bed lies

either directly on the uppermost bed of the Nolichucky Formation or with-
in a few tens of feet of the top of the Nolichucky. In the southwest

part of Area 2, the lowest sandstone may be as much as 1OO feet above

the top of the Nolichucky. _

The lower beds of the Copper Ridge, throughout much of Area 2, con-

sist of light-gray, finely crystalline straticulate dolomite. These beds
constitute the Chances Branch Dolomite member described by Miller and

Fuller (195h) and originally placed in the Maynardville. The

writerconsidersthe Chances Branch Dolomite to be the basal member of the
Copper Ridge, as discussed above (see Status of the Maynardville, p. hl).

Bridge (1956, p. 25-36) gave a detailed description of the stratig-
raphy of the Copper Ridge Dolomite in Tennessee. The regional stratig-

raphy of the formation in Virginia has been described by Butts (19MO,

p. 90-95), and Cooper (19Mhb, 19M5) described many sections of Copper

Ridge in southwestern Virginia. Additional descriptions may be found in
the areal reports of Cooper (19MMa), Miller and Fuller (195M), Harris and
Miller (1958), and Brent (1963). Recentiy COOp€I‘ (1961) discussed the
problem of recognizing the top of the Copper Ridge in an area approxi-

mately equivalent to Area 2 (fig. 2) of this report.
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Eauna.--The Copper Ridge Dolomite in Tennessee has long been known
to contain a Trempealeauian fauna (see Bridge, 1956, p. 3M-36 for com-

plete discussion). Two faunules have been listed in reports: one a

trilobite faunule from near the top of the formation, approximately 900

feet above the Nolichucky, is considered by the writer to be a reliable

indicator of a Trempealeauian age. The other faunule occurs in the

middle of the formation and consists principally of gastropods and ceph-

alopods. This faunule has also been interpreted as indicating a Trem-

pealeauian age (Bridge, 1956, p. 35) because the same species have been

found associated with Trempealeauian trilobites in other areas.

Trempealeauian faunas from southwestern Virginia have never been re-

perted in published literature. A species of Tellerina, a Trempealeauian
genus, was collected by Dr. C. G. Tillman and E. K. Via (Via, 1961) from
a horizon in the Copper Ridge 1100 feet above the Nolichucky near

l

Shumate, Giles County, Virginia. Numerous specimens of Tellerina ward;
(walcott) have been collected by Dr. C. E. Sears and subsequently by

others at Virginia Polytechnic Institute from several localities near I
the top of the Copper Ridge in Blacksburg, Virginia. The writer collected
a small Trempealeauian trilobite faunule from a limestone bed 133 feet
below the top of the Copper Ridge at locality 5, near Yellow Sulphur

Springs, Montgomery County, Virginia (see Cooper, l9hMb, geol. sec. 27,
p. 53)-

These faunas all indicate that the upper part of the Copper Ridge (

Dolomite is Trempealeauian in age; however, Franconian faunas have never
been found in the Copper Ridge in Virginia or Tennessee.
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Conococheague Formation

game and type locality.--Stose (l908, p. 70l-703) named the Conoco-

cheague Formation for limestones exposed along Conococheague Creek north

of Chambersburg, Pennsylvania. Stose did not designate a type section,
but Wilson (1952, p. 306) states that a section measured by Stose on .

Conococheague Creek just west of the village of Scotland, 3 miles north-

east of Chambersburg, unofficially became the type section. Wilson (l952,
p. 3l3-3l5) gave a detailed description of a more complete section at a
nearby locality.

Description.--The Conococheague Formation is a heterogenous forma-

tion consisting primarily of dark-gray, cherty limestone "ribbon—banded"

with silty dolomite or alternating with dolomite in thin, even layers.

Beds of light—gray, finely crystalline dolomite occur throughout the

formation, but are especially abundant in the lower 300 feet.

Sandstone beds, similar to the sandstones in the Copper Ridge Dolo-
mite, are common at the top and base of the formation but do not occur

inthe middle. Chert, in the form of discrete layers, discontinuous '
nodules, and ragged masses of silicified Cryptozoon, is scattered through-
out the formation.

Oder (193M, p. h96,M97) gave a detailed description of the Conoco-

cheague Formation at Jockey Creek, Greene County, Tennessee, the same
locality as geologic section 2h. The writer placed the basal contact of
the Conococheague 66 feet below the contact drawn by Oder (see p. 66 )
at this locality.

In an unpublished thesis (Derby, l96l), the writer described a
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east of Damascus, Washington County, Virginia; part of this section is
reproduced herein in geologic section 2M. The two sections are remark-
ably similar, both in thickness and lithology. At Wright Branch, the
Conococheague is 1,687 feet thick with the base lying 79 feet below the
lowest sandstone bed; at Jockey Creek, the Conococheague, with the addi-
tion of 66 feet at the base, is 1,718 feet thick, and the basal contact
lies 66 feet below the lowest sandstone.-

The Conococheague Formation is approximately equivalent to the
Copper Ridge Dolomite, and in southwest Virginia and northeast Tennessee,
it occurs only southeast of the Pulaski fault in Areas 3 and M.

Fauna.--The Conococheague Formation in the region studied contains
a sparse trilobite fauna, all of the elements of which are of Trempeal-
eauian age. Bridge (1956, p. 3M) reported that Ulrich and Kirk collected
an upper Trempealeauian trilobite from a bed of black conglomeratic chert
associated with black limestone and thin sandstone beds exposed along
the old Knoxville Pike about a mile west of the railroad station at
Greeneville, Tennessee. Ulrich's notes indicated that the collection
came from a horizon between l,Ä50 and l,M63 feet above the shale of the
Nolichucky Formation. By analogy to the Jockey Creek section, 20 miles
to the northeast, Ulrich and Kirk's collection is about 1,350 feet above
the Crepicephalus Zone in the Widener Limestone and 1,050 feet above the
Nolichucky-Conococheague contact. Bridge (1956, p. 35) also reports
that J. L. Wilson collected a trilobite, provisionally assigned to
Plethometopus from the upper 550 feet of the Conococheague on the northwest



52 .

side of the Mosheim Dome, about 7 miles west of Greeneville. However,

Rodger (1953, pl. M) mapped these strata as Copper Ridge; the Mosheim

locality lies northwest of the Pulaski fault (pl. 1) whereas the Greene-

ville and Jockey Creek localities lie southeast of the Pulaski fault.

Direct comparison between the two areas is probably not valid.

Rodgers (1953, p. 61) reports that he and J. L. Wilson found Upper
n

Cambrian fossils at the top of the Conococheague Formation at Jockey

Creek. The writer attempted to recollect this faunule but found only

indeterminate fragments of trilobites from a horizon within a few feet of

the top of the Conococheague, 11% feet downstream from a concrete bridge.

In southwest Virginia, Butts (19hO, p. 89) reported fragmentary

trilobites from several localities and the free cheek of a saukid trilo-

bite from uoo feet above the base of the Conococheague on Widener _

Branch, about a mile northeast of the writer's geologic section 2M. The

writer and Dr. C. G. Tillman collected a lower Trempealeauian trilobite

species from strata 580 feet above the base, and approximately 1100 feet

below the top, of the Conococheague Formation near Pleasant View Church

in Widener Valley, Washington County, Virginia (loc. 16). At this lo-

cality, the base of the Conococheague coincides with the highest occur-

rence of the Crepicephalus fauna.

In summary, the age of the Conococheague Formation in southwest

Virginia and northeast Tennessee is known from only two faunules: one an

upper Trempealeauian faunule placed on somewhat slender evidence 1,350

feet above the Crepicephalus Zone in Tennessee, and a lower Trempealeauian

faunule 580 feet above the Crepicephalus Zone in Virginia.-
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V 8
LITHOLOGY OF THE NOLICHUCKY

Introduction

The Nolichucky contains a wide variety of lithologies ranging from

shale to pure limestone. A detailed petrographic description of the

Nolichucky would require a study at least equivalent in scope and volume

to this study. The writer has attempted to describe the more important

rock types from study of 15 thin sections, 25 acetate peels, polished
and stained slabs, and hand lens observations in the field. Hand speci-

mens of many of the units from each geologic section, numbered with the
. field collection numbers, are in the collections of the Department of

Geological Sciences at Virginia Polytechnic Institute.
I

Carbonate rocks were described in the field using the classifica-

tion of Bramkamp and Powers (1958), modified by the substitution of cal-

cilutite for "fine-grained limestone" and the substitution of limestone

(or dolomite) conglomerate for "coarse carbonate clastic". Grain size

limits for both transported and authigenic constituents follow the limits
set by Folk (1962, p. YA). Petrographic descriptions of limestones

utilize the classification of Folk (1962).
—

Description of Lithologies

gnaia and siltstone.--Calcareous shale and siltstone are the most
characteristic lithology of the Nolichucky and constitute 50 per cent
to as little as 20 per cent of the formation. Where completely un-

weathered, as in recent roadcuts, both the shale and the siltstone are
light bluish gray, react vigorously with dilute hydrochloric acid and

could easily be‘mistaken for impure "ribbon rock" limestone. Where
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deeply weathered, however, the shale and siltstone are non-calcareous.
The shale is soft, very pale yellow to light olive gray, and commonly
contains small lenses and irregular nodules of trilobite biomicrite. i
Siltstone beds are medium yellow brown to very pale orange, sparsely
micaceous, and locally contain small amounts of fine-grained quartz sand.

Examination of a few thin sections of siltstone showed that they consist

d largely of silt—sized quartz with minor amounts of plagioclase feldspar,
potassium feldspar, and carbonate minerals, very similar to the silty
bands in "ribbon rock" limestone (pl. M, fig. l). Some siltstone beds

V contain nearly 50 per cent clay-sized matrix, whereas others are very
well sorted and contain little clay.

AV
gddny dolomite.--Silty dolomite, dolomitic siltstone, and shaly

‘ dolomite constitute nearly the entire formation in the northeastern part
of the region in Area l but are rare elsewhere. On fresh exposures,
these beds appear to be medium- to dark—gray, thin-bedded dolomite, but
weathered outcrops show thin-bedded, grayish-orange siltstone and pale-
olive-gray shale (pl. M, fig. 2). X-ray diffraction patterns of two un-
weathered samples from the Poplar Hill section(geol. sec. l3) show strong
characteristic peaks for dolomite and quartz with minor peaks indicating
the presence of calcite, feldspar, and an undertermined "mica".

Calcarenite and calcarenitic limestone.--Calcarenite and calcarenitic
limestone are common in the Nolichucky, especially in the lower limestone
and shale members of the formation throughout Areas l and 3, and comprise
most of the Widener Limestone member of the Elbrook Formation in Area M.
Thin lenses of calcarenite are also common in the Maynardville Limestone.
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V Nearly all the calcarenites in the Nolichucky Formation and Widener

Limestone are sparry allochemical rocks, whereas the calcarenitic lime-

stones include both microcrystalline allochemical rocks and sparry allo-
chemical rocks.

Rocks described as calcarenitic limestone in the field were seen, ·

on microscopic examination, to represent a wide variety of types. Some

calcarenitic limestones contain micrite as matrix and others contain

microsparite as matrix; mixtures of the two are not uncommon. CommonV
types of allochems include micritic intraclasts, coarsely dolomitized

· micritic intraclasts, ooids, and, less commonly, fossil fragments. In

some beds the micrite and microspar matrix is recrystallized to dolomite,

producing a mottled or vaguely banded appearance (pl. 3, fig. l).

· Most calcarenites in the Nolichucky are intraclastic rocks with u
coarse sparite matrix. Ooids are common in most beds, as well as the

· other allochems mentioned above. Two common types of oolitic intra-

sparites are illustrated in plate 8, figures l and 2. In the shale mem-

ber of the Nolichucky in Area l, thin beds of pale-yellowish-gray trilo-

bite biosparite are interbedded with shale. Locally these beds as well

as the more typical oolitic intrasparites contain abundant glauconite.

A few thin beds of nearly pure glauconite—cemented by sparry calcite

were found at various sections in Area l.
n

Calcarenites in the Maynardviüe Limestone member in Area l consist

almost exclusively of thin lenses of trilobite biosparite. Comonly only

a single species of trilobite will be found in each lens.

"Ribbon-rock" limestone.--Limestones in the Nolichucky commonly
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contain thin irregular beds and laminae of silt or dolomite which weather

in relief, giving the rock a characteristic "ribbon-banded" appearance

(pl. 3, figs. 1,2; pl. 11, figs. 1,2). Authors have variously described

this type of limestone as "banded limestone", "ribbon limestone", or

"ribbon rock"; the last term is used in this report. In the Maynardville

Limestone member, the most common type of "ribbon rock" consists of dark-

gray, finely crystalline limestone (microsparite) with "ribbons" of

finely crystalline, slightly silty dolomite. In some cases the amount

of dolomite exceeds the amount of limestone; the rock is then called A
dolomite "ribbon rock". The dolomite bands are coamxr grained and con-

tain more silt than the adjacent limestone. The dolomitic areas commonly

show faint dark laminations consisting of carbonaceous material. —

Sediments closely resembling the "ribbon-rock" limestone have been

described as forming on modern mudflats in the Bahamas (Black, 1933),in

Texas (Ginsburg in Sando, 1957, p. 35), in Florida (Ginsburg, 1957;

Ginsburg and Lowenstam, 1958; Logan, Rezak, and Ginsburg, l96M),and in

Australia (Logan, 1961). In these areas the "ribbon" structure is pro-

duced by a mat of blue-green algae which traps and binds the coarser

sediment; the irregular laminae are produced either by shrinkage of the

algal mat upon exposure and dessication, or because the algal mat grows

on the irregular surface of previously formed mud cracks. Shinn (in
Ginsburg, 196h) described the penecontemporaneous dolomitization of

supratidal algal-carbonate deposits in Florida and suggested that selec-

tive dolomitization of the coarser laminae and fillings between the cracks

is a result of greater porosity in these areas.
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Direct evidence from the Maynardville Limestone indicates that the

"ribbon rocks" are formed by a process similar to these algal mudflat

sediments. At Busby Creek (geol. sec. l9), a bed of "ribbon rock" con-
sists of stacks of gpolygonal plates, separated by channels of silty

dolomite (pl. ll, fig. l). The polygonal plates represent mud-cracked
crusts of laminated carbonate and organic sediment, analogous to the
supratidal mud-cracked crusts described and illustrated by Ginsburg

(1957, p- 9¤>-
A second type of "ribbon rock" commonly occurs in the middle and

lower parts of the Nolichucky Formation in Areas l and 3. This type
consists of alternating thin beds or laminae of finely crystalline lime-
stone (microsparite) or calcarenitic limestone (described above), and

siltstone, silty dolomite, or silty dolomitic limestone (pl. M, fig. l).
This type of "ribbon rock" is generally coarser grained than the first
type, and contains a greater proportion of quartzose and feldspathic silt.

The origin of this type of "ribbon rock" is less well established,
but the writer interprets these as algal influenced also. The primary
difference from the first type is the greater amount of silt in the 4
rock due to more silt being transported into the area during deposition.

I

Carbonate rocks similar to the "ribbon rocks" in the Nolichucky
have been described by other workers as Weedia-type stromatolites or un-
dulatory stromatolites (Cloud, l9M2; Donaldson, l963). The writer be-
lieves that the "ribbon rocks" were formed in part by algal structures
and should be considered a type of stromatolite. However, the fact that
some siltstones show somewhat similar irregular laminae suggests that
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other origins may be possible, so a non-genetic term is applied.

Stromatolites.—-Stromatolites and stromatolitic limestone of various

types occur in the Nolichucky at many localities in Areas l and 3. Four

types of stromatolites are present:

l) "Ribbon rock" or Weedia-type stromatolites, described

separately above.

2) "Massive stromatolites"—-large subspherical masses of

faintly laminated calcilutite bounded by calcarenite-filled channels.

3) Digitate or Gymnosolen-type stromatolites--discrete cylin-

drical columns, commonly branching upwards and combining to form gently

arched mounds. _

M) "Bush—like" stromatolites-—upright, ovate colonies defined

by branching dolomitic laminae radiating upward and outward from the

base.
l

The massive stromatolites have been found in the middle shale of the

Nolichucky, whereas digitate and "bush-like" stromatolites have been

found only in the Maynardville Limestone.

Oder and Bumgarner (1961) first called attention to the massive .

stromatolites in the Nolichucky Formation in Tennessee. Dr. Oder later

(1963, 196h) guided the writer to some of the described localities (geol.

sec.20) and to three other localities where the massive stromatolites

are well developed, at Busby Creek (geol. sec. l9), and on Panther

Creek (locs. 20,2l). The writer subsequently recognized similar rocks
P

in his collections from the Lee Valley section (geol. sec. ll), the Rye

Cove syncline section (geol. sec. 8), and the Creswell section (geol.
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sec. 10). Brent (1963, p. 13, and fig. 5) recognized the massive stro-

matolites within the shale member of the Nolichucky in the Clinchport,

Virginia, Quadrangle, and demonstrated (fig. 6) that the massive stro-

matolite beds are discontinuous and occur sporadically through a thick

stratigraphic interval.

The massive stromatolites consist of subspherical masses or

"colonies" of pale-greenish—gray, vaguely laminated calcilutite, later-

ally bounded by narrow, vertical channels filled with argillaceous,

dolomitic calcarenite (pl. 10, figs. 1,2). The colonies range from 2 to

10 feet in diameter, averaging 3 or M feet, and are commonly convex up-

ward at the top and concave downward at the base. The rock composing

the colonies shows dark laminae, approximately parallel to hedding
and possibly representing remains of algal material. Locally the rock

contains abundant plates of a pelmatozoon echinoderm and fragments

oftrilobites;more commonly the colony rock is barren of shelly fauna ex-

cept for rare trilobites. Examination of thin sections shows that the

calcilutite composing the "co1onies" consists predominantly of algal bio-

micrite (pl. 6, fig. 1) but locally consists of packed trilobite—echino-

derm biomicrite and microsparite (pl. Y, fig. 1). Small, irregular

lenses of fine—grained oosparite and intrasparite occur throughout the

rock.

Digitate stromatolites and "bush-1ike" stromatolites occur in dark-

gray, finely crystalline to micritic, dolomitic limestones. The writer

first became aware of the presence of these two types of stromatolites

in the Maynardville Limestone upon seeing well-exposed examples at the
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Busby Creek section (geol. sect. l9). Most of the geologic sections had
already been described at that time, so these stromatolites may be pres-
ent but unrecognized at other sections.

Digitate or Gymnosolen-type stromatolites have been positively iden-

tified only at the Busby Creek section (geol. sec. l9—l2), although rocks
similar in texture but lacking distinctive structure were collected from
many other localities. This type of stromatolite consists of discrete
cylindrical columns of algal biomicrite and microsparite, surrounded by
medium to finely crystalline microbrecciated dolomite and microsparite.
On bedding planes the columns and surrounding matrix weather differen-
tially to produce a "waffle iron" pattern (pl. 5, fig. l). The columns
commonly branch upward to form two or more columns from a single base.
At Busby Creek, the bed containing digitate stromatolites forms broad
domes (pl. 5, fig. 2). _

An undescribed type of stromatolite, here called "bush-like" stro-
matolites, was found in the Maynardville Limestone at Busby Creek (geol.
sec. l9-lO) and at Mumpower Reservoir, near Bristol, Virginia (geol. sec.
25-9). These stromatolites occur in thick-bedded, finely crystalline
limestone, with calcarenitic limestone between the "colonies". The
"colonies" are circular in plan view (pl. 9, fig. l) and are ovate, elong-
ated upward in cross-section (pl. 9, fig. 2). The outer margins of the
colony are defined by irregular, dark, dolomitic laminae. Within the
colony irregular dolomitic laminae radiate upward and outward from the
center and commonly branch into smaller laminae. These laminae stand in
relief on weathered surfaces, but they are nearly invisible on fresh
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outcrops. The general appearance of the colony resembles a small bush, _
hence the name "bush-like" stromatolites.

Limestone and dolomite conglomerate.--Conglomerates composed of
limestone or dolomite pebbles are common in the shale member of the Noli—

chucky in Area l and occur sparsely in other parts of the formation in
Area l and in the other areas. Both limestone and dolomite clasts,

ranging from small pebbles to small cobbles, are commonly mixed within
the same bed. Most conglomerate beds are lenticular, pinching out in_a
single outcrop and rarely reach a thickness of more than two feet.

The pebbles and cobbles within the conglomerates include a wide
variety of lithologic types. Most conglomerates, however, contain pebbles
of micrite and finely crystalline dolomite. Some micrite pebbles contain
faint laminae and appear to be derived from the massive stromatolites;
other micrite pebbles are structureless. The matrix in the conglomerates
ranges from sparry intraclastic calcarenite to micrite.
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FAUNAL ZONATION

General Discussion

The Nolichucky Formation contains two clearly distinct trilobite

assemblages separated by a sharp faunal break. Only two genera and one

species are common to both assemblages. The older assemblage, that is,

the faunas of the Bolaspidella, Cedaria, and Crepicephalus zones, appears
‘ to represent continuously evolving faunas occupying a geosynclinal basin

in which deposition was more or less continuous. The Aphelaspis fauna

appears abruptly above and nearly completely replaces the Crepicephalus

fauna, apparently as a result of a major environmental change. Only

GlaQhy£aSpiS Qääxä and the genus Blountia managed to survive this en-

vironmental change.

Palmer (1962, p. 9) named the beds above this abrupt faunal change

the Pterocephalid Biofacies and the beds below, the Crepicephalid Bio-

facies. He presented evidence showing that this faunal change did not

occur simultaneously over wide regions so that beds containing typical

Crepicephalus Zone faunas are the time equivalents of beds containing

Aphelaspis Zone faunas in distant areas. Palmer later (l965a) coined a

new term, biomere, to replace his earlier use of the term biofacies.' The

faunal assemblages discussed above are now properly called the Crepiceph-

alid biomere and the Pterocephalid biomere.

Within the region studied, the boundary between the Crepicephalus

and Aphelaspis zones, and therefore between the Crepicephalid and

Pterocephalid biomera approximates a time plane. The evidence suggests,
however, that the boundary between the two zones is not precisely
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synchronous throughout the area. Careful attention to the ranges of

individual species within the Aphelaspis Zone suggests that the lowest

beds of the Aphelaspis Zone at some localities may be the time equivalent

of the uppermost part of the Crepicephalus Zone. The evidence is incon-

clusive because a barren interval some tens of feet thick is present at

all localities where the oldest Aphelaspis species are missing., At worst

the amount of error in correlation is small, amounting to no more than

5O feet at any locality.

The conventional zones of the Upper Cambrian Dresbachian Stage

(Howell and others, 19hM) are adopted herein. Lochman and Wilson (1958,
p. 333) suggested removing the Aphelaspis Zone from the Dresbachian Stage

because of the pronounced faunal change at its base. They also proposed
a new zone, the Dunderbergia Zone, for faunas younger than the Aphelaspis

Zone but older than the basal Elvinia Zone of the Franconian Stage. A1-

though he recognized two additional zones between the Aphelaspis and

Dunderbergia zones, Palmer (1965b, p. M) argued against revising the

stage boundaries and placed the top of the Dresbachian at the base of the
Elvinia Zone. Both the writer and Rasetti (1965) have included all post-

Crepicephalus Dresbachian faunas of southwest Virginia and northeast

Tennessee in the Aphelaspis Zone (fig. 2)i Rasetti (1965, p. 35-37) -

suggested that the upper part of the Aphelaspis Zone in this region may
be equivalent to faunas as young as the Dunderbergia Zone in Nevada

(Palmer, 1965)._ However, correlation between the areas is difficult, due
to lack of common species.

The Upper Cambrian-Middle Cambrian boundary is placed at the base



H 6l+

of the Cedaria Zone (Robison, l96Ma). Faunas of the uppermost Middle
Cambrian are assigned to the Bolaspidella Zone (Palmer, l95Mb).

The stratigraphic occurrence of all identified fossils are listed
in the Appendix (app. tables l and 2). In addition, the occurrence of
described species in 19 of the geologic sections is shown on plates 29-
MO, along with schematic lithologic logs. Relative ranges of the more
common trilobite genera, as well as ranges of a few rare genera especialy „
important in correlation, are shown on plate M2. Approximate relative

ranges of all described trilobite species and of the sponge Chancelloria A
are shown on plate M3.

Definitions of the Zones

. ·Bolaspide11a Zone.--The Bolaspidella Zone as recognized herein is
characterized by the presence of Acrocephalops and Kochaspis which are
restricted to the zone, and Modocia whxh first appears in this region
within the zone. The zone is further defined by the absence of members

. of the Crepicephalidae, Tricrepicephalidae, Cedariidae, and Blountiinae,
as well as the genera Dresbachia and Kingstonia, which first appear in
higher beds. The upper boundary is placed at the overlap in ranges of
Modocia andNorwoodella.Exact

correlation with other areas is difficult for lack of common
species. However, Modocia is known to range throughout the Bolaspidella
Zone and into overlying Upper Cambrian beds in other areas (Robison, l96M;
Palmr, l95hb). Acrocephalops and Kochaspis occur only in Middle Cam-
brian beds in other areas (Lochman and Wilson, 1958, figs. 1,3).

Cedaria Zone.--The Cedaria Zone is characterized by the presence of
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the Norwoodiidae and Cedariidae, although members of both families occur

in both older and younger beds. In addition, the zone is characterized

by the presence of Genevievella, Densonella, and Crepicephalus brevis.

The upper boundary is placed within the range of Crepicephalus brevis

but below the occurrence of other species of Crepicephalus, and below the

first appearance of Coosina, Llanoaspis, Terranovella, and Meteoraspis

which are found exclusively in the next overlying zone. Tricrepicephalus

and Dresbachia are common to both the Cedaria and Crepicephalus zones.

The Cedaria Zone as recognized herein is approximately equivalent

to the Upper and Middle Cedaria Zone of Lochman and Duncan (19MM} and the

Cedaria-Cedarina Zone of Palmer (l95Mb}. However, comparison of the

faunal range charts for these areas, published by Lochman and Wilson
(1958}, with plate M2 herein shows that the ranges of the individual gen-

era differ markedly between the regions.

Crepicephalus gone.--The Crepicephalus Zone is characterized not

only by the presence of Crepicephalus but also by Llanoaspis, Coosina,

Meteoraspis, Coosia superba, and Kingstonia inflata. Crepicephalus brevis

occurs in the underlying Cedaria Zone as noted above, but all other species

of Crepicephalus are restricted to the Crepicephalus Zone.

Within the region studied, the genera Coosina, Llanoaspis,Meteoras-pie,

and Terranovella are restricted to the Crepicephalus Zone; however,
in other areas (Lochman and Wilson, 1958, figs. 9-ll}, these genera are

known to occur in the Cedaria Zone as well. The Crepicephalus Zone as

herein defined is approximately equivalent to the Coosina and most of

Coosella zones of Palmer (195Mb} and to the Crepicephalus Zone of Lochman
and Duncan (l9l+l+}.
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Aphelaspis goge.--The Aphelaspis Zone contains the first species of

Aphelaspis, Dunderbergia, Dytremacephalus, and Cheilocephalus in the

Nolichucky. Blountia bristolensis also occurs only in the Aphelaspis

Zone. Glaphyraspis parva is common in the Aphelaspis Zone but also

occurs in the Crepicephalus Zone. —

Rasetti (l965, p. 36, fig. l) subdivided the Aphelaspis Zone into

lower, middle, and upper subzones based on specific ranges. Although

many of the species described by Rasetti are not present in the writer's

collections, a similar tripartite subzonation seems indicated (see pl. M3).

The lower subzone is defined by the range of Aphelaspis walcotti.
Rasetti (1965) recognized four other species in this zone.

The middle subzone is defined by the ranges of Aphelaspis arses
and A. camiro. Aphelaspis punctata and A. tumifrons occur in the upper

part of the subzone but also range up into the next zone. The genera

Dunderbergia and Dytremacephalus also occur in the middle subzone, although
their ranges extend higher. ·

The upper subzone is defined by the presence of Aphelaspis tärdä
or Cheilocephalus holochondres. At some localities, A. tarda is found
in the top few feet of the range of A. arses.

As discussed above, the fauna of the Aphelaspis Zone in the region

cannot be reliably correlated for lack of common species.
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CORRELATION AND INTERPRETATION

Correlation of the Nolichucky between measured sections is difficult

because of abrupt facies changes between closely adjacent sections and

major facies changes between the areas outlined in the Introduction (fig.

2). The generalized correlation between the four areas is shown on fig-

ure l, and a more detailed correlation between l9 geologic sections and

one locality is shown on the fence diagram (pl. 2).

Only two persistent lithologic units are traceable: the Maynardville

Limestone in Areas l and 2, and the Widener Limestone in Areas 3 and M.

The base of the Maynardville is demonstrably diachronous, and the Widener

contains only a single fauna, the uppermost Crepicephalus Zone fauna, so

its position relative to other zones is unknown except at one locality

(geol. sec. 27). _Of necessity, correlation between sections is based

almost entirely on faunal data, with a few tentative correlations (indi-

cated on the fence diagram by question marks) based on similar strati-

graphic position.

Correlation between sections was accomplished by compiling a composite

faunal range chart (pl. M3) based on the ranges of all identified and

described species from the gologic sections and then comparing the local

specific ranges to the composite ranges. Compiling the composite range

chart presented considerable difficulty: although the total fauna of the

Nolichucky is large, the number of species found at each section and the

number of levels at which each occur in a section are relatively small.

Consequently no single section provides an objective standard for deter-
mining the total known ranges of the species.
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Several different methods of compiling the composite range chart were
attempted. The compositing method finally used was the one which pro-
duced the best fit with observed stratigraphic successions of species in

8

the individual sections. Attempts to correlate directly the ranges of
individual species met with failure for lack of sufficient data, except
in the Aphelaspis Zone. Plotting ranges with respect to the top or base
of the formation produced clearly aberrant results.

Finally, the one unmistakable faunal boundary--that between the
Aphelaspis and Crepicephalus faunas--was used as datum. The zonal bound-
ary was placed midway between the highest occurrence of the Crepicephalus
fauna and the lowest occurrence of the Aphelaspis fauna at each section.
The position of each species at each section with respect to this bound-
ary was then plotted on the composite range chart. Only data from Area l
was used in this stage. The resulting ranges of species in the pre-
Aphelaspis zones agreed well with the observed succession of species in
the individual sections. This suggests that the rate of deposition was
essentially uniform throughout Area l during Bolaspidella through

Crepicephalus time.

The ranges for the species in the Aphelaspis Zone produced by this
method of compositing did not agree with the observed succession of
species at single sections. Several factors probably contribute to this
situation. First, the ranges of species of Aphelaspis are very short;
therefore small errors in placing the Aphelaspis-Crepicephalus zonal
boundary would be readily apparent. Second, the Aphelaspis Zone coincidea
in part, with the Maynardville Limestone, which was probably deposited
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rock" limestone, p. 55). The ranges of species in the Aphelaspis Zone

were then composited using the ranges of individual species from a few

sections where the fauna is best represented. The results of this corre-
lation suggest that either the Aphelaspis-Crepicephalus boundary as placed

herein is slightly diachronous, or that a hiatus is present in some sec-

tions at the position of the boundary. In most cases the apparent diach-

ronism of the zonal boundary can be explained by error of placing the

boundary in the barren interval between the two faunas. A poorly pre-

served collection of trilobites from the Whites Mill section (geol. sec.

18-üOc), tentatively identified as Aphelaspis sp. indet., suggests that

the Aphelaspis and Crepicephalus faunas may be partly equivalent in time.

Elsewhere the correlation of species of Aphelaspis required only slight

adjustment of the zonal boundary.

After compositing and adjusting ranges of species collected from

geologic sections in Area l, the species known only from incomplete sec-

tions and isolated localities were added to the composite range chart.

This was accomplished by assigning an arbitrary short range within the

overlapping ranges of associated species whose ranges were previously

established. With the composite range chart completed, the zonal bound-

aries were picked at the various sections and the sections correlated.
V

The detailed correlation between the geologic sections is shown on

the fence diagram (pl. 2). It is suggested that this diagram and the map

of the region (pl. l) be kept at hand for reference while reading the

following discussion. Formational and member boundaries are shown as
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straight lines except where stratigraphic evidence clearly indicates in- ~

tertonguing or a major change in facies. Only two cases of intertonguing
between the Nolichucky and adjacent formations are shown; however it is
probably much more common.

The base of the Nolichucky Formation is oldest at the Lee Valley

section (geol. sec. ll) and becomes progressively younger northeastward.

The writer interprets this as evidence of a slow northeastward trans-

gression of a normal marine environment over a more restricted, perhaps

intertidal, environment in which the Maryville Limestone, Honaker Dolo-
mite, or upper dolomite member of the Elbrook was formed. At the bound-
ary between Areas l and 2, the base of the Nolichucky abruptly becomes

much younger. The presence of a few feet of typical Nolichucky Limestone,

containing a Cedaria faunule within the upper part of the Honaker Dolomite
at the Page Branch section (geol. sec. l5), shows that this abrupt rise
in the base of the Nolichucky is a result of intertonguing between the
lower part of the Nolichucky in Area l and the upper part of the Honaker
in Area 2.

Also coinciding with the change in facies from fossiliferous lime-
stone and shale of Area l to sparsely fossiliferous silty dolomite of
Area 2 is an abrupt lowering of the time-stratigraphic position of the
top of the Nolichucky. Throughout Area l, the uppermost part of the

Maynardville Limestone member of the Nolichucky contains beds as young or
younger than the range of Aphelaspis tarda, the diagnostic species of
the upper Aphelaspis subzone. In the northwestern strike belts (pl. l)

in Area 2 at Wittens Mill (geol. sec. 5), the uppermost Nolichucky
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subzone. At the next fossiliferous sections to the northeast, at Bane

and Shumate (geol. secs. l and 2), the upper part of the Nolichucky con-

tains a Crepicephalus fauna. A similar situation obtains in the strike
belts between the Saltville and the Pulaski faults (pl. l). At Page

Branch (geol. sec. 15), in the northeasternmost section of Area l, the

uppermost part of the Nolichucky contains Aphelaspis tarda, diagnostic of

the upper Aphelaspis subzone. All sections to the northeast in the same

strike belt contain only Crepicephalus faunas. East of the Page Branch

section, at Crockett Cove (geol. sec. 2l), the upper Nolichucky contains

Aphelaspis walcotti, which is diagnostic of the lower Aphelaspis subzone.

Further to the northeast, and across the Pulaski Fault, the Nolichucky

near Blacksburg (loc. M) is thinned to 3 feet of silty dolomite and con-

tains a Crepicephalus fauna.

The species present in the northeasternmost outcrops of the Noli-

chucky near Blacksburg and Newport (loc. M and geol. sec. l2) are char-

acteristic of the upper part of the Crepicephalus Zone, namely Terra-
novella dorsalis, Llanoaspis modesta, and Pemphigaspis sp. (pls. M2,M3).

Genera indicative of the lower part of the Crepicephalus Zone, Hardyoides

and Norwoodia, are not present in the Nolichucky in Area 2; this suggests

that maximum northeastward extension of the Nolichucky facies took place
in late Crepicephalus time.

Based on the evidence and interpretations presented above, the

following depositional history for Areas l and 2 appears reasonable. Be-

ginning in Bolaspidella time, the marine environment in which the
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Nolichucky was deposited, hereafter called the Nolichucky environment,

transgressed into the area from the southwest. By the end of Bolaspidella

time, the Nolichucky environment had reached the area of Scott County,

Virginia (pl. l). By the end of Cedaria time, the Nolichucky environ-
l

ment had transgressed northeastward to a point between Wittens Mill and

Honaker (geol. secs. 5 and 6), and a point near the Page Branch section

(geol. sec. 15). A slight regression ofwthe
1¤

@1- 2)-
In Crepicephalus time, the Nolichucky environment transgressed fur- '

ther northeastward. At maximum transgression in late Crepicephalus time,

the Nolichucky environment had reached the vicinity of Blacksburg and ex-

tended an unknown distance northeast of Newport (geol. sec. l2). Although

the Nolichucky environment extended into Area 2 in Crepicephalus time,

the transgression was insufficient to bring normal marine conditions into

the area. Apparently the area was periodically emergent or circulation

was severely restricted so as to make the environment generally unfavor-

able to marine life, as evidenced by the sparse fauna, and to allow for-

mation of dolomite rather than limestone.

At the beginning of Aphelaspis time, the Nolichucky environment

withdrew towards the southwest, withdrawing entirely from Giles and

Montgomery counties. In early Aphelaspis time, the Nolichucky environ-

ment was present at Crockett Cove (geol. sec. 2l) and at Wittens Mill

(geol. sec. 5) but was not present to the northeast. In middle Aphelaspis

time the Nolichucky environment withdrew from the Crockett Cove area,
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and in late Aphelaspis time the Nolichucky environment withdrew from the
Wittens Mill area. The Page Branch section (geol. sec. l5) represents
the northeastern limit of Nolichucky deposition in late Aphelaspis time.

The depositional history of the Nolichucky Formation in Areas l and
2 (fig. 2) consists of a single major cycle of transgression and regres-
sion, with maximum transgression in late Crepicephalus time. This inter-
pretation of the history of Areas l and 2 is consistent with local evi-
dence in Area l and with evidence from Areas 3 and M. At Busby Creek
and Panther Creek (geol. sec. l9, locs. 20,2l), thick beds of the "massive
stromatolite" formed in late Crepicephalus time. These stromatolites,

lacking the undulatory laminations formed in intertidal stromatolites

(Logan, Rezak, and Ginsburg, l96iL, p. 79), and their associated echino·-
derm-trilobite fauna were probably deposited in normal marine waters. The
water must have been shallow enough to permit adequate light penetration
to support algal growth, but was deep enough to permit growth of the
algal "colonies" without emergence. In contrast, the upper part of the
Aphelaspis Zone at Busby Creek contains mud-cracked algal "ribbon rocks"
indicating emergent conditions. A relative lowering of sea level during
Aphelaspis time is suggested.

Throughout Area M, the Widener Limestone Member of the Elbrook For-
mation is the sole representative of the Nolichucky environment. The
Widener contains an upper Crepicephalus Zone fauna and is underlain and
overlain by barren dolomite. To the southeast, in Area 3 however, the
Widener is underlain by the shale member of the Nolichucky and is over-
lain by the Maynardville. The Nolichucky environment did not extend into
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Area M until late Crepicephalus time, and withdrew during or before early

Aphelaspis time. This situation is identical to that in Areas l and 2,

where maximum transgression in late Crepicephalus time is indicated.

_ In Area Ä a period of erosion or non-deposition may have occurred

during the regression in post—Crepicephalus time. From the base of the

widener Limestone to the top of the Conococheague, the stratigraphy of

Areas 3 and M is virtually identical, except that the Maynardville Lime-
stone is missing in Area M. Perhaps the basal part of the Conococheague

contains beds equivalent to the Maynardville; however, the writer suggests
that the Maynardville Limestone or any rock unit representing Aphelaspis

p time is absent. As previously discussed (p. 5l,52), Ulrich and Kirk

collected an upper Trempealeauian trilobite, Plethopeltis saratogensis,

from a horizon in the Conococheague Formation approximately l,350 feet

above the Crepicephalus Zone in Greene County, Tennessee {Area 3). The
writer collected a lower Trempealeauian trilobite, Plethometopus convexus,
from a horizon 580 feet above the Crepicephalus Zone in Area M. If depo-
sition were continuous in Area M, this would mean that only 580 feet of
strata represent all of Aphelaspis and Franconian time. This seems un-
likely in view of the much greater thickness to the southeast. whether
the missing stratigraphic interval is absent due to non-deposition or

post-depositional erosion is uncertain. However, it appears reasonably
certain that Area M was emergent during Aphelaspis or Franconian time.

. The section at Bailey School (geol. sec. 20) in Area l also shows
I

l
evidence of emergence during the post—Crepicephalus regression. At this

section the Crepicephalus Zone is directly overlain by the Copper Ridge
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Dolomite. Twenty—five miles to the north, at Busby Creek (geol. sec. 19),
beds representing the Aphelaspis Zone underlying the Copper Ridge are 196
feet thick. Again, whether the beds representing the Aphelaspis Zone
were deposited and later eroded or never deposited cannot be demonstrated.

In summary, the Nolichucky Formation was deposited during a period
of slow, northeastward transgression which began in Bolaspidella time and
reached its maximum in late Crepicephalus time. Regression to the south-
west apparently continued throughout Aphelaspis time. This transgressione
regression cycle is precisely synchronous with the cycle during which the
Riley Formation of Texas was deposited (Bell and Barnes, 1962, p. 79-82)
and with the cycle which deposited the Dresbach Formation (Bell, Berg,
Nelson, 1956, p. Ä22). The fact that this transgressive-regressive cycle
is precisely synchronous in three widely spaced areas suggests that it
was caused by eustatic rising and lowering of sea level.
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SYSTEMATIC PALEONTOLOGY

Introduction

All fossils described herein are deposited in either the U. S.

National Museum (USNM) or in the paleontological collections of the De-

partment of Geological Sciences at Virginia Polytechnic Institute (VPI).

All taxa are listed in Appendix Tables l and 2, together with museum

accession numbers, field collection numbers, geologic sections and unit

numbers, and stratigraphic positions.

Every specimen is labeled with a field collection number consisting

in most cases of the conventional letters designating the system and for-

mation and a number referring to the locality, followed by a number or

letter referring to the section unit, thus Cn ll9-lO. Some of the
~

writer's earlier collections, especially those from isolated outcrops in

the Damascus Quadrangle,are labeled with field collection numbers referring

to date and position on a traverse. The field collection numbers are in-

dicated in the descriptions of geologic sections and localities.

Fossils collected from measured geologic sections are listed in

Appendix Table l and fossils collected from isolated outcrops and unmea-

sured sections are listed in Appendix Table 2.

Type material is cited with museum numbers abbreviated as follows:

YPM — Yale Peabody Museum

MCZ - Museum of Comparative Zoology, Harvard University
MTM - Milwaukee Public Museum

UCMP - University of California (Berkeley) Museum of Paleontology
All specimens are from the Nolichucky Formation or Widener Limestone

Member of the Elbrook Formation except as noted to the contrary. ‘



7 77

Phylum PORIFERA Grant 1872

Class HYALOSPONGEA veeneer 1886

Discussion.--Various types of disarticulated spicule forms, includ-

ing monaxons, diaxons, and triaxons, occur in varying abundance in nearly 1

every acetic acid residue of calcarenites and algal limestones from the

Cedaria and Crepicephalus zones. Spicules are rare in argillaceous rocks

and in limestones from the Aphelaspis Zone. _ _

Order HIEITERACTINIDA runde 1888 ”

Family CHANCELLORIIDAE de Laubenfels 1955

Genus CHANCELLORIA Walcott 1920

CHANCE11ORIA sp.

Pl. 12, fig.

7Discussion.--Hundredsof spicules of Chancelloria have been found in

limestone from many localities and in every acetic acid residue of lime-

stones from the Cedaria and Crepicephalus zones. They do not occur in the

Aphelaspis Zone. The spicules are straight, with large faceted bases,

and taper to a sharp point. Commonly the spicules occur in clusters of

3 to 6 co-planar rays radiating from the base of a central ray. A speci-

men with five radiating rays and a central ray is illustrated on plate
V12, figure 6. ·



78

Phylum BRACHIOPODA Dumeril 1806

Class ARTICULATA Huxley 1869

Discussion.--Two species of articulate brachiopods, both too poorly

preserved to be identified, were discovered in the Nolichucky at two lo-

calities in Tennessee. Weakly silicified specimens were found at geologic

section 9; unfortunately the valves broke into small fragments during the

etching process. Impressions of eleven valves were found in deeply wea-

thered limestone at geologic section 20, Bailey School; all are poorly

preserved with only one showing faint impressions of muscle scars.

The species from geologic section 9 is flat, moderately large, and

fine ribbed. It has a well-developed cardinal area, large delthyrium,

and long hinge teeth. ·

The species from geologic section 20 (pl. 12, figs. 9,12) is moder-

ately convex and similar in overall shape to brachiopods such as Finkeln-

burgia. A pair of bifurcate muscle scars is barely visible on the im-

pression of a brachial valve (pl. 12, fig. 12). _

U To the writer's knowledge, these specimens represent the first re-

. corded occurrence of articulate brachiopods in the Nolichucky.

Class INARTICULATA

Discussion.--The inarticulate brachiopods of the Nolichucky are not

described in this report. Oboloid and linguloid brachiopods are common in

the silty and shaly beds; however, these specimens are generally poorly

preserved and must be prepared by mchanical means in order to obtain ma-

terial worthy of description. The best material is obtained by etching

relatively pure limestone in acetic or formic acid.
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Phylum MOLLUSCA
· Class MONOPLACOPHORA Wenz 1952

Order TRYBLIDIOIDEA Lemche 1957 „
Fami1yI¥LAE%CMAEIDAE Grabau and Shimer 1909

Genus PALAEACMAEA Hall and Whitfield 1872

Type species.——Palaeacmaea typiga HALL and WHITFIELD, 1872, p. 21;

1873, p. 2h2, pl. 2, figs. h,5; from the Potsdam Sandstone near Keeseville,

New York; by original indication and by monotypy.

PALAEACMAEA Y SP.
Pl. 12, figs. 12,15

_ Description.--Moderate-sized, patelliform conical shell with

very shallow concentric rugosities. Aperture nearly circular in outline,

slightly longer than wide. Apex upright, slightly nearer one end (anter-

ior?) than the other. Shell apparently quite thin.

Discussion.--This species, hitherto unknown in the Nolichucky of

the Appalachians, is tentatively assigned to Palaeacmaea on the advice

of Dr. Ellis Yochelson. Dr. Yochelson stated (verbal communication, 196k)

that this cap-shaped shell is probably a monoplacophoran, most likely

Palaeacmaea, although it could possibly be a species of Scenella. This

species strongly resembles Palaeacmaea irvingi Whitfield (see Whitfield,

1882, pl. 1, figs. 8 and 9) from the "Potsdam" sandstone of Wisconsin,

but differs from that species in having shallow rugosities. The proper

assignment of this species cannot be certain until the muscle scars are

known.
Available material.--Single specimen preserved in limestone from

Bailey School, geologic section 20-Mc.
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Family TRYBLIDIIDAE Pilsbury 1899
Genus PROPLINA Kobayashi 1933

Type spgcies.--Metoptoma cornuteforme WALCOTT, 1879, p. 129; from

the Hoyt Limestone member of the Theresa Dolomite at Hoyt Quarry, near

Saratoga Springs, New York; by original designation by Kobayashi. .

PROPLINA CORNUTAFORMIS (WALCOTT) 1879
Pl. 12, figs. 11,lh

Metoptoma cornuteforme WALCOTT, 1879, p. 129.

Triblidiuhi cornuteforme (walcott). WALCOTT, 1912b, p. 263, pl. hl,

Proplina cornutaformis (Walcott) KNIGHT, 19hl, p. 27h, pl. M, figs. 2a-c.

Lectot steinkern, USNM 585% illustrated by....2E.. >
Walcott, 1912b, pl. M1, fig. 12; and reillustrated by Knight, 19hl, pl.

M, figs. 2a,2b; from the Hoyt Limestone Member of the Theresa Dolomite

at Hoyt Quarry, Saratoga Springs, New York; subsequently designated by

Knight, 19Ml, p. 27h. _

Discussion.-—The original description, presented below (Walcott, -

1912b, p. 263), applies equally well to the material at hand:

"Oval, subconical; apex incurved, depressed, ex-
tending beyond anterior margin; distance from the
posterior margin to the apex twice the width. The

· most elevated point is about two-thirds the distance
from the posterior margin to the apex; from this
point the outline curves regularly to the posterior
margin and anteriorly to the apex. Outline from the
apex to the anterior margin convex. ,Length, nine
lines; width four and one-half lines. _

"Surface, with narrow concentric ribs, one-half
line apart; finely striate vertica11y."
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The two specimens from the Nolichucky agree in all characteristics 4
with Walcott's specimen, except that the fine vertical striae are not
visible on the poorly preserved Nolichucky specimens. In addition, these
specimens are considerably smaller than Walcott's, being only about 0.2
inches in length compared to Walcott's specimen which is 0.75 inches in
length. Whether these specimens are properly referred to the genus .
Proplina must remain a moot point until the interior is known.

Available material.--Two poorly preserved specimens from the
Crepicephalus Zone in geologic section 20-Ä@«

A I
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Phylum ARTHROPODA Siebold and Stannius l8M5

Class TRILOBITA Walch 1771 ·

Descriptive terminology.--The descriptive terms used herein are de-

fined or illustrated.on pages M2, MM, M6, M7, and 5Ma, or in the glossamß

pages 117 to 126, in the Treatise gn Invertebrate Paleontology, Ea£t_Q_
l

V (Harrington and others, 1959). All terms referring to length and width

of trilobite parts are accompanied by the designation "sag.", "exsag.",

or "tr." to indicate whether masurement is along the sagittal line,

parallel to the sagittal line but to either side of it, or transverse to

the sagittal line. Following the usage established in the Treatise,

length and width terms are used in either the sagittal or transverse di-

rection, depending on the dimension of the feature in question. If a

given feature has one dimension normally larger than another, the greater

dimension is taken as the length and the lesser dimension is the width.

Thus one speaks of the length (tr.) and width (sag.) of the occipital

ring, but the length (sag.) and width (tr.) of the glabella.

Preparation technique.--Most of the trilobites described herein are

preserved in limestone, although a few are preserved as impressions·in

shale, and a few specimens from one locality are silicified. The lime-

stone specimens are generally very well preserved, but must be prepared

by mechanical means. The writer utilized small diamond impregnated

wheels, available from dental supply houses, to grind away matrix sur-

rounding the fossils. A sharpened phonograph needle mounted in a Burgess
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Vibratool was used for fine cleaning around the fossils. Fossils pre- '

served in shale generally required little preparation other than a small
amount of cleaning with a sharpened needle. l
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Order AGNOSTIDA Kobayashi 1935
4

suboraer AGNOSTINA saiter 186u
_Family PSEUDAGNOSTIDAE Whitehouse 1936

Discussion.--The concept of this family as given by Palmer (1962b,

p. 18) is followed by the writer.

4Genus PSEUDAGNOSTINA Palmer 1962
1* 1

Eypg species.--Pseudggnostina contracta Palmer, 1962b, p. 21, pl. 2,

figs. 18-20, 22-25, from the Conasauga Formation, Woodstock, Alabama, by

original designation.
‘

PSEUDAGNOSTINA BOLEONENSIS (Resser) 1935
P1. 12, rigs. 2,3,6,8 _ P

Oedorhachis boltonensis REESSER, 19382, p. 50, pl. 10, figs. 19,20.

Holotypez A pygidium, USNM 9M869, as illustrated by Resser, 1938a,

pl. 10, fig. 20; from the Nolichucky Formation near Creswell, Russell

County, Virginia; by original designation.

Diagnosis.--Pygidium with axial furrows parallel; median terminal .

node clearly visible only on exfoliated specimens; cranidium with pre-

glabellar median furrow generally absent, very faint, broad, shallow

furrow present on some individuals. All other features of the species

same as those given for genus by Palmer (1962b, p. 20).

Discussion.--Oedorhachis boltonensis was placed in genus Pseudagnostina

by Palmer (1962b, p. 21). P. boltonensis differs from the type species of

the genus, P. contracta, in having parallel rather than converging axial

furrows and a less pronounced posterior median node on the pygidium. P.

nordicus (Lochman) differs in having slightly divergent axial furrows.



Resser's type specimens are from near Creswell, Virginia (geologic
section 10). Possibly one of the writer's collections from that locality
represents topotype material; however, it is impossible to determine ex-
actly from which bed Resser collected his specimens.

Available material.--Six cranidia and four pygidia from geologic sec-
tion 10-22; one pygidium and two cranidia from geologic section 10-15;
cranidium and two pygidia from geologic section 9-l.
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Family SPINAGNOSTIDAE Howell 1935

Discussion.--The diagnosis for this family given by Howell (1959,

p. 18M) is followed by the writer. However, certain genera included in

the family have been reassigned recently. Baltagnostus is placed in the V

Diplagnostidae by Robison (196M, p. 525). Palmer (1962b, p. 19) consid-
·

ered Oedorhachis a subjective synonym of Acmarhachis, a member of the 4

family Pseudagnostidae. In addition, Spinagnostus and Tomagnostella, as -

well as Cyclopagnostus, the type genus of the family Cyclopagnostidae, are

subjective synonyms of Hypagnostus; and Acadagnostus is a subjective syn-

onym of Peronaspis according to Robison (196M, p. 529). Undoubtedly the

relationships of the genera remaining in the family need to be re-examined.

V
Genus KORMAGNOSTUS Resser 1938

Kormggnostus RESSER, 1938a, p. M9; LOCHMAN, l9M0a, p. 2M; SHIMER and ·

srmock, 191+1+, p. 600; PALMER, 1951+11, p. 718; H0wELL, 1959, p. 185.

Type species.--Kormagnostus simplex Resser, 1938a, p. M9, pl. 9,

figs. ll-13, from the Nolichucky Formation near Rogersville, Hawkins

County, Tennessee; by original designation.

KORMAGNOSTUS SIMPLEX Resser 1938
P1. 12, figs. 1+,5,9

Kormaggostus simplex RESSER, 1938a, p. M9, pl. 9, figs. 11-13; SHIMER and

SHROCK, 191+1+, pl. 251, ugs. 25-27; RASEITI, 191+6, p. 1+1+1+, pl. 69,

ugs. 32-31+; PA1.M11R, 1951+b, p. 718, pl. 76, ugs. 8-12; LOOHMAN and

HU, 1960, p. 822, pl. 99, figs.·5-31; RASETTI, 1965, p. 38, pl. 1,

figs. 8,9. · _



Kormagnostus harlanensis RESSER, l93Ba, p. M9, pl. lO, figs. ll,l2.
Korgagnostus esterius LOCHMAN, l9MOa, p. 2M, pl. 2, figs. 32-35; LocHMAN

ana DUNcAN, 19Mu, p. 77, pl. 5, figs. lM-16; LOCHMAN, 1950, p. 3M8,
pl. 51, figs. 6-9.

' Kormagnostus splendens LOCHMAN, l9MOa, p. 25, pl. 2, figs. 23-3l.
Sggypes.--A cranidium and a pygidium, as well as two cranidia and

three pygidia on a slab with other species, were originally designated as
cotypes, USNM 9M8M2, RESSER, l938a, p. M9, pl. 9, figs. ll-l3, from the
Nolichucky Formation near Rogersville, Tennessee. No lectotype has been
designated. I

Discussion.--Specimens collected by the writer from the Cedaria Zone
and lower Crepicephalus Zone of the Nolichucky agree in all respects with
the diagnosis given by Palmr (l95Mb) and are considered conspecific with
the types.

Available material.--Two cranidia from geologic section 15-M; a
cranidium and pygidium from geologic section lO-l5; one pygidium from
geologic section lO-22; numerous cranidia and pygidia from a shale hori-
zon low in the Nolichucky at the north end of the Speers Ferry Bridge,

I Scott County, Virginia;6nd numerous poorly preserved cranidia and pygidia
from geologic section ll-8.
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Order PTYCHOPABIIDA Swinnerton 1915
Suborder PTYCHOPARIINA Richter 1933

Superfamily DIKELOCEPHALACEA Miller 1889
Family PTEROCEPHALIDAE Kobayashi 1935

Discussion.--Palmer (1960, 1962b, 1965b)has emended and redescribed

this family. The writer has nothing to add to Palmer's (1965b,p. 57)

description.

Subfamily APHELASPIDINAE Palmer 1960

Discussion.--The characteristics of this subfamily have been de-
scribed by Paluer·(1960, 1962b, 1965b) Aphelaspis is the only genus of
this subfamily in the writer's collection. ·

Genus APHELASPIS Resser 1935
Aphelaspis BESSER, 1935, p. 11. SHIMER and SHROCK, 19ÄÄ, p. 619. PALMEB,

195l+b, p. 6l+3; 1962b, p. 32; 1965b, p. 58. IVSHIN, 1956, p. 31.
LOCHMAN, 1959, p. 256. RASETTI, 1965, p. 73.

Proaulacopleura KOBAYASHI, 1936, p. 93. POULSEN, 1959, p. 269.

Clevelandella BESSER, 1938a, p. 68.

Labiostria PALMFR, 195hb, p. 750. LOCHMAN, 1959, p. 258.

Type spgcies.--Aphelaspis walcotti Bagger, 1938a, p. 59, pl. 13,

fig. lh, from the Nolichucky Formation near Plasterco, Washington County,
Virginia (geologic section 17 herein); subsequently designated by Palmer
(1953, p. 157; ICZN decision pending).

Discussion.--The genus was diagnosed and described by Palmer (1962b,
A

p. 32; 1969d p. 58). A discussion of Palmer's designation of Aphelaspis
walcotti as the type species of the genus is given below under the
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discussion of A. walcotti. .
Rasetti (1965) has described 17 species of Aphelaspis, including 10

new species, from the Nolichucky of Tennessee. The writer has recog-
nized six species of Aphelaspis, of which four were described by earlier
workers, and two are conspecific with new species described by Rasetti.)
The older species of Aphelaspis described herein were identified by di-
rect comparison with silicon rubber replicas of the types. Dr. Rasetti
personally identified specimens of Aphelaspis tgrdä Rasetti in the

writer's collection. Rasetti's collections of Aphelaspis are much larger
and generally better preserved than those of the writer. Apparently the
Nolichucky between the Pulaski and Saltville thrusts in the central belts
of Tennessee contains a much more complete Aphelaspis Zone fauna than
elsewhere. The writer's collections from one of these belts atBusbyCreek,

geologic section 19, although mostly still unprepared and unde-

scribed, seem to contain many of the new species described by Rasetti
and not recognized by the writer elsewhere.

V

Rasetti (1965) has subdivided the Aphelaspis Zone into Lower,

Middle, and Upper subzones based on the ranges of species of Aphelaspis.
The stratigraphic distribution of the species recognized by the writer
seems to verify Rasetti's subdivision of the Aphelaspis Zone. This sub-
zonation permits correlation of the beds in the Aphelaspis Zone with a
precision as yet unattainable in the underlying zones.



90

APHELASPIS ARSES (walcott) 1916
Pl. 23, figs. 10-15

Saratogia WAl.COTl‘, 1916a, p. 196, pi. 35, riga. M,)-J-a,b.
Clevelandella arses (Walcott). RESSER, 1938a, p. 69, pl. 13, fig. 22.
Aphelaspis aräes (Walcott). RASETTI, 1965, p. 93, pl. 13, figs. 16-23.

Holotype.--A cranidium, USNM 6l6l7,_as illustrated by Walcott,
1961a, pl. 35, figs. h,ha,b, and re-illustrated by Resser, 1938a, pl. 13,
fig. 22, from the Nolichucky Formation near Maryville, Blount County,
Tennessee; by original designation.

Diggnosis.--Cranidium;with dorsal surface finely to coarsely punc-
tate; occipital ring with slender spine. Glabellar length 1.1 to 1.2

times basal width; posterior pair of glabellar furrows faint, others
obsolete. Axial furrows moderately impressed. Length of frontal area
about one—half glabellar length. Preglabellar field nearly flat, gently
downsloping, 2 to 3 times wider (sag.) than border. Border furrow shallow,
poorly defined; border narrow, gently convex, horizontal. Palpebral areas
gently to moderately upsloping, palpebral lobes and furrows well defined.
Posterior limbs short (tr.), length generally less than width (tr.) of
occipital ring.

Free cheek with border furrow and border similar to that of cranidium.
Border furrow disappears before reaching genal angle. Genal spine
rounded, unfurrowed, slightly shorter than length of cheek anterior of
genal angle.

C

Pygidium subovate, about 2.3 times wider than long. Axial lobe
wider than pleural fields, with 2 or 3 axial rings and a terminal segment.
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Pleural fields with 2 pleural grooves and l faint interpleural furrow. ·

Border narrow.

Discussion.--Aghelasgis arses is most easily recognized by its
occipital spine, upsloping palpebral area, short frontal area with a
very short border, and convex border on the free cheek. In poorly pre-
served specimens, the punctation of the dorsal surface is barely visible.

Available material.--Eleven cranidia, two pygidia, and one free
cheek from geologic section 5-7; one cranidium from geologic section 6-86;
fragmentary specimens from geologic section 6-89c.

l
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APHELASPIS CAMIRO (walcott) 1916
P1. 21, 1*1gS. 1-6,9

Crepicephalus gami£g'WALCOTT, 1916a (partim), p. 205, pl. 32, figs. 2,2',
2" (ggg figs. 2a,2a'[= Crepicephalus micrans Resserl).

Uncaspis gamigo (Walcott) (partim). KOBAXASHI, 1935, p. 279.
Aphelaspis ro (Walcott). RESSER, 1938a, p. 60, pl. 13, fig. 27.

RASETTI, 1965, p. 83, pl. 12, figs. 1-17.

8
Holotype.--A cranidium, USNM 61672, as illustrated by Walcott, 1916a,

.p1. 32, figs. 2,2',2"; and re-illustrated by Resser, 1938a, pl. 13, fig.
27; from the Nolichucky Formation on the New Market-Piedmont Road on

8

Shields Ridge, Jefferson County, Tennessee; by original designation.

Diagnosis.--Members of Aphelaspis with elongate glabella, length 1.1
to 1.2 times basal glabella width; with three glabellar furrows well de-
fined on ventral impressions, faint on dorsal surface. Frontal area ex-
ceptionally long (sag.), generally 0.85 to 0.90 of glabellar length.

Preglabellar field wider (sag.) than border; border furrow may have cen- .
tral indentation.

Free cheek with wide, gently convex border.

Pygidium subovate, approximately 1.8 times wider than long, with
relatively wide border.

Description.--Cranidium with low overall convexity. Glabella sub-
‘quadrate, tapering gently forward. Three pairs of glabellar furrows well
defined on ventral impressions, anterior pair perpendicular to axial line,
posterior two pair inclined backwards, posterior pair bifurcated. Occipi-
tal ring and furrow well defined, occipital ring with small central node.
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Axial furrows moderately well impressed laterally, shallow in front;
fossulae moderately deep. Frontal area long, sagittal length 0.85 to 0.90
length of glabella, clearly divided into preglabellar field and border by
shallow but well-defined border furrow. Preglabellar field very gently
convex, generally 1.1 to 1.h times wider than border (sag.). Border
furrow with or without median inbend, commonly with ornament of small
ridges crossing furrow. Border gently convex, slightly upsloping. Pal-

épebral areas upsloping, nearly flat, slightly narrower (tr.) than glabella
at same level. Eye ridges and palpebral furrows well defined on ventral
impressions, faint on dorsal surface. Posterior limbs slightly longer
(tr.) than length (tr.) of occipital ring, with well-impressed border
furrow.

Free cheeks with wide, gently convex border, and shallow but well-
defined border furrow. Genal spine moderately long, wide, approximately
equal in length to cheek anterior to genal angle. .

Pygidium subovate, approximately 1.8 times wider than long. Axial
lobe less than 0.7 of axial length (sag.), approximately equal in width
to pleural fields and with three faint axial rings and a terminal segment.
Pleural fields gently downsloping, crossed by three broad, shallow
pleural grooves and two faint interpleural furrows. Border moderately
wide, gently concave.

Dorsal surface smooth, ventral impressions punctate.

Discussion.--Aphelaspis camiro is easily distinguished by its long
8

frontal area and distinctive pygidium. It occurs in the middle subzone
of the Aphelaspis Zone.

J



Available material.--Numerous cranidia and a few pygidia and free
cheeks from geologic section 17-5; three cranidia and two free cheeks
from geologic section 16-3Ä; one cranidium from geologic section 6-86.

I
APHELASPIS PUNCTATA Rasetti 1965Pl. 21, figs. 12,lÄ-21

Aphelaspis puncunmzRASETTI, 1965, p. 92, pl. 18, figs. 21-29.e
Holotype.--A cranidium, USNM lÄÄ673, as illustrated by Rasetti,

1965, pl. 18, figs. 21-2Ä; from the Nolichucky Formation of Russell Gap
on Shields Ridge, Jefferson County, Tennessee; by original designation.

Diagnosis.--Cranidium with moderate overall convexity, dorsal sur-
face thickly covered with coarse punctae. Glabellar length slightly less
than basal glabellar width; glabella with 2, sometimes 3, faint furrows
on dorsal surface. Axial furrows shallow; fossulae well developed.
Occipital ring with small node. length of frontal area about two-thirds
glabellar length. Preglabellar field with marked convexity in front of
glabella, steeply downsloping, width (sag.) about 1.5 times that of
border (sag.). Border slightly convex, horizontal. Palpebral lobes
gently upsloping, palpebral furrows well impressed. Eye ridges well de-

l

fined, eyes located opposite or slightly anterior to glabellar midpoint.
Free cheek with well-defined border furrow; genal spine shorter than

in most species, reaches to third or fourth thoracic segment, length of ’

spine less than half length of free cheek anterior to genal angle.
Pygidium ovate, approximately twice wider than long. Axial lobe

wider (tr.) than pleural fields, with 3 or Ä axial rings and a terminal
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segment. Shallow border furrow commonly present.

Discussion.--This species is completely described by Rasetti (1965).
Punctation is also present on a. aaaaa but is found only on ventral im-
pressions or limited to the furrows in other species of Aphelaspis.
Other than the distinctive punctation, the distinguishing characteristics
of Aphelaspis punctata are the deep fossulae, the markedly convex pre-
glabellar field, the relatively short genal spines, and the relatively
narrow, ovate pygidium. Small specimens, less than Ä mm in length,
commonly lack the marked convexity of the preglabellar field.

Along with Aphelaspis taraa, this species is characteristic of the
upper part of the Aphelaspis Zone.

Available material.--Fifteen cranidia and 3 pygidia from geologic
_section 15-19; 6 cranidia and 2 free cheeks from geologic section 18-ÄÄ;
Ä cranidia and 2 pygidia from geologic section 16-39; 1Ä cranidia, 5
pygidia, and Ä free cheeks from geologic section 16-3Ä; 3 cranidia from
an unknown horizon at geologic section 17.

APHELASPIS TARDA Rasetti 1965
Pl. 22, figs. 1-15

Aphelaspis taäaa RASETTI, 1965, p. 79, pl. 20, figs. 1-18.
Holotype.--A cranidium, USNM 1ÄÄ639, illustrated by Rasetti, 1965,

pl. 20, figs. 5,6; from the Nolichucky Formation, near Washburn, Grainger
County, Tennessee; by original designation.

Diagnosis.-—Cranidium·with moderate overall convexity, glabellar
length varying from slightly greater than to slightly less than basal
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glabellar width. Frontal area length averaging 0.7 of glabellar length.

Preglabellar field gently convex, width about 1.5 times that of border

(sag,). Border furrow well defined, shallow; border flat or slightly

convex, upsloping. Occipital ring with small node. Eyes opposite anter-

ior third of glabella. Genal spines reaching to fifth thoracic segment.

Pygidium broad, 2.2 to 2.5 times wider than long; anterolateral corners

form rounded point. Axial lobe extending 0.75 to 0.85 of length (sag.).

Surface smooth.
Discussion.--This species is fully described by Rasetti (1965). The

specimens figured on plate 22, figures 2-Ä, ll, and 13, were identified

by Dr. Rasetti as belonging to this species. Aphelaspis tarda is the

most common species in the upper part of the Aphelaspis Zone and is easily

confused with Aphelaspis walcotti from which it is most easily distinguished

by the rounded anterolateral corners of the pygidium. This species is

also quite similar to A„'br&Chyph&SH5Pa1mer from the Dunderberg Formation

of Nevada; it is distinguished from.A.TH®ßhyphaSß3by having a better de-fined anterior border furrow. 8
The necessity of obtaining large collections is clearly exemplified

by a comparison of the cranidium with an elongate glabella (pl. 22, figs.

6-8) with the more normal cranidium (pl. 22, figs. 2-5) from the same

locality. The cranidium with the elongate glabella was initially thought

to represent a separate species; however, preparation of 15 cranidia from

that locality showed that a complete gradation exists between the two

types. In general, the larger specimens have equidimensional glabellae.

Available material.--Several hundred cranidia and seven complete or
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nearly complete specimens in leached silty limestone from geologic section

10-29; 15 cranidia, 7 pygidia, and 3 free cheeks from geologic section

ll-36; numerous cranidia and free cheeks in siltstone from geologic sec-

tion 11-39; a few pygidia and free cheeks from geologic section 6-89a;

12 cranidia and 3 pygidia from geologic section 6-89C; 5 cranidia from

geologic section 15-21; 2 cranidia and 2 pygidia from geologic section

8-38. ~ _

APHELASPIS TUMIFRONS Resser 1938
Pl. 21, figs. 7,8,l0,ll,l3

Aphelaspis tumifrons RESSER, 1938a, p. 60, pl. 13, fig. 15. RASETTI,

1965, p. 91, pl. 19, figs. 1-7.

Holotype.--A cranidium, USNM 9M927, illustrated by Resser, 1938a,

pl. 13, fig. 15; from the Nolichucky Formation, SOUÜ10f Morristown,

Hamblen County, Tennessee; by original designation.

Diggnosis.--Cranidium with low glabella outlined by shallow axial

furrows. Glabella tapers gently forward, length (sag.) equal to basal

width (tr.). Occipital ring with low node. Length of frontal area (sag.)

two-thirds or less of glabellar length (sag.). Preglabellar field

swollen, convex, tumid, in front of glabella, nearly twice wider (sag.)

than border. Border furrow shallow, forms smooth curve; border gently

convex. Palpebral areas horizontal or gently upsloping, eyes opposite

anterior third of glabella. Posterior limbs short (tr.), equal to or

less than length (tr.) of occipital ring.

Free cheek with narrow convex border and moderately short spine.
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Pygidium slightly less than three times wider (tr.) than long (sag.),
anterolateral corners rounded. Axial lobe wider than pleural fields,

bears three faint axial rings and a terminal segment.

Surface smooth except all furrows distinctly punctate.
° Discussion.--Aphelaspis tumifrons is most easily recognized by its

low relief, swollen preglabellar field, and punctate furrows. It is
easily confused with Ä. laxaL but the latter has much longer posterior

limbs.

Palmer (1965n p. 89,90) placed Ä. ‘tumifrons in a new genus Tumiceph-
gguä (type species 2. depressus Palmer), which he states (p. 57) has

”
characteristics of both the Aphelaspidinae and the Housiinae. Rasetti
(1965) retained_Ä. tumifrons in Aphelaspis. Because the Nolichucky
fauna contains species intermediate in morphology between Ä. tumifrons
and the type species, the writer prefers to retain this species in
Aphelaspis.

Ä. tumifrons appears to be a reliable guide to the middle subzone

of the Aphelaspis Zone.

Available material.--Two cranidia, l pygidium, 1 free cheek from
geologic section 6-86; 5 cranidia and numerous free cheeks from geologic
section 6-85; numerous cranidia poorly preserved in siltstone from

geologic section 10-27; M cranidia from geologic section 18-M8.

(
APHELASPIS WALCOTTI Resser 1938

P1. 23, nge. 16-2u
Aphelaspis walcotti RESSER, 1938a, p. 59, pl. 13, fig. lü. SHIMER and
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6 srmocx, 191+1+, p. 619, p1. 263, ug. 31. PALMEB 19626, p. 33, pl. 1+,
figs. 21+,28,33 (pg; PALMER, 1951+6, p. 71+6, pl. 81+, figs. 2, 1+-8).
RASETTI, 1965, p. 76, pl. 18, figs. 10-20.

Aphelaspis simulans BESSER, 1938a, p. 59, pl. 13, figs. 19-21.

Holotype.——A cranidium, USNM 9h923, as illustrated by Besser, 1938a,

pl. 13, fig. lh (lower specimen in figure); from the Nolichucky Formation

near Plasterco, Washington County, Virginia (geologic section 17 herein);
by original designation. The cranidium illustrated by Palmer (1962, pl.

M, fig. 2h) as the holotype is actually another specimen on the same

piece of rock with the holotype and which he had further prepared (Palmer,
’ 196M, personal communication). The border of the specimen illustrated by

Palmer is just visible in the left center of Resser's figure.

Diagnosis.-—Cranidium with gently tapering glabella only slightly

longer (sag.) than basal width (tr.), commonly with faint keel on ventral

impressions. Glabellar furrows completely obsolete on dorsal surface,

faint muscle scars barely visible on ventral impression. Occipital ring

smooth or with very faint node. Axial furrows moderately impressed.

length of frontal area (sag.) approximately 0.8 of glabellar length (sag.),

subequally divided into preglabellar field and border by change in slope
or shallow, narrow furrow. Preglabellar field gently to moderately con-

U

vex, border flat or slightly convex. Palpebral areas gently upsloping,
palpebral furrows faint, eyes opposite glabellar midpoint. Free cheek
with moderately short spines.

Pygidium three times wider (tr.) than long (sag.), anterolateral
corners pointed. Axial lobe narrower than pleural fields; bears three
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axial rings and a terminal segment. Pleural fields crossed by two broad
pleural furrows and two faint interpleural grooves.

Surface smooth.

Discussion.--Aphelaspis walcotti is a rather generalized species of

Aphelaspis and isolated cranidia are easily confused with those of other
species. It is most easily distinguished from other species of Aphelaspis
by its glabellar shape and wide (sag.) border and by the wide (tr.),

pointed pygidium. Small cranidia commonly have a narrower border and are

easily mistaken for Aphelaspis tarda. The pygidium and cranidium must be
correctly associated for positive identification.

The type specimens of Aphelaspis simulans have a slightly narrower
border than the type of A. walcotti. However, the other cranidial fea-
tures and the pygidium are identical to A. walcotti, and the two species
are considered conspecific.

Aphelaspis walcotti is a common species in the lowest beds of the
Aphelaspis Zone in the Appalachians but has not been correctly identified
elsewhere. Species identified as A. walcotti by Palmer (195Mb) and Shaw
(1956) differ from this species (Palmer, 196h, personal communication;
Rasetti, 1965, p. 77). The cranidia illustrated by Shaw (1956, pl. 9,
figs. 1-M) have a more strongly tapered and convex glabella, deeper axial
furrows, and shorter border than A. walcotti. (Compare pl. 9, figs.1-M
of Shaw, 1956, with pl. 23, figs. 16,20-2h, of this paper.)

The genus Aphelaspis was originally described by Resser (1935, p.ll)
k

from specimens labeled Conocephalites depressus Shumard, USNM 90172, from
the Riley Formation of Texas and later illustrated by Bridge (in Bridge



101

and Girty, 1937, pl. 69, figs. 25,26) as Aphelaspis depressa (Shumard),
and by Palmer (195hb, pl. 8h, figs. M,5,8) as Q. walcotti. Palmer (1953,

p. 157) pointed out that the types of Conocephalites depressus are lost

and argued that the specimens in USNM 90172 do not agree with Shumard's

(1861, p. 219) original description. Palmer (1953) considered the mis-

identified specimens of "Q. depressus", USNM 90172, to be conspecific

with Aphelaspis walcotti Resser and proposed that Q. walcotti be recog-
q

nized as the proper name for "Conocephalites depressus" as used by

Resser (1935) and hence for Aphelaspis depressa of Resser, Bridge, and

later workers.

Resser (1938a, p. 59) defined Q. walcotti without describing or

l illustrating the pygidium. He did, however, include a pygidium in the

same collection (USNM 9h923) with the holotype, which agrees with the ·
pygidium described herein. Resser's association of cranidia and pygidia
is verified by topotype material in the writer's collections. It is now
obvious that Aphelaspis "depressa", as characterized by USNM 90172, is
not conspecific with Q. walcotti because the pygidium in USNM 90172 has
broadly rounded lateral margins and is narrower than the pygidium of Q.
walcotti. (Compare pl. 8h, fig. 8, of Palmer, 195Mb, and pl. 23, fig.
17, of this paper.)

Thus it now appears that Aphelaspis "depressa" of Bridge and Resser
(

and Q. "walcotti" of Palmer (195Mb) is not Q. walcotti but an unnamed
species. Inasmuch as Aphelaspis walcotti was the first validly named

,

species of Aphelaspis, the writer agrees that Q. walcotti should be con-
sidered the type species of the genus. A new specific name should be
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proposed for the unnamed species from Texas.

The type specimens of Aphelaspis walcotti come from the same locali-

ty as the writer's geologic section 17, apparently from unit 17-1, or a

few feet above. The precise position of the original collections cannot

be determined, as trilobites can be found in smallcalcarenite lenses
throughout 152 feet of limestone. Great care must be exercised in

collecting topotype material, for at least three species of Aphelaspis

have been collected at this localityz A. walcotti near the base of the
exposure; A. pgctata from an unknown horizon; and A. g•._mi_g near the top.

Available material.--Numerous specimens from geologic section 17-1 r
(topotype material), and geologic section 1.1-ßha, 21-ll, and 21-9.
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Superfamily SOLENOPLEURACEA Angelin 185h °
Family LONCHOCEPHALIDAE Hupe 1953

Genus AMEASPIS Lochman 19hh

Amiaspis IOCHMAN, Tp_Lochman and Duncan, 19hh, p. 68. RASETTI, 1959b,

p. 279.
E

i
Type species.--Amiaspis erratica LOCHMAN, Te Lochman and Duncan,

19hh, p. 68, pl. 8, figs. Äl—M6; from the Pilgrim Formation (Crepicepha-

Tee Zone), Montana; by original designation. .

AMHASPIS Sp.
l '

P1. 26, fig. 28 A
Discussion.--A single poorly preserved cranidium appears referrable

to this genus. The specimen has a convex, conical glabella, shallow

axial furrows, and convex, broad, and long posterior limbs with_a deep
posterior border furrow. The occipital ring and frontal area is destroyed
on the specimen. However, a direct comparison of this specimen with

Lochman's types in the National Museum showed that the only difference
is the presence of an additional pair of glabellar furrows.

Available material.--Single cranidium from geologic section 2h-18.

Genus GLAPHYRASPIS Besser 1937
E

Glaphgaspis BESSER, 1937, p. 12. RASETTI, 1959b, p. 279; 1961,
Ap.

112.
PALMER, 1965b,p. so.

‘ Baaschella LOCHMAN, 1938a, p. 81.

Type species.--Liostracus pe£yee_WALCOTT, 1899, p. M63, pl. 65, fig.
6, from the Pilgrim Formation, Yellowstone National Park, by original
designation .
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GLAPHYRASPIS PARVA (Walcott) 1899
P1. 26, figs. ll-23, 25

Liostracus parvus WAlCOTT, l8Ü9, p. M63, pl. 65, fiy· 6.
Glaphyraspis parva (Walcott) BESSER, 1937, p. 12. RASETTI, 1961, p. 112, '

pl. 22, figs. 1Ä-17; 1965, p. ÄO, pl. 10, figs. 9-17. LOCHMAN and

HU, 1962b, p. M38, pl. 68, figs. 7-52.
Raaschella occidentalis LOCHMAN, in Lochman and Duncan, 19Mh, p. M3, p1.M,

figs. 1-5. SHAW, 1956, p. 51, pl. 12, figs. M,5. LOCHMAN and HU,

1960, p. 815, pl. 97, figs. 1-8.
Glaphyraspis ornata (Lochman) RASETTI, 1965, p. hl, pl. 10, fig. 8; pl.

11, figs. 13,lh. PALMER, 1962a, p. 93, pl. 19, figs. 15-19,26,27;

1965b, p. 51, pl. 7, figs. 15-17, 20-22.

Holotype.--A cranidium,USNM 35233, illustrated by Walcott, 1899,

pl. 65, fig. 6; from the Pilgrim Formation, Yellowstone National Park,
l

Wyoming; by original designation. Q
Discussion.--Lochman and Hu (1962b) demonstrated, on the basis of

abundant material from the Pilgrim Formation at Logan, Montana, that a ‘

single species population of Q. pagva includes a great variety of morpho-

logic types. Nearly all of the specimens of Glaphyraspis in the writer's

collections fall within the range of variation for the species described

and illustrated by Lochman and Hu. Specimens from two collections at

Big Spring (geologic section 27-13) demonstrate considerable variation in
shape of glabella, strength of granulated ornament, length of frontal area,
slope of preglabellar field, and longitudinal convexity of glabella (com-
pare pl. 26, figs. 11,12 with figs. 13,1h). The range of morphologic vari-
ation in these collections includes the morphotypes assigned to Q. ornata
by Rasetti (1965).



105

Free cheeks of both types described by Lochman and Hu are present,

_ one type with a gently curved margin (pl. 26, fig. 16) and a second type

with the margin near the genal angle strongly curved (pl. 26, fig. 20).

Both smooth and strongly granulated forms appear to belong to this

species, both types occur together in one collection (compare pl. 26,

fig. 18 with figs. 19,23; both from geologic section 9-9). However,

most of the individuals which appear to be smooth are poorly preserved.

Available material.--Eight cranidia and one pygidium from geologic _ =

section 27-13a; 9 cranidia and 1 free cheek from geologic section 27-13b;

8 cranidia and 2 pygidia from geologic section 9-9; 11 cranidia, 11

pygidia, and 3 free cheeks from geologic section 17-1; 7 cranidia, 1

pygidium, and 1 free cheek from geologic section 15-19; a cranidium from

geologic section 2h-18.
·

Genus PoRRocuLus n. gen.

Etymplogy: Porro, L.--forward, farther; oculus, L., m.--eye. Literally,

eyes forward.

Qype species.--Porroculus palmeri, new genus, new species from the

Nolichucky Formation at Honaker, Virginia; here designated.

Diagnosis.--Lonchocephalidae (2) with oonvex, para11e1—sided gla-

bella, preglabellar field horizontal, palpebral lobes located opposite

anterolateral corners of

glabella.Description.--Cranidiumconvex, sole specimen lacking posterior

limbs and posterior portion of fixed cheeks. Glabella strongly convex,
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parallel-sided, anterior well rounded. Glabella extends two-thirds crani-
dial length (sag.); bears two pairs of short, deep glabellar furrows,

posterior pair deep, anterior pair shallower, pit-like. Small fossulae
developed in axial furrows at anterolateral corner of glabella. Occipi-
tal ring flat and with low node on axial line; occipital furrow well im-
pressed. Frontal area short, sub-equally divided into preglabellar field ‘

and border. Preglabellar field horizontal, flat; border convex, contin-
ues profile of preglabellar field with only a minute break in slope, '

steeply downsloping in anterior part. Fixed cheeks convex, downsloping.
Q

_
Palpebral areas s].ightly less than half as wide (tr.) as glabella. Pal-
pebral lobes small, located opposite anterior corners of glabella. Eye
ridges distinct, trend obliquely forward. '

Discussion.--Normally the writer would not consider naming a new
genus on the basis of a single specimen; however, this trilobite is so
distinctly different from any known trilobite that a new genus seems
justified. The distinctive anterior portion of the eyes is suggestive
of certain olenid species; however, Dr. Gunnar Henningsmoen (196h, written

Q

communication) has assured the writer that this trilobite is not an olenid.
The convexity of the glabella, anterior position of the eyes, and re-
duced border may indicate a relationship to the famdly Lonchocephalidae,
as suggested by Dr. A. R. Palmer (196h, written communication). -The

glabellar furrows are much smaller than those of the Lonchocephalidae;
' therefore, this genus is only tentatively assigned to the family. The

affinities of this genus must remain uncertain until the complete crani-
dium and pygidium are known. .
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PORROCULUS PALMERI n. sp. H
P1. 26, figs. 30-32

Hage.-—This species is named in honor of Dr. A. R. Palmer, U. S.

Geological Survey.

Qypes: Holotype cranidium, USNM 152M93, as illustrated on pl. 26,

figs. 30,31 herein; paratype, USNM l52h9h, from the Nolichucky Formation

near Honaker, Virginia.

Description.--Holotype cranidium with characters of genus; thickly

and evenly covered with fine granules.

Free cheek, tentatively assigned to this species, elongate, narrow.

Large eye located near anterior end. Ocular platform flat, extends to

outer margin without trace of border furrow. Margin marked by several
terrace lines.

Available material.--Incomplete cranidium and free cheek from geolog-

ic section 6-7. Associated with Tricrepicephalus sp. and Dresbachia

amgta in the lower limestone beds (Cedaria Zone) of the Nolichucky nearHonaker, Virginia. .—
Genus TERRANOVELLA Lochman 1938

Terranovella LOCHMAN, 1938b, p. H73.‘SHIMER and SHROCK, 19hM, p. 635.

RASETTI, 1959, p. 280. PALMER, lgéjä p. 53.

Qype species.--Terranovella obscura Lochman, 1938b, p. M73, pl. 56,

figs. 29-31; from Crepicephalus Zone blocks in the Cow Head Breccia, Cow

Head Peninsula, Newfoundland.
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Discussion.--Cranidia of Terranovella are easily distinguished from

those of other genera of the family Lonchocephalidae by the relatively

low glabella and broad, elevated preglabellar field. Pygidia are charac-‘

terized by the prominent nodes at the end of the pleurae. Among genera

of the family, nodes of this type are also present only on Glaphyraspis.

Pygidia of Terranovella have posteriorly curving pleurae, whereas the
pleurae of Glaphyraspis are straight and nearly perpendicular to the °

axial lobe.
I

TERRANOVELLA DORSALIS (Hall) 1863
P1. 26, figs. 1-6

Conocephalites? (Arionellus?) dorsalis HALL, 1863b, p. 222.

Ptychoparia dorsalis (Hall). VOGDES, 1890, p. lhl.

Lonchocephalus sospita WALCOTT, 1916a, p. 195, pl. 36, figs. 1,1a. 7
Terranovella typicalis RESSER, 1938a, p. 100, pl. 15, figs. 27,28.

Terranovella buttsi RESSER, 1938a, p. 100, pl.l5, figs. 22-26.

Terranovella dorsalis (Hall). RAASCH and LOCHMAN, 19ü3, p. 23h, pl. 35,

figs. 3-10,17. NELSON, 1951, p. 773, pl. 106, fig. 9. ROBISON,

'l960, p. 17, pl. 1, fig. 18. RASETTI, 1961, p. 118, pi. 22, r1gs.
7-13; 1965, p. no, pl. 6, fig.
7.Lectotypg.--Acranidium, M.P.M. 25053; as designated and illustrated

by Raasch and Lochman, l9h3, p. 235, pl. 35, figs. 5,10; from the Eau

Claire Member of the Dresbach Formation, near_Arcadia, Wisconsin.
Discussion.--The description of Raasch and Lochman (19h3) character-

izes this distinctive species. However, as Robison (1960) points out, a
narrow border is present in this species.
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Lonchocephalus sospita was placed in synonymy with Terranovella

dorsalis by Nelson (1951) and Rasetti (1961). Rasetti also considered
'Q. buttsi conspecific with Q. dorsalis. After studying the types, the

writer believes that the other species of Terranovella from the Appala-

chians are also conspecific with Q. dorsalis. H
All Dresbachian species of Terranovella known to the writer are in-_

cluded in the above synonymy, with two exceptions. The holotype and an C

unfigured paratype of Q. obscura Lochman from the Cow Head Breccia of

Newfoundland differ from most individuals of Q. dorsalis only in having

a sub-rectangular glabella. However, some individuals of Q. dorsalis

share this feature (pl. 26, fig. 1). Q. bristolensis Resser is based on A
such poorly preserved material as to be specificallyunidentifiable.However,

the large size of the glabella indicates that Q. bristolensis is
V

a species of Glaphyäaspis, as suggested by Palmer (195hb, p, 76h),

Several species may be included in the present concept of Q. dorsalis.

Q Well-preserved specimens showing the external ornamentation are known only

from the recent work of Robison, Rasetti, and the writer. Robison's

material from the Orr Formation of Western Utah shows a pattern of anas-

tomosing raised lines on the border, fixigenae, and posterior limbs.

Rasetti's specimens show this pattern only on the librigenae, but are

punctate on the cranidium. Cranidia from the Widener Limestone and from
Busby Creek show a faint pattern of anastomosing raised lines on the fix-

igenae, but are also faintly punctate. Associated pygidia show only a

faint punctation. Although such evidence could be the basis for dis- _
tinguishing three species, these differences could equally well be the .
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result of differences in the state of preservation or individual varia-

tion.

Available material.--Sixteen cranidia and pygidia and one free cheek

from various localities in the Widener Limestone of the Damascus area;

3 cranidia from geologic section 19-M; 2 cranidia from geologic section

11-3hb; numerous specimens from geologic sectxxm 8-30, 21-6, 21-7, 12-5,

and locality M; single cranidium from locality 1.
1

Genus WELLERASPIS Kobayashi 1935

Welleraspis KOBAYASHI, 1935, p. 263. RASETTI, 195M, p. 601; 1959b, p.28l.

Avonaspis LOCHMAN, l9h0a, p. MO.

Qype species.--Liostracus? jerseyensis WELLER, 1900, p. 51, pl. 1, 7
figs. 1-8; from the Lower Kittatinny Limestone, near Carpentersville,

New Jersey; by original destgnation and monotypy.

Discussion.--Citation of the type species is incorrect, either gs to

date or as to generic reference, in all previous publications including · . ·

the Treatise on Invertebrate Paleontology. 'welleraspis jerseyensis
(Weller) was first described by Weller as Liostracus? jerseyensis in the

New Jersey Annual Report of the State Geologist for the year 1899, which

was published in 1900. Weller (1903) later reassigned the species to

Solenopleura.

Howell (l9h5, p. 2, pl. 1, figs. 1-Ä) has redescribed and reillus-

trated the cotypes of the type species in New Jersey Geological Survey

Collection 5953.
”

‘
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WELLERASPIS APPALACHIA (Resser) 1938P1. 26, ugs. 7-10

Stenochilina appalachia SESSER, 1938a, p. 100, pl. 10, fig. hh.
Holotype.--A cranidium, USNM 9M882, illustrated by Resser, 1938a,

pl. 10, fig. hh; from the Nolichucky Formation,1l milßSnorthwest of
Knoxville, Tennessee; by original designation.

Diagnosis.--Cranidium with all furrows well impressed, frontal area
extremely short (sag.), reduced to one-tenth or less glabellar length.
Preglabellar field reduced or non-existant; border furrow narrow; border
extremely narrow and convex or "wire-like". Palpebral areas narrow (tr.),
one-third to one—sixth glabellar width. Other features typical of genus.

Surface of cranidium thickly and evenly covered with fine granules.
Pygidia ngt specifically distinguishable from those of H, jerseyensis._
Discussion.--Welleraspis appalachia is easily distinguished from all

other species of Welleraspis by its short frontal area and deeply im-
pressed furrows.

l

Available material.--Single cranidium from geologic section 20-Mb,
3 cranidia from geologic section 2M-18; 2 cranidia and 3 pygidia from
locality 8; 2 cranidia from locality 18; 2 pygidia tentatively assigned
to species from geologic section 27-l2b;‘fragmentary specimens from

8

locality 19. . .
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Family CATILLICEPHALIDAE Raymond 1938
Genus MADABOCEPHALUS Besser 1938

Madarocephalus RESSER, 1938a, p. 87. RASETTI, l9#6, p. #57; 1959, p. 285.

Type species.--Madarocephalus laetgs RESSER, 1938a, p. 87, pl. 10,

figs. 51-53; from the Nolichucky Formation, one-half mile northeast of

McCalla, Alabama; by original designation.

Discussion.--Only two species have been referred to this genus. The

species from Alabama and M. minor Rasetti from Gaspé.

MADAROCEPHALUS sp. '
Pl. 26, figs. 2#, 29

Discussion.--The surface of each cranidium in the writer's collec-
tion is thickly and evenly covered with small granules. In all other

respects, these cranidia conform to Resser's and Rasetti's descriptions

of the genus. Species of the genus are known only from a few specimens

from Alabama, the Gaspé Peninsulaof Quebec, and from Tennessee. None of

these specimens show any clearly definable species differences.

Rasetti (1965, p. ##, pl. 8, fig. 20) reported and illustrated a

single cranidium of Madarocephalus from the Nolichucky in Tennessee.

Rasetti's cranidium, which he referred to M. laetus, is virtually identi-
cal with the two cranidia in the writer's collection. Examination of the

(

types of M. laetus revealed that they are flattened and distorted in
shale. The writer is of the opinion that valid comparisons cannot be „

made between the types M. lagtgs and the well-preserved material of
Rasetti and the writer because the cranidial proportions, convexity, and
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dorsal surface is not adequately preserved in Resser's material. Until

better preserved topotype material can be obtained, the writer prefers

to assign his cranidia to the genus without specific assignment. p

Available material.--Single cranidium from geologic section 19-1;

single cranidium from locality 21-D.

Genus PEMPHIGASPIS Hall 1863 V

Pemphigaspis HALL, 1863b, p. 221. PALMER, 1951, p. 763. RASETTI, 195M,

p. 603. ‘

Hallaspis RAASCH and LOCHMAN, 19Ä3, p. 230.

Eype species.—-Pemphigaspis bulladza lUUl„ 1863b, p. 221, pl. 5a, .

figs. 3-5; from the Dresbach Formation, Minnesota; by original designa—tion. ··
Discussion.-5The genus has been well described by Palmer (1951) and

Rasetti (195h). Palmer (1951) cites evidence for associating Hallas is,

known only from a cranidium, with Pem hi as is, known only from a pygidium.

„PEMPHIGASPIS sp.
P1. 26, r1g. 26

Discussion.--The genus is represented in the writer's collection by

numerous incomplete cranidia and a single fragmentary pygidium from the

Nolichucky and Widener formations. Lack of an identifiable pygidium and

the poor preservation of the cranidia render the material inadequate to

make a positive specific assignment.

Available material.--Three cranidia from geologic section 2h-18;
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2 cranidia from locality 9; 2 cranidia from locality M; 3 cranidia and ·

a fragmentary pygidium from geologic section 27-12b; 5 cranidia from

geologic section 20-Mb.

Genus TRIARTHROPSIS Ulrich 1930 C

Eype species.--Triarthropsis nitida Ulrich, in Bridge, 1930, p. 21h,

pl. 19, figs. 3,M; from the Eminence Dolomite, near Eminence, Missouri;

by monotypy. . _

TRIARTHROPSIS LIMBATA Rasetti 1959 —
Pl. 26, fig. 27

Triarthropsis limbata RASETTI, 1959a, p. 382, pl. 52, figs. 1-8. .

Holotype.--A cranidium, USNM 13693h, illustrated by Rasetti, 1959,

pl. 52, figs. 1,2; from the Conococheague Formation, near the Potomac

River, Washington County, Maryland; by original designation. .

Discussion.--This species represented in the writer's collection by

a single fragmentary cranidium, agrees in all observable features with
the description given by Rasetti.

Available material.--Single cranidium from collection locality 5,
Copper Ridge Formation. ·
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Family KINGSTONIIDAE Kobayashi 1933
Genus BYNUMIA Walcott 1921+

Bgumia WALCOTT, 1921+, p. 51+; 1925, p. 78. RESSER, 191+2b, p.52. l

LOCHMAN, 1959, p. 286.
1

Tyä species.--Bgumia g__um__u_s WALCOTT, 1921+, p. 51+, pl. 10, fig. 2;

1925, p. 78, pl. 17, fig. 1+; from the Sullivan Formation, 1+8 miles north-

west of Lake Louise, Alberta; by original designation.

Discussion.--Lochman (1959) has recently described the characteris-

tics of this genus. .

BYNUMIA sp.
P1. 25, figs. 1,2,6

Discussion.--A few pygidia from the lower beds of the Nolichucky

have the characteristics of the genus. Insufficient mater_ia1 and lack

of cranidia prevent assignment to any known species.

Available material.--Five pygidia from geologic section 11-9; one

pygidium from geologic section 7-ll.

Genus KINGSTONIA Walcott 1921+

Kiggstonia WALCOTT, 1921+, p. 58; 1925, p. 103. RESSER, 1936, p. 21+.

SHIMER and SHROCK, 191+1+, p. 627. SHAW, 1952, p. 1+71. TASCH, 1952b, '

p. 859. Pmm, 1951+b, p. 721+. DOCHMAN, 1959, p. 285.
ggü species.--Kigstonia EEBBWALCOTT, 1921+, p. 58, pl. 11+, fig.2;

1925, p. 103, pl. 16, figs. 27-28a; from the No].ichucky Formation near

Cleveland, Bradley County, Tennessee; by original designation. 1
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Discussion.--Resser (1938a) described 12 species of Kingstonia from

the southern Appalachians. Although many of these species are undoubtedly

synonymous, large collections from the various type localities should be

made before the species of the genus can be revised.

KINGSTONIA INFLATA Resser 1938 ‘~
Pl- 25, fiss- 3-5,7,9

Kingstonia inflata RESSER, 1938a, p. 8h, pl. 12, figs. 5,6. RASETTI,

1965, p. 60, pl. 8, r1gS. 21-28.
Kingstonia rotundata RESSER, 1938a, p. 83, pl. 12, figs. 9-10.

äggypgs.--A cranidium and pygidium, USNM 9M93h, 9h953, illustrated

by Resser, 1938a, pl. 12, figs. 5,6; from the Nolichucky Formation near”

Rogersville, Hawkins County, Tennessee; by original designation.

Diggnosis.—-Cranidium very strongly convex, glabella large, and

blunt posterior limbs very short, anterior border subdued.

Pygidiumrelativelynarrow, axial lobe more than a third of width of pygidium.

Discussion.--Rasetti (1965) has recently described the species and

placed Kingstonia rotundata in synonymy with E. inflata. H. inflata is

characterized by its strongly convex, almost hemispherical cranidium and

posterior limbs which are shorter than those of any other species. The
C

species is common in the Crepicephalus Zone in the Appalachians but rare

in the Cedaria Zone.

Available material.--Thirteen cranidia and M pygidia from locality 8;

5 cranidia and 1 pygidium from locality 18; 18 cranidia and 2 pygidia

from geologic section 2Ä—18; 1 cranidium each from geologic sections
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l5-l5c, lO-22, 22-8; cranidium and pygidium from geologic section lO-l5;
2 cranidia and a pygidium from geologic section 26-l6a; cranidium pre-
serving one eye and free cheek from geologic section 26-l6b; 2 cranidia
and 3 pygidia from geologic section 7-37; lÄ cranidia and 9 pygidia from
geologic section 19-l; 2 cranidia from geologic section 27-l2b; 2 cranidia
and a pygidium from geologic section 9-la; several specimens from geologic
sections 20-Äb and 20-Äc. .

4

’KINGSTONIA SPICATA Lochman l9ÄO
Pl. 25, £1g6. 8,13

Kingstonia spicata LDCHMAN, l9ÄOa, p. 3Ä, pl. Ä, fig. l-9. DELAND and
Ä

SHAW, 1956, p. 556, pi. 63, r1g. 17. LOCHMAN 8HÖ HU, 19626, p. 15,
pl. M, r1g6. 1-11, 13-28.
Holotype.—-A cranidium, USNM 98758, illustrated by Lochman, l9ÄOa,

pl. Ä, figs. 2-Ä; from the Bonneterre Formation, Ste. Genevieve County,
Missouri; by original designation.

Discussion.--The original description of the species given by
Lochman (l9ÄOa) clearly characterized this distinctive species. The
species is most easily recognized by the short, broad posterior spine on
the pygidium, a feature unknown in all other species of Kingstonia.
Cranidia of this species are unknown in the writer's collection, but can
be distinguished from those of E. inflata and g. walcotti by the lower
convexity, more quadrate glabella, and better defined border. —

This species occurs only in the lower part of the Cedaria Zone (or
upper Cedaria subzone, as used by Lochman) and is now known from the
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Nolichucky, the basal Bonneterre of Missouri, and the DuNoir Iimestone
and Park Shale of Wyoming.

Available material.--One pygidium from geologic section 7-11; 3
pygidia from locality 2.

KINGSTONIA WALCOTTI Resser 1938_ Pl. 25, figs. lO,ll,lM,l5

Kingstonia walcotti RESSER, 1938a, p. 83, pl. 12, figs. 3,M. LDCHMAN,
191+0+;, p. 35, pl. 1+, ugs. 13-16. LOCHMAN and DUNSAN, 191+1+, p. 113,
pl. 11+, figs. 21-26. RAsE1r1*1, 191+6, p. 1+55, pl. 69, ugs. 23,21+.
Swmypes.--Two cranidia and a pygidium, USNM 9M937, Resser, 1938a,

pl. 12, figs. 3,h; from the Nolichucky Formation, ll miles northwest of8
Knoxville, Tennessee; by original designation.

g DiagnoSiS.——Cranidium moderately to strongly convex; posterior limbs
wide (exssg.) and moderately short, bluntly pointed; anterior border very
short (Sag.) but well developed. Pygidium of moderate width, axial lobe
a third or less of pygidial width.

Discussion.--Kingstonia walcotti is very similar to Ä. inflata but
differs in being less convex and having longer, wider and more pointed .
posterior limbs. There is, however, considerable variation within Species
populations of Ä, walcotti and Ä. inflata. Relatively more convex indi-
viduals of Ä.·walcotti are difficult to distinguish from relatively lesser
convex individuals of Ä. inflata. '

Ä. walcotti appears to be restricted to the Cedaria Zone and thus may
be the ancestor of Ä. inflata. The lack of collections containing



119

intermediate populations showing that the two species actually represent

a genetic continuum could be due to the common presence of a middle shale

member in the Nolichucky, totally devoid of kingstonid trilobites.

Available material.--Two cranidia and a pygidium from geologic sec-

tion 7-lha; a single cranidium from geologic section 7-ll; 35 cranidia

and 9 pygidia from geologic section 25-2.
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Superfamily ASAPHISCACEA Raymond l92h
Family ASAPHISCIDAE Raymond l92h

subramiiy B1ou1vT111vAE Lochman 19l+M
Genus APHELOPYGE n. gen.

Etymology.--Apheles, Gr.--smooth; pyge, Gr.--rump, tail. Literally,

"smooth tail" or smooth pygidium, referring to the nearly flat profile of
the pygidium. ‘

Type species.--Aphelopyge rasettii n. sp., from the Crepicephalus

Zone of the Nolichucky Formation at Bailey School (geologic section 20),

Jefferson County, Tennessee; here designated. _

Diagnosis.-—Members of Blountiinae with all furrows nearly obsolete;V
cranidium regularly convex laterally and longitudinally, anterior border

downsloping, profile forming a smooth, uninterrupted curve sagittally and

transversely; glabella not rising above general convexity of cranidium;

palpebral lobes small; posterior limb short (tr.). Pygidium semicirculan

nearly flat; axial lobe barely rises above pleural fields; border furrow

faint to obsolete; border moderately wide, very gently concave.

Description.--Cranidium of moderate convexity, regularly convex later-

ally and longitudinally. All furrows very shallow to obsolete, narrow.

Glabella slightly longer than basal width, tapering gently forward to

broadly rounded front, not rising above general convexity of cranidium.

Occipital ring very narrow (sag.), barely distinguishable from glabella.
Frontal area nearly flat, downsloping, equally divided into preglabellar
field and border by nearly obsolete border furrow, length of frontal area

(sag.) slightly less than half glabellar length. Palpebral areas down-
sloping, width (tr.) less than half glabellar width. Palpebral lobes
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small, gently arcuate, without palpebral furrow, located opposite glabellar
midpoint. Posterior limb of medium width (exsag.), width behind palpebral _
lobe one-third of glabellar length. Posterior limb short (tr.), length
slightly more than one-half length (tr.) of occipital ring. ·

Anterior section of facial suture diverges about 28 degrees from V
axial line, crosses onto anterior border, then curves inward to cut anter-”
ior margin in front of anterolateral corners of the glabella. Posterior
section of facial suture cuts directly outward from base of palpebral
lobe, then curves gently backward to cut posterior margin inside genal
angle.

Pygidium semicircular, flat; axial lobe barely rises above surface
of pleural fields, tapers posteriorly, bears nine faint to obsolete axial
rings and a small terminal segment, extends a short distance onto border.

_ Pleural fields flat, crossed by 6 to 8 obsolete furrows, bounded by faint, g
narrow border furrow. Border moderately wide, posterior width (sag.) one-
third to a quarter pygidial length (sag.), gently concave.

l

Discussion.--Aphelopyge is closely related to Blountia and Maryxillia,
from which it differs principally in the downsloping rather than horizontal
border on the cranidium and the flatness of the pygidium. The lack of
elevation of the glabella suggests a closer relation to Maryxillia, but the
flat pygidium is more similar to some species of Blountia.

Kobayashi (l9Mha, p. 326) described a very similar genus, Esseigania,
from the Upper Cambrian of Siberia. Esseigania appears to differ only in
having posteriorly placed palpebral lobes and very small posterior limbs.
Kobayashi's species, E. tglli, apparently was the only species at his
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locality G. Thus his statement that Esseigania is from the late Late
Cambrian is unconfirmed.

APHELOPYGE RASETTII n. sp.
Pl. 13, figs. 1-5

game.--This species is named in honor of Dr. Franco Rasetti.
Ho1otype.—-A pygidium, USNM 152706, illustrated in plate 13, figure

5, is herewith designated the holotype. “ °
Description.--Features of the genus. Surface smooth.
Available material.--One cranidium and one pygidium from geologic

section 20-Mb; 3 pygidia from geologic section 20-hc; a pygidium from
geologic section 2h-18.

Genus BLOUNTIA Walcott 1916

Blountia WALCOTT, 1916b, p. 396. PALMER, 1962b, p. 22 (includes complete
„ synonymy to that date).

Type species.-—Blountia gigulg WALCOTT, 1916b, p. 399, pl. 61, figs.
M,ha-c; from the Nolichucky Formation, ll miles northwest of Knoxville,
Tennessee; by original designation.

Diagnosis.--Blountiinae with cranidium moderately to strongly convex,
anterior margin rounded. Glabella elevated above general convexity of
cranidium, occipital ring very narrow (sag.), generally not clearly set
off from glabella. Frontal area with distinct border set off from pre-
glabellar field by change in slope.

Pygidium gently to moderately convex; axial lobe rises slightly
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above general convexity of pygidium. Border gently to moderately down-

sloping.

Discussion.--Palmer (1962b) gave a detailed description of this genus.·

Blountia differs from Maryvillia in having a more convex glabella and al
less convex pygidium with fewer segments on the axial lobe. Blountia

differs from Blountiella in having a well-rounded anterior margin,

narrower fixed cheeks, and a small, low occipital ring not clearly dis-

tinguishable from the glabella.

BLOUNTIA ALEXAS Walcott 1916
P1. 13, P1gS. 8, 9

Blountia algxaä'WALCOTT, l9l6b, p. 398, pl. 61, figs. 5,5a. RESSER,

19386, p. 65, pi. 12, P1g. 27. RASETT1, 1965, p. 56, pi. 9, f1gS.
9-12.

Holotype.--A cranidium, USNM 62785, Walcott, l9l6b, pl. 61, figs.
5,5a; from the Nolichucky Formation near Rogersville, Tennessee; by

original designation.

Diggnosis.--Cranidium with wide (sag.), upturned border, wel1-de-

fined border furrow, and short glabella.

Discussion.--A single cranidium in the writer's collection has the

typical characteristics of Blountia alexas. Direct comparison with a
replica of the holotype shows the only difference is the lesser convex-
ity of the writer's specimen which is poorly preserved and may be

slightly flattened.
l

Available material.--Single cranidium from geologic section 25-2. '



(
121+

BLOUNTIA BBISTOLENSIS Besser 1938
P1. 13, figs. lM,l5,20-23,28

Blountia bristolensis BESSER, 1938a, p. 65, pl.12, fig. 2M. PALMEB,

1962b, p. 22, pi. 3, ugs. 33,31+; 1965b, p. 29, pl. 1, ugs. 1,2,1+.
RASETTI, 1965, p. 58, pl. 10, figs. 1,2; pl. 11, figs. 9-12. I

Maryvillia bristolensis BESSER, 1938a, p. 87, pl. 12, fig. 38.

Blountia crassa BESSER, 1938a, p. 6M, pl. 12, fig. 23.

Eteraspis crassa Besser. BESSER, l9M2b, p. 22.

Maryvillia hybrida BESSER (partim), l9M2c, p. 71, pl. 13, figs. 1M,l5.

Blountia nixonensis LOCHMAN, in Lochman and Duncan, 19MM, p. M3, pl. M,

figs. 7-12. PALMEB, 195Ma, p. 722, pl. 79, fig. M.

Holotype.--A pygidium, USNM 9M9M2, illustrated by Besser, 1938a, pl.

12, fig. 2M; from the Nolichucky Formation at Mmpower Reservoir (geologic

section 25), near Bristol, Virginia; by original designation.

Diggnosis.--Cranidium with evenly rounded anterior margin; glabella
slightly tapered forward; border downsloping or horizontal, slightly

wider (sag.) than preglabellar field. Pygidial border moderately well

defined laterally, shallower toward rear, may be interrupted by axial lobe.

Discussion.--The diagnosis given above agrees essentially with those

given by Palmer (1962b, 1965b) for this species, however, with one excep-

tion: the axial lobe of the pygidium may or may not interrupt the border
furrow (see pl. 13, figs. 1M,22). Basetti (1965, p. 58) described and
illustrated a well-preserved articulated exoskeleton of this species.I

A large collection of individuals over a wide size range shows a
consistent dimorphism in the larger specimens. The smaller individuals
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cannot be separated. 0ne type, tentatively considered the female, is

broader in all features of both the cranidium and pygidium and is slightly

more convex overall. The other form, considered the male, is narrower,

has a slightly more elevated glabella and a slightly longer border on

both the cranidium and pygidium. Although these differences could be V

considered specific differences, the fact that the smaller holaspid indi-

viduals are indistinguishable suggests that the differences are secondary

sexual characteristics evident only in fully mature individuals.

Available material.--Twenty-six cranidia, 17 pygidia, and 2 free

cheeks from geologic section 15-19.

BLDUNTIA MONTANENSIS Duncan 19hM‘ P1. 13, figs. 10-13 °

Blountia montanensis DUNCAN, in Lochman and Duncan, 19üh, p. 53, pl. 8,

figs. 29-3h. RASETTI, 1965, p. 57, pl. 9, figs. 13-20.

Holotype.--A cranidium, USNM 126836, illustrated by Lochman and

Duncan, 19hh, pl. 8, figs. 33,3h; from the Pilgrim Formation, Little

Belt Mountains, Montana; by original designation.
3"

Diagnosis.--Cranidium with strongly convex, nearly parallel-sided

glabella; preglabellar field strongly convex, steeply downsloping; anter-

ior border narrow (sag.), horizontal. V
Discussion.--A few cranidia in the writer's collections have the

typical characteristics.° Direct comparison with a replica of the holo-

type from Montana showed that the writer's material is nearly identical.

Pygidia of Blountia associated with cranidia of B. montanensis are
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assigned to this species by the writer. Pygidia of this species are in-
distinguishable from those of many other species of Blountia; therefore,

pygidia cannot be identified in the absence of cranidia.

Available material.-—Two cranidia and Ä pygidia from geologic sec-

tion 2Ä-18; 2 cranidia from locality 18; single cranidium from locality
13.

BLOUNTIA VIRGINICA Rasetti 1961
P1. 13, figs. 18,19

Blountia virginica RASETTI, 1961, p. 110, pl. 21, figs. 1-5,8.

Holotype.--A cranidium, USNM 1Ä3060, illustrated by Rasetti, 1961,
pl. 21, figs. 2,3; from the Conococheague Formation near Winchester,

4

Virginia; by original designation.

Diggnosis.--Cranidium with glabella nearly as wide as long, anter-
ior part well tapered; frontal area short (sag.); border convex, down-
sloping, slightly wider (sag.) than preglabellar field.

Discussion.--A single collection of Blountia seems to be referrable
to Q. virginica in having a relatively wide, tapered, well-rounded gla-
bella, and downsloping border. The cranidium is not as strongly tapered
as Rasetti's typea but all other features agree with those of Q. virginica
and differ from those of other species.

Available material.--Two cranidia and 5 pygidia from geologic
section 26-16a. Ä
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BLOUNTIA sp. undet.
P1. 13, rigs. 6,7

Description.--Cranidium with overall shape similar to that of

Blountia bristolensis. All furrows obsolete om dorsal surface, moderately

impressed on vemtral impression. Anterior border shorter than that of
B. bristolensis.

Pygidium with low, very slightly tapered axial lobe. Axial lobe ex-
tends onto border im some specimens, terminates at border furrow im others.
Axial rings obsolete om dorsal surface, seven axial rings and terminal
segment im vemtral impressioms. Axial furrows very faint. Pleural fields
gently comvex, pleural furrows obsolete. Border furrow faimtly impressed.

Border moderately downslopimg, similar im shape and width to that ofB. bristolensis.
Discussion.--This species is known from a large collection from the

Aphelaspis Zone at geologic section 9-9, the type section of the Maymard-
ville Limestone. The characters of this species do not correspond to
those of any species of Blountia known to the writer. Although this
species is quite similar in shape to B. bristolemsis, all specimens

differ in that the furrows are obsolete.

This obsolescence of the furrows may be the result of secondary pre-
cipitation of microcrystalline calcite om the trilobite exoskeletoms.A
Im this collection, most of the specimems of Blountia, as well as of
Aphelaspis sp. undet., have an unusually smooth, lustrous surface and a
few have irregular "warty" bumps om the surface. In addition, clastic
grains with smooth lustrous surfaces and modular overgrowths are common _
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in the calcarenites at this locality. Thus it may be that the population
A of Blountia sp. described here is actually a thanatocoenose of Q. bristol-

eggiä molts which gained a secondary layer of calcite prior to final depo-sition. _
Available material.--Eleven cranidia and 2h pygidia from geologic

section 9-9.
8

Genus BLOUNTIELLA Resser 1938

Blountiella RESSER, 1938a, p. 65. HOWELL, 1959, p. 292.
Type species.--Blountia Y algggg WALCOTT, 1916b, p. 397, pl. 6l,

figs. 6,6a; from the Nolichucky Formation, 1.5 miles southeast of
Morristown, Hamblen County, Tennessee; by original designation of Resser.

Diagnosis.--Blountiinae with anterior margin of cranidium nearly
straight; glabella strongly convex, slightly tapered to broadly rounded
front; occipital furrow shallow but broad; occipital ring enlarged into
a short, broad upsloping spine; preglabellar field very steeply down-
sloping; border narrow, commonly striate; palpebral areas wide, slightly
less than one-half the width of glabella.

- Discussion.--Blountiella differs from Blountia in having a straight
anterior margin and swollen occipital ring. At present Q. alemon is the
only known species of Blountiella in the southern Appalachians. Blounti-
glla_lata Resser (1938a) is strongly convex like Q, glgmgg, but has a
rounded anterior margin and small, low occipital ring; Q, Qata is hereconsidered a species of Blountia. ·_
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B1.0um:1E1.1.A A1.E:M0N (w61661;t) 1916
P1. 13, figs. 16, 17

· 2166.66162 _61;6_¤_g_1_ wALco1·12, 1916b, p. 397, pl. 61, ugs. 6,66.
Blountiella glgggn (Walcott). RESSER, l938a, p. 65, pl. 12, fig. 35.

Holotype.--A cranidium, USNM 62787, illustrated by Walcott and

Resser as listed above; by original designation.

Discussion.--A single well-preserved cranidium differs from the type

only in having a slightly longer preglabellar field.

Available material.--Single cranidium from geologic section 15-15c.

Genus MARYVILLIA Walcott 1916

Type species.—-Maryvillia a£ion'WAlCOTT, 1916b, p. hoc, pl. 6h, figs.

from the Nolichucky Formation near Rogersville, Hawkins County,

Tennessee; by original designation.

Diagnosis.--Blountiinae with cranidium moderately convex, anterior
margin broadly rounded. Glabella not elevated above generalconvexityof

cranidium, defined by very narrow and shallow dorsal furrow. Anterior
border horizontal, set off from preglabellar field by abrupt change in
slope. Pygidium moderately convex, furrows nearly obsolete on dorsal sur-
face; posterior border generally steeply downsloping.

Discussion.-—Rasetti (1956, p. 1267) discussed the morphology and

nomenclature of this genus. ·
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MARYVILLIA ARION Walcott 1916
V P1. 13, figs. 2M-27

Ms.rE;;111s WALCO'I'I‘, l9l6b, p. 1+00, p1. 61+, figs. 1+-1+0. RASETTI,
1956, p. 1267 (includes complete synonym), 1961, p. 116, pl. 21,

figs. lÄ,l5.

Discussion.--The description given by Rasetti for the genus includes

the known characters of this species. Maryvillia arign is the only known

species of the genus in the eastern United States. The outer surface of

the carapace is smooth, interior casts are commonly punctate, less

commonly granulate.

Available material.--Single cranidium from locality 2l-C; numerous

pygidia from geologic section 19-1; 2 pygidia from geologic section

2h-18; 1 pygidium each from geologic sections 27-12a and 27-12b;

1 pygidium from geologic section 7-1Ma.
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Superfamily KOMASPIDACEA Kobayashi 1935
V

Family ELVINIIDAE Kobayashi 1935
Emended Palmer 1965

Discussion.--The concept of this family has been greatly revised by

Palmer (1965b, p. 32, 33). Palmer made no statement as to the superfam-

ilial assignment of the family; however, the close morphological similar-

ity between Irvingella, now included in the Elviniidae, and Komaspis

suggests that retention of the Elviniidae in the Komaspidacea is reason-

able.
_ 8 l ‘

Genus DUNDERBERG1A.Walcott 192h

Dunderbergia WALCOTT, 192h, p. 56; 1925, p. 8h. RESSER, 1935, p. 23.

RAYMOND, 1937, p. 1112. KOBAXASHI, 1938, p. 181. SHIMER and

sr-1ROOK, 19)-M, p. 625. PALMER, 195Äb, p. 760; 1960, p. 65; 1965b,
p. 39. HOWELL, 1959, p. 238.

Discussion.--The writer here follows the excellent diagnosis and

description of the genus given by Palmer (1960, 1965b).

DUNDERBERGIA TENNESSEENSIS Rasetti 1965
P1. 25, figs. 12,16-23

Dunderbergia tennesseensis RASETTI, 1965, p. 71, pl. 15, figs. 1-12.

Holotype.--A cranidium, USNM 1Äh628, illustrated by Rasetti, 1965,
I

pl. 15, figs. 1-3, from the Nolichucky Formation at Russell Gap, Jeffer-

son County, Tennessee; by original designation.

Diagnosis.--Cranidium with three pairs of glabellar furrows, with

fine granules and scattered coarse granules on all parts of cranidium

and free cheek except glabellar furrows. Free cheek with lateral margin

forming single smooth curve; border flat, becoming wider near genal angle,
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Spine slender and Short.

Discussion.-—This Species is described in detail by Rasetti (1965,
p. 71). Palmer (1960, p. 57) found that Shape alone was not Sufficient
criteria for distinguishing between Species of Dunderbergia. He found,
rather, that surface ornament provided a consistent and apparently reli-
able means of distinguishing Separate Species populations. The writer's
collections seem to affirm Pa1mer'S observation. Variation in such fea-
tures as convexity, length, and width of the glabella, depth of glabellar
furrows, curvature of anterior margin and border furrow is as great with-
in single populations as between populations.

The coarse granules on many cranidia show the hollow cores or per-
forations Similar to those described for Flexicalymene by Evitt and
Whittington (1953).

Only a single Species, restricted to the upper part of the Aphelaspis
Zone, seems to be present in the writer'S collections from the Nolichucky.
Rasetti (1965) reported a second Species, Q. longifrons differs from_Q;
tennesseensis in having only two pairs of glabellar furrows and a pro-
portionately longer glabella.

Available material.--Nine cranidia, 1 pygidia, and 2 free cheeks
from geologic section 16-3h; 10 cranidia and 1 free cheek from geologic
section ll-hl; 7 cranidia, M pygidia, and 1 free cheek from an unknown
horizon at geologic section 17; 1 cranidium each from geologic sections
18-hh and 8-38.
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Genus DYTREMACEPHALUS Palmer l95M

Qypremacephalus PAINER, 195Mb, p. 7h9; l965b, p. BÄ. LOCHMAN, l959,p.258.
Type species.-~Qytremacephalus granulosus PALMER, l95Mb, p. 750,

pl. 85, figs. 5, 6, from the Riley Formation on Lion Mountain, Burnet
County, Texas; by original designation.

Discussion.--Palmer (l965b) has given a detailed description of
this genus, and he has tentatively placed Qytremacephalus in the Family
Elviniidae (l962b, p. 32; l965b, p. 85). The narrow convex border,
glabellar shape, and development of glabellar furrows are indicative of
a close relationship to the Elviniidae.

DYTREMACEPHALUS sp.
Pl. 21+, figs. 1-7

Description.--Cranidium of moderate convexity, subquadrate in shape
(excluding posterior limbs), anterior margin rounded or slightly pointed.
Glabella moderately convex longitudinally, strongly convex laterally,
tapers slightly forward to gently rounded front. Glabella with three
pairs of slightly to moderately well-impressed glabellar furrows; poster-
ior pair bifurcate. Glabellar length varies from slightly less than to
slightly more than basal glabellar width. Occipital ring well defined
by moderately deep furrow; bears low central node. Axial furrows well
impressed, shallow where eye ridges cross currow, fossulae (pits) well
developed. Preglabellar furrow shallow in center. Frontal area length
(sag.) about one·half glabellar length. Preglabellar field with convex
elevated boss in front of glabella, about twice the length of border (sag.).
Border furrow shallow, border convex, upsloping. Palpebral areas slightly
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wider (tr.) than one—half glabellar width; palpebral lobes of moderate
size, bounded by well-defined furrow. Posterior limbs short (tr.),
length less than width of occipital ring, with deep furrow.

Free cheek with narrow convex border and short spine. Ocular plat-
form of moderate width, narrows anteriorly. Surface apparently smooth,
ventral impressions show impressions of punctae.

Discussion.--The material is clearly distinct from previously de- _
scribed species from other areas. It may be conspecific with one or more
of the three new species of Qytremacephalus from Tennessee described by
Rasetti (1965); however, the writer cannot confidently assign this mate- I
rial to any of Rasetti's species without a direct comparison with the
types.

Available material.--Two adult and numerous meraspid cranidia, 2
free cheeks from geologic section 16-38; 25 cranidia from geologic sec-
tion 17-5; 2 cranidia from geologic section ll-36.
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Superfamily RAXMONDINACEA Clark 192h
Family CEDARIIDAE Raymond 1937 ~

Discussion.--Palmer (1962b, p. 23) raised the·subfamily Cedariinae
as used by Lochman (1959, p. 301) to family level. Some of the more
important characteristics of the family are the "obscurely furrowed 1-
anteriorly tapered glabella that is strongly rounded in front, combined
with the divergent anterior sections of the facial sutures, and the
broad posterior limbs with the border furrow curving forward distally"
(Palmer, 1962b, p. 23). As thus conceived, the family Cedariidae con-

l

sists of Cedaria Walcott, Cedarina Lochman, and Carinamala Palmer.

Genus CEDARIA.Walcott 192M
Cedaria WALCOTT, 192h, p. 55; 1925, p. 78. PALMER, 195hb, p. 726; 1962b,

p. 25. IOCHMAN, 1959, p. 301.

Type species.--Cedaria prolifica WALCOTT, 1925, p. 79, pl. 17, figs.
18-21; from the Nolichucky Formation in Cedar Bluff, Cherokee County,
Alabama; by original designation.

Discussion.-—Palmr (1962b, p. 25) has given a very complete diag-
nosis and description of this genus. The description of the genus given
by Lochman (1959, p. 301) is slightly misleading in stating that the ·
anterior and posterior sections of the facial sutures tend to "approach
each other so as to meet and fuse below the eyes." The only species of
Cedaria known to this writer in which the anterior and posterior facial
sutures fuse is the unusual species Q, woosteri (Whitfield). Palmer
(1962b) has shown that some species of the genus Cedaria are not restricted
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the Cedaria Zone, but occur in beds correlative with the Crepicephalus

Zone of Upper Mississippi Valley. „

CEDARIA Mimoa (Walcott) 1916
P1. 28, figs. 3,6-9

Asaphiscus Y ging; WALCOTT, 1916b, p. 388, pl. 61, figs. 3, 3a-b.

Cedaria minor_(Walcott). RESSER, 1935, p. 19. PALMR, 1962b, pl. 6,

figs. 13,lÄ.

lectotype.-—A complete exoskeleton, USNM 62778, illustrated by

Walcott, 1916b, pl. 61, fig. 3; from the Weeks Formation, Weeks Canyon,

House Range, Utah; subsequently designated by Resser, 1935.

Diagnosis.--Cranidium with anterior section of facial sutures

moderately divergent; anterior border of cranidium convex, narrower (sag.)

than preglabellar field. Posterior limbs parallel-sided.

Pygidium with relatively broad axial lobe, equal in width to pleural

fields, bearing four axial rings and a terminal segment. Pleural fields

with four shallow pleural furrows ending abruptly at very shallow border

furrow. Border of uniform width, width (sag.) equals 0.3 pygidial length.

Discussion.--The combination of parallel-sided posterior limbs,

narrow border on the cranidium, and only four axial segments and pleural

furrows on the pygidium serve to distinguish Q. minor from all other

species of Cedaria.

1 Palmer (1962b, p. 9, 26) suggested that Cedaria prolifica Walcott,

Q. gaspensis Rasetti, Q. brevifrons Palmer, and Q. ging£_(Walcott) form
a species group "characterized by a convex cranidial border, only slightly

expanded posterior limbs, and a narrow pygidial border" (Palmer, l962b,
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p. 26). Based on evidence available at that time, Palmer stated that

members of this species group occur only in the more seaward portions of

the geosynclines. The presence of Q, minor in the Nolichucky in Russell

County, Virginia (geologic section 19) demonstrates that at least one

species of the group also occurs in the more landward portions of the

geosynclines.-

Available material.--Five cranidia from geologic section 10-16a;

15 cranidia and 3 free cheeks from geologic section 10-16b; 8 cranidia

10 pygidia, and 3 free cheeks from geologic section 25-2.

CEDARIA TENNESSEENSIS Walcott 1925
P1. 28, figs. 10-12

Cedaria tennesseensis WALCOTT, 1925, p. 79, pl. 17, figs. 22-25. RESSER,

1938a, p. 68, pl. 11, figs. 3-5. RASETTI, 1965, p. 69, pl. 5,

figs. M-8.

Lectotypo.--A cranidium, USNM 70270, illustrated by Walcott, 1925,
pl. 17, fig. 22, and re-illustrated by Resser, 1938a, pl. ll, fig. 3;

from the Nolichucky Formation on Copper Ridge, northwest of Knoxville,

Tennessee; subsequently designated by Rasetti, 1965, p. 70.

Diognosis.--Cranidium with anterior course of facial suture moder-

ately widely diverging, intermediate between those of Q. prolifica and

Q. minor; posterior course of facial suture trends slightly forward,
posterior limbs become progressively wider laterally. Anterior border

flat, slightly shorter (sag.) than preglabellar field. Posterior limb

long (exsag.).
Free cheek with ocular platform slightly triangular in shape.
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Discussion.--Cedaria tennesseensis is easily recognized by the pres-
ence of wide posterior limbs which become progressively wider laterally.
In contrast, the posterior limbs of Q. mingr are much narrower through-
out their length, and the limbs of Q. prolifica and Q. woosteri increase
in width abruptly to form anterolateral flaps on the limb.

Available material.--Four cranidia, 3 small pygidia, and 2 free
cheeks from geologic section 8-17.

V
CEDARIA‘WOOSTERI (whitfield) 1878

P1. 28, ugs. 1,2,)+,5
Agraulos (ßsthyggggsz) woosteri wH1TF1EL11, 1878, p. 56; 1882, p. 189, pl.l,

figs. 19-21.

Syntypes.--A cranidium, UCMP 1220/3h328, and a pygidium, UCMP 1220/
32920, illustrated by Whitfield, 1882, pl. l, figs. 19-21; from the
"Potsdam Sandstone" (Dresbach Formation) at Eau Claire, Wisconsin; by
original illustration.

Diagnosis.--Cranidium with anterior and posterior sections of facial
sutures convergent lateral to eye so as to form a single suture, sutures
cross lateral furrow and divide to proceed inframarginally anteriorly
and posteriorly. Free cheek in two parts, small triangular piece bearing
eye and ocular platform, and narrow strip consisting of margin, doublure,
and genal spine. Anterior border of cranidium slightly shorter (sag.)
than preglabellar field.

Pygidium with narrow axis bearing four axial rings and terminal seg-
ment. Pleural fields with four narrow pleural grooves which extend onto
border. Border wide, width (sag.) about one—half pygidial length.
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Discussion.--Walcott (1925, p. 78) and Raasch (in Twenhofel, Raasch,
and Thwaites, 1935, p. 1695) recognized that Agraulos (Bathyurus?) woosteri
is a species of Cedaria. Q. woosteri is easily recognized by the unique
fusion of the facial sutures and the wide border on the pygidium.

Available material.--Many cephala and pygidia poorly preserved in
shale from geologic sections ll-20 and 11-16; 2 cranidia, 2 pygidia, and
the marginal portion of a free cheek from locality 22; 5 cranidia and 2
pygidia from geologic section 7-18; cranidium and pygidium from geologic
section 8-19.

Genus CEDARINA Lochman 19MO
Cedarina LOCHMAN, 19M0a, p. 36; 1959, p. 301.

Qype species.--Cedarina gala LOCHMAN, l9h0a, p. 37, pl. 2, figs.
50-53, from the Bonneterre Dolomite, Ste. Genevieve County, Missouri; by
original designation.

Diagnosis.--Cedariidae with cranidium of same overall shape and
structure as Cedaria, with or without glabellar furrows. Border furrow
narrow, well defined, with slight median indentation. Posterior limbs
parallel-sided or increase only slightly in width laterally.

Pygidium transverse, subovate, more than twice wider than long.
Border narrow. Posterior margin smooth or spinose.

Discussion.-—Cedarina is very closely related to Cedaria and con-
sistently differs only in having a median indentation on the anterior
border furrow on the cranidium (pl. 28, fig. 15) and in having a trans-
verse, rather than subsemicircular pygidium.
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CEDARINA SPINOSA n. sp.
Pl. 28, figs. 13-2l

Holotype.--A pygidium, USNM 152509, as illustrated on plate 28,

figure 19; here designated.

Diagnosis.--Cranidium with smooth glabella, lacking glabellar furrows;

preglabellar field and border subequal in width (sag.), border convex.

Posterior limbs narrow behind eyes, increase in width laterally, then

taper to rounded point.

Pygidium transverse, 2.h times wider than long. Posterior margin

with four pairs of short blunt spines, each opposite a pleural segment,

or eight pairs of spines with one larger and one closely adjacent smaller

spine opposite each pleural segment.

Border cephalon and pygidium marked by raised terrace lines.

Description.--Cranidium moderately convex, anterior margin broadly

rounded. Glabella tapered forward to broadly rounded front, lacking gla-

bellar furrows, axial furrows narrow, moderately impressed. Occipital

ring flat, with very small node; occipital furrow narrow, moderately im-

pressed axially, shallow distally. Frontal area of moderate length (sag.) ·

slightly less than one—half glabellar length, subequally divided into

preglabellar field and border by narrow, shallow border furrow with

median indentation. Preglabellar field flat, downsloping; anterior bor-

der moderately convex, anterior two-thirds marked by raised terrace lines.

Palpebral areas upsloping, width (tr.) two-fifths to one-half glabellar

width. Palpebral lobes located opposite glabellar midpoint, length about

one-half glabellar length, without palpebral furrow. Posterior limb of
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moderate length (tr.), length equal to or slightly greater than length

(tr.) of occipital ring. Posterior limb narrowest behind outer edge of

palpebral lobe, expanded distally, then tapered to rounded point. Pos-

terior furrow moderately impressed, curves forward at distal end of

limbs. Anterior course of facial suture moderately divergent forward

from palpebral lobe to cross anterior border directly in front of outer

margin of palpebral lobe, suture abruptly curved inward to cut anterior

margin in front of anterolateral corner of glabella. Posterior course

of facial suture curved gently forward from base of palpebral lobe to a ‘

point abot two-thirds the length of the posterior_limb, then curved back-

ward to cut posterior margin inside the genal angle. Surface of cranidium

very weakly granulated with terrace lines on border and raised lines of

genal cecae on preglabellar field and anterior area of the fixed cheeks.

Outer margin of free cheek evenly rounded; border convex anteriorly,

flattened posteriorly, marked by terrace lines. Border furrow narrow,

shallow, terminated posteriorly by facial suture. Ocular platform gently

convex, downsloping, marked by raised lines of genal cecae. Eye large,

holochroal, facets minute; eye socle simple, concave.
O

Pygidium transverse in outline, maximum width 2.h times sagittal

length, anterolateral corners slightly rounded. Axial lobe slightly

narrower (tr.) than pleural field, with three axial rings and terminal

segment behind articulating half-ring. Pleural fields very gently con-

vex, with three moderately impressed to shallow pleural furrows and very

faint interpleural grooves, pleural furrows extend onto border. Border

narrow, horizontal, marked by raised terrace lines. Posterior margin
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with short, blunt spines, either four pairs of spines,each pair correspond-

ing to a pleural segment, or eight pairs of spines with a pair of larger

spines and a pair of closely adjacent smaller spines corresponding to a

pleural segment. Surface of pygidium very weakly granulated.

Discussion.--This is the first known species of the family Cedariidae

with a spinose pygidium. The pygidium of Prochuangia Y berryi (Lochman,

l9kOa, p. 39, pl. k, fig. 17) and the pygidium of Syspacheilus typicalis

(Resser, 1938a, p. 100, pl. 10, fig. 36) are similar in overall shape to

Q. spinosa and have the same number of spines. They are probably con-

specific with Q. spinosa.

The writer is confident in the correct association of cranidium and

pygidium of this species because of the association of abundant cranidia,

pygidia, and free cheeks and the lack of any other medium-sized trilobites

in a single calcarenite lens from geologic section 7-lkb. In addition,
the border is the same width on the cranidium, pygidium and free cheek,

and has an identical terrace line ornamentation.

A thoracic segment with a long, slender axial spine is present in
the same collection as the types of Q. spinosa. Whether this segment be-

longs to the species cannot be determined.

Available material.--Twenty-two cranidia, lk free cheeks, and 9
pygidia from geologic section 7-1kb; a single pygidium from geologic
section lO—ll.
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Family LLANOASPIDIDAE Loehman l9ÄÄ ngm. transl.

Diagnosis.--Opisthoparian trilobites with conical to subquadrate,

moderately convex glabella; generally with three pairs of short glabellar

furrows. Preglabellar field present or absent. Fixigenae eonvex, up-

sloping to horizontal; palpebral areas normally one-half glabellar width;

eyes opposite or posterior to glabellar midpoint. Posterior course of

facial suture crosses lateral border furrow a short distance in front of

posterolateral corner of border furrow.

Pygidium eonvex, with Ä to lO well-defined axial rings and pleural

segments. Grooves and furrows generally curve back sharply and extend

onto border.
Discussion.--The subfamily Llanoaspidinae Loehman l9ÄÄ of the Treatise

gn Invertebrate Paleontology, Part Q, is herein removed from the family
Raymondinidae and raised to the family level. As Palmer (1960, p. 59)

stated, suprageneric categories should be based on consideration of

common geographie and stratigraphic distribution as well as similarities

in morphology. The Llanoaspiidae occur in the cratonie facies of the

pre—Aphelaspis Zone beds of the Dresbachian Stage of North America. No

trilobites that could be included in this family are known from the

Aphelaspis Zone nor from the Franeonian Stage. Raymondina, conversely,

occurs in the Trempealeau Stage in Eastern Canada and differs from all
members of the Llanoaspididae in the nature of the glabellar furrows.

The unrelated time-stratigraphic occurrence and the morphologic differ-
ence is considered adequate grounds for distinguishing two separate

families. The family includes the following genera: Areuolimbus,
Genevievella, Llanoaspis, and Metisaspis.



l
1MM

Genus ARCUOLIMBUS Palmer 195M

Arcuolimbus PALMER, 195Mb, p.735.

Type species.--Arcuolimbus convexus PALMER, 195Mb,p.735,p1.83,fägs.
1,2,M; from the Riley Formation at Threadgill Creek, Mason County, Texas;
by original designation.

ARCUOLIMBUS sp.‘
P1. 27, Pig. 28

Discussion.-—A single cranidium from the Widener Limestone agrees
with the generic description given by Palmer. The cranidium from the
Widener seems to differ from Arcuolimbus convexus from the Riley Forma-
tion of Texas in being slightly less convex and having a shorter (sag.)
border. While these differences could be of specific value if consistent
throughout a large population, they could equally well be the result of
intraspecific variation. The writer does not have sufficient material to
permit evaluation of the range of variation.

This specimen represents the first reported occurrence of Arcuolimbus,
outside of Texas.

Available material.--A single, incomplete cranidium preserved in
limestone from locality 6.

Genus GENEVIEVELLA Lochman 1936

Genevievella LOCHMAN, 1936, p. MO; l9MOa, p. 37; 1953b, p. 891; 1959,
p. 301. PALMER, 195Ma, p. 736.

Type species.—-Genevievella neunia LOCHMAN, 1936, p. M1, pl. 9,
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figs. 12-21; from the Bonneterre Dolomite near Avon, Ste. Genevieve

County, Missouri; by original designation.

Discussion.-—Cranidia of Genevievella differ from those of Llanoaspis

principally in having a shorter border and non-expanding posterior limbs.

Some species of Genevievella have a short preglabellar field, a feature

which is lacking in all species of Llanoaspis. The glabella of most

species of Genevievella rises well above the palpebral areas, whereas in

Llanoaspis the palpebral areas are upsloping and the palpebral lobes are

at the same elevation or slightly higher than the top of the glabella.

Pygidia of Genevievella lack the posterolateral expansion of the

· border characteristic of Llanoaspis. In addition, pygidia of Genevievella

have fewer axial rings and pleurae and are narrower than those of

Llanoaspis.

Some species of Genevievella and Llanoaspis cannot be assigned with

confidence to either genus without knowledge of the posterior limb and

pygidium.

GENEVIEVELLA GRANULATA n. sp.
P1. 27, rigs. 17-20,23,2M,26,27

Holotype.--A small cranidium, USNM 152653, as illustrated on plate

27, figures 18,19; from the Honaker Dolomite, geologic section 15-M;

here designated.

Diagnosis.--Cranidium densely and evenly covered with small granules

except in and near glabellar furrows. Glabella evenly convex longitudi-

nally and transversely, rising well above palpebral areas, conical in
outline, tapered forward; length of glabella about equal to basal width.
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Occipital ring with low node. Frontal area subequally divided into pre-

glabellar field and border by narrow furrow, length of frontal area (sag.)

0.25 to 0.3 glabellar length. Palpebral areas convex, horizontal, width

(tr.) about one-half glabellar width. Eye ridges well defined; palpebral

lobes very small, located opposite glabellar midpoint. Posterior limbs

slightly expanded to slightly tapered; posterior furrow turned forward

near tip to cross anterior margin of limb.

Pygidium not specifically distinguishable from those of many other

species.

Description.--Cranidium, excluding posterior limbs, subquadrate in

shape, strongly convex. Glabella convex, rising well above level of pal- -

pebral areas, conical, tapers forward. Glabella bears three pairs of

very shallow glabellar furrows lacking granules, posterior pair curved

backward and bifurcate. Occipital ring well defined by deep furrow,

bears low central node. Frontal area length (sag.) 0.25 to 0.30 glabellar

length, subequally divided into preglabellar field and border by narrow,

generally shallow, border furrow. Preglabellar field flat or gently con-

vex, horizontal. Border convex, horizontal or slightly upsloping, marked

by one or two terrace lines.

Palpebral areas convex, horizontal, width about one-half glabellar

width. Eye ridges well defined, palpebral lobe very small, arcuate, lo-

cated opposite glabellar midpoint. Posterior limbs about equal in length

(tr.) to width of occipital ring, limb expanded slightly, parallel-sided,

xor slightly tapered. Posterior furrow deep, curved forward near tip of

limb to cross anterior margin.
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Surface of cranidium thickly covered with small granules, evenly

distributed over all parts of cranidium except furrows.

Pygidium subovate. Axial lobe convex, wider than pleural fields,

well tapered posteriorly, bears four axial rings and a terminal segment.

Pleural fields gently convex, downsloping, crossed by four pleural furrows

and three narrow interpleural furrows which bend sharply as they pass

onto border and extend across border. Border equal in width to pleural

fields, gently to moderately concave.

Surface of pygidium thickly covered with fine granules. A double

row of coarse granules extends down the axial lobe, and a similar double
l

row occurs oneach pleural field. °
Discussion.-—Genevievel1a tumida Lochman is the most similar species

to Q. granulata; Q. tumida differs in having a more strongly oonvex gla-

bella and fewer and coarser granules. „

Available material.--One cranidium and 2 pygidia from geologic sec-

tion 15-Mb; 1 pygidium from geologic section 15-ha, Honaker Dolomite;

l cranidium and 1 pygidium from geologic section 7-1Mb; l cranidium each

from geologic sections 16-7, lO-1, Maryville Limestone, and 25-2, and

locality 21-C.
I

GENEVIEVELLA MODESTA Lochman 19MO
Pl. 27, figs. 21-22

Genevievella modesta LOCHMAN, 19MOa, p. 38, pl. M, figs. 30-33.

Holotype.--A cranidium, USNM 9876M, illustrated by Lochman, l9MOa,

pl. M, figs. 30,32,33; from the Bonneterre Dolomite near Avon, Ste.

Genevieve County, Missouri; by original designation.
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Qiagnosis.--Cranidium with glabella elongate, generally low, sub- I

rectangular, reaching anterior border; preglabellar field lacking; border

furrow straight, shallow; border gently convex, relatively wide for genus,

width (sag.) one-fourth to one-third glabellar length. Palpebral areas

very gently convex, upsloping; palpebral lobes vary in position from

opposite posterior third of glabella to opposite glabellar midpoint.

Posterior limb parallel-sided, slightly longer (tr.) than length (tr.) of

occipital ring; furrow extends straight to tip of limb.

Discussion.--This species is represented by a single collection of
V

cranidia. The individuals show considerable variation in the relative

length of the glabella, width of the border, position of palpebral lobes,

and convexity of the longitudinal profile of the glabella. Some individ-

uals are virtually identical in these features to Lochman's holotype. A

large cranidium with a relatively long, low glabella and posterior palpe-

bral lobes is illustrated.

Available material.--Eighteen cranidia from geologic section 25-2.

GENEVIEVELLA sp. A
Pl. 27, fig. 25

Description.--Glabella convex laterally, rising slightly above level

of palpebral lobes, straight-sided, tapers gently forward to rounded front;

single, posterior pair of glabellar furrows very faintly impressed. Occip-

ital ring convex, may have borne a spine, occipital furrow deep. Axial

furrows deep, preglabellar furrow shallow. Frontal area moderately long
A

(sag.), length about O.h glabellar length; preglabellar field very narrow,
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flat, horizontal; border furrow shallow axially, moderately impressed

laterally; border wide, flat, slightly upsloping; anterior margin broadly

rounded. Palpebral areas gently convex, upsloping, width about one-half

glabellar width; eye ridges faint, palpebral lobes appear to have been

located slightly posterior of glabellar midpoint. Posterior limbs par-

allel—sided, length (tr.) equal to width of occipital ring. Posterior

furrow well impressed, extends straight to tip of posterio limb.

Surface of cranidium smooth.

Discussion.--This species, known from a single cranidium, cannot be
‘

assigned to any known species. It is most similar to the cranidium of .

Genevievella cf. Q; spinosa illustrated by Palmer (195Mb, pl. 83, fig. 5),

but the glabella is longer, the preglabellar field narrower (sag.), and the ‘

anterior margin rounded rather than straight. Rasetti (1965, p. 71, pl.

5, figs. 9-11) illustrated an undetermined species of Genevievella that

is probably conspecific with this specimen.

Available material.--Single cranidium from geologic section ll-9.

Genus LLANOASPIS Lochman 1938

Llanoaspis LOCHMAN, 1938a, p. 80. PALMER, 195hb, p. 736, 737.

Rogersvillia HUPE, 1955, p. 182.

Type species.--Llanoaspis modesta LOCHMAN, 1938a, p. 81, pl. 17,

figs. 9-lh; from the Riley Formation, San Saba County, Texas; by original

designation. °

Discussion.--The diagnoses given by Lochman (1938a) and Palmer (195hb)

characterize this genus. Resser (1938a, 1938b) confused Llanoaspis with
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Genevievella. Consequently all species of Genevievella described by

Besser (1938a) are actually species of Llanoaspis. Palmer (195Äb, p.736,

under Genevievella) discussed the differences between Llanoaspis and

Genevievella. In addition to his observations, it may be noted that in

some species of Genevievella the furrow of the posterior limb curves to

meet the anterior margin of the limb.

Hupé (1955) erected the genus Bogersvillia, based on the type species

Genevievella rogersvillensis Besser. Q. rogersvillensis is now considered

a subjective junior synonym of Llanoaspis undulata Lochman (Palmer, 195hb;

and the writer, herein) thus making Bogersvillia Hupé a junior synonym of °

Llanoaspis Lochman.

The writer has recognized the following species of Llanoaspis in the

Appalachians of Virginia and Tennessee:

Llanoaspis modesta Lochman, Q. clinchensis (Besser), U
Q. pecularis (Besser), and Q. virginica (Besser).

Llanoaspis undulata Lochman (syn. Genevievella rogersvillensis Besser),

was reported by Besser (1938a) from the Nolichucky near Bogersville,

Tennessee. Llanoaspis ulrichi (Besser) is probably a subjective junior

synonym of Llanoaspis modesta, but as Q. ulrichi is known only from the

pygidium, it cannot be placed in a species with confidence.,

Species of Llanoaspis appear to be restricted to the upper part of

the Crepicephalus Zone in the southern Appalachians.
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LLANOASPIS CLINCHENSIS (Resser) 1938
Pl. 27, figs. 7,9

Genevievella clinchensis RESSER, 1938a, p. 78, pl. 15, fig. 10.

Llanoaspis dorothea LOCHMAN and DUNCAN, 19hh, p. 66, pl. 7, figs. 7-12.

Holotype.--A cranidium, USNM 9M979, illustrated by Resser, 1938a,

pl. 15, fig. 10; from the Nolichucky Formation, 11 miles northwest of

Knoxville, Tennessee; by original designation. -

Diagnosis.--Cranidium gently arched longitudinally, moderately arched

laterally. Border furrow curves backward to meet anterior section of

axial furrow just inside of anterolateral corners of glabella. A second

narrow furrow lies anterior to and parallels the border furrow.

Pygidium of usual size and shape, posterolateral border moderately

narrow.
l ·

Discussion.--Llanoaspis clinchensis is similar in size and over-all

shape to L. modesta but differs in the course of the border furrow and,

width of the posterolateral part of the pygidial border. L. dorothea

Lochman and Duncan is virtually identical in all respects to L. clinchensis.

Available material.--Two cranidia and 3 pygidia preserved in shale

from geologic section 9-lb.
I

LLANOASPIS MODESTA Lochman 1938
Pl. 27, figs. 10-12 7

Llanoaspis modesta LOCHMAN, 1938a, p. 81, pl. 17, figs. 9-lk. PAJNER,

195)+b_, p. 737, p1. 82, figs. 10,11. 3
Genevievella campbelli RESSER, 1938a, p. 77, pl. 15, figs. 1,2.

Genevievella walcotti RESSER, 1938a, p. 77, pl. 15, figs. 3-5.



152

Cenevievella blandensis BESSER, 1938a, p. 78, pl. 15, fig. ll.

Genevievella marionensis BESSER, 1938a, p. 78, pl. 15, figs. 1M,15.

Genevievella wallacensis BESSER, 1938a, p. 79, pl. 15, figs. 12,13. I
Genevievella buttsi RESSEB, 1938a, p. 79, pl. 15, figs. 19,20.

Holotype.--A cranidium, USNM 95520, illustrated by Lochman, 1938a, _

pl. 17, figs. 10,18, and re-illustrated by Palmer, 195Mb, pl. 82, fig.l0;

from the Biley Formation, San Saba County, Texas; by original designation. _

Discussion.--Lochman’(1938a) and Palmer (195hb) have characterized

this well-known species. Cranidia of Llanoaspis modesta are easily dis-

tinguished from those of other species of Llanoaspis by a border which

has a convex upward or nearly flat longitudinal profile and by the border

furrow which is straight and tangent to the anterior end of the glabella

or curves forward gently around it. Pygidia are distinguished from those

of L. clinchensis and Q. pemxüams by the wider posterolateral border.

Available material.--One cranidium each from localities 19 and h,‘

and geologic sections M-2 and 1-2; 1 pygidium each from locality 15 and

geologic section 15-15c; 8 cranidia from locality 8; 2 cranidia, 1 pygidi-

um from locality 9; and 7 pygidia and 2 cranidia from geologic section

19-1. ’

LLANOASPIS PECIJLIARIS (Besser)
1938P1.27, figs. 13-15

Ge¤ev1eve11e peculisris REssER, 1938e, p. 78, p1. 15, 1*1gs. 6,7.

Llanoaspis pecuüaris (Besser). PAIMEB, 195Mb, p. 737, pl. 82, fig. 5.

Holotype.--A cranidium, USNM 9h976, illustrated by Resser, 1938a,
l

pl. 15, fig. 6; from the Nolichucky Formation, 5 miles southeast of
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Greeneville, Greene County, Tennessee; by original designation.

Discussion.--The cranidium from locality ll shows the specific
I

l

characteristics of a parallel-sided or slightly expanding posterolateral

limb and a broad, shallowly concave border. Q. convexifrons Basetti is

quite similar, but the posterolateral limb of that species expands later-

ally more abruptly. The pygidium from locality ll is more nearly like

that of Q. convexifrons. Possibly the two species are actually races,

that is, infraspecific geographic variants, and these specimens are evi-

dence of gradation between the two.

Available material.--A single cranidium from Elbrook Wright Branch

Section, geologic section 2M-18; and a cranidium and pygidium from lo-

cality ll.

LLA1~roAsP1s VIRGINICA (Resser) 1938 _
P1. 27, fig. l6 .

Genevievella virginica BESSER, l938a, p. 79, pl. l5, fig. 8.

Llanoaspis virginica (Besser). PAIMEB, l95hb, p. 738, pl. 82, fig. 8.

Holotype.--A cranidium, USNM 9h982, illustrated by Besser, l938a,

pl. l5, fig. 8; from the Nolichucky Formation (Widener Limestone as de-

fined herein) 3 miles northeast of Abingdon, Washington County, Virginia;

by original designation. _

Discussion.--Palmer (195Mb, p. 738) has recently characterized this

species. Llanoaspis virginicais similar to Q? peculiaris (Besser) in that

the border furrow curves very gently backwards to meet the axial furrow

in both species. However, in Q. virginica the glabella is much less '

arched longitudinally and the border is concave, rather than downsloping,
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directly in front of the glabella.

Available material.--Single cranidium from geologic section lO-22.
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Superfamily NORWOODIACEA'Wa1cott 1916
Family BOLASPIDIDAE Howell 1959
Genus ACBOCEPHAIOPS Poulsen 1927

Acrocephalops POULSEN, 1927, p. 275. BESSER, 1935, p. 3. HOWELL, 1959,

p. 3OÄ.

Qype species.—-Acrocephalops gibber POULSEN, 1927, p. 275, pl. 17,

figs. 1,2; from boulders in the Cape Wood Formation, Cape Frederik VII,

northwest Greenland; by original designation.
i

ACBOCEPHALOPS GBACILIS Besser 1938
P1. 26, figs. 33,3H

Acrocephalops gracilis BESSER, 1938a, p. 5h, pl. 8, figs. 26,27.

Ho1otype.—-A cranidium, USNM 9h817, illustrated by Besser, 1938a,

pl. 8, fig. 26; from the Conasauga Formation, Spring Creek, southeast

of Center, Cherokee County, Alabama; by original designation.

Description.--Cranidium with low overall convexity, surface marked

by weak radiating lines. Glabella moderately low, tapers forward to

rounded front, with two short, shallow glabellar furrows. Occipital ring

simple, rounded; occipital furrow shallowest on midline, moderately im-

pressed laterally. Axial furrows shallow, interrupted anteriorly by eye

ridges; preglabellar furrow broad and shallow, extends into furrow bor-

dering anterior side of eye ridges. Frontal area very slightly shorter

{sag.) than glabella. Preglabellar field nearly flat and gently down-

sloping except for raised boss in front of glabella. Border furrow

shallow, curves forward around boss on preglabellar field. Border slightly

convex, thickened, slightly narrower than preglabellar field. Palpebral
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areas slightly wider (tr.) than glabella, upsloping. Eye ridges moder-

ately well defined, extend perpendicularly to the axial line from anteri-

or end of glabella. Palpebral lobes opposite anterior third of glabella.

Posterior limb with well-defined furrow; limb longer (tr.) than width (tr.)

of occipital ring.

Discussion.-—This species is distinguished by its faint, lined sur-

face. Acrocephalops gracilis was previously known only from the Middle

Cambrian beds of the Conasauga Formation in Alabama.

Available material.--Single cranidium and a few fragments of cranidia

from geologic section 8-5.
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Family MENOMON1lDAE°Wa1cott 1916
Genus DENSONELLA Shaw 1952

Millardia WALCOTT, 1916a (non THOMAS, 1911), p. 163.

Menomonia RESSER (partim)l938b, p. 3M-35.
U

Millardia IOCHMAN, 191+0a, p. 9-10.

Densonella SHAW, 1952, p. M7?.

Type species.--Millardia semele WALCOTT, 19166., p. 166, pi. 28,

figs. 3-30; from the Weeks Formation, Weeks Canyon, House Range, Utah;

by original designation.

Discussion.--The genus Millardia Walcott, based on Millardia semele .

from the Weeks Formation of Utah, was proposed by Walcott (1916a).

Resser (1938b) subsequently placed Millardia Walcott in synonymy with

Menomonia. Lochman (l9M0a) resurrected‘Mi1lardia Walcott as a valid

genus and gave a detailed list of the differences between Millardia I

Walcott and Menomonia. The writer has not personally made such a compar-

ison of the types, but on the basis of published illustrations and descrip-

tions, he finds Lochman's arguments convincing. Lochman later (19MM, in

Lochman and Duncan) placed Millardia semele in the genus Menomonia, with-

out comment as to the reasons, but in the Treatise gn Invertebrate Paleon-

tology, Fart Q (Lochman, 1959, p. 30A) again revived the genus Millardia

Walcott (as Densonella Shaw) as distinct from Menomonia.

Shaw (1952) pointed out that the name Millardia is preoccupied by

Millardia Thomas, 1911, a genus of the Mammalia, and prqgßed Densonella

as a new name for Millardia Walcott.
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DENSONELLA SEMELE (walcott) 1916
P1. 20, figs. 1-6

Millardia semele wALc0TT, 1916a, p. 166, pl. 28, rigs. 3, 3a-c.

Menomonia semele (Walcott). RESSER, 1938b, p. 35. LOCHMAN and DUNCAN,

19MM, p. 135-136, p1. 1u, figs. 10-13. RAsETT1, l9h6, p. M58,pl.70,

fig. 15.

Densonella semele (Walcott). SHAW, 1952, p. M77. ROBISON, 1960, p. 26,

pl. 2, fig. M.
l

Syntypes.--Two nearly complete exoskeletons and two cranidia, USNM

€d622>6l625, illustrated by Walcott, 1916a, pl. 28, figs. 3,3a—c; from the

Weeks Formation, Weeks Canyon, House Range, Utah; by original illustration

only.

Description.--Cephalon strongly convex transversely, approximately

1.5 times wider (tr.) than long (sag.), with rounded genal angles. Gla-

bella strongly convex transversely, subtriangular, tapered forward to
U

narrow, rounded front; with two pairs of short glabella furrows, anterior

pair very faint. Occipital ring simple, straight. Occipital furrow well

defined. Preglabellar field short and narrow, slightly downsloping de-

pressed to a small, slightly concave area between the anterior part of

the palpebral lobes, glabella, and border. Border furrow indistinct

axially, narrow slit laterally; border convex, equal to preglabellar

fiehiin length (sag.), raised above level of preglabellar field; anterior

part of border steeply downsloping, nearly vertical, marked by parallel

ridges. Palpebral lobes vertical, width (tr.) equal to or greater than

anterior glabella width, midpoint slightly posterior to anterior end of
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glabella. Posterior limbs wide {exsag.), approximately one-half glabellar
0

length (sag.) in width, taper in smooth curve to rounded point at genal

angle. Posterior border furrow well impressed adaxially, shallows abruptly

and disappears shortly before reaching genal angle. Facial suture tight,

barely visible on specimens preserving free cheeks. Anterior section of

facial suture extends directly forward from palpebral lobe, crosses to

downsloping part of border and turns sharply inward to cross the anterior

margin very close to the axial line. Posterior section of facial suture

curves gently backwards from the base of the palpebral lobes to cut the

lateral margin just anterior to the rounded genal angle.

Free cheek elongate, convex, gently crescent-shaped; beaaseyestalk

at inner anterior end. Border furrow narrow, well defined anteriorly;

shallows and disappears posteriorly. Border convex, sinuous, marked by

parallel ridges anteriorly; becomes flat and smooth posteriorly.

Surface of cephalon thickly and evenly covered with coarse granules,

with four pairs of large granules forming rows on each side of the gla-

bella, and 5 or 6 very large granules on the posterior edge of the anter-

ior border.

Thorax and pygidium not present in writer's collections.

Discussion.--This species is represented by free cheeks only inthe

writer's collections. However, the writer discovered the two cephala

illustrated here (pl. 20, figs. l-3,5) in U.S.National Museum collection

of Tricrepicephalus from the Nolichucky at Greendale, Virginia (locality

2)-
The material at hand seems to agree in all observable characteristics
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with Densonella semele, except that only two, rather than three, glabellar

furrows are present. AQ. semele differs from Q. avitas (Walcott) in having

broader (exsag.) posterior limbs.

Available material.--A cephalon lacking only the eyestalks and a

partial cephalon in USNM colln. no. 29-S (locality 3 herein) from

Greendale, Washington County, Virginia; single free cheek from geologic

section lO-l5; 5 free cheeks from geologic section 15-Ma. All well pre-

served in limestone.

Genus DBESBACHIA Walcott 1916

Dresbachia WALCOTT, l9l6a, p. 166. LOCHMAN, 1959, p. 3OM.

Type species.--Dresbachia ag@Eg;WAlCOTT, l9l6a, p. 16T, pl. 26,

figs. 5,5a-c, from the Eau Claire Member of the Dresbach Formation,

Wisconsin; by original designation. _

Discussion.--The descriptions given by Walcott (l9l6a) and Lochman

(l9MM, in Lochman and Duncan, p. TM, as Q. occidentalis) and Lochman

(1959) present the characters of this unusual genus. Four species of

Dresbachia have been described: Q, amaEa'Walcott, Q. appalachia Besser,

Q. speciosa Besser, and Q. occidentalis Lochman. Q. speciosa Besser is

based entirely on free cheeks which clearly are not Dresbachia because

the eye is set well back from the anterior corner of the cheek, the bor-

der is swollen and convex, and the surface is coarsely granulated. Qäes-
bachia speciosa Besser is most probably a species of Densonella. The re-

maining three species are here considered conspecific, making Dresbachia

a monotypic genus.
E
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DRESBACHIA AMATA.Walcott 1916
Pl. 20, figs. 16,19,20

Dresbachia amata WALCOTT, 1916a, p. 167, pl. 26, figs. 5,5a-c. LOCHMAN,

1950, p. 338, pl. M8, figs. ll-1M. RASETTI, 1965, p. 61, p1. 8,

figs. 1-M.

Dresbachia appalachia BESSER, 1938a, p. 7b, pl. 10, figs. 32-3h.

Dresbachia occidentalis IDCHMAN, in Lochman and Duncan, 19Mh, p. 7M,

pl. 8, figs.
19-22.Syntypes.--Twocranidia and two free cheeks, USNM 61585-6158B, from

the Eau Claire Member of the Dresbach Formation, Wisconsin; by original

illustration only.

Description.--Characters of the genus, surface smooth. Glabellar

furrows very shallow to nearly obsolete on dorsal surface, well impressed

on ventral impressions and in shale or sandstone preservation. Length of

posterior limb greatly variable.

Discussion.--Lochman (in Lochman and Duncan, 19MM, p. 75) stated

that D. appalachia Besser appears to be conspecific with D. amata. The

writer fully agrees; a careful study of the many specimens in the pres-

ent collections from Virginia and Tennessee revealed no features that are

consistently different from_D. amata. 6

D. occidentalis is here considered also conspecific with D. amata.
Lochman (19üM, p. 75) stated that "D. occidentalis is quite similar to

the genotype, but has shorter proportions of the posterolateral limbs and

a much weaker development of the glabellar furrows; the latter feature

may be caused entirely by the differences in the preservation, as the
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furrows are almost always much more strongly developed in the sandstone

molds, such as the Wisconsin specimens, than in the limestone replace-

ments of the test." Specimens in the writer's collections have both deep

and shallow furrows, depending on the mode of preservation. The posterior

limbs show considerable variation in length, including specimens similar

to Q. occidentalis.

Available material.--Twenty-one complete or nearly complete cranidia

and M6 free cheeks from the following geologic sections: 6-7, 6-2M,

7—lMa, 7-18, 7-37, 8-19, 8-21, 8-27, 8-28, 8-29, 10-11, 10-15, 10-16a,

10-22, 10-23, 11-16, ll—3#d, 15-Nb, 16-26, 18-33, 18-MOd, 18-MOf, 19-1, y
22-5.
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Family NORWOODIIDAE Walcott 1916

Discussion.--Pa1mer's (1965b,p. 52-5h) revision of the genus

Eardyoides constitutes a minor emendation of the family Norwoodiidae. In

his view, Norwoodina Lochman (l9MOa)is a synonym of Hardyoides Kobayashi

(1938) and not of Holcacephalus Resser (1938a); Levisaspis Rasetti (19U3)

is not a synonym of Hardyoides; and Holcacephalus is removed from the

Norwoodiidae and placed in the Menomoniidae (Palmer, 1965b, p. 53,5h).

As thus emended, the family Norwoodiidae consists of the following genera:

Hardyoides Kobayashi (1938) (syn. Norwoodina Lochman [l9MOa])

Levisaspis Rasetti (197+3)
Norwoodella Resser (1938a)

Norwoodia Walcott (1916a) (syn. Whitfieldina Resser [1937])

Paranorwoodia Rasetti (19M5)
V

Genus HARDYOIDES Kobayashi 1938

Hardyoides KOBAXASHI, 1938, p. 176. PAIMER, 1965b, p. 52.

Norwoodina LOCHMAN, l9hOa, p. 1l,M8.

Qype species.--Hardyoides mino£_KOBAYASHI, 1938, p. 177, pl. 16,

fig. 29, from the Aphelaspis Zone, Kobayashi's locality P 6/6, north of

Mt. Jubilee, west side of Columbia River, British Columbia, Canada; by

original designation.

Discussion.--Palmer (1965b, p. 52) gave a detailed diagnosis and 7

description of this genus; he also placed Norwoodina (type species

Norwoodia tenera Walcott) in synonymy with Hardyoides.
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HARDYOIDES MARYVILLENSIS, n. sp.
Pl. 20, figs. 7,1l-13

Holotype.-—A cranidium, USNM 152579, illustrated on plate 20, fig-

ures ll-13; from the upper 50 feet of the Maryville Limestone, geologic

section 10-1, near Creswell, Russell County, Virginia; here designated.

Diagnosis.--Cranidium·with broad, strongly convex glabella rising

well above level of fixed cheeks, with three pairs of shallow glabellar

furrows, occipital ring with axial spine. Frontal area about one-third

glabellar length, equally divided into downsloping preglabellar field and

horizontal border by shallow furrow. Palpebral lobes large for genus,

located slightly anterior to glabellar midpoint. Posterior limbs narrow,

width (exsag.) slightly less than length (sag.) of glabella.

Surface of cranidium densely covered with fine granules except inglabellar furrows. -
Free cheek and pygidium unknown.

”

Description.--Cranidium of moderate overall convexity. Glabella

strongly convex both longitudinally and transversely, length slightly

greater than basal width, tapered slightly forward to well—rounded front

in large specimens, subcylindrical in smaller specimens; with three pairs

of shallow, but well-defined, glabellar furrows. Axial furrows moder-

ately impressed. Occipital ring with short, broad spine; occipital

furrow shallow axially, well-impressed and turned forward laterally.

Length of frontal area (sag.) about one-third glabellar length. Pregla-

bellar field gently convex, downsloping, equal in width (sag.) to border;

border furrow shallow; border flat, horizontal. Anterior margin evenly

rounded. Palpebral area gently convex, horizontal, width (tr.) about
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one-half glabellar width opposite palpebral lobes. Palpebral lobes well

defined by Shallow furrow, length (exsag.) about two-fifths glabellar

length; eye ridges well defined, trend Slightly backwards. Posterior

limb of moderate width and length, width (exsag.) Slightly less than gla-

bellar length (Sag.), length (tr.) Slightly less than length (tr.) of

occipital ring; posterior limbs turned Sharply backward to form Short,

Sharply tapered genal Spines. Posterior border furrow deep near glabella,

Shallow laterally, and disappears at base of genal Spine.

Surface of cranidium densely covered with fine granules except in

glabellar furrow.

Discussion.--Hardyoides maryvillensis differs from all other SpecieS_

of Hardyoides principally in having a broader, more convex cranidium,

larger palpebral lobes, and narrower (exsag.) posterior limbs. The over-

all morphology of the cranidium, excluding the glabella, iS much like·

that of Holcacephalus praecursor Rasetti (l965), but Harydoides maryvill-

ensis differs from that Species in having a broader, more convex, less)

tapered, glabella, much Shallower glabellar furrows, and a Shorter (Sag.)

frontal area. HardyoideS maryvillensis appears to be intermediate in

morphology between Hardyoides tenera (Walcott) and Holcacephalus

praecursor Rasetti. H. maryvillensis is here placed in the genus Hardy-

gideS_becauSe the glabellar Structure is more like Hardyoides than it is

like Holcacephalus. In addition, the Small cranidia of H. maryvillensis

(pl. 20, fig. 7) closely resemble Similar—Sized cranidia of Holcacephalus

tenera (pl. 20, fig. 9).
Available material.--Three cranidia from geologic section l0-l

(Maryville Limestone).
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HARDYOIDES TENERA (walcott) 1916
P1. 20, figs. 9,10,15

Norwoodia tenera WALCOTT, l9l6a, p. 172, pl. 28, figs. 2,2a-g. LOCHMAN,

19386, p. 83, pi. 18, figs. 11-13. -

Norwoodina tenera (walcott)-LOCHMAN, l9M0a, p. 11,50, pl. 5, figs. 12-lk.

Holcacephalus tenerus (Walcott). LOCHMAN and DUNCAN, 19ÄM, p. 137, pl.

. 13, figs. 15-17. ROBISON, 1960, p. 27, pl. 2, fig. 2.

Syntypes.--Nearly complete exoskeletons, cranidia, and a thoracic
0

segment, USNM 61615-61621; from the Weeks Formation, Weeks Canyon, House

Range, Utah; by original illustration.

Diagnosis.--Cranidium with moderately convex subcylindrical glabella;

occipital ring with slender spine. Palpebral lobes opposite anterior

one—third of glabella; eye ridges perpendicular to axis. Posterior limbs

wide (exsag.), width about two—thirds glabellar

lengthDiscussion.--Twocranidia in the writer's collections are nearly·

identical in all preserved features to the specimens in the type lot. All

previous reported occurrences of this species are from the Cedaria Zone.

The cranidium illustrated on plate 20, figure 9 is from the Crepicephalus

Zone at Creswell, geologic section 10-22. ·
Available material.--Single small cranidium from geologic section

10-22; single cranidium lacking posterior limbs from geologic section

7-1u6. 1
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Genus NOBWOODELLA Besser 1938

Norwoodella BESSER, 1938a, p. 89. LOCHMAN, 19MOa, p. 10; 1959, p. 303.

Type species.--Norwoodia saffordi WALCOTT, 1916a, p. 171, pl. 27,

figs. 1, 1a—f; from the Nolichucky Formation pear Rogersville, Hawkins

County, Tennessee; by original designation of Besser.

I Discussion.--The writer follows the diagnosis given by Lochman (19M0a,

p. 10; 1959, p. 303) for this

genus.NOBWOODELLAHALLI Besser 1938
Pl. 20, figs. 18,22,26

Norwoodella päiig REssER, 1938a, p. 90, pl. 10, figs. u5,u6. L0cHMAN,

19M0a, p. M7, pl. 5, figs. 31-36. BASETTI, 1965, p. 67, p1. M,

figs. 8-15.

Holotype.--A cranidium, USNM 9M883, illustrated by Besser, 1938a,

pl. 10, fig. M5; from the Nolichucky Formation on Forked Deer Creek, near

Thorn Hill, Grainger County, Tennessee; by original designation.

Discussion.--Lochman (l9M0a, p. M7) gives a good description of this

species. Direct comparison of Lochman's and the writer's material shows

that they differ from the type only in preserving the original convexity

and dorsal surface. Norwoodella hall; is characterized by its moderately

wide (tr.) frontal area, bluntly pointed anterior margin, and wide free

cheek.

Available material.--Six cranidia and 2 free cheeks from geologic

section 7-18.
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NORWOODELLA SAFFORD1·(Wa1cott) 1916
P1. 20, figs. 27,28

Norwoodia saffordi WALCOTT, 1916a, p. 171, pl. 27, figs. 1,la-f.

Norwoodella saffordi (Walcott). RESSER, 1938a, p. 89, pl. 10, figs.M0,

M1,)-.9,50. LOCHMAN, l9M0a, p. M7, pl. 5, ugs. 28-30. RASETTI, 1965,

p. 65, pl. 3, ugs. 1-6. _

Lectotype.--A nearly complete exoskeleton, USNM 61595, partially

illustrated by Walcott, 1916a, pl. 27, fig. 1; and re-illustrated by

Rasetti, 1965, pl. 3, fig. 1; from the Nolichucky Formation near Rogers-
U

ville, Hawkins County, Tennessee; subsequently designated by Rasetti

(1565, p- 65)-
Discussion.--Lochman (l9M0a, p. M7) has described this species in

detail. Norwoodella saffordi is distinguished from other species of

Norwoodella by its narrow, elongate glabella and frontal area, extremely

narrow fixed cheeks, and wide genal spines. Commonly the preglabellar

field and border are set apart by a slight change in slope.

Available material.-—Two cranidia from geologic section 11-9; 30

cranidia from geologic section 8-1Mb; 8 cranidia and 3 free cheeks from

geologic section 8-1Ma; l cranidium from geologic section 8-1Md; numer-

ous cranidia and free cheeks from an unknown horizon low in the Nolichucky

at the west end of Speers Ferry Bridge, Scott County, Virginia.

NORWOODELLA s1M2Lm< (ws1s6+;+;) 1916
Pl. 20, figs. 23-25

Norwoodia simplex WALCOTT, 1916a, p. 171, pl. 27, figs. 3,3a-b.

Norwoodella simplex (walcott). RESSER, 1938a, p. 90, pl. 10, figs. 55,56.

LOCHMAN and DUNCAN, 19MM, p. 137, pl. 13, figs. 55-58.



169

Syntypes.--A complete exoskeleton, an exoskeleton lacking only the

free cheeks, and a cranidium, USNM 61609-61611; from the Conasauga Forma-

tion at Cedar Bluff, Alabama; by original illustration.

Diagnosis.--Cranidium, relatively short, broad; anterior margin

broadly rounded; glabella and frontal area relatively wide (tr.). Poster-

ior limbs wide (exsag.), of average length, extended into short, slender

spines. Longitudinal profile gently and smoothly convex.

Free cheek of moderate width.

Discussion.--Norwoodella simplex is easily recognized by the broadly

rounded anterior margin and the wide posterior limbs which taper abruptly

into slender spines.

Available material.--Fourteen cranidia and 3 free cheeks from

geologic section 11-16; 2 cranidia from geologic section 7-lha.

Genus NORWOODIA.Wa1cott 1916

N61~w66a1a WALCOTIT, 1916a, p. 168. RESSER, 19386, p. 36. LOCHMAN, 191+06,

p. 10; 1959, p. 302. SHIMER and SHROCK, 19MM, p. 269. PALMER,

1951+6, p. 71+2.

Whitfieldina RESSER, 1937, p. 27.

Eype species.--Norwoodia gracilis WALCOTT, 1916a, p. 169, pl. 27,

figs. 2a-g; from the Conasauga Formation at Cedar Bluff, Alabama; by

original designation.

Discussion.--The writer follows the diagnoses given by Lochman

(19M0a, p. 10; 1959, p. 302) for this genus.
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NORWOODIA APPALACHIA (Resser) 1938
P1. 20, figs. 8,ll+

Qtia? appalachia RESSER, 1938a, p. 105, pl. lh, fig. 12.

Norwoodina appalachia (Resser). LOCEMAN, l9M0a, p. Ä9-50, pl. 5, figs.l-7.

Holotype.-—An incomplete cranidium, USNM 9Ä977, illustrated by Resser,

1938a, pl. lk, fig. 12; from the Nolichucky Formation 6 miles south of

Rome, Georgia; by original designation.- Q

Discussion.--This species was described by Resser (1938a) from poorly

preserved material from the Nolichucky near Rome, Georgia. Lochman (l9Ä0a)

assigned well-preserved material from the Bonneterre of Missouri to this

species. The writer believes that the Virginia Nolichucky specimens are

conspecific with those from the Bonneterre.

The material at hand agrees well with the very complete description

given by Lochman (l9M0a, p. M9) with the following exceptions. Lochman

notes the presence of four small pits on each side in the anterior bsrdsr

furrow of the cranidium. The Nolichucky specimens show at least eight

pits on each side. The Nolichucky specimens also show a number of pits

in the furrow of the genal angle and a few pits in the distal portions of

the posterior border furrow. The surface appears smooth under low magni-

fication, but at X60 magnification, it is seen to be very finely granular.

Norwoodia appalachia closely resembles M. quadrangularis in having a

strongly depressed preglabellar field. M. appalachia differs from the

latter species in having a wider (sag.) anterior border, longer, more

tapered glabella, and wider fixed cheeks.

Norwoodia appalachia is here placed in the genus Norwoodia because
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of its wide (exsag.), laterally expanding posterior limbs and long (sag.)

frontal area.

Available material.--Six cranidia in limestone, geologic section

10-10; 2 cranidia from geologic section 10-11; a single cranidium from

geologic section 7-1Ma. —

NORNOODIA QUADBANGULABIS (whitfield) 1880
P1. 19, figs. 17,21 .

Conocephalites? quadratus WHITFIELD, 1880a (non Hartt, 1868), p. M7;

1882, p. 180, pl. 1, riga. 15,16.

Ptyahapariav guadrata (Whitfield). MILLER, 1889, p. 565.

Ptychoparia guadrangularis WHITFIELD, in'VOGDES, 1890, p. 1MM; l893,p.353.

Whitfieldina quadrata (Whitfield). BESSER, 1937, p. 27.

Norwoodia guadrata (whitfield). BESSER, 1938b, p. 36; LOCHMAN, 19M0a,

p. M6, pl. 5, figs. 22,23.
I

Norwoodia guadrapgularis (whitfield). PALMER, 195Mb, p. 7M3, pl. 8M, fig.l.

Lectotype.--A cranidium, UCMF 1221/32919, illustrated by Whitfield,
S

1882, pl. 1, fig. 15; re-illustrated by Lochman, 19M0a, pl. 5, figs. 22,23;

subsequently designated by Lochman (l9M0a).

Description.-—G1abe1la nearly parallel-sided, tapering very gently

forward to rounded front. Axial furrows shallow, faint. Occipital ring

swollen, bears small central node and long, posteriorly directed spine.

Preglabellar field long (sag.), approximately equal to glabella in length,

wide (tr.), steeply downsloping. Border furrow shallow, border narrow,

horizontal. Eye ridges faint, straight, opposite anterior 0.2 of glabella;
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palpebral lobes small, arcuate; palpebral areas approximately O.5 of gla-

bellar width (tr.). Posterior limb long (tr.), broad (exsag.), expanding

distally as a result of slight forward curvature of posterior course of

facial suture; bears a moderately long, curved genal spine. Furrow of

posterior limb deep, slit-like, shallowing distally as it passes into the

lateral border furrow. Anterior course of facial suture slightly diver-

gent; posterior course proparian, sinuous. Surface very finely granular.

Free cheek unknown.

Pygidium unknown.
‘

Discussion.--The material at hand seems to be identical with the

species from the Riley Formation of Texas described by Palmer (l95Mb).

Available material.-—Single exfoliated cranidium from geologic sec-

tion ll-ßhd, in association with Crepicephalus buttsi, Coosia, and Qres-
X

bachia. Cranidium lacking posterior limbs from geologic section 7-37„
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Superfamily MARJUMIACEA Kobayashi 1935 Emended

Diagnosis.--Opisthoparian trilobites characterized by anteriorly ta-

pering glabella with faint to obsolete furrows. Frontal area generally

with subequal preglabellar field and border, not always clearly differen-

tiated. Palpebral lobes of moderate size, generally located opposite

middle third of glabella.

Thorax, where known, consists of 13 or lh segments. °

Pygidium with well-defined, convex, gently tapering axial lobe with

2 to 5 axial rings and a terminal section. Axial lobe either bluntly

truncate or with short post-axial ridge.

u Discussion.--The superfamily Marjumiacea is herein emended to include

only the families Marjumiidae, Crepicephalidae, and Tricrepicephalidae.

Lochman {1959), in the Treatise gn Invertebrate Paleontology, Bart Q, in-

cluded the Marjumiidae, Coosellidae (= Crepicephalidae, see below), Pago-

diidae, and Cheilocephalidae in this superfamily. The superfamily as

emended herein represents a group of trilobites related by common morphol-

ogy and whose members occur in North America in the Crepicephalid Biomere.

The Pagodiidae and Cheilocephalidae herein excluded from the superfamily

represent an entirely different trend in trilobite evolution, in which

the frontal area is reduced to a narrow "rim", with preglabellar field

and border not differentiated.
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Family CREPICEPHALIDAE Kobayashi 1935

Crepicephalidae_KOBAXASHI, 1935, p. 275. PAIMER, 1962, p. 27.

Coosellidae PALMER, 195hb, p. 727.
e

Discussion.-—The writer follows Palmer's emendation of the family

Crepicephalidae as conceived by Kobayashi. The marginal pygidial spines

of Crepicephalus are at most a generic characteristic (Rasetti, 1956,

p. 1269), whereas the axial features indicate a close relationship between

Crepicephalus and Coosella. As now conceived the family Crepicephalidae

consists of Crepicephalus, Coosella, Coosia, and Coosina.

Palmer originally included Syspacheilus in the family Crepicephalidae;

however, the writer favors inclusion of Syspacheilus in the family Marjumi-

idae as suggested by Robison (196h). The pygidium of Syspacheilus, now

known through the work of Lochman and Hu (1961), is more like those of

the Marjumiidae than those of the Crepicephalidae. The correct assign-

ment of the genus cannot be certain, however, until the pygidium of the

type species of the genus, Q. typicalis, is known.

Workers may find difficulty in distinguishing some species of genera

of the Crepicephalidae from species of genera of the Marjumiidae. Diffi-

culties of this sort are to be expected, as it is believed that the

Crepicephalidae are derived from the Marjumiidae (Robison, 196h, p. 521;

A. R. Palmer, 1963, oral communication).

Genus COOSELLA Lochman 1936

06666116 L0c1—uv1AN, 1936, p. 39; 1959, p. 309. 1¤A11v1ER, 195ub, p. 728.
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Qype species.--Coosella prolifica LOCHMAN, 1936, p. 39,MO, pl. 9,

figs. M—ll; from the Bonneterre Dolomite, at Saline Creek, southeast of

Avon, St. Genevieve County, Missouri; by original designation.

Discussion.--Lochman (1936, 1959) and Palmer (195Mb) have described

the characteristics of this genus. Palmer's (195Äb) description of the

genus emphasized the rounded concave profile of the anterior border

furrow of the cranidium. In some species, such as the type species, Q.

prolifica, and Coosella sp. B, this paper, the furrow is very shallow.

In other species, such as Q. beltensis (Palmer, 195Mb, pl. 78, fig. M)

and Coosella sp. A, this paper, the furrow is rather deep.

Coosella is intermediate in form between Coosia and Crepicephalus.

It is distinguished from Coosia by its shorter frontal area and better-

defined border furrow and bilobed pygidium. Coosella is most reliably

distinguished from Crepicephalus by the lack of pygidial spines. _

COOSELLA sp. A
r1. 18, rigs. 1-3,6

Description.--Cranidium with moderate overall convexity. Glabella

tapers forward to broadly rounded front; length slightly less than basal

glabellar width. Glabellar furrows obsolete, their position occupied by

three pairs of faint muscle scars, posterior pair bifurcate. Occipital

ring almost flat to gently rounded, bears faint node. Occipital furrow

shallow axially, well impressed laterally. Glabellar furrows well im-

pressed. Frontal area length (sag.) about 0.h of glabellar length (sag.),

equally divided into preglabellar field, furrow, and border. Preglabellar
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field downsloping, merges in smooth curve with moderately deep border

furrow. Border convex, upsloping, marked by 2 to M terrace lines. Pal-

pebral areas gently convex, horizontal. Palpebral lobes located slightly

anterior of glabellar midpoint; eye ridges moderately well defined.

Pygidium with length and width about equal, almost subcircular in

shape. Axial lobe prominent, with three axial rings and terminal segment.

Pleural fields with three pleural furrows and two faint interpleural

grooves, grooves and furrows curve well backward and fade out on border.

Border gently concave, quite wide, sagittal width of border equals length

of axial lobe. Lateral margins broadly and evenly rounded. Posterior ·

margin broadly concave and bilobed.

Discussion.--This species does not appear to be conspecific with any

of the 17 species of Coosella known to the writer. However, a new species

is not proposed as yet because of lack of complete and well-preserved·

cranidia and pygidia, lack of adequate collections, and uncertainty of the

proper association of cranidium and pygidium. Cranidia and pygidia simi-

lar to the ones illustrated (pl. 18, figs. 1-3,6) are associated at only

one locality (geologic section 18-33), and in that collection only the

anterior half of the pygidium is preserved.

Cranidia of Coosella sp. A are similar in overall shape to those of

Q. curticei Resser, but Q. curticei has a broader pygidium and the flattened

condition of Resser's types make the comparison unsure. The cranidia also

resemble those of Q. planicauda Rasetti but differ in being shorter and

wider. The pygidia here assigned to Coosella sp. A are quite similar to

Coosella sp. described by Palmer (195Mb, p. 730, pl. 79, fig. 1) and
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slightly resemble Coosella sp. undet. described by Rasetti (l965, p. 50,

pi. 6, fig. 19).

Available material.--Two cranidia, l free cheek from geologic sec-

tion 8-28; M cranidia (all but one quite incomplete) from geologic sec-

tion ll-l6; 2 cranidia, l pygidium from geologic section l8-33; single

pygidium each from geologic section ll-3Mb and 7-37 and locality 3,

USNM Colln. 29-S.

COOSELLA sp. B
Pl. 18, rigs. u,5,8,9

Description.--Cranidium of moderate overall convexity. Glabella ta-

pers very gently forward to rounded front; length slightly greater than

basal glabellar width. Three pairs of glabellar furrows faintly impressed,

posterior pair bifurcate. Occipital ring nearly flat, with low node at

posterior edge; occipital furrow moderately impressed on axial line, °

deepens laterally. Axial furrows moderately impressed. Frontal area

slightly longer than half glabellar length, subequally divided into pre-

glabellar field and border by shallow, narrow border furrow. Preglabellar

field gently downsloping, narrowest in front of glabella due to median

backward curvature of border furrow. Border nearly flat, horizontal,

marked by 2 or 3 terrace lines. Palpebral lobes nearly flat, horizontal,

located opposite glabellar midpoint. Palpebral areas about one-half the

width of glabella at that point. Posterior limb equal in length (tr.) to

width of occipital ring (tr.), with narrow, well-impressed border furrow

which shallows and turns forward at outer tip of limb. ·

Surface of cranidium smooth.
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Single associated pygidium trapezoidal in shape, tapers posteriorly. ’

Length about two-thirds anterior width. Axial lobe unknown. Pleural

fields narrow, apparently narrower than axial lobe, crossed by three

shallow pleural furrows and two faint interpleural grooves which curve

gently backward. Border relatively narrow, less than one-third pygidial

length on axial line. Lateral margins gently curved, converge posteriorly.

Posterior margin with very slight median indentation.

Discussion.--Coosella sp. B most closely resembles Q. prolifica

Lochman, from which it differs in having a longer, less tapered glabella,

an occipital node and flatter border on the cranidium, and a narrower

border on the pygidium. This new species is not named because the writer

has only three specimens from two widely separated localities and differ-

ent stratigraphic horizons.

Available material.--0ne cranidium and an incomplete pygidium from

the Crepicephalus Zone at geologic section 19-1; single cranidium from the

Cedaria Zone at geologic section 15-ha (Honaker Dolomite). A

Genus COOSIA.Wa1cott 1911

Coosia WALCOTT, 1911, p. 9h; 1913, p. 210. PALMER, 195hb, p. F30;

1962b, p. 27. LOCHMAN, 1959, p. 309. '

Typg species.--Coosia superba WALCOTT, 1911, p. 9h, pl. 16, figs.

1,1a; from the Nolichucky Formation at Cedar Bluff, Alabama; by original

designation. .

Discussion.--Palmer (195Mb, 1962b) recently reviewed this genus.

Cranidia of Coosia are distinguished from those of all other genera of
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the Crepicephalidae by the wide, flat occipital ring and generally longer

frontal area. Pygidia are distinguished from those of Coosina, Coosella, ·

and Syspacheilus by the relatively short axial lobe. Crepicephalus pygidia

differ from those of Coosia principally in the presence of pygidial spines.

The writer recognizes three species of Coosia in the southern Appa-

lachians: Q, calanus (walcott) (synonym: Blountia alethes Walcott [part];

Coosia laülimbata Resser; Q. expansa Resser), C. robusta Walcott, and

Q. superba Walcott.

The holotype cranidium of Coosia holliensis bears considerable resem-

blance to Crepicephalus scissilis and may be conspecific with that species.

COOSIA cA1.A.NUs (wa166tt) 1916
P1. 16, Pigs. 9-12

Asaphiscus calanus WALOOTT, 1916b (partim), p. 38Ä, pl. 6l, fig. 8a (not

fig. 8).
6

Coosia calanus (walcott). RESSER, 1935 (partim), p. 21. RESSER, 1938a

(pamtim), p. 71, pl. 11, Pig. 17 (nm; Pig. 16).

Coosia latilimbata RESSER, 1938a, p. 71, pl. 11, figs. 2h,3l.
l

Blountia alethes WAICOTT, l9l6b (partim), p. 397, pl. 6M, figs. 1,la only.

Coosia expansa RESSER, 1938a, p. 71, pl. 11, fig. 23.
·

Lectotype.--A pygidium, USNM 62790, illustrated by Walcott, 1916b,

pl. 61, fig. 8a, and re-illustrated by Resser, 1938a, pl. 11, fig. 17;

from the Nolichucky Formation on Wolf Creek, 6 miles northeast of Rocky

Gap, Bland County, Virginia; here designated.

Diagnosis.--Cranidium with frontal area longer (sag.) than one-half
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glabellar length; preglabellar field varies in width (sag.) from one-half

to slightly more than width (sag.) of border. Pygidium with broad con-

cave border. Axial lobe more than one-half length (sag.) of pygidium.

Description.--Cranidium, excluding posterior limbs, elongate rec-

tangular. Glabella moderately convex, tapering forward, broadly rounded

anteriorly. Occipital ring flat and wide (sag.). Occipital furrow

shallow but well defined. Frontal area slightly longer (sag.) than one-

half glabellar length. Preglabellar field gently downsloping to wide

(sag.), shallow border furrow; preglabellar field varies in length (sag.)

from one-half the length to slightly more than length of border. Border

_very gently convex, horizontal or slightly upsloping. Palpebral areas

moderately narrow, at widest point one-half or less of glabellar width

(tr.), one-fourth or less of glabellar width anteriorly. Length (tr.)

of posterior limbs approximately 0.8 length (tr.) of occipital ring.

Posterior limbs narrow (exsag.) but increase in width to about mid-length

and then taper to rounded point. Anterior section of facial sutures di-

vergent, extend obliquely forward onto border to a point directly anter-

ior to distal edge of palpebral lobe; then curve inward in a smooth curve

to cross anterior margin directly in front of anterior end of palpebral

furrow. Posterior section of facial suture curves outward and slightly

backward from base of palpebral lobe, then curves back more sharply to
cross posterior margin well inside the genal angle. Surface of cranidium
punctate. Border marked by fine subparallel grooves.

Free cheek narrow, elongate. Ocular platform about one and a half
times wider than border, slopes gently downward to shallow border furrow.
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Border gently convex, extends into moderately long spine.
V

Pygidium subsemicircular, about two times or slightly less wider _

than long. Axial lobe convex, tapers posteriorly, extends slightly more

than l/2 to 2/3 length (sag.) of pygidium, with three well-defined axial

rings and a terminal segment which bears a short postaxial ridge extend-

ing onto the border. Pleural fields gently convex, with three shallow

pleural furrows and two interpleural grooves which are located closest

to the next posterior pleural furrow. Furrows and grooves extend a short

distance onto the border without trace of border furrow. Border moder-

ately wide, convex. Posterior and lateral margins smoothly rounded with

a tendency toward a slight median inbend.

Discussion.--In describing Coosia calanus, Walcott designated a 1

a cranidium and pygidium, preserved in shale from Wolf Creek, 6 miles

northeast of Rocky Gap, Virginia, as the cotypes. The cotype cranidium

(Walcott, l9l6b, pl. 6l, fig. 8) is incomplete and very poorly preserved

and appears to be a species of Crepicephalus. The cotype pygidium of

Coosia calanus (USNM 62790) is hereby designated the lectotype. Coosia

latilimbata Resser is represented in the type collection only by cranidia,

but the writer's collections contain cranidia indistinguishable from Q,

latilimbata associated with pygidia of Q. calanus.
I i

The holotype cranidium of Q. expansa differs only slightly from a

large cranidium of Q. calanus from Wolf Creek, locality l, in the writer's

collection. The slight differences in the size and shape of the frontal

area and palpebral lobes are no more than would be reasonably expected to

result from infraspecific variation.



182

The cranidium of Blountia alethes Walcott is identical in the width

of the palpebral lobes and proportions of the frontal area to cranidia of

Coosia calanus in the writer's collections. The pygidium of Blountia

alethes Walcott was assigned to Coosina amage_by Rasetti (1965).

Available material.--A single pygidium from geologic section 2-2 and

several pygidia and cranidia from a nearby quarry, locality 1, on Wolf

Creek at Shumate, Virginia; 2 cranidia and 2 pygidia from geologic sec-

tion 1Ä-9; 2 cranidia and 1 pygidium from geologic section 10-15; 2

cranidia and 3 pygidia from geologic section 21-7; a single pygidium

from geologic section 8-30; Ä pygidia from geologic section 8-33.

COOSIA ROBUSTA Walcott 1911
P1. 16, figs. 1,5

Coosia robusta WALCOTT, 1911, p. 9Ä, pl. 16, figs. 2,2a' 1913, p. 213,

pl. 21, figs. 9,9a. RESSER, 1938a, p. 70, pl. ll, figs. 12,13. '

Syntypes.--A pygidium and a cranidium, USNM 57590 and 57591, illus-

trated by Walcott, 1911, 1913, and Resser, 1938a, as cited above; from

the Nolichucky Formation, ll miles northwest of Knoxville, Tennessee; by

original designation.

Discussion.--The material at hand agrees in all essential characters

with the cotypes from the Nolichucky at Bull Run, Tennessee. Coosia

robusta is easily distinguished from Coosia superba by its narrower

pygidium with a downsloping, rather than concave, border, and the well-

defined, nearly straight, anterior border furrow on the cranidium.

Available material.--A single pygidium from geologic section 7-1Äa.
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· COOSIA SUPERBA.Wa1cott 1911
R1. 16,rigs.Coosia

superba WALCOTT, 1911, p. 9h, pl. 16, figs. 1,1a; 1913, p. 213, pl.

21, r1g3. 6,63. BESSER, 19383, p. 70, pl. 11, fig. 9. j
Holotype.--A nearly complete exoskeleton, USNM 57589, illustrated by

Walcott, 1911, 1913, and by Besser, 1938a, as cited above; from the
8

Nolichucky Formation at Cedar Bluff, Alabama.

Diagnosis.—-Members of Coosia with frontal area more than one-half

glabellar length, border three times longer than preglabellar field. Free

cheek lacks genal Spine. Pygidium with axial lobe one-half or less of

total sagittal length. Border broad and shallowly concave.

Description.--Cranidium, excluding posterior limbs, elongate rectang-

ular. Glabella moderately convex, tapers forward to broadly rounded front.

Occipital ring broad and flat, width (sag.) slightly less than one-fifth

glabellar length. Occipital furrow shallow but well defined. Axial

furrows shallow, narrow. Frontal area long (Sag.), ranges from 1/2 to

2/3 glabellar length. Preglabellar field gently downsloping, approxi-

mately one-third length (sag.) of border, merges with broad Shallow bor-

der furrow in smooth curve. Border furrow poorly defined in plan view.

Border very gently convex, horizontal, commonly marked by numerous faint

subparallel grooves. Palpebral areas moderately narrow, at widest point

approximately one-third glabellar width; narrows sharply anteriorly to

less than one-fourth glabellar width. Palpebral lobes and furrows arcuate,

located just posterior to glabellar midpoint. Posterior limbs not pre-

Served in material available. Anterior course of facial sutures diver-

gent. Sutures extend obliquely forward onto the border to a point directly
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in front of outer limit of palpebral lobes, then extend inward in a smooth

curve to cross anterior margin directly in front of anterior end of pal-

p&md.ümmm.

Free cheek lacks genal spine. Ocular platform and border approxi-

mately equal in width. Border furrow broad and shallow anteriorly, be-

comes shallower and nearly disappears posteriorly. Surface of ocular

platform marked by radiating, anastomosing, raised lines of genal cecae.

Border marked by many subparallel shallow furrows. Surface of cranidium

and free cheek finely punctate.

Hypostoma convex, gently rounded anteriorly, broadly rounded with

median inbend posteriorly. Median body strongly convex both sagitally

and transversely. Median body slopes down to anterior border without
·

trace of border furrow. Anterior border wide (tr.), bounded laterally by

convex anterior wings which diverge anteriorly at about a M5-degree angle

from the axial line. Posterior lobe strongly convex, downsloping, set off

from median body laterally by well-developed maculae and axially by change

of slope. Posterior border broad laterally, very narrow axially with

pair of deep, broad pits laterally and another shallower pair posteriorly.

Posterior border marked by raised anastomosing lines.

Thorax not known from writer's material. Holotype bears l2 thoracic

segments.

Pygidium subsemicircular, moderately convex. Axial lobe convex, ex-

tending less than one—half length (sag.) of pygidium, with three axial

rings and a terminal segment, a short, low, postaxial ridge extending on-

to the border. Pleural fields gently convex, downsloping, with 2 or 3
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pleural furrows and l or 2 faint interpleural grooves; anterior band of

pleurae narrower than posterior. Grooves and furrows extend a short dis-

tance onto the border without trace of border furrow. Border broad, con-

cave, clearly marked by subparallel terrace lines in well-preserved speci-

mens. Lateral and posterior margins smoothly rounded with a tendency

towards a slight median inbend. Surface of pygidium finely punctate.

Discussion.--The holotype of Coosia superba is a poorly preserved,

but nearly complete, specimen, 66 mm in length, from the Nolichucky at

Cedar Bluff, Alabama. Despite the poor preservation of the holotype, the

writer is confident that the material described herein is correctly

assigned to this species as it agrees in all proportions with those of

the holotype. Q. superba is most easily confused with Coosia calanus,

from which Q. superba is distinguished by its proportionately shorter

preglabellar field, proportionately shorter axial lobe of the pygidium.

and the lack of genal spines. Coosia albertensis Resser is similar to

Q. superba and may be conspecific. Q. superba is distinguished from all

other species of Coosia by its proportionately longer frontal area and

shorter axial lobe of the pygidium.

Some of the specimens illustrated by Rasetti (l965) as Coosia alethes

appear to resemble Q. superba in the proportions of the frontal area and

in the relative length of the pygidial axis. The writer has not examined

Rasetti's collections and therefore cannot make a detailed comparison

with the species described herein.

Available material.--Three cranidia, Ä hypostoma, 2 free cheeks, 2
pygidia from geologic section ll-3kd; 3 pygidia from geologic section
8-27; single pygidium from geologic section 19-l.
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Genus COOSINA Rasetti 1956

Type species.--Maryyillia ariston WALCOTT (partim), 1916b, p. Ä01,

pl. 6M, figs. 5,5' (not fig. 5a); from the Nolichucky Formation on the

New Market—Piedmont Road, on Shields Ridge, Jefferson County, Tennessee;

by original designation by Rasetti.

Discussion.--Rasetti (1956, p. 1267-1268) recently reviewed this

genus.

COOSINA AMAGE (walcott) 1916
Pl. 17, figs. 21-2M

Blountia p_@p__6;wALco1·1:, 19166, p. 398, p1. 6u, rigs. 3,333.6.

Blountia alethes WALCOTT, 1916b (partim), p. 397, figs. lb,1c only.

Coosella amage (Walcott). RESSER, 1938a, p. 70, pl. 13, figs. 12,13.

Coosia alethes (Walcott). RESSER, 1938a, p. 71, pl. 13, fig. 10.

Coosina amage (walcott). RASETTI, 1965, p. 50, pl. 7, figs. lk-22.

H6166yp6.--A 666616;.161, Usma 6282ü, illustrated by wa16666, 19166,

pl. 6h, figs. 3,3', and re-illustrated by Resser, 1938a, pl. 13, fig. 12;

from the Nolichucky Formation, ll miles northwest of Knoxville, Tennessee;

by original designation.

Diagnosis.--Cranidium with narrow, rounded glabella tapered relatively

strongly forward. Axial furrows moderately well defined, well impressed

on ventral impressions. Palpebral areas generally horizontal.

Pygidium with relatively narrow axial lobe bearing five axial rings;

border relatively gently downsloping, with tendency toward posterolateral

expansion.
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Discussion.--This species is fully described by Rasetti (l965, p.50).

All the specimens in the writer's collection are exfoliated.

This species is most easily distinguished from Coosina ariston by

the better-defined furrows on the cranidium and the gentler sloping, ex-

panding border of the pygidium. Isolated cranidia cannot always be reli-

ably distinguished from those of Q, ariston.

Rasetti (l965) observed that Q, amage is much more abundant than Q.

ariston in Tennessee. This is true in the writer's one collection, geo-

logic section l9-l, from the central belts in Tennessee. However, Q.

amage has not been identified from Virginia. One collection, geologic

section 23-6, from Meadowview, Virginia, contains two cranidia of

Coosina, one of which may possibly be Q. amage. The second cranidium is,

however, a typical Q, ariston.

Rasetti (l965) recognized that the pygidium of Blountia alethes _

Walcott is not conspecific with the cranidium of that species, and placed

the pygidium in synonomy with Coosina agage. Resser (l938a, pl. l3, fig.

lO) re-illustrated the paratype pygidium of Blountia alethes and incorrect-

ly stated that this pygidium is the holotype.

Available material.--Thirty cranidia and pygidia from geologic sec-

tion 19-l; single pygidium from geologic section 27-l2b.

COOSINA ARISTON (Walcott) l9l6
Pl. l6, figs. l3-l7

Maryvillia ariston WALCOTT (partim), l9l6b, p. MOl, pl. 6M, fig. 5,5'

(not fig. 5a).
O
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Coosina ariston (Walcott). RASETT1, 1956, p. 1267 (includes complete

synonymy to that date); 1961, p. 111, pl. 21, figs. 12,13; 1965,

p. 51, pl. 7, fig. 27.

Holotype.--A cranidium, USNM 62829, illustrated by Walcott, 1916b,

pl. 6M, figs. 5,5*, and re-illustrated by Resser, 1938a, pl. 13, fig. 5;

from the Nolichucky Formation on Shields Ridge, Jefferson County, Tennes-

see; by original designation.

Diagnosis.--Cranidium·with wide, straight—sided or gently rounded

glabella, tapering forward to broadly rounded front. Axial furrows very

faint on dorsal surface, shallow on ventral impressions. Palpebral areas

generally gently downsloping, may be horizontal. Pygidium with wide, con-

vex, axial lobe, typically with four axial rings. Border always convex,

typically steeply downsloping although slope variable. Posterior margin

evenly rounded.

Discussion.--The reader is referred to Rasetti (1956) for the com-

plicated history of this species. Q. ariston varies in shape consider-

ably more than most Cambrian trilobite species. A typical cranidium and

pygidium are illustrated on plate 16 (figs. 1M,l5) as well as three more

extreme variants (pl. 16, figs. 13,16,17). Larger cranidia commonly

show a greater elongation of the glabella and frontal area. Specimens

showing all grades of variation between these specimens are present in

the writer*s collections. n
Available material.--One cranidium each from geologic sections 2M—8,

2M-10, and locality 7; one pygidium each from localities 8 and 10 and

geologic sections6—52 and 20-Mb; cranidium and pygidium from locality 17;
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5 cranidia and 3 pygidia from locality 13; 7 cranidia and 3 pygidia from

locality 11; cranidium and pygidium from geologic section 15-15c;

2 cranidia from geologic section 23-6; M cranidia and 7 pygidia from

geologic section 19-1. ·

Genus CREPICEPHALUS Owen 1852

Crepicephalus OWEN, 1852, p. 575. WALCOTT, 1916a, p. 199 (inclues com-

plete synonymy to that date). SHIMER and SHROCK, 19MM, p. 623.

PALMER, 1955, p· 732·
Uncaspis KOBAXASHI, 1935, p. 279.

Sneedvillia Rssssa, 1938a, p. 98.

Qype species.--Dikelocephalus? iowensis OWEN, 1852, p. 575, pl. 1,

fig. M, pl. 1A, fig. 13; from the Eau Claire Member of the Dresbach For-

mation at the mouth of Black River, Winoma County, Minnesota; subsequent-

ly designated by Walcott, 1886, p. 206. «

Diagnosis.—-Crepicephalidae generally with moderately convex cranid-

ium. Glabella well defined by axial furrows, tapering forward, generally

arched above general convexity of cranidium. Frontal area of moderate

length, from one-fourth to slightly less than one-half the total length of

the cranidium, with moderataLy well-defined border furrow. Border commonly

narrow and strongly convex, may be flat. Fixed cheeks of moderate width,

but variable; horizontal or slightly upsloping. Occipital ring simple,

straight, with rounded profile. Posterior limbs long, nearly parallel-

sided.

Pygidium subrectangular, varies from 1% to 2 times wider than long
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(sag.). Axial lobe convex, well defined by axial furrows, with 3 to 5

axial rings and a terminal segment with short postaxial ridge extending

short distance onto border. Pleural lobes with furrow—groove patterns

typical of Crepicephalidae. Border concave, flat, or slightly convex,

extending into spines at posterolateral corners. Spines highly variable

in length and divergence, may converge, extend straight backwards, or

diverge. Posterior margin concave, straight, convex, or sinuous.

Surface of most species granulated.

Discussion.--Species of Crepicephalus are most reliably distinguished

from species of other genera of the Crepicephalidae by the presence of

spines on the pygidium. Cranidia of Crepicephalus are easily distinguished

from those of Coosia by the flatter occipital ring and longer fnsntal area

of Coosia. Cranidia of Crepicephalus are less easily distinguished from

those of the other genera of the Crepicephalidae, but in general

Crepicephalus has longer posterior limbs (tr.) and longer palpebral lobes

(exsag.) and a longer glabella _

The species of Crepicephalus described by Walcott and Resser from

the southern Appalachians have never been adequately described and illus-

trated; therefore, a complete revision of the genus in the southern

Appalachians is given herein. In a number of cases, this revision has

been somewhat frustrated by lack of new material; consequently, a few

previously described species are considered as unknown species until fur-

ther collections of topotypes can be made. The species are redescribed

on the basis of new material and examination of the original types, and

in two cases, the types are refigured.
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The Southern Appalachian Species of Crepicephalus considered valid

are:

Crepicephalus brevis, n. sp.

Q. buttsi Besser (Syn. Q. egplicatus Besser, Q. expansus Besser,
Q. exutus Besser)

Q. convergens Basetti
_Q. micans (Besser) (Syn. Q. camiro Walcott [partl)

Q. rectus Besser (Syn. Sneedvillia typicalis Besser)

Q. Scissilis Besser (Syn. Q. greendalensis Besser)

For lack of additional material in cases where the type material is in-

adequate or poorly preserved, a number of Species are herein considered

as unknown Species.

Crepicephalus petilus Besser, based on a single poorly preserved

pygidium, is unlike any Species in the writer's collections. It has a

strongly concave posterior margin, a short posterior border, and long,

slender, diverging spines. Q. petilus may simply be an aberrant form of

Q. scissilis or Q. buttsi, or may be a valid Species. Q. rectiformis

Besser has a broad posterior margin like Q. buttsi and seems to have the

Sinuous margin typical of that Species. However, the spines and part of

the posterior margin are broken, so a definite assignment cannot be made.

Crepicephalus saffordi Besser is Similar in nearly all respects to

Q. Scissilis and is probably conspecificg however, the holotype is in-

complete so the true nature of the Species is unknown. Coosia holliensis

Besser is clearly a Species of Crepicephalus, and appears to be conspecific

with Q. scissilis. A definite assignment for the Species should not be

made until better topotype material is available.
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Q. goodwinensis is based on a holotype and two paratype pygidia very

poorly preserved in leached silty dolomite. The preserved features of the

main body of the pygidium of this species are identical to those of Q.

scissilis. Unlike Q. scissilis, however, the spines are very slender,
· relatively short, and converge. Numerous attempts by the writer, students,

and members of the faculty at Virginia Polytechnic Institute to collect

additional material at the type locality)of Q. goodwinensis have yielded

only poorly preserved fragments of other trilobites. Because of the poor

preservation of the types and the unlikelihood of soon obtaining better

topotype material, the name Q} goodwinensis should be restricted to the

types.

Uncaspis nitida Resser (illustrated on pl. I5, fig. 7) is a species

of Crepicephalus (as pointed out by Raasch and Lochman, IQM3), but both

the holotype and paratype are so poorly preserved as to be specifically

unidentifiable. The types resemble Q. brevis, n. sp. in gross outline,

but their preservation as ventral impressions in siltstone render any

identification unsure. The name should be restricted to the types.

The genus Sneedvillia Resser is a subjective junior synonym of

Crepicephalus because the type species of Sneedvillia, Q. typicalis, is

a subjective junior synonym of Crepicephalus rectus. The only other

described species of Sneedvillia, Q. saylesi, is probably a pterocephalid.

The genus Uncaspis Kobayashi is placed in synonymy with Crepicephalus and

the complicated history of this genus and its type species, Crepicephalus

Enggiwalcott, is discussed in detail below.
U
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Status of Crepicephalus and Uncaspis.——During the summer of 1963,

the writer, having difficulty in making generic assignments of Crepiceph-

aluä-like pygidia with converging spines like Uncaspis, conferred with

° Dr. A. R. Palmer about this problem. Dr. Palmer expressed his belief to

'the writer that the type species of Uncaspis Kobayashi, based on the

pygidium of Crepicephalus unca_Walcott, is actually a member of Crepiceph-

glus. Dr. Palmer further stated that he feels that the cranidium of

Crepicephalus unca_Walcott was correctly associated with the pygidium, is

a member of Crepicephalus, and is not a Modocia as asserted by Raasch and

Lochman (l9M3). The writer subsequently studied all the species of

Crepicephalus and Uncaspis in the type collections of the U. S. National

Museum and came to the same conclusion.

The pygidium of Crepicephalus unca bears many features typical of

Crepicephalus. The axial lobe bears four axial rings and a terminal seg-

ment, with a short postaxial ridge extending a short distance onto the

border, a typical feature of Crepicephalus. The pleural lobes are slightly

narrower than the axial lobes and bear four pleural furrows and two faint

interpleural grooves. The cranidium of Crepicephalus unca, as assigned

by Walcott, is equally typical of Crepicephalus. The glabella is moder-

ately convex, tapered forward and rounded anteriorly, and well defined

by the axial furrows. The preglabellar field is gently convex, down-

sloping to the shallow border furrow, and the border is moderately narrow

and gently convex; width (tr.) of fixed cheeks is approximately equal to

one-half the glabellar width; palpebral lobes are moderate in size and

located opposite the central one-third of the glabella. Although none of
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these features are uniquely diagnostic for the genus Crepicephalus and '

occur as well in other members of the family Crepicephalidae and in the

cranidium of the closely related genus Modocia, none of the features of

the types of Crepicephalus unca'Walcott are atypical of the genus. The

association of a cranidium and pygidium with features of Crepicephalus

and the absence of either cranidia or pygidia of other known related forms

is strong evidence that the parts are correctly referred to the genus

Crepicephalus.

As the pygidium of Crepicephalus unca Walcott is the lectotype of

Uncaspis unca_(Walcott) Kobayashi, so designated by Raasch and Lochman

(l9h3, p. 223), and Uncaspis unca is the type species for the genus

Uncaspis Kobayashi, it now appears that Uncaspis is a junior synonym of

Crepicephalus. Unfortunately many species that have been referred to the

genus Uncaspis are not members of Crepicephalus (ex. Uncaspis limbata

Raasch and Lochman), nor even members of the family Crepicephalidae,
I

and are now left without a generic name. To make this revision entirely

clear, an historical review of the problem is given below.

Walcott (1916a, p. 217) described the species Crepicephalus unca

based on a few cranidia, pygidia, and a free cheek preserved in sandstone

from the Eau Claire Formation of Wisconsin. Walcott failed to designate

a holotype. Kobayashi (1935, p. 279) made Crepicephalus unca the type

species of his new genus Uncaspis, without comment as to which of Walcott's

specimens he considered the holotype. Raasch and Lochman (l9M3, p. 221)

emended the genus Uncaspis by designating one of Walcott's pygidia as the

lectotype and assigning a new type of cranidium to the genus. The cran-

idium of Crepicephalus Walcott was made the holotype of a new species
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of Modocia, M. walcotti Raasch and Lochman (19h}, p. 233). The assign-

ment of a new type of cranidium, quite unlike Crepicephalus, to Uncaspis

unga_was made on the basis of information from another species, Uncaspis

limbata Raasch and lochman (19h}, p. 22h) which has a pygidium resembling

that of Crepicephalus unca in gross outline. This cranidium (Raasch and

Lochman, 19h}, pl. Bh, fig. 2) is very poorly preserved and not specifically

distinguishable from that of Uncaspis limbata, and furthermore is not

found associated with pygidia of Crepicephalus unga at the type locality.

On the other hand, both the pygidia and cranidia assigned by Walcott to

Crepicephalus unga are associated at the type locality (Nelson, 1951,

p- 77L¥)·
Crepicephalus unga'Walcott (syn. Modocia walcotti Raasch and Lochman)

is now considered a valid species of the genus Crepicephalus. However,

the holotype of Uncaspis limbata Raasch and Lochman is a cranidium lacking

fixed cheeks and quite distinct from Crepicephalus and any genera of the

Crepicephalidae. The pygidium of Uncaspis limbata resembles that of

Crepicephalus unca in gross outline, but differs in having a short axis

with only two axial rings plus a terminal segment and in possessing promi-

nent lateral nodes at the posterior corners of the terminal segment.

"Uncaspis" limbata and similar species constitute a valid genus which now

lacks a name.

Species previously referred to Uncaspis an now considered species of

Crepicephalus are:
•

Uncaspis Egg (Walcott). RAASCH aua LOCHMAN (191+3, pygidium
only, pl. 3M, figs. l,M,5)

Uncaspis Egg (Walcott). 1~1ELs0N (1951)
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Uncaspis ndcans RESSER (1938)

Uncaspis nitida RESSER (1938)

Uncaspis discrepans Lochman and Duncan, Uncaspis dgl; Lochman and Duncan,
Uncaspis Species A and B Lochman and Duncan, whose holotypes are pygidia,

were not available to the writer but appear to be Species of Crepicephalus.

Uncaspis nitida Resser is clearly a Species of Crepicephalus but is based

on Such poorly preserved material that the name should be restricted to

the types.

Species previously referred to Uncaspis and now members of the
un-v

»

named genus typified by "UncaspiS" limbata are:

Uncaspis limbata RAASCH and LOCHMAN (19k3) ·

Uncaspis unca RAASCH and LOCHMAN (l9k3, cranidium and free
'””EEEEi Enly, pl. 3k, figs. 2,3)

Uncaspis angustata RESSER (1938)

Uncaspis Snowyensis LOCHMAN and DUNCAN (19kk)

Uncaspis modesta LOCHMAN and DUNCAN (19kk)

Uncaspis angustata Resser, illustrated on plate lk, figure lk, is based

on such poorly preserved material as to be Specifically unidentifiable;

the name should be restricted to the types.

Neither the cranidium nor the pygidium of Uncaspis tennesseensis be-

long to either Crepicephalus or the "UncaspiS" limbata group. The cran-

idium was assigned to Modocia dubia (Resser) by Rasetti (1965, p. 107).

The pygidium was assigned to Coosella (Rasetti, 1965, p. k8) and was

given a new name, Q. resseri Rasetti, because the name Coosella

tennesseensis is occupied. A
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CREPICEPHALUS BREVIS, n. sp.
P1. ik, rigs. 6,9-13,15,16

Holotype.--A pygidium, USNM l52555a,as illustrated on plate lk,

figures 6,9; from the Nolichucky Formation at Creswell, Russell County,

Virginia, geologic section ll-22; here designated.

Diagnosis.--Cranidium with rounded front on glabella, border furrow

gently curved; preglabellar field longer than border; surface of cranidium

coarsely granulated. Pygidium two times wider than long; with converging

lateral margins and short spines; axial lobe with three axial rings and

short terminal segment; pleural fields with two well—defined, and one

faint, pleural furrows and two faint interpleural grooves.

Description.--Glabella tapering gently forward, well rounded anteri-

orly, approximately two-thirds the length of the cranidium (sag.). Three

pairs of faintly impressed glabella furrows poorly outlined by lack of

granules. Occipital ring simple, straight; occipital furrow moderately

well impressed; shallow axially, deepens laterally. Preglabellar field

gently convex, with slight indentation on axial line, gently downsloping

to broad border furrow. Border gently convex, horizontal, approximately

two-thirds width of preglabellar field (sag.); marked by 2 or 3 terrace

Palpebral area of moderate width, slightly less than half the gla-

bellar width opposite palpebral lobes. Eye ridges faint, directed gently

backwards. Palpebral lobes of moderate size, gently curved; length (exsagj

slightly less than that of glabella (sag.) located opposite glabellar

midpoint. Posterior limb narrow, parallel-sided, with well-impressed
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posterior border furrow; surface of cranidium densely and evenly covered

with coarse granules. Thorax unknown.

Free cheek with ocular platform moderately wide, moderately steeply

downsloping to border furrow. Border furrow moderately deep; forms

smooth curve. Border gently convex, horizontal, approximately half the

width of ocular platform {tr.) along a transverse line drawn through the

eye. Border increases slightly in width posteriorly, widest at genal cor-

ner; bears gently tapered genal spine approximately equal in length to

margin of cheek anterior to genal angle. Surface of ocular platform,

border, and spine densely covered with coarse granules. Outer margin of

border and spine marked by l or 2 raised lines.

Pygidium with converging sides, two times wider than long. Axial

lobe convex with three axial rings and short terminal segment which bears

a short postaxial ridge extending unto the border. Only two axial rings

may be apparent in small (less than l mm in length) specimens. Axial

lobe approximately 0.8 sagittal length of pygidium. Pleural fields tri-

angular, slightly wider than axial lobe. Pleural fields crossed by three

pairs of pleural furrows; anterior pair well impressed, posterior pair

faint. Two pair very faint interpleural grooves equidistant between

pleural furrows. Furrows and grooves extend short distance on to border

without trace of border furrow. Border gently concave between pleural

fields and spines, gently convex laterally and axially. Spines short,

broad, generally one-third axial length of pygidium. Surface of pygidium

densely and evenly covered with medium-sized granules.

Discussion.--This species closely resembles Crepicephalus micrans
l
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(Besser) from which it is distinguished by having a preglabellar field

wider than the border and a shorter, wider pygidium with only three axial

rings. Crepicephalus brevis occurs in the upper part of the Cedaria Zone

and the lower part at the Crepicephalus Zone and may well be the ancestor

of Crepicephalus micrans, which occurs only in the Crepicephalus Zone.

The cranidium of Crepicephalus brevis closely resembles Coosella

granulosa Basetti from Grosse Boche, Newfoundland, and may be conspecific.

The writer is reluctant to assign this species to Coosella granulosa in

the absence of knowledge of the pygidium of that species. Cranidial

characteristics of Crepicephalus brevis are close to those of the genus

Coosella, i.e., blunt,tapering glabella, shallow border furrow, and occipi·

tal furrow shallowest on the midline. However, the development of short

spines on the pygidium is typical of the genus Crepicephalus. Probably

this species is a form of Crepicephalus closely related to Coosella. U

Available material.-—Holotype pygdium, another small, well-preserved

pygidium, and 3 fragmentary cranidia from geologic section lO-22; single

cranidium and 2 fragmentary pygidia and l free cheek from geologic sec-

tion l5-ha; single pygidium from geologic section l5-l5a; 5 pygidia and

l cranidium from geologic section 19-1; single pygidium from locality 3,

USNM Colln. 29-S; numerous fragmentary pygidia and cranidia from locality

8; and a single pygidium from geologic section 7-37.
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CBEPICEPHALUS BUTTSI Besser l938
Pl. 15, figs. 1+-6

Crepicephalus buttsi BESSER, l938a, p. 72, pl. ll, figs. 28,29,M9,50.

RASEPPI, 1965, p. 1+5, pi. 6, figs. 5,6.

Crepicephalus explicatus BESSER, l938a, p. 72, pl. ll, fig. 30.

Crepicephalus expansus BESSER, l938a, p. 73, pl. ll, fig. 36.

Crepicephalus exutus BESSER, l938a, p. 73, pl. ll, fig. MO.

Crepicephalus Species undet. WALCOTT, l9l6a, p. 2l8, pl. 32, fig. M.

Crepicephalus Species undet. WALCOTT, l9l6a, p. 2l8, pl. 32, fig. 5.

Holotype.--A pygidium, USNM QM907, illustrated by Besser, l938a, pl.

ll, fig. 50; from the Nolichucky Formation, 2 miles east of Cleveland,

Russell County, Virginia; by original designation.

Diagnosis.--Pygidium·with widely diverging spines; posterior border

· wide, sagittal width about 0.M of pygidial length (sag.); posterior mar-

gin sinuous.

I

Description.-—Cranidium poorly known. Glabella tapering forward to

broadly rounded front, extending approximately 0.6 of cranidial length

(sag.). Occipital ring well defined, gently convex, straight. Occipi-

tal furrow moderately well impressed. Length of frontal area approxi-

mately one-fourth total cranidial length (sag.). Preglabellar field

gently convex, gently downsloping to merge with broad, poorly defined

border furrow; preglabellar field generally narrower (sag.) than border. "

Border furrow Shallow, smoothly concave, in plan broadly rounded with

tendency toward developing straight area in front of glabella. Pregla-

bellar field convex, usually one-half length (sag.) of frontal area.
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Anterior margin very broadly rounded, sometimes nearly straight on

flattened specimens. Palpebral areas narrow (tr.), one-third or less

glabellar width. Eye ridges faint, directed sharply backward. Posterior

limbs moderately long, equal width (tr.) of occipital ring, taper to a

sharp point. Posterior border furrowwell impressed.

Surface of cranidium unknown. Free cheek and thorax unknown.

Pygidium subrectangular in shape, slightly less than two times wider

(tr.) than long (sag.). Axial lobe convex, well defined by deep axial

furrows, bears three distinct rings, and a terminal segment with a short
l

postaxial ridge extending onto the border. Pleural fields convex, crossed

by four pleural furrows and three faint, shallow, interpleural grooves.

Grooves and furrowsextend a short distance onto border without trace of

border furrow. Posterior pairs of grooves and furrows obscure on inner

surface. Border wide, sagittal length O.M of total pygidial length (sag.}

concave, marked by faint concentric terrace lines; border widest at pos-

terolateral corner, extended into long, flat, tapering spines. Spines

diverge 25-35° from axial line. Posterior margin sinuous, broadly con-

vex with median inbend.

Surface of pygidia smooth.

Discussion.--Pygidia of Crepicephalus buttsi are easily distinguished

from those of all other Crepicephalus by the widely diverging spines,

broad border, and sinuous posterior margin. The cranidium described here

is only tentatively assigned to the species and is poorly preserved.

Cranidia that had been assigned to Q} buttsi, including the one described

here, closely resemble those of Crepicephalus scissilis. Apparently the
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distinction between Q, buttsi and Q. scissilis was not clear to Resser,

as a collection of Q. scissilis from Crockett Cove in the National Museum

was identified by him as Q. buttsi. The types of the species listed above

as synonyms for Q, buttsi have been examined by the writer and differ

from the holotype and the material described herein only in the mode of 4preservation.Available
material.--Numerous pygidia well preserved in limestone

from geologic section 6-51; a single well-preserved pygidium and a frag-

mentary cranidium from geologic section ll-3Md; and a single cranidium

poorly preserved in shale from geologic section 6-52.

CREPICEPHALUS cf. C. CONVERGENS Rasetti 1965‘ Pl. 15, figs. 1-3

Crepicephalus cf. Q. convergens RASETTI, 1965, p. M6, pl. 8, figs. 9-11.

Discussion.--Seven pygidia and cranidia of a species of Crepicephalus

from a single collection from the Widener Limestone are identical to

specimens identified as Crepicephalus cf. Q. convergens by Rasetti (1965).

The material is too poorly preserved to warrant description as a new

species. The pygidia in the writer's collection, as well as in Rasetti's

material, differ from Crepicephalus convergens Rasetti (1965, p. M6, pl.

8, figs. 5-8) in having more strongly converging sides. On the other

hand, the cranidium resembles that of Q: micans, differing principally

in having a more broadly rounded border and border furrow and in having

a narrower glabella and wider (sag.) border. The pygidia are intermediate

in form between that of Q. brevis and that of Q. micrans, but seem to have
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shorter spines and a wider (sag.) posterior border than either species.

The pygidium of Crepicephalus convergens Rasetti and the material described

herein also differ from the pygidium of Q. gggggg in having three rather

than M or 5 axial rings.

Available material.--Three cranidia and four pygidia from geologic

sees1o¤ 2M-18.
8

CREPICEPHALUS M1cANs (Besser) 1938
B1. 1M, figs. 1-5,7,8

Crepicephalus gam1rg'WA1COTT (partim), 1916a, p. 205, pl. 32, fig. 2a

(not fig. 2 = Aphelaspis camirg).

Uncaspis gggiäg (Walcott). KOBAXASHI, 1935, p. 279.

Uncaspis mlcänä RESSER, 1938a, p. 105, pl. ll, fig. 18,19.

Holotype.--A pygidium, USNM 61673, illustrated by Walcott, 1916a,

pl. 32, figs. 2a,2a', and by Resser, 1938a, pl. ll, fig. 19, and re-i1lus-

trated on pl. lM, figs. l,M herein; from the Nolichucky Formation at Bull

Run, 1M miles northwest of Knoxville, Tennessee; by original designation.

Ddggnosis.--Cranidium with glabella tapering forward to well—rounded

front, border furrow and anterior margin broadly rounded, border wider

than preglabellar field (sag.). Pygidium with converging sides and short ‘

spines, width approximately 1.6 of axial length. Axial lobe with four,

possibly five, axial rings.

Description.--Cranidium rectangular excluding posterior limbs. Gla-

bella tapering forward to well-rounded front;•with a slight keel on inter-

ior; glabella of low convexity, barely rising above general convexity of
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cranidium. Occipital ring known only from interior; occipital furrow shal-

lowest axially, well impressed laterally. Frontal area approximately one-

third total cranidial length divided into preglabellar field and border more

by change of slope than by presence of well-defined furrow. Preglabellar

field moderately convex, with slight median depression, downsloping to

poorly defined shallow border furrow. Preglabellar field wider than

border (sag.); border narrow for genus, very gently convex, horizontal,

anterior half marked by 2 orjäterrace lines subparallel uoanterior margin.

Palpebral lobes of moderate width, approximately one-half glabellar

width opposite palpebral lobes. Palpebral lobes moderate size, slightly „

longer (exsag.) situated opposite glabellar midpoint. Posterior limbs

narrow (exsag.), moderately long, slightly longer (tr.) than length of

occipital ring. V

Surface of cranidium densabrand evenly covered with large but faint

granules, commonly not preserved. Preglabellar field marked as well by

irregularly radiating raised lines. Free cheek and thorax not known.

Pygidium trapezoidal, moderately convex, lateral margins sinuous,

converging posteriorly and extended into short spines. Pygidium moder-

nately wide, approximately 1.6 wider than long (sag.). Axial lobe convex

transversely, tapers posteriorly, bears four well-defined axial rings,

and possibly a fifth on large specimens, and a terminal segment which

bears a short postaxial ridge extending a short distance onto the border.

Pleural lobes triangular, at widest portion equal to anterior width of

axial lobe. Pleural lobes convex, slope down to and merge with border

without trace of border furrow, with four moderately well-impressed
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pleural furrows and three faint interpleural grooves. Border concave

near pleural lobes and convex near margins, extended into short spines,

variable in length, but rarely longer than one-half axial length of

pygidium.

Surface of pygidium faintly, but coarsely granulated, inner surface

punctate.

Discussion.--This species is easily distinguished from Q, brevis by '

having a border longer than preglabellar field and by the narrower pygid-

ium with M or 5 axial rings. Although the holotype and paratypes show

only a very faint grannlation, the surface of these specimens does not

seem to be perfectly preserved. A single pygidium from.Bailey School,

geologic section 20-Mb, identical in all other respects to the types,

clearly shows the granulated nature of the surface. Numerous specimens

in the writer's collections also fail to show the granulated surface due

to poor preservation.
1

This species is known only from the Crepicephalus Zone.

Available material.--Eight pygidia and three fragmentary cranidia

from geologic section 20-Mb; M pygidia and 2 cranidia from locality 1M;

a single cranidium and 2 pygidia from geologic section 20-Mc.

CBEPICEPHALUS BECTUS Besser 1938
P1. 15, rigs. 8-11

Crepicephalus rectus BESSER, 1938a, p. 72, pl. ll, figs. 56,57.

Sneedvillia typicalis BESSER, 1938a, p. 98, pl. 13, fig. 29.

Crepicephalus buttsi montanensis Lochman. LOCHMAN, 1950, p. 337, pl. M9,

figs. 1-9.



206

Holotype.--A pygidium, USNM 9M9l6, illustrated by Resser, l938a, pl.

ll, fig. 56; from the Nolichucky Formation at War Gap, 8 miles northwest

of Rogersville, Tennessee; by original designation.

Diagnosis.--Cranidium with anterior margin straight or very gently

curved, glabella with gently rounded front, nearly straight on flattened

specimens, and straight or very gently curved border furrow. Palpebral .

areas narrow for genus, palpebral furrow nearly reaching axial furrow

anteriorly. Pygidium with nearly straight parallel lateral margins and

long spines direeted baekward generally following the line of lateral

margins. Border flat or concave, sagittal length 0.3 to 0.Ä sagittal

length of pygidium; posterior margin straight, with slight median inden-

tation, or concave. ‘

Description.--Cranidium moderately convex longitudinally and trans- s

versely, qnadrate in outline (excluding posterior limbs). Glabella ovate

to nearly parallel sided, tapering forward to gently rounded front (front

nearly straight in flattened specimens); shows keel on ventral impressions.

Occipital ring well defined, flat; occipital furrow simple, straight.

Frontal area approximately half the length (sag.) of glabella (without

occipital ring). Preglabellar field and border approximately eqnal in

width (sag.). Preglabellar field flat to slightly convex, downsloping,

merges with poorly defined border furrow. Border furrow very gently

curved, straight in flattened specimens. Border gently convex, unlike

narrow, strongly convex border of many speeies (cf. Q. scissilis, this

paper, and Q. oweni Raasch, l9M3). Anterior margin very gently curved

to straight. Palpebral areas narrow (tr.), ranging from 0.2 to 0.h of
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basal glabellar width. Palpebral lobes and furrows long (exsag.), equal

to one-half glabellar length, situated opposite glabellar midpoint. Pal-

pebral furrow moderately well impressed, nearly reaches axial furrow

anteriorly. Posterior limbs narrow, long, taper to sharp point, with

well-defined border furrow. Preocular facial sutures divergent, cut bor-

der furrow directly in front of palpebral lobe. Postocular facial sutures

extend gently backward to cut posterior margin inside genal angle. Sur-

face of cranidium known only from posterior limb, granulated.

Free cheek and thorax unknown at present.

Pygidium subquadrate in outline, 0.6 long as wide. Axis of moderate »

size, well defined, gently tapered posteriorly, with three axial rings

and a terminal segment. Short postaxial ridge extends onto border;

length of axial lobe 0.6 to 0.7 length (sag.) of pygidium. Pleural lobes

flat or gently downsloping, with four well-defined pleural furrows (de-

creasing in strength from front to rear) and two shallow interpleural

grooves, which are closest to the next posterior pleural furrow. Border

furrow lacking. Border flat to slightly concave, sagittal length 0.3 to

0.h sagittal length of pygidium, broadest at posterolateral corners where

it is developed into large straight spines. Spines long, approximately

equal to or longer than pygidial axial length. Spines directed straight

backward, continuing the line of the straight-sided lateral margin,

though lateral margin of spines may bulge outward from this line for a

short distance. Posterior margin of pygidium straight with slight median

indentation, or concave. Surface smooth on axis and pleural lobes, border

marked by terrace lines. ·
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Discussion.--Despite the fact that the holotype is much larger and
preserved in shale, the specimen from the Widener Limestone is almost
identical to the holotype. The cranidium assigned herein to this species
closely resembles the paratype. The type of Sneedvillia typicalis Resser
is nearly identical to the paratype cranidium of Crepicephalus rectus and
the cranidium from geologic section 10-23 (pl. 15, fig. 11). Q. buttsi
montanensis Lochman (1950, p. 337, not Lochman and Duncan, 19hH) is ten-
tatively considered conspecific with Q. rectus. However, the slightly
diverging spines of the pygidium and short frontal area of the cranidium
are suggestive of Q. buttsi. Perhaps Lochman's specimen from Montana
should be considered a separate species from either of these two
Appalachian species.

Available material.--Cranidium and pygidium preserved in limestone
from locality 8; single cranidium in shale from geologic section 10-23;
abundant cranidia, pygidia, free cheek, and a hypostoma from geologic
section 8-29.

CREPICEPHALUS SCISSILIS Resser 1938
Pl. 15, figs. 12-17

Crepicephalus scissilis RESSER, 1938a, p. 72, pl. 11, figs. 3h,35.
Crepicephalus greendalensis RESSER, 1938a, p. 73, pl. 11, figs. h6,M7.

Ho1otype.——A pygidium, USNM 9M909, illustrated by Resser, 1938a, pl.
11, fig. 35, and re-illustrated on pl. 15, fig. 15 herein; from the Noli-
chucky Formation at Big Creek, M miles northeast of Rogersville, Hawkins
County, Tennessee; by original designation.
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Diagnosis.--Cranidium with anterior margin broadly rounded and a
straight—sided tapering glabella with rounded front. Pygidium quadrate
in outline, wider than long, with a wide convex axis, narrow border,“
stright or broadly convex posterior margin, and moderately long, slender,
diverging spines.

Description.--Cranidium of low convexity, glabella about same eleva-
tion as palpebral areas. Glabella straight-sided, tapering forward to „
about two-thirds its basal width, rounded in front. Occipital ring flat,
approximately 0.l5 total glabellar length. Frontal area approximately
0.5 glabellar length, preglabellar field wider (sag.) than border. Pre-
glabellar field marked by granular radiating lines of the genal cecae.
Border and border furrow broadly rounded with a tendency toward developing
a short straight area in front of glabella. Border furrow moderately
deep, forms a smooth curve. Border raised, narrow and strongly convex,
marked by distinct terrace lines. Palpebral areas horizontal, narrow,
approximately l/M to l/3 of basal glabellar width. Eyes situated opposite
glabellar midpoint, eye ridges faint, directed sharply backward.

Surface of cranidium thickly and evenly covered with fine granules.
Free cheek with same radial ornamnt as preglabellar field. Border

well defined, with terrace lines, narrow anteriorly, doubles in width near
genal angle. Genal spines tapered to sharp point, approximately two-thirds
length of free cheek.

Pygidium approximately 0.6 long as wide. Axial lobe stout, convex,
with four well-defined axial rings and a terminal segment, bluntly termi-
nated posteriorly. Pleural regions moderately convex, triangular, at
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widest point equal in width or slightly wider than axial lobe, with three

well-impressed pleural furrows and two faint interpleural grooves which ,

extend a short distance onto the border. Border furrow lacking. Border

gently to strongly convex, narrow to nearly absent on axial line. Poster-

ior margin straight on smaller specimens, becomes increasingly convex

posteriorly with increasing size. Spines diverge at 20 to 25 degrees

from axial line, slender, taper to sharp point, slightly longer than

pygidial length (Sag . ) .
Discussion.—-Crepicephalus scissilis, of all the Appalachian species,

most closely resembles the type species of Crepicephalus, as Resser (l938a,

p. 72) pointed out:

"The pygidium of this species is perhaps more like the
genotype Q. iowensis than any other Appalachian form,

V but the associated cranidium has a rounded anterior
margin and the anterior dorsal furrow parallels it so
that the glabella is not truncate."

Resser (l938a, p. 73) recognized the similarity between Crepicephalus

scissilis and Q. greendalensis in his original description of Q. green-

dalensis:

"This species is much like Q. scissilis but differs in
being more plump. Thus the preglabellar area, rim,
fixigenes, and pygidial pleural lobes are all more con-
vex."

Comparison of the types of Crepicephalus greendalensis and Q.

scissilis showed that the difference in convexity between the two species

is no more than that encountered in a single population of Q. scissilis

in the writer's collections and in undescribed collections in the U. S.

National Museum.
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Available material.--Twelve cranidia, 10 pygidia, amd 3 free cheeks

preserved as casts and imterior molds im decalcified siltstone, original

comvexity largely preserved, from geologio section 21-7; crauidia amd

pygidia in shale from geologic section 8-30; 2 cranidia from geologic

seotion 1lL—9.
k
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Family MARJUMIIDAE Kobayashi 1935

Discussion.--Robison (196M, p. 5h7) emended this family to include

only Marjumia, Modocia, Syspacheilus, Ithyektyphus, and Talbotina. He

also tentatively included Arapahoia and Glyphopeltis. The writer follows

Robison's revision, with the addition, however, of Bonneterrina to the

family. Schickshockia is also tentatively included in the family because

of the probable close relationship between that genus and Bonneterrina,

as pointed out by Rasetti (1965, p. 103).

Genus BONNETERRINA Lochman 1936

Bonneterrina LOCHMAN, 1936, p. M1; 1959, p. 2h8. PALMER, 195Mb, p. 725.

Typa species.--Bonneterrina prima LOCHMAN, 1936, p. M2, pl. 9, figs.

1-3; from the Bonneterre Dolomite, Ste. Genevieve County, Missouri; by

original designation. .

Discussion.--The description given by Palmer (195Mb) and Lochman

(1959) present the characteristics of this genus. Lochman (1959) recog-

nized the relationship of this genus to the superfamily Marjumiacea as

here conceived by placing Bonneterrina in the family Crepicephalidae.

The writer feels that well impressed axial furrows and occipital spine on

the cranidium and wide border on the free cheek suggest a closer relation-

ship to the genera Marjumia and Modocia of the Marjumiidae than to any
4

genera here included in the Crepicephalidae.
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BONNETERRINA sp.
P1. 23, fig. 6

Discussion.--Two small incomplete cranidia from the Nolichucky agree

with the characters of the genus in having an elongate, tapering, straight-

sided glabella, occipital ring produced into a spine (accidentally broken

during preparation of both specimens), a narrow border furrow and slightly

upsloping border. The eye ridges appear'to be rather distinct. The

illustrated specimen is quite similar to smaller cranidia in Lochman's

collection of Q} prima from the Bonneterre Dolomite of Missouri (see

Lochman, 19M0a, pl. 2, fig. M9), differing only in the median inbend of

the border furrow. Insufficient material is available to permit assign-

ment to a species.

Available material.--One cranidium each from geologic sections 10-22

and 10-15.

Genus MODOCIA.Wa1cott 192M

Modocia WALCOTT, 192M, p. 59; 1925, p. 105. ROBISON, 196M, p. 550 (in-

cludes complete synonymy). RASETTI, 1965, p. 106.

Metisia RESSER, 1937, p. 19.

Semnocephalus RESSER, 19M2b, p. 50.

Armonia WALCOTT, 192M, p. 5M. ‘

Typa species.--Arionellus (Crepicephalus) amama_MEEK and HAYDEN,

1862, p. M36, from the Deadwood Formation at the head of Powder River,

Bighorn Mountains, Wyoming; by original designation by Walcott.

Discussion.-—Robison (196M) and Palmer (195Mb) present excellent
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descriptions of this genus and discuss the synonymy cited above. Modocia

seems to be closely related to species of Crepicephalus, Coosella, and

Coosina of the family Crepicephalidae.

Rasetti (1965, p. 106) believes that all species previously referred _

to Syspacheilus except the type species should be referred to Modocia.

Until the two genera can be studied more fully, the writer follows

Rasetti's lead in referring certain Nolichucky species to Modocia.

MODOCIA? cf. M.? AGATH0 (Walcott) 1916
P1. 17, fig. 6

Asaphiscus? agatho WALCOTT (partim), 1916b, p. 391, pl. 63, fig.9 (not 9a).

Ehmania? agatho (Walcott). BESSER, 1938b, p. 29.

Modocia? agatho (Walcott). BASETTI, 1965, p. 110, pl. 1, figs. 27-30.

Holotype.--A cranidium, USNM 62819, illustrated by Walcott, l916b,

pl. 63, figs. 9,9'; from the Nolichucky Formation, M miles northeast of

Bogersville, Hawkins County, Tennessee; by original designation. '

Discussion.--This species was tentatively referred to Modocia by

Rasetti (1965). A single cranidium, approximately 1 mm in length, is

tentatively referred to this species. The specimen agrees with M.? agatho

in possessing a relatively long, nearly parallel-sided glabella, in lack-

ing a convex border, and in having eyes in a posterior position. Unlike k

M.? agatho, the specimen has slightly downsloping palpebral areas with

the small palpebral lobes depressed below the level of the fixed cheeks,

as in typical species of Modocia. The surface is coarsely granulated.

The differences between this specimen and the types may be due to the
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immaturity of this specimen.

Available material.-—A single cranidium from geologic section 7-lhb.

MODOCIA CRASSIMARGINATA Rasetti 1965
Pl. 17, figs. l-5

Modocia crassimarginata RASETTI, 1965, p. 109, pl. 2, figs. 1-9.

Holotype.--A cranidium, USNM lMh7l9, illustrated by Rasetti, 1965,

pl. 2, figs. 1-3; from the Nolichucky Formation at Big Creek, east of

Rogersville, Hawkins County, Tennessee; by original designation.

Description.--Cranidium, excluding posterior limbs, convex, subrec-

tangular in outline. Glabella convex transversely and longitudinally,

tapering forward to rounded front. Axial furrows well impressed. Occipi-

tal ring well defined, straight; occipital furrow well impressed. Frontal

area slightly less than half the length (sag.) of glabella. Preglabellar

field convex, downsloping, and narrower (sag.) than border. Border
U

furrow moderately deep laterally, shallow axially, poorly defined,

rounded in profile and plan view. Border gently convex, slightly upslop-

ing. Palpebral areas convex, of moderate width (tr.), slightly less than

one-half width of glabella opposite palpebral lobes, slope downward to

palpebral lobes. Palpebral lobes gently curved, less than one-third

glabellar length, located just anterior of glabellar midline. Posterior

limbs short (tr.), equal 0.6 of basal glabellar width, broad (exsag.),

bluntly tapered. Posterior border furrow well impressed, shallows dis-

tally, curves gently forward and then continues straight outward.

Inner surface of cranidium punctate with scattered medium—sized
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granules on fixigenae and frontal area; outer surface thickly and evenly

covered with very fine granules, may appear smooth on poorly preserved

specimens.

Free cheek with narrow, downsloping, ocular platform. Border furrow

shallow, poorly defined. Border broad, convex, continues posteriorly into

short, blunt, genal spine.

Pygidia ovate, width slightly more than two times axial length,

posterior margin with slight median inbend. Axial lobe strongly convex,

broad, slightly wider (tr.) than one-third total width, broader than

pleural fields; with two axial rings behind articulating segment and

short terminal segment. Pleural fields convex, downsloping, with three

broad, well-defined pleural furrows and two well-defined interpleural
A

grooves; grooves and furrows fade out across border with no indication of

border furrow. Border poorly defined, gently downsloping, mildly convex;

widest at anterolateral corners, narrows to slightly more than one-tenth

axial length (sag.). Border sharply downturned at margins gives effect

of a thickened margin. Surface thickly and uniformly covered with small

granules.

Discussion.--This species was recently described by Rasetti (1965).

As Rasetti points out, species of this type have been previously referred

to the genus Syspacheilus. The cranidium closely resembles S. pracedens

Lochman and Hu {1961).

Available material.--Single well-preserved pygidium from geologic

section 8-5; 3 cranidia, a fragmentary pygidium, and free cheek from

geologic section ll-9.
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MODOCIA ELoN6ATA (wa166tt) 1916
Pl. 17, figs. 7,8,20

Asaphiscus (Blainia) elongatus WALCOTT, 1916b (partim), p. 393, pl. 63,

figs. M,ha (not figs. 5,5a). _
~

Armonia pelops WAICOTT, 192M, p. 5h, pl. 10, fig. 1; 1925, p. 69, pl. 17,

figs. 28-31.

Armonia elongata (Walcott). RESSER, 1936, p. 5; 1938a, p. 60, pl. 9,

fig. M. SHIMER and sHROcK, 19MÄ, pl. 255, fig. 21.

Holotype.-—A cranidium, USNM 62811, illustrated by Walcott, l9l6b,

pl. 63, fig. M; from the lower part of the Conasauga Formation, 3 miles

east of Center, near Blaine, Cherokee County, Alabama; by original desig-

nation.

Discussion.--A single cranidium has the elongate, tapering, nearly

smooth glabella and narrow preglabellar field characteristic of this

· species. The cranidium lacks the median inbend of the border furrow
I

which occurs in some, but not all, of the specimens in the type collec-

tion. A single fragmentary pygidium with well—defined pleural grooves

and interpleural furrows is tentatively referred to this species.

Available material.--Incomplete cranidium and pygidium from geologic

section ll-9.

Genus SHICKSHOCKIA Rasetti 19M6 ‘

Type species.--Shickshockia cristata RASETTI, p. M6l, pl. 70,

figs. 27-35; from Upper Cambrian (Cedaria Zone) Boulder G-30, in Lower

Ordovician (Y) strata near Grosses Roche, Matane County, western Gaspé

Peninsula, Quebec, Canada; by original designation.

Discussion.--Rasetti (1965, p. 103) pointed out the similarity
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between Shickshockia cristata and Bonneterrina appalachia and questioned

whether Shickshockia should be maintained as a distinct genus. The mate-

rial at hand provides no new evidence pertinent to this problem.

SHICKSHOCKIA sp.
Pl. 17, figs. 17-19

Description.--Pygidium strongly convex, subsemicircular, slightly

less than two times wider than long. Axial lobe stout, convex, width

about OJ; pygidial width, extends nearly the entire length of pygidium.

Axial lobe bears three axial rings and a terminal segment. First axial

ring appears to have borne an upright spine. A short, broad postaxial

ridge extends to the posterior margin. Posterior margin strongly elevated.

Pleural lobes convex, steeply downsloping, crossed by three prominent

pleural furrows and two shallow interpleural grooves located close to the

next posterior pleural furrow. Border very narrow laterally, narrows ad-

axially to disappear into the postaxial ridge. Surface coarsely granu-

lated except in furrows.

Discussion.--Direct comparison with the types shomsthat the speci-

mens at hand differ from Shickshockia cristata in having three rather than

two axial rings (which may be a result of the exfoliation of these speci-

mens} and in having a narrower border. Lack of a cranidium and of the

dorsal surface of the pygidium prevent adequate characterization of this

probably new species.

Available material.--Two exfoliated pygidia from locality 2; associ-

ated with Tricrepicephalus sp. and Kingstonia spicata. A
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Genus TALBOTINA Lochman 1938

maibntina LocHMA1~1, 1938b, p. >+67. RASETTI, 19591), p. 279.

Qype species.--Talbotina degrasensis LOCHMAN, 1938b, p. Ä67, pl. 56,

figs. 12-15; from the Petit Jardin Formation, sourth shore of Cape St.

George, western Newfoundland, Canada; by original designation.

TAIBOTINA SUBDITÄ, n. sp.
· Pl. 17, figs. 11-16

Holotype.--A cranidium, USNM 152501; from the Nolichucky Formation

near Banners Corner, geologic section 7-1Äa, Russell County, Virginia;

here designated. Paratypes: USNM 152502-15250h.

Diagnosis.--Cranidium.with shape and structure very similar to

Talbotina degrasensis. Glabellar furrows obsolete, represented by three

faint muscle scars, not always visible on dorsal surface. Eye ridges

nearly obsolete. Palpebral lobes relatively long (exsag.). Surface of

cranidium covered with small, very faint granules.

Description.--Cranidium, excluding posterior limbs, convex, subquad-

rate in outline. Glabella conical, tapered forward, length equal to or

slightly greater than basal width. Glabellar furrows completely obsolete,

represented by three pairs of very faint muscle scars, clearly visible

only on weathered specimens. Occipital ring flat, with small central

node, occipital furrow well impressed on sides, shallow on midline, barely

reaches axial furrows. Axial furrows narrow, well impressed. Length of

frontal area slightly longer than a quarter of glabellar length; frontal

area distinctly divided into preglabellar field and border by shallow,
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narrow, furrow. Preglabellar field nearly flat, downsloping, wider (sag.)
than border; preglabellar field narrowest on midline as result of median
indentation of border furrow. Border gently convex, horizontal. Palpe-
bral areas gently convex, horizontal; width (tr.) one-third to one-half E

glabellar width. Eye ridges very faint to obsolete. Palpebral lobes
narrow (tr.), long (exsag.), length more than one-half glabellar length.
Posterior limb parallel-sided, with bluntly tapered end; posterior furrow
well impressed, turns forward at tip of limb.

Surface of cranidium covered with small, very faint granules.
Pygidium known from two immature specimens. Pygidium ovate, with

axial lobe narrower than pleural fields. Axial lobe gently convex, bears
at least four axial rings and a terminal segment. Pleural fields gently
downsloping, with four pleural furrows and three interpleural grooves.
Border narrow, border furrow lacking.

Surface very finely granulated.

Discussion.--Talbotina subdita is so similar to the type species of
the genus that poorly preserved specimens cannot be specifically identi-
fied. The characters listed in the diagnosis serve to distinguish this
species from all other species of Talbotina. T. subdita differs from the
only other species of the genus from the Nolichucky, T. caelata Resser,
in having obsolete eye ridges, a shorter glabella, and less pronounced
backward curvature of the border furrow.

The pygidia tentatively assigned to this species are more similar to
those of some species of Modocia (viz. M. brevispina Robison, 196h, pl.
87, fig. 17) than they are to the typical Talbotina pygidia. This
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difference may be due to the immaturity·of these pygidia.

Available material.--Four cranidia, 2 pygidia, one fragmentary free

cheek from geologic section 7-lha.
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Family TBICBEPICEPHALIDAE Palmer 195M

. Discussion.-—Species of the Tricrepicephalidae are distinguished from

species of the other families of the Marjumiacea by the presence of two

or three pits in the anterior border furrow; deeper axial, border, and

occipital furrows; and generally greater convexity of the cranidia.

Pygidia generally differ from those of the Marjumiidae in the presence

of a pair of spines developed either from the margin, as in most species

of Meteoraspis, or from the pleural lobes as in Tricrepicephalus. Pygidia

differ from those of the Crepicephalidae in having a broad, posteriorly

truncated axial lobe without a postaxial ridge.

One species of Meteoraspis, M, mutica Basetti, lacks the distinctive

pygidial spines. The cranidium of this species is a typical Meteoraspis

cranidium and the correct association of cranidium and pygidium is now

verified beyond reasonable doubt by the writer and by Basetti (1965).·

This species has special significance in proving that the presence or

absence of pygidial spines is not of great taxonomic or evolutionary

importance in the Family Tricrepicephalidae.

Genus METEOBASPIS Besser 1935

Meteoraspis BESSER, 1935, p. MO. IOCHMAN, 1938b, p. M72; 1959, p. 250.

SHAW, 1952, p. M75. PALMEB, 195Mb, p. 753.

Coelopachys BAYMOND, 1937 (partim), p. 1120.

Greylockia BAXMOND, 1937, p. 1108.

Type species.-·Ptychoparia? meppe'WALCOTT, 1890a, p. 273, pl. 21,
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fig. 7; from the Riley Formation at Potatotop, 7 miles northwest of

Burnet, Burnet County, Texas; by original designation by Resser.

Discussion.--Palmer's description of this genus (195Äb, p. 753% modi-

fied to include species without pygidial spines and with granulated sur-

face, is followed by the writer. Meteoraspis is easily distinguished ,

from Tricrepicephalus by its well-developed furrows and greater convexity

of its cranidium. Species of Meteoraspis are either smooth or have fine

granules, whereas most species of Tricrepicephalus have very coarse

granules on some part of the exoskeleton.

METEORASPIS cf. M. LOISI Lochman 19hh
C

Pl. 18, figs. 17-20

Meteoraspis loisi LOCHMAN, in Lochman and Duncan, 19Mh, p. 6h, pl. 5,

figs . 2u-26. P
Meteoraspis cf. M. loisi Lochman. PALMER, 195Mb, p. 753, pl. 82, fig. l

Holotype.--A pygidium, USN 125677, illustrated by Lochman and Duncan,

19hh, pl. 5, figs. 25,26; from the Pilgrim Formation, Half Moon Pass, Big

Snowy Mountains, Montana; by original designation.

Discussion.--Specimens from a single locality agree well with Loch-

man's and Palmer's material. The single adult cranidium in the writer's

collection has a narrow preglabellar field, deep border furrow and con-

vex, nearly vertical, border rising above the level of the preglabellar·

furrow. All cranidia have only two pits in the border furrow. Smaller

cranidia have less convex borders. The pygidia agree in all respects

with Lochman's description. However, the surface of the pygidia and
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cranidia of the writer's material is only very faintly granulated, whereas

Lochman states that her specimens are coarsely granulated. For this rea-

son, the writer is only tentatively assigning his material to this species.

A11 but two of the specimens of this species in the writer's collec-

tion are exfoliated and most are fragmentary.

Available material.--Four cranidia and 8 pygidia from geologic

section 19-1.

METEORASPIS MUTICA Rasetti 1961 ·
P1. 18, figs. 7,10,13-16

Meteoraspis mntica RASETTI, 1961, p. 116, pl. 21, figs. 25-29; 1965, p. 5Ä,

pl. 6, figs. 13,1Ä.

Holotype.--A pygidium, USNM 1Ä308Ä, illustrated by Rasetti, 1961,

pl. 21, fig. 29; from the Conococheague Formation near Winchester, Virginia;

by original designation.
”

Discussion.--Material in the writer's collection is virtually iden-

tical to the types from the Conococheague Formation of northern Virginia.

The cranidium of Meteoraspis mutica is typical of the genus in every

respect and is virtually indistinguishable from several other species

from other regions. Cranidia of MM_¤mtica are easily distinguished from

M. cf. M. loisi by the more elevated, convex preglabellar field, less

elevated border, and three pits in the border furrow of M. mutica. The

pygidium is unusual and is easily recognized by the lack of spines. Some

pygidia have three axial rings, rather than two as described by Rasetti.

Available material.--Fourteen cranidia and one pygidium from geologic

section 20-Äc; Ä cranidia and 1 pygidium from geologic section 20-Äb;
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9 cranidia from geologic section 2h-18; 2 cranidia and 1 pygidium from

locality 18; 2 cranidia and 1 free check from geologic section 27-12b;

single pygidium from locality 21-A.

Genus TRICREPICEPHALUS Kobayashi 1935

Tricrepicephalus KOBAXASHI, 1935, p. 278. SHIMER and SHROCK, 19Mh, p.635.

PALMER, 195Mb, p. 75ü. LOCHMAN, 1959, p. 250.

Paracrepicephalus LOCHMAN, 1936, p. 36 (objective synonym).

Type species.--Arionellus (Bathyurus) texanus SHUMARD, 1861, p. 218,

from the Riley Formation, Burnet County, Texas; by original designation

by Kobayashi.

Discussion.--Previous descriptions adequately describe this well-

known genus. Tricrepicephalus is easily recognized by the three pits in

the border furrow and the relatively long, low anterior border. Pygidia

are characterized by the wide, blunt axis and spines extending from the

posterolateral corners of the pleural fields.

Although Tricrepicephalus is a common element of Cedaria and Crgpi-
cephalus zone faunas in North America, large collections of well-preserved

specimens are rare. Consequently the amount of Variation within a single

species population has rarely been adequately demonstrated. Many of the

described species of Tricrepicephalus are based on too few specimens to

be certain that they represent populations specifically distinct from

other species.

Palmer (195Mb, p. 75M) attempted to create a practical taxonomy for

the genus by referring all previously described species to one of three
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species. He stated, however, that one of these "species", T, cgäyä,

probably represents a "species group" rather than a true species (Palmer,

195%, p- 755)- .
The writer has attempted to illustrate the range of Variation of T.

thoosa on the basis of a rather large collection (fig. 3). This study

shows that there is a considerable range of Variation in the sagittal

widths of the preglabellar field and border relative to each other and

to the sagittal glabella length.

TBICBEPICEPHALUS THOOSA (Walcott) 1916
Pl. 19, figs. l-15

Crepicephalus thoosa WALCOTT, 1916a, p. 21h, pl. 31, figs. l,la-j.

Paracrepicephalus walcotti LOCHMAN, 1936, p. 39, figs. 29,31,33.

Tricrepicephalus walcotti (Lochman). BESSEB, l938a,p.l02, pl.ll, fig.5M.

Tricrepicephalus coria_(Walcott). PALMEB, 195Mb, p. 755 (partim).

Tricrepicephalus thoosa (Walcott). BASETT1, 1965, p. 5h, pl. 6, figs.l-Ä.

Holotype.-—A cranidium, USNM 6165h, illustrated by Walcott, 1916a,

pl. 31, fig. 1, and re-illustrated by Besser, 1938a, pl. lh, fig. 8; from

the Nolichucky Formation at Big Creek, M miles northeast of Bogersville,

Hawkins County, Tennessee; by original designation.

Description.--Glabella tapering forward to rounded front, length of

glabella Varies from equal to basal width to 1.30 times basal width.

Axial furrows narrow, moderately well impressed. Occipital ring with low

node; occipital furrows moderately well impressed. Frontal area clearly

divided into preglabellar field and border by shallow furrow, length of

frontal area one-half to one-third basal glabellar length. Width (sag.)

of preglabellar field Varies from 0.13 to 0.25 of glabellar length.
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Stratigraphic occurrence

l X X= Crepicephalus Zone5 T. Sp. A —“""'“"“’“
(___g·? O = Cedaria Zone

. hoosaX **2... T ‘¤
13 — —-———

ll X ¤
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0 ><
/ X9 ><¤ /

><
X

X = Sp. A
7

0,x = thoosa ·

70
5

.00 .l0 .20 .30

Ratio of preglabellar field width/glabellar length

Fig. 3--Comparison of craniclial ratios of Tricrepicephalus thoosa
and Q. Sp. A.
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Border l.l to h.O times wider (sag.) than preglabellar field. Palpebral

areas horizontal, approximately one—half glabellar width. Palpebral lobes

small, located slightly posterior of glabellar midpoint, well defined by

shallow furrow. Posterior limbs gently tapered, with well-defined furrow

turning forward at tip; length of limbs equal to or slightly less than

length (tr.) of occipital ring. Slight "elbow" (thickened angular flexure)

commonly developed on posterior margin. )Surface of cranidium commonly

thickly and evenly covered with coarse granules.

Free cheeks with moderately downsloping ocular platform; borders

flat, increase in width posteriorly, with moderately long genal spines.

Pygidium with strongly convex axial lobe bearing 2 or 3 rings and a

bluntly terminated terminal segment. Axial lobe averages one-third

pygidial width, but variable. Pleural fields nearly flat, steeply down-

sloping at lateral and posterior margins. Spines moderately to strongly

_ diverging, with low, irregular transverse venation. Spines, in some

specimens, curved to form an open loop. Surface of pygidium smooth, with

a few granules, or wholly covered with coarse granules.

Discussion.--Although Tricrepicephalus thoosa, as described above,

appears to be a highly variable species, this variation can be observed

in single collections.

Palmer (l95hb, p. 755) placed Q. thoosa in synonymy with Q. corla

from the Weeks Formation of Utah. However, the writer follows Rasetti in

applying the name Q. thoosa to Appalachian species conforming to the con-

cept of Q. thoosa pending a more detailed study of species of Tricrepi-

cephalus.
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Variation.--Palmer (l95Mb, p. 755) noted that the proportions of pre-

glabellar field to glabellar length and preglabellar field to border pro-

vided a means of distinguishing between individuals of T, Egäiä from the

lower and upper parts of its stratigraphic range. Measurements and com-

puted ratios on lÄ cranidia of T} thoosa from all parts of its range in

the area show no systematic change in these ratios (table 2). The possi-

bility that stratigraphic differences in these ratios is obscured by non-

linear growth was considered. Basal glabellar width, the preglabellar

field width to glabellar-length ratio, and the border-width to pregla-

bellar field width ratio were all plotted against glabellar length. Once

again no systematic difference could be observed between individuals from

the upper and lower parts of the range. The preglabellar field width to

glabellar-length ratio plotted against glabellar length did suggest a

different growth ratio for T. thoosa and T. sp. A (fig. 3).

Available material.--Eleven cranidia and 5 pygidia from locality 8;

a cranidium and pygidium from geologic section 2M-18; 3 cranidia and 2

pygidia from geologic section 25-2; 3 cranidia, 2 free cheeks, and 2

pygidia from geologic section lO-22; 3 cranidia and l pygidium from

geologic section lO-l6b; l cranidium from geologic section lO-l5;

l pygidium from locality l2; 3 cranidia, a silicified holaspid pygidium

and 2 meraspid pygidia, and silicified fragments from geologic section

9-la; 6 cranidia, 5 pygidia, and 2 free cheeks from locality 3, USNM

Colln. 29-S (Greendale Section); 5 cranidia from geologic section l9-l;

3 cranidia from geologic section 7-lha; numerous single specimens and

fragmentary material from many other localities.



Table 2.--comparison of cranidial dimensions and pygidial ornament of two species· of Tricrepicephalus. 
(Measurements in millimeters.) 

GL: Glabellar length X: Feature not preserved ON: Occipital node 
GW: Basal glabellar width PF: Preglabellar field width (sag.) B: Border width (sag.) 
Catalog numbers: USNM numbers consist of 5 or 6 digit figures and are shown without prefix; 

VPI numbers are prefixed. 

I CRANIDIUM I 
Locality I No. I G L I G w I GL/GW I p F I B I PF /GL I B/ PF I 0 N I 

G.S. 10-22 
G.S. 10-22 

G.S. 24-18 
G.S. 24-18 

Lo'c. 8 
Loc. 8 
Loc. 8 
Loc. 8 
Loc. 8 

G.S. 9-la 
G.S. 9-la 

152551 
152553 

152745 
152746a 

152802a 
l52802b 
1528CY2c 
l528CY2d 
152801 

l52539a 
l52539b 

10.1 
13.5 
10.7 
8.8 

8.0 

G.S. l5-15c VPI l43a 9 .7 
G.S. l5-l5c VP! l43b 

USNM 125a 61654 
(Holotype) 

Crepicepbalus Zone -- Tricrepice~alus thoosa 

8.8 

8.0 
11.0 

X 
X 

X 

1.16 

1.26 
1.23 

1.16 

2.0 

0.8 

2.0 
2.2 
2.8 
1.5 

1.3 

1.3 

3.4 

2.0 3.2 

7.4 1.30 1.4 3. 0 

0.22 

0.13 

0.20 
0.16 
0.16 
0.17 

0 .16 

1.6 

1.7 

4.0 
1.8 
1.1+ 
2.0 

2.6 

0.21 1.6 

0 .15 2.1 

yes 

X 

X 
X 

yes 
X 

X 

X 

yes 

Crepicephalus Zone -- Tricrepicephalus sp. A 

PYGIDIUM 
Ornamentation 

Smooth. 

Punctate exterior; few 
granules interior. 

Smooth, venation on 
spines . 

Smooth, silicified. 

Punctate exterior, 
granules on i nt er i or 
of axial rings. 

T-----,---~--------------------

1 11)2718 l 1c;.o I 12.o l 1.2., I 1.2 I 5. o I o . os I 4. o I no I 
Cedaria Zone - Tricrepicephalus thoosa 

T.oc. 14 

G.S. 15-4a 
G.S. 15-4a 

Loc. 3 
Loc. 3 
Loc. 3 
Loc. 3 
Loc. 3 

Loc. 3 
Loc. 3 

VPI l48a 
VPI l48b 

153053a 
l53053b 
152789 
153053c 
152790 

152791 
l53053d 

G.S. 10-15 152568 

11.0 
9 -7 
8.5 

10 .6 

7-5 

4.8 

X 
8.2 

X 
8.5 

1.21 

1.18 

1.25 

0.8 

2.5 
1.7 
1.2 
2.0 

1.4 

7·3 1.03 1.6 2.3 

0.14 

0.25 
0.18 
0.14 
0.19 

1.7 

1.4 
1.8 
2.0 

X 

0.21 1.4 

X 

X 
yes 
yes 

X 

yes 

Fi nely granular, 
coars e granules on 
axial rings. 

Few scattered coarse 
granules. 
Smooth. 
Smooth. 
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TRICREflCEPHALUS sp. A
Pl. 18, figs. 11,12

Descrigtion.-—Cranidium differs from Tricrepiceghalus thoosa only in

having slightly wider furrows, a shorter preglabellar field compared to

glabellar length, and lack of occipital node.

Discussion.--Two cranidia from a single locality differ from Tricregi-

cephalus thoosa only in the characteristics mentioned above. While these

features could fall within the range of variations of T. thoosa, none of

the writer's collections contained a mixture of individuals both with and

without an occipital node. The number of specimens is inadequate to estab-

lish a new species in view of the known variations within species of

Tricregicephalus.

Available material.--Two cranidia from locality lk.



232

Superfamily LE10STEGIACEA.Brad1ey 1925 Emended

Diagnosis.--Exoskeleton opisthoparian, heteropygous. Glabella sub-

cylindrical, subrectangular, or quadrate, rarely broad-based tapering,

lateral furrows faint to obsolete; preglabellar field very narrow or

commonly absent; palpebral furrows and eye ridges commonly present, eyes

of variable size and position; fixigenae horizontal or downsloping.

Pygidium broadly transverse to subtriangular, axis tapered nearly
C

full length, may continue in terminal spine; furrows commonly faint or

obsolete; border furrow and border present or absent. Surface smooth or

granulose.

Discussion.--The superfamily Leiostegiacea is emended to include the

families Pagodiidae and Cheilocephalidae, herein removed from the Marjumi-

acea. These two families have nearly all the characteristics of the

Leiostegiacea as defined by Lochman (1959, p. 313) in the Treatise Qn_1n;

vertebrate Paleontology, Qart Q, but differ from the remaining families of

the Marjumiacea in lacking a preglabellar field.

Family CHEILOCEPHALIDAE Shaw 1956
Genus CHEILOCEPHALUS Berkey 1898

che1166eEh6.1uS BERKEY, 1898, p. 290. 1>A11v1:&:R, 195ub, p. 757; 1965, p. 29.

LOCHMAN, 1959, p. 312.

Pseudolisania KOBAXASHI, 1935, p. 162. SHIMER and SHROCK, 19hh, p. 621.

Type species.--Cheilocephalus stcroixensis BERKEY, 1898, p. 290,

pl. 17, fig. 1; pl. 20, figs. 7,8; pl. 21, fig. 19; from the Dresbach

Formation, near the St. Croix River, Taylors Falls, Minnesota; by monotypy.
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Discussion.--Palmer (195Mb, p. 757-759; 1965, p. 29,30) has given a

complete description of the genus.

CHEILOCEPHALUS cf. C. BREVIIOBUS (Walcott) 1916
P1. 2u, fig. 15

Lisania? breviloba WALCOTT, 1916b, p. MOM, pl. 66, figs. 3,3a-c.

Pseudolisania breviloba (Walcott). KOBAXASHI, 1935, p. 162. RESSER,

1938a, p. 96, pl. 16, fig. 17.

Cheilocephalus brevilobus (walcott). RASETT1, 1965, p. 103, pl. 17,

figs. 1-5. PALMER, 1965b, p. 30, pl. 1, figs. 9-ll.

Discussion.--Three rather poorly preserved pygidia in the writer's

collections appear to agree with the types in having a smooth surface,

downsloping concave border, and horizontal margin. The writer is reluc-

tant to definitely assign them to this species without better-preservedmaterial. l
Palmer (195hb, p. 759; 1965b, p. 30) and Lochman ani Hu (1962b, p.

M36) have placed numerous species from Texas and the Cordilleran region

in synonymy with_Q. brevilobus, originally described from the Nolichucky

of Tennessee. The writer prefers to reserve judgment on the assignment

of these species until a comparison can be made with the new material

described by Rasetti (1965) from Tennessee.

Available materia1.——0ne pygidium from geologic section 16-3M; one

pygidium from geologic section 17-M; one pygidium from an unknown horizon

in geologic section 17.
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CHIEIIDCEPHALUS HOLOCHONDRES, n. sp.
l

P1. 2P+, ugs. 8,11-11+,16-22

Etymology.--äglos, Gr., wholly; chondres, Gr., granular; literally:

wholly granular.

Holotype.--A cranidium, USNM 152588, illustrated on plate 2h, figures

17,20, is here designated the holotype.

Iüagnosis.--Cranidium and pygidium thickly and evenly covered with

small granules except for loci of ventral muscle attachment. Cranidium

not specifically distinguishable from.Q. brevilobus on shape alone.

Pygidium with 6 or 7 axial rings on prominent axis, border moderately

wide, concave; margin upturned. Geniculation on anterior band of first

pygidial pleural segment more than half the distance from axial furrow

toward lateral margin.

Description.--Cranidium of moderate overall convexity. Glabella

elevated well above palpebral lobes, straight sided, tapers gently forward.

Glabella bears four pairs of faint-to-obsolete glabellar furrows in nor-

mal pxätion with area of ventral muscle attachment outlined by lack of

granules on sites of glabellar furrows. Fifth pair of furrows and small

smooth area visible only on large specimens, located near base of glabella;

small, ovate, non—granulated area adaxially from short shallow furrow.

Occipital ring well defined, occipital furrow shallow on midline, does

not extend into axial furrow. —Axial furrows narrow, well impressed.

Frontal area concave, width (sag.) varies from one-eighth of glabellar

length in immature specimens to one-fifth in adults, not divided into pre-

glabellar field and border. Palpebral areas slightly less than one-third
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basal glabellar width, gently convex, horizontal. Palpebral lobes very

small, arcuate, located opposite anterior third of glabella. Posterior

limb parallel-sided for short distance, then smoothly rounded to blunt

point, length of limb varies from two-thirds to slightly less than length

(tr.) of occipital ring. Posterior border furrow shallow, turns forward

near lateral end to cross anterior margin of limb. Geniculation in

posterior margin located about one—half the distance from axial furrow to
6

lateral tip.
_

Pygidium semi—circular with prominent, convex axis wider than pleural

fields. Axis with 6 or 7 well-defined rings and a terminal segment, each

ring with a pair of low bosses just above axial furrow and smooth area

defining site of ventral muscle attachment on side of ring just above

boss. Pleural fields gently convex, downsloping, crossed by 5 or 6 inter-

pleural grooves and pleural furrow pairs which extend onto the border,

Border concave, moderately wide, width about 0.7 of widest part of pleural

field, margin upsloping. Surface evenly covered with uniformly small

granules, smooth only over ventral muscle scars.

Discussion.-—Cheilocephalus holochondres, n. sp. is one of a group

of species of Cheilocephalus characterized by an elevated glabella and

well-developed frontal area in mature specimens. This group now includes

six species: Q. holochondres, n. sp.; Q. brevilobus (Walcott); Q. minutus

Palmer; Q. gmega (Lochman and Hu); Q. delandi Shaw, and Q, granulosus

Palmer. Other species of Cheilocephalus either have a glabella hardly

rising above the palpebral lobes as in Q. stcroixensis Berkey or a very

narrow frontal area as in Q. buttsi Resser and Q, brachyops Palmer.
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However, immature specimens of Q. holochondres resemble Q. brachyogs.

Q. holochondres is distinguished from that species by the presence of

granules on the entire exoskeleton. Mature specimens of Q, holochondres

closely resemble Q. granulosus Palmer from Nevada, but they seem to differ

from that species in the more upturned anterior border of the cranidium

and the presence of "bosses" on the pygidial axis.

Rasetti (1965) referred a species of Cheiloceghalus from about the

same horizon as Q. holochondres to Q, brachyops. The writer has not ex-

amined Rasetti's material and cannot comment on this assignment.

Available material.-—Thirty-five cranidia and pygidia from geologic

section ll-hl; ll cranidia and pygidia from geologic section 27-lßb.
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Family LEIOSTEGIIDAE Bradley 1925
Genus ATAKTASPIS Lochman and Duncan 19Mh

Type species.--Ataktaspis modesta LOCHMAN and DUNCAN, 19MM, p. 102,

pl. 13, figs. 18-26; from the Pilgrim Formation at Dry Wolf Creek, Little

Belt Mountains, Montana; by original designation.

Discussion.--Prior to this discovery of a species of Ataktaspis in

the Crepicephalus Zone of the Nolichucky in Tennessee, this genus was

known only from the holotype from the Pilgrim Formation (Cedaria Zone) of

Montana. The description of the genus given by Lochman and Duncan (19hh )

should be modified to include specimens with seven axial rings on the

interior and a subsemicircular outline.

ATAKTASPIS sp.
Pl. 27, fig. l

Description.--Pygidium subsemicircular, axial lobe narrow, tapers

the full length of pygidium, bearing seven axial rings and terminal seg-

ment on interior. Pleural lobes slightly wider than greatest width of

axial lobe, crossed by a well—defined, and two faint, pleural furrows.

Pleural lobes slope down abruptly and curve inward to narrow horizontal

border which is obscured by this outward bulge of the pleural lobes. The

posterior edge of the pleural lobes is produced into a short, broad, flat-

topped postaxial spine. Width of spine at base approximately equal to

width of anterior axial ring.

Discussion.-·This species differs from Ataktaspis modesta in having

seven axial rings and in having a wider spine produced from the pleural

lobe rather than the axial lobes. 3
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Although this species is clearly a new species of Ataktaspis, a

larger collection is needed to permit a complete description.

Available material.--Single pygidium from geologic section 20—hb

(Crepicephalus Zone).

Genus KOMASPIDELLA Kobayashi 1938

Komaspiaeiia KOBAYASHI, 1938, p. 17u. EAASCH and LocHMAN, 19l+3, p. 226.

LOCHMAN, 1959, p. 31u.

Eype species.--Agraulos? thea'WALCOTT, 1890a, p. 277, pl. 21, fig.15;

from the Eau Claire Member of the Dresbach Formation, Eau Claire County,

Wisconsin; by original designation by Kobayashi.

Discussion.--Raasch and Lochman p. 226) thoroughly redescribed

this genus, gave a detailed comparison between Komaspidella and Kingstonia,

and redescribed and re-illustrated the type species. _

KOMASPIDELLA LAEVIS Rasetti 1961
P1. 27, figs. 2,3,5

Komaspidella laevis RASETTI, 1961, p. 115, pl. 21, figs. 6,7,9-11.

Holotype.--A cranidium, USNM 1M3079, illustrated by Rasetti, 1961,

pl. 21, fig. 6; from the Conococheague Formation (Dresbachian beds) near

Winchester, Virginia; by original designation.

Discussion.--Cranidia and pygidia from a single locality in the

Widener Limestone agree in all respects with the description and illustra-q

tion of Rasetti (1961). E. laevis is distinguished by its downsloping

palpebral areas, narrow frontal area, and non-tapering pygidial axis.

Available material.--Two cranidia, 6 pygidia from locality 1)+.
l
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Family PAGODIIDAE Kobayashi 1935
Genus ITHYCEPHALUS Besser 1938

Type species.-—lthycephalus typicalis BESSER, 1938a, p. 82, pl. 9,

fig. 10; from the Nolichucky Formation, 7 miles northeast of Rogersville,

Tennessee; by original designation.

Description.--Cranidium·with moderate overall convexity; trapezoidal,

almost triangular in shape. Glabella nearly parallel-sided, tapers

gently forward, bluntly terminated by anterior border. All furrows obso-

lete on dorsal surface, axial furrows well impressed on ventral impressions,

extend to border. Frontal area represented by very short (sag.) concave

border only, border furrow marked only by abrupt change in slope; pregla-

bellar field absent. Palpebral areas gently downsloping; palpebral lobes

small, located opposite anterior third of glabella. Posterior limb broad

(exsag.), tapering, length (tr.) about two-thirds basal glabellar width.

Discussion.--Besser's holotype of the type species is exfoliated,·

revealing the well-impressed axial furrows of the ventral impressions.

Two non-exfoliated cranidia in the writer's collections agree in shape

and course of the axial furrows with the types but show that the dorsal

surface is nearlyfeatureless.lthycephalus

typicalis is the only known species of this genus and
E

is known only from the Nolichucky Formation.



2u0

ITHYCEPHALUS TYPICALIS Resser 1938
P1. 2u, Pigs. 9,10

Ithycephalus typicalis RESSER, 1938a, p. 82, pl. 9, fig. 10.

Holotge.--A cranidium, USNM 9l+87+l, illustration and occurrence as

above; by original designation.

Description.--Characters of the genus. Surface smooth.

Available material.--Two cranidia from geologic section 7-11.

A
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Superfamily PTYCHASPIDACEA Raymond 192M
Family SAUKIIDAE Ulrich and Resser 1933
Genus PROSAUKIA Ulrich and Resser 1933

Prosaukia ULRICH and RESSER, 1933, p. 137. STUMM, 1956, p. 97. LOCHMAN,

1959, p- 32h·
Stenosaukia RAXMOND, 1937, p. 1090.

Type_species.--Dikelocephalus misa_HALL, 1863 (partim), p. IÄÄ,

pl. 8, fig. 15; pl. 10, figs. h,5; from the Franconia Sandstone, near

Trempealeau and Miniska, Wisconsin, by original designation by Ulrich and
l

Resser.

PROSAUKIA STOSEI (Walcott) 19lM
P1. 23, figs. 7-9

saukia StÜS€i wALc0TT, 191Ä, p. 38u, p. 59, figs. 3-5.

Prosaukia stosei (Wa1cott). WILSON, 1952, p. 316. RASETTI, 1959a,

p. 389, pl. 5h, figs. 16-22.
6

Syntypes.--Cranidia, free cheek, and pygidium on a single piece of

rock, USNM 58673, illustrated by Walcott, 191h, pl. 69, figs. 3-5; from

the Conococheague Formation about 800 feet above the base in a limestone

quarry northwest of Scotland Station, Franklin County, Pennsylvania; by

original illustration only.

Discussion.-éExcept for slightly coarser granulation on the cranidium,

the material at hand is almost identical to that described and illustrated

by Rasetti (1959a). The free cheek, slightly better preserved than the

cranidium and pygidium, clearly shows the abundant granules (tubercles

of Rasetti).
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Available material.--One cranidium, one pygidium, two free cheeks

from locality 5 (Copper Ridge Dolomite).
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PTYCHOPARIINA of Uncertain Affinities

Genus KOCHASPIS Resser 1935

Kochaspis RESSER, 1935, p. 36. SHIMER and SHROCK, 19ÄÄ, p. 611. RASETTI,

1951, p. 225. PALMER, 195ha, p. 79, LOCEHAN, 1959, p. 250.

Paleocrepicephalus KOBAYASHI, 1935, p. 277 (objective synonym).

Type species.--Crepicephalus liliana WALCOTT, 1886, p. 207, pl. 28,

figs. 3,3a,b; from the Pioche Formation, near Pioche, Nevada; by original

designation by Resser.

Discussion.--The writer follows the diagnosis given by Palmer (195ha)

for this genus. Kochaspis Resser was originally included in the family

·Crepicepha1idae, as Paleocrepicephalus, by Kobayashi (1935) and was re-

tained in that family in the Treatise gn Invertebrate Paleontology, Pari,
Q, (Pochman, 1959). As Palmer stated (195Äb, p. 728), the pygidial

spines of Crepicephalus, and also Kochaspis, are of no more than generic

value as taxonomic criteria. The cranidium of Kochaspis, more specifically

the subquadrate shape of the glabella and presence of 2 or 3 well-defined

glabellar furrows, and the development of the border and border furrow,

is quite different from that of Crepicephalus. Although clearly not a

member of the Crepicephalidae, Kochaspis cannot at present be assigned

with confidence to any known family.

1 KOCHASPIS sp.
P1. 17, figs. 9,10

Description.--Glabella subquadrate, straight-sided, slightly tapered

forward, bearing three pairs of well-defined glabellar furrows. Axial
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and preglabellar furrows well defined, moderately deep. Frontal area

with distinct preglabellar field and border; border gently arched; border

furrow shallow axially, deepens and widens laterally. Width (tr.) of

palpebral area about O.6 glabellar width. Palpebral lobes opposite gla-

bellar midpoint. Eye ridges well defined. Surface granulated.

Discussion.--A single incomplete cranidium in the writer's collec-

tions agrees in the above observable aspects with the characteristics of

Kochaspis. Although this specimen can be confidently assigned to Kochaspis,

the length of the frontal area relative to glabellar length appears to

be less than that of any known species. The most similar species is

Kochaspis upis_(Walcott) from the Gallatin Formation of Montana, but

that species has a much longer glabella. Proper assignment of this speci-

men must await collection of better material.
·

Available material.--Single incomplete cranidium from geologic sec-

tion ll-5.

Genus LOXOPARZLA Rasetti 1965

Type species.--Loxoparia obligua RASETTI, 1965, p. 112, pl. 3, figs.

7-9; from the Nolichucky Formation, near Rogersville, Tennessee; by

original designation.

LOXOPARIA OBLIQUA Rasetti 1965
P1. 27,

rigs.Loxopariaobligua RASETTI, 1965, p. 112, pl. 3, figs. 7-9.

Hblotype.--A cranidium, USNM lMh727, by original designation.

Discussion.--This species is represented in the writer's collection
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characterized by a quadrate glabella, anterior border furrow curving in-

ward medially to merge with preglabellar furrow, and relatively long

posterior limbs bearing short spines.
’

The differences between the writer's specimen and those described

by Rasetti are interpreted as being due to the immaturity of the figuredspecimen. ”
Available material.--Single cranidium from geologic section ll-3hd.

Genus "UNCASPIS"
Discussion.--"Uncas is" limbata and similar species constitute a

genus that is now unnamed (see Status gf_Crepicephalus and Uncaspis,

p.l93 ). No new name is proposed for this genus due to lack of well-

preserved material.

"UNCASPIS" LBWBATA Raasch and Lochman l9M3

Uncaspis iimbsts. R1-mscu and LocHMAN, 19l+3, p. 22)+, pl. 3l+, figs. 6-13.

Holotype.--A cranidium, MPM 250OM, illustrated by Raasch and Lochman,

l9Ä3, pl. 3M, figs. 8,9; from 13 feet above base of Crepicephalus Zone

at quarry of bridgehead at Blair, Wisconsin; by original designation.

Discussion.--Poorly preserved pygidia from one geologic section

agree in all observable characteristics with the illustrations and

descriptions given by Raasch and Lochman for this species. Pygidia of

"Uncaspis" limbata are easily distinguished from the species of Qrgpi-

cephalus with converging lateral margins and spines by the extreme
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posterior convergence of the lateral margins of limbata. The axial

lobe of the pygidium of "Q." limbata bears only two rings and a posteriorly

binodal terminal segment.

"Uncaspis" angustata Resser (refigured on pl. l, fig. lh) is probably

conspecific with "Q." limbata Raasch and Lochman, but it is so poorly pre-

served that the name should be restricted to the type.

Available material.--Two pygidia in shale from geologic section 8-2l.



21+7

Suborder ILLAENINA Jaanusson 1959
supepramiiy 1>R0EcmcEA saiper 1861+
Family PLETHOPELTIDAE Raymond 1925

Genus PLETHOMETOPUS Ulrich 1931

Plethometopus ULRICH, in_Bridge, 1930, p. 222 (March, 1931).

Type species.--Bathyurus armatus BILLINGS,1860, p. 319, fig. 23;

from a boulder in the Levis Formation, Levis, Quebec; by original desig-

nation of Ulrich. The holotype of the type species was re-illustrated by

Rasetti (19##, pl. 39, fig. 25).

1¤LETH01v1EL“01¤Us 00Nv11XUs (wmprieia) 1878
P1. 23, figs. l-5

iiiaemims convexus wH1TF1:E1.D, 1878, p. 66; 1882, p. 203, pl. 1+, figs.
3,1+ (pop 5).

Plethometopus convexus (Whitfield). ULRICH in_Bridge, 1930, p. 222, pl.

19, figs. 29-31 (1931). BELL and ELLINWOOD, 1962, p. #03, pl. 59,

figs. 5,6.

Holotype.--A cranidium, UCMP 1216/3#3##, illustrated by Whitfield, ·

1882, pl. #, figs. 3,#; from the St. Lawrence Dolomite at Eikey's Quarry,

Baraboo, Wisconsin, by original illustration.

Description.--Cranidium regularly convex and with all furrows

shallow to obsolete. Glabella barely rising above general convexity of

cranidium, tapered forward to broadly rounded or slightly truncated front,

lacking glabellar furrows. Occipital ring with a short and stout or long

and slender spine. Frontal area not differentiated into preglabellar

field and border, downsloping, convex. Anterior margin broadly rounded.

·Palpebra1 areas narrow (tr.), about one-fourth glabellar width; palpebral
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lobes small, located opposite or slightly anterior to glabellar midpoint.

Length of posterior limb (tr.) about equal to length (tr.) of occipital

ring.

Pygidium semicircular, with broad, convex axial lobe extending 0.8

pygidial length (sag.). Axial lobe wider than pleural lobes, with three

axial rings and a bluntly rounded terminal segment. Axial furrows

moderately impressed anteriorly, shallow to obsolete posteriorly. Pleural

fields convex, downsloping, with two sets of pleural furrows and inter-

pleural grooves extending across border to lateral margin. Border furrow

lacking. Border narrow, gently concave. °

Discussion.--The above description of the pygidium is the first of

this species known to the writer. The pygidium is the only one associated

with the cranidium at this locality. The largest cranidium (pl. 23, fig.5)

is virtually identical to one figured by Bell and Ellinwood (1962, pl.§9,

fig. 6) from lower Trempealeauian beds in the Wilberns Formation.

Available material.--Three cranidia_and three pygidia from locality

16 (Conococheague Formation).
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n
GEOLOGIC SECTIONS

·

The locations of the geologic sections are shown on plate l and on

the large-scale maps (app. figs. 1-27). The fossils collected from each

geologic section are listed in appendix table 1. All geologic sections .

except nos. 9,17,19,20 are shown graphically together with the strati-

graphic occurrence of the species on plates

Geologic sections are presented in the conventional manner: as de-

scending sections with the uppermost beds described first. Individual

units are numbered from the base upward. Field descriptions of carbonate

rocks follow the classification of Brankamp and Powers, 1958, with the

substitution of the term "calcilutite" for "aphanitic limestone", and

"limestone conglomerate" for "coarse clastic carbonate". Grain size

limits for both transported constituents and authigenic constituents

follow the standards of Folk, 1962. Rock colors were described using the

National Research Council Rock-Color Chart.
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Geologic Section l
Bane Dome Section Cn 102

In southeast ninth USGS l5-minute Pearisburg Quadrangle. Section meas-

ured on a hillside on the Stevens Farm, on Big Springs Branch, along

County Road 663, one mile east of Bane, Giles County, Virginia. Base of

section starts at base of exposure on hill south of stream.
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65Figurel.--Location of Geologic Section l (Scale: l/62500)
· Thickness

(Feet}
Copper Ridge Dolomite (Full thickness not determined)

lO. Dolomite, light—gray, very finely crystalline, thick-

bedded, massive.

Nolichucky Formation (56 feet)

9. Dolomite, calcareous; tan, dark—gray, and light-gray inter-

weaving bands; very finely crystalline. Thick-bedded . . . M
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Thickness
(Feet)

8. Dolomite, shalyg medium-blue-gray to tan where fresh,

weathers buff, locally greenish where deeply weathered.

Forms resistant ledge. Collection Cn 102-8 at base .... 6

7. Dolomite and dolomitic siltstone, light-gray to light-

blue-gray and dark—gray. Contains thin, irregular silt

partings. Some thin, greenish shale units where deeply

weathered. Partings weather shaly, dolomite weathers

flaggy. Contains pinching and swelling dolomite units

up to 6 inches thick, light-gray, medium-crystalline

pellet dolomite ...................... 13

6. Dolomite, light-gray, medium-crystalline, some granule-

sized reddish pellets, pinches out laterally........ 1

5. Dolomite and dolomitic siltstone, light-to-dark-gray, with

thin, irregular silt partings. Some thin greenish shale

units where deeply weathered. Contains pinching and swell-

ing, light-gray, medium-crystalline dolomite units up to

6 inches thick...............y. ....... k

‘ k. Dolomite, light-gray, medium-crystalline, with reddish

granulesg pinches out laterally .............. 1

3. Dolomite and dolomitic siltstone, same as unit 5...... lk

2. Dolomite, light-gray to medium-blue-gray, very finely to

medium—crysta11ine, interbedded with thin (1 mm to 1 cm)

irregular silt partings. Partings weather to yellow-brown

shaly chips. Co1lectkx1 Cn 102-2; cystoid plates, and

oboloid brachiopods at top................ . . 13
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‘ Thickhess
{Feet}

Hohaker Dolomite (Full thickhess hot measured.)

l. Dolomite, light- to dark-gray, mestly medium-crystallihe,

some course-graihed dolomitized calcarehite, scattered

masses of black scraggy chert; medium- to thick-bedded. . . 59
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Geologic Section 2
Shumate Section Cn 15h

In south-central ninth of USGS 15-minute Narrows Quadrangle. Section ex-

posed on southeast bank of Wolf Creek near Shumate, Giles County, Vimnia.

Section given below is after Via (1962, Geologic Section 1); section

measured by Via and the writer, November, 1961.

The writer prefers to include about 10 feet of laminated silty dolomite

at the top in the Nolichucky, making the Nolichucky about 86 feet thick

at this locality. However, Via placed these beds in the Knox.
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<:Figure2.--%ocation 7f Geologic Section 2 and Locality 1
Scale: 1 62500

Thickness
Nolichucky Formation (76 feet) (Feet)

M. Shale, bluish-gray, calcareous, argillaceous...... . . 2
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Thickness
{Feet}

3. Dolomite, bluish-gray, finely to medium-crystalline;

weathers yellowish-tan to gray, massive.......... 9

2. Shale and dolomite, alternating beds. Shale, medium- to
6

dark-gray, weathers yellowish-ta.n and gray; dolomite, dark-

to medium-bluish-gray, coarsely to finely crystalline

with some pebbles; weathers medium- to light-gray,

mottled with yellowish-tan areas; calcareous; contains

fossil fragments. Collection Cn 15}+-2 from shale, l3 feet

above base of unit.....................56

l. Transition beds; composed of massive, coarse-grained, cal-

careous dolomite containing pebbles and calcareous,

argillaceous shale containing trilobite cheeks and spines

and linguloid brachiopods......... . . . ..... 9

Honaker Formation
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Geologic Section 3
RodqrGap Section Cn 103

In north-central ninth of USGS 15-minute Bland, Virginia-West Virginia,

Quadrangle. State Route 61, Bland County, 1.5 miles northeast on Route

61 from bridge over Wolf Creek at Rocky Gap. Well exposed.
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~_Figure3.--Location of Geologic Section 3 (Scale; 1/62500)
Thickness

(Feet}
Copper Ridge Dolomite

5. Dolomite, gray, fine- to medium-grained, "butcher block"

weathering, clay laminations weather in relief....... Ä0.0

Nolichucky Formation (138 feet) _

Ä. Dolomite and shal dolomite Ä feet of shal dolomite}

underlain by thick-bedded and ribbon-banded, mottled blue-

= ra to tan ar illaceous dolomite some shale toward base . 61.2
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•
Thickness

{Feet}
3. "Shale", medium- to dark-gray, micaceousg with abundant

1-inch to 6-inch dolomite interbeds and a few thick

delomite beds ....................... 66.0

2. Covered interval, seems to be shale ............ 10.5

Honaker Dolomite (Full thickness not determined.)

1. Dolomite, gray, granular crystalline, thick-bedded. .approx. 6h.O
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Geologie Section M
Gratton Section Cn 126

In southeast ninth of TVA 7%-minute Tiptop Quadrangkä 8800 feet N.57°E.

of the highway intersection at Gratton, Tazewell County, Virginia. At

1.75 miles east of Gratton, a farm road leads northwest off the highway

to a farmhouse 1hOO feet from the road. This outcrop is located 900 feet

north of the farmhouse on the east side of a small stream Valley. Sec-

tion starts at top at a large dolomite outcrop 20 feet north of a large

loeust tree. This is the Virginia graptolite locality described by

Decker and Gold (1958), and mapped and described by Cooper (l9hM).
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Figure M.--Location of Geologie Section M (Scale: 1/2h0O0)
Th' knCopper Ridge Dolomite Zgeeääs

16. Dolomite, light-medium—gray, finely crystalline,
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Thickness
QFeetQ

thick-bedded, finely straticulate 11.5
15. Covered interval...................... 37.0

Nolichucky Formation (65.6 feet or more)

lk. Dolomite, medium-dark-gray to light-gray, finely crystalline,

with abundant argillaceous partings causing it to weather

platy, contains few l- to 2-inch lenses of coarsely crys-

talline, light-gray dolomite. . .A............. 6.8
13. Dolomite, light-gray with yellowish-gray streaks, coarsely

crystalline, thick-bedded ................. 6.8
12. Dolomite, medium-dark-gray, finely crystalline, slightly

calcareous and argillaceous, weathers platy. Contains thin
lenses of limestone with abundant oboloid brachiopods . . . 2.5

11. Dolomite, light-gray, medium- to coarsely crystalline,

medium—bedded ....................... 6.2
10. Limestone, medium-gray, and dolomite, medium-dark-gray.

Dolomite locally argillaceous, some beds platy. Fresh out-

crop has banded appearance. Weathered argillaceous beds

yield abundant dendroid graptolites, Decker's upper

graptolite zone, collection Cn 126-7............ 5.k
9. Dolomite, medium-gray, finely crystalline ......... 1.5
8. Limestone with dolomite bands, medium- to dark—gray, finely

crystalline, contains 1—foot bed of medium—crystalline V
dolomite.......................... 10.7

7. Dolomite, calcareous, medium-gray, finely crystalline,

massive bed ........................ k.6
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Thickness‘ {Feet)

6. Shale, 1ight—olive—gray, numerous poorly preserved

trilobites. Collection Cn 126-ll ............. %.6

5. Siltstone and shale, light-olive-gray, calcareous,

contains abundant fucoids ................. 5.%

%. Shale, light-olive-gray .................. 9.7

3. Limestone, medium-gray, finely crystalline, with abundant

shaly partings containing dendroid graptolites. Decker's

lower graptolite horizon, collection Cn 126-1%....... 0.%

2. Calcarenite, medium—gray, very coarse-grained. Collection

Cn 126-15......................... 1.0

Honaker Dolomite?

1. Dolomitized calcarenite, very coarse-grained, light gray. . 13.0
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Geologic Section 5 . '
Wittens Mill Section Cn 125

In Southwest ninth of USGS—TVA 7-1/2-minute Tiptop Quadrangle. 0n hill-

Side east of railroad at north end of railroad trestle, north side of

Wittens Mill, Burkes Garden area (Cooper, l9MMa) Tazewell Count: Y:

Virginia. Starting at top in Copper Ridge Dolomite.
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Figure 5.--location of Geologic Section 5 (Scale: 1/2h000)
Thickness

(Feet}
Copper Ridge Dolomite

19. Sandstone, grayish—ye11ow, coarse-grained, dolomite-cemented. 1.8

18. Dolomite, light-gray, finely to medium-crystalline,

medium- to thick-bedded .................. 10.5

17. Dolomite, medium-light-gray, finely crystalline, very

I I I I I I I I I I I I I I I I I IO
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Thickness

{Feet}
16. Dolomite, medium-gray, very coarsely crystalline, some

oolitic dolomitized calcarenite, vuggy .......... 3.1

15. Dolomite, medium- to medium-light—gray, finely crystalline,

straticulate, weathers slabby. Blue-black chert 3 feet be-

low top, persistant zone. Cryptozoon........... 16.0

1M. Dolomite, medium-gray, very coarsely crystalline, some

oolitic dolomitized calcarenite, vuggy .......... 1.8

13. Dolomite, medium- to medium-light-gray, finely crystalline,

straticulate, weathers slabby............... 3.7

12. Dolomitized calcarenite, medium-light-gray, very coarse-

grained, oolitic, white crystalline dolomite matrix . . . 7.5

ll. Dolomite, medium-light-gray, finely crystalline, medium-

bedded, straticulate ................... 10.2

Nolichucky Formation (80.M feet)
{

10. Dolomite, medium-light-gray, argillaceous, weathers platy,

yellowish-gray, abundant inarticulate brachiopods, poorly

preserved......................... 10.0

9. Calcarenite, medium-light-gray, oolitic. Collection
I

Cn 125-ll......................... 1.3

8. Covered interval, some platy dolomite........... 5.2

7. Calcarenite, medium-light-gray, oolitic. Coll'n Cn125—13. 0.6

6. Covered interval ..................... M8.5

5. Shale, light-olive-gray, weathers dusky-yellow, very

fissile.......................... 3.8

M. Covered interval, shaly Soil ............... 11.0
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Thickness
{Feet)

Honaker Dolomite

3. Dolomite, light-brownish—gray, very coarsely crystalline

to granular crystalline, vuggy, some crystolloblastic

dolomite, Thick-bedded, massive outcrop, partially

covered. Few thin, medium-gray, finely crystalline

dolomite beds....................... MO+

2. Dolomite, various types; like unit 3 as well as lower

part mostly light- to medium-gray, very finely crystalline

texture. Generalized description. None has fetid or

petroliferous odor .................... 185

1. Dolomite, very coarsely crystalline, medium- to dark-

gray, vague pisolitic texture—-like Marysville limestone

texture. Strong petroliferous odor. Thick-bedded, rough _

weathered surface. (Unmeasured--several hundred feet--

see Cooper, l9M5, p. 21.)
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Geologic Section 6
Honaker Section Cn 100 °

In southwest ninth of USGS l5—minute Richlands Quadrangle, along State

Route 80 about 1 mile south of Honaker, Russell County, Virginia. Section

presented here measured by James Bryan in 1959 (see Bryan, 1960) and

modified version is presented with his permission. Fossils collected by

the writer.
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«¤Figure6.--Location of Geologic Section 6 (Scale: 1/62500)
° Thickness

(Feet)
Copper Ridge Dolomite (not measured)

Nolichucky Formation (M15 feet)

Maynardville Limestone Member

91. Interbedded limestone and dolomite "ribbon rock".
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Thickness
(Feet}

Limestone, medium-gray, weathers dark—gray, coarse trilo-

bite-bearing calcarenite and medium calcilutite. Dolomite,
A

dark-gray, weathers yellowish-brown, very finely crys-

talline. Some pyrite mineralization and calcite-filled

fractures and vugs; differential weathering gives bed

ribbon-banded appearance. Collection Cn 100-A at base. . . 25.5

90. Dolomitic limestone, dark-gray, coarsely crystalline,

partially recrystallized dolomitizedcalcarenite;weathers

light-gray, bed highly fractured . . . . ..... 3.2

89. Calcarenite and argillaceous limestone "ribbon rock" inter-

. bedded. Calcarenite, dark-gray, coarse-grained, light- .

gray weathered surface; argillaceous limestone, dark-gray

finely crystalline; yellowish-brown, sandy-textured

weathered surface; pyrite and sphalerite (Y)mineraliza-tion;

red stain due to pyrite weathering....... . . . 30.3

Fossil collections as followsz

a. Collection Cn 100-B at top of unit. w
b. Collection Cn 100-C, 16 feet above base of unit:

fossil fragments only.

c. Collection Cn 100-D at base of unit.

88. Dolomitic limestone and shale. Dolomitic limestone, dark-

gray, weathers light-gray, very fine-grained; shale, cal-

careous, silty, dark-gray fresh surface, gray weathered

surface; lamination very prominent.............l 2.3



286

Thickness
{Feet}

87. Calcarenite and finely crystalline limestone interbedded.

Calcarenite, light-gray, coarse-grained, with abundant

trilobite fragments and dolomitic oolites; limestone,

dark-gray, very finely crystalline, weathers light-gray;

calcite-filled fractures.................. 0.9

86. Argillaceous dolomite and nodular”limestone. Dolomite,

dark-gray, very finely crystalline, weathered surface

V yellowish-brown, sandy-textured; limestone, brownish-gray,

nodular, fine-grained, weathers light-gray, with red stain

due to pyrite weathering. Collection Cn 100-E, calcarenite

lens up-dip from described part ..............· 6.8

Shale Member

85. Shale with nodules of calcarenite and dolomite. Shale,

olive-drab and bluish-gray, silty, slightly calcareous;

calcarenite, coarse-grained, nodular, dark-gray weathered

surface; dolomite, very finely crystalline, weathered sur-

face yellowish-brown; calcite-filled fractures. Collection

Cn l0O-F from base of this unit, just above underlying flat

pebble conglomerate .................... 3.7

8h. Limestone conglomerate with pebbles of limestone and dolo-

mite. Ldmestone pebbles very fine-grained and weather

light-gray. Dolomite pebbles are coarse grained and

weather yellowish-brown; many pebbles are laminated with

alternating limestone and dolomite layers. The matrix is
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•
Thickness

{Feet}
oolitic calcilutite, weathers a dark-gray, sandy-

textured..... . ................. .... 2.2

83. Interbedded limestone and dolomite "ribbon rock".

Coarse calcarenite, calcilutite, and finely crystalline

dolomite................. . ........ 2.5

82. Dolomite, yellowish-brown, very finely crystalline,
ii

weathers light-brown; ferruginous (dendrites) ....... 0.8

8l. Limestone with interlaminated shale. Limestone, finely
k

crystalline, light-gray fresh surface, weathers dark-

gray; shale, dark-gray, silty, nencalcareous; pyrite

mineralization; trilobite fragments ............· 2.5

80. Dolomite, very finely crystalline, dark-gray, weathers

yell0wish-brown, trilobite fragments, pyrite mineralization. 0.8

79. Shale with nodular limestone. Shale, dark-gray, weathers

bluish-gray, silty, slightly calcareous; limestone, nodu-

lar, mostly calcarenite, light-gray; bed highly fractured

and folded; fossiliferous ................. 3.0

78. Limestone conglomerate with pebbles of limestone and _ _

dolomite.......................... 0.7

77. Dolomite, argillaceous, dark-gray, finely crystalline,

weathers yellowish-brown, shaly 0.7

76. Limestone conglomerate with pebbles of limestone and dolo-

mite. Matrix is calcilutite and trilobite calcarenite. . . l.0
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Thickness
{Feet}

75. Limestone and interlaminated shale. Limestone, light-}

gray, finely crystalline; shale, dark-gray, silty,

slightly calcareous ................l .... 2.2

7h. Limestone conglomerate with pebbles of limestone and

Ö.OlOII1it€........{.................. 0.6
73. Limy siltstone, slightly sandy,and silty shale....... 0.6

72. Shale with nodular limestone. Shale, dark-gray, silty;

limestone, light-gray, mostly calcarenite ......... l.8

7l. Limestone conglomerate with pebbles of limestone and dolo-

mite...................... . ..... 0.5

70. Shale, bluish-gray, silty, slightly calcareous....... 0.9

69. Limestone conglomerate with pebbles of limestone and

Ö.O].OII1i'b€.......................... 0.6
68. Shale, bluish-gray, silty, slightly calcareous 0.3

67. Siltstone, dolomitic and silty shale, thinly interbedded. . 0.3

66. Shale, nodular, limy siltstone, and chert. Shale, bluish-

gray and grayish-red on fresh surfaces, slightly calcare-

ous and silty; limy siltstone, nodular, weathered surface

yell0wish-brown, friable; chert, light-gray with calcite-
‘

filled fractures, averages from l mm to lO mm in thickness. h.l

65. Limestone conglomerate with pebbles of limestone and

Ö.OlOIl1it€.......................... 0.6
6M. Shale, olive-gray, bluishegray, and reddish-brown, silty

and slightly calcareous. Collection Cn 100-6Ä....... l.5
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Thickness
{Feet}

63. Limestone conglomerate and silty dolomite ......... 0.7

62. Siltstone, limy, and shale. Limy siltstone, dark-gray,

weathers yellowish-brown; shale, olive-gray, silty, non-

calcareous; pyrite mineralization ............. 3.1

6l. Shale with dolomite nodules. Shale, dark-gray, silty,

slightly calcareousg dolomite, nodular, medium-gray, very

finely crystalline, weathers brownish-gray......... 2.0

60. Limestone conglomerate interbedded with a bluish-gray shale.

Limestone conglomerate, limestone and dolomite pebbles in ·

calcilutite natrix; shale, silty, slightly calcareous,
‘

bluish-gray fresh surface ................. 3.6

59. Shale, bluish-gray, silty, slightly calcareous....... 2.5

58. Limestone conglomerate with pebbles of limestqne and ··
I

dolomite.......................... 0.5

57. Dolomitic sandstone and shale ............... 3.3

56. Limestone conglomerate, with pebbles of limestone and dolo-

mite............................ 0.8
55. Shale, bluish-gray, silty, glauconitic........... 0.8

5h. Glauconite, hematitic, calcareous ............. 0.3

53. Limestone and dolomite, thinly interbedded. Limestone,

dark-gray, glauconitiq finely crystalline; dolomite, light-

gray, shaly, weathers yellowish-brown, friable, very thin-

bedded........................... 0.5
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Thickneee
(Feet)

52. Shale and limeetone interbedded. Shale, bluieh-gray,

eilty, elightly calcareoue; limeetone, light-gray,

fine calcarenite, thin-bedded. Collection Cn lO0-52.... 3.5

5l. Limeetone conglomerate and dolomitic eandetone inter-

bedded with bluieh-gray ehale. Collection Cn 100-5l.... l.O

50. Dolomitic eiltetone and bluieh—gray ehale interbedded . . . 5.0

h9. Shale and dolomitic eiltetone interbedded. Shale, green-

ieh-gray, eilty, elightly calcareoue; dolomitic eilt-

etone, dark-gray, glauconitic ............... 2.2

h8. Shale and limeetone interbedded. Shale, bluieh-gray and

olive-gray, eilty and elightly calcareoue; limeetone,

finely cryetalline, light-gray, weathere bluieh-brown,

foeeiliferoue, verythin-bedded............... l.O

h7. Dolomitic eiltetone, dark-gray, weathere yellowieh-brown. . 0.3

h6. Shale and limeetone. Shale, olive-drab, reddieh-brown

and greenieh-gray, eilty and calcareoue; limeetone, fine

calcarenite, light-gray freeh eurface, very thin-bedded.

Collection Cn l00-G. Brachiopod fragmente......... 6.0

h5. Dolomitic eiltetone and nodular limeetone. Dolomitic

eiltetone, dark-gray, weathere yellowieh-brown; limeetone,

„ fine calcarenite, medium-gray, nodular, thin-bedded .... 0.5

hh. Shale, glauconite, and limeetone. Shale, greenieh-gray

and olive-gray, eilty and elightly calcareoue; glauconite,

hematitic, calcareoue; limeetone, finely cryetalline,
light-gray, thin-bedded .................. 3.3
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Thickness
{Feet}

M3. Dolomitic siltstone, dolomitic conglomerate, and lime-

stone. Dolomitic siltstone, dark-gray, sandy. Conglom-

erate: light-gray calcilutite pebbles in dolomitic silt-
{

stone matrix. Limestone, fine calcarenite, medium-gray,

very thin-bedded. . . . .................. 1.3

M2. Shale, bluish-gray and olive-gray, silty and slightly

calcareous......................... 1.3

M1. Dolomitic siltstone and dolomitic conglomerate with calci-

lutite pebbles underlain by limestone conglomerate..... 0.8

MO. Shale, bluish-gray and olive-gray; and limestone, fine-

grained, light-gray, very thin-bedded ........... 1.9

39. Dolomitic siltstone and dolomitic conglomerate with calci-

lutite pebbles, underlain·by limestone conglomerate .... 1.0

38. Shale, bluish-gray and olive-gray, silty and slightly

calcareous, both layers fossiliferous ........... 3.0

37. Shale, olive-gray and blue, with dolomitic siltstone and

limestone conglomerate................... 0 .8

36. Shale, bluish-gray, silty, slightly calcareous....... M.2

35. Limestone conglomerate with pebbles of limestone and

dolomite.......................... 0.2

3M. Shale, olive-gray and bluish-gray, silty and slightly cal-

careous, highly fractured due to small drag fold...... 2.8

33. Limestone conglomerate, with pebbles of limestone and

dolomite............... . . : ....... 0.3
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Thickness
{Feet)

32. Shale, olive-gray and bluish-gray ............. 1.0

31. Dolomitic siltstone, dark-gray, with limestone pebbles

in lower half of unit, highly fractured due to small

drag fold. .............. 1.3

30. Shale, greenish-gray, silty, micaceous, noncalcareous,

drag fold ............8 ............. 1.7

29. Dolomitic siltstone and shale ............... 2.7

28. Shale, silty dolomite, and limestone nodules. Shale,

bluish-gray, reddish-brown, and green on fresh surfaces, ·

silty and slightly calcareousg dolomite, silty, very finely

crystalline, slightly siliceous, very thin-bedded; lime-

stone, nodular, fine calcarenite, light-gray on fresh

surface .......................... 5.0
27. Shale and dolomitic siltstone nodules. Shale, b1uish—gray,

olive-gray, and green on fresh surface, silty and slightly

calcareous; dolomitic siltstone, nodular, dark-gray,

weathers yellowish-brown, friable; pyrite mineralization. . 9.0

26. Limestone conglomerate................... 0.8

25. Shale, bluish-gray, with limy siltstone nodules ...... 0.3

2M. Calcarenite, calcilutite, and dolomite interbedded. Cal-

carenite, light-gray, oolitic, coarse-grained, fossilifer-

ous; calcilutite, brownish-gray, nodular; dolomite, finely l

crystalline, weathers yellowish-brown, friable; calcite

vugs; calcite-filled fractures; pyrite mineralization;
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Thickness
{Feet}

bed slightly folded. Collection Cn 100-I from top of

V unit; algal nodules .................... 23.0

23. Dolomite and limestone conglomerate. Dolomite, finely

crystalline, light-gray, weathers yellowish-brown,

friable, fossiliferous; limestone conglomerate, vari-

egated colora, limestone and dolomite pebbles in lower

6 inches of interval..... . .......... . . . . Ä.3

22. Limestone and shale interbedded. Ldmestone mostly

medium calcilutite, dark-gray, weathers light-gray,

fossiliferous. Shale, dark-gray, silty, slightly cal-

careous. Collection Cn 100-K: graptolite fragments .... 0.Ä

21. Limestone conglomerate, calcarenite, and dolomite. Limestone

conglomerate occurs in upper 6 inches and lower Ä inches of l
the interval; central part consists of interbedded coarse

calcarenite and finely crystalline dolomite .....{ . . . 2.0

20. Shale, dark-gray, silty, slightly calcareous, weathers

light-gray......................... 0.8

19. Limestone conglomerate, limestone and dolomite pebbles in

calcilutite matrix..................... 0.9

18. Calcarenite and dolomite interbedded............ 1.8

17. Ldmestone conglomerate and calcilutite interbedded. Con-

glomerate in upper Ä inches and lower 6 inches of interval. Ä.2

16. Shale and limestone conglomerate. Shale, bluish-gray and

greenish—gray on-fresh surfaces, silty and slightly
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calcareous; limestone conglomerate, calcilutite with

dolomite and limestone pebbles............... 5.0

15. Limestone conglomerate and shale. Shale, pale-greenish-

gray, silty, noncalcareous; limestone conglomerate in'

upper 3 inches and lower 2 inches ....._....... . 1.0

lh. Calcarenite and dolomite interbedded with some pale-

greenish-gray shale; calcite vugs ............. 3.0

13. Limestone conglomerate and calcilutite. .8..... 2.7

12. Calcarenite, calcilutite, and shale interbedded. Ca1care—

nite and calcilutite weather differentially to give bed a

banded appearance; shale, pale-greenish-gray, silty, non-

° calcareous, small 2-inch thick limestone conglomerate

layers at upper and lower contact of interval ....... M.0

ll. Shale, limestone, dolomite and limestone conglomerate.
n

Shale, bluish-gray and green, silty and slightly calcare-

ous; interbedded with minor amounts of limestone conglom-

erate, calcarenite, calcilutite, and dolomite; pyrite

mineralization...................... . 3.2

10. Limestone "ribbon rock", dolomite, and shale. Limestone

irregularly interbedded calcarenite and calcilutite,

dolomite, dark-gray, finely crystallineg shale, dark-

gray, silty, slightly calcareous; calcite vugs; pyrite

mineralization................... . . . . 8.2

9. Shale with nodular limestone................ 1.8

8. Shale and limestone. Shale, olive-gray, silty; limestone,
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finely crystalline, light-gray............... 1.5

7. Oolitic calcarenite, limestone conglomerate and finely crys-

talline limestone, with thin, irregular argillaceous beds

and silty partings. Collection Cn 100-M at top of unit . . 2M.O
·6.

Limestone "ribbon rock"; irregularly interbedded oolitic

calcarenite, calcarenite, and calcilutite; differential

weathering gives beds a marked banded appearance...... 15.0

5. Limestone and dolomite, interbedded, mostly dark-gray,

coarse calcarenite and dark—gray, finely crystalline

dolomite; differential weathering gives the bed a marked

banded appearance ................... . . 16.0

M. Limestone "ribbon rock"; irregularly interbedded coarse

trilobite calcarenite, oolitic calcarenite, calcilutite, '

and finely crystalline dolomite; differentialweatheringgives

the bed a marked banded appearance. (Now largely

covered.) ................. ·........ 16.5

3. Interval covered by vegetation............... 13.0

2. Calcarenite, oolitic, and finely crystalline limestone with

abundant irregular argillaceous dolomite bands....... 16.0

1. Limestone and dolomite interbedded with silty shale.

Irregularly interbedded calcarenite, calcilutite, and dolo-

mite with abundant dark—gray micaceous silty shale partings.

Lower M8 feet poorly exposed, mostly light-brown micaceous

shale and siltstone. . . . . ...... . . ....... 65.5

Honaker Dolomite (Not measured.)
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Geologic Section 7
Banners Corner Section Cn 121

In northeast ninth of USGS—TVA 7-1/2-minute Moll Creek Quadrangle. On

County Road 683 approximately 1.8 miles east-southeast of Banners Corner,

Russell County, Virginia. Section top at 1üOO feet south of benchmark

D39, just downhill from sharp curve in road at an apple orchard.
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~„Figure7.--Location of Geologic Section 7 (Scale: 1/2MOOO)
Thickness

· (Feet}
Copper Ridge Dolomite (78.7 feet, full thickness not measured.)

79. Dolomite, medium-gray to medium-dark-gray, finely crys-

talline, abundant small dolomite veinlets......... 1h.O

78. Covered interval, sandstone float ............ 5.8

77. Dolomite, medium-light-gray, finely crystalline, thick-
be I I I I I I I I I I I I I I I I I I I I I I I I I I I
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76. Sandy dolomite and sandstone, light- to medium-dark-

gray, interbedded, dolomite finely crystalline, sand-
I

stone medium- to coarse-grained.............. 6.7

75. Colomite, medium- to medium—dark—gray, finely straticulate. 3.0

7Ä. Dolomite, medium-light-gray, generally thick-bedded, finely

crystalline, straticulate....{............. 6.7

73. Dolomite, medium- to medium-dark-gray, medium to coarsely

crystalline, some beds vuggy, vugs with drusy fillings . . 11.2

72. Dolomite, medium-light-gray, finely crystalline, finely

straticulate, weathers massive .............. 3.2

71. Covered interval ..................... 7.3

70. Dolomite, medium-gray, finely crystalline, straticulate,

weathers massive ..................... 2.8
69. Covered interval ..................... 12.5

Nolichucky Formation (676.9 feet)
Maynardville Member (62.3 feet)

68. Dolomite, calcareous, medium-gray, finely crystalline,

irregularly banded, alternately light-blue-gray and pale-

yel1ow—gray weathered bands, yellow-gray bands consist of

clayey dolomite, some thin bands of limestone....... 7.7

67. Covered interval ............— ......... 12.5

66. Dolomite, calcareous, same as unit 68, thin lenses of cal-

carenite, Collection Cn 121-1h from cave 16.6 feet below

top of unit........... . ............ 22.5

65. Covered interval ..................... 12.2



298

Thickness
{Feet}

6h. Limestone, dolomitic, medium-gray, finely crystalline,

irregularly banded with clayey dolomite.......... 7.Ä

Shale Member (311.b feet)
l

63. Shaly limestone and noncalcareous shale; shale, medium-

gray; limestone, medium-light-gray to moderate-ye11ow-

brown, commonly micaceous, shale covered with elongate

glassy black graptolite (Y) fragments. Collection Cn 121-17

from limestone nodules .................. 1l.Ä

62. Shale, Siltstone, and very fine sandstone, medium-gray,

light-olive-gray, grayish-orange, micaceous, weathers

shaly to slabby...................... 16.0

61. Covered interval ..................... 11.5

60. Shale, greenish-gray, light-olive-gray, micaceous, poorly

exposed toward base, also few silty beds at base ..... 30.0

59. Covered interval ..................... h.Ä

58. Shale, light-olive-gray, beds well exposed in curves . . . 3.0

57. Siltstone, calcareous, medium-yellow-brown, thin-bedded,

lenticular beds with fucoids or worm trails........ 1.8

56. Shale, light-olive-gray.................. M.2

55. Siltstone and very fine sandstone, medium-yellow-brown,

medium- to thin-lenticular beds, slightly calcareous, con-.

tains thin brachiopod-filled lenses. Ripple marks common. 2.0

5h. Shale, light-olive-gray, contains few 1-inch to M-inch

nodular limestone beds. Trilobite fragments and brachio-

pods. Collection Cn 121-26................ 7.0
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53. Siltstone, medium-yellow—brown, single bed, micaceous,

small brachiopods ..................... l.0

52. Shale, light-olive-gray .................. 2.0

5l. Siltstone, medium-yellow-brown, micaceous. Collection

Cn l2l-29 ......................... 0.5

50. Shale, light-olive-gray, containsfa few l-inch to Ä-inch

nodular limestone beds................... l.3

Ä9. Siltstone, medium-yellow-brown, micaceous, burrowed.

Collection Cn l2l—3l.................... 0.8

Ä8. Shale, light-olive-gray, calcareous ............ 3.0

Ä7. Shale and siltstone, interbedded; shale, light-olive-gray, ‘

siltstone, calcareous, medium-yellow-brown, micaceous,

irregular, almost nodular beds. Collection Cn l2l-33 . . . 3.5

M6. snaie, iigm;-611ve-gmy.................. M .0

Ä5. Limestone conglomerate, light—gray to light-greenish-gray,

finely crystalline limestone pebbles in calcarenite matrix. O.2

ÄÄ. Shale, lighty-olive—gray, calcareous. ‘........... l.0

Ä3. Limestone conglomerate and siltstone, same as units 53 and

Ä5. Collection Cn l2l-37; oboloid brachiopods....... O.5

Ä2. Shale, light-olive-gray, few thin interbeds of calcareous

siltstone and limestone conglomerate, calcareous unit grades

down into interbedded shale and calcareous siltstone, fucoids

common; middle part covered ................ 30.0

· Äl. Limestone conglomerate, brownish-gray, interior weathers to
moderate-yellow-brown ................... 0.3
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MO. Shale, light-olive-gray, limestone and/or siltstone

nodules, top 2 feet of unit contain many l-inch to 3-
”

inch lenticular beds of limestone that pinch out in a

few feet, brachiopods, cystoid plates, agnostids...... 8.0

39. Limestone conglomerate, light-gray, some pebbles weathered

moderate- to dark-yellowish-orange, fine calcarenite matrix. 0.5

38. Shale, same as unit Mo................... l.0

37. Calcarenite, light- to medium-gray, oolitic, some scattered

glauconite pellets, thin limestone conglomerate beds through-

out; lower calcarenite beds dense with finely crystalline

matrix, unit forms massive exposure on sharp curve. Contains

abundant trilobite and brachiopod fragments. Collection

Cn 121-1+3124.0
36. Limestone, limestone conglomerate, and shale; interbedded;

shale, light-olive-gray; limestone, light-medium-gray, _

finely crystalline; some limestone beds silty, moderate-

yellow-brown........................ 7.0

35. Calcarenite, medium-light-gray, dense finely crystalline

matrix, single bed..................... l.0

3M. Limestone, medium-light-gray, dense, finely crystalline,

with abundant clayey limestone and shaly partings; weathers

shaly. Limestone conglomerate, 0.5 feet thick in middle.

Unit would probably be "banded" limestone on fresh exposure. M.O

33. Limestone, medium-light-gray, finely crystalline, thick bed. 3.0
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32. Limestone, limestone conglomerate, and shale; inter-

bedded; shale, light-olive-gray; limestone, light-

I medium-gray, finely crystallineg some limestone beds

silty, moderate-yellow-brown, well-exposed in steep

cliff down hill from sharp curve......... . . . . 5.0

3l. Limestone conglomerate, medium-light-gray, varicolored .

pebbles, finely crystalline matrix............. 0.5

30. Limestone and shale, same as unit 32............ 12.0

29. Limestone conglomerate, same as unit 31 .......... 3.5

28. Shale, light-olive-gray .................. 2.0

27. Limestone conglomerate with shaly partings......... 1.0

26. Limestone and shale, same as unit 32............ H.0 3

25. Limestone conglomerate and shaly limestone......... 2.5

2M. Limestone and shale, some limestone conglomerate...... Ä.0

23. Shale, light-olive-gray and medium-gray; medium-gray shale

seems to be less weathered, few scattered limestone nodules. 6.0

22. Limestone and shale, interbedded; limestone beds from 0.5

feet to 1 foot thick, shale units 2 feet thick....... 13.0

21. Covered interval...................... H7.0

20. Limestone conglomerate............... . . . . 1.0

19. Shale, light-olive-gray .................. 8.0

18. Shale, light-olive-gray. Thin nodular limestone beds and

limestone conglomerate, medium beds at M- to 6-foot inter-

vals, probably would be banded limestone if fresh. Well
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exposed, shaly-looking bank. Collection Cn 121-62 at

2.2 feet above base. Agnostids .............. 26.0

Lower Limestone Member (329 feet)
8

17. Limestone, light-gray to medium-gray, thick-bedded, in-

cludes oolitic glauconite beds, finely crystalline lime-

stone and calcarenite in a dense matrix .......... 11.2

16. Limestone, medium-light-gray, calcarenite, finely crystalline

matrix, abundant clayey partings, banded when fresh, weathers

slabby to platy ...................... 25.0

15. Covered interval...................... 10.3

lb. Limestone, light- to medium-light-gray, medium-crystalline,

medium- to thick-bedded, contains pyrite. Limestone seems

partly recrystallized, contains few dolomite silty bands,

giving outcrop wavy, banded appearance. Few thin- to
N

medium—bedded glauconitic calcarenite beds.

a) Few trilobite and brachiopod fragments. Collection Cnl2l-66a.

b) Limestones of unit 18 crop out on hill above last sharp

curve. Slight error may be involved, but large slabs on

south side of hill are assumed to be the base of the unit.

caiiecmon cp. 121-66b...................28. 5
13. Covered interval...................... 18.6

12. Limestone, medium-light-gray, finely to medium-crystalline,

with lenses of glauconitic calcarenite. Medium to thick

beds, some beds have abundant dolomite or clayey partings,
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· incompletely exposed on north side of hill, contains
l

brachiopods ................. ’....... 31.8

—ll. Limestone, same as unit 12, exposed on road cut, more

deeply weathered, weathered massive to slabby, lower

part contains about 50 per cent "ribbon-banded" beds.

Difference in style of weathering between roadcut and

pasture: some beds in pasture are massive with rough

irregular surfaces; in road cut similar beds are slabby,

almost nodular. Rare trilobite fragments in calcarenite.

Collection Cn 121-69....................26.0

10. Limestone, same as unit 12, exposed on north side of road.

weathers to medium—to-thick beds of limestone; contains

1—inch to 6-inch thick shaly, argillaceous beds of lime- _

stone ........................... 18.0

9. Shale and limestone, interbedded; shale, light-olive-

gray; limestone, medium-light-gray, finely to medium-

crystalline; few beds very coarsely crystalline calcare-

nite containing round objects, apparently pelmatozoan

columnules. Some limestone beds contain large percentages

of silt and some sand, weathers pale-yellow-brown to

moderate-yellow-brown siltstone or sandstone. Lower part

largely siltstone and shale ................ 22.0

8. Covered interval, some calcareous siltstone and shale toward

top, shale and silty chips in soil............. 36.0
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7. Shale, light-olive-gray .................. 3.7

6. Covered interval.................. . . . . 10.6

5. Limestone, light- to medium-1ight—gray, medium—crystalline,

irregular silty partings, generally thick-bedded....7 . . 55.0

M. Limestone, calcilutite, medium-dark-gray, with abundant,

very thin, irregular silty partings and dolomitic knots . . 6.5

Maryville Limestone

3. Limestone, medium-dark-gray, medium—crystalline, homogen-

eous, petroliferous odor. Thick massive beds. Trilobite

fragments ......................... 0.8

2. Limestone, medium-gray, oolitic, contains pyrite in moderate

abundance, appears partly recrystallized, contains small

trilobite fragments .................... 9.0

1. Limestone, medium—dark-gray, finely to medium-crystalline,

petroliferous odor. Section stops at edge of qnarry.

Maryville limestone continues in same type limestone,

well exposed for several hundred feet ........... 16.0
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Geologic Section 8
Rye Cove Syncline Section Cn l3O .

Road 638, northwest limb of Rye Cove Syncline, USGS—TVA 7-l/2-minute

Duffield Quadrangle, Scott County, Virginia, about a mile northeast of

nose of syncline, two miles S.MO°E. of Pattonsville. Measured in road-

cut, well-exposed section. Seems deeply to moderately weathered. Sec-

tion started at top in cut at base of stump, opposite frame structure

(apparently an old country store) at edge of road. Cluster of five

buildings at this place.
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Figure 8.--Location of Geologic Section 8 (Scale: l/QMOOO)
Thickness

(Feet}
Copper Ridge Dolomite

M7. Dolomite, light-gray to medium-light-gray, medium-crys-

talline and dolomitized coarse calcarenite. Coarser beds
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slightly porous with matrix of sparry white dolomite and

_ calcite; vague oolitic texture, fetid odor, medium- to

thick-bedded. Contains a few thin to medium beds of

aphanocrystalline dolomite, vaguely banded with various

shades of gray....................... 82.5

M6. Dolomite, light-gray to light-gréenish-gray, finely

crystalline to aphanocrystalline, vaguely banded, some

straticulate beds, medium- to thick-bedded. Few beds of

thinly layered {5 mm to 2 cm), medium-dark-gray chert.

Basal M feet finely straticulate.............. 56.5

Nolichucky Formation (795 feet)

M5. Limestone, medium-gray, algal; medium-crystalline with

coarsely crystalline dolomitized "wormy" knots and tubes

which stand out on weathered surface. (Covered interval

on road, exposed to northeast in gully.).......... 2.0

MM. Dolomite, calcareous, light-gray to yellowish-gray, finely

crystalline, straticulate. Some thin beds contain small to

very large dolomite pebbles ................ 8.7

M3. Limestone, medium-gray, algal; medium-crystalline with

coarsely crystalline dolomitized "wormy" knots and tubes

which weather in positive relief.............. 2.5

M2. Dolomite, calcareous, light-gray to yellowish-gray, finely

crystalline, straticulate ................. l.0

Ml. Limestone, algal, same as unit M3. Some calcilutite mixed
with crystalline limestone at top of unit ......... 6.9
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MO. Limestone, dolomitic, light-gray, finely crystalline,

straticulate.....................U. . . 9.5
‘

39. Limestone, typical "ribbon rock", medium-gray, mostly

calcilutite, some finely crystalline, "banded" with .

ropy, irregular dolomitic bands. Limestone surface is

light-blue-gray, dolomite bands weather medium—dark—

gray to dark-yellowish-brown. Limestone becomes purer

toward base, partings become more argillaceous, some ·

shaly partings near base. Contains a few fossil-bearing
‘ lenses toward base..................... 60.8

38. Limestone and shale interbedded; limestone mostly calcilu-

tite, medium-gray to olive-gray, thin irregular beds. Shale,

light-olive-gray, irregular beds of soft fissile shale up

to M inches thick. Limestone consitutes about two-thirds,
l

shale one—third of unit, silty fossiliferous limestone beds _ —

at base. Collection Cn 130-10............... 11.0

37. Shale, light-olive-gray, calcareous ............ 3.0

36. Argillaceous limestone and shale, irregular interbedded.

Limestone, calcilutite and finely crystalline, weathers

yellowish-brown. Shale, light-blue-gray when fresh,

weathers light-olive-gray. Medium to thin beds; has

general appearance of "banded" limestone beds, probably

nearly the same. Fossils in the limestone. Collection

Cn 130-12 ..................· ....... 5.5
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35. Limestone, limestone conglomerate, and shale interbedded,

thin- to thick-bedded. Contains three Ä- to 6-foot lime-

stone beds and two Ä-foot shale units. Limestone, medium-
—

to medium-light-gray, mostly finely crystalline, one-third

of limestone is calcarenite, few thin limestone conglomer-

ate beds. Shale, light-olive-gray to light—blue-gray.

Fossiliferous throughout. Collection Cn l30-l3 ...... 2Ä.5

3Ä. Shale, light-olive-gray to grayish-olive. Contains a few

thin (less than Ä inches) limestone and siltstone beds,

contains brachiopods in limestone ............. 32.0

33. Limestone, medium-light-gray to dark-yellowish-orange,

limestone conglomerate, calcarenite, and calcilutite all

· intermixed, contains two 6-inch shale beds. Some small

glauconitic (?) grains in calcarenite. Collection Cn l30-
U

l5 from shale·...................... . 8.9

32. Shale and limestone interbedded; shale, light-olive-gray;

limestone, calcilutite, some calcarenite and thin limestone

conglomerate beds. All thin- to medium-bedded; silty.

Weathers to platy siltstone with abundant fucoids (?) . . . lÄ.Ä

3l. Limestone conglomerate and shale interbedded. Conglomerate

with pebbles up to 6 inches in diameter; medium-gray, but

also much yellow-brown and yellowish-orange. Acetic acid

residue yielded Collection Cn l30-17, cystoid? plates . . . Ä.2
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30. Shale, limestone and siltstone interbedded. Shale, light-

olive-gray; some is calcareous. Limestone, silty, weathers

moderate-yellowish-brown; light—brown when slightly

weathered, light-gray when fresh. Abundant fossils in

calcarenite lenses. Collection Cn 130-18a from just be-

low top of unit; Collection Cn 130-18b and brachiopods

near base ........ k................. 25.0

29. Shale, light-olive-gray, with about ten per cent calcare-

ous siltstone thin beds. Poorly exposed on brush-covered

part of roadcut. Becomes quite calcareous near base.

Abundant fossils. Collection Cn 130-19 .......... 31.7

28. Calcarenite, glauconitic, medium—light-gray, very coarse,

granule-size. Glauconite pellets average about 3 mm in '
diameter, constitute about one-quarter of rock. Contains

thin lenticular beds of greenish-gray calcilutite. Abun-

dant trilobites. Collection Cn 130-20........... 5.1

27. Limestone and shaly limestone interbedded; thin to medium

beds of medium-light-gray to light-blue-gray finely crys-

talline limestone and limestone conglomerate; thin, platy

greenish-gray calcilutite and light-olive-gray calcareous

shale. About 75% limestone, abundant small irregular lime-

stone pellets in shaly matrix. Abundant very large lingu-

loid brachiopods in shaly bed. Collection Cn 130-21;

oboloid and Lingulepsis-type brachiopods.......-. . . 5.5 _
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26. Calcarenite, oolitic, medium-light-gray, very finely

crystalline, recrystallized, very dense 1.3

25. Limestone and shaly limestone interbedded; thin to medium

beds of medium-light-gray to light-blue-gray finely crys-

talline limestone and limestone conglomerate; thin, platy,

greenish-gray calcilutite, and 1ight—o1ive-gray calcareous

shale. About 75 per cent limestone, abundant small irregu-

lar limestone pellets in shaly matrix ........... 10.1

2M. Stromatolitic limestone, calcilutite-textured, greenish-

gray, single massive bed.................. 1.7

23. Limestone and shaly limestone interbedded; poorly exposed;

thin to medium beds of medium-light-gray to light-blue-gray

finely crystalline limestone and limestone conglomerate;

thin, platy, greenish—gray calcilutite, and light-olive-

gray calcareous shale. About 75 per cent limestone, abun-

dant small irregular limestone pellets in shaly matrix. . . ll.0

22. Limestone, light- to medium-light-gray. Mixture of calci-

lutite, calcilutite-pebble conglomerate, and glauconitic

calcarenite with shaly partings. Lenticular beds pinch out

in a few feet ....................... 3.0

21. Limestone and shaly limestone, poorly exposed. Collection

Cn 130-27, agnostids, acrotretid brachiopods......6. . 2h.O

20. Calcarenite, oolitic, medium-light-gray, dense matrix,

finely crystalline.... . ................ 1.3
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Thickness
(Feet}

19. Shale, 1ight—olive-gray, with abundant thin limestone

conglomerate and calcilutite beds, and some very

coarsely crystalline, pale-yellowish-gray limestone.

Limestone constitutes about one-third of unit. Poorly

exposed. Collection Cn 130-29 from top and base; abun-

dant brachiopods and agnostids. .'............. 50.6 s

18. Covered interval along road, some shale on slope south-

west of road........................ MÄ.8

17. Shale, light-olive-gray and dark-greenish-gray with two

2-foot beds of limestone conglomerate. Collection Cn

130-31; agnostids ..................... 19.M

16. Covered interval, shale exposed southwest of road ..... MM.2

15. Shale and siltstone, abundant fucoids (Y), light-brown,

poorly exposed on hill northeast of road.......... 37.2

lü. Siltstone, shale, and limestone conglouerate interbedded.

Siltstone, calcareous, light-brown, micaceous, fucoids
8

abundant, weathers platy. When absolutely fresh, the

siltstone is light-blue-gray, looks like finely crystalline

limestone. Shale, light-olive-gray. Limestone conglomer-

ate, medium- to thick-bedded, varicolored. Well exposed.

Abundant fucoids, rill marks, some ripple marks on silt-

stone. Interval about 50 per cent silty limestone and

limestone conglomerate, but all weather to look like

siltstone.
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Thickness
{Feet}

a) 16 feet below top of unit, Collection Cn 130-3Äa andagnostids. V
b) 36 feet below top of unit, Collection Cn 130-3Äb and

agnostids

c) 56 feet below top of unit, ripple marks, flow casts.

d) 7Ä feet below top of unit, fossiliferous glauconitic

calcarenite and shalez Collection Cn 130-3Äd ....... 92.6

13. Limestone conglomerate, medium—light-gray, pebbles up to

Ä inches in diameter, mostly calcilutite 2.Ä

12. Siltstone, shale, and limestone conglomerate, interbedded . 11.7

11. Covered interval...........p. .......... 18.1

10. Limestone, medium-light—gray, finely to medium-crystalline,

some calcarenite. Abundant thin shaly partings, medium- to

thin-bedded, surface weathers silty. Abundant inarticulate

brachiopods ........................ 23.0

9. Glauconitic calcarenite, medium-light-gray, very coarse-

grained, single massive bed. Glauconite grains up to 1 mm

in diameter constitute 15 per cent of the rock. (0utcrops

opposite house on straight stretch of road approximately

parallel to strike.).......... 1.......... 1.5

8. Limestone, medium-light-gray, finely to medium—crysta11ine,

some calcarenite...................... 18.0

7. Limestone, finely crystalline, and calcilutiteg medium-

light-gray to light-brownish-gray, thick-bedded, small
irregular silty stringers .............. . . . 5.Ä



313

Thickness
(Feet)

6. Coveredinterval5.

Limestone, medium-light-gray to light—gray, mostly thick-

bedded calcarenite, some thin—bedded and shaly calcilutite.

Abundant small trilobite fragments, shaly partings with

fucoids. Collection Cn l30-#3............... #.6

#. Limestone, medium—gray, finely crystalline, some calcilu-

tite, compact. Abundant thin silty partings which are

black when fresh, brown when weathered. Few very thin

calcarenite lenses near base with unidentifiable fossil
l

fragments. ...... #2.1
3. Limestone, medium-gray, finely crystalline, thin—bedded,

with abundant fucoidal silty partings. Trilobite frag-

memzs. Collection Cn 130-1+5................ 73.1+

2. Limestone, medium-light-gray to light-gray, finely crys-

talline, some calcilutite, abundant irregular silty part-

ings. Beds massive to irregular thin-bedded, depending

on degree of weathering. Contains a few thin beds of

limestone conglomerate in dense finely crystalline matrix.

Few trilobite fragments. (Base of unit at 9# feet south-

west of bridge.). . .................... #2.6

Maryville Limestone

l. Limestone, medium- to medium-light-gray, finely to

medium-crystalline, thick-bedded, strong petroliferous

odor. Continuous exposure for several hundred feet.
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Geologic Section 9
Maynardville Limestone Type Section CnmT

New type section of Maynardville Limestone Member of the Nolichucky as

designated by Bridge (1956, p. 13); on south side of State Highway 33, be-

tween the bridge over Cox Branch and the Clinch River Bridge over Norris

Reservoir. On USGS-TVA Té-minute Powder Springs Quadrangle, Union County,

Tennessee. The section was not re-measured as the writer found Bridge's

description (1956, p. l3,lÄ) and measurement to be quite accurate. The

lower part of Bridge's section is given below with additional notes by

the writer included in brackets.
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1Geology by Joseah Bndge

Figure 9.--Location of Geologic Section 9 (Scale: 1/12,000)
Nolichucky Shale ‘

Maynardville limestone member (Total Thickness 315 ft, Ä in. [Part
given be1ow]) Ft. In.

1.1. Limestone, dark-blue, finely crystalline, massive . . . 12 O
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Ft. In.
10. Shale, olive-green, hard ........... L .....-K— -6-

9. Limestone, similar to unit 11; exposed opposite south end

of bridge......................... 5 0

[Limestone, medium-light-gray, medium-crystalline, with a

few oolitic calcarenite lenses and dolomite lenses, 218 to

223 feet below top, as measured by Bridge (92 to 97 feet

above base of member). Collection CnmT-9.]
L

8. Shale, olive-green, hard, well-bedded. .
.·. ....... 1 3

7. Limestone, like unit ll, with bed of edgewise conglomer-

meatbwe........................ 2 0

6. Shale, like unit 8, typical Nolichucky .......... 6

5. Limestone, similar to unit 19 [finely crystalline to aphan-
itic, massively bedded, with irregular tan strips and
momiings ]........................1 0

M. Shale, typical Nolichucky, with thin platy beds of fine-

grained limestone, averaging less than 1 in. thick .... 8
LO

3. Limestone......................... l 6 L

2. Covered interval .....................10 0

1. An alternating series of limestones and shales like units

just above, the individual units of shale and limestone

varying from 2 to 8 ft in thickness, but the relative

amounts of shale and limestone about equal. Top of unit,

a M-ft bed of blue coarsely crystalline fossiliferous lime-

stone; the base, a 3%-ft bed of light—blue to dove-colored

aphanitic to finely crystalline limestone, with narrow

yellow irregularly clayey partings, exposed at maximum

lake level, 1,020 ft ................... 6h 0
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[a. Calcarenite, mediumegray, coarse-grained, oolitic; M-foot

thick bed at top of unit 1, 251 to 255 feet below top of A

member, as measured by Bridge (60 to 6h feet above base of

member). Some surfaces bear silicified fossils.Collec—tion

CnmT-la.

b. Green clay shale about 20 feet below top of unit 1, 271

feet below top of member, as measured by Bridge (hk feet

above base). Collection CnmT-lb.]
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Geologic Section 10
Creswell Section Cn 119

. 1 . .In central ninth of USGS-TVA 75-minute Hansonville Quadrangle, on U.S.

58 Alt., near Creswell, Russell County, Virginia. Top of Nolichucky at

bold outcrop on crest of hill southeast of Creswell, at old highway.

This section was previously described by Butts (19MO, p. 81, Geologic

Section 15).
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Figure‘10.--Location of Geologic Section 10 .(Sca1e: 1/2M00O)
Thickness1 {Feet}

Copper Ridge Dolomite

31. Dolomite, light—gray, mediumecrystalline, massive, "

finely straticulate.

Nolichucky Formation (M92.8 feet)
30. Limestone, medium- to medium-dark-gray "ribbon rock",
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Thickness
{Feet}

finely crystalline abundant argillaceous dolomite bands,

limestone weathers light-blue-gray. Outcrop has banded

or ropy appearance; contains irregular thin beds of cal-

carenite with trilobites. Argillaceous bands decrease

toward the base of the unit. Unit ends at large over-

hang on north side of road.... Ä . . . ......... h8.0

29. Limestone, deeply weathered to siltstone and shale, medium-

- yellow-orange, very porous, noncalcareous, contains abun-

U dant trilobites. Collection Cn 119-3: unweathered material

like mit 30...........3............. 5 .8

28. Covered interval..... ·................. 9.7

27. Shale, olive-gray, noncalcareous; contains thin fossilifer-

ous silty partings. Collection Cn 119-5, 19.5 feet below
·

top of·unit

.3.26.Covered interval, some shale in ditch ........... 58.0

25. Shale, olive-gray, calcareous and noncalcareous; thin beds

and nodules of finely crystalline limestone abundant in

upper 10 feet. Collection Cn 119-7 from 3 feet below top . 19.0

2h. Limestone conglomerate, mottled gray- to reddish—gray-

brown, angular to round pebbles to 3 inches. Pinches out

in outcrop......................... 1.0

23. Shale, same as unit 25 with limestone nodules; M-inch

limestone conglomerate at base. Collection Cn 119-9. . . . M.3

22. Calcarenite, medium-light-gray, very coarse-grained,
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ähickenss‘ Feet
abundant oolites and abundant thin lenticular beds of

limestone either silty or glauconitic, appears thick-

bedded. Contains abundant trilobites. Collection
Cn 119-10 ...... . ................ . . 11.5

21. Limestone conglomerate and stromatolitic limestone,

medium-light-gray, finely crystalline limestone matrix,

very dense, some small scattered oolitic limestone lenses,

generally nonoolitic, large crystallinelimestone pebbles;

may be partially dolomitized; M—inch shaly limestone part-

ing 1 foot above base. Fossil fragments in oolitic lenses. 9.0

20. Limestone "ribbon rock", medium-light-gray, argillaceous,

medium- to finely crystalline, abundant irregular clayey

partings, banded appearance where fresh, shaly when weathered,

fucoid markings, few thin lenticular beds of limestone con-
V

glomerate scattered throughout. .......V ...... . 21.0

19. Limestone, stromatolitic, light-medium-gray, calcarenitic,

„ dense finely crystalline matrix, few inches of conglomer-

ate at base ........................ 1.0

18. Limestone, like unit 20; with thin, finely crystalline, A

light-brown-gray limestone beds; glauconitic (Y), lower

half of unit largely calcareous olive-gray shale with-

limestone ....... . ................ 11.0

17. Limestone conglouerate, mottled light—gray to gray-brown,

medium-crystalline matrix, very dense, pebbles up to 6 in.

in diameter...................... . . 2.1+
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Thickness
{Feet}

16. Shale, light-olive-gray, slightly calcareous, partly

covered. Collection Cn 119-16a and agnostids 6.3 to

10 feet below top; Collection Cn 119-16b, agnostids,

and oboloid brachiopods at 25 feet below top of unit.... Ä5.5

15. Calcarenite, medium—1ight-gray, very coarse-grained,

partially recrystallized, glauconitic, greater thickness

may be exposed on other side of valley. Collection

Cn 119-17 ................. '........ 2.0

lh. .Covered interval.·.... . . ............. . . . 31.0

13. Limestone, medium-light-gray, finely to medium-crystalline,

medium-bedded, abundant shaly partings........ . . . k.O

12. Siltstone, limy, medium-light—gray to yellowish-gray,

abundant clayey partings, weathers shaly, some beds highly V

micaceous, weathers dark-yellowish-brown.......... 8.3

11. Limestone, medium-light-gray, finely to medium-crystalline,

quite silty, scattered thin beds of calcarenite with trilo-

bites, brachiopods, and gastropods. Collection Cn 119-21 . 8.6

10. Limestone, medium-light-gray and light-brown-gray, finely

to coarsely crystalline, with thin calcarenite beds, abun-

dant granule-size calcarenite beds, trilobites and brachio-
pods in calcarenite. Collection Cn 119-22. . . . . . . . . M.0

9. Covered interval. . ......... . .... . . . . . . 3.6

8. Limestone, like unit 10, poorly exposed. Collection

Cn 119-2h: trilobite fragments............... 5.h
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Thickness

·
{Feet}

7. Covered interval...................... .1

6. Siltstone, like unit 12, limy ............... 3.6

5. Covered interval.................. . . . . 5Ä.O

M. Siltstone, limey, pale-brown, weathers moderate-brown

siltstone, commonly micaceous; fucoids abundant, slabby

to shaly............. }............. 20.0 ·

3. Covered interval. Float suggests unit M, "shaly" ..... 23.5

2. Limestone, light- to medium-light-gray, finely to medium-

crystalline, thick-bedded, abundant irregular silty bands

form protruding network on weathered surface. ....... 31.5

Maryville Limestone

1. Limestone, medium-gray, medium- to coarsely crystalline,

seems pure, thick-bedded, petroliferous odor. Collection

Cn 119-31. A
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Geologic Section ll

Lee Valley Section Cn LV

Section at Lee Valley, Hawkins County, Tennessee. Complete section from

the Ordovician Martinsburg Formation through the Lower Cambrian Rome For-

mation measured and described by Rodgers and Kent (l9M8). Rodgers and

Kent painted numbers on the outcrops to indicate their units; however,

from their unit 69 upwards, new numbers have been painted by an unknown

party; and these new numbers do not coincide with the Rodgers and Kent

descriptions. The upper part of the section is presented here as given

in Rodgers and Kent (l9h8) with their unit numbers given in parentheses;

additional notes by the writer are given in brackets. The lower part of

the section was remeasured by the writer; collection numbers for this part

of the section are prefixed with "D" (for Derby) to indicate that they arenew numbers. V
The thickness of Nolichucky from the base chosen by the writer to

the)
‘

base of unit 2Ä (unit 56 of Rodgers and Kent) is 56u.6 feet, much greater

than the 375 feet reported by Rodgers and Kent for their basal Nolichucky

unit 55. From the top of Rodgers and Kent's unit 55 downward, the

writer's units 23 through 8 total 382.6 feet; therefore, units 23 to 8

are probably the same interval as Rodgers and Kent's unit 55. Apparently

Rodgers and Kent considered the limestones and siltstones below unit 8 to

be part of the Maryville limestone. Consequently l82.l feet of Rodgers

and Kent's Maryville is herein considered to be Nolichucky. It should be

noted that Rodgers and Kent actually measured 975 feet of Maryville, but
expressed the opinion that the ümnkness is "clearly excessive" and
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assigned an arbitrary thickness of 600 feet to the Maryville. Perhaps

the Maryville appeared to be exceptionally thick because beds normally

considered to be Nolichucky were assigned to the Maryville at this

locality.
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1Figurell.--Location of Geologic Section ll (Scale: 1/125000,
from Rodgers, 1952) Thickness

[Feet)
Copper Ridge dolomite (Complete section given by Rodgers & Kent)

MM. (76) Chert, nearly black, oolitic. This chert bed is

apparently persistent along Copper Ridge; it appears at

Thorn Hill near base of unit 167. [Similar cherts have

been considered diagnostic of the Copper Ridge formation

I I I I I I I I I I I I I I I I I I I I I I IOO‘

M3. (75) Dolomite, compact to fine grained, well laminated,
silty, somewhat calcitic. Cryptozoon present . . . . . . . 22.5 „
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Thickness
Nolichucky Formation (868.6 feet) (Feet)

#2. (7#) Dolomite, bluish gray, compact, thin-bedded, silty,

contains "eyes" of blue limestone ............ . 5.5

#1. (73) Limestone, blue-gray, compact, massive, ribboned

with dolomite. [Vuggy, recrystallized algal limestone at

top contains abundant trilobites.’ Collection CnLV-73]. . . 28.0

#0. (72) Shale, light gray, compact, limy......... . . 3.5

39. (71) Limestone, blue-gray, compact, ribboned with dolomite,

massive at top, increasingly shaly below. [Collection

CnLV-71, 10 feet above base in decalcified silty limestone.] 30.0

38. (70) Shale, greenish gray, compact, limy.... . .... . 1.0

37. (69) Limestone, blue, compact, silty..... . . . .... 2.0

36. (68) Shale, light blue-gray, with beds of siltstone and

limestone. [Abundant trilobites in limestone bed. Collec- ’

tion CnLV-68; abundant brachiopods in lenticularlimstonebed

3 feet above the trilobite bed.].......... . . 8.75

35. (67) Siltstone, greenish brown, with beds of shale [and

silty limestone].... . ..... . ........... 5.25

3#. (66) Incompletely exposed. Exposures are of green shale

with some beds of siltstone. [Incompletely exposed. In-

cludes light-olive-gray shale, limy siltstone, and silty

and shaly beds with coarse calcarenite nodules, and thin-

bedded shales with calcilutite nodules. Fossil collections

as follows:
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Thickness
(Feet)

a. 119 feet above base. Trilobites abundant in lime-

stone nodules. Collection CnLV-66a.

b. 93 feet above base. Six-inch limestone conglom-

erate bed with abundant trilobites. Also very thin

silty limestone beds in next 10 feet above.

CollectionCnLV-66b.c.

75 feet above base. Shale, siltstone, and limestone

conglomerate. Brachiopods.

d. 25 feet above base. Calcarenite, verypale-orange,as

nodules in shale. Contains abundant trilobite

fragments. Shale, light-olive-gray contains abun-

dant small trilobites, cystoid? plates, inarticulate

brachiopods. Collection CnLV-66d.]„.......... 170.0

33. (65) Limestone, blue-gray, finely crystalline, massive,

oolitic in lower third. Units 56 to 65 constitute a

lower limestone member of the Nolichucky shale. [Light-

gray to light-greenish-gray, contains both aphanitic and

finely crystalline limestone. Contains inarticulate

brachiopods (rare).]. . . . .... . .......... . lh.5

32. (6M) Covered interval, probably limy shale. ........ 2.5

31. (63) Limestone, blue, compact, thin-bedded. . ....... M.25

30. (62) Limestone, blue to brown, compact, shaly . . . . . . . M.25

29. (61) Limestone, blue with brown streaks, thin-bedded above,

less so below ......... . . . . . .... . . . . . 9.0
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Thickness
(Feet)

28. (60) Shale, limy, with thin beds and lenses of limestone. . 3.0

27. (59) Iimestone, brownish blue, well bedded......._. . l.75

26. (58) Shale, very limy, with thin beds of limestone..... 3.25

25. (57) Limestone, blue, compact, thin bedded. Exhibits a

mia............................ M.75

2M. (56) Limestone, blue, massive, somewhat oolitic below, ’

edgewise conglomerate at base ............... 2.75

(Beginning of remeasured section, top of Rodgers and Kent's unit 55. The
descriptions and thicknesses given below are the writer's.)

23. Shale, limy siltstone, and calcilutite, thinly interbedded,

individual units average 2 inches thick. Inclues some

nodular shaly limestone. Shale is light-olive-gray to

dusky-yellow; calcilutite is light-gray to medium-greenish-

gray. Limy siltstone is light-gray and weathers grayish- ”

orange to dark-yellowish-brown...... . . . ...... l0.3

22. Shale with thin limy siltstones and thin nodular calcilutite

and limestone conglomerate beds.~ Shale units are 2- to M-

feet thick;limest¤1e units, l- to 2-feet thick. Includes a

2-foot siltstone bed with limestone pebbles. Colors as

above ............. . .... . ........ 33.Ä
2l. Shale, limy siltstone and calcilutite, thinly interbedded.

Same as unit 22 above ................ . . . 3.M

20. Shale, with thin limy siltstones and thin nodular calcilu- °

tite and limestone conglomerate beds. Shale, light-olive-
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{Feet}

gray to brown. Limestone mostly light—greenish-gray.

Collection CnLV-D-k, brachiopods, agnostids one foot

above base......................... 16.3

19. Limestone and limestone conglomerate, light-gray to

medium—greenish-gray, finely crystalline, some lutitic.

Conglomerate contains pebbles up to 2 inches in diameter. . 2.6

18. Shale and siltstone interbedded. Shale, light-olive-gray;

siltstone, various shades of yellowish-brown........ 3.k

17. Shale, limy siltstone, and calcilutite, thinly interbedded.

C Individual units average 2 inches thick. Six-inch lime-

stone pebble conglomerate at top.............. 6.9

16. Shale, light-olive-gray and pale-brown with a few very thin

siltstone and limestone lenses. Collection CnLV—D-8a;

agnostids and cystoid (Y) plates in brown shale 6

feetbelowtop. Collection CnLV-D-8b in one-inch thick oolitic

calcarenite 31 feet below top ............... 58.3

15. Covered interval. Driveway and field. Shale exposed on

hills to northeast. Shale chips in soil.... . . .... 92.0

lk. Limestone conglomerate and thin siltstone beds, greenish-

gray to grayish-orange...... 1.7

13. Covered interval, shale and siltstone chips in roadcut. . . 8k.o

12. Siltstone, limy, greenish-gray to dark—ye1lowish-orange,

micaceous. Contains a few 1-inch to 3-inch beds of light-

olive-gray shale. Poorly exposed. ............ 12.0
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11. Limestone, medium-light—gray, finely crystalline, two

beds separated by 2 inches of shale............. 3.8

10. Siltstone, limy, greenish-gray to dark-yellowish-orange,

micaceous, with light-olive—gray shale partings ...... 13.5

9. Calcarenite, medium-light-gray, very coarse-grained, thick—

bedded, oolitic. Abundant trilobites and a gastropod.

Minor (approximately 1 per cent) glauconite and glauconi-

tized fossil fragments. Collection CnLV-D-15 ....... 2.5

8. Siltstone, limy, and limestone, greenish-gray to dark-

yellowish-orange, with light-olive-gray shaly partings.

Abundant fucoids or trails. Collection CnLV-D-16 . . .·. . h1.0
(Base of Rodgers and Kent's Unit 55?)

7. Limestone, light-gray to medium-light—gray, mostly oolitic 4 _

calcarenite alternating with bands of finely crystalline

limestone. Some beds banded with silty dolomitic partings.

Thin siltstone beds separate massive limestone beds._ The

number 65 is painted on the outcrop 36 feet below top of

this unit. Acetic acid insoluble residue contains g1auco—

nite, rounded dolomite crystal aggregate pellets, and dolo-

mite molds of hyolithids. ..... . . . . ........ 33.6

6. Limestone with abundant silty partings, medium-gray, finely ß

crystalline, nodular. Nodules surrounded by dark-gray mica-

ceous siltstone. Fucoids (or trails) abundant. . . , . . . 12.8

5. Limestone, upper 2 feet dark-gray, finely crystalline,
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grades down to thick-bedded, light—gray, very coarse oolitic

calcarenite with trilobite fragments. Mostly pure, few

silty dolomite partings. Collection CnLV—D-19....... 55.8

#. Siltstone, dark-yellowish-orange, very soft. Probably _

decalcified silty limestone . . .{............. #.7

3. Limestone, medium-light-gray, mostly finely crystalline _

with thin beds and lenses of calcarenite. All beds banded

with silty dolomite, but in some beds the bands are widely

separated. (Culvert ## feet bel6w top.).......... #6.#

2. Limestone, medium-light-gray to medium-gray, finely crys-

talline and fine calcarenite, with abundant irregular silty

dolomitic bands. Abrupt contact at base.......... 26.2

Maryville Limestone “
l. Limestone, medium-light-gray to medium-gray, coarse calcare-

nite and coarsely crystalline, some oolitic. Forms rounded

massive beds. Some beds pebbly, with pisolites or algal

nodules. Strong petroliferous odor. Collection CnLV-D-23.
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Geologie Section 12
Newport Section Cn 137

In southeast ninth of USGS 15-minute Waiteville, Virginia-West Virginia

Quadrangle. 0n County Road 703, 0.25 mile southeast of the junetion of

County Road 703 and Route M2 approximately 1.6 miles northeast of Newport.

Section measured by W. Moon and the writer.
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v.Figure12.--Location of Geologie Section 12 (Scale: 1/62500)
Thiekness

Feet
Copper Ridge Dolomite (Sectionineomplete.)

3 Dolomite, medium to 11ght-gray, finely erystalline, thin-

to medium-bedded; contains interbeds of very—light—gray,

fine-grained quartzose sandstone; weathers rust-brown,
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Thickness '

a · (Feet)
12. Interval mostly covered; sporadic outcrop same as unit 13 . 1 .7

11. Dolomite, medium- to light-gray, finely crystalline,

medium- to thick-bedded ..............._. . . 16.0

Nolichucky femetien (58 feet)
i

10. Dolomitic shale, light-gray; contains abundant dendroid

graptolites in basal foot ....Ä............. 3.0
Ä

9. Dolomite, medium-gray, finely crystalline, massive. . . . . 3.0

8. Dolomite, medium- to light-gray, finely crystalline, thin-

to medium-bedded; contains irregular platy dolomite interca-

lations .......................... 9.5

7. Dolomite, medium-gray, finely crystalline, thin-bedded,

weathers very pale-orange; contains thin intercalations of

pale-yellowish-orange, silty dolomite which weather promi-

nently in relief...................... 3.5

6. Dolomite, medium-gray, fine-grained; thin-bedded; contains

intercalations and laminations of light-gray silty dolomite,

weathers shaly; contains sporadic interbeds of medium-gray,

coarse-grained dolomite; contains abundant inarticulate

brachiopods ........................ 10.0

5. Shale, dolomitic, medium-gray, fine-grained, weathers light-

grey to yellowish-brown. Collection Cn 137-5 ....... 0.5

Ä. Dolomite, medium- to light-gray, fine-grained, thin- to ·

medium-bedded; contains crinkly intercalations of drab-

brown silty dolomite which weather in relief........ Ä.5~
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I {Feet}

3. Dolomite, light-gray, coarse-grained; contains red

dolomite pellets...................... 1.5

2. Dolomite, same as unit M; contains abundant inarticulate

brachiopods in basal 3 feet ................ 12.0;

1. Dolomite, medium-gray, fine-grained, medium-bedded; weathers

blocky; contains sporadic reddish-brown, silty dolomite

intercalations....................... 10.5

Honaker Dolomite (Not measured.)

Dolomite, medium- to dark-gray, oolitic, fractured, contains

irregular veinlets of white dolomite.
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Geologic Section 13
Poplar Hill Section CnlO9

In north—central ninth of USGS 15-minute Pulaski, Virginia, Quadrangle.

Section measured along County Road 666, southeast off Virginia Route M2,

1.9 miles southwest of Poplar Hill, Giles County, Virginia. Area was

mapped by Moon (1961). Section measured by J. E. Cowlbeck and the

writer, 1962. Section starts at top of exposure in Copper Ridge Formation.
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gpFigure13.——Location of Geologic Section 13 (Scale: 1/62500)
Copper Ridge Dolomite (Full thickness not determined.) Thickness

(Feet}
29. Sandstone, dark-yellowish-orange, weathers to medium-

red-brown, coarse-grained, well-rounded .......... M

28. Dolomite, olive-gray to light-greenish-gray, weathers

1ight—br0wn, very finely crystalline, thick-bedded..... 2M
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Thickness
(Feet}

27. Dolomite, medium-gray to light-brown, medium- to very

coarsely crystalline, thick-bedded............. 5.5

26. Dolomite, light-gray, finely crystalline, massive units

with obscure laminations.........._ ........ 2.0

25. Dolomite, same as unit 27................. 6.0

2h. Dolomite, yellow-gray, finely crystalline, thin-bedded,

weathers shaly to platy .................. 2.0

23. Dolomite, same as unit 27 ................. 9.3

Nolichucky Formation (76.9 feet)

(Upper contact placed at highest irregularly banded dolomite

which weathers platyg beds generally massive on fresh outcrop.)

22. Dolomite, silty, medium-dark—gray, with irregular thin (lmm- .

lem) bands of slightly different color. weathers variously

gray and brown, slabby to platy, locally shaly; contains

vugs with coarse dolomite and quartz crystals ....... 3.M

21. Shaly dolomite, medium-dark-gray, grades into overlying

unit, fissile rather than platy .............. 1.0

20. Dolomite, siliceous, medium-gray to yellowish-gray, finely

crystalline, breaks into angular, blocky fragments. Thin,

irregular bed ....................... 2.0

19. Dolomite, same as unit 22, forms massive ledge....... 5.8

18. Dolomite, same as unit 20, contains irregular clay band . . 1.0

17. Dolomite, same as unit 22, but fewer vugs ......... 2.0

16. Dolomite, shaly, irregularly banded yel1ow—gray to
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light-olive-gray, with a 2- to k-inch bed of coarsely

crystalline dolomitized calcarenite in middle of unit . . . 1.5

15. Dolomite, yellow-gray, coarsely to finely crystalline,

single massive bed.........‘. . .·......... 1.0

lk. Dolomite, silty, varicolored, very pale-orange, yellow-

gray, light-gray, light-brown; finely crystalline,

weathers platy....................... 3.k

13. Dolomite, medium-dark-gray, finely crystalline, single bed. 1.0

12. Dolomite, silty, same as unit lk.-............. 2.0

11. Dolomitized calcarenite, limy; mottled orange, gray, brown;

very coarse-grained; with abundant light-tan to gray dolo-

mite pebbles, fragmental oboloid brachiopod shells, and

rounded reddish dolomite fragments. Individual dolomite

grains well rounded. Irregular shaly dolomite partings

cause beds to pinch and swell ........... . . . . 2.0

10. Dolomite, same as unit lk ................. k.k

9. Dolomitized calcarenite, locally limy, medium-light—gray

with scattered red and orange particles; dominantly

coarse sand to granule-size. Contains ripple marks with

wavelength of one foot.................. . _ 0.5

8. Dolomite, silty; irregularly banded tan, light-gray, and

medium-gray, finely crystalline; contains a few thin

lenticular coarsely crystalline beds. Medium- to thin-

bedded when fresh, weathers platy to shaly; contains abundant
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oboloid brachiopods. Forms upper part of lowest massive

outcrop. Collection Cn 109-22............... Ä.5

7. Dolomite, medium-dark-gray, finely crystalline, single bed. 1.0

6. Dolomite, silty, same as unit 1Ä.............. 3.0

5. Conglomeratic dolomitized calcarenite, light- to dark-gray,

beds pinch and swell due to irregular shale partings, con-

tains flat dolomite pebbles ................ 3.0

Ä. Dolomite, same as unit lÄ, few lenticular beds of dolomi-

tized calcarenite ..................... 16.0

3. Covered interval............... . ...... 12.0
{

Honaker Dolomite

2. Dolomite, light—gray, finely crystalline.......... 2.0

1. Covered, soil and float suggest silty dolomite similar to

upper beds of Honaker at geologic section 15.
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Geologic Section lk
Big Bend Section Cn 153

In southwest ninth of USGS 15-minute Bland, Virginia-West Virginia Quad-

rangle, Bland County, Virginia, due north of Big Bend of Walker Mountain.

Section exposed on northeast side of Virginia Route 21, one-quarter mile

southeast of Route k2. Measured directly with yardstick. Section incom-

plete, neither top nor base exposed.
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Figure lk.--Location of Geologic Section lk (Scale: 1/62500)
Thickness

{Feet}
10. Covered, no higher beds exposed.

Nolichucky Formation (5k feet exposed)

9. Dolomite and shale interbedded. Dolomite, medium- to light-

gray, locally grayish-orange to pale-orange, silty with
shale partings. Dolomite beds lenticular, finely to medium
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crystalline, some beds conglomeratic with arenite matrix.

Unit contains five conglomerate beds up to 6 inches thick;

appear to be dolomitized limestone flat-pebble conglomer-
l

ates. Shale, pale-olive, dolomitic, weathers very pale-

orange, contains rare inarticulate brachiopods and cystoid

plates. Collection Cn 153-9 in shale; abundant brachiopods

in calcitic dolomite conglomerate; both near top. ..... 12.0

8. Dolomite, medium-gray to medium-light-gray, locally grayish

to pale-orange; silty with shale partings. Top bed is 1%

feet of conglomeratic dolomite arenite........... 6.0

7. Shale, pale-olive, with thin (%" to 2") lenticular units of

very pale-orange silty dolomite. Dolomite increases in

abundance towards top ................... ‘ 6.0

6. Dolomite and shale, same as unit 9. Dolomite beds up to

M inches thick locally conglomeratic. Contains trilobite

fragments. Collection Cn 153-6 .............. 3.5

5. Dolomite conglomerate, mottled grayish-orange to medium-

light-gray, medium-crystalline matrix. Pebbles up to 3

inches long. Appears to be dolomitized flat-pebble lime-

stone conglomerate..................... 1.5

M. Shale, sane as unit 7, dolomite increase towards top.... 10.0

3. Covered, shale chips in soil............ . . . . 13.0

2. Dolomite, very pale-orange, medium-crystalline, with relict

arenite texture and small redd.ish—brown grains (weathered
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ltr Covered, shale chips in soil. . 1 ...........approx.lOO
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Geologie Section 15
Page Branch Section Cn 110

In southwest ninth of USGS-TVA 7-1/2—minute Garden Mountain Quadrangle;

in southcentral ninth of USGS 15-minute Burkes Garden Quadrangle. On

northeast side of Bland County Road 626, 0.3 mile south-southeast of its

intersection with Va. Route Ä2, 1.3 miles southwest of Ceres. Section

also described by Cooper (19ÄÄ, p. 21-22). Section extends to Copper

Ridge residuum at top. Measured by using clinometer on Brunton Compass

(Hewitt, 1920, p. 383).
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Figure 15.--Location of Geologie Section 15 (Scale: 1/2#00O)
Copper Ridge Formation (Not measured.)

25. Covered interval, sandstone and ehert float.
V

Nolichucky Formation (155 feet)
Maynardville Member (59 feet)
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2h. Dolomite, medium- to medium-light—gray, finely crystalline,

banded with abundant silty partings. Locally contains

small limestone lenses. Contains a few thin beds of

medium—gray, medium-crystalline, silt-free dolomite of

Copper Ridge type ..................... 11

23. Dolomite, medium-gray, medium—crystalline, medium- to '

thick—bedded. Poorly exposed ...........l.... 15

22. Limestone "ribbon rock", medium- to light-gray, calcilu-

tite and finely crystalline. Banded with abundant silty

dolomite partings ..................... 16

21. Calcarenite, medium-light-gray, oolitic and conglomeratic,

coarse-grained. Contains abundant trilobites. Collection

Cn 110-AA ......................... 1
20. Limestone "ribbon rock", medium-light—gray, mostly calcilu-

tite, some pellet and limestone intraclast lenses. Abundant

silty dolomite partings .·................. 3

19. Limestone, algal, medium—gray, finely to medium-crystalline,

mottled with dark-gray dolomitic areas. Contains abundant

trilobites. Collection Cn 110-A. Insoluble residues yield

rare quartz sand grains, well-rounded and frosted, up to

0.5 mm in diameter..................... H

18. Limestone and dolomite, light- to medium-light-gray. Lime-

stone is finely crystallina irregularly mottled with

medium-crystalline dolomite, passes laterally and upward
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into massive dolomite. Locally appears as normal

"ribbon rock" ....................... 7-9

Shale Member (96 feet)
17. Shale, light—olive-gray to pale-olive, dolomitic. Locally

calcareous. Upper part partially covered ......... 10

16. Covered interval, small amount of shale exposed ...... 39

15. Shale, pale-olive, mostly noncalcareous. Contains lenticu-

lar calcarenite and limestone conglomerate beds, medium-

light-gray, commonly oolitic. Dolomite and limestone

pebbles in conglomerates up to M inches in length. Lime-

stone and conglomerate beds as followsz

a) 6-inch calcarenite bed 2 feet above base contains abundant

trilobite fragments. Collection Cn 110-17a. „

b) 1-foot conglomerate bed 10 feet above base.

c) Two 1-foot conglouerate beds 30 feet and 32 feet above

base. Collection Cn 110-B................. 38

lü. Siltstone and shale, calcareous at top, dolomitic at base,

medium-gray. Silty limestone nodules weather light-b1uish-

gray. Leached silty and shaly beds weather grayish-orange.

Contains inarticulate brachiopods and dendroid graptolite

fragments ......................... 9

Honaker Dolomite (Full thickness not measured.)

13. Dolomite, medium-light-gray, very coarsely crystalline,

sugary-texture, forms smooth, rounded beds, medium-bedded . ll
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' _ Thickness
(Feet}

l2. Dolomite, very light- to medium-light-gray, finely crys-

talline, silty; thin-bedded. Weathers slabby and to

siltstone chips ...................... 6

ll. Dolomite, medium-light-gray, finely to medium-crystalline,

with very abundant silty partings forming "worm-eaten" sur-

face on weathered beds. Grades into unit below ...... Ä

lO. Dolomite, medium-light-gray, medium-crystalline, medium-
’ to thick-bedded. Contains a few irregular silty and

carbonaceous partings................... Ä8
9. Dolomite, medium- to light-gray, banded, finely to medium-

crystalline; thin- to medium-bedded. Some beds contain

abundant silt bands. Poorly exposed............ 3Ä

8. Limestone, algal, medium-gray, finely to medium-crystalline.

Abundant irregular argillaceous buff-weathering areas form

vague horizontal bands. These areas are laminated with

dark carbonaceous material on fresh surfaces, believed to

be algal mats . .°..................... 2
7. Dolomite, medium-light-gray, finely to medium-crystalline,

abundant irregular silt partings,.locally calcareous.... 6

6. Calcilutite, medium-gray, with irregular thin silt partings. l

5. Covered interval...................... 5

Ä. Limestone, medium-gray, finely crystalline, calcilutite,

and fine- to medium-grained·calcarenite; few dolomitic

algal mottlings on weathered surface. 'Locally has strong
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{Feet}

petroliferous odor.

a) Collection Ch llO-D

b) Cbllection Ch llO—E, from hillside south of road,

probably from this unit................ 3

3. Dolomite, medium- to medium-light-gray, finely to medium-

crystalline, medium- to thin-bedded, pure......... lO

2. Dolomite, light-gray, finely crystalline. Slightly banded_

with argillaceous partings, some beds weathering slabby.

Mostly thin-bedded. Poorly exposed, shale chips in soil . M3

l. Dolomite, very light-gray, very coarsely crystalline,

equigranular, pure. Weathers to dark, saccharoidal sur-

faces. (Better exposed on southwest side of road, where

it continues down for several hundred feet and is under- ·

lain by dolomitic limestone.)............... 58
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Geologic Section 16
Cedar Branch Section Cn 118

In southwest ninth USGS—TVA 7%-minute Broadford Quadrangle in stream

valley east of Cedar Branch approximately 2 miles east of Saltville,

Smyth County, Virginia. Location is in gully along County Road 635 and

dirt road extending northeast from curve in Road 635.
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Copper Ridge Dolomite (Full thickness not measured.)

Ä6. Dolomite, medium-dark-gray, finely crystalline, medium-

to thick-bedded, some units finely straticulate. Con-
7

tains thin (l"-3") lenticular sand and chert beds. Well-

I I I I I I I I I I I I I I I I I I I I I I I I I I
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Thickness

(Feet)
#5. Dolomite, same as unit #6; scattered outcrops with a

— 6-inch sandstone bed 5 feet below top. Abundant sand-

stone and sandy chert lenses. Interval three-fourths

covered .......................... 25.6

##. Dolomite, same as unit #6, well-exposed on east side of

gully .....·......... '............. 7.0
’ Nolichucky Formation (##9.6 feet)

Maynardville Limestone Member (150.8 feet)

#3. Limy dolomite, medium-gray, finely crystalline. Predomi- ~

nantly irregularly bedded dolomite with nodules of limestone. 6.0

#2. Covered interval. . . . .................. 8.1

#1. Limestone "ribbon-rock", medium-gray, finely to medium- crys-
I l

talline, with scattered calcite blasts. Few thin beds of

fine-grained calcarenite. Thin irregular dolomitic beds

give the outcrop a banded appearance. Contains trilobite

fragments ......................... 2.9

#0. Covered interval. . . . . . . ..... . ........ . 30.0

39. limestone "ribbon rock", medium-dark-gray, weathers light-

bluish-gray to mediumebluish-gray, contains abundant irregu-

lar dolomitic partings which weather to light-grayish-orange

shaly chips, giving the outcrop a banded appearance. Mostly

medium calcilutite, with small (less than 1 inch thick)

fossiliferous calcarenite lenses. Contains abundant tri-

lobites and brachiopods. Collection Cn 119-8 .... . . . 9.3
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1
Thickness

(Feet}
38. Calcarenite, medium-light-gray, oolitic, possibly

glauconitic, Collection Cn ll8-9. ........... . l.5

37. limestone'ribbon rock", same as unit 39, forms bold out-

crop, on west side of gully ................ 3.0

36. Covered interval. . . .... . .............. 8.3

35. Limestone "ribbon rock", same as unit 39, weathered, platy.’ l.0

31+. Calcarenite, medium-light-gray, oolitic; contains thin

dolomite beds and irregular bands, lenticular calcarenite

contains abundant trilobites. Collection Cn ll8-l3 . . . .4 7.0

33. Covered interval..................7.... 3.9

32. Calcarenite, medium-light-gray, oolitic, thin dolomite beds

and bands . ....................... . 2.h

3l. Limestone "ribbon rock", medium-gray, mostly medium calci- _

lutite with abundant irregular argillaceous dolomite part-

ings; same as unit 39. (This unit and unit 32 form

massive outcrop in bottom of gully.)............ 7.3

30. Covered interval..... . ................ 3.h

29. Limestone "ribbon rock", same as unit 3l.......... 8.0

28. limestone "ribbon rock", same as unit 3l, poorly exposed. . l0.7

27. Covered interval. . . .... . ....... . . . . . . . 38.0

(Offset from bottom of gully to shale exposure to east in roadcut.)

Shale Member (l6M.3 feet)
u

26. Shale, light—olive-gray, micaceous, some thin beds of light-

brown, noncalcareous, believed to be leached, impure limestone.
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Thickness

{Feet}
Contains abundant cystoid plates, unidentifiable agnostids

and other trilobites. Collection Cn 118-21......... h0.0

25. Shale, light-olive-gray, with abundant nodules of light-

bluish-gray calcilutite and finely crystalline limestone . . 15.0

2h. Limestone conglomerate, medium-gray to light-b1uish—gray . . 1.0 ,

23. Covered interval, shale float. . .A........... . . 9.0

22. Limestone "ribbon rock", medium-light-gray, very finely crys-

talline limestone and fine—grained calcarenite. Abundant

thin (less than M mm), argillaceous dolomite partings, give

banded appearance...................... 8.6
‘

21. Limestone, medium-light-gray, very finely crystalline lime-

stone and fine-grained calcarenite. Few dolomite partings . 2.0

20. Covered interval .................. . . . . 11.0

19. Limestone, medium-1ight—gray, very finely crystalline, and

fine-grained calcarenite .................. 1.3

18. Limestone "ribbon rock", medium-light-gray, finely crystalline

limestone and calcilutite with abundant shaly dolomite part-

ings, weathers shaly..................'. . {+.1

17. Covered interval, some limestone same as unit 18...... 7.0

16. Limestone, medium-light-gray, finely crystalline limestone

and calcarenite.........._ ..... . ...... . 1.7

15. Covered interval ..... . ...... . ......... 25.5

lk. Shale, calcareous, abundant thin beds and nodules of lime-

stone. Approximately 60 per cent of unit is limestone or A
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argillaceous limestone. Partings weather shaly giving out-

crop aspect of being largely shale. Contains brachiopods

and trilobites. Collection Cn 118-33. . . . ........ 11.6

13. Limestone, medium-light-gray, calcarenitic and medium-

crystalline, few scattered dolomitic partings. . . . . . . . 1.0

12. Covered interval, shale chips. . .'. . . . . . . ......~ 9.5

11. Limestone, same as unit 22, shaly partings. (Last good lime-

stone outcrop on road; upper part of bed in roadcut is

weathered like unit lk)................... 9.5

10. Shale with limestone nodules, same as unit lk. . . . .... 6.5

Lower Limestone Member (l3k.5 feet)

9. Limestone "ribbon rock", medium—gray, finely crystalline,

with abundant argillaceous dolomite partings, contains few
l

scattered beds of calcarenite 1 to 0.5 feet thick..... . k.5

8. Limestone, medium-light-gray, medium-crystalline, dolomitic,

, oolitic. Contains some yellow-brown glauconite (Y) pellets

and scattered large pyrite grains in upper part. Vaguely

stromatolitic; oolitic parts with light crystalline matrix

between oolites.............. . ........ 2.5

7. Limestone "ribbon rock", medium-light-gray, very finely crys-

stalline limestone and calcarenite. Abundant thin argilla-

ceous dolomite partings. (Last outcrop upstream from

barn.) Collection Cn 118-k0 . . ........ . .... . 58.0

6. Covered interval . ..................... 15.5
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{Feet}

5. Limestone, medium-light-gray, calcarenitic and finely

crystalline in equal proportions. Contains few d010-

mitic partings and a few lenses of limestcne conglomerate.

c6116c·¤16¤ Cn 118-M2....................16.0
M. Covered interval .................... . . 15.5

3. Limestone, same as unit 5..... i..... . . .... . . 5.0

2. Covered interval ................ . . . . . . 17.5

Honaker Dolomite (Full thickness not measured.)

1. Dolomite, medium-1ight—gray, medium-crystalline, massive .

beds. (0utcr0p in stream northwest of corncrib.). . . . . . 5.5
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' Geologic Section 17
Plasterco Section Cn 108

In north-central ninth of USGS-TVA Glade Spring Quadrangle, at the rail-

road bridge 0.75 mile southwest of Plasterco, Washington County, Virginia.

This geologic section includes localities 10u and 29t of Resser (1938a).

Base of first outcrop northeast of railroad bridge is 80 feet below low-

est dolomite bed; approximately 20 feet of transition beds lie above that

before the undoubted Copper Ridge dolomites. Section starts at top in

Copper Ridge dolomite. The holotype of Aphelaspis walcotti, the type 7

species of the genus Aphelaspis was collected from this locality by
C. E. Resser.
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”'Figure17.--Location of Geologic Section 17 (Scale: 1/2M000)

Copper Ridge Dolomite

8. Dolomite, thick-bedded, well-exposed.



352

Thickness
Feet

Nolichucky Formation (Full thickness not measured, 152 ft.exposed7L—_—-l-

7. Limestone and dolomite interbedded, both dark-gray to

medium-bluish-gray..................... 20

6. Limestone "ribbon rock", medium-bluish-gray, with irregular

silty dolomitic bands giving a ropy, nodular appearance,

probably algal in origin.....I............. 80

5. Limestone, gray, interbedded massive calcarenite and ropy

algal limestone. Trilobite collection Cn 108-B from the ‘
base of this unit ..................... 12

Ä. Limestone, same as unit 6 ............... . . Ä

3. Calcarenite, medium-bluish-gray, and some thin-bedded,

finely crystalline limestone............ . . . . 12

2. Limestone, same as unit 6, and calcarenite, with some gray ß

shaly limestone at base ................ . . 20

1. Calcarenite, medium-bluish-gray, mediumpbedded. Base of

good exposure. Collection Cn 108-A ............ Ä
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Geologic Section 18
White Mill Section Cm lll

In Southwest ninth of USGS-TVA 7%-minute Hayters Gap Quadrangle, on

County Road 695 northeast of White Mill in Rich Valley, Washington

County, Virginia.
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Thickness
(Feet}

Copper Ridge Dolomite

75. Clay, dark-yellow-orange. . . . . . . . . . . . . . . . . . 9.5

7l+. Cryptozoon chert in clay. ................. 2.0
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Thickness
{Feet}

71. Clay............................ 7.2

70. Limestone, dark-gray, medium—crysta11ine. . ........ 0.3

69. Dolomite, medium-dark-gray, massive beds internally lami- ·

nated, finely crystalline ................. 1.8

68. Covered interval.................... . . 1.5

67. Limestone, medium-light-gray, coarsely crystalline, oolitic
‘ (partially recrystallized calcarenite?) . ......... 0.2

66. Dolomite, light-medium-gray, finely crystalline, thick—

bedded..................... . . .... 1.0

65. Sandstone, white to dark—yel1owish-orange, coarse-grained,

rounded to very well-rounded................ 1.5

6ü. Dolomite, medium-gray, finely crystalline, becomes limy

toward base .... . . . . . . .......... . . . . 2.0

63. Limestone, medium-dark-gray, finely crystalline, thick-bedded,

irregularly banded with dolomite bands.... . . . . . . . 2.9

62. sandsmne, Simiiai 130 mit 65............... 1.1

61. Dolomite, light-gray, very finely crystalline, locally

sandy ........................... 6.6

60. Dolomite, medium-dark-gray, finely crystalline, massive beds,

small silt laminae widely spaced....... . . . . . . . 17.0

59. Limestone conglomerate, light- to dark-gray, large (up to

2 inches in diameter) dolomite pebbles, average size 5 mm,

contains qnartz sand........... . . . . . . . . . 0.3

58. Sandstone, partly covered, medium-dark-gray, dolomite-cemented,
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U

• {Feet;
coarse-grained, well-rounded........ . . . . . . . . .

57. Dolomite, medium-gray, finely crystalline; upper part con-

tains irregular stringers of sand, thick-bedded ...... h.0

56. Sandstone, dolomite-cemented, and quartzite, with stringers

of dolomite and scattered dolomite pebbles......... 3.3

Nolichucky Formation (553.2 feet)
Maynardville Limestone Member (139.6 feet)

55. Limestone, algal, medium-dark-gray to medium-gray, finely

crystalline, scattered vugs and coarsely crystalline lime-

stone, thick-bedded ............. . .... . . 7.3

5h. Limestone conglomerate with M-inch thick coarse-grained

sandstone unit. Contains abundant dolomite pebbles,

medium-gray ............. . ...... . . . . 1.3
V

53. Dolomite, medium-dark-gray, limy, locally sandy, with very °

fine-grained sand, laminated. .......... 20.0

52. Limestone "ribbon rock", medium-gray to medium-dark-gray,

irregular dolomite or partly dolomitized bands, all finely

crystalline ........................ 18.0

51. Covered interval: clay, yellow, in ditch; apparently decal-

cified argillaceous limestone . .............. 7.7

50. Limestone "ribbon rock", mdium-gray, calcarenitic, with

thin bands of dark-gray micaceous, silty limestone or dolo-

mite, variable grain size, finely to coarsely crystalline,

slightly fossiliferous, weathers to an irregularly banded

surface, sporadic outcrop in ditch, lower portion limy
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·
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shale. Collection Cn lll-26................ l .2

M9. Shale, olive-gray, top and bottom calcareous........ 3.3

M8. Calcarenite, medium-gray, coarse-grained, irregular silty

partings, fossiliferous. Collection Cn lll-28...... . l.0

M7. Limestone "ribbon rock", medium-gray, weathers light-bluish-

gray, irregularly interbedded with laminated argillaceous

limestone. On fresh outcrop, has nodular appearance; when

deeply weathered, whole mass goes to a limy shale .... . 2.8
V

M6. Limestone conglomerate, medium-gray, limestone pebbles up

to M inches in diameter, matrix locally oolitic, possibly

some glauconite ..................... . 0.7

M5. limestone, same as unit M7, percentage of clay increases

toward base of unit. Lower l0 feet contain .5- to l-foot

limy shale unit, dark-gray................. 27.5

MM. Calcarenite and finely crystalline limestone, medium-gray,

interbedded. Finely crystalline limestone has irregular ‘

clay partings, banded weathering. Collection Cn lll-32 . . ll.0

M3. Covered interval...................... ll.5

M2. Limestone, same as unit M7..... . . . . ........ 3.3

Ml. Covered interval. . . .............. . . . . . 6.0

Shale Member (339.7 feet)
I

M0. Limy shale and limestone, irregularly interbedded, largely

weathered to shale, olive-gray, dark-greenish-gray to light-

yellow-brown, variable, mostly limy. Limestone weathers to
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light-brown, then to dark-yellowish-orange siltstone

· that appears friable and slightly porous. Clayey lime-

stone partings appear to weather to a shale. Passes down-

ward into olive-gray to dark-greenish-gray shale with few

"siltstone" beds. Scattered fresh outcrops in ditch show

"siltstone" to be equivalent to silty limestone and lime-

stone conglomerate, shale equivalent to clayey limestone.

Fossil collections as follows:

_ a. Quarry starts at 2l feet below top.

b. Fossil collection 28 feet below top, upper south-south-

east edge of quarry floor. Collection Cn lll-36b.

c. Fossil collection 35.h feet below top, in quarry, fossils

very poorly preserved in siltstone. Also thinglauconitebeds

near horizon. Collection Cn lll-36c.

d. Fossils 72.6 feet below top of unit. Collection Cn lll-36d;

cystoid plates.

e. Fossils 8l.5 feet below top of unit. Cystoid plates.

f. Fossils 87.5 feet below top of unit. Collection Cn lll-36f;

cystoid plates................... . . lO0.0

39. Calcarenite, medium-gray, coarse-grained, oolitic, thick-

bedded, first limestone below shale quarry. Collection

Cn 111-37......................... 8.3

38. Shale, same as unit MO, few thin beds of fine-grained lime-

stone in shale matrix ................... 8.8

.4
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37. Calcarenite, medium—gray, coarse-grained, oolitic,

thick-bedded........................ l.7

36. Shale, like unit MO, few thin beds of fine-grained lime-

stone preserved in shale matrix .............. 3.3

35. Calcarenite, medium-gray, coarse—grained, oolitic, contains

glauconite. Collection Cn lll-hl,............. l.7

31+. Shale, iike mit 1+0.................... 1+.1+

33. Calcarenite, medium-gray, coarse-grained, trilobite-bearing,

thick-bedded. Collection Cn lll-Ä3 ......... . . . 2.2 ·

32. Limestone and argillaceous limestone "ribbon rock", moder-

ately weathered to thin-bedded appearance with shale partings.

Entire unit is shale at top of roadcut where deeply

weathered ......................... 2.2

3l. Limestone conglomerate, medium-light-gray, lower part con-

tains limestone pebbles up to M inches long, imbricated.

Pinches out into shale. . . ........ . ...... . 2.5-0

30. Limestone and argillaceous limestone "ribbon rock", deeply

weathered .................... . .... 16.0

29. Limestone conglomerate, medium-light-gray; coarse flat

limestone pebbles, dense finely crystalline matrix. . . . . 0.6

28. Limestone and limy shale, irregularly interbedded, approxi-

mately 50 per cent argillaceous limestone which weathers

shaly . . .... . . . . . . . . . . . . . . . . . . . . . 2.8
27. Calcarenite, medium-gray, coarse-grained. . . . . . . . . . 0.6
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26. Limestone and argillaceous limestone, largely weathers

to shale interbedded with lenticular Ä-inch to 1-foot

limestone conglomerate beds. Conglomerate composes 30 per

cent of unit............. . ..... . . . . . 9.0

25. limestone, argillaceous, finely crystalline, weathers

largely to shale......... {.......... . . . 5.6

2Ä. limestone conglomerate, medium-light-gray, coarse flat

limestone pebbles, dense finely crystalline matrix. .... 0.3

23. Limy shale and limestone, irregularly interbedded . . . . . 6.2

22. limestone conglomerate. ............. . .... 0.6

21. Limy shale and limestone, irregularly interbedded. Contains

brachiopods ................... . . . . . 7.3

20. Calcarenite and finely crystalline limestone, medium-light-

gray, medium- to thin-bedded, some clayey partings. . . . . 5.0

19. Calcarenite, limestone conglomerate, argillaceous limestone

interbedded; fresh limestone medium- to thick-bedded; argilla-

ceous limestone weathers to shale. Weathered outcrop has

flaggy to shaly appearance; thick lenticular limestone con-

glomerate beds occur at Ä- to 8-foot intervals, pure lime-

stone about half of unit. Collection Cn 111-57 . . . . . . 21.0

18. Limy shale and limestone, irregularly interbedded, weathers

shaly .... . ...... . . . . . . . . . . . . . . . . 10.0

17. Calcarenite and finely crystalline limestone, medium-light-

gray, medium- to thin-bedded, some clayey partings. . . . . 9.5
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16. limy shale and limestone, interbedded; limestone at

bottom of cut, shale in weathered top of cut........ 26.0

15. Calcarenite and finely crystalline limestone, medium-1ight-

gray, thin-bedded, some beds weather to siltstone ..... 3.h

11+. covered interval......................80.7

Lower Limestone Member (73.9 feet)
{

13. Limestone, medium-light-gray,·algal "ribbon rock", inter-

bedded calcarenite and calcilutite. Irregular thin to

medium.beds, forms massive outcrops. Calcarenite is oolitic,

contains pellets that weather dark-yellowish-orange, possibly

glauconite, irregular argillaceous dolomite partings give

outcrop a banded appearance ........ . . . . . . . . 18.6

12. Covered interval...................... 16.5
11. limestone, 1-inch green shale in middle of limestone.... 3.6

10. Covered interval................... . . . 13.7

9. Limestone, algal "ribbon rock", medium-1ight—gray. Irregu-

larly interbedded calcarenite, calcilutite and argillaceous

dolomite partings; two thin beds of limestone conglomerate. ll.2

8. Dolomite, light-bluish-gray, finely crystalline, weathers

dark-yellowish-orange, thick beds . . ...... . .... M.h

7. Limestone, algal "ribbon rock"; calcarenite and calcilutite

with argillaceous dolomite partings ...... . .... . 2.9

Honaker Dolomite

6. Dolomite, light-bluish-gray, finely crystalline ...... 1.h
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5. Covered interval. . . . .................. .

Ä. Dolomite, light-bluish-gray, finely crystalline ....·. . 2.9
A

3. Covered interval...................... 9.5

2. Dolomitized calcarenite, medium-gray, some oolitic texture. lÄ.Ä

l. Dclomite, light-bluish-grey, finely crystalline, with inter-

bedded dolomite and calcerenite .‘. . . . .... . . . . . ll.Ä
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Geologie Section 19
Busby Creek Section Cn 1l+2,151

In central ninth of USGS-TVA 7%-minute Talbott, Tennessee, Quadrangle,

in Busby Creek inlet on Cherokee Lake, a TVA reservoir. In Hamblen County,

6 miles northeast of Jefferson City, Jefferson County, Tennessee. Sec-

tion measured with the aid of Mr. Robert Green, Mining Geologist,

American Zine Co.; modified by information supplied the writer by Dr.

C. R. L. Oder (1961+, personal communication). Some units differentiated

in the field are "lumped" below for the sake of brevity. The section is

being studied in detail as time permitsby Dr. Oder. Faunal collections

were made from each horizon but have not been adequately prepared or

studied to be included here.
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Unit letters given below are painted on outcrop with red paint.

Copper Ridge Formation (Not measured.)

lk. Dolomite, few lenticular beds of Cryptozoon and other types

of stromatolitic limestone. Base of formation drawn at low-

est cherty and sandy bed. Unit T.
W

Nolichucky Formation
1 Thickness

Maynardville Limestone Member (95 feet) (Feet)

13. Dolomite, finely crystalline, straticulate, with a 2-foot

thick bed of stromatolitic limestone. Unit S . . . . . . . 13

12. Limestone, dark-gray, fine-grained, "ribbon rock" banded _

upper part; lower part with broad domes formed by com-

pound colonies of Gymnosolen (digitate) stromatolites

(pl. 5, figs. 1 and 2). Grades down into unit below.
1 Unit R........................... ua

ll. Dolomite, medium—gray, finely crystalline, upper part locally

limy, vaguely stromatolitic like unit 12 above. Contains

some shale. Unit R'...... . .... . . . . . . . . . 18

10. Stromatolitic limestone, dolomitic. Stromatolites are —

ovate in section, circular in plan, l to 3 feet high and

é to 1 foot in diameter, composed of bush—1ike, branching

laminae (pl. 9, figs. 1,2). Unit Q ............ 6

9. Limestone "ribbon rock", medium-gray, finely crystalline

with irregular ribbons of silty dolomite. Upper 2 feet

consist of stacks of polygonal ribbon bands separated by

thin silty dolomite channels, apparently caused by sun
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cracking and shrinkage of large algal mats (pl. ll,

fig. 1). Unit P......................l6
8. Limestone "ribbon rock" grading upward into interbedded

nnn1e and 'tinnnn rock". Unit 0..............38
·

Upper Shale and limestone Member (140 feet)

7. Limestone and shale interbedded. (Limestone beds generally

6 inches to 3 feet thick, consisting of calcarenite, con-

glomerate, "ribbon rock", and stromatolitic limestone.

Shale, green or gray, commonly silty. Unit N-K ...... 60

6. Limestone, stromatolitic; massive stromatolite-type com-

posed of mounds of very fine-grained limestone bounded by

calcarenite or shale. Persistant bed, varies in thickness.

Contains Aphelaspis Zone fauna. Unit J . .... . . . approx.4

5. Shale, olive-gray, few beds of siltstone and thin beds of

limestone; limestone increases in upper l0 feet. Units I-E.

·Aphelaspis Zone fauna (Collection Cn l5l-G) 36 feet above

base.... . . . . . .............. . .... 70

4. Limestone conglomerate and shale. Conglomerate very coarse,

pebbles of limestone and dolomite up to 6 inches in diameter;

coarsely crystalline and calcarenite matrix; lenticular, l

to 2 feet thick, underlain by and pinches out into shale.

Unit D. Contains a Crepicephalus Zone fauna. Collection _

Cn l5l-D.......................... 4

3. Calcarenite and limestone conglomerate; differs from
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conglomerates above in containing larger, more elongate

pebbles and cobbles. Seems to lie in hollows on surface

of stromatolitic limestone below. Unit C........... 0-2

Massive Stromatolite Member (60 feet)

2. Limestone, channeled massive stromatolitic type. · Lime-

stone, pale-greenish-gray, mostly calcilutite with

abundant pelmatozoon fragments and other organisms, with

vague concentric internal banding. Forms large rounded

mounds several feet in diameter, separated by dolomite or

calcarenite-filled channels (like limestone at Panther

Creek Park, pl. l0, figs. l,2. Unit B ............ 60

Lower Shale and Limestone Member (Thickness undetermined)

l. Limestone and shale. Limestone, medium-gray, coarse

cal-carenitewith vague banding, grading up into limy shale

with calcarenite lenses. Lower 8 feet is fairly massive

limestone. Collections Cn lh2-d and Cn l5l-A from upper

6 feet of this unit. Lower beds not measured. Unit A .... lk
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J Geologie Section 2O
Bailey School Section Cn lid:

Section located in north-central ninth of USGS-TVA 7%-minute Kyker's

Ferry Quadrangle in Jefferson County, Tennessee; on Andy Bailey Farm
J

near Bailey School. Noliehucky stratigraphy of this area previously ·

described by Oder and Bumgarner (1961).

Collections were made by Dr. C. R. L. Oder and the writer in 1963 on a

brief visit to this loeality. The descriptive section given below is

modified from Oder and Bumgarner (l96l)”with precise measurements kindly

supplied by Dr. Oder (196J+, personal communication).
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In keeping with the stratigraphic terminology used throughout this work,
•

the limestones described below are included in the Nolichucky Formation.

Oder and Bumgarner placed these beds in the Maynardville which they con-

sidered separate from the Nolichucky. Whatever the solution to the

Nolichucky-Maynardville problem, the writer feels the use of the name ·

Maynardville is not appropriate for units 1-h ("Zones" 1-h of Oder and

Bumgarner), as they differ in lithology from the typical Maynardville to

the west and are almost entirely older. Widener Limestone Member may be

the appropriate name here, although the limestone section is much thicker

than in the typical Wi&am¤‘to the north.

Thickness
Copper Ridge Dolomite {Feet}

6. Covered interval, typical cherty, sandy residuum.

Nolichucky Formation (Total thickness not measured.)

5. Dolomite, mostly medium-gray, finely crystalline, thin-

bedded, and interbedded fine-grained limestone. No chert

or sand. Includes small covered intervals......... 6h

h. Limestone, mostly medium-gray, thick-bedded, variously

finely crystalline stromatolitic limestone, oolitic cal-

carenite and argillaceous "ribbon rock". Includes short

covered intervals. Collection Cn 1hh—A at 35 feet below

top of unit h; collection Cn lhh-B at 38 feet below top;

collection Cn lhh-C at hl feet below top. A11 from deeply

weathered calcarenite and stromatolitic limestone ......169

3. Calcarenite, medium- to dark-gray; upper half coarse-

grained with scattered conglomerate beds, lower half a
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„ ThicknessA {Feet}
cross-bedded oolite .................... llO

2. Stromatolitic limestone, massive; medium-gray calcilutite

~ in stromatclite mounds with coarse calcarenite or

argillaceous dolomite filling channels........... 166

l. Limestone and shale, interbedded....... . ...... 66 ·
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Geologie Section 21
Crockett Cove Section Cn 1 5 Cn 1361

In north-central ninth of USGS 15-minute S eedwell Quadra le in W heP

County, Virginia. On County Road 659, half a mile from junction of

Roads 659 and 661, near Fairview in Crockett Cove; k.5 miles northwest

of Wytheville. Nolichucky Formation measured at two separate exposures

at this localityz first in the deeply weathered outcrops exposed along

the road, and second, in fresher rock exposed downhill from the road
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Thickness

· • _ {Feet}
13. Covered interval, assigned to Copper Ridge......... 3 .2

Nolichucky Formation (31.7 feet exposed)

12. Covered interval, assigned to Nolichucky.......... 13.M

ll. Dolomite, argillaceous, medium-light-gray, weathers to

yellowish-brown shale, contains some gray crystalline 1

beds. Collection Cn 135-11; inarticulate brachiopods . . . 3.h

10. Covered interval. .”....Q. . . 2.1

9., Dolomite, shaly, medium-light-gray, weathers yellowish-

brown, some gray crystalline beds. Collection Cn 135-9 . . 2.6

8. Dolomite, light-gray, massive, crystalline, not shaly

weathering. .............. 1.3

7. Dolomite, shaly, argillaceous, medium-gray, banded, weathers

shaly, medium—gray to light-yellow-gray, upper beds partly {

covered. Collection Cn 135-7; an agnostid and oboloid

brachiopod......................... 8.6

6. Dolomite, same as unit 7, weathered to shale, part covered

interval. Collection Cn 135-6............... 3.0

5. Dolomite, argillaceous, medium-gray, banded, weathers

shaly ........................... M.3
1+. csverea interval...................Q . . 3.1+

3. Dolomite, argillaceous, medium-gray, thinly banded, appears

slightly shaly...................' .... 3.0

2. Covered interval...................... 16.7
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Thickness
Honaker Dolomite (Feet)

1. Dolomite, medium-dark-gray, very coarsely crystalline,
” arenitic.......................... 27.0 U

Geologic Section glb.--Section measured along stream, Cn 136. Ninety

per cent exposed, very fresh; appears as hard, brittle, thinly bedded or

shaly dolomite.
} Q ~

.

Copper Ridge Dolomite

7. Dolomite, gray, massive beds.

Nolichucky Formation (61.8 feet)

6. Shaly dolomite, light-medium- to light-gray, few thin beds

of crystalline dolomite .................. 27.8

5. Dolomite, light-gray, medium—crystalline with thin silty

laminae and nodules, but mostly massive .......... 2.7

M. Dolomite, medium-light-gray, argillaceous, banded, thin-

bedded. Few thin beds of pure crystalline dolomite .... lh.6

3. Dolomite, medium-gray, massive............... h.9

2. Dolomite, medium-light-gray, argillaceous, banded, thin- _

bedded...........................11.8
Honaker Dolomite

1. Dolomite, medium-dark—gray, very coarsely crystalline, U
nthick-bedded. l ·
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Geologic Section 22 ~
Marion Section Cn 152

In northeast ninth of USGS-TVA Yä-minute Marion Quadrangle in Smyth

County, Virginia. On northeast side of Virginia Route 16, north of

Marion. This section is unusual in that the top of the Nolichucky is

represented by shale rather than limestone. An upper limestone may

possibly be included in the covered interval here assigned to the Copper

Ridge.
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Section startin at Highway sign in covered interval.)S 2
Copper Ridge Formation Thickness

{Feet}
15. Covered interval, abundant chert and sandstone float.... 3
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•
~Thickness

Nolichucky Formation (209.9 feet) {Feet}

lk. Shale, light-olive-gray to moderate yellowish-brown,

interbedded with light-gray, thin-bedded calcilutite and

thin siltstone beds ............... . .... 13.0

13. Limestone conglomerate, light-gray to, medium-gray, pebbles

up to 2 inches in length, oolitic calcarenite matrix.... 0.5

12. Shale, same as unit lk................... 10.0

ll. Shaly limestone, light-greenish-gray toodive-gray, finely

crystalline. Banded like "ribbon rock" when fresh,

weathers to shale ..................... 10.3

10. Calcarenite, medium—gray, coarse-grained. Contains abun-

dant trilobites, collection Cn 152-6............ 1.0

9. Limestone and shale, same as units 11 and lk, partly

covered .......................... 29.0

8. Calcarenite, light-gray, coarse-grained. Collection

Cn 152-8.......................... 1.0

7. Limestone and shale, same as units 11 and lk........ 6.0

6. Limestone "ribbon rock", light- to medium-gray, mostly

medium-grained calcarenite with finely crystalline matrix.”

Abundant thin, irregular yellow-brown silty dolomite bands.

Massive beds cropping out in abandoned quarry ....... 37.0

5. Calcarenite, light-medium-gray, very coarse-grained. Con-

tains a few thin light-gray, medium-crystalline dolomite

bands. Irregular medium beds. Abundant trilobites.
Collection Cn 152-ll........... . ........ 5.5
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Thickness
(Feet}

M. Limestone "ribbon rock", same as unit 6, with a few

thin calcarenite beds .................. . 30.6

3. Covered interval, limestone and shale float ........ 56.0

2. limestone, light-gray to medium-light-gray, mostly lutite,

with a few small lenses of calcarenite. Vaguely defined

algal structures. Basal 2 feet pass downward and hori-

zontally into coarse crystalline dolomite and limy dolomite.

Contact with bed below seems gradational......... . l0.0

Honaker Dolomite (Full thickness not determined.)

l. Dolomite, light-gray, medium- to coarsely crystalline,
l

weathers yellowish-brown. Passes downward into alter-

nating coarsely crystalline and finely_crystalline beds.

(Approximately 300 feet exposed.) _
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Geologic Section 23
Meadowview Section Celw 117

In southeast ninth of USGS-TVA 7%-minute Hayter's Gap Quadrangle in

Washi on Count Vir inia on Road 69M 2 miles west-southwest of2 2 2

Meadowview on Hogthief Creek, approximately 2500 feet northwest of Road

609 as measured along Road 69k. Base of section at large outcrop of

Upper Elbrook Dolomite opposite a brick house.
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Copper Ridge Formation Thickness
(Feet}

17. Sandstone float and isolated outcrop of dolomite,

medium- ra medium-cr stalline. ·2
Elbrook Formation, Widener Limestone Member (126.9 feet)
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Thickness
{Feet)

15. Limestone "ribbon rock", medium-light-gray, finely to

medium-crystalline, with thin lenses of calcarenite.

Contains thin irregular bands of silty dolomite which

weather in relief to dark-yellowish-orange to moderate-

brown giving outcrop a ropy, banded appearance....... 2.0
·

lk. Covered interval. .'....... 4............. 5.0

13. Limestone, same as unit 15, black, partings weather shaly,

contains phosphatic brachiopods .............. 10.6

12. Calcarenite, medium-light-gray, oolitic. Colhaction Cn l '

117-12 (fragments only) .................. 1.0

11. Limestone "ribbon rock", medium-light-gray, finely crys-

talline and coarse calcarenite. Contains thin irregular

silty dolomite partings which weather in relief ...... 7.9

10. Calcarenite and Zlimestone conglomerate, medium-light-gray,

¤¤11t1c.......................... 1+.3

9. Limestone, same as unit 15................. 21.2

8. Calcarenite and limestone conglomerate, medium-light-gray,

oolitic, trilobite fragments................ 1.5

7. Limestone, medium-light-gray, abundant irregular silty

partings, weathers cobbly to shaly, partings weather to

olive-gray chips, pyrite. ................. 0.5

6. Calcarenite, medium-light-gray, very coarse-grained, abun-

dant oolites, upper part of bed conglomerate, abundant

trilobite fragments. Collection Cn 117-6 ......... k.0
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Thickness
{Feet)

5. Limestone, same as unit 15.......... . ...... 5.3

M. Calcarenite, medium—1ight-gray, some limestone conglomerate,

1oca11y oolitic, widely spaced silty dolomite bands .... 1.0

3. Limestone, same as unit 15................. 9.6

2. Covered interval................... . . . M2.h

Elbrook Formation, Upper Dolomite Member!

1. Dolomite, medium-gray, medium-crystalline, massive. . . . . 5.0
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Geologic Section 2M
Wright Branch Section Celw 5

In east-central ninth of USGS-TVA 7%-minute Damascus Quadrangle in

Washington County, Virginia. Section measured along Wright Branch in

Widener Valley 3 miles northeast of Damascus. This section is part of}

a complete section of the Elbrook and Conococheague formations previously

described by the writer (Derby, 1961, unpublished); only the upper Elbrook

and lower Conococheague are included here. This section includes the

type section of the Widener Limestone Member (new) of the Elbrook Forma-
1 tion.
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°°äE§iihäi?.E;€Z”ä§§iZi (.7. ...4.) Thicmess
{Feet}

37. Covered, few outcrops of limestone—d01omite "ribbon

rock" ........................... 70

36. Dolomite, light-gray, finely crystalline.......... 1

35. Calcilutite, light-brownish-gray, weathers dark-blue-gray . 2

3Ä. Delomite, light-tan to medium-gray, finely crystalline,

laminated, weathers massive with 1- to Ä-inch shaly part-

ings. Few 6-inch beds of black calcarenitic limestone.

Some black, scraggy chert ................. 87

33. Covered .......................... 17

32. ldmestone-dolomite "ribbon rock".............. Ä

31. Dolomite, light- to medium—gray, finely crystalline, thick-

bedded........................... 10

30. Limestone-dolomite "ribbon rock" bands up to 2 inches wide. _

. Limestone is black, dolomite is dark-gray ......... 2

29. Calcarenitic limestone, black, few thin silty intercalationa

scattered sand grains and lentils ............. Ä

28. Sandstone, light-gray, medium-grained, well-sorted sub- 7

rounded grains. Calcite-cemented; weathers buff...... Ä

27. _Dol0mite, light-tan to light-gray, finely crystalline,

massive, upper part laminated ......... . ..... 6

26. Calcarenitic limestone, dark-gray, fine-grained, partially

dolomitized ........................ l

25. Dolomite, medium-brewnish-gray, very finely crystalline,

thick-bedded, massive. Abundant calcite veins up to 1 mm . 6
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Thickness
(Feet}

2h. Dolomite, light-gray, finely crystalline, thin- to

medium-bedded. Thin beds contain abundant (25 per cent

of rock), we11—rounded, medium-grained quartz sand grains . 5

23. Dolomite, medium-gray, very finely crystalline, massive.

Contains laminae of varying compositions. Forms resistant

ledge ..............} ............. 3

22. Calcarenitic limestone, black to dark-gray, grades up into

partially dolomitized limestone .............. 3

21. Dolomitized calcarenite, medium- to dark-gray, granular,

clastic grains aggregated into pisolitic structures with

white crystalline dolomite in interstices. Medium- to

thick-bedded. Few thin pinkish units. Poorly exposed. . . M8

20. Dolomite, tan, finely crystalline, thick-bedded, massive. . 3

Elbrook Formation
Widener Limestone Member (152 feet)

19. Calcarenitic limestone, dark-gray, with lenses of coarse-

grained oolitic calcarenite. Abundant irregular dolomitic

silt intercalations. Thin- to medium-bedded........ 18

18. Calcarenite, dark-gray, medium- to very coarse fossilifer-

ous oosparite. Massive; locally contains lenses of flat

pebble conglomerate. Contains abundant trilobites.

Collection Celw 5-89.................... 2

17. Calcarenitic limestone, medium-gray to medium-blue gray,

very compact. Abundant dolomitic silt intercalations . . . 3
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Thickness
{Feet}

16. Calcarenitic limestone, dark-gray, partially dolomitized.

Weathers to a "worm-eaten" appearance ........... 7

15. Covered, few thin beds of fine-grained limestone with

coarse calcite "eyes" near base .............. M5

1M. Calcarenite, dark-gray, poorly exposed........... 6

13. Calcarenitic limestone, medium—gray, dense, poorly

exposed .......................... 8
12. Covered .......................... 12

11. Calcarenitic limestone, medium-gray, abundant silty dolo-

mite intercalations, grades up into partially dolomitized

limestone with clastic dolomite fragments ......... 8

10. Calcarenite, medium- to dark-gray, oolitic, abundant

coarsely crystalline calcite in matrix, some pyrite.

Collection Celw 5-81.................... 2

9. Calcarenitic limestone, medium-gray to medium-bluish-gray.

Abundant silty dolomite intercalations........... 21

8. Calcarenite, dark-gray, oolitic. Abundant coarsely crys-
“ talline (up to 1 cm in diameter) calcite in matrix.

Collection Celw-5-79.................... 3

7. Calcarenitic limestone, dark-gray, compact, irregular dolo-

mitic silt intercalations. Thick-bedded, grading upward

into thin-bedded limestone................. 17

Upper Dolomite Member (M67 feet, full thickness not described below.)

6. Dolomitized calcarenite, medium-gray, medium- to thick-bedded.
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Thickness
{Feet}

Grades upward through a 1-foot bed into overlying

limestone ......................... 13

5. Dolomite, medium-gray, finely crystalline, irregularly

thin- to medium-bedded................... 10

M. Calcarenitic limestone, medium-gray, fine-grained, abun-

dant irregular dolomitic silt intercalations........ M

3. Dolomitized calcarenite, dark-gray, very coarse-grained,

abundant white dolomite veins. Weathered surfaces show

pisolitic texture. Medium-bedded .............
20.

2. Dolomite, medium—gray, finely crystalline, dense, thick-
r

bedded. White dolomite veins abundant........... 6

1. Dolomitized calcarenite, medium- to dark-gray, granular-

textured, thin- to medium-bedded. Few thin interbeds of

dense, light-gray, finely crystalline dolomite.... . . . 58



383

Geologic Section 25
Mumpower Reservoir Section Cn l)+7

In south-central ninth of USGS-TVA 'Yé-minute Wallace Quadrangle. Section

below from Butts (l9)+O, p. 80, Geologic Section ls) with corrections of

synonymous species. Original collections not examined. Writer's collec-

tions and additional notes given in brackets.

« ., ‘_ r k/J =··‘ \?—«¢” · —< I M1}- ‘°'“:;—,;s”JciivwlarlleO
/2*”„ J? ^ ;» 8% ~ ‘ / Vx/J 'UÄ:

B TOP
Hä', •—.’ /7 ··y

J Qj Q JÄUFJWÄ
,7 JVVEII

ß
\‘ PJ Ö)J6

,7 JJ? vz? Th

rf ‘— -sß/E5 J ,)Jvä„°§*„. „..=·~”Z[€
'Y 0 ,« Ol JJ ß..1 v'za°, ~;,lllÄÄ„,!>’/' ‘-\¥/“\\—g\~ O' $/' ~’

^ M v<\,»Q ,J“
<:‘

V |V‘ V

¤VFigure25.--Location of Geologic Section 25 (Scale: l/2L+OOO)

Copper Ridge Dolomite (682-;- feet) Thickness
(Feet)
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IIM.Dolomite with several thin layers of sandstone.......7+OI
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Thickness
8

{Feet}
12. Sandstone ........ . ................ 2

ll. Dolomite.......................... 100

10. Dolomite, finely straticulate, widespread at base of

1 Copper Ridge........................ 10Ü

Nolichucky Formation (575 feet)

9. Limestone, thick-bedded, banded; contains Blountia bristolensis.

[Collection Cn lM7—A near top of uppermost limestone which

also contains algal structures similar to those at Busby

Creek in geologic section 19-10.] ............. 180

8. Limestone, shaly; contains Blountia bristolensis...... 25

7. Limestone, thin-bedded; contains Aphelaspis and Crgpi-

cephalus scissilis..................... 50

6. Shale, thin layers of limestone; probably leached argilla- _

ceous limestone; contains Aphelaspis and Crepicephalus

scissilis ......................... 75

5. Limestone and shale, some limestone in thin layers in shale,

mostly limestone with shale partings; contains égnostus,

Dicellomus cf. Q; appalachia, Coosia and Tricrepicephalus . 150

1+. shaie...........................25

3. Limestone, shaly...... . ..... . ......... 5

2. Not exposed; includes contact.

[Four feet of limestone at the base of the Nolichucky are

exposed. Basal bed of oolitic calcarenite lies with sharp

contact on the Honaker Dolomite. Collection Cn 1Ä7-E from
0-2 feet above base.] . . . . . . . . . . . . . ..... . 65
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Thiclme s s
Q F66t)

Honaker Dolomit 6

l . Dolomite , thick-b6d.d6d; exposed..............300
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Geologic Section
26JockeyCreek Section CnJC

In northeast ninth of USGS-TVA 7%-minute Chuckey Quadrangle, l mile

northwest of Limestone, Washington County, Tennessee, but the section

is in Greene County; described by Oder in blän Section starts at the

top of the basal sandstone bed in the Conococheague.
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Conococheague Formation Thickness
(Feet}

36. Sandstone, white to very pale-orange, dolomite-cemented }

medium- to coarse-grained, some crossbedding ....... 5.0

35. Covered interval 9.0

3h. Dolomite, light-gray, very finely crystalline, very slightly
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Thickness
{Feet}

calcitic, thin-bedded, weathers platy ........... 3.5

33. Limestone, medium—light-gray, very finely crystalline and

calcilutite. Upper 2 feet with l mm to l0 mm wide dolo-

mite bands; lower part has irregular dolomite partings. . . 2.5

32. Covered interval...................... 2.0

3l. Dolomite, slightly limy, medium—gray to medium-light—gray,

finely crystalline, top 2 feet massive; remainder medium

thin-bedded, some straticulate with very thin lenticular

limestone beds and lentils scattered sparsely throughout.

Two-inch calcarenite bed and M-inch oolitic chert lens

2%feetbelow the top..................... 25.5

30. limestone, with a few l-inch to M-inch dolomite lenses,

medium—gray, finely crystalline with l-inch to Ä-inch flat

pebble conglomerate bed. ................. 5.5

29. Dolomite, very limy, medium-light-gray, finely crystalline,

straticulate, with a few thin limestone lenses....... 9.0

28. Limestone, medium-gray, finely crystalline, pure except for

a few irregular %—inch to l-inch dolomite bands ...... 2.5

27. Shale, dolomitic, dark-gray and medium-greenish—gray,

some straticulate dolomite at top ............. l.O

26. Dolomite, medium-gray, finely crystalline, straticulate,

slightly limy, contains a few very thin limestone beds.

Weathers platy, almost shaly. Middle 6 inches, limestone

and shaly dolomite with very thin limestone lenses..... 5.5
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Nolichucky Formation (568.7 feet) Thickness
Maynardville Limestone Member (279 feet) (Feet)

25. Limestone,"ribbon rock", banded with silty dolomite,

medium-gray, finely crystalline; dolomite bands dark- {

gray on surface, contains some mica. Dolomite bands vary

in abundance; top M feet of unit is 60 per cent dolomite,

not more than 30 per cent in rest of unit. A few beds

completely free of bands. Six—inch bed of calcarenite and

dolomite pebbles in limestone conglomerate 8 feet above base.27.0

2h. Dolomite, medium-light-gray, straticulate, finely crystalline,

passes downward into alternate laminae of limestone and

dolomite, and finally into limstone, medium-light—gray,

finely crystalline..................... 8.0

23. Limestone, medium-light-gray, very finely crystalline and

lutite. Contains a few small dolomite and limestone pebbles

in lutite matrix; 6-inch bed of alternating laminae of lime- '

stone and dolomite 7 feet below top of unit. Relatively

pure, very few dolomite bands ............... ll.O

22. Limestone, medium—gray, finely crystalline, banded with

finely crystalline dolomite; dolomite bands about 20 per

cent of unit. Unlike typical "ribbon rock", dolomite

bands and limestone beds run parallel, not irregular, wavy.

Grades up into unit 23................... 2Ä.O

2l. Covered interval, grassy flat area.............25.0

20. Limestone, largely same as unit 22, discontinuously ex-
posed in stream . . . .................. . 1.2.0
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Thickness
(Feet)

19. Limy siltstone and silty limestone, thin-bedded, light-

medium-gray when fresh, weathers to grayish-orange to

dark-orange siltstone. Contains a very few small lenses

of calcilutite (exposed on low spur on northeast side of
V

flat )...........................A0. 0
18. Limestone, medium-light-gray, oolitic, finely crystalline,

very pure, very massive smooth outcrops. Exposed on spur

on northeast side. Discontinuous exposure, very dense, pure,

recrystallized oolite ......_............. 35.0

17. Covered interval; some limestone blocks in stream may be-

long to this unit, but may be out of place. Covered inter-

val ends at power pole with transformers.......... 93.0

Widener Limestone Member (132 feet) V

16. Oolitic limestone, light-medium-gray; coarse calcarenite

to medium—crysta1line limestone, generally thick-bedded.

Mostly pure, with a very few dolomitic limestone bands,
V

generally as isolated, thin lenticular beds. Collections

· as followsz

a. Collection CnJC-21a, 2M feet below top of unit, in

middle of largest outcrop.

(Offset on strike at M00 feet to base of large tree at
northwest of barn.)

b. Collection CnJC-2lb, Mh feet below top of unit..... 59.0

15. Covered interval................. . . . . . 16.0



390

Thickness
{Feet)

lk. Limestone, light-medium-gray, oolitic, coarse calcarenite

to medium-crystalline limestone, thick—bedded. Silty

dolomite partings constitute from 5 per cent to 30 per

cent of beds.......l ................. k1.0

13. Covered interval...................... 16.0

Shale Member (161.7 feet)
V

12. Limestone and siltstone, limestone with abundant silty

partings; very thin-bedded to medium-greenish-gray plates.

Limestone mostly calcilutite, light-olive-gray, poorly

exposed .......................... lk.0

11. Limestone, medium-light-gray; medium-fine crystalline,

some oolite. Few dolomite bands, possibly some glauconite. 2.5

10. Limestone, light-gray to greenish-gray, finely crystalline. 11.5
l

9. Limestone, light- to medium-light-gray, lutite, finely
l

crystalline and lutite-textured conglomerate, with 2-inch

to 6-inch silty parting units. Thick-bedded........ 8.0

8. Limestone and siltstone; alternate bands of limestone,

medium-light-gray, lutites; and siltstone, red—greenish-

gray to olive—gray, 2 feet above base is a 6-inch, very

light-gray, lutite-textured limestone conglomerate bed. . . 12.0

7. Calcarenite, glauconitic (Y), light-gray, very coarse-
I

grained. Grades up into medium-fine crystalline, medium-

gray dolomite-banded limestone with scattered glauconite. . lk.0

6. Limestone and siltstone, thinly interbedded, medium-1ight-
gray calcilutite and greenish-gray to olive-gray siltstone,
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Thickness
{Feet)

poorly exposed....................... 29.2

5. Siltstone and shale, limy, medium-greenish-gray to light-

olive-gray; few thin lenses of light-gray to light-

bluish-gray silty limestone. Cystoid plates and trilo-

bite fragments..................... . . 32.0

M. Limestone, silty, medium-light-gray to medium—greenish-

gray, very finely crystalline, thin irregular beds of

different silt concentrations ............... 5.7

3. Shale and limy siltstone, interbedded; light-olive-gray

medium-greenish-gray. Well-exposed in small excavation,

6-inch bed of light-gray to very pale-yellow limy dolomite,

medium-crystalline, M feet above base ........... 32.8

Honaker Dolomite (or Upper Member of "Elbrook" Formation) 1

2. Dolomite, limy, mottled light-gray to very pale—yellow,

mümwwmdhm,müm¢m®d............. 2ß

l. Dolomite, light-gray, finely crystalline, medium-thick-

bedded, abundant dolomite veins. Scattered outcrop to a

covered interval...................... 29.2
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Geologic Section 27
Bi Sprin Section Cn lM9S

In west—central ninth of USGS-TVA 7%-minute Elizabethton Quadrangle, 2.5

miles southwest of Elizabethton, Carter County, Tennessee. Section

given below is Section 33 of King and Ferguson (1960, p. 125) with re-

visions as to formational assignments of some of the units and additional

notes and faunal collections by the writer. The descriptions and notes

of the writer are placed in brackets.

"Section on Gap Creek below Big Spring, west-central Elizabethton quad-
rangle. Section follows a lane on northeast side of Gap Creek, beginning
above to south at Big Spring, and ending below at bridge over creek near
west line of quadrangle; outcrops on county road on southwest side of
creek_are more scattered. Measured and described in detail in field by
P. B. King and R. A. Laurence, February l95M."
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Conococheague Formation Thickness
(Feet)

1M. [Dolomite, light—gray, fine- to medium-crystalline, few

beds of limestone.] ’

Nolichucky Formation (Ä63 feet)
Maynardville Member (55 feet)

13. Limestone, thick-bedded, gray; full of winding tubes made up

of more silty or dolomitic limestone that project on weathered

surfaces. Tubular structures in places merge into a spongy

mass, in which gray limestone forms the interstices. Unit

lies with fairly abrupt contact on beds beneath. Thickness

·not determined. [Contains a few thin lenticular beds of

algal calcilutite. ..................approx.55

la. Collection Cn lM9-A, near top ofunit.b.

Collection Cn lM9-B, middle of unit.]

_ Widener Member (126 feet)
”

12. Limestone, in large part containing silty laminae or

ribbons a few inches apart, with wavy structure, that pro-

ject on weathered surfaces; some interbedded more massive

limestone layers, without ribbons, 3 in. to 2 ft thick;

some thin granular layers full of fossil fragments.

[Unit contains many thick beds of coarse-grained oolitic

ca1carenüe.6Q Collection lM9-D, approximately 15 feet below

top.t) Collection Cn lM9-E, approximately Mo feet below top.] 67

11. *Limestone, blue, ribboned by thin silty layers, forming a

"layer cake" structure. Silty laminae one half to 2 in.
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Thickness
{Feet}

apart, formed of dolomitic silt that weathers brown, in

part silicified on weathered surfaces. Intervening lime-

stone in part forms continuous beds, and is in part lumpy

or cobbly. [Some oolitic calcarenite beds.]........ 29

l0. Limestone, dominantly, but with very thin, closely spaced

silty seams, forming a "candy stripe" structure ...... 30

Shale Member (l22 feet)

9. Limestone, very shaly at base, passing up into blue, fine-

grained limestone with thin wavy silty layers, forming a

"layer cake" structure; about three times as much limestone

as silt .......................... 30

8. Limestone, very shaly at base, but not a clay shale as in

bed 6, passing up into a solid bed of blue limestone at top. 30

7. Shale grading upward into an alternation of limestone

layers an inch or so thick, and thinner, slightly shaly

layers that protrude on weathered surfaces, forming a

"layer cake" structure; ends at top in a rather solid bed

of blue limestone 5 ft thick................ 32

6. Clay shale, dull—greenish, fissile; contains many oboloid

brachiopods on bedding surfaces, and less definite fragments

of other fossils...................... 23

5. Limestone, laminated, gray................. Ä

Ä. Clay shale, dull-greenish, fissile; an abrupt contact on

bed beneath_....................... . 3
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Thickness
Lower Limestone Member (160 feet) {Feet}

3. Limestone or dolomitic limestone, dark-gray, contains

small fossil [trilobite] fragments, interbedded with

blue mottled limestone containing reticulated or wavy

silty ribbons or laminae, the laminae increasing in

number upward .........., ............. 160

Honaker Dolomite

2. Dolomite, crystalline, dark-gray, or black, fetid, in

beds 2 and 3 ft thick; weathers to rounded knobby sur-

faces, interbedded with crystalline gray dolomite and

with slabby, fine-grained, light gray dolomite and lime-

stoug in part weathering buff or tan............ 90

l. Dolomite, fine-grained, gray; in beds l to 2 ft thick,

with thin wavy laminae within the beds, in part weathered 2

gray, in part brown. Outcrops are intermittent, but a —

fairly continuous section may be bieced together by com-
‘

bining exposures in creek, on road,and adjacent hillsides . ll0
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LOCALITIF6

The following is a list of single collections or collections made

from isolated outcrops or from unmeasured sections. These collections

are assigned locality numbers (e.g., locality 13) to distinguish them

from collections made from measured geologic sections (e.g., geologic

section 13). As with the geologic sections, the location of each collec-

tion locality is shown on the map of the area studied (pl. 1), and also

on large-scale maps (app.figs. 2,l9,2M,28-36). The collections from

each locality are listed in appendix table 2.

The collection numbers cited below are the writer's field collection

numbers and are marked on all specimens in the collection.

Locality 1
Quarry near Shumate, Virginia I

In south-central ninth of USGS 15-minute Narrows Quadrangle, Giles

County, Virginia; beside Virginia Route 61, near Shumate, approximately

2 miles up Wolf Creek from Narrows (app. fig. 2). Collections made

fromgreenshale exposed in quarry, horizon unknown but probably equivalent

to unit 2 of nearby geologic section 2. Nolichucky Formation,

Collection Cn 155.
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Locality 3
Greendale Locality

In north-central ninth of USGS-TVA Tl-minute W dale Quadrangle2 yn 2

Washington County, Virginia. Nolichucky is well exposed on north side of

U.S. Route 19, 1200 feet to 2)+00 feet southeast of Greendale (app.fig.29).

A collection labeled 29-S in the U.S. National Museum is from unit 6 of

Geologic Section 16 of Butts (l9l+0, p. 82), 3l+5-375 feet above the base

of the Nolichucky Formation at this locality. The collection was borrowed

for study and was found to contain ten species, including two exceptionally

well-preserved specimens of Densonella semele (pl. 20, figs. 1-3,5). All

specimens were returned to the U.S. National Museum. Nolichucky Formation,

collection USNM
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Locaiity M
Blacksburg Locality

In north-central ninth of USGS l -minute Blacksbur adr le, 2

Montgomery County, Virginia, approximately 2500 feet southeast from

Virginia Route 1+60 on County Road 61+6, 2 miles southeast of Blacksburg

(center) (app. fig. 30) . I
This locality is the only known outcrop of Nolichucky in the

Salem S cline. The Nolichuck at this localit is onl feet thick 2

consistin of medium- to Li ht- ra ale-or e weatheri silt dolo-2 2

mite and dolomitic siltstone and shale . Above and below the Nolichucky

are thick-bedded chert ra dolomites of the Co r Rid e and Elbrook2 2

formations res ectivel . Nolichuck Formation collection Cn l0l.2 2
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Iocality 5
Yellow Sulphur Springs Locality

On boundary of central and north-central ninths of USGS 15-minute

Blacksburg Qnadrangle, Montgomery County, Virginia; inside sharp curve

in Virginia Railroad tracks, 1.8 miles north-northeast of Cambria, 0.9

mile southeast of Yellow Sulphur Springs (app. fig. 30).

Iimestone bed 27 feet below uppermost sandstone unit, 133 feet be-

low top of Copper Ridge Formation, in unit 12 of Cooper's (l9hhb, p. 53)

Geologie Section 27, collection Ccr 132.

L6ca11ty 6

In north-central ninth of USGS-TVA 7é-minute Damascus Quadrangle,

Washington County, Virginia; on west side of small hill bounded by two

sinkholes, just west of big loop in Middle Fork of Holston River;

1,150 feet northeast of survey marker M 30h (app. fig. 3l). Widener

Limestone Member of Elbrook Formation, collection Celw 9-20,11.

Locality 7

In north-central ninth of USGS-TVA 7%-minute Damascus Quadrangle,

Washington County, Virginia; on dirt road 950 feet southeast of County

Road 735, at 2,800 feet east of survey marker LR lhh (app. fig. 31).

Isolated outcrop of Widener Limestone Member of Elbrook Formation,

collection Celw 9-21,10.
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Locality 8

In north-central ninth of USGS—TVA 7%-minute Damascus Quadrangle,

Washington County, Virginia; l mile east-southeast of Greenfield Church,

south of transmission line, 500 feet north of County Road 735 (app. fig.

3l). Isolated outcrop of Widener Limstone Member of Elbrook Formation,

collection Celw 9-22, N- «
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Locality 9

In northeast ninth of USGS-TVA 7%—minute Damascus Quadrangle,

Washington County, Virginia; due South of Mt. Olivet Church, Southwest

of house on dirt road leading Southeast from County Road 762 (app. fig.

‘32). Approkimately in middle of 80-foot thick outcrop of Widener

Limestone Member of Elbrook Formation, collection Celw 8-20,h.
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Locality 10

In northeast ninth of USGS-TVA 7%-minute Damascus Quadrangle,

Washington County, Virginia; approximately 2700 feet southeast of Lodi,

on northeast side of County Road 731, opposite a house (app. fig. 33).

Isolated outcrop of Widener Limestone Member of Elbrook Formation,

collection Celw 8-25,2.

Locality ll

In east-central ninth of USGS-TVA 7%-minute Damascus Quadrangle,

Washington County, Virginia; 1.5 miles southwest of Lodi, 700 feet south-

west of County Road 72Ä (app. fig. 33). In well-exposed section of

Widener Limestone Member of Elbrook Formation, collection Celw 8-31,5.

Locality 12

In central ninth of USGS-TVA 7é-minute Damascus Quadrangle,

Washington County, Virginia; 2 miles southwest of Lodi, 1000 feet N.75°E.

of intersection of County roads 722 and 708 (app. fig. 33). Widener

Limestone Member of Elbrook Formation, 122 feet thick, nearly fully ex-

posed; collection Celw 8-16,h from 20 feet above base of member.
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Locality 13

In central ninth of USGS—TVA 7%-minute Damascus Quadrangle, Washing-

ton County, Virginia; 2 miles southwest of Lodi, 500 feet southwest of

intersection of County roads 722 and 708 (app. fig. 33). Isolated out-

crop of Widener _Limestone Member of Elbrook Formation, collection

Celw 8-16,2.
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Locality lk

In southwest ninth of USGS-TVA 7%-minute Damascus Quadrangle, in

Washington County, Virginia; on farm road leading southeast from

County Road 712, 0.3 mile northeast of Drowning Ford Bridge on South

Fork of Holston River (app. fig. 3k).

Ten feet below top of Widener Limestone Member of Elbrook Forma-

tion, collection Celw 8-12, lb.
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Locality l5

In southwest ninth of USGS-TVA 7%—minute Damascus Quadrangle, in

Washington County, Virginia; in roadcut along side of U.S. Route 68,
l

250 feet west of stone fence at west end of Drowning Ford Bridge (app.

fig. 3h). Widener Limestone Member of Elbrook Formation, collection

Celw 8-l2,3. 7

L66a111;y I6

In east-central ninth of USGS-TVA 7%-minute Damascus Quadrangle,

Washington County, Virginia; in Widener Valley, approximately 300 feet

south of Pleasant View Church, at rear of a house (app. fig. 2M). Cono-

cocheague Formation 580 feet above the base, collection CcD-2-6l.

Locality l7

In east-central ninth of USGS-TVA 7ä-minute Damascus Quadrangle,

Washington County, Virginia; in Widener Valley, ll50 feet south of

Pleasant View Church (app. fig. 2M). Well-exposed sequence of Widener

Iimestone Member of Elbrook Formation, about 70 feet above base of mem-

ber, some beds contain weakly silicified trilobites, collection Celw D-l-6l.



MO7

Locality 18

In southeast ninth of USGS-TVA 7é-minute Damascus Quadrangle, Wash-

ington County, Virginia; on east side of a hillside 2500 feet north of

Wright Chapel (app. fig. 35). Isolated outcrop of Widener Limestone

Member of Elbrook Formation, collection Celw 7-21,3. _

Locality 19

In south-central ninth of USGS-TVA 7%-minute Damascus Quadrangle,

Washington County, Virginia; in a small gully high on the hillside north

of Laurel Creek, 2200 feet northeast of Damascus town limits (app. fig.

35). Isolated outcrop of Widener Iimestone Member of Elbrook Formation,

collection Celw 7-22,7.
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Locality 20
Panther Creek Park Locality

In southwest corner of northeast ninth of USGS-TVA 7%—minute Talbott

Quadrangle at Panther Creek Park, Hamblen County, Tennessee; 7.7 miles

northeast of Jefferson City, 1.8 miles northeast of geologic section 19

(app. fig. 36).

One exposure is 900 feet north and up the road from the Park Shelter.

Good exposures of massive stromatolitic limestone beds. limestone massive,

commonly containing abundant echinoderm plates. Intercolony fillings

consist of yellowish-brown, probably dolomitic, calcarenite. Nolichucky

Formation, collection Cn lhß-A.

Another exposure contains massive stromatolitic limestone exposed

near stream below the shelter and northeast of the road. Stromatolite

"COlOIli€S" iarge, 6 feet 66 8 feet in diameter. i¤t61~c6i6ny filling 6-

18 inches wide, 5-20 feet long, form sinuous channels, composed of

mottled yellowish-brown calcarenite and organic debris. Nolichucky For-

mation, field number Cn lM3—B, photograph only.
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Locality 21
Panther Creek Inlet

ln central ninth USGS-TVA 7%-minute Talbott Quadrangle, Hamblen

County, Tennessee, approximately 6 miles northeast of Jefferson City; on

the banks of Cherokee Reservoir, low-water stage, in several inlets tribu-

tary to the main inlet of Panther Creek (app. fig. 19).

The section here and at Busby Creek (geologic section 19) 0.h mile

to the southwest clearly demonstrate the abrupt lateral facies changes

which are common in the Nolküucky at various localities. With the beds

dipping very gently southeastward, nearly continuous exposures can be

traced on the washed clean banks of the reservoir.

At locality 21-C, approximately 200 feet of massive stromatolitic

limestone (Oder and Bumgarner, 1961; and discussion in text herewith) is

exposed from the top of the knob westward and down to the 1000-foot con-

tour level (low-water level). A few hundred feet to the southwest, at

locality 21-A, the middle of this massive stromatolite unit has passed

into green shale with a few beds of biogenic sparry-cemented calcarenite.

A few hundred feet west of locality 21-A, at locality 21-D, the section

again passes into massive stromatolite limestone, with a tongue of cal-

carenite extending a short distance into the middle of the massive stro-

matolite unit.

Nolichucky Formation, collections and exact localities as followsz

Locality 21-A: outcrop of shale and calcarenite on small point

between two small inlets. Collection Cn 150-A.

Locality 2l-B: 8 feet below top of massive stromatolite unit at
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head of small cove. Medium-gray calcilutite with dark matted areas out-

lining algal (Y) material. Collection Cn 150-B.

Locality 21-C: on southwest slopes of 1230-foot knob, 2000

feet southeast of Hunt Knob. Collection from coarse calcarenite inter-

colony filling in middle of massive stromatolite unit. Collection Cn

150-C.

Locality 21-D: on point of land due south of Hunt Knob. Near

top of calcarenite tongue a few feet north of the abrupt lateral contact

with the stromatolite unit. Collection Cn 150-D. '

Locality 22

Specimens collected by Dr. C. G. Tillman and Mr. J. K. Kane Il from

green shale in the upper Conasauga (Nolichucky) Shale on the Clinch River,

near Kingston, Roane County, Tennessee, while on a field trip in conjunc-

tion with the annual meeting of the Geological Society of America, South-

eastern Section, in Knoxville, April, 1961. The locality is at the road-

cut a1ong„U.S. Route 70 above Watts Bar Lake (Swingle, 1961, p. 31, fig.6).

Although stratigraphic information is lacking, this locality is in-

cluded in this paper because of the fine specimens of Cedaria woosteri

(pl. 28, figs. 1,Ä) collected. Specimens labeled PC-6h.
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Plate 3

Fig. 1--Irregularly banded limestone "ribbon rock". Light areas are cal-

earenitie limestoneg darker areas are silty dolomite. Geologie

section 22-6, near Marion, Smyth County, Virginia.

Fig. 2--Typical limestone-dolomite "ribbon rock", of Maynardville Iimestone

Member. The 1ight—eolored projecting ribs are dolomite; the dark-

er recessed areas are limestone. Geologie section 15-21+, Page

Branch, Bland County, Virginia.



Plate 3 

Fig . l 

Fig . 2 



Ä39

Plate M

Fig. l--Photomicrograph of dolomitic siltstone composed of silt—sized

fine sand-sized quartz, plagioclase, and dolomite grains. Silty

band from silty "ribbon rock" limestone. Geologic section 16-9,

Cedar Branch, Smyth County, Virginia. Thin section, Xl20, crossed

nicols. _
Fig. 2--Thin-bedded dolomite overlain by cross-bedded dolomite pebble

conglomerate. (Typical aspect of northeastern silty dolomite

facies.) Geologic section lb-Ä, 5, near Big Bend, Bland County,

Virginia.
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Plate 5

Fig. 1--Top view of Gygnosolen—type (digitate) stromatolites in Maynard-

ville Limestone. Geologie section 19-12, Busby Creek, Hamblen

County, Tennessee.

Fig. 2-—Mounds formed by Gymnoso1en—type stromatolite "colonies" with

overlying 1imestone—do1omite "ribbon roek" draped over the

· mounds. Loeality same as fig. 1.
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Plate 6

Fig. l--Massive stromatolitic limestone from the shale member at the lee

Valley Section showing undulating laminae interpreted as algal

in origin. The rock is an algal biomicrite with localized intra-

sparite. Blue-green algae trapped and bound the fine sediment,

and clastic grains locally accumulated in hollows on the algal

surfaces.

Negative projection print of stained acetate peel. Stained with

Alizarin Red-S. X6. Geologic section ll-33, Lee Valley, Hawkins

County, Tennessee.

Fig. 2--Gymnosolen-type stromatolitic limestone in the Maynardville

limestone Member at White's Mill Section showing irregular bands

of algal biomicrites and calcite- and dolomite-filled voids.

Negative projection print of stained acetate peel. XM. Geologic

section 18-55, near Whites Mill, Washington County, Virginia.
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Plate 7

Fig. l--Stromatolitic limestone; packed trilobite-cystoid biomicrite

from the massive stromatolitic limestone, center of "colony", at

Panther Creek.

Thin section. X35. Plane polarized light. Locality 20-A,

Panther Creek Park, Hamblen County, Tennessee.

Fig. 2--Coarse calcarenite with Girvanella oncolite; trilobite-algae bio-

sparite from the Maryville Limestone at Lee Valley. Large con-

centrically banded grain is Girvanella oncolite surrounding a

trilobite fragment. Plate l2, figure l shows Girvanella from

this rock. Girvanella oncolites are common in the upper part

of the Nmryville Limestone.

Thin section. X35. Plane polarized light. Geologic section

ll-l, near Lee Valley, Hawkins County, Tennessee.
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· Plate 8

Partially dolomitized oolitic calcarenites from the Widener Limestone

Member of the Elbrook Formation at Locality l8, near Wright Chapel,

Washington County, Virginia.

Thiß S@C@i¤¤· X35· Plane polarized light.

Fig. l--Dolomitic algal sparite with a few recrystallized ooids. Irregu-

lar dark bands are concentrations of organic (Y) material believed

to represent algal mats.

Fig. 2-—Dolomitic oosparite. Some ooids with partially dolomitized and

recrystallized cores. At bottom center is light-colored dolomiüa

intraclast. Dark areas on right are micrite matrix. Very light

grains are dolomite.
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Plate 9

Bush-like stromatolites of mottled dolomitic limestone in Maynardville

Limestone, Busby Creek Section, geologic section 19-10, Hamblen County,

Tennessee. The stromatolite structures are circular in plan and ovate in

section and are composed of branching threads of dolomitic limestone in a

finely crystalline limestone matrix.

Fig. l--Top view, showing stromatolites and calcarenite-filled channels.

Fig. 2--Side view, showing branching threads of dolomitic limestone (be-

lieved to represent the organic structures) and the fine calcar-

enite "intercolony" fillings.
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Plate lO

Massive stromatolitic limestone in the Crepicephalus Zone of the Nolichucky

Formation at Panther Creek Park, locality 20,-Hamblen County, Tennessee.

The stromatolite "colonies" or "heads" are roughly circular in plan and

range from l to 8 feet in diameter. The stromatolite "colonies" are com-

posed of dense, vaguely laminated biomicrite (pl. 7, fig. l) and are sep-

arated by vertical channels or "intercolony fillings" of argillaceous or

dolomitic calcarenite.

_ Fig. l-—Massive stromatolitic limestone, rough-weathering, and smooth-

weathering "intercolony" calcarenite fillings representing the

channels between stromatolite"heads." Algal growth intermittantly

spread across the channels. Exposed surface is perpendicular to

· bedding. Locality 20-A.

_ Fig. 2--Bedding plane of massive stromatolitic limestone showing circular

plan of "colonies" and buff-weathering, dark-colored, calcarenite-

filled channels between the "colonies." Locality 20-B.
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Plate ll

h
Outcrop and polished slab of mud-cracked "ribbon rock" dolomitic lime-

stone, from the Maynardville Limestone Member at Busby Creek, geologic

section l9-9, Hawkins County, Tennessee. Finely crystalline limestone,

(microsparite) thinly interbedded with irregularly laminated, finely crys-

talline dolomite, forms stacks of polygonal plates which are separated by

argillaceous dolomite. The polygonal plates are interpreted as mud-cracked

crusts of supralittoral algal mats in which selective dolomitization took

place during dessication. (Compare fig. l with pl. 3, fig. B of Logan

et 61., 1961+, ana with 1*1,+;,. 38 6;+;* Ginsburg, 1961+.)

Fig. l--Outcrop of mud-cracked "ribbon rock" showing top of polygons ex-

posed on bedding plane in the foreground and an oblique section

across the bedding in the background.

Fig. 2--Stained, polished section of limestone-dolomite "ribbon rock".

The uniform dark bands are dolomite, the light bands are slightly

dolomitic limestone, and the very dark irregular grains are clear

crystalline calcite. A microfault, believed to be a result of

compaction, is in the center. The dark dolomitic bands commonly

branch into many thin bands and are believed to represent sedi- .

ment trapping algal mats. Specimen stained with potassium

f@YPiCY&¤id@· Xl~8• Scale is in millimeters.
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Plate 12

GIRVANELLA, AGNOSTIDA, PORIFERA,
BRACHIOPODA, MOLLUSCA

Fig. 1---Girvane11a sp. Thin section of algal oncolite showing twisted,
intertwining tubes typical of this algal genus. X60. VPI 135,
from the Maryville Limestone, geol. sec. 11-1.

Figs. 2,3,6,8--—Pseudagnostina boltonensis (Besser).
2--Cranidium showing very faint preglabellar median furrow, X12,

USNM 152561, geol. sec. 10-22.
3--Pygidium preserving dorsal surface, X12, USNM 1525MO, geol.

sec. 9-1a.
6--Cranidium, X18, USNM 152562, geol. sec. 10-22.
8--Cranidium, X21, USNM 152572, geol. sec. 10-15.

Figs. H,5,9---Kormagnostus simplex Resser.
Ä--Cranidium, X12, USNM 1526h9, geol. sec. 15-Ma (Honaker Dolo-

mite).
5--Pygidium, X12, USNM 152560, geol. sec. 10-22.
9--Small pygidium, showing deeper furrow than adult specimen,

X21, USNM 152570, geol. sec. 10-15.

Fig. 7---Chancel1oria sp. Spicule cluster etched from limestone with ‘

acetic acid, Xlh, USNM 15257h, geol. sec. 10-11.

Figs. 10,13---Articu1ate brachiopods, gen. and sp. undet. Both Xh,
geol. sec. 20-hc.1 10--Pedicle valve, USNM 152716.
13--Brachial valve, showing faint muscle scars, USNM 152717.

Figs. 11,1h--Pro lina cornutaformis (walcott). X9, USNM 152711, geol.
sec . 20%-ic .

Fi s. 12 15---Pa1aeacmaea? sp. Exfoliated specimen, X3, USNM 152715,E 2 2geol. sec. 0 c.



Plate 12 



MH8

Plate 13

BLOUNTIINAE

Figs. 1-5---Aphe1opyge rasettii, n. gen., n. sp.
1-3--Partly exfoliated cranidium, X3, USNM 152705, geol. sec.

20Äb.
Ä--Partly exfoliated pygidium, Xh, USNM 152727, geol. sec. 2h-18.
5--Holotype pygidium preserving dorsal surface, Xh, USNM 152706,

geol. sec. 20-Äh.

Figs. 6,7---B1ountia sp. Both X6, geol. sec. 9-9.
6--Partly exfoliated cranidium, USNM 152531.
7--Pygidium preserving dorsal surface, USNM 152532.

Figs. 8,9---B1ountia alexas Walcott. Partly exfoliated cranidium, X8,
USNM 1527H8, geol. sec. 25-2.

Figs. 10-13---B1ountia montanensis Duncan.
10,11--Cranidium, X7, USNM 152728, geol. sec. 2Ä-18.
12-—Cranidium preserving dorsal surface, X9, USNM 152826,1oc.18.
13--Partly exfoliated pygidium, X8, USNM 152729, geol.sec.2h-18.

Figs. lk,15,20-23,28---B1ountia bristolensis Resser. A11 from geol. sec.
15-19, all wholly or largely preserving dorsal surface.
1Ä,l5,20,21--"Fema1e" type.
1M,15--Pygidium, xu, Usmm 152635.
20,21-—Cranidium, X3, USNM 152636.
22,23--"Ma1e" type.
22--Pygidium, xn, UsNM 152637.
23--Cranidium, X3, USNM 152638.
28--Latex peel of free cheek, X5, USNM 152639.

Figs. 16,17---Blountie11a alemon (walcott). Cranidium preserving dorsal
surface, X5, USNM 1526E3, geol. sec. 15-15c. 1

Figs. 18,19---B1ountia virginica Rasetti. Cranidium preserving dorsal
surface, X6, USNM 152759, geol. sec. 26-16a.

Figs. 2h-27---Maryvi11ia arion Walcott.
2M,25--Cranidium largely preserving dorsal surface, X3, USN

1530M6, 166. 21-c.
26--Partly exfoliated pygidium, X5, USNM 152739, geol. sec.2M-18.
27-éExfo1iated pygidium showing granulated surface of ventral

impression, X9, USNM 152698, geol. sec. 19-1.
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Plate 1u
CREPIGEPHALUS, "UNCASPIS"

Figs. 1-5,7,8---Crepicepha1us micrans (Resser).
1,l+--Holotype pygidium, XB, Us1~1M 61673.
2,5--Pamtype pygiaium, X6,
Usm3--Cranidiumshowing granulated surface, X8, USN 152707,

geol. sec. 20-Mb.
7--Pygidium showing granulated surface, X11, USNM 152708,

geol. sec. 20-hb. ·
8--Exfoliated cranidium, Xh, USNM 152812, loc. lh.

Figs. 6,9-13,15,16--—Crepicepha1us brevis, n. sp.
6,9--Holotype pygidium, X12, USNM 152555a, geol. sec. 11-22.
10,13--Cranidium showing granulated surface, X8, USN 1526ÄÄ,

geol. sec. 15-ha (Honaker Dolomite).
11--Cranidium preserving posterior limb, X8, USNM 153050, geol.

sec. 19-1.
12--Cranidium associated with holotype, X12, USNM 152555b, geol.

sec. 11-22.
15--Free cheek, X12, USNM 1526h5, geol. sec. 15-lha (Honaker

Dolomite).
16--Large pygidium, X8, USNM 153051, geol. sec. 19-1.

Fig. 1h---"Uncaspis" angustata Resser. Holotype pygidium, USNM 9h901,
illustrated to show poor state of preservation, Xh.
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Plate 15

CBEPICEPHALUS

Figs. 1-3-Ä-Crepicephalus cf. C. convergens Basetti. A11 from geol. sec.
2 -18.

—

1--Latex peel of small exfoliated pygidium, X6, USNM 152731.
2--Exfoliated cranidium, XM, USNM 152732.
3--Exfoliated pygidium partially exposing doublure, XM, USNM

l52733·
Figs. M-6---Crepicepha1us buttsi Besser.

M--Exfoliated pygidium, X3, USNM l52M90, geol. sec. 6-51.
5--Latex peel of pygidium preserving exterior, X3, USNM 15305M,

geol. sec. ll-3Md.
6--Ventral impression of cranidium preserved in siltstone, X2,

Usm l52M89, geol. Sec. 6-52. *

Fig. 7---Cre ice halus nitida (Besser). Holotype pygidium, XB, USNM
9M900.

Figs. 8-11---Crepicephalus rectus (Besser). 8-10, loc. 8.
8,9--Exfoliated cranidium preserving dorsal surface on posterior

limbs, X3, USNM 152799. '
10--Damaged pygidium with poorly preserved dorsal surface, XM,

Us1¤1M 152800.
ll--Flattened cranidium preserved in shale, XM, USNM 152550,

geol. sec. 11-23.

Figs. 12-17--—Qrepicepha1us scissilis (Besser). All latex peels; all
except holotype from geol. sec. 21-7; figs. 12-15, X3.
12--Small pygidium, USNM 152719.
13--Large and small cranidia, USNM 152720.
1M--Large cranidium showing granulated surface, USNM 152721.
15--Holotype pygidium, USNM 9M909.
16--Large free cheek, X2, USNM 152722.
17-—Large pygidium, largely exfoliated, X2, USNM 152723.
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Plate 16
COOSIA, COOSINA

Figs. l,5---Coosia robusta Walcott. Partially exfoliated pygidium, XM,
USN 152500, geol. sec. 7-1Ma.

A Figs. 2-M,6-8---Coos1a superba Walcott. A11 from geol. sec. 11-3Md, ex-
cept M from geol. sec. 8-27. ·
2--Latex peel of large cramidium, X2, USNM 152601.
3--Exfoliated free cheek, X3, USNM 152602.
M-—Sma11 pygidium partially exfoliated, X3, USNM 152520.
6-—Large pygidium partially exfoliated, exposing doublure, X3,

USNM 152603.
7--Hypostoma, preserving ventral surface, X5, USNM 15260M.
8--Cramidium, preserving dorsal surface, X3, USNM 152605.

Figs. 9-12---Coosia calanus (Wa1cott). A11 preserved in shale from 1oc.1.
9--Pygidium, X2, USNM 15277M.

10-—Latex peel of free cheek, X1, USNM 152775.
11--Latex peel of large cranidium, X1.5, USNM 152776.

_ 12--Cranidium, X2.5, USNM 152777.

Figs. 13-17-——Coos1na aristom (walcott).
13--Exfoliated cramidium, X2.5, USNM 152692, geol. sec. 19-1.
1M--Typical pygidium, partly exfoliated, X3, USNM 152806, 1oc.13.
15--Typical cranidium, X2, USN 1527M7, geol. sec. 2M-10.
16-éExfoliated pygidium, X2.5, USNM 152693, geol. sec. 19-1.
17--Crauidiu largely preserving dorsal surface, XM, USNM 152798,

loc. 7.
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Plate 17

MARJUMIIDAE, COOSINA, KOCHASPIS

Figs. 1-5---Modocia crassimarginata Rasetti.
1--Cranidium partly exfoliated, X5, USNM 152622, geol. sec.11-9.
2,3--Pygidium preserving dorsal surface, X7, USNM 152530, geol.

sec. 8-5.
A,5-éExfo1iated cranidium, X5, USNM 152623, geol. sec. 11-9.

Fig. 6---Modocia ? cf. M, agatho (walcott). Cranidium preserving dorsal
surface, Xlh, USN 152512, geol. sec. 7-lhb.

Figs. 7,8,20---Modocia elongata (walcott). A11 from geol. sec. 11-9.
7,8-—Cranidium, poorly preserved dorsal surface, XM, USNM 152625.
20--Pygidium tentatively referred to species, X5, USNM 152626.

Figs. 9,10---Kochaspis sp. Cranidium, preserving dorsal surface, X10,
USNM 152627, geol. sec. 11-5.

Figs. 11-16---Ta1botina subdita, n. sp. A11 from geol. sec. 7-lha.‘ 11-13--Holotype cranidium preserving dorsal surface, X7.5,
USNM 152501.

1A,15--Cranidium showing faint muscle scars on weathered dorsal
surface, X7.5, USNM 152502.

16--Pygidium, X18, USNM 152503.

Figs. 17-19---Shickshockia sp. Exfoliated pygidium, X10, USNM 152780,
loc. 2.

Figs. 21-2A---Coosina amage (walcott). A11 X3, all exfoliated.
21--Cranidium, USNM 152688, geol. sec. 19-1.
22--Pygidium, USNM 152689, geol. sec. 19-1.
23--Pygidium, USNM 152769, geol. sec. 27-12b.
2A--Partial cranidium showing faint muscle scars, USNM 152690,

geol. sec. 19-1.
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Plate 18

COOSELLA, MTEORASPIS, TRICREPICEPHALUS

Figs. 1-3,6---Coose11a sp. A.
1--Exfoliated crauidium, X8, USNM 152612, geol. sec. 11-16.
2--Latex peel of impression of dorsal surface of pygidium, XM,

USNM 152781,1ocg$ USNM Colln. 29-S.
3,6--Exfoliated cranidium, XÄ, USNM 152517, geol. sec. 8-28.

Figs. h,5,8,9---Coose11a sp. B. “
Ä--Imcomplete pygidium, dorsal surface, X7, USNM 152686, geol.

sec. 19-1.
5,8--Cramidium preservimg dorsal surface, X10, USNM 152650,

geol. sec. 15-ha (Honaker Dolomite).
9--Cranidium preserviug dorsal surface, X7, USNM 152687, geol.

sec. 19-1.

Figs. 7,10,13-16--Aweteorasgis mutica Rasetti.
7,10--Large pygidium mostly exfoliated, Xh, USNM 152713, geol.

sec. 20-hc.
13--Pygidium preserving gramulated dorsal surface, X8, USNM

152832, 1oc. 21-A.
1M-éExfo1iated free cheek, Xh.5, USNM 152772, geol. sec. 27-12b.
15,16--Cranidium partly exfoliated, X6, USNM 1527Ml, geol.

sec. 2h-18.

Figs. 11,12---Tr1crep1cepha1us sp. A. Both from loc. 1h. Cranidia pre-
serving dorsal surface.
11-—X3, USN 152817.
12--Xl.5, USN 152818.

Figs. 17-20---Meteoras£is cf. M: loisi Lochmam. A11 from geol. sec.19-1.
17-éExfo1iated cranidium, X6, USNM 152700.
18--Cramidium preserving dorsal surface, X9, USNM 152701.
19,20--Exfoliated pygidium, X6, USNM 152702.
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TRICREPICEPHALUS THOOSA

Figs. 1-15---TricrepiceEhalus thoosa (Walcott).

1--Latex peel of cranidium, dorsal surface, X3, USNM 152551,
' geol. sec. 11-22.

2--Free cheek, dorsal surface, X3, USNM 152552, geol. sec. 11-22.

3--Latex peel of cranidium, XÄ, USNM 152789, USNM Colln 29-S,
loc. 3.

M--Cranidium, partly exfoliated, XÄ, USNM 1527h5, geol. sec.
2)+-18.

5--Latex peel of ventral surface of pygidium, X3, USNM 152553,
geol. sec. 11-22.

6,9--Exfoliated cranidium showing "elbow" on posterior limb, X3,
USNM 152568, geol. sec. 10-15.

7--Partly exfoliated flattened cranidium preserved in shale,
X3, USNM 152566, geol. sec. 10-16b.

8,11--Silicified pygidium showing nature of doublure, Xh, USNM
152538, geol. sec. 9-la.

10--Pygidium, dorsal surface preserved, X3, USNM 152801, loc. 8.

12--Late meraspid cranidium showing three faint pits in anterior
border furrow, X18, USNM 152828, loc. 18.

13-15--Pygidia showing variation in granulation.

13--X10, USNM 152790, loc. 3, USNM Colln. 29-S.

11+--xu, usm 152805, loc. 12.

15--X6, USNM 152791, loc. 3, USNM Colln. 29-S.
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Plate 20

MENOMONIIDAE, NORWOODIIZDAE

Figs. 1-6---Densonel1a semele (Walcott). A11 preserving dorsal surface.
1,2,5--Cephalon, eyestalk broken, X12, USNM 152783, loc. 3,

USNM Colln. 29-S.
3--Partial cranidium, eyestalk broken, X12, USNM 15278h, loc.3,

USNM Colln. 29-S.
Ä-—Free cheek, X9, USNM 152569, geol. sec. 10-15.
6--Free cheek and part of posterior limb, showing tight facial

Suture, XB, USNM 1526M7, g€61. Sec. 15-ha (H6¤aker Dolomite).

Figs. 7,11-13-—Hardyoides maryvillensis, n. sp. Both X12 from geol. sec.
10-1, both preserving dorsal surface.
7--Cranidium, USNM
152578.11-13--Holotypecranidium, USNM 152579.

Figs. 8,1M--Norwoodia appalachia (Besser). Cranidium, preserving dorsal
surface, X8, USNM 152576, geol. sec. 10-10.

Figs. 9,10,15--Hardyoides tenera (Walcott).
9,10--Small cranidium, X12, USNM 152557, geol. sec. 10-22.
15--Larger cranidium, showing granulated surface, X12, USNM

152505, geol. sec. 7-lha.

Figs. 16,19,20--Dresbachia amata Walcott. Both preserving dorsal surface.
16--Large free cheek, ECÄ, USNM 152725, geol. sec. 22-5.
19,20--Small cranidium preserving frontal area, X10, USNM

152Ä92, ge61. Sec. 6-2u.

Figs. 17,21--Norwoodia guadrangularis (whitfield).
17--Cranidium, border missing, X12, USNM 152608, geo1.sec.1l-3Md.
21--Cranidium, border preserved, lacking posterior limbs, X12,

USNM l52h95, geol. sec. 7-37.

Figs. 18,22,26--Norwoodella halli Besser. A11 preserving dorsal surface,
all from geol. sec. 7-18.
1B--cranidium, X12, UsNM 152h96.
22--Free cheek, X8, USNM

XB, Usmm 152#98.

Figs. 23-25---Norwoode11a simplex (Walcott). A11 preserving dorsal sur-
face, all from geol. sec. ll-16. ·
23--Cranidium, X6, Usmm 15261M.
2h--Cranidium, X10, USNM 152615.
25--Free cheek, XB, USNM 152616.
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_ ·Plate 2O (cont'd)

l
Figs. 27,28--—No1~woodella saffordi (Waldott). Both exfoliated and

flattened in shale, both X6, geol. sec. 8-lhb.
27--Cranidium, USNM 152526.
28--Typical cranidium showing preglabellax field, USNM 152527. V
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Plate 21

APHELASPIS

Figs. 1-6,9-—-Aphelaspis camiro (walcott). A11 X3 except 9; all geol.
sec. 17-5; all exfoliated. °

’ 1-3-—Cranidium showing median backward curvature of border
furrow, USNM 152668.

M--Cranidium showing ornament in furrow, USNM 152669.
5--Cranidium, USNM 152670.
6--Free cheek with spine broken, USNM 152671.
9--Pygidium, posterior margin partly broken,X6, USNM 152672.

Figs. 7,8,10,11,13---Aphe1aspis tumifrons Resser. All X6, all geol.
sec. 6-86.
7--Free cheek with spine broken, USNM 152#85.
8,11--Cranidium preserving dorsal surface, showing punctate

furrow, USNM l52h86.
10--Partly exfoliated pygidium, USNM l52#87.
13--Small cranidium preserving dorsal surface, USNM 152#88.

Figs. 12,1M-21-—-Aphelaspis punctata Rasetti. A11 specimens preserving
dorsal surface.
12--Cranidium showing punctate surface, x6, USNM 152630, geol.

sec. 15-19.
1#,l5--Early holaspid or late meraspid cranidia; lh, X12, USNM

152655; 15, X10, USNM 152656, both geol. sec. 16-39.
16-éEar1y holaspid pygidium, X12, USNM 152660, geol. sec. 16-3#.
17,18-éMature pygidia, USNM 152631, 152632 respectively, both

X12, geol. sec. 15-19.
19-21--Cephalon and part of thorax, free cheeks moved slightly

from life position, X6, USN 152633, geol. sec. 15-19.
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Plate 22
0

APHELASPIS TARDA

Figs. l-15---AphelaSpiS tarda Rasetti.

1-—Cranidia in leached Silty limestone, X3, USN 1525M6, geol.
Sec. 10-29.

2,3-éExfoliated typical cranidium, XM, USNM 152591, geo1.Sec.
11-36.

M,5--Latex peel of cranidium, largelw of impreSSion of dorsal
Surface, X2.5, USNM 152628, geol. Sec. 15-21.

6-8--Cranidium with elongate glabella, preserving dorsal Sur-
face, X6, USNM 152592, geol. Sec. 11-36.

9--Latex peel of pygidium, XY, USNM 152593, geol. Sec. 11-36.

10--Pygidium, X6, USNM l52M82, geol. Sec. 6-89a.

11--Pygidium, XY, USNM 15259M, geol. Sec. 11-36.

12--Ventral impreSSion preserved in leached Silty limestone,
X3, USNM 1525MY, geol. Sec. 10-29.

„ 13--Latex peel of composite impression of complete exoekeleton,
X2.5, USNM 1525M8, geol. Sec. 10-29.

1M--Free cheek preserving dorsal Surface, x6, USNM l52M83, geol.
Sec. 6-89a.

15--Exfoliated free cheek with Spine broken, XM, USNM 152595,
geol. Sec. 11-36.
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Plate 23

PLETHOMETOPUS, BONNETERRINA, PROSAUKIA, APHELASPIS

Figs. l-5---Plethometopus convexus (whitfield). A11 largely preserving
dorsal surface, loc. 16.
1--Pygidium, XM, USNM 152820.
2--Pygidium, X6, USNM 152821.
3--Cranidium, X6, USNM 152822.
M--Pygiaium, X6, Usmm 152823.
5--Cranidium, XM, USNM 15282M.

Fig. 6---Bonneterrina ? sp. Cranidium, X8, USNM 152559, geol. sec.10-22.

Figs. 7—9---Prosaukia stosei (walcott). A11 loc. 5, Copper Ridge Dolo-
mite.
7--Free cheek, partly preserving granulated surface, X6,

USNM 152793. M
8--cra¤1a1um, X8, usum 15279M.
9--Pygidium, X5, USNM 152795.

Figs. l0-15---Aphe1aspis arses (walcott). A11 geol. sec. 5-7 except 1M,15.
A11 preserving dorsal surface.
10,11--cra¤1d1um, X8, usNM 152M78.
12--Pygiaium, X1M, UsNM l52M79.
13-—Free cheek, X6, USNM.l52M80.
1M,15--Cranidium, X8, USNM 152M8M, g661. Sec. 6-86.

Figs. 16-2M--Aphelaspis walcotti Resser. A11 except 20-22 largely pre-
serving dorsal surface.
16--Topotype cranidium, X7, USNM 152678, geol. sec. 17-1.
17--Pygidium, X5, USNM 152597, geol. sec. 11-3Ma.
18--Free cheek, spine broken, X3, USNM 152597, geol. sec.11-3Ma.
19-—Topotype pygidium, X6, USNM 152679, geol. sec. 17-1.
20-22--Topotype cranidium, exfoliated, XM, USNM 152680, geol.

sec. 17-1.
23,2M--Cranidium, XM, USNM 152598, geol. sec. 11-3Ma.

l
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Plate 2A
_ DYTRELVIACEPHALUS, ITHYCEPHALUS, CHEILOCEPHALUS

Figs. 1-7---Dytremacephalus sp. 1-5 from geol. sec. 17-5.
l-3---Exfo1iated cranidium, typical form, X6, USNM 15267h.
M,5--—Exf01iated cranidia showing wide and narrow Variations inform. ‘
A--x8, Usmm 152675.
5--X9, USNM 152676.
6,7--Exfoliated cranidium showing unusually we11—impressed gla-

bellar furrows, X7, USNM 152658, geol. sec. 16-38.

Figs. 9,10---Ithycepha1us typicalis Resser.
9--Cranidium preserving dorsal surface, X10, USNM 152M1M, geol.

sec. 7-11.
10-—Line drawing of same cranidium showing course of dorsal

furrows.

Figs. 8,11-lü,l6-22---Chei1ocephalus holochondres, n. sp.
8,12--Cranidium with poorly preserved dorsal surface, X5,

USNM 152765, geol. sec. 27-13b.
ll--Small cranidium with well-preserved dorsal surface, X8,

Usmm 152585, geol. 666. 11-A1. ·
13,1M--Small pygidium with well-preserved dorsal surface, X9,

USNM 152586, geol. Sec. 11-A1.
16,19--Large pygidium showing granulated surface, muscle scars,

and bosses on sides of axial rings, XM, USNM 152587, geol.
$66. 11-M1.

17,20--Holotype cranidium, well-preserved dorsal surface, XM,
USNM 152588, geol. sec. 11-M1.

18--Pygidium, X6, USNM 152589, geol. sec. 11-hl.
21--Small pygidium, X10, USNM 152766, geol. sec. 27-13b.
22--Large cranidium with badly weathered surface, X2, USNM

152767, geol. sec. 27-13b.

Fig. 15--—Chei1ocepha1us cf. Q. brevilobus (walcott). Latex peel of
pygidium, x6, USNM 152667, geol. sec. 16-3M.
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KINGSTONIIDAE, DUNDERBERGIA

Figs. l,2,6---Bynumia sp. Both from gool. soc. 11-9.
1--Latox pool of vomtral surfaco of pygidium, X8, USNM 152619.
2,6--Pygidium prosorving dorsal surfaco, X6, USNM 152620.

Figs. 3-5,7,9-—-Kiggstonia imflata Rossor. A11 prosorvimg dorsal surfaco.
3,M,9--Cramidium, X8, USNM 152736, gool. soc. 2h-18.
5--Crauidium, X8, USN 152770, gool. soc. 27-12b.
7--Pygidium, X12, USNM 152737, gool.soc.Figs.

8,13---Kimgstomia spicata Lochman.‘ 8--Pygidium prosorving dorsal surfaco, X8, USNM 152516, gool.
soc. 7-ll.

13--Latox pool of pygidium, largoly of vontral surfaco, X5,
USNM 152778, loc. 2.

Figs. 10,ll,1M,15---Kiggstonia walcotti Rossor. A11 gool. soc. 25-2, all
prosorving dorsal surfaco.
10,11--Cranidium, X7, USNM 152755.
lh--Crauidium, X9, USNM 152756.
15--Pygidium, X10, USNM 152757.

Figs. l2,16-23---Dumdorborgia tommossoomsis Rasotti.
12--Froo chook, prosorviug dorsal surfaco, X5, USNM 152662, gool.soc. 16-3M.
16--Latox pool of improssiom of dorsal surfaco of cranidium,Xü,

USNM 152582, gool. soc. 11-Ml. ·17,18--Cranidium, partly oxfoliatod, X5, USNM 152663, gool.
soc. 16-3M.

19,20--Crauidium, partly oxfoliatod, X6, USNM 152583, gool.
soc. 11-Ä1.

21,22--Cranidium prosorving dorsal surfaco, X8, USNM 15266h,gool. soc. 16-3h.
23--Pygidium, partly oxfoliatod, Xh, USNM 152665, gool.

soc. 16-3h.
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Plate 26
LONCHOCEPHALIDAE, CATILLICEPHALIDAE, ACBOCEPHALOPS

Figs. 1-6---Terranovella dorsalis (Hall).
1,6——Large cranidium, X8, USNM 152600a, geol. sec. ll-3Mb.
2--Cranidium, X12, USNM 152600b, geol. sec. 11-3Mb.
3--Free cheek preserving eye surface, X1M, USNM 152808, loc. 13.
M--Typical cranidium, X9, USNM 152809, loc. 13.
5--Pygidium showing punctate surface, X9, USNM 152810, loc. 13.

Figs. 7-10---we1leraspis appalachia (Besser). Both X12.
7--Cranidium, slightly flattened, USNM 152829, loc. 18.
8-10--Cranidium preserving dorsal surface, USNM 152710, geol.

sec. 20-Mb.

Figs. ll-23,25--Glaphyraspis parva (Walcott). All specimens preserving
dorsal surface.
ll,12--Cranidium with long frontal area, X8, USNM 152761, geol.

A sec. 27-13b.1 13,1M--Cranidium with short frontal area, X10, USNM 152762, geol.
sec. 27-13b. ”

15--Pygidium, X1M, USNM 15253M, geol. sec. 9-9.
16--Free cheek, gently rounded form, X10, USNM 152763, geol.

sec. 27-13b.
17--Cranidium, X16, USNM 1526Ml, geol. sec. 15-19.
18--Cranidium, X16, USNM 152535, geol. sec. 9-9.
19,23--Cranidium, X12, USNM 152536, geol. sec. 9-9.

. 20--Free cheek, strongly rounded form, X12, USNM 152682, geol.
sec. 17-1.

21--Cranidium, X16, USNM 152683, geol. sec. 17-1.
22--Cranidium, XlM, USNM 152735, geol. sec. 2M—18.
25--Pygidium, X16, USNM 15268M, geol. sec. 17-1.

Figs. 2M,29---Madarocephalus sp. Cranidium preserving dorsal surface,
X10, USNM 1530M7, loc. 5-D.

Fig. 26---Pemphigaspis sp. Cranidium, XM, USNM 1527M3, geol. sec. 2M-18.

Fig. 27---Triarthropsis limbata Basetti. Cranidium, X8, USNM 152796,
loc. 5 (Copper Ridge Dolomite).

Fig. 28---Amiaspis sp. Cranidium, X9, USNM 152726, geol. sec. 2M-18.

Figs. 30-32---Porroculus palmeri, n. gen., n. sp. Both X15, geo1.sec.6-7.
30,31--Holotype cranidium preserving dorsal surface, USNM l52M93.
32--Free cheek tentatively assigned to species, USNM 152M9M.

Figs. 33,3M---Acrocepha1o s gracilis Besser. Cranidium, X7, USNM 152529,
geol. sec. 8-5.

~ /
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Plate 27

LEIOSTEGIIDAE, LLANOASPIIDAE

Fig. 1---Ataktaspis sp. Exfoliated pygidium, X15, USNM l527OM, geol.
sec. 20-Mb.

Figs. 2,3,5---Komaspide11a laevis Rasetti. A11 XM, loc. 1M.
2--Pygidium preservimg dorsal surface, USNM 15281M.
3,5--Exfoliated cramidium, USNM 152815.

Figs. M,6---Loxoparia obliqua Rasetti. Cramidium, X18, USNM 152607,
geol. sec. 11-3Md.

Figs. 7—9---L1amoaspis climchensis (Besser). A11 X5, preserved in shale,
geol. sec. 9-lb.
7--Cranidium, USNM l525M2.
8--Cranidium, Us1~1M 15251+3.
9--Latex peel of pygidium, USNM 1525MM.

Figs. 10-12---L1amoaspis modesta Lochmam. All preserving dorsal surface.
10--Cramidium, XM, USNM 152831, loc. 19.
11——Cranidium, X6, USNM 152695, geol. sec. 19-1.
12--Pygidium, XM, USNM 152819, loc. 15.

Figs. 13-15--—L1a¤oaspis pecularis (Besser). All X6, loc. 11.
13--Partial pygidium preservimg dorsal surface, USNM 152803.

cmmidim, Usm 152801+.
Fig. 16---Llamoaspis virginica (Resser). Cramidium preservimg dorsal

surface, X12, USNM 152558, geol. sec. 10-22.

Figs. 17-20,23,2M,26,27---Genevieve11a gramulata, m. sp. All preserving
dorsal surface.
17-20---A11 X12, from Homaker Dolomite.
17--Paratype pygidium, USNM 152652, geol. sec. 15-Mb.
18,19--Holotype cramidium, USNM 152653, geol. sec. 15-Mb.
20--Partial pygidium, USNM 152651, geol. sec. 15-Ma.
23,2M--Cramidium, X8, 0sNM 15301+5, 1oc. 21-0.
26,27--Cramidium, X9, USNM 152581, geol. sec. 10-1 (Maryville

Limestone)
Figs. 21—22---Gemevieve11a modesta Lochman. Cranidium preserving dorsal

surface, X6, USNM 152753, geol. sec. 25-2.

Fig. 25-—-Genevievella sp. A. Crauidium, X13, USNM 152618, geo1.sec.11-9.

Fig. 28---Arcuolimbus sp. Cramidium, X12, USNM 152797, loc. 6.
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Plate 28

CEDARIIDAE

Figs. 1,2,M,5—--Cedaria woosteri (wnitfield). All PF@S€YV@d in
loc. 22.

2--Cranidium, X3, USNM 152609, geol. sec. 11-20.
M--Pygidium, X2, USNM l530M9, loc. 22.
5--Pygidium, X3, USNM 152610, geol. sec. 11-20.

Figs. 3,6-9---Cedaria minor (walcott). All from geol. sec. 25-2 except 9.
3--Free cheek preserving eye and dorsal surface, x6, USNM l527M9.
6--Pygidium, X7, USNM 152750.
7,8--Cranidium, X8, USNM 152751.
9-—Cranidium, flattened in shale, X8, USNM 15256M, geo1.sec.

10-16b.
Figs. 10-12-—-Cedaria tennesseensis Walcott. A11 preserved in shale,

geol. sec. 8-17.
10--Free cheek, XM, USNM 152522.
11-—Cranidium, XM, USNM 152523.
12--Posterior limb of cranidium, X2, USNM 15252M.

Figs. 13-2l---Cedarina spinosa, n. sp. Holotype and paratypes. A11 X8,
geol. sec. 7-1Mb.
13-15--Cranidium, preserving dorsal surface, USNM 152506.
16,18--Free cheek preserving eye facets and dorsal surface,

USNM 152507.
17--Latex peel, largely of ventral surface of pygidium, USNM

152508.
19--Ho1otype.pygidium preserving dorsal surface, USNM 152509.
20,21--Exfoliated cranidium, USNM 152510.
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INDEX 'I0 DESCRIPTIONS 0F TAXA

Acrocephalops, 155 Bloumtia, 122

Ä. gracilis, 155 alexas, 123

Agmostida, 8l+ bristolensis, 12l+

Agnostina, 8M montamensis, 125

Amiaspis, 103 virgimisa, 126

Amiaspis sp., 103 sp. umdet., 127

Aphelaspidimae, 88 Blmmtiella, 128

Aphelaspis, 88 alemon, 129

Ä. 90 Bloumtiinae, 120

Ä. ca1ni1*0, 92 Bolaspididae, 155

punctata, 9)+ Bonnetsrrima, 212

Ä. 95 Bommetsrriua sp., 213

Ä. tumifrons, 97 Brachiopoda, 78

Ä. walcotti, 98 Bgpumia, 115

Aphslopyge, mgen, 120 Bxgumia sp. 115

Ä. rasettii, I1•Sp•, 122 Catillicephalidae, 112

Axcuolimbus, 1M+ ce«16.1~1a, 135

Arcuolimbus sp., 1)+1+ Q. Eggä, 136
Arthropoda, 82 Q. termesseensis, 137

E

Articulata, 78 woosteri, 138

Asaphiscacea, 120 Cedariidae, 135

Asaphiscidae, 120 Cedaxima, 139

_ Ataktaspis, 237 spimosa, IMO

Ataktaspis sp., 237 Chancelloria, 77

Q. sp., 77
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. Chaucelloriidae, 77 7 Dik0l00@Ph¤l¤008, 88

c11e11¤cepha11aae, 232 Dl‘0Sb&0hi&. 160

Cheilocéphalus, 232 _a._£a.__}_;Q, 161
- cf. Q. brevilobusl, 233 V

·
Dunderbergia, 131

Q. hOlOChO1'lÖ.I‘€S, 11. sp., 231+ tennesseensis, 131

C00s6·116., 171+ Düremacephalus, 133

C00ss116. sp. A, 175 Dytremacsphalus sp., 133

C00ss11a sp. B, 177 Elviniidae, 131

Coosia, 178 Genevievella, 11+1+

Q. calemus, 179 granulata, 11+5

Q. 1~6b11S+;a, 182 Q. m6«1esm, 11+7
Q. superba, 183 sp. A, 11+8

Coosina, 186 Glaphylaspis, 103

Q. 186 Q. 101+
Q. 8.1~1s18¤, 187 163

Crepicephalidas, 171+ Q. margillemsis, 161+

Crepicephalus, 189 Q. QQQQQQ, 166

· Q. brevis, r1.sp., 197 Heteractiuida, 77

Q. Ql_1g;j_1_, 200 Hyalosponges., 77

Q. cf. convergeus, 202 Illaenina, 21+7

Q. micgng, 2Ü3
1

I1‘J.8.I‘1.'.1C1ll8.1'.&.,Q.

rectus, 205 . Ithycephalus, 239

Q. scissilis, 208 typicalis, 21+0

De11s0r1e11a, 157 Kigstonia, 115

Q. 158 inflata, 116



1+67
1

Kiggstouia 62106.86., 117 Mary;/11112, 129

Kigstomia walcotti, 118 _ ggg, 130

Kingstoniidae, 115 Menomoniidae, 157

Kochasgis, 2113 ‘ ·
Meteorasgis, 222

Kochasgis sp., 2113· H. cf. g. 1gj_1, 223 '
Komaspidacea, 131 9

l
H. 2211

Komasgidelld, 238 Modocia, 213

g. 238 . g.? 211+
Kcrggnostus, 86 __ ° g. crassimarginata, 215

”

g. 21+19121;, 86 g. 21889282, 217
Leiostegiacea, 232

U
· M011usc6., 79 9

Leiostegiidae, 237 Momoplacophora, 79

Llemoaspididae, 1113 V Norwoodella, 167
_

Llanoaspis, 11+9 167

' L„.Cl1I1Ch€I1S.1S, 151 H. saffordi, 168
modesta, 151 ' 9 H. simglex, 168

Y
1_._. peculiaris 152 Norwoodia, 169

L. virginica, 153 H. agpalachia, 170
1

L0r1chocepha1ida.e,·-103
”_

H. guadrggularis, 171

Loxogaria, 21111 ' · Norwoodiacéa, 155
'

g. 8811922, 21111 NOI’WOO(111(18.€, 163
' Madaroceghalus, 112 Pagodiidae, 239

Mada1•oceEha1u6 sp.,112 Palaeacmaea, 79

Marjuhxiacea, 173
l

Palaeacmaeidae, 79

Marjumiidae, 212
In

Pemghigasgis, 113 ‘
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Pemphigaspis sp., 113 Talbotima, 219

P1eth0met0pus, 2M7 Q} subdita, m. sp., 219

E. comvexus, 2Ä7 Terramovella, 107 .

Plethopeltidae, 2h7 2. dorsslis, 108

Porifera, 77 Triarthropsis, 11h

Porroculus, n. gen, 105 Q, limbata, 11h

Q. palmeri, n.sp., 107 Tricrepicephalidae, 222
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8
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Shickshockia, 217

Shickshockia sp., 218

S01en0p1euracea, 103

Spimagmostidae, 86



ABSTRAGT .

The paleontology and stratigraphy of the Nolichucky and adjacent
'

formations in the region from Giles and Montgomery counties, Virginia,

to the latitude of Knoxville, Tennessee, is described from 27 measured

sections and 22 isolated localities. Over 3,600 fossil specimens were I

collected and identified. The faunas range from late Middle Cambrian

(Bolaspidella Zone) to late Upper Cambrian (Trempealeau), but the majori-
V

ty are of Dresbachian age. Trilobites are the most common faunal element '

with M8 genera and 85 species represented. Two new genera and eight new
‘

species are described.
‘

The late Middle Cambrian fauna occurs in the Nolichucky and Maryvilieg

formations and includes species of Acrocephalops, Kochaspis, and Modocia.

The Dresbachian fauna contains representatives of the Cedaria,

Crepicephalus, and Aphelaspis zones and is restricted to the Nolichuckyi”

except for two localities where the Cedaria Zone occurs in the Honaker

and Maryville formations. The Dresbachian trilobite fauna includes the

following genera: Amiaspis, Aphelaspis, A€aktaspis,Arcuolimbus, Blountia,

Blountiella, Bonneterrina, Bynumia, Cedaria, Cedarina, Cheilocephalus,

Coosella, Coosia, Coosina, Crepicephalus, Densonella, Dresbachia,

Dunderbergia, Dytremacephalus, Genevievella, Glaphyraspis, Hardyoides,
·

Ithycephalus, Kingstonia, Komaspidella, Kormagnostus, Llanoaspis, Lgxo-

paria, Madarocephalus, Maryvillia, Meteoraspis, Modocia, Norwoodella,

Norwoodia, Pemphigaspis, Pseudggnostina, Shickshockia, Talbotina, Terra-

novella, Tricrepicephalus, "Uncaspis", and.Welleraspis. In addition the

Dresbachian fauna includes the molluscans, Palaeacmaea and Proplina, the _



sponge Chancelloria, inarticulate brachiopods, and one articulate

brachiopod.
8

No Franconian faunas were identified.

Trempealeauian trilobites were collected from two formations. The

top of the Copper Ridge Dolomite near Blacksburg, Virginia, contains

Tellerina, Prosaukia, and Triarthropsis. The Conococheague Formation

near Damascus, Virginia, contains Plethometopus convexus 580 feet above

the Crepicephalus Zone.

l The Nolichucky Formation is predominantly limestone and shale with

abrupt lateral gradation into silty dolomite or pure limestone in some

areas.
“ Northwest of the Pulaski Fault near the southwest margin of the re-

gion in Tennessee, the Nolichucky is nearly 900 feet thick and consists .

of limestone and shale representing the Bolaspidella through Aphelaspis

zones. The formation thins and the base becomes younger northeastward

to Bland County, Virginia, where the Nolichucky is l50 feet thick and ·

includes only the Crepicephalus and Aphelaspis zones. In Bland County

the Cedaria Zone is contained in the underlying Honaker Dolomite. North-

eastward from Tazewell and Bland counties, Virginia, the Nolichucky thins

to about 50 feet of silty dolomite, containing at its northeasternmost

outcrop only the upper part of the Crepicephalus Zone.

Southeast of the Pulaski Thrust, in Washington County, Virginia, the

Nolichucky is represented by l50 feet of oolitic limestone which is under-

lain and overlain by dolomite and which contains the upper part of the

Crepicephalus Zone. This same oolitic limestone is recognizable to the



southeast as part of the typical Nolichucky.

The Nolichucky Formation was deposited during a single transgressive—

regressive cycle, beginning in Bolaspidella time and reaching maximum

transgression in late Crepicephalus time. The Maynardville Limestone,

here considered the uppermost member of the Nolichucky, was deposited

during the regressive phase in Aphelaspis time.
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