THE HELDERBERG GROUP OF PARTS OF WEST VIRGINIA AND VIRGINIA

By Frank McKim SwarTz?

INTRODUCTION

Although 90 years has elapsed since W. B. Rogers ?
first described the Paleozoic rocks of the Virginias, our
knowledge of the more exact stratigraphic and paleon-
tologic features of these beds is still relatively meager,
at least when compared with the more extensive data
gathered concerning the equivalent strata in the States
to the north. The geologists concerned in the prepara-

tion of the folios of the Geologic Atlas covering this

subsequent visits to Virginia have made possible some
additions to the original manuscript; particularly with
respect to the area south of the New River, which was
visited with Charles K. Swartz during the summers of
1926, 1927, and 1928, in connection with a study of’
the Silurian deposits of that area.

The investigation was limited to a study of the devel-
opment, in the Virginias, of the sediments that form
the basal portion of the Devonian in this region and.
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region * and of the State publications * have not, on
the whole, been permitted time to make very detailed
studies of these phases of their problems.

The present report is based on work done in the
field during the summers of 1924 and 1925. Much of
the laboratory work was completed and the report

was originally written by the end of 1925. Several -

! Ponnsylvania State College.

? Rogers, W. B., Virginia State Geologist Rept. for 1837, reprint, pp. 195-203,
New York, D. Appleton & Co., 1884. .

$ Darton, N. H., U. 8. Geol. Survey Geol. Atlas, Folios 14,28, 32, 61, 1895-1899.
Campbell, M. R., idem, Folios 12, 26, 44, 59, 1894-1899.

¢ Virginia Geol. Survey Bull. 114, 1909; Bull. 23, 1922, West Virginia Geol. Sur-
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that constitute the Helderberg group, in the sense in
which that term was used in the Maryland Geological
Survey’s report on the Lower Devonian. The strata
concerned are here recognized as divisible into the
Keyser, Coeymans, New Scotland, and Becraft lime-
stones, named in ascending order. The relations of
the Shriver chert have also been considered, as it
seems to me probable that that formation is essentially
equivalent to the Becraft limestone, at least as the
Becraft is developed in Maryland and Virginia. The
underlying Tonoloway limestone and the overlying

Oriskany deposits were examined and roughly meas-
27
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ured, as they are involved in delimiting the Helderberg
in the several sections.

Figure 5 indicates the relations of the formations as
I would interpret them and compares the grouping
used here with that of Darton and Campbell in the
folios of the Geologic Atlas.

The area covered by the investigation was of neces-
sity limited to that in which the Helderberg group
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Helderberg beds pass beneath the nearly horizontal
higher Devonian and Carboniferous beds, except
where brought up locally, as by the Browns Mountain
anticline, near Frost, W. Va. The general extent of
the belt is indicated by the distribution of the sections
visited, as shown in Figure 6.

After an examination of the section at Keyser,
W. Va., described in the Maryland report,® the Helder-

SECTIONS DESCRIBED

1. Near Petersburg, W. Va.
2. About 4 miles west of Wardensville, W. Va.
3. Gap ?f Trout Run about 3 miles south of Wardéns-

4. antt‘e, Gap; Little North Mounmn, near Marl.

5. Big Mountain, W. Va.
6. Near Franklin, W. Va.
7. Near Fulks Run, Va.
8. Strait Creek, Va.

9. Near Monterey, Va.
10. Little Mountain, Va.
11. Near McDowell, Va.
12 South of Bolar, Va.

13. Back Creek Mountain, west of Warm Springs, Va.
14. Dry Run,"east of Warm Springs, Va.

15. Bells Valley, Va.

16. Gap west of Hot Spnngs, Va,

17. Gap west of Healing Springs, Va.

18. Near Clifton Forge, Va.

19. Price’s Bluff, near Gala, Va,

20. Hollybrook, Va, .
21, Rocky Gap, Va. S
22. Cove Mountain, near Wytheville, Va.

23. Tumbling Creek, near Saltville, Va.
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FIGURE 6.—Index map showing area in West Virginia and Virginia covered by investigation of Helderberg group

crops out. This group is brought to the surface, in
the Virginias, at many points along the belt of moun-
tain ranges lying between the Shenandoah Valley and
its continuations, on the southeast, and the Allegheny
Front, on the northwest. Southeast of this belt the
Helderberg and even the underlying Silurian have been
removed by erosion, except where they are preserved
in the syncline of Massanutten and the associated
mountains east of Woodstock. To the northwest the

berg strata were followed, with frequent sectioning,
southward to Clifton Forge, Va., a distance of about
130 miles. Beyond this point it was difficult to obtain
exposures, and no satisfactory sections were seen be-
tween the Clifton Forge area and Hollybrook, Va.
. Farther south sections near Wytheville, Saltville, and
Big Stone Gap, Va., and Sneedsville, Tenn., were
visited. At these localities the Keyser is definitely
s Maryland Geol, Survey, Lower Devonian, p, 133, 1913,
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absent, and there i§ some uncertainty as to the exact

equivalency of the sandstones that form the basal

portion of the Devonian.

KEYSER LIMESTONE

CHARACTER AND THICKNESS

At Keyser, W. Va., the type locality, the Keyser
formation consists of a series of limestone beds 281 feet
thick (see fig. 7), which are blue and very nodular
below, more massive toward the middle, and rather
shaly above. The upper portion resembles the
Tonoloway somewhat in lithology and in the presence
of Tentaculites gyracamthus and several ostracodes.
The formation is underlain by the Tonoloway lime-
stone, which is fine grained, thinly laminated, and spar-
ingly fossiliferous—features which it was found to
maintain, on the whole, at least as far south as Sneeds-
ville, Tenn., where its lithology and fauna were identi-
fied. The Keyser is overlain by the Coeymans lime-
stone, which is massive, crystalline, and highly
crinoidal and carries characteristic fossils. This forma-
tion undergoes no essential lithologic changes as far

south as Clifton Forge, Va., but its development-

farther south is questionable. The Keyser is thus
limited, in much of the area investigated, by two well-
defined formations. .

At Petersburg, W. Va., the Keyser is 271 feet thick
and consists of three well-defined members—an upper
and a lower limestone and an intervening shale. The
lower limestone is mostly heavy bedded and very
nodular and aggregates 93 feet in’ thickness. The
lowest beds, however, are somewhat shaly, and at
55 to 70 feot above the base there is a massive crinoidal
and crystalline unit, overlain by a 13-foot concealed
interval. The middle member is a calcareous shale,
about 34 feet thick at Petersburg but thickening
somewhat southward, replacing the upper beds of the
underlying limestone, so that it finally rests upon the
crystalline limestone noted above. This shale mem-
ber is here named Big Mountain shale member, from
exposures on Big Mountain, Pendleton County,
W. Va. The upper limestone member carries massive
and purer beds below, is more impure’above, and is
144 feet thick. The three members described above
are maintained southward to Warm Springs, Va.

As will be seen from Figure 7, there is little change
in the thicknesses of these members, except as already
noted for the shale, as far south as Bolar, Va. In the
upper half of the upper limestone member there is,
however, a well-marked variation.from the impure
phase seen at Keyser and Petersburg to a massive,
purer, generally crystalline phase, well exhibited in
the section west of Franklin, W. Va. The change in
the character of the sediments is also reflected by
changes in the fauna, including the disappearance of
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Tentaculites gyracanthus and of the ostracodes, seen
at this horizon not only at Petersburg and Keyser,
W. Va., but also northward through Maryland and .
Pennsylvania into the equivalent so-called Manlius
limestone of New Jersey, which is considered by E. O.
Ulrich and other geologists to be of Lower Devonian
age and younger than the typical Manlius of Now
York; and the appearance of small varieties of
Camarotoechia altiplicata and Spirifer perlamellosus,
neither of which occurs below the ‘Coeymans farther
north.

Greater changes occur south of Bolar, Va. These
include a marked thinning of the formation as a whole,
the tonguing out of the Big Mountain shale member,
the development of a heavy calcareous sandstone,
seemingly equivalent to the lower half of the upper
limestone member, the entire Big Mountain shale
member, and the upper part of the lower limestone
member. * Thus.in the section at Clifton Forge, Va.,
the lower limestone member is represented lithologi-
cally by only about 15 feet of somewhat sandy lime-
stone, which retains the nodular character and the
fauna of the lower Keyser as seen farther north; the
Big Mountain shale member has disappeared as such;
the bulk of the Keyser is formed by 66 feet of largely
massive, unfossiliferous sandstone, here named the
Clifton Forge sandstone member; and the overlying
34 feet of massive limestone seems to represent only
the upper part of the upper limestone member as seen
farther north.

The Keyser was not seen south of Gala, near Clifton
Forge, Va. It is definitely absent in the sections near
Saltville and Big Stone Gap, Va., where limestone of
Tonoloway lithology and fauna was scen in contact
with calcareous sandstones that are not older than the
Coeymans. The Keyser is probably absent at Holly-
brook and Rocky Gap also, although there are at those
places concealed intervals of about 90 and 40 feet,
respectively, between the exposures of the limestone
of Tonoloway age and the Coeymans or younger beds.
(See fig. 8.)

The Keyser also thins decidedly toward the eastern
border of the belt of outcrop. Thus at Wardensville,
W. Va., about 22 miles east of the Pétersburg section,
the entire interval between the Tonoloway and the
Ridgeley sandstone is only 200 to 215 feet, as compared
with 271 feet for the Keyser alone at Petersburg.
The beds of the lower hali of this interval are well
exposed west of Wardensville, where the Merista typa
subzone of the middle Keyser (No. 6, fig. 7) is 80'to
95 feet above the base. The higher beds are largely
concealed in both of these sections, but the presence
of considerable cherty material carrying some ques-
tionable New Scotland fossils, found loose about 160
feet above the base of the western section, indicates
that the Keyser is possibly not over 150 feet thick here.
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The Keyser is comparatively thin throughout the
mountains bordering the west side of the Shenandoah
Valley, as far south as Bells Valley, Va. Thus at
Fawcetts Gap, in Little North Mountain, about 8
miles southwest of Winchester, Va., the Keyser is only
about 50 fect thick and is overlain by a massive lime-
stone carrvying Spirifer macropleurus, Dalmanella per-
elegans, and other New Scotland fossils. In this section
the Keyser is composed entirely of limestones, which
ave chiefly nodular in the middle and lower portions.
Fossils are rare. The Keyser can also be seen at
Paddys Run, Va., where the lower beds carry Chonetes
jerseyensis and Uncinulus converorus. As the upper
limits of the Keyser were not determined here, its
thickness is uncertain. At Fulks Run, Va., the
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here also, and those seen are of little aid in correlation.
The sandstone and shale of the lower half of the
formation are roughly equivalent to the Big Mountain
shale and Clifton Forge sandstone members and, like
the ripple-marked shale developed at the top of the
Keyser, are indicative of shore conditions.

The most easterly occurrence of the Lower Devonian
in the Virginias is found in the Massanutten Mountain
syncline, where the upper Silurian and Lower Devonian
limestones are well exposed in the vicinity of Seven
Fountains, Va. The lower portions of these limestones
are definitely of Wills Creek and Tonoloway age, but
the relations of the upper portion are uncertain.
Fossils are scarce, and the distinctive forms of the
Helderberg of the more westerly sections are absent,
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way ago, tho conglomerate of Helderberg age, the cherts of Oriskany (?) age, and the greenish post-Oriskany sandstone as seen at Hollybrook, Va., constitute what

M. R. Campbell termed the Qiles formation in folios of the Geologic Atlas

Keyser seems to be about 160 feet thick and is over-
lain by the New Scotland containing Spirifer macro-
pleurus. Merista typa occurs in the middle of the
Keyser at this locality, and Chonetes jerseyensis was
observed near the base. The Big Mountain shale
member is present at this locality, below the Merista
typa zone. There is a concealed interval below the
New Scotland, which may be occupied in part by the
Coeymans, so that the exact thickness of the Keyser
is uncertain, although it is in the neighborhood of
160 feet. The lower part of the Keyser was also seen
at Brocks Gap, near by.

At Bells Valley, Va., east of the Warm Springs sec-
tions, the Keyser has a possible maximum thickness of
141 feet, of which the lower 34 feet is concealed and
may belong with the Tonoloway. Fossils are rare

although lithologically these upper beds suggest the
Helderberg rather than the Tonoloway. The Oriskany
is apparently absent in this area. Further work will
be required in this district before exact correlation can
be attempted.

FAUNA

On the whole, the Keyser is abundantly fossiliferous,
in the Virginias as in Maryland. A list of the fauna
occurring in the Virginias will be found in the table
on pages 35-37.

One of the most interesting features of the Keyser
is the development of a considerable number of marked
faunal zones, which can be traced for many miles. In
this region, as in Maryland and Pennsylvania, two
main zones can be recognized. The lower one is char-
acterized by an abundance of Chonetes jerseyensis; the
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upper one lacks that form and in the Maryland report
was termed the Favosites helderbergiae zone, because of
the abundance of the variety praecedens which it con-
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stricted vertical range, can be recognized in the Virgin-
ias. Figure 7 and Table 1 show the occurrence of the
subzones in the sections studied and their relations to the

tains. Fourteen subzones, based on species of more re- | subzones established for Maryland and Pennsylvania.
TABLE 1.—Faunal zones and subzones of the Keyser limestone
' Favosites helderbergiae var. praecedens zone
Pennsylvania Maryland ‘West Virginia-Virginia

17. Leperditia subzone. 14. Leperditia subzone. 14. Spirifer vanuzems var. prog-

. 13. Stromatopora reef. nostticus and Whatfieldella Camarotoechia cf.
’ prosseri subzone. C. altiplicata
16. Tentaculiles subzone. 12. Tentaculites subzone. 13. Tentaculites subzonc. and
15.. Stromatopora reef. ° 11. Lower Stromatopora reef. : Nucleospira ven-

1
Rensselacria mutabilis sub-!

14. Rensselaeria mutabilis subzone. 10. Rensselaeria mulabilis subzone. | 11. tricosa subzone.
- . zone.
13. Pholidops ovata subzone. 10. Meristella praenuntia subzone. -
12. Lower Leperditia subzone. 9. Petersburg Stromatopora reef.
11. Coral subzone B. 9. Keyser coral reef. 8. Coral subzone, with Cladopora rectilineata.
10. Spirifer vanuxzems var. subzone.
Chonetes jerseyensis zone
AY

9. Calymene camerala subzone. -
8. Bryozoan subzone. 8. Bryozoan subzone. 7. Bryozoan subzone.

6. Merista typa subzone.

5. Camarotoechia gigantea subzone.

. Gypidula coeymanensis var. sub- | 7. Gypidula coeymanensis var. sub- | 4. Gypidula coejymanensis var. subzone.

zZone.
Dalmanella clarki subzone.
. Spirifer modestus subzone.
Stromatopora subzone.

. Coral subzone A.
Rhynchospira subzone.

zone.

6. Cystid-Spirifer subzone.

= PwWRo® N

. Camarotoechia lamellata subzone.

5. Rawlings Stromatopora reef.
4. Cladopora rectilineata subzone.
2, 3. Rhynchospira subzones.

1. Warrior Mountain coral reef.

3 {Stenochisma deckerensts, Spirifer modestus, Uncinu-
lus convexorus, and Nucleospira swartzi subzone.
Cyphotrypa corrugata and Stropheodonta bipartita
. _subzones (with Rhynchospira globosa?f).
1. Whatfieldella minuta subzone.

1. Whitfieldella minute subzone: In the somewhat
shaly beds that occur at the base of the lower lime-
stone member in a number of the sections, Whil-
fieldella minuta and Camarotoechia litchfieldensis occur’
in considerable abundance. Whitfieldella minuta,
which occurs at the base of the Keyser at Keyser,
W. Va,, the type locality of the formation, seems to
be restricted to this horizon. Chaetetoid Bryozoa
are also prominent; and at this horizon at Petersburg
were found some favositid corals, which suggest
equivalency with the coral subzone at the base of the
Keyser at Warrior Mountain, Md.,

2. Cyphotrypa corrugata, etc., subzone: In the lower
part of the Keyser Cyphotrypa corrugata and Stro-
pheodonta bipartita have a nearly equivalent range,
ocecurring not only in the Whitfieldelle minuta subzone -
but continuing well up to the middle of the lower
limestone member and overlapping the range of the
species noted in the succeeding subzone. Both of
these fossils are common but are rarely profuse. Some
poorly preserved material found just above the
Whitfieldella minuta subzone has been referred with
some doubt to Rhynchospira globosa and suggests that
this is essentially the horizon of the Rhynchospira
zones noted farther north. -

3. Stenochisma deckerensis, Uncinulus convexorus,
etc.,. subzone: The nodular limestones of the lower
limestone member of the Keyser contain a faunsa
which seems to be essentially a unit, although it is
subject to facies development. Thus in the more
shaly portions of the nodular limestone in the Peters-
burg, Big Mountain, Monterey, and Little Mountain
sections Stenochisma deckerensis and Uncinulus con-
vexorus occur in profusion, with an abundance of
Atrypa reticularis and Chonetes jerseyensis; Spirifer
modestus, S. modestus vor. plicatus, and Nucleospira
swartzi are rare in these beds at Petersburg and
Monterey, although they are common to abundant
at Big Mountain and Little Mountain. In the
Strait Creek section this nodular limestone is highly
argillaceous and contains an abundance of Spirifer
modestus, S. modestus var. plicatus, Atrypa reticularis,
Chonetes jerseyensis, Nucleospira swartzi, and Dal-
manella concinna, but Stenochisma deckerensis and
Uncinulus convexorus are comparatively rare, although
the horizon seems to be.exactly that at which these
two species are abundant in the sections first men-
tioned. At Franklin, W. Va., and McDowell, Bolar, .
and Warm Springs, Va., the equivalent beds are more
massive, the nodular character being less conspicuous
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or even lacking, and although most of the above-named
fossils were found, they occur much more sparingly.
Stenochisma deckerensts, Uncinulus convexorus, Chonetes
jerseyensis, and Nucleospira swartzi were also found in
the thinning, still nodular remnant of the lower lime-
stone member of the Keyser at Clifton Forge. Uncin-
ulus convexorus is extraordinarily profuse in this lime-
stone in the section south of Wardensville, where the
other forms are rare or lacking. It should be noted
that this is one of the two horizons in the Helderberg
group at which Atrype reticularis is abundant; the other
one occurs at and above the Gypidula zone of the middle
Keyser. Similar zones of abundance of Atrypa reticu-
laris seem to be present in the Keyser of Maryland.
It would be interesting to know what conditions per-
mitted this species to flourish during the times repre-
sented by these two horizons, and what changes caused
it to be practically excluded from the Maryland-Virginia

area during the remainder of Keyser time. The Steno-
" chisma deckerensis, etc., subzone is of considerable

importance as a guide zone, because it is usually well ;
developed in the sections from Maryland to Clifton

Forge, Va.; and can, indeed, be traced through Mary-
land into central Pennsylvania. Stenochisma decker-
ensts, Uncinulus convexorus, Spirifer modestus, and
Nucleospira swartzi all seem to be restricted to these
nodular limestones of the lower Keyser. There is,
however, a very similar nodular limestone at about the
middle of the underlying Tonoloway in the vicinity
of Monterey, McDowell, and Bells Valley, Va., and
this bed also contains an abundance of Atrypa reticu-
laris and an Uncinulus that differs from U. con-
vexorus only in its slightly finer ribbing. Owing to
this lithologic and faunal resemblance these nodular
beds might be confused, but the Tonoloway zone can
readily be distinguished by an investigation of the
stratigraphic succession, as well as by the absence of
other fossils characteristic of the lower Keyser.

4. Gypidula coeymanensis var. subzone: One of the
most striking faunal zones of the Keyser is that at about
the middle of the formation, characterized by a Gypidula
forerunning the G- coeymanensis of the over-lying Coey-
mans limestone. The zone can be traced from central
Pennsylvania to Warm Springs, Va., and seems to oc-
cupy everywhere the same stratigraphic position; more-
over, the fossil is both very abundant and greatly re-
stricted in vertical range. The ventral valve tends to
stand out on weathered surfaces and is readily recog-
nized. The zone disappears south of Warm Springs,
owing to the introduction of the shore conditions
represented by the Clifton Forge sandstone member.

In Maryland and Pennsylvania the Gypidulas of this
zone have been referred to the variety prognosticus, the
separation resting largely upon the smaller size. In
‘the Virginias, particularly in the vicinity of Monterey,
the individuals of this horizon become larger, some
reaching lengths of 35 millimeters, and can hardly be

differentiated from the Coeymans material. However,
in view of some differences in the plications, I have re-
ferred these large specimens to the new variety similis.

5. Camarotoechia gigantea subzone: The species Ca-
marotoechia gigantea, which fails to the north, being
relatively rare even in Maryland, has a profuse but
stratigraphically restricted development in the Vir-
ginias, occurring only in and a few feet above the
Gypidula zone, from Petersburg, W. Va., to Warm
Springs, Va. This horizon is also that of the higher
of the two zones in which Atrypa reticularis is abun-
dant, as noted in the description of the Stenochisma
deckerensis zone. Atrypa reticularis, however, ranges
somewhat higher than Camarotoechia gigantea.

6. Merista typa subzone: Merista typa occurs 5 to
10 feet above the Gypidula zone in the Petersburg sec-
tion, but ranges downward and mingles with both C.
gigantea and @. coeymanensis farther south. It also
occurs at this horizon in several of the sections of Mary-
land and Pennsylvania. - The zone was not found
south of Bolar, Va. Chonetes jerseyensis is of common
occurrence at this horizon.

7. Bryozoan subzone: Above the Merista typa sub-
zone in the Petersburg and Big Mountain sections was
noted a bryozoan subzone, which would seem to cor-
respond with that occurring near the top of the Chone-
tes jerseyensis zone in Maryland and Pennsylvania.
No specific determinations were made, however, and
the correlation is open to some question. ‘

8. Coral subzone, with Cladopora rectilineata: In the
section at Franklin, W. Va., Cladopora rectilineata oc-
curs in profusion some distance above the Merista typa
subzone, thus paralleling the occurrence noted by
Reeside in Pennsylvania, at about the same horizon.
This zone was also seen at Monterey and Little Moun-
tain, Va. At Little Mountain C. rectilineata is ac-
companied by an abundance of Awlopora schohariae,
Striatopora bella, and a number of other corals. Clado-
pora rectilineata is also.abundant in the upper lime-
stone member of the Keyser in the Clifton Forge and
Gala sections. It is impossible to say whether this
occurrence should be correlated exactly with that in
the Franklin-Monterey area. In Maryland C. rec-
tilineata seems to be restricted to the lower part of the
Keyser, but it occurs in both the lower and upper parts
in Pennsylvania.-

.9. Petersburg Stromatopora reef: The Stromatopora
reef that is developed at about the middle of the upper
limestone member of the Keyser in the Petersburg
section seems to be paralleled by similar occurrences
in most of the other sections southward to Bolar, Va.
The reefs in the upper limestones of the Bells Valley
and Clifton Forge sections may also be placed here
tentatively, but the exact correlation can not be re-
garded as certain. The presence of Rensselaeria muta-
bilis above this reef in the Big Mountain, Franklin,
and Little Mountain sections indicates that this reef
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is below the lower of the two reefs noted at Corrigan-
ville, in the Maryland area, which lies above the R.
mutabilis zone, 4

10. Meristella praenuntra subzone: The work done
in Maryland has shown that Meristelle praenuntia
ranges through a considerable distance, stratigraphi-
cally, in the upper part of the Keyser of that State.
In the Virginias, however, it was found only between
the Stromatopora reef described above and the overly-
ing Rensselaeria mutabilis subzone. As it occurs al
this horizon in considerable abundance and in a num-
ber of the sections, it will be assigned to this zonal
position, for the Virginias.

11. Rensselaeria mutabilis subzone: Rensselaeria mu-
tabilis has been shown to have a very definite strati-
graphic position in the upper part of the Keyser of
Maryland and Pennsylvania, and it occurs at the
same horizon in the Big Mountain, Franklin, and
" Little Mountain sections.

12. Camarotoechia cf. C. altiplicata and Nucleospira
ventricosa subzone: With the change from the more
shaly limestones of the upper part of the Keyser of
Maryland to the purer and more massive beds that
are developed at that horizon around Franklin and to
the south, Camarotoechia altiplicata and Nucleospira ven-
tricosa, both of which are present in the Coeymans
and New Scotland, range downward into the upper
part of the Keyser, where they occur in and above the
Rensselaeria mutabilis subzone. Although common
and rather persistent, the species are rarely abundant.
The zone is also occupied commonly by Schuchertella
prolifica, several species of bryozoans, and some corals.
Other forms are of rare occurrence. The Camarotoe-
chias here referred to C. altiplicata are somewhat
smaller than the typical material but are otherwise
similar,

13. Tentaculites gyracanthus subzone: The Tentacu-
lites subzone that is so characteristic of the upper part
of the Keyser in Pennsylvania and Maryland was ob-
served in the Virginias only in the section at Peters-
burg, W. Va., although it was searched for carefully
elsewhere. Its disappearance to the south is con-
comitant with the development of the more massive
and purer limestones of the upper limestone member.

14. Spirifer vanuxemi var. prognosticus subzone:
Spirifer vanuxemi var. prognosticus occurs in abun- _
dance in a zone at the very top of the Keyser in the
section at Franklin, W. Va., together with Whitfieldella
prossert and Schuchertella prolifica. As its appearance
at this horizon seems to correspond to its occurrence
in Maryland ¢ it is noted here as marking a faunal sub-
zone. Although no similar occurrence was observed
elsewhere in the Virginias, the subzone is of interest,
because it perhaps represents a higher horizon in the
Keyser than is found in most of the sections. This
conclusion is also suggested by the exceptional thick- -
ness of the upper limestone member of the Keyser,

" which is greater in the Franklin section than in the

other sections studied. The absence of the zone else-
where might be due to the presence of :the minor
hiatus that has generally been thought to mark the
Keyser-Coeymans contact.

Kloedenia smocki, the one ostracode found in the
Keyser in the Virginias, was discovered about 30 feet
beneath the top of the Keyser in the Big Mountain
section. Its presence there is of interest in that the
horizon seems to correspond to the so-called Manlius
of the New Jersey section, from which K. smocki was
originally described by Weller.

A complete list of the Keyser fauna is given in the
following table:

6 Maryland Geol. Survey, Lower Devonian, p. 404, 1913,



TaBLE 2.— Distribution of the fauna of the Keyser limestone of West Virginia and Virginia

[Note.—*r’’ represents a very closely related species]

West Virginia-Virginia

Maryland-Pennsylvania

New Jersey

Eastern New York

Western New
York

Keyser limestone

Chonetes
jerseyensis
zone

Lower limestone and
Big Mountain shale
stone member

members
Base of upper  lime-

Favosites zone

Coeymans to Becraft limestones

Keyser
limestone

Tonoloway limestone

Chonetes jerseyensis zone

Favosites zone

Cooymans to Becraft limestones

Decker limestone

Rondout limestone

So-called Manlius limestone

Coeymans to Becraft limestones

Cobleskill limestone

Rondout limestone

So-called Manlius limestone

Coeymans to Becraft limestones

Cobleskill limestone
Rondout limestone
Manlius limestone

NS R o

10.
11.
12.

. Stromatoporoidea undetermined

. Jaekelocystis hartleyi Schuchert
. Mariacrinus sp

. Dalmanella concinna (Hall)
. Rhipidomella emarginata (Hall) ___________________________________
. Leptaena rhomboidalis (Wilckens) :
. Stropheodonta bipartita (Hall)______ _ oo ___
. Stropheodonta cf. S. planulata (Hall)___.___________________________
. Strophonella keyserensis C. K. Swartz______________________________
. Schuchertella deckerensis (Weller)
. Schuchertella sinuata (Hall and Clarke)

COELENTERATA

. Cyathophyllum radiculum Rominger_ ______________________________
. Striatopora bella C. K. Swartz
. Favosites cf. F. helderbergiae var. praecedens Schuchert.

Cladopora rectilineata Simpson_ ___________________________________
Aulopora schohariae Hall_______ - _______________________________
Aulopora schucherti C. K. Swartz__________________________________

Favosites zone

ECHINODERMATA

Lower Keyser_ - - o ___
Favosites zone

BRYOZOA

Cyphotrypa corrugata (Weller) - __ _________________________________
Orthopora rhombifera (Hald) . _ ____________________________________
Bryozoa undetermined -

Lower Keyser

BRACHIOPODA
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TaABLE 2.— Distribution of the fauna of the Keyser limestone of West Virginia and Virginia—Continued

West Virginis-Virginia

Maryland-Pennsylvania

New Jersey

Eastern New York

Western New
York

Keyser limestone

_Chonetes
jerseyensis
z0ne

stone member

Lower limestone and
Big Mountain shale
Coeymans to Becraft limestones

members
Base of upper lime-

Favosites zone

Tonoloway limestone

Keyser
limestone

Chonetes jerseyensis zone

Favosites zone

Coeymans to Becraft limestones

Decker limestone
Rondout limestone

So-called Manlius limestons

Coeymans to Becraft limestones

Cobleskill limestone

Rondout limestone

So-called Manlius limestone

Coeymans to Becraft limestones

Cobleskill limestone
Rondout limestone
Manlius limestone

BRACHIOPODA—continued

. Schuchertella prolifica Schuehert-__________________________________
. Chonetes jerseyensis Weller. _ _____________________________________
. Gypidula coeymanensis var. prognostica Maynard_._________________.
. Gypidula coeymanensis var. similis F. M. Swartz, n. var______________

. Stenochisma deckerensis (Weller) . __ ______________________________._
. Camarotoechia litchfieldensis (Schuchert) - ___ ______________________
. Camarotoechia gigantea Maynard___ . ________________ . ____________
. Camarotoechia gigantea var. gigas F. M. Swartz, n. var ______________
. Camarotoechia cf. C. altiplicata (Hall) . _ _________________ P
. Uncinulus eonvexorus Maynard._______-___________________________._
. Uncinulus gordoni Maynard_______________________________________
. Unecinulus nucleolatus (Hall) _ _ _ _ ___ o __.___
. Uncinulus angulatus Maynard..___________________________________
. Rensselaeria mutabilis (Hall)____________________
. Atrypa reticularis (Linné)______________________ T ___ .. ____
. Spirifer modestus Hall. __________________________ o ____.______
. Spirifer modestus var. plicatus Maynard______ . ________________ e
. Spirifer octocostatus (Hall) . _______________________ ...
. Spirifer vanuxemi var. prognosticus Schuchert_______________________
. Spirifer perlamellosus var. praenuntius F. M. Swartz, n. var____ ______
. Cyrtina dalmani (Hall)____ ________ o ______
. Rhynchospira globosa (Hall) - __ .. o ______
. Rhynehospira formosa (Hall)_______________ . ______________________
. Nucleospira swartzi Maynard._____________________________________
. Nucleospira ventricosa (Hall)____ _________ o _____
. Whitfieldella minuta Maynard_____________________________________
. Whitfieldella? prosseri Grabau_..__.__.____________________________
. Meristella praenuntia Schuchert and Maynard___________.____________
. Meristella nasutaformis F. M. Swartz, n. sp._ ... __________________
. Merista typa (Hall) . _ . _

Lower limestone and Big Mountain shalee___________________
Base of upper limestone e __________________________________
Favosites zone ¢ e
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MOLLUSCA ! ! ! ! !

. Actinopteria cf. A. reticulata Weller______ ________ . _________ e X |eomeeaa
. Cypricardinia, lamellosa Hall_ ___________________________ . _______. e X oo
. Straparollus welleri F. M. Swartz, n. name___ __ __ ... _ ..o __.__._.__ b -G PR PR NUNURP SV NN NI MU NG PR SN FDIRN S S
. Tentaculites gyracanthus (Baton)_______________ ___________________ o] X faaa X JEURURU O N B G AU SV S -4
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. Proetus protuberans Hall_________________ RPN b2 PPN NS R P
. Calymene camerata Conrad_ .. __ __________ _____________________.__ X eaoc]eao]-aocl X
. Kloedenia smocki (Weller) _ .. . _ __ .

XX
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s Atrypa reticularis and Leptaena rhomboidalis are excluded from this analysis.‘
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CORRELATION

The essential continuity of the Keyser as & more or
less definite lithologic unit from Maryland southward
to Clifton Forge, Va., has already been demonstrated.
The continuation of the series of faunal subzones, as
shown in Figure 7 and Table 1, into the Keyser of
Maryland and Pennsylvania is of even greater impor-
tance in the more exact correlation in time of the
several horizons at which these-subzones occur. The
relationships of the fauna as a whole are given in
Table 2 and the following analysis. Atrypa reticularis
and Leptaena rhomboidalis are excluded from this and
other analyses in this paper, because of their great

stratigraphic range. _
. - Percent
Species occurring in the Keyser limestone of West

Virginia and Virginia_________________________ 54 100
Previously described - _ _ ________________________ 49 91
Occurring in the Keyser of Maryland and Pennsyl-

vania. e 43 82
Restricted to the Keyser in Maryland and Pennsyl-

vania_ - _ o _______ 27 54
Occurring in the Decker limestone to so-called

Manlius limestone of New Jersey_ _____________ 14 27
Occurring in the Tonoloway limestone of Maryland. 6 12
Occurring in the Coeymans to Becraft limestone of

Maryland, ete_ . . 16 32

Occurring in the Coeymans to Becraft limestone of
Maryland, etc., but not in the Keyser of Mary-

Forms very closely related to species occurring in

the Coeymans to Becraft limestones of Maryland,

etc., but without counterpart in the Keyser of

Maryland.__ ... 1 2

The large number of species common to the Keyser
of the Virginias and that of Maryland and Pennsylva-
nia and particularly the fact that the same species
are generally the abundant ones in both areas indicate
that the two areas were parts of one and the same
depositional basin during Keyser time. The faunal
zones recognized in these districts, as’ compared in
Table 1, also show that the upper and lower limits of

the Keyser are essentially of the same age from |

central Pennsylvania to west-central Virginia.

Ulrich,” C. K. Swartz,? and Reeside ® have concluded
that the interval from the Decker to the so-called
Manlius of the New Jersey section, as described by
Weller,” is the essential equivalent of the Keyser of the
central Appalachian area. There is some uncertainty,
at least in the minds of Swartz and Reeside, as to the
relationships of the Keyser and also of the Decker,
Rondout, and so-called Manlius of New Jersey to the
Cobleskill, Rondout, and Manlius of New York.
For further discussion the reader is referred to the
Maryland Lower Devonian report.

7 Ulrich, E. 0., U. 8. Geol. Survey Geol. Atlas, Pawpaw-Hancock folio (No. 179),
p. 8 (notes on lowest and second faunal zones of the Helderberg limestone), 1912.
8 Swartz, C. K., Maryland Geol. Survey, Lower Devonian, pp. 105-117, 1913.

9 Reeside, J. B., jr., The Helderberg limestone of central Pennsylvania: U, 8.
Geol. Survey Prof. Paper 108, pp. 193-197, 1917.
10 Weller, Stuart, Paleontology of New Jersey, vol. 3, pp. 62-80, 1903,

An interesting point in the comparison of the Keyser
and the New Jersey formations, seemingly unnoted
before, is the similarity in position of the Gypidula
coeymanensis var. prognostica subzone of the middle
Keyser, and the Gypidula (‘‘Pentamerus”) circularis
zone in the Decker. = Both zones are near the top of
the range of Chonetes jerseyensis in their respective
sections. The general variability of the Gypidulas
of the middle Keyser has been noted; in the Virginias
they are large and comparable in size, at least, to the
typical material; at the same horizon in Maryland and
Pennsylvania the Gypidulas have been separated as
the variety prognostica, chiefly because of their smaller
size. With these facts in mind it seems possible, if
not probable, that ti® Gypidule circularis of the
Decker is the stunted counterpart of the Gypidulas
of the Middle Keyser to the southwest. Evidence
suggesting less favorable environment to the north is
found in the changes going on in the fauna as a whole,
which led Reeside ! to conclude that the Keyser of
Maryland, Pennsylvania, and New Jersey was ‘‘laid
down in a basin which was connected with the open sea
in the Maryland region and was progressively restricted
northward and eastward to New Jersey.”

Dunbar ! has recently shown that the basal Devo-
nian beds of western Tennessee, composed of the Rock-
house shale and the lower portion of the overlying
Olive Hill formation, are perhaps of Keyser age. This
view is suggested because the faunas of the Olive Hill,

- as a whole, and of the succeeding Birdsong shale are

very definitely Coeymans and New Scotland, respec-
tively, whereas there is no indication of a break of
any magnitude between the Rockhouse and the Olive
Hill which might make the former pre-Keyser. The
fauna of the Rockhouse is too poor to give direct evi-
dence of the age of the formation. It is an interesting
hypothesis that the deposition of the Rockhouse shale
resulted from the same crustal movements that caused
the Virginia area to be flooded by sand and mud dur-
ing the deposition of the Clifton Forge sandstone and -
Big Mountain shale members of the Keyser. The
generally clearer water deposits of the Olive Hill might
then be equivalent to both the upper Keyser and Coey-
mans limestones of the Virginias.

COEYMANS LIMESTONE
CHARACTER AND THICKNESS

The Coeymans of West Virginia and Virginia (see fig.
9) is in general a well-defined lithologic unit, consisting,
as in Maryland, of very massive, crystalline, highly cri-
noidal limestone as far south as Clifton Forge, Va. It
is separated from the underlying Keyser by a fairly
sharp contact, the basal portion of the Coeymans

1 Reeside, J. B., jr., op. cit., p. 204.
12 Dunbar, C. 0., Stratigraphy and correlation of the Devonian of western Ten-
nessee; Tennessee Geol. Survey Bull. 21, pp. 4042, 54, 1919.

-
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being somewhat sandy, particularly toward the south.
The passage into the overlying New Scotland is tran-
sitional where that formation is a cherty limestone;
but south of Monterey, where at least the lower por-
tion of the New Scotland is highly arenaceous, the
contact as here drawn becomes clear cut. At Bells
Valley, Va., however, the New Scotland and Coey-
mans combine to form a massive mestone, which is
highly crinoidal throughout, with diagnostic New
Scotland fossils, including Spirifer macropleurus, re-
stricted to the upper 20 feet. Only 4 miles to the
north, along the same line of outcrop, at Craigsville,
the Spirifer macropleurus zone is again cherty.

At Fawcetts Gap, in Little North Mountain, near
Winchester, Va., the Coeymans is possibly absent.

39

were observed in some weathered cherty fragments in
the otherwise concealed interval just beneath the sup-
posedly New Scotland sandstones; and this zone is
possibly equivalent to the Meristella arcuata zone at
the top of the Coeymans in the Clifton Forge area.

FAUNA AND CORRELATION

The Coeymans is in general abundantly fossilifer-
ous. Gypidule coeymanensis, the most diagnostic
form of this horizon, although profuse at Petersburg,
W. Va., was found only after search in the sections
from Petersburg to Hot Springs, Va., and seems to be
entirely absent in the Coeymans at Bells Valley, Dry
Run, and Clifton Forge. The specimens from the
Coeymans in the Virginias are generally smaller than
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Keyser limestone.

Fiaurr 9.—Sections showing stratigraphy of the Cocymans and New Scotland limestones from Keyser, W. Va,, to Clifton Forge, Va., as interpreted by F. M.
Swartz. (Section at Keyser after description in Maryland Geol. Survey, Lower Devonian, p. 167, 1913)

At least, faunal evidence of its presence is lacking,
although analogy with the Bells Valley section might
suggest Coeymans age for the lower few feet of the
crinoidal limestone, which in its upper portion con-
tains Spirifer macropleurus. Because of concealment
of the interval, no data concerning the Coeymans were
available at Wardensville, W. Va., and Fulks Run,
Va.

The Coeymans seems to disappear in southwestern
Virginia, as the calcareous sandstones in contact with
the limestone of Tonoloway age at the sections near
Saltville and Big Stone Gap are most probably of
New Scotland age or even younger, although the fau-
nal evidence observed is not altogether conclusive.
At Rocky Gap, however, abundant casts of Meristella

the material from New York and New Jersey and even
from Maryland. Thus in the Virginias the Gypidulas
of the middle Keyser are both larger and much more
abundant than those of the Coeymans itself.

A very useful zone in the Monterey-Clifton Forge
area is found at the top of the Coeymans, where
Meristella arcuata occurs in considerable abundance,
together with Rhipidomella oblata and, less com-
monly, Uncinulus abruptus. This zone is just be-
neath the sandy beds placed at the base of the New
Scotland in the Bolar, Dry Run, Clifton Forge, and
Gala sections and beneath the range of Spirifer ma-
cropleurus and Dalmanella perelegans in the Monterey
and Bells Valley sections. The occurrence of this
zone about 50 feet above the base of the crinoidal
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limestone in the Monterey and Bells Valley sections is
one of the chief reasons for considering the lower two-
thirds of that unit Coeymans in age, rather than
referring the whole of it to the New Scotland.

The following analysis shows the general relation-
ships of the fauna; detsails of distribution are given in
Table 3. '

: Per cent
Species occurring in the Coeymans limestone of West
Virginia and Virginia._ .. ______________._____ 18 100
Previously described . .. ... __ . ______.___._ 16 89
Occurring in the Coeymans of Maryland, New
" Jersey, and New York__ ______________._._______ 11 68
Occurring in the New Scotland limestone of Mary-
land, ete - e 14 87
Occurring in the New Scotland of Maryland, ete.,
but not reported from the Coeymans or below__. 4 23
Occurring in the Keyser limestone (including two
closely related forms)____________________._____ 4 23

These figures would seem to indicate a closer rela-
tionship to the fauna of the New Scotland of the
Northern States than to that of the Coeymans.
That the fauna and the beds containing it are Coey-
mans is shown by the presence of Gypidula coeyman-
ensis, the most diagnostic species of the formation,
and by the absence of Spirifer macropleurus and other
_ characteristic fossils of the New Scotland, which ap-
pear in the overlying beds. Again, only one of the
four species not noted from the Coeymans or lower
horizons farther north—namely, Meristella arcuata—is

at all abundant, and in some of the sections in the

Virginias this form ranges well down into the Coey-

mans, occurring with Gypidule coeymanensis in the.
Of the other three, Platyceras |

Big Mountain section.
gibbosum is represented only by two specimens and
- should not be considered decisive; and Uncinulus
abruptus and Camarotoechia campbellana occur, in the
Coeymans, only in the topmost beds, in the Meristella

arcuatea zone of the Monterey-Clifton Forge area,.

where they are not very common. This zone is placed
in the Coeymans because it is below the range of
Spirifer macropleurus in the sections where that form
occurs, and particularly because it seems most logical
to draw the New Scotland-Coeymans contact at the
base of the Healing Springs sandstone member in the
Bolar, Dry Run, and Clifton Forge sections. The
zone seems, however, to be above the range of Gypi-
dula coeymanensis and might well be considered equiva-
lent to the beds included at the base of the New Scot-
land in Maryland, which are .below the range of
 Spirifer macropleurus. The difference in usage is, of
course, a reflection of the changes in lithology in the
‘Clifton Forge area.

The close agreements between the faunas of the
Olive Hill formation and the Birdsong shale of western
Tennessee and those of the Coeymans and New Scot-

land of the Appalachian Basin, respectively, as re-.

cently reported by Dunbar,® indicate an open sea-
way between the two areas during the time of deposi-
tion of those formations. The middle of this passage-
way was probably in West Virginia and Kentucky,
some distance west of Clifton Forge, Hollybrook, and
Big Stone Gap, as shore and land conditions seem to
be indicated in these localities.

NEW SCOTLAND LIMESTONE
° CHARACTER AND THICKNESS

No essential changes in lithology, fauna, or thick-
ness were noted in the cherty phase of the New Scot-
land from Keyser, W. Va., to Monterey, Va. (See
fig. 9.) Throughout this area the formation is a
cherty limestone, generally massive, and usually well
exposed. Here; as in Maryland, the cherts are always
white or at least light colored, even when quite fresh.
The beds immediately overlying the cherty limestone
are generally concealed and covered by débris; conse-
quently there is some uncertainty as to the extent to
which the shaly phase of the upper part of the New
Scotland of western Maryland, so classed because of
its contained fauna, is developed in the area studied.
At Monterey and to the north the upper boundary of
the New Scotland has everywhere been placed at the
top of the.exposed cherty limestone. Whether a por-
tion of the overlying beds should be included in the
formation must remain a problem for further investi-
gation. At McDowell, however, and where the
Becraft limestone is developed, the shaly phase is
definitely absent.

To the east, at Fawcetts Gap, near Winchester, Va.,
the New Scotland is represented by a crinoidal lime-
stone carrying Spirifer macropleurus. A somewhat
similar occurrence is found at Bells Valley, Va., where
8. macropleurus and other New Scotland fossils occur
in the upper 20 feet of a very massive crinoidal lime-
stone 78 feet thick. As noted in the discussion of the
Coeymans limestone, the lower 50 feet or so of this
limestone is apparently of Coeymans age. At Fulks
Run, about halfway between Fawcetts Gap and Bells
Valley and nearly along the strike line between them,
the New Scotland is again a cherty limestone; and the
Spirifer macropleurus zone is cherty at Craigsville,
only about 4 miles north of Bells Valley, and along
the same belt of outcrop. '

As has been statéd in the description of the Keyser,
it has not been found feasible to correlate definitely
the supposedly Lower Devonian limestones of the
Seven Fountains section, in the Massanutten Mountain
syncline, with the Helderberg. At least, no beds
carrying the diagnostic New Scotland or other Helder-
berg faunas were observed in this section, and the
lithologic.sequence is not sufficiently similar to that of

13 Dunbar, C. 0., op. cit., pp. 54, 62-65.
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the more western sections to permit confident corre-
lation. ’ '

South of Monterey, Va., the New Scotland becomes
highly arenaceous in its lower half, as at Bolar and
Dry Run, and finally the calcareous sandstone (in
part arenaceous limestone) entirely replaces the cherty
limestone, forming what is here named the Healing
Springs sandstone member. This sandstone contains
some fossils in the sections west of Healing Springs
and Warm Springs, including a few fragments of
Spirifer macropleurus, but it seems to be quite unfos-
siliferous at Clifton Forge and Gala.

The New Scotland may be represented in the sand-
stones below the dark siliceous cherty beds of the
Hollybrook, Rocky Gap, and Saltville sections. As
stated in the descriptions of the Coeymans, a Meri-
stella zone, possibly representing the M. arcuata of the
upper Coeymans, was found just beneath these sand-
stones at Rocky Gap. The overlying dark cherts are
unfossiliferous at Hollybrook and Cove Mountain,
where they were first studied, and I then considered
them definitely representative of the Shriver chert,
although that formation had been last seen just west
of Covington, about 70 miles to the north. Beds of
upper Oriskany or Ridgeley age were thought to be
entirely absent, as the Ridgeley is only & few feet
thick near Clifton Forge, and the chert in the Holly-
brook and Cove Mountains area is overlain by a thin
sandstone carrying an Onondaga fauna. Study of the
section on Tumbling Creek, 6 miles southwest of Salt-
ville, cast a somewhat different light upon the subject,
as the apparently equivalent cherts and some asso-
cinted sandstones seen there carry Diaphorastoma
ventricosum, Ambocoelia umbonate and a Spirifer
which is essentially 8. arenosus, although it differs
slightly in its general aspect from the typical material
of the Ridgeley sandstone farther north. Because of

the pronounced flattening of its ribs it is here named -

Spirifer arenosus var. planicostatus. The presence of
these fossils indicates late Oriskany age for the chert
and associated beds containing them and suggest rela-
tionship to the Harriman chert of western Tennessee.
Other upper Oriskany species, such as Rensselaeria
marylandice and Spirifer murchisoni of the Ridgeley
sandstone, were not observed. Charles Butts has
referred a similar but unfossiliferous chert formation
occurring near Gate City, Va., to the Onondaga, as
there seemed to be no adequate reason for separating
it from the overlying beds that carry an Onondaga
fauna. The presence of Ambocoelia umbonata gives
something of a Middle Devonian cast to the fauna
of the chert at Tumbling Creek, but it seems best to
regard the chert as being of late Oriskany age, though
possibly with deposition continuous into the overlying
Onondaga deposits.

7 e

At the Tumbling Creek section the lowest beds
containing S. arenosus var. planicostatus are underlain
by about 7 feet of calcareous sandstone in which was
observed a Rhipidomella suggestive of R. oblata and
a large Dalmanella that should probably be referred
to D. perelegans. This sandstone should probably be
correlated with the Becraft limestone, or possibly with
the New Scotland. It is underlain in turn by the
limestone of Tonoloway age.

Comparison of the sections at Hollybrook and
Rocky Gap with that at Tumbling Creek strongly
suggests that the chert of the Hollybrook-Rocky Gap
area should be correlated with that seen at Tumbling
Creek and should thus be considered younger than the
Shriver chert of the sections farther north. At
Hollybrook and Rocky Gap the chert is underlain by
about 60 feet of calcareous sandstone, the upper part
of which is somewhat conglomeratic, and contains at
both localities a profusion of the empty molds of a
cuplike crinoid fossil. Charles Butts, of the United-
States Geological Survey, examined a specimen of the:
crinoid and immediately referred it to Aspidocrinus,
suggesting comparison with A. scutelliformis Hall, of
the New York Becraft. Edwin Kirk agreed to the
generic reference but thought it was not the species
mentioned. It is here named Aspidocrinus carols.
The lower portion of the sandstone contains a few
poorly preserved fossils, including a Spirifer close to
S. cyclopterus. One fragmental cast is suggestive of
Trematospira equistriata. The sandstone may be
considered roughly equivalent to the Becraft and New
Scotland limestones, although the fauna is a poor one
for the purpose of correlation.

The similar calcareous sandstone that forms the
basal portion of the Devonian in the vicinity of Big
Stone Gap has been referred to the New Scotland by
Ulrich, although no faunal lists accompanied Ulrich’s
published section.! The fauna, so far as I observed -
it during a short visit, is not distinctively New Scot-
land; that of the upper beds 1s in fact suggestive of the
Onondaga. Further work must be done before the
correlation of this sandstone can be considered assured

FAUNA AND CORRELATION

North of Healing Springs, Va., the beds assigned to
the New Scotland carry Spirifer macropleurus and
other characteristic New Scotland fossils. These are
only sparingly present in the Healing Springs sand-
stone member but are generally profuse where the
New Scotland consists of the cherty limestone.
Streptelasma  strictum, Dalmanella perelegans, and
Meristella arcuata 'are generally very abundant.

14 Ulrich, E. 0., in Eby, J. B., The geology and mineral resources of Wise County,
Va.: Virginia Geol. Survey Bull. 24, p. 40, 1923.
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The New Scotland age of this fauna is shown by the
following relationships:

Species occurring in the New Scotland limestone Per cent

of West Virginia and Virginia _________________ 16 100
Previously described . _ _ _________ .. _______ 16 100
Occurring in the New Scotland of Maryland, New

Jersey, and New York______ e 15 94
Occurring in the Coeymans limestone of Maryland,

ebe_ e 6 38
Occurring in the Becraft limestone of Maryland, etc_ 11 68
Occurring in the Becraft of Maryland, etc., but not

in the New Scotland _ _ . . _ __ .. .. .. 1 6

Restricted to the New Scotland in Maryland, ete. 4 25

Further details of the distribution of the fauna are
given in Table 3.

BECRAFT LIMESTONE
CHARACTER AND THICKNESS

At Clifton Forge, Gala, Healing Springs, Dry Run,

and Bells Valley, Va., the interval between the New.

Scotland formation and the Ridgeley sandstone is
occupied by a limestone 100 to 120 feet thick, with
much interbedded black chert, chiefly in the lower and
middle parts. (See fig. 10.) The upper chert-free
beds are also present on Back Creek Mountain, along
the road from Warm Springs to Driscol. The strati-
graphic position of the limestone and more particularly
the presence in it of Spirifer concinnus, Rhipidomella
assimilis, and certain other fossils indicate general
equivalency to the Becraft limestone of southeastern
"New York, New Jersey, and central Maryland. This
limestone is also present farther north in Virginia,
where it was seen at Fawcetts Gap, near Winchester;
and it has been reported to occur in the vicinity of
Cherry Run, W. Va.,'s along the same general belt of

outcrop.
FAUNA AND CORRELATION

The relationships of the fauna collected from this
limestone in the Clifton Forge area are given in detail
in Table 3 and are summed up in the following analysis:

Per cent
Determined species occurring in the Becraft lime-
stone of west-central Virginia._ . ________________ 25 100
Previously deseribed._ . - . ___ 24 96
Occurring in the Becraft limestone of Maryland,
New Jersey, and New York__._.________._______ 18 72
Occurring in the New Scotland limestone of Mary-
land, ete .o . 14 56

Occurring in the New Scotland limestone of Mary-

land, etc., but not in the Becraft limestone of

those States .. ______ . 1 4
Occurring in the Ridgeley sandstone of Maryland

and the Oriskany sandstone of New Jersey and

New York__ __ . __ 9 36
Occurring in the above-mentioned sandstones but

not previously reported from lower beds....._.__ 3 12
Occurring in the Shriver chert of Maryland_.______ 2 8
Restricted to the Becraft limestone, at least in

Maryland_. - _ioo______2. 3 12

1 Maryland Geol. Survey, Lower Devonian, p. 179, 1913.

The large percentage of New Scotland survivors,
together with the absence of such typical New Scot-
land forms as Spirifer macropleurus and Spirifer
perlamellosus, is in itself very characteristic of the
Becraft; particularly as these characteristic New Scot-
land species are found in the underlying beds. Of the
New Scotland survivors, Streptelasma strictum, Edri-
ocrinus pocilliformis, and Uncinulus abruptus are
prominent in the lower part of the Virginian Becraft
but do not appear to range higher. The two speci-
mens of Phacops logani were also found in these lower
beds, as were the fragmental Rensselaerias referred to
R. aequiradiata, a species of the New York Becraft.
On the other hand, Schuchertella woolworthana ranges
throughout the Becraft, as do the new arrivals, Rhi-
pidomella assimilis, Eatonia peculiaris, and Spirifer
concinnus. '

As has been noted, the upper part of the Becraft of
the Clifton Forge area differs from the lower and middle
portions in that as a rule it is quite free from inter-
bedded black chert and is in many places massive and
highly crinoidal. It also carries a fauna that differs
somewhat from that of the lower portions, notwith-
standing the presence of the four species last - named.
This is due not only to the absence of those New Scot-
land survivors which, as mentioned above, are re-
stricted in the Becraft to its lower portion, but also to
some progressive evolution in Rhipidomella assimilis
and Spirifer concinnus, as well as to the introduction
of a number of forms with definite Oriskany affinities.

Thus Rhipidomella assimilis, although mentioned
above as ranging throughout the formation, is some-
what more abundant in these upper beds and tends to
reach a somewhat greater size, with stronger muscle
scars, so that whereas the average size of the species is
26 millimeters in length and 28 millimeters in width,
several specimens from the upper part of the Becraft
at Gala and Back Creek Mountain reach dimensions
of 36 and 40 millimeters, respectively; and the ventral
muscle scar is as much as 22 millimeters long, as com-
pared with 17 millimeters for the more typical material.
These specimens are approaching the R. musculosa of
the Ridgeley sandstone, which measures 37 milli-
meters in length and 40 millimeters in width, with a
ventral muscle scar as much as 27 millimeters long.

A similar development was noted in Spirifer con-
cinnus. Associated with the more typical members

. of that species there are commonly in these upper

Becraft beds specimens which have the same general
aspect but differ in the presence of 16 or more plica-
tions on the laterdl slope, as compared to the typical
12 to 14, and which also reach widths of 40 millimeters,
as compared to the average 24 millimeters. This
larger, more alate, and more numerously plicated form
is here named Spirifer concinnus var. progradius and is
thought to have developed out of earlier members of
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8. concinnus proper. According to Schuchert,'® some
specimens of 8. concinnus of the Maryland Becraft
also reach widths of 40 millimeters or even more; he
does not, however, mention the development of more
numerous plications. The Maryland specimens are

also more alate than those from NewYork—a condition |

that Schuchert ascribes to abrasion of the thin edges
of the valves before deposition.

In the ventral valve used as the type for Sp’mfer
concinnus var. progradius the sinus is broad and
rounded; but in several of the associated and otherwise
similar specimens the sinus is somewhat angulated and
has a very feeble plication on each side toward the
front. Similar but stronger plications were noted by
Hall in some of the New York specimens which he
included in 8. concinnus but which Schuchert ” later
separated as S. proavitus. However, as the Vir-
" ginian specimens agree more ¢closely on the whole with
the variety progradius, they are here retained in that
form.

The presence at this horizon of a number of species

with very definite Oriskany affinities is of particular
interest. The most significant of these species are
Rhynchotrema cumberlandicum, Rensselaeria subglobosa,
Spirifer angularis, Cyrtina varia, Anoplotheca flabel-
lUites, and Dalmanites sp. near D. dentatus. The rela-
tionships of this portion of the fauna are as follows:

Relationships of Oriskany species in Becraft limestone
[r, closely related species]

Lower
Becraft part of Shriver | Ridgeley
limestone,| Oriskany,| chert, |sandstone,
Maryland New |Maryland [Maryland

. Jersey

Rhynchotrema cumberlan-

dicum. o |eleo|eaoo X
- Rensselaeria subglobosa_____ X D G RIS I
Cpmfer angularis_____._____|.______{______l_______ X
rtina varia_ _____________|.______ DG IS
Anoplotheca flabellites_ _____ X |eooaaos X X
Dalmanites sp_ - . _________|.______ ‘ b I © r

Of these species, Rhynchotrema cumberlandicumisrare.
The one specimen from the upper part of the Becraft

16 Maryland Geol. Survey, Lower Devonian, p. 418, 1913.
17 Idem, pp. 418, 419, pl. 71, fig. 17.

1929

at Prices Bluff is, however, complete and quite typical.
Rensselaeria subglobosa is common in the limestones of
this horizon at Back Creek Mountain. The material
so identified is quite typical in size and in the number
and strength of the plications; but, as in that from the
Maryla,nd Becraft, the valves are somewhat less con-
vex than in the New Jersey types. Spirifer angularis
is common in several of the sections and seems to
agree rather closely with the material from the Mary-
land Ridgeley. The presence of Cyrtina waria in the
upper Becraft of Virginia pareallels the occasional
occurrence of C. rostrata in the Becraft limestone of
Maryland. As was noted by Clarke in his original
description, C. varia is very close to C. rostrata, from
which it differs in its somewhat smaller size and smaller
average number of plications. Anoplotheca flabellites,
although typically an Oriskany fossil, has been re-
ported from both the Becraft and the New Scotland
of Maryland. Finally, the trilobite listed as Dalma-
nites sp. is of interest because the several fragments of
pygidia are sufficient to show that the general shape
of the pygidium, the width of its axis, the strength,
grooving, and probably the number of the ribs, and
the general character of the ornamentation are essen-
tially those of D. dentatus. The ornamentation differs
somewhat in detail from that of D. dentatus in that
the tubercles lining the summits of the ribs are appre-
ciably more numerous and not quite so prominent—
a character which, with the granulation of the surface

.as a whole, suggests that this form was intermediate

between D. pleuroptyx of the New Scotland and Becraft
and D. dentatus of the Oriskany.

The Oriskany elements in this fauna indicate that
the upper part of the Becraft limestone -* L. _utton
Forge area is younger than the top of the Becraft in
the type area of southeastern New York. They also
suggest that there is no essential time break between
the Becraft and the Ridgeley such as there would be
if the pre-Ridgeley Shriver chert of the neighboring
sections to the north were entirely post-Becraft.
This question is considered in further detail in the
following discussion of the Shriver chert. .



THE HELDERBERG GROUP OF PARTS OF WEST VIRGINIA AND VIRGINIA

45

TaBLe 3.—Distribution of the fauna of the Coeymans, New Scotland, and Becraft limestones of West Virginia and Virginia .

Coeymans limestone

[r=very closely related form]

West Virginia and Virginia

Maryland and Pennsylvania

New Jersey and New York

] B g
3 g g
(" 8 o ™ 8 > g 8 -2
' 14 8 N by [+ 54 E @
M S Z -] M S Z ] ] 3 Z -]
BRACHIOPODA
1. Orthostrophia strophomenoides (Flall) |- .. ... ) G R X |eooaao ) S U I . X |eao-- -
. 2. Rhipidomella oblata (Hall).__._______[..__._ b, G U N E X D G IR I X X X
3. Leptaena rhomboidalis (Wilckens) .__.| X X X X X X X feeea-- X X X X
4. Stropheodonta arata (Hall) . _________[._____ D S P P NP, X D G P U, X D G
5. Stropheodonta cf. S. planulata (Hall)..| X b G IS I SO X X X |eceoaan ) G T, X
6. Strophonella punctulifera (Conrad).._[-___._. X b G PRI NN X D S R I X X X
7. Schuchertelia woolworthana (Hall).__ _|-.____ X X X |eeoo-o X X b G PO S X X
8. Gypidula coeymanensis Schuchert____| r D G PR N X D G RN R I X b G
‘9. Camarotoechia campbellana (Hall)____|_____. X |eemaos b PR, B DG FEORPRY R R X X
10. Uncinulus abruptus (Hall) .- _______[-_____ X X b G PR N X b G PR b G
11. Spirifer perlamellosus Hall...______._ r X D I I ? X demmceeoo o] X oo
12. Spirifer cyclopterus Hall____________|.._.__ X X D S P X X . X X X
13. Nucleospira ventricosa (Hall)...____._ X ) G U R X X D R PR A, X b G P
14. Meristella arcuata (Hal)____________j______ X b G [RRP NP EP X D QRN PR . D G R
15. Meristella arcuata var. gigas F. M. .
. Swarts, n. var. o oo oo |ooooo DG PSR U SROUPUP [ERUPIPIN (SIVUPIPUN, UPIUPRU RPN SR MU R
16. Meristella symmetrica Schuchert.____|-_____ D R I SR Do SN RPN AUV AN RIS OISR NP
" MOLLUSCA .
17. Platyceras gibbosum Hall ___________|______ -GN PRI IR RSO U NI NOI IO NI NI X feeeonn
18. Platyceras multiplicatum I'. M. Swartz, :
1 VR~ o T PR D, G SRS (NP SR U RORpR pIpRpIUp Ut SISV PRI
19. Platyceras trilobatum Hall__________j__.___ D G FURUUII SRR PN PRI b- G PO I I X |eecean
TRILOBITA .
20. Dalmanites pleuroptyx (Green)__.____{______ ) G U ISR, FUUPIIPN BRI, X |eeoo-o X X X feeooao
New Scotlx;nd limestone
Y ad) 2 BORIFERA
1. Hindia sphaefoidalis Duncan. .. _ | oo D N ORI USRI RUNIPIRN NN D G X X feoooo.
COELENTERATA
2. Streptelasma strictum Hall__________| _____|._____ X D G FR IO b G P X X |ecoaan
BRACHIOPODA
3. Dalmanclla eminens (Hall). . _______f._____|.____. D G ISR (U R, b G PR I ) G
4. Dalmanella perelegans (Hall)._ .. _____|______|-___.. b G [ S X D PR (P SO D G PO
5. Leptaena rhomboidalis (Wilckens)____| X X X X X X X X X X X X
6. Strophonella punctulifera (Conrad)____j______ X D N U I X D G O I X X X
7. Strophonella undaplicata C. K. Swartz (- _..__|-__"__| X | |- |-o-___ DG U NP (R IO U
8. Strophonella leavenworthana (Hall) ___|______}______ X X feoooas X b P I I X X
9. Schuchertella woolworthana (Hall)____{._____ X X b G P X X X |eaaaaa X X X
10. Uncinulus abruptus (Hall)___________[._____ X X D G PO N X D G PR SR X oo
11. Spirifer perlamellosus Hall_. ________. r X D G TR I ? D G T I X > G
12. Spirifer cyclopterus Hall_ __________ ol SO X X. D G T X X X Jeceoen X X X
13. Spirifer macropleurus (Conrad).__.___| _____|._____ DG PRI U P, D G PR U X |eeooo.
14. Trematospira equistriata Hall and :
Clarke. .- oo ool b G S SO R, D G IS RS IR ARSI N
15. Meristella arcuata (Hall) . - ________[._____ X DG I S EOTP, X D G R X feceoaa
16. Meristella lata (Hall).___-______ |- __|-_-__- X b G RSO IR F X D R MU SRS AP
MOLLUSCA
17. Platyceras gebhardi Conrad_________|._____{._____ X D G W S X . D X | X
61455°—30——4
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TaBLE 3.—Distribution of the fauna of the Coeymans, New Scotland, and Becraft limestones of West Virginia and Virginia—Continued

Becraft limestone

West Virginia and Virginia Maryland and Pennsylvania New Jersey and New York
E E E
@ o3 3
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8 g < i 8 g S 8 S g e £
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COELENTERATA
1. Streptelasma strictum Hall______.___|_____| _____ X D R I ) PO X X X
ECHINODERMATA
2. Edriocrinus pocilliformis Hall__ - __ ___| | _____|-.___- D G PR U X D G IR N X X
‘
BRACHIOPODA
3. Rhipidomella assimilis" (Hall) . ________| _____|._____|-.____ ) G R . O P D G P I X X
4. Leptaena rhomboidalis (Wilckens)____| X X X X X X X X X X X X
5. Strophonella leavenworthana (Hall) ___{______{______ X D G X b G PR (SRR IR X X
6. .Schuchertella woolworthana (Hall)____|_____. X X D PO X X D N PO X X X
7. Schuchertella becraftensis (Clarke)-___|. .| _____j-—__.. b G RPN IR AR R D G PSRN SIS
8. Rhynchotrema cumberlandicum :
(Rowe) - - o oo e D PRI SRR (SRURIP U DG [ (R
9. Camarotoechia campbellana Hall______|______ D G S D G PN N D G R I X X
10. Camarotoechia praespeciosa Schu-
chert . || ) R IR D G R ISR SUIPIPR I o
11. Uncinulus abruptus (Hall) . _ _________|._____ X X D N R D G PG P I, X eoaoo-
12. Uncinulus pyramidalis (Hall)_________| _____|_____|-_____ DG RS I U NS . X D G S
13. Uncinulus vellicatus (Hall)_-___ - ____ | __ | ____|-_____ )G P X D G P X X
14. Eatonia peculiaris (Conrad)_________|o_____|[._____{-_____ D G P X X b G b G
15. Rensselaeria cf. R. aequiradiata (Con— .
rad) | b G PR FEURUNRRN EUNPRR (PRSI AU R H, X
16. Rensselaeria subglobosa (Weller) - oo oo o|oe oo D G PR R R, D G PR SR R AU
17. Spirifer concinnus Hall _____________| . | _____|-..__. b G PR U N DS PR R X
18. Spirifer concinnus var. progradlus F.
M. Swartz, n. var._ - _______|______|______|._____ b G PR (RN FUNRDUNR USRS SRR PSS SR SR
19. Spirifer cyclopterds Hall. ___________[ _____ X X D G P X X X feoooos X X X
'20. Spirifer cf. S. angularis Schuchert_.___|._____|______ | _____ b PR RV EUIP DS FUUR I
21. Spirifer sp. _ . . __ || .. D RN PR (N SSIU NN S FRRRIUN (RUUUIEN U
22. Cyrtina varia Clarke. . __ | __.|o_____j-_____ D < P R r | S PRI IR
23. Anoplotheca flabellites (Conrad)__ . .__|._____i______|-.____ D A PN U X X b < IR NN I
24. Meristella lata (Hall)_______ . ______|..o___|-_____ X D G PR I X DG N IR
MOLLUSCA
25. Platyceras gebhardi Conrad. ... _|._____[._____ X X e X |eoeaos D X X
TRILOBITA ,
26. Phacops logani Hall . ______________ | oo __|ooo .l X |ecoooo|eoooas D G P P E . X X
¢7. Dalmanites sp-- - - - |emee oo D < P FEUNORRIUION S A S R FEURURUIRIUY SRR N
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SHRIVER CHERT

From Cumberland, Md., to Monterey, Va., the New
Scotland is overlain by a siliceous shale with much
interbedded black chert, containing few fossils. In
the Virginias the shale is generally subordinate to the
bedded chert. The shaly chert is in turn overlain by
the Ridgeley sandstone, carrying the characteristic
Spirifer arenosus fauna, and is thus the southward
continuation of the Shriver chert, so named from Shri-
ver Ridge,”® near Cumberland, Md.

The stratigraphic position of the Shriver chert is ap-
parently the same as that occupied in the Clifton Forge
area by the Becraft limestone. The conditions are
similar in Maryland, where the Becraft lies between
the Now Scotland limestone and the Ridgeley sand-
stone in the exposures of the Lower Devonian east of
Hancock; whereas at Hancock and westward to Cum-
berland the Becraft is absent, and the New Scotland-
Ridgeley interval is occupied by the Shriver chert.
In Virginia, at least, the displacement of the one litho-
logic unit by the other is relatively abrupt, the Shriver
chert and the Becraft limestone appearing in full thick-
ness and more or less typical development in sections
less than 20 miles apart.

Although no section containing both formations was
known, Schuchert,’® Stose and Ulrich,® and C. K.
Swartz * considered the Shriver chert to be of lower
Oriskany age because the Shriver seems to thin some-
what in the vicinity of Hancock, and, more particu-
larly, because of the following faunal relationships:

‘Species occurring in the Shriver chert of Maryland.. .. _._.- 28
Previously deseribed... ... __.__ e mmmmmmm e mmmmmem 11
Occurring in the Becraft limestone or older formations of
Maryland and New York. .o ________._.__ 6
‘Oceurring in the lower part of the Oriskany sandstone of
New York. . i 9
‘Occurring in the Ridgeley sandstore of Maryland._..._.__. 8
‘Occurring in the Ridgeley sandstone of Maryland and the
Oriskany sandstone of New York. .- _ . ____._.. 11
Oceurring in the last-named sandstones but not in the Be-
eraft or below. ... 5

The outstanding features of the faunal relationships
indicated above are the large proportion of species
known froni only the Shriver chert, the lack of agree-
ment with the fauna of the Becraft, and the apparent
affinity to the fauna of the Oriskany sandstone rather
than to that of the Helderberg.

A more detailed analysis of the fauna places a some-
what different aspect on the problem from that given
by the above figures. Taking the five species cited
above as occurring in the Ridgeley and other Oris-
kany sandstones but not in the Becraft or below, we
find that two of these—Spirifer arenosus and Diaphora-
stoma desmatum—are represented in the Shriver by but

18 Swartz, C. K., Maryland Geol. Survey, Lower Devonian, p. 91, 1913.

1 Schuchert, Charles, U. S. Nat. Mus. Proc., vol. 26, p. 422, 1903,

2 Ulrich, E. 0., in Stose, G. W,, U. 8. Geol. Survey Geol. Atlas, Pawpaw-Han-
cock follo (No. 179), p. 9, 1912, .

2 §wartz, C. K., Maryland Geol. Survey, Lower Devonian, pp. 121, 122, 1913,

one known specimen each, and that there is some doubt
as to the identification, at least of the Diaphorastoma.
A third form, Schuchertella becraftensis, is also very
rare; furthermore, one specimen from the Becraft of
Virginia seems to be referable to this species. Meri-
stella lentiformis is abundant in many places and is more
definitely indicative of Oriskany relationships; even
s0, the Shriver chert material is consistently smaller
than that of the Ridgeley sandstone. The citation of
Chonetes hudsonicus from the New Scotland of New
York is questionable; although not included in the
above list, this seems to- be definitely an Oriskany
species and is abundant and typical in the upper part
of the Shriver chert. The Shriver species Beachia
suessana var. immature also suggests the Oriskany.
It should furthermore be noted that none of the species
common to the Shriver and to the Becraft or lower
formations is distinctively Helderbergian. The fauna
is then suggestive of the Oriskany, though not dis-
tinctively so.

Of greater significance is the fact that the composi-
tion of the Shriver chert fauna is not what would be
expected in a typical marine deposit of Lower De-
vonian time. Thus of the 28 described species, 11
are ostracodes, of which 10 are known only from the
Shriver, 14 ‘are brachiopods, and 3 are gastropods—
including 2 species of Tentaculites. The nonostracode
fauna is thus small, in number of species as well as in
individuals. Furthermore, the corals, Pelmatozoa,
Bryozoa, and trilobites are notably absent, and the
brachiopod fauna itself is strikingly defective in the
absence of the Lower Devonian genera Dalmanella,
Rhipidomella, and Camarotoechia and the occurrence
of but one rare species of each of the genera Stropheo-
donta, Eatonia, and Beachia. The impoverishment of
this fauna, particularly when compared with the
faunas of the Helderberg limestone and the Ridgeley
and equivalent Oriskany sandstones, detracts greatly
from its significance as a means of correlation.

These facts and the further fact that the Shriver
chert and the Becraft limestone occupy analogous
stratigraphic positions in near-by sections, without, at
least in Virginia, a thinning of either formation toward
the general boundary of the areas of development,
greatly weaken the argument for the post-Becraft age
of . the Shriver chert. Indeed, these relationships,
together with the fact that the Becraft of Maryland
and Virginia contains pronounced Oriskany elements
n the fauna of its upper part, suggest the possibility
that the Shriver chert is a muddy bottom phase,
equivalent in time to the Becraft limestone as devel-
oped in Maryland and Virginia, and with a fauna
differing from that of the Becraft because of peculiar
environmental conditions.

Since this question formulated itself in my mind,
I have fortunately been able to revisit several key
sections. The sections at Healing Springs and Back
Creek Mountain, west of Warm Springs, deserve par-
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ticular attention. At Healing Springs the New
Scotland to Ridgeley interval is occupied by the
Becraft limestone. As usual for the Clifton Forge
area, the upper part of the Becraft is composed of
very pure, rather massive gray limestone, containing
an abundance of Spirifer concinnus and also Spirifer
cyclopterus and Eatonia peculiaris. The middle and
lower portions are composed of interbedded limestone
and black chert, of typical Becraft type, but with the
limestone much more subordinate than in the sections
at Clifton Forge and Gala. The lower beds also lack
the abundance of fossils which characterize them in
the Clifton Forge and Gala sections.

At Back Creek Mountain, about 8 miles farther
north, the Ridgeley sandstone is underlain by chert-
free but not overly pure limestones carrying Spirifer
concinnus, S. cyclopterus, Eatonia peculiaris, and
Rhipidomella assimilis. These beds certainly repre-
sent the upper part of the Becraft, as seen at Healing
Springs, Clifton Forge, and Gala. They are under-
lain, however, by bedded impure chert of Shriver
rather than Becraft aspect; particularly as it weathers
for the most part into soft bufl spongy fragments.
A minor portion of the chert is purer than is typical
of the Shriver, and this weathers into harder whitish
fragments. Farther north, at Monterey, the lime-
stone of upper Becraft age is underlain by shaly chert
that is even more suggestive of the Shriver.

The evidence offered by the above-mentioned sec-
tions favors the view that the Shriver chert and the
Becraft limestone of Maryland and the Virginias are
at least essentially equivalent in time. As has been
shown in the discussion of the Becraft, however, the
limestones referred to that formation in Maryland
and Virginia seem to range higher than the top of the
type Becraft of New York, the upper portion probably
being at least as young as the Port Ewen limestone
of southeastern New York and New Jersey.

Acceptance of the conclusions suggested above
would still leave some questions as to terminology.
If Helderberg group is used primarily with a time
significance, I think that the Shriver would neces-
sarily be included in it, although admitting that the
Shriver and the Becraft of the Virginia-Maryland area
range above the top of the Becraft, and thus above
the Helderberg of the type area of New York. On
the other hand, if the term is accepted as having a
lithologic and faunal rather than a purely time signifi-
cance, then the Shriver would be placed in the Oriskany
group, being more closely related in those aspects to
the lower Oriskany of southeastern New York than
to the members of the type Helderberg. This usage
seems somewhat the more acceptable and has been
followed here.

POSITION AND NATURE OF THE SILURIAN-DEVONIAN
BOUNDARY IN THE APPALACHIAN BASIN

One of the most unsettled questions of Paleozoic
stratigraphy, both in Europe and in North America,
has been that concerning the position in our sections
of the Silurian-Devonian boundary. This doubt has
resulted largely because the type Silurian gives way
above to brackish and fresh water and not marine
deposits, because the base of the Devonian is scarcely
defined in Devonshire, and because the relationships
of the Lower Devonian in Shropshire, Devonshire, the
Rhine Valley, the Harz' Mountains, and the Bohemian
basing are obscured by the development of facies in
the faunas. The controversies over the possible upper
Silurian or Lower Devonian age of the Hercynian
shales of the Harz Mountains,?”? the Koniepruss (Iy)
limestone of Bohemia,?* the Helderberg of New York,?

‘and the Downtonian of Shropshire #* have been

concerned with the various local aspects of the same
general problem.

Limiting ourselves to the Appalachian area and
considering only the later phases of the problem even
as it concerns that province, we may note that it was
not until the end of the nineteenth century that the
efforts of Clarke and Schuchert Jed the majority of
American stratigrapbers to concur in placing the
Helderberg group (in which Clarke and Schuchert 2
in 1899 included the Coeymans, New Scotland, and
Becraft limestones) at the base of the Devonian. The
assignment was made because of what Clarke and
Schuchert considered the definite Devonian affinities
of the fauna as a whole, as well as because of its
apparent equivalency to that of the Koniepruss (F)
limestone of Bohemia, gentrally accepted as' basal
Devonian by European geologists, following Kayser
and Frech. ,

Somewhat more recently it has been suggested,
first by Ulrich * and then in further detail by C. K.
Swartz ¥ and Reeside,® that the Keyser limestone,
so named from its exposure at Keyser, W. Va., should
be considered the lowest division of the Helderberg
and as such placed at the base of the Devoman of the
Appalachian province.

2 For review and bibliography sec Clarke, J. M., The Hercynian question: New
York State Mus. Forty-second Ann. Rept., pp. 408-437, 1889.

2 Schuchert, Charles, Lower Devonic aspect of the lower Helderberg and Oris-
kany formations: Geol. Soc. America Bull., vol. 11, pp. 241-332, 1900.

2 Stamp, L. D., The base of the Devonian: Geol. Mag., vol. 60, pp. 276-281,
331-336, 367-372, 385410, London, 1923. Robertson, T., The Siluro-Devonian
junction in England: Idem, vol. 65, pp. 385-400, 1928.

2 Clarke, J. M., and Schuchert, Charles, The nomenclature of the New York
series of geological formations: Science, new scr., vol. 10, pp. 874-878, 1899.

% Ulrich, E. O., Revision of the Paleozoic systems: Geol. Soc. America Bull.,
vol. 22, p. 590, pl. 28, 1911.

27 Qwartz, C. K., Maryland Geol. Survey Lower Devonian, pp. 105-117, 1913.

8 Reeside, J. B., jr., The Helderberg limestone of central Pennsylvama U 8.
Geol. Survey Prof, Paper 108, pp, 193-199, 1917,
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Several aspects of the present investigation are of
Interest in this connection. In the Virginias, as in
Maryland and Pennsylvania, a considerable percent-
ago of the Keyser fauna®continues into the higher
Helderberg, there being 17 Keyser species that are
identical with or at least very ‘closely allied to forms
occurring in the Coeymans, New Scotland, and
Becraft limestones. This is a somewhat smaller
number than the 35 Coeymans or younger species
reported from the Keyser of Maryland and Penn-
sylvania but is of interest in that several of the strictly
Helderberg species that occur in the Keyser of the
Virginias have not been reported from the Keyser of
Maryland and Pennsylvania. '

Among the Helderberg species occurring in the
Keyser limestone of the Virginias, but not known
from that formation farther north, the specimens
placed in Striatopora belle and Cyrtina dalmani may
be considered strictly identical with the Coeymans
and New Scotland material. Striatopora bella is
locally ‘common in the upper part of the Keyser at
Little Mountain, Va.; Cyrtina dalmani is compara-
tively rare but is known -from several localities.
Mention might also be made here of the abundance of
typical Nucleospira ventricosa in the upper part of the
Keyser at Big Mountain, Monterey, and several
other localities, as there is possibly some uncertainty
about previous citations of this species from the
lower part of the Keyser farther north.

The upper Keyser Camarotoechias referred in this
report to C. altiplicate are somewhat smaller than the
New Scotland material but seem to be similar in other
respects. They should perhaps be separated under
a varietal name. The new Spirifer perlamellosus var.
praenuntius is somewhat more definitely removed from
the type material of the New Scotland, having fewer
plications as well as being smaller; nevertheless, its
similarity in aspect shows it to be closely related to the
species to which it is introductive. The new Gypidula
coeymanensis var. stmalis is also very suggestive of the
younger material of the Coeymans limestone—more
so than the variety prognosticus of the Keyser of
Maryland and Pennsylvania.

The two middle Keyser Stropheodontas cited as
Stropheodonta cf. S. planulata are more questionable
and less significant. The one Meristella which I am
using as the type of M. nasutaformis, although
suggestive of the younger Meristellas in its relatively
large size, does not seem to be closely akin to any of the
.later forms described; it is of importance, however, as
another Keyser representative of this Devonian genus.

The presence of these additional Helderberg elements
in the Keyser fauna gives some added weight to the
opinion that the Keyser limestone should be con-
sidered a part of the Helderberg group. It must
nevertheless be admitted that the number of well-
determined species continuing from the Keyser into

the younger beds is nét exceptionally great. Thus
out of the total known Keyser fauna of about 180
species, 38 are known from the Coeymans and younger
formations, 9 are derived from the Tonoloway lime-
stone, and an additional 11 come from other pre-
Keyser formations. The Helderberg aspect of the
Keyser fauna gains somewhat by comparison if the
species of little stratigraphic value are eliminated.
Thus among the 20 Keyser species derived from the
known older faunas, Halysites catenularia, Siroma-
topora constellata, Leptaena rhomboidalis, and Atrypa
reticularis are devoid of any exact stratigraphic signifi-
cance, while two other species are also long ranging
forms, as they continue into the New Scotland. Of
the remainder, two are Bryozoa and four are ostra-
codes and are species whose stratigraphic value is
somewhat uncertain. On the other hand, a similar
removal of the stratigraphically worthless or obscure
species from the Helderberg element of the Keyser
fauna results in the loss of a smaller number.

Too much weight should not be placed upon such
statistics as those above given without some examina-
tion of the faunas with which comparison is being
made. A study of the faunas of the Coeymans, New
Scotland, and Becraft limestones shows them to
consist of many and varied species and leads to the
conclusion that these faunas are finely representative
of the marine life of their day. This is not true of
the faunas of the Cayugan deposits, including the
Tonoloway limestone. .Thus in New York the im-
poverishment of the Cayugan faunas has long been
recognized and was suggested by Schuchert * to be an
important factor contributing to the notable break
in that State between the faunas of the Helderberg
group and those of the subjacent Silurian deposits.

The case is similar in Maryland, where the Tonolo-
way limestone and the Wills Creek shale are com-
paratively unfossiliferous, except at a few horizons.
Although .twice as thick as the overlying Keyser, the
Tonoloway contains less than half as many species.
Furthermore, about 40 per cent of the known species
are ostracodes, almost all new; the nonostracode fauna -
is composed of but 46 species, including 21 brachiopods,
6 Bryozoa, 5 gastropods, 4 pelecypods, 4 cephalopods,
2 corals, 1 stromatoporoid, 1 trilobite, 1 eurypterid,
and 1 fish. Of these, the corals, Bryozoa, cephalopods,
eurypterid, and fish are extremely rare, and only a
few of the ostracodes, brachiopods, and gastropods
are really abundant. The fauna of the underlying
Wills Creek shale is still smaller in number of species
and individuals. , ”

The comparative impoverishment of the Cayugan

faunas detracts somewhat from the force of the plea

that the Keyser should be placed in the Helderberg
group and thus at the base of the Devonian because of
the greater specific agreement of its fauna with those

B Schuchert, Charles, Geol. Soc. America Bull., vol. 11, p. 275 and footnote, 1900
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of the overlying than with those of the underlying
deposits. If it were merely a question whether the
Keyser should or should not be placed in the Helder-
berg group the apparent faunal relationships would
be of greater significance. The injection of the ques-
tion whether the Keyser should be considered Devo-
nian or Silurian places greater emphasis upon the
problem of age relationships, and the impoverished
character of the Cayugan faunas leaves us with the
doubt as to whether there might not be greater specific
agreement between the fauna of the Keyser and those
of the older deposits if only the older deposits carried
more representative marine faunas.

The question, then, is not so much whether the
Keyser should be placed in the Devonian because it
belongs in the Helderberg group, as whether the Keyser
should be placed in the Helderberg group because it is

"Devonian. We are thus not primarily concerned to
know whether the fauna of the Keyser limestone con-
tains a considerable number of Helderberg species;
the question is, Does the Keyser fauna contain a
marked number of those elements which have led
stratigraphers to place the Helderberg of Clarke and
Schuchert’s definition in the Devonian? Great weight
must therefore be accorded to the fact that members
of the distinctive Devonian genera Chonostrophia,
Rensselaeria, Beachia, Meristella, Merista, Actinopteria,
and Aviculopecten make their first known appearance
in the Keyser limestone, at least so far as the Appa-
lachian province is concerned. The several species
of Uncinulus of the type of U. nucleolatus probably also
deserve a place in this category. The presence of
these forms outweighs the evidence of the Silurian
stragglers, of which Calymene camerata and Whit-
fieldella prossert are the most abundant, and their
testimony is upheld by the disappearance of the upper
Silurian genera Hindella (Greenfieldia) and Hormatoma,
both of which are well represented in the underlying
Tonoloway limestone. I would thus concur in placing
the Keyser limestone at the base of the Devonian and
in including it in the Helderberg group, primarily
because of the Devonian affinities of the Keyser fauna.

If the Keyser limestone is to be considered Devo-
nian, as suggested, and the Silurian-Devonian bound-
ary accordingly placed at the Keyser-Tonoloway con-
tact, the nature of that contact becomes a matter of
greater interest, particularly with respect to its time
significance. So far as the physical aspect of the con-
tact is concerned, the passage from the older forma-
tion into the younger seems to be transitional rather
than abript, except south of Bolar, Va., where both the
Tonoloway and the Keyser become much thinner.
However, such evidence as is thus afforded is rather
negative; and on the basis of the statement that the
Keyser contains a large and varied fauna, of which
only a comparatively few are derived from the Tonolo-
way or other known pre-Keyser faunas, it might be

supposed that the Keyser is separated from the under-
lying Tonoloway by a hiatus of some magnitude.

We have already seen that the faunas of the Cayugan
deposits of the Appalachian province seem to be con-
siderably impoverished, and it has bcen suggested
that the absence from the Cayugan deposits of a fauna
with more direct affinities to that of the Keyser may be.
due more to the exclusion of such a fauna from the
Appalachian Basin than to its. actual nonexistence.
1t remains to. be shown, of course, that such was the
case.

A zone of fossils discovered in the middle of the
Tonoloway at Monterey, McDowell, Fulks Run, and
Bells Valley is of some interest in this connection.
The most abundant species are Airypa reticularis,
which, although it has no precise bearing on the rela-
tionships of the fauna, does indicate marine connec-
tions; and an Uncinulus, which differs from the
U. convexorus characteristic of the lower part of the
Keyser only in its somewhat finer ribbing. One small
specimen of Stenochisma deckerensis was found at the
exposure of -the zone at Monterey; although this speci-
men was loose, the suppesition that it could have sur-
vived a trip down the hillside from the exposure of
the lower Keyser S. deckerensis zone, some 250 fcet
higher up the slope, seemed very improbable. An-
other species occurring in this zone is a fairly large
lamellose Spirifer, whose description will be reserved
for another paper.

The above-described occurrence represents a short
and restricted invasion of the area by a fauna with at
least some definite affinities to that of the Keyser. It
seems possible that, if the opportunities for invasion
had been of longer duration and more widespread, the
fauna might have been larger, and the affinities to the
younger fauna more pronounced. There is thus no
definite evidence of a marked time brealk betwcen the

-Tonoloway and the Keyser limestones.

An aspect of the views above set forth that merlt;s
further comment is the diastrophic control of the appar-
ent paleontologic relations of these formations in the
sense that geographic and environmental conditions
are ultimately controlled bye diastrophic processes.
Thus the Keyser of Maryland and the Virginias con-
tains & large fauna, with a considerable number of
species that continue into the overlying Coeymans,
New Scotland, and Becraft limestones, and a lesser
number derived from older deposits. The pronounced
faunal change is found at the Tonoloway-Keyser con-
tact in this area. As the Keyser is traced northward
through central Pennsylvania the number of distinctly
Helderberg species is diminished, and in the apparently
equivalent Decker, Rondout, and so-called Manlius
limestones of New Jersey and Cobleskill, Rondout, and
so-called Manlius limestones of southeastern New York

- the fauna is much smaller, the species that continue

into the overlying formations are only 6 in number,
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and the proportion of species derived from the under-
lying formations is greater in comparison to the total
number of species in the fauna. Furthermore,- the
change in the fauna eliminates the members of the
genera upon whose presence is here based the assign-
ment of the Keyser to the Devonian. In the New
Jerscy and southeastern New York area the pronounced
faunal change occurs at the base of the Coeymans
limestone. The facts are, then, that a large and
varied fauna, with a considerable number of Helder-
berg and Devonian species, was present in the Vir-
ginian and Maryland seas during Keyser time; the
fauna present in the New Jersey and southeastern
New York seas was smaller and practically devoid of
Helderberg or Devonian species, although the seas
of the two areas appear to have been connected, as
shown by the fact that the Keyser sediments are con-
tinuous across Pennsylvania, with a more or less
progressive change in lithology and fauna from the
Maryland to the New Jersey development. The
differences in fauna must then be accounted for by a
lateral change in environmental conditions in a con-
tinuous sea, rather than by a barrier of some type,
separating two seas.
connections of the Keyser sea must have been such
that the marine fauna was able to penetrate in con-

siderable numbers to Virginia and Maryland, while

adverse environmental conditions, such as a change to
more brackish water, excluded much of the fauna, and
particularly its Devonian elements, from the New
Jersey-New York area during this time; and it was
not until Coeymans time that the progressive change
in geographic relations permitted a representative
marine fauna to invade the New York as well as the
Maryland area. It is this difference in local develop-
ment that has caused the difference in conclusions
arrived at by the New York and New Jersey workers,
on the one hand, and by those of Maryland and the
adjoining States, on the other.

SUMMARY

In brief, then, as the Helderberg group is traced
southward from Maryland, the formations recognized
in that State are found to persist for a considerable
distance with little change in thicknesses or faunas.
Throughout the area covered by this study the Helder-
berg deposits are underlain by the Tonoloway lime-
stone or limestones of Tonoloway lithology and
fauna, while the younger Ridgeley sandstone persists
as far south as Clifton Forge.

The most notable changes are as follows: In the
Keyser limestone a shale unit, here named the Big
Mountain shale member, is developed, separating the
lower limestone member from the upper limestone
member. The lower limestone member preserves, as
far south as Clifton Forge, Va., the fauna and the
essentially nodular character which are features of the

In other words, the oceanic

lower part of the Keyser of Maryland. At Clifton
Forge, however, this member has thinned considerably,
Its upper beds being replaced by sandstone, beginning'

" in the sections west 6f Warm Springs and Hot Springs,

Va. The Big Mountain shale member is maintained
as far south as Bolar, Va., and then tongues out,
giving place to sandstone. South of Petersburg, W.
Va., the upper limestone member of the Keyser
becomes purer and simulates the Coeymans limestone
in lithology, and with this change in -composition.
appear a number of forms that are not known beneath
the Coeymans farther north. At Warm Springs a
tongue of shaly sandstone appears near the base of the
upper limestone member of the Keyser; as it is followed.
to Clifton Forge, this tongue of sandstone thickens,
becomes more massive, and, with the sandstone beds.
replacing the Big Mountain shale and the upper part
of the lower limestone members, forms what is here
named the Clifton Forge sandstone member of the
Keyser. This member is 66 feet thick at Clifton Forge,
where the lower and upper limestone members of the
Keyser are only 15 and 33 feet thick, respectively.
The Keyser was not seen south of Clifton Forge. It
is absent in the sections seen near Saltville and Big
Stone Gap, in southwestern Virginia, and is probably
missing in the intervening sections at Hollybrook and
Rocky Gap.

The Coeymans remains a massive, highly crinoidal
limestone, at least as far south as Clifton Forge. The
“guide fossil” Gypidule coeymanensis, so abundant
farther north, is very rare in the Clifton Forge area;
one characteristic specimen was, however, seen in the
Coeymans limestone at Hot Springs. Still farther
south, at Rocky Gap and Hollybrook, the Coeymans
may possibly be represented by a part of the sandstones
that form the middle portion of the Giles formation
of M. R. Campbell and lie between platy limestone of
Tonoloway age and bedded chert of probable Oriskany

- age.

The New Scotland is a massive limestone with much
interbedded white chert as far south as Monterey, Va.
At Bolar, however, the cherty limestone is much thin-
ner, and the lower part is replaced by a calcareous
sandstone (in part an arenaceous limestone), here
named the Healing Springs sandstone member, from
the section west of Healing Springs, where the cherty
limestone has disappeared. Part of the sandstone
forming the middle of the Giles formation at Rocky
Gap may be of New Scotland age. The New Scot-
land has been reported to occur as an arenaceous
limestone in Wise County, supposedly with charac-
teristic fossils. The exact relations of this supposed
New Scotland are, however, debatable; its correlation
presents a special problem.

The Shriver chert overlies the New Scotland in most
of the sections studied but is replaced in the more
easterly sections by the Becraft limestone with its
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characteristic fossils. The suggestion also arises that
the Shriver chert is & muddy phase of the Becraft, as

that formation is developed in Maryland and the

Virginias. .

The bedded chert forming the upper part of the Giles
formation in the vicinity of Saltville, Va., simulates
the Shriver chert in character and occupies an analo-
‘gous stratigraphic position. Its post-Shriver age is
shown by the presence in it of Diaphorastoma ventri-
cosum and a variety of Spirifer arenosus.
bedded chert of the upper part of the Giles at Rocky
Gap and Hollybrook is here correlated with that at
Saltville, in spite of the absence of the fossils seen at
the latter locality. This chert is possibly equivalent
to the Harriman chert of western Tennessee.

The Silurian-Devonian boundary is placed at the
base of the Keyser limestone chiefly because of the
presence in the Keyser of members of important
Devonian genera. That the species common to the
faunas of the Keyser and the younger rocks are greater
in number than those common to the faunas of the
Keyser and the older rocks is thought to be due to
the fact that the known upper Silurian deposits of the
Appalachian area do not contain an entirely repre-
sentative marine fauna, rather than to any considerable
time break between the Tonoloway and the Keyser.

NOTES ON THE LOCAL FAUNAS OF THE HELDERBERG
GROUP, WITH DESCRIPTIONS OF NEW FORMS

PORIFERA

Hindia sphaeroidalis Duncan.—Spherical; about 25 milli-
meters in diameter; skeleton of minute spicules uniting to form

delicate radiating canals. Common in the New Scotland
limestone.
_ . ANTHOZOA
Streptelasma  strictum Hall (pl. 8, figs. 13, 14).—Simple,'

regularly expanding, nearly straight, conical corallum; length
25 millimeters; diameter of calyx 16 millimeters; septa about 50;
alternate septa short, frequently coalescing with the primary
septa a short distance from the walls; some of the primary septa
unite at the center to form a pseudocolumella; surface strongly
ribbed. Abundant in the New Scotland limestone and basal
part of the Becraft limestone.

Cyathophyllum radiculum Rominger. —Slmple conical, slightly
curved corallite; length 14 millimeters; diameter of calyx as
much as 8 millimeters; calyx fairly deep; septa low, denticulate,
about 40. Common in the upper part of the Keyser limestone,
Little Mountain, Va.

Favosites cf. F. helderbergiae Hall.—Corallum large more or
less hemispherical; base with wrinkled epitheca; corallites
prismatic, intimately united, about 1.5 millimeters in diameter;
10 to 15 tabulae in space of 10 millimeters; mural pores in one
or two ranges. The Favosites from the Coeymans and New
Scotland limestones were generally referred to this species,
but without critical study; those from the upper part of the
Keyser limestone were mostly placed with the variety praecedens
Schuchert.

Striatopora bella C. K. Swartz ——Corallum dendroid; stems
5 to 10 millimeters in diameter, consisting of closely united
prismatic corallites, terminating obliquely at the surface,
unequal in size and irregular in cross section; calyces funnel-
shaped, as much as 2.5 millimeters in diameter; sides striated by

The similar

12 low ridges. Common in the upper part of the Keyser lime-
stone, coral zone, Little Mountain, Va.

Cladopora rectilineata Simpson (pl. 7, figs. 9—11) —Corallum
ramose, branching dichotomously; stems circular, about 2
millimeters in diameter; consisting of intimately united coral-
lites, which ascend parallel to the axis and then turn outward
and terminate obliquely at the surface; orifices small, arranged
in 8 to 10 vertical rows, which .are separated by low ridges.
Abundant in the upper part of the Keyser limestone at many
localities; rare in the lower part of the Keyser.

Aulopora schohariae Hall—Corallum incrusting, composed
of a loose network of elongate, thick-walled, nearly tubular
corallites, which increase by basal or double laterobasal gem-
mation; corallites 5 to 7 millimeters in length; greatest diameter
1.5 millimeters. Abundant in upper part of Keyser limestone,
coral zone, Little Mountain, Va.

" Aulopora schucherti C. K. Swartz.—Corallum consisting of
an intricately branched network of small nearly tubular coral-
lites, irregularly fused so as to form a more compact corallum
than in A. schucherti. Rare at the middle of the Keyser
limestone, '

ECHINODERMATA

Jaekelocystis hartleyi Schuchert.—Theca small, more or less
pyriform; ambulacra narrow, prominent, extending nearly to
the column; about eight folds in each pectinirhomb. Rare,
lower part of Keyser limestone, Clifton Forge, Va.

Mariacrinus sp. (pl. 7, fig. 8).—Dorsal cup of medium size,
subglobose; plates depressed convex, unornamented; basals
unknown; radials rather large, hexagonal; primibrachs 2X 5, the
lower hexagonal, smaller than the radials; the upper pentag-
onal and axillary; secundibrachs 210, the upper axillary
and bearing two tertibrachs each; tertibrachs 220, more or
less pentagonal, each bearing an”arm on the upper truncated
edge; intersecundibrach one, heptagonal; interradials numerous,
arranged in three irregular rows, with about four plates to the
row above the level of the second primibrach; tegmen, stem,
and arms unknown. Height of dorsal cup 26 millimeters;
lateral diameter 23 millimeters. This description applies to
one specimen from the upper part of the Keyser limestone at
Petersburg, W. Va., which might well be considered a new
species.

Edriocrinus pocilliformss Hall (pl. 8, fig. 15) —Cup very
small, hemispheric or #ubturbinate, always detached; interior
more or less deeply concave; when well preserved, the upper
margin is scalloped with five large and one smaller depres-
sion; plates obscure; sutures generally obliterated. Very abun-
dant at the base of the Becraft hmestone Clifton Forge area,
Virginia.

Aspidocrinus caroli F. M. Swartz, n. sp. (pl. 9, figs. 10-12).—
Body cup-shaped, fairly large, depressed subhemispherical,
the thin edge flaring outward; interior broadly concave, with a
sharper conical depression at the center; the apex of this de-
pression reaching nearly to the attachment scar, which is
about 6 millimeters in diameter and set in a depressed area;
known only from the empty molds, which show no trace of
plates and no points of attachment for arms. Like the other
species referred to this genus, A. caroli probably represents the
basal expansions .of crinoid columns. Greatest diameter 38
millimeters; height 10 millimeters. The empty molds of A.
caroli are very abundant in the upper portion of the sandstone
forming the middle part of the Giles formation at Hollybrook
and Rocky Gap, Va. Mr. Charles Butts, of the United States
Geological Survey, who was so kind as to examine a specjmen,
identified it as an Asprdocrinus and suggested comparison with
A. scutelliformis of the Becraft limestone of New York. Mr.
Edwin Kirk agreed with the generic determination but did not
believe it to be the species mentioned. As compared with A.
scutelliformis, the Virginian material is distinguished by the
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shorter radius of curvature of the body, by the sharp conical
depression at the center of the interior, and particularly by the
peculiar outward flare of the margin. Also, the attachment
scar is larger. A. caroli is named in honor of Dr. Charles K.
Swartz, with whom I visited the sections at Hollybrook and
to thesouth in connection with a study of the underlying Silurian.

BRYOZOA

Although Bryozoa are rather abundant at various horizons
in the Helderberg group, particularly in the Keyser limestone,
only the more obvious species have been identified. .

Orthopora rhombifera (Hall).—~Zoarium ramose; branches
slender, elongate, 1 millimeter or less in diameter; zoecial
apertures oval, set into rhomboidal or hexagonal, inward-
sloping vestibular areas and arranged in diagonal intersecting
. lines. Abundant in Big Mountain shale member, 94 feet above
base of Keyser limestone, Little Mountain, Va.

Cyphotrypa corrugata (Weller) (pl. 6, fig. 6).—Zoarium petasi-
form or hemispherical, as much as 50 millimeters in diameter;
maculie not elevated, consisting of large zoecia; zoecia tubular,
thin-walled, polygonal; mesopores apparently wanting; acantho-
pores frequently developed at the angle of junction; diaphragms
distant one or two times the diameter of the tubes. Although
the lower Keyser material placed in this species has not been
studied in thin section, the identification seems unquestionable.
Common in the lower part of the Keyser limestone.

" BRACHIOPODA

Orthostrophia strophomenotdes (Fall).—Shell transverse, semi-
oval; ventral valve with narrow mesial elevation from beak to
front; corresponding narrow sinus confined to anterior half of
dorsal valve; surface marked by coarse radiating striae, with
concentric strine visible in depressions between the radiating
strine. One specimen from the Coeymans limestone.

Dalmanella . concinna (Hall).—Shell subcircular to longi-
tudinally oval; hinge line straight; ventral valve the more
convex and almost subcarinate, with rather prominent beak;
surface with fine, even radiating strine. Length and width of
Virginian material about 13 millimeters. Abundant at a few
places in cither the upper or the lower part of the Keyser
limestone.

Dalmanella planiconvexa (Hall).—Shell of medium size, about
17 millimeters in length and 19 millimeters in width; trans-
versely suboval; the dorsal valve almost flat, the ventral
convex. Oceurs sparingly in the New Scotland limestone.

Dalbinanclla perelegans (Hall) (pl. 8, figs. 10, 11).—Shell large,
about 27 millimeters in length and 30 millimeters in width;
transverscly suboval; hinge line half the width of the shell or a
little less; valves about equally convex; the dorsal valve with

a shallow mesial sinus extending from the beak to the front -

margin; the ventral valve elevated along the middle, beak small,
pointed and incurved. Surface with fine fasciculate radial
striac. This species is a conspicuous element of the New
Scotland fauna, to which it seems to be confined in the
Virginias.

Dalmanella eminens (Hall).—Similar to D. perelegans, from
which it differs in its somewhat more subquadrate outline and
particularly in the much wider hinge line, which is about
three-quarters as long as the width of the shell, and the greater
height of the ventral area. Occurs sparingly in the New
Beotland limestone.

Rhipidomella emarginata (Hall).—Shell small, subtrigonal;
dorsal valve the more convex; the broad ventral sinus producing
a marked emargination of the anterior margin. Length
15 millimeters; width 18 millimeters. Common in the lowest
part of the Keyser limestone, to which it seems to be restricted.

Rhipidomella oblata (Hall).—Shell of medium size, trans-
versely suboval to nearly circular; ventral valve depressed

convex toward the beak, flattened to concave anteriorly, with a
broad, shallow sinus; ventral beak extending only a little beyond
the opposite; area very small; surface finely striated; ventral
vascular impressions large and foliate. Length 20 millimeters;
width 25 millimeters. This species is particularly characteristic
of the top of the Coeymans limestone, where it is abundant at
many places in the Monterey-Clifton Forge area.

Rhipidomella assimilis (Hall) (pl. 8;fig. 22).—Shell suborbic-
ular, suggestive of R. oblata but differing in its larger size and
relatively larger area and ventral beak. Length 27 milli-
meters; width 30 millimeters. Characteristic of the Becraft
limestone, where it occurs more commonly in the upper portion.
A few of the specimens from the upper part of the Becraft are
larger, reaching 36 millimeters in length and 40 millimeters in
width.

Leptaena rhomboidalis (Wilckens).—Shell semicircular, the
hinge line slightly extended as a rule; dorsal valve nearly
flat toward the umbo and sharply deflected near the margin;
the flattened portion with strong concentric undulations;
ventral valve deeply concave; radiating striae prominent.
Common in all divisions of the Helderberg group.

Stropheodonta bipartita (Hall) (pl. 6, fig. 7).—Shell ‘subsemi-
elliptical; the hinge line produced into small mucronate exten-
sions; dorsal valve nearly flat; ventral valve only slightly con-
vex; surface with fine, angular striae, which are irregularly
alternating in size, are not continuous to the beak, and curve
outward on the sides of the shell in passing to the lateral
margins. Length 28 millimeters; width 30 millimeters. This
is a characteristic element in the fauna of the lower part of the
Keyser limestone.

Stropheodonta cf. S. planulata (Hall).—Shell semielliptical,
hinge line slightly extended; dorsal valve flat; ventral valve
depressed convex; surface with extremely fine, rounded radiating
striae, which are crossed by much finer, closely arranged con-
centric striae. Length 30 millimeters; width 40 millimeters.
Several fragmental specimens from the middle part of the
Keyser limestone seem to be most closely allied to this species.
Also rare in the Coeymans limestone.

Stropheodonta arata (Hall).—Shell relatively small, semi-
elliptical; dorsal valve more or less concave; ventral valve
convex to gibbous. Surface marked by sharp angular plica-
tions and intermediate fine undulating striae. Length 15
millimeters; width 24 millimeters; five to six plications in § milli-
meters along anterior margin in the Virginian material.” Rare
in the Coeymans limestone.

Strophonella keyserensis C. X. Swartz.—Shell subsemicir-
cular in outline; dorsal valve concave toward the umbo, convex
toward the margins; ventral valve convex in the umbo, concave
toward the margins; surface with numerous fine striae, about
eight in 5 millimeters along the anterior margin; interior of
valves pustulose. Length as much as 30 millimeters; width 37
millimeters. This forerunner of S. punctulifera is rare in' the
middle and upper parts of the Keyser limestone.

Strophonelle punctulifera (Conrad).—Shell subsemicircular,
somewhat contracted below the extremities of the hinge;
ventral valve concave; dorsal valve concave near the umbo, very
convex near the middle; hinge.line straight; area narrow,
linear; surface with strong sharp radiating striae, which are
distinetly punctate on well-preserved shells. Length 35 milli-
meters; with 45 millimeters; about six plications in 5 milli-
meters. Occurs sparingly in the Coeymans limestone.

Strophonella leavenworthana (Hall).—Shell large, subsemi-
circular; both valves flattened except toward the margins, where
the ventral valve is concave 'and the dorsal highly convex;
surface with fine, obscure radiating striae, which are crossed on
the flattened portions of the valve by small regular concentric
wrinkles. Length 35 millimeters; width 45 millimeters. New
Scotland and Becraft limestones.
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Strophonella undaplicata C. K. Swartz.—Shell very large,
subsemicircular, with the hinge line slightly extended; ventral
valve convex anteriorly, umbo concave, and paralleled by
dorsal valve; surface with coarse, peculiarly sinuous plications,
which may unite, forming elliptical depressions between them.
Length as much as 45 millimeters; width 52 millimeters. About
four plications in 5 millimeters near anterior margin. Occurs
sparingly in the New Scotland limestone.

Schuchertella deckerensis (Weller).—Shell -transversely sub-
elliptical; pedicle valve depressed, wrinkled and distorted by
attachment in the umbonal region; brachial valve regularly
convex; surface with rounded radiating striae, of which about 15
occupy 5 millimeters along the anterior margin. Length 20
millimeters; width 28 millimeters. Occurs sparingly in the
lower part of the Keyser limestone, to which it is restricted.

Schuchertella sinuata (Hall and Clarke).—Shell transversely
subelliptical; dorsal valve very convex, with a well-defined sinus
extending from the strongly incurved beak to the anterior mar-
gin; surface with fine rounded radiating ribs, of which 10 occupy
a space of 5 millimeters along the anterior margin. .Length 27
millimeters; width 35 millimeters; these are the measurements
of the Virginian specimens, which are larger than those from
Maryland. Rare in the lower part of the Keyser limestone, to
which it is restricted.

Schuchertella prolifica Schuchert.—Shell of medium size, semi-
elliptical, flattened; hinge line straight; cardinal area narrow,
linear; surface with low, rounded, fine radiating striae, of which
there are 13 to 20 in 5 millimeters. Length 26 millimeters;
width 35 millimeters. This species is closely allied to S.
woolworthana, of the Coeymans limestone, to which it is intro-
ductory. It is common in the upper part of the Keyser lime-
stone, and in the section at Petersburg, W. Va., it occurs very
profusely in a zone just below the Tentaculites zone.

Schuchertella woolworthana (Hall).—Similar to S. prolifica but
larger, slightly more convex, and with 7 to 12 radiating striae
in 5 millimeters, instead of 13 to 20, as in that species. Length
35 millimeters; width 45 millimeters. This is an abundant
element of the Coeymans, New Scotland, and Becraft faunas.

Schuchertella becraftensis (Clarke).—Shell small, suborbic-
ular; pedicle valve erect at the beak;<with triangular, broad,
fairly high cardinal area; brachial valve depressed at the beak,
becoming more convex toward the middle; surface with strong
rounded radiating striae, increasing by implantation; also with
exceedingly fine concentric striae. Length 13 millimeters;
width 17 millimeters. © One specimen from the Becraft lime-
stone seems to belong to this species, which has been reported
only from the Shriver chert and Ridgeley sandstone in Maryland.

Chonetes jerseyensis Weller (pl. 6, figs. 1, 2).—Shell sub-
quadrate; brachial valve flat or slightly concave; pedicle valve
depressed convex, beak small; cardinal area low, with about
seven oblique marginal spines; surface with rather coarse
radiating ribs; the lateral ribs commonly have a peculiar and
characteristic anterior curvature. Length 14 millimeters;
width 22 millimeters; about 8 to 10 ribs in 5 millimeters along
anterior margin. Typical specimens of this species are common
to abundant in the lower vart of the Keyser limestone, to which
they are restricted.

Gypidula coeymanensts Schuchert (pl. 6, figs. 25, 26; pl. 7,
figs. 29, 30).—Shell ovoid to subglobose; ventral valve gibbous,
becoming in old shells very ventricose about the umbonal
region, beak swollen, arched, incurved; ventral valve convex,
nearly circular. Surface generally with 15 to 20 well-developed
plications, of which about five are raised on the anterior half
of the ventral valve to form a distinct mesial elevation; the
medial plications on both valves reach the beaks. Internally the
ventral valve has a long spondylium and strong median septum,
which stand out on weathered specimens. Length, 30 milli-
meters; width, 26 millimeters. This fossil is generally abun-
dant in the Coeymans limestone, although it disappears from

that formition in the Clifton Forge area. The Virginian
material is considerably smaller than the dimensions given
above and, as in the northern specimens, shows great varia-
tions in the plications and other features.

Gypidula coeymanensis var. prognostica Maynard (pl. 6, fig.
24).—Differing from G. coeymanensis proper in its smaller size,
less inflated ventral beak, lack of distinct fold or sinus, and
less distinet plications, which do not reach the beaks. Usual
dimensions, length, 18 millimeters; width, 17 millimeters.
Abundant in the middle of the Keyser limestone at Petersburg
and Big Mountain, W. Va., also in Maryland and Pennsylvania.

Gypidula coeymanensis var. similis F. M. Swartz, n. var.
(pl. 6, figs. 20-23).—I am proposing this name for the Gypi-
dulas occurring in the middle of the Keyser limestone in the
vicinity of Monterey and Warm Springs, Va. These speci-
mens are comparable to the largest Coeymans material in
size, some individuals measuring as much as 45 millimeters in
length and 33 millimeters in width. The chief differences lie
in the slightly less swollen ventral beak and the somewhat
broader, less elevated plications, of which there are only about
12. However, about four of the medial plications of the
ventral valve are raised into a low though fairly distinct eleva-
tion toward the front of the valve, and these plications reach
the beak, as in G. coeymanensis proper. Internally, the ven-
tral spondylium and median septum are quite comparable to
those of the typical material in size and strength. As has
been noted, the Coeymans material is itself rather variable,
and the middle Keyser Gypidulas. here noted are almost
identical with the pauciplicate specimens found in that forma-
tion. The material placed in the variety simzilis should, how-
ever, be considered most closely akin to that included in the
variety prognostica in the more northerly sections, which evi-
dently occurs at exactly the same horizon, as is shown by the
position of the overlying Camarotoechia gigantea and Merista
typa zones. :

Rhynchotrema cumberlandicum Rowe (pl. 8, figs. 23-25).—
Shell trigonal to subpentagonal; somewhat wider than long;
ventral valve depressed convex, beak nearly erect, rather promi-
nent; sinus shallow, with three plications; dorsal valve moder-
ately convex, with four plications on the depressed fold; surface
with four or five sharply elevated, angulated plications on each
side of the fold and sinus. Length, 18 millimeters; width, 19
millimeters. Rare at top of Becraft limestone, Gala, Va.

Stenochisma deckerensis (Weller) (pl. 6, figs. 10-12).—Shell
transversely subovate; ventral valve less convex than the
dorsal, its beak prominent, arched but not strongly incurved;
sinus and elevation abrupt near the front and reaching the
beaks; surface of each valve with 20 to 24 simple angular
plications, of which three rather coarser than the rest lie in
the ventral sinus and four on the dorsal fold. Length, 15
millimeters; width, 19 millimeters; thickness, 10 millimeters.
Abundant in the lower part of the Keyser limestone, of which
this species is diagnostic.

Camarotoechia litchfieldensts (Schuchert) (pl. 6, figs. 3-5).—
Shell subtrigonal, very small; ventral sinus shallow; dorsal fold
low; surface with 16 to 22 simple angulated plications, of which
three occupy the sinus and four the fold. Length 9 millimeters;
width 9.5 millimeters; thickness 5 millimeters. Common in
the basal Keyser Whitfiedldella minuta subzone; locally abundant
at higher horizons of the Keyser. )

Camarotoechia gigantea Maynard (pl. 6, figs. 27, 28).—Shell
subtrigonal, rather large; ventral beak closely incurved over
that of the dorsal valve; ventral sinus broad in front, not reach-
ing the beak; dorsal valve much the more convex; surface with
18 to 20 simple, prominent rounded plications on each valve,
with five or six in the ventral sinus and a corresponding number
on the low dorsal fold. Length 25 millimeters; width 30 milli-
meters. Profuse at the middle of the Keyser limestone, just
above the Gypidula zone.
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Camarotoechia gigantea var. gigas I'. M. Swartz, n. var. (pl. 6,
figs. 29-31).—Similar in general character and proportions to
C. gigantea proper but nearly twice as large and with 26 instead
of 20 plications to the valve; seven of the plications, instead of
five, are depressed toward the anterior margin of the ventral
valve to form a broad sinus, which is rather sharply deflected.
Length 40 millimeters; width 45 millimeters. Oeccurs in the
C. gigantca zone, Monterey, Va.

Camarotoechia cf. C. alliplicata (Flall) (pl. 7, figs. 26-28).—
Shell subtrigonal, rather small; ventral valve depressed convex,
beak pointed, somewhat arched; dorsal valve the more convex,
surface with 10 to 19, usually 14 simple angular plications, with
three or less depressed on the middle of the ventral valve into a
distinet sinus, with four or less on the dorsal elevation. Length
12 millimeters; width 14 millimeters. The material here re-
ferred to C. alitplicata is common in the upper part of the
Keyser limestone south of Big Mountain, W. Va. It is some-
what smaller than the typical New Scotland material but
-otherwise similar.

Camarotoechia pracspeciose Schuchert.—Shell longitudinally
-ovoid, vertically flattened on the sides; ventral valve much the
less convex; beak incurved; sinus shallow, broad, undefined;
surface with 32 to 36 strongly elevated, subangular plications
on each valve. Length 30 millimeters; width 26 millimeters.
This species is introductory to C. speciosa of the Oriskany
group. Oceurs sparingly in the upper part of the Becraft
limestone at Clifton Forge, Va.

Camarotoechia campbellana (Hall).—Shell longitudinally ovate;
ventral valve depressed convex, beak small, incurved, sharply
deflected at the lateral margins, depressed into a broad rounded
sinus, which curves upward toward the other valve, forming a
linguiform extension; dorsal valve much more convex, elevated
into a broad fold near the front margin; surface with 22 to 24
plications to each valve, with about five or six on the sinus and
fold. Length 25 millimeters; width 23 millimeters. Occurs
sparingly at the top of the Coeymans limestone in the Clifton
Forge arca, Virginia.

Uncinulus converorus Maynard (pl. 6, figs. 8, 9).—Shell
trigonal to subpentagonal; ventral beak prominent, pointed,
somewhat incurved; dorsal vhlve the more convex; no distinct
fold or sinus; surface of each valve with 30 or more low simple
rounded plications. Length 18 millimeters; width 16 milli-
meters.  Abundant in the lower part of the Keyser limestone,
of which it is characteristic.

Uncinulus gordoni Maynard.—Shell subpentagonal, small;
ventral beak fairly prominent; dorsal valve much the more
convex; surface of each valve with 19 to 26 subangular plica-
tions, three of which are depressed in the shallow ventral sinus
and four are raised anteriorly to form a low dorsal prominence.
Length 10 millimeters; width 9 millimeters. Several speci-
mens were found in the upper part of the Keyser limestone.

Uncinulus nucleolatus (Hall).—Shell subpentagonal; ventral
valve depressed convex; beak small, closely incurved; dorsal
valve often gibbous. Surface with 15 to 20, usually 18 simple
rounded plications; three to five depressed at the front of the
ventral valve into a shallow sinus, which is continued into a
short linguiform extension; a corresponding prominence on the
dorsal valve. Length 14 millimeters; width 13 millimeters.
Small specimens of this New Scotland form occur sparingly in
the upper part of the Keyser limestone.

Uncinulus angulatus Maynard.—Shell subpentagonal; both
valves depressed convex; surface with strong angular plications,
of which there are said to be 23 in Maynard’s description,
although not more than 14 are indicated on the figured speci-
mens; three plications depressed toward the front in a shallow
ventral depression; a corresponding number on the dorsal
prominence. Length 12 millimeters; width 9 millimeters.
Several specimens in the upper part of the Keyser limestone,
with 14 plications to the valve. Does not seem closely allied to

U. nucleolatus, although it was originally described as a variety
of that form.

Uncinulus abruptus (Hall).—Shell transversely oval to sub-
pentagonal; ventral beak small, closely incurved; dorsal valve
much the more convex. Surface with 25 to 33 simple sub-
angular plications on each valve; six to eight depressed into a
broad undefined sinus, and seven or eight elevated into a rather
distinct dorsal prominence. Length 20 millimeters; width 24
millimeters. Common at the top of the Coeymans limestone
and the base of the Becraft limestone in the Clifton Forge area,
Virginia; also in New Scotland limestone.

Uncinulus pyramidatus (Hall).—Shell pyramidal, dorsal valve
very gibbous, highest toward the front and declining toward the
beak; cardinal slopes abruptly vertical, with a distinctly im-
pressed suboval space beneath the beaks; surface with 13 to 22
simple strong subangular plications, four to six of which are
somewhat elevated toward the front of the dorsal valve, forming
a mesial prominence. Length 24 millimeters; width 23 milli-
meters; gibbosity of dorsal valve as much as 17 millimeters.
One dorsal valve from the upper Becraft of Back Creek Moun-
tain, Va., although suggestive in many ways of the U. ventricosa
of the New York Becraft, agrees with U. pyramidatus in the
presence of six plications on.the mesial prominence and in that
it is highest toward the front and flattened at the middle, rather
than being nearly circular in vertical section.

Uncinulus vellicatus (Hall).—Shell subtrigonal to subovate;
dorsal valve the more convex, gibbous; surface with 24 to 36
(usually 30) simple rounded plications, of which five to seven
are depressed into a shallow indistinct sinus toward the front of
the ventral valve and prolonged into an upward inflected lingual
extension, while six to eight are slightly elevated at the front
of the dorsal valve. Length 20 millimeters; width 22 milli-
meters. Occurs sparingly in the upper part of the Becraft lime-
stone at Gala, Clifton Forge, and Healing Springs, Va. The
specimens here included in U. vellicatus are somewhat narrower
than is typical. -

Eatonia medialis (Vanuxem) (pl.” 8, fig. 12).—Shell trans-
versely subquadrate, fairly large; hinge line very obtuse; ventral
beak small, closely incurved; dorsal valve much the more con-
vex; surface of each valve with 12 to 16 broad rounded plica-
tionsy three of which are depressed to form the broad ventral
sinus, with four on the mesial fold of the dorsal valve. Length
25 millimeters; width 28 millimeters. Abundant in the New
Scotland limestone.

Eatonia peculiaris (Conrad) (pl. 8, figs. 16-18).—Shell longi-
tudinally ovate, cardinal margins sloping rather abruptly from
the beaks; ventral valve flattened, abruptly inflected along the
cardinal slopes; toward the front, depressed into a broad rounded
sinus, continued into a deflected linguiform extension; dorsal
valve depressed convex toward the beak, rising into a high
rounded mesial prominence toward the front; surface marked
by fine radiating striae, with a stronger elevated one along the
center of the mesial sinus. Length 20 millimeters; width 18
millimeters. Occurring throughout the Becraft limestone, but
more abundant in the lower portion.

Rensselaeria mutabilis (Hall) (pl. 7, figs. 21-25) —Shell longi-
tudinally subpentagonal, with a peculiar and characteristic out-
line; valves depressed convex, generally compressed toward the
front border; ventral beak arched, pointed; surface with as many
as 28 obscure radiating striae, which are usually obsolete in the
upper part of the shell. Length 10 millimeters; width 9
millimeters. . Locally abundant in the upper part of the
Keyser limestone.

Rensselaeria cf. R. aequiradiata (Conrad) (pl. 8, figs. 19-21) —
Shell subglobular, of medium size; dorsal valve somewhat the
more convex; surface with 50 to 60 simple rounded fine plica-
tions, which become obsolete before reaching the beak. Length
18 millimeters; width 16 millimeters; thickness 12 millimeters.
An abundance of fragmentary material, chiefly weathered pos-
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terior halves of brachial valves, found at the base of the Becraft
limestone in the Clifton Forge area, Virginia, agrees with this
New York species in size and shape. The lateral and anterior
margins were not seen, so the number and strength of the plica-
tions are unknown,’ and the determination is uncertam Not
R. subglobosa. :

Rensselaeria subglobosa (Weller).—Shell subglobular, length a
little greater than the breadth; pedicle valve a little the more
convex; beak small, closely incurved; surface marked by 50 to
60 simple rounded plications, becoming obsolete toward the
beak. Length 18 millimeters; width 16 millimeters; thickness
11 millimeters. Occurs sparingly in beds representing the
upper part of the Becraft limestone on Back Creek Mountain,
west of Warm Springs, Va.

Atrypa reticularis (Linné).—Shell subrotund; dorsal valve
much the more convex, gibbous; surface with ﬁne dichotomous
rounded radiating stria.e, of which the Helderberg material
carries about six in 5 millimeters along the anterior border.
Length 26 millimeters; width 24 millimeters; thickness of
adult 20 millimeters. Abundant in the lower and middle parts
of the Keyser limestone; otherwise rare in the Helderberg group.

Spirifer modestus Hall (pl. 6, figs. 16, 17).—Shell small, trans-
versely subellipsoidal; extremities rounded; ventral beak promi-
nent, acutely pointed, incurved; sinus and elevation faint,
undefined; distinct plications absent on the lateral slopes; sur-
face with very faint concentric striae. Length 10 millimeters;
width 12 millimeters; thickness 8 millimeters. Very abundant
in the lower part of the Keyser limestone inmany of the sections.

Spirifer modestus var. plicatus Maynard (pl. 6, figs. 18, 19).—
Very similar to S. modestus proper but differing in its slightly
larger size and in the presence of three or four indistinct plica-
tions on the lateral slope. Length 15 millimeters; width 19
millimeters. As this form is strictly identical in stratigraphic
and geographic range with S. modestus proper, it should be con-
sidered consanguineous with that form.

Spirifer octocostatus Hall.—Shell transversely suboval; cen-
tral beak moderately- elevated, incurved; sinus subangular;
surface with four or five rounded plications to the lateral slope;
these are crossed by very fine, closely arranged, sublamellose
striae. Length 20 millimeters; width 25 millimeters; thickness
13 millimetérs. Occurs sparingly in the lower part of the
Keyser limestone.

Spirifer vanuxzems var. prognosticus Schuchert.—Shell small;
subsemicircular; moderately gibbous; extremities rounded; sur-
face with five or six plications on the lateral slope, instead of
only three or four, as in S. vanuzemt proper. Length 8 milli-
meters; width 10 millimeters. -Profuse at the top of the Keyser
limestone at Franklin, W. Va.

Spirifer perlamellosus Hall. —Shell of medlum size, more or
less extended on the hinge line; ventral beak prominent, in-
curved at apex; sinus and fold strongly developed; surface with
three to six elevated plications on each lateral slope; the pli-
cations are crossed by strong imbricating lamellae, which are
abruptly arched in passing over the plications. * Length 17 milli-
meters; width 30 millimeters. Common in the New Scotland
limestone; rare in the Coeymans limestone.

Spirifer perlamellosus var. praenuntius F. M. Swartz, n. var.
(pl. 7, figs. 18-20).—Seven specimens found in the upper part
of the Keyser limestone agree very closely with S. perlamellosus,
except in their somewhat smaller size. There are generally
three or four plications on the lateral slope. Although the pli-
cations are not less numerous than in some of the New Scotland
material, and although there is close agreement in the strength
of the plications and of the imbricating lamellae, it seems better
to separate these earlier and somewhat smaller forms as a dis-
tinct variety. Length 12 millimeters; width 16 millimeters.
Occurs sparingly in the upper part of the Keyser, from Big
Mountain, W. Va., to Monterey, Va.

-meters.

Spirifer cyclopterus Hall.—Sheli semicircular, extremities
rounded; ventral valve the more convex, often gibbous; ventral
beak moderately elevated, incurved; sinus of medium depth,
flat-bottomed; dorsal fold strongly elevated; surface with five
to seven strong rounded plications on each lateral slope, and
with fine, close concentric striae. Length 17 millimeters; width
26 millimeters. Common in the Coeymans, New Scotland, and
Becraft limestones.

Spirifer macropleurus (Conrad) (pl. 8, fig. 9).—Shell very
large, transversely semielliptical; valves almost equally con-
vex; extremities blunt; generally with four broad rounded pli-
cation on each side of the strong rounded sinus and elevation;
entire surface with distinct closely arranged radiating striae.
Length 40 millimeters; width 65 millimeters. Profuse in the
New Scotland limestone as far south as Warm Springs, Va.

Spirifer concinnus Hall (pl. 9, fig. 1).—Shell semicircular, of
medium size; extremities rounded; ventral beak somewhat ele-
vated, abruptly incurved at apex; sinus wide, subangular; dor-
sal fold obtusely angular; surface with 12 to 14 rounded simple
plications on each lateral slope; best specimens show radial
lines of minute interrupted granules. Length 21 millimeters;
width 24 millimeters. Common throughout the Becraft lime-
stone in the Clifton Forge area, Virginia.

Spirifer concinnus var. progradius F. M. Swartz, n. var. (pl.
9, figs. 2-5).—Shell transversely subsemielliptical, cardinal an-
gles more or less rounded; ventral valve most convex toward
the beak; beak somewhat elevated, apex incurved; cardinal
area of medium size, extending to the extremities of the hinge
line; mesial sinus fairly broad, rounded, of moderate depth;

- surface with about 16 simple, rounded, little elevated plica-
“tions on each lateral slope; the plications become obsolete in

the region of the cardinal extremities, no trace of any plica-
tions being seen on these areas in the specimens at hand; dor-
sal valve not observed. 'Length 23 millimeters; width 40 milli-
The general aspect of this species is that of S. con-
cinnus, of which it is evidently a derivative. It differs from
that form in its larger size and more transverse outline and
particularly in its somewhat more numerous, relatively nar-
rower plications. The finer surface detail is not preserved on -
the specimens seen, but is most: likely that of S. concinnus.
Occurs sparingly at the top of the Becraft limestone in the
Clifton Forge area, Virginia.

A number of specimens occurring with the type material of
S. concinnus var. progradius at the top of the Becraft limestone
present the same expression but differ in the subangulation of
the ventral mesial sinus, and also in the development of a
faintly suggested plication on each side of the sinus, in the
anterior half of the valve. The latter feature is seen in some
of the Spirifers of the New York Becraft, which Hall included
in 8. concinnus but which Schuchert has separated as S. proa-
vitus. However, as- the Virginian specimens agree with S.
concinnus var. progradius rather than with S. proavitus in size,
in the width of the plications, and in the obsolescence of the
plications toward the cardinal extremities, they are retained
with the former species.

Spirifer angularis Schuchert (pl. 9, fig. 6. )-—Shell transversely
semielliptical; ventral beak moderately elevated, somewhat in-
curved; area of medium height; mesial sinus deep, angular;
dorsal fold sharply elevated, angular. Surface with seven to
nine elevated subangular plications to the lateral slope. Length
20 millimeters; width 35 millimeters. One specimen from the
top of the Becraft limestone at Gala, Va., agrees closely with
Schuchert’s description of the type material from the Ridgeley
sandstone of Maryland.

Spirifer arenosus var. planicostatus F. M. Swartz, n. var.
(pl. 9, figs. 13-15).—Shell very large, semielliptical to sub-
quadrate, extremities rounded; valves almost equally convex;
ventral beak moderately elevated, incurved at the apex; area
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fairly high, extending to the extremities of the hinge line;
mesial sinus of ventral valve gradually expanding, fairly wide,
rather shallow, rounded; mesial elevation of the dorsal valve
pronounced, broad, rounded, not sharply defined; surface with

about 15 broad, low, very flat plications to the lateral slope;

the intervening sulci are very narrow, angular, and of but little
depth; the mesial fold and sinus are also plicate, carrying five
or six plications similar to those of the lateral slopes; the plica-
tions are less numerous in the posterior portions of the fold and
sinus, addition resulting from" dichotomous division, as in
S. arenosus proper. Maximum length 54 millimeters; maxi-
mum width 80 millimeters. This form differs from the S.
arenosus of the Ridgeley sandstone farther north chiefly in the
very flat plications; the plications of S. arenosus are rounded or
even subangular. The cardinal angles also seem to be some-
what more definitely rounded and somewhat flatter. Abundant
in the dark cherts and interbedded sandstones in the upper part
of the Giles formation on Tumbling Creek, near Saltville, Va.

Cyrtina dalmans (Hall) (pl. 7, figs. 4-7).—Shell small, trans-
verse; ventral valve pyramidal; beak simple, angular, not in-
curved; area high, flat or nearly so; foramen narrow. Dorsal
valve depressed convex, beak scarcely elevated. Surface with
five to seven plications to the lateral slope, crossed by strong
imbricating concentric lamellae. Length 10 millimeters; width
14 millimeters; ventral area 5 to 7 millimeters in height. Rare
in the middle of the Keyser limestone at Big Mountain, W. Va.,
and Monterey, Va.

Cyrtina varia Clarke.—Shell of moderate size; ventral valve
pyramidal; beak angular, not incurved; area high, nearly flat;
foramen narrow; dorsal valve depressed convex, beak scarcely
elevated; surface with 7 to 10 plications on the lateral slope,
crossed by concentric striae, which are not prominent on the
specimens seen. Length 9 to 15 millimeters; width 18 to 23
millimeters; area 8 to 12 millimeters in height, forming an angle
of 80° to 85° to the plane between the two valves. Occurs
sparingly in beds representing the upper part of the Becraft on
Back Creeck Mountain, west of Warm Springs, Va.

Rhynchospira globosa (Hall).—Shell small, globose; ventral
valve more convex than the dorsal; beak prominent, arched,
perforated at the extremity by a round aperture; surface of each
valve with 12 to 16 somewhat angular plications, of which two
or three are slightly depressed along the middle of each valve.
Length 11 millimeters; width 11 millimeters. Occurs sparingly
in the lower part of the Keyser limestone.

Rhynchospira formosa (Hall).~—Longitudinally subovate; ven-
tral beak arched, tapering; dorsal valve the more gibbous; surface
of each valve with 18 to 22 simplerounded plications, of which two
or three are smaller and are slightly depressed along the median
lineof each valve. Rareinthelower partof the Keyserlimestone.

Trematospira equistriata Hall and Clarke.—Shell transversely
oval, of medium size; valves about equally convex; ventral beak
only slightly extended beyond the dorsal valve, incurved;
ventral sinus small; dorsal fold obsolete; surface with fine,
simple radial plications, of which there are six plications on the
sinus and 23 on each side. Occurs sparingly in the New
Scotland limestone, to which it is restricted.

Nucleospira swartzi Maynard (pl. 6, figs. 13-15).—Shell sub-
circular, slightly transverse, hinge line shorter than greatest
width of the shell; ventral valve somewhat the more convex,
beak somewhat elevated, strongly incurved over that of the
dorsal valve; valves without distinct mesial depressions, al-
though these may be very faintly developed in some specimens;
surface with very faint concentric growth lines and some
stronger growth varices. Length 15 millimeters; width 16 mil-
limeters. Abundant in the lower part of the Keyser limestone,
Stenochisma deckerensis subzone.

Nucleospira ventricosa (Hall).—Shell globose, valves almost
equally convex, very small; ventral valve with & narrow sinus

from beak to front along medial line, while the median depressed
line of the dorsal valve is nearly obsolete; ventral beak the
more prominent, pointed, strongly incurved. Surface with
some concentric growth lines. Length 8 millimeters; width 9
millimeters. Occurs in the Coeymans limestone and is abun-
dant at the top of the Keyser limestone at Monterey and
McDowell, Va.

W hitfieldella minuta Maynard (pl. 6, figs. 3, 4).—Shell minute,
longitudinally subovate; both valves strongly convex; ventral
beak prominent, pointed, incurved; no fold or sinus on either
valve; surface smooth or marked by obscure concentric growth
lines. Length 3 millimeters; width 2 millimeters. Abundant
at the base of the Keyser limestone, to which it is restricted.

Whitfieldella? prosseri Grabau.—Shell elongate, oval to sub-
pentagonal; ventral valve somewhat the more convex, gibbous;
beak prominent, strongly incurved, with a faint longitudinal
depression, enlarging somewhat toward the front and truncating
the anterior margin; surface smooth except for some faint con-
centric striae and a few stronger growth lamellae, developed
near the front. Length 20 millimeters; width 15 miilimeters.
Abundant at the top of the Keyser limestone at Franklin, Va.;
rarer at the same horizon at McDowell, Va.

Meristella praenuntia Schuchert (pl. 7, figs. 12-15).—Shell
ovoid, variable as to relative length and width; ventral valve
much the more convex, gibbous in the unbonal region; beak
strongly incurved, a mesial sinus more or less developed in the
anterior part of the valve; dorsal valve often with a linear me-
dian depression toward the front; surface smooth. Length 19
millimeters; width 18 millimeters. Common to abundant in
the upper part of the Keyser limestone. A forerunner of M.
arcuata of the Coeymans and New Scotland limestones.

Meristella nasutaformis F. M. Swartz, n. sp. (pl. 7, figs. 16,
17).—Shell longitudinally ovoid; fairly large; greatest width-a
little front of the middle. Ventral valve convex to gibbous,
arched toward the beak, which is closely incurved over that of
the opposite-valve; the anterior margin prolonged into a gently
raised, very broad nasute extension, marked centrally by a
narrow linear depression; this raised portion is continued to the
middle of the valve, where it merges into the general convexity
of the valve. The brachial valve in this specimen is crushed
and broken, but the small incurved beak, fitting closely be-
neath the ventral beak, and interior median septum of the pos-
terior half are shown. Surface with obscure lines of growth.
Length 28 millimeters; width 25 millimeters. The one speci-
men came from about the middle of the Keyser limestone at
Big Mountain, W. Va. It is sharply differentiated from the
other Meristellas of the Keyser by its large size and from those
of the Helderberg group in general by the nasute extension.
M. nasuta, of the Schoharie grit of New York, also possesses a
ventral nasute extension, but it is narrower and lacks the me-
dian depression seen on the Keyser specimen. M. nasutaformis
should be regarded as a development from those members of
M. praenuntia whose ventral valves have fairly strong plica-
tions on each side of a narrow median depression, such as is
suggested by the larger of the two specimens figured in this
report. It does not seem to have been ancestral to any of the
later Meristellas described from the Appalachian areas.

Meristella arcuata (Hall) (pl. 8, figs. 1-4).—Shell large,
broadly ovate; ventral valve gibbous in the central and umbonal
regions; beak incurved, fairly prominent; a shallow rounded
depression at the front of this valve; dorsal valve often abruptly
elevated along the middle and sloping laterally but without a
distinet fold; surface smooth. Length 20 millimeters; width
29 millimeters. Common to abundant in the Coeymans and
New Scotland limestones; very abundant at the top of the
Coeymans limestone in the Monterey and Clifton Forge area,
Virginia; also seen just beneath the sandstones of the middle
of the Giles formation at Rocky Gap, Va.
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Meristella arcuata var. gigas F. M. Swartz, n. var. (pl. 8,
figs. 5-7).—Associated with the normal M. arcuata of the top
of the Coeymans limestone at Monterey and Bolar, Va., are
some individuals reaching in maturity 40 millimeters in length.
These are longitudinally oval, with the greatest width just in
front of the middle. The ventral valve is highly convex and
arcuate in the umbonal region, the beak is rather prominent and
incurved, and there is a rather narrow, shallow sinus extending
from the anterior border about halfway to the beak. The
growth lines show that in the more youthful stages this form
exhibited all the features of the typical M. arcuata, with the
breadth about equal to the width. Surface with a few distinct
growth lines. The interior features are those of M. arcuata.
Length 40 millimeters; greatest width 35 millimeters.

Meristella cf. M. symmetrica Schuchert (pl. 8, fig. 8).—Shell
almost circular; valves regularly and almost equally convex; no
fold or sinus on either valve; surface with some concentric
growth lines. Length 50 millimeters; width 50 millimeters.
One specimen, with the dimensions stated, agrees with Schu-
chert’s description of this Oriskany species. At the top of the
Coeymans limestone at Monterey, Va.

Meristella lata (Hall) (pl. 9, figs. 8, 9).—Shell subquadrate to
longitudinally ovate; ventral valve gibbous in the middle, with
a shallow depression in front; beak elevated and closely in-
curved over the opposite; dorsal valve abruptly elevated in the
middle, forming a rather prominent dorsal ridge. Length 30
millimeters; width 28 millimeters. QOccurs sparingly in the
Becraft limestone. _

Merista typa (Hall) (pl. 7, figs. 1-3).—Shell longitudinally
subovate; subglobose; ventral valve much the larger. The
interior of the ventral valve has a more or less highly arched
transverse septum, which, rising from beneath the rostral
cavity, extends forward nearly to the middle of the valve.
This “‘shoe-lifter process’’ is commonly seen on the weathered
interiors and is very distinctive. Length 25 millimeters;
width 21 millimeters. Profuse at about the middle of the
Keyser limestone, just above the Gypidula zone, forming a
distinet subzone, to which it is restricted.

PELECYPODA -

Actinopteria cf. A. reticulata Weller—Left valve large, sub-
rhomboidal; body subovate, with an obliquity of 27° between
the hinge line and the umbonal region; surface with conspicuous
concentric lines of growth, and more or less dicontinuous
radiating costae, giving the upper portion of the shell, where
the lines are strongest, a nodose appearance. Height 35 milli-
meters; length of hinge line 29 millimeters; oblique diameter
from beak to posterolateral extremity 48 millimeters. One
fragmental specimen, found in the upper part of the Keyser
limestone at Little Mountain, Va.

Cypricardinia cf. C. lamellosa Hall.—Shell subovoid; gibbous;
umbones slightly elevated; posterior slope prominent, with a
scarcely defined ridge; surface with strong elevated distant
lamellae. Length 12 millimeters; height 8 millimeters. One
specimen from the middle of the Keyser limestone at Mon-
terey, Va.

GASTROPODA

Straparollus weller: F. M. Swartz, n. name (cf. Straparollus
sp. Weller, Paleontology of New Jersey, vol. 3, p. 246, pl. 22,
fig. 14, 1903).—Shell consisting of four or five volutions, very
gradually expanding; shell plane above, with a broad umbilicus
below, in which all the volutions are visible; surface features
uncertain, although the shell seems to have been essentially
smooth. Diameter of shell 25 millimeters; of body whorl 5
millimeters. One incomplete specimen from the lower part of
the Keyser limestone on Big Mountain, W. Va.

Platyceras gibbosum Hall.—Spire small, of one or two closely
coiled volutions; body volution very rapidly expanding, highly
ventricose below, free; surface marked by fine, undulating,
transverse striae. Diameter of shell 35 millimeters; of aperture
28 millimeters. One specimen from the Coeymans limestone at
Monterey, Va.

Platyceras multiplicatum F. M. Swartz, n. sp. (pl. 7, figs. 31,
32).—Shell large, obliquely subovate, composed of three or four
volutions, somewhat gradually expanding, with the last volu-
tion free near the aperture; flattened on the upper side, some-
what ventricose below; spire closely coiled, rising slightly above
the plane of the body whorl; aperture unknown; surface with
eight or more strong longitudinal plications, which are crossed
by fine, obscure, closely arranged transverse striae. Diameter
of shell 60 millimeters; of whorl near aperture 35 to 40 milli-
meters. This species is somewhat similar to P. muliisinuatum,
of the New Scotland limestone of Maryland and New York, but
differs from that species in its larger size and in the more numer-
ous longitudinal plications, which are continued farther toward
the apex and occur on the lower as well as the upper and outer
sides of the whorls. Common in the Coeymans limestone at
Bells Valley and McDowell, Va. One fragment from the sand-
stones of the middle part of the Giles formation at Hollybrook,
Va., is referred with some doubt to this species.

Platyceras gebhardi Conrad.—Shell of four gradually expand-
ing volutions, which are contiguous, except the last one near
the aperture; apex in the plane of the outer whorl; body whorl
becoming ventricose; aperture expanded; surface wich fine
transverse undulating striae; shell occasionally carinate along
the dorsolateral curvature. Diameter 40 millimeters. Com-
mon in the New Scotland limestone; rare in the Becraft lime-
stone.

Tentaculites gyracanthus (Eaton).—Shell elongate conical,
gradually tapering to the apex; surface with smooth rounded
annulations, at irregular intervals, with about three in 1 milli-
meter; interspaces between annulations with fine annual striae.
Length 5.5 millimeters; diameter 0.7 millimeter. Profuse near
the top of the Keyser limestone at Petersburg, W. Va.; this
subzone, which is prominent in Maryland and Pennsylvania,
disappears south of Petersburg.

)

CEPHALOPODA

Orthoceras cf. O. rigidum Hall.—Shell of medium size, elongate,
gradually tapering; cross section circular; siphuncle central;
septa closely spaced, moderately convex, about six in a space
equal to the diameter of the tube; surface with fine transverse
striae; apical angle 10°. The specimens found are small, with
diameter toward the aperture as great as 20 millimeters.
Occurs sparingly near the base of the Keyser limestone.

TRILOBITA

Proetus protuberans Hall.—Pygidium semicircular; axis very
prominent, nearly one-third the width of the pygidium, with

" eight annulations; lateral lobes with four or five segments,

which are grooved and do not reach the margin, leaving a fairly
broad border. Length 10 millimeters; width 18 millimeters.
Several pygidia from the lower part of the Keyser limestone
agree with Hall’'s desecription of this New Scotland trilobite.
Reeside has also described P. protuberans from the lower Keyser
in Pennsylvania.

Calymene camerata Conrad.—Pygidium with prominent axis,
which is about one-fifth the width of the pygidium and carries
cight annulations; the axis tapers gradually to the obtusely
rounded extremity lying well within the posterior margin;
lateral lobes with six broad ribs, which are strongly bent
downward and are bifurcated toward the margins by deep
longitudinal grooves. Length 14 millimeters; width 20 milli-
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meters. One pygidium found in the basal part of the Keyser
limestone at Clifton Forge, Va.

Phacops logani Hall—Cephalon semicircular; genal angles
obtuse; glabelln subpentagonal, very prominent in front,
projecting somewhat beyond the frontal limb; upper surface
convex to gibbous, highly pustulose; lateral furrows undefined;
occipital furrow strong; eyes fairly large. Occurs sparingly at
the base of the Beeraft limestone at Gala and Bells Valley, Va.

Dalmanites pleuroptyz (Green).—Pygidium triangular, con-
vex, posterior extremity extended in a caudal spine; axis
prominent, well defined, one-fifth the width of the pygidium in
front, gradually tapering to the rounded extremity; annula-
tions 17; lateral lobes with 11 to 13 ribs, which are bent back-
ward. ILength 45 millimeters; width 60 millimeters. One
specimen from the Coeymans limestone at Petersburg, W. Va.; a
second from the middle of the Beeraft limestone at Dry Run, Va.
Two specimens obtained above the middle of the Shriver (?)
chert at Back Creek Mountain, Va., seem to belong to this
species. .

. Dalmanites sp.—Fragments of several pygidia in beds
representing the upper part of the Becraft limestone on Back
Creek Mountain, west of Warm Springs, Va., show agreement
with the pygidia of Dalmanites dentatus Barrett in the general
shape of the shield, in the strong grooving of the pleurae, in the
lack of a conspicuous marginal border, apparently in the
width of the axis, and in the presence of a row of pronounced
tubercles on cither side of the groove of the pleurae. These
tubercles are, however, smaller and more numerous, there being
as many as 10 in a row, rather than 5, the average number seen
on specimens of D. dentatus from the lower part of the Oriskany
sandstone at Nearpass, N. J. The surface is granulose near the
margins. This species should probably® be considered inter-
mediate and transitional between D. pleuroptyz and D. dentatus.

OSTRACODA

Kloedenia smocki (Weller).—Shell subelliptical; hinge line
straight, with a narrow margin set off by a narrow furrow;
valves divided into three lobes each; two vertical furrows bend-~
ing toward each other at their lower extremities; posterior
furrow somewhat the longer, reaching slightly below the
middle of the valve; subcentral in position; surface smooth.
Common near the top of the Keyser limestone at Big Mountain,
W. Va.

- LOCAL SECTIONS OF THE HELDERBERG GROUP

[The numbers of the following sections correspond to those showing locations on
Figuro 6. In the lists of fossils striking profusion or great rarity is indicated by
the symbol “aa’ or “r,” respectively, after the name of the fossil concerned;
otherwise the species will be found readily enough, at least after some search. A
number after the name of a fossil indicates fect above the base of the unit and
meoans that within the unit the species is very profuse at or is restricted to that
horfzon]

1. Section near Petersburg, W. Va.

[This section is to be scen about 214 miles east of Petersburg, W. Va., along the
road to Moorefleld, in the cast end of the gap of the South Branch of the Poto-
mac, whero the ITelderberg beds are brought up in the castern limb of a low anti-
clino. The base of the exposure is about 105 feet west of the Hardy-Grant County
boundary marker; the New Scotland is exposed along the road 800 feet east of the
county line and 280 feet west of the bridge by which the highway crosses the
South Branch; and the ‘Shriver-Ridgeley contact is about opposite the bridge.
Tho measurements of the Ridgeley and Shriver are only approximate]

Oriskany group:

Ridgeley sandstone: Feet
Medium to thick bedded hard gray sandstone - 50
Concealed along road; some sandstone on hill 70
Thick-bedded to massive calcareous gray sand-

StONe - oo o.. 60
Concealed- - o o oo oe .. 25
Thin to medium bedded calcareous gray sand-

stone; middle part concealed._. ... ..__._ 60

Oriskany group—Continued.
Shriver chert:
Concealed.- . - _ - oL
Hard black chert, bedded, and some interbedded
sandstone; Anoplotheca flabellites, Spirifersp.
Mostly concealed; some bedded black chert 80
and 110 feet above base- . __________
Helderberg group:
New Scotland limestone:
Thin-bedded shaly limestone. Spirifer macro-
pleurus, S. cyclopterus_ - - __._____
Medium to thick bedded hard blue limestone,
with much interbedded white chert. Strep-
telasma strictum, Dalmanella perelegans, Lep-
taena rhomboidalis, Strophonella undaplicata,
Schuchertella woolworthana, Spirifer macro-
pleurus, S. perlamellosus (¥) - - oo _______
Coeymans limestonc: Thick-bedded to massive hard
crystalline crinoidal gray limestone, grading into
the overlying cherty limestone of the New Scot-
land but separated more abruptly from the under-
lying Xeyser. Leptaena rhomboidalis, Schuchert-
ella woolworthana, and Meristella arcuata (aa), all
in upper 3 feet; Gypidula coeymanensis (aa), 9;
Dalmanites pleuroplyzr (r) - - - - oo
Keyser limestone:
Upper limestone member:
Hard dark-blue thick-bedded, somewhat
nodular limestone. Chaetetoid Bryozoa
(aa), 16; Tentaculites gyracanthus (aa),
12-14; Schuchertella prolifica (aa), 3.~ ..
Medium-bedded hard blue limestone__.__
Thick-bedded hard blue, partly erystalline
limestone; weathered surfaces rutted.
Strophonella keyserensis (r) . ._________
Nodular impure limestone, partly con-
cealed. Mariacrinus sp. (r), Bryozoa,
Schuchertella prolifica. - oo ____
Concealed_ - . _ . _____
Band of hard gray limestone_._._________
Nodular impure shaly limestone. Meri-
stella praenuntia, 5_ - _____________
Band of hard gray crystalline limestone._.. .
Nodular impure limestone, partly con-
cealed. Camarotoechia cf. C. altiplicata,
Bryozoa._ - ____
Heavy-bedded hard nodularbluelimestone..
Concealed_ - . - o __
Thick-bedded hard grayish, somewhat crys-
talline limestone; a few chert nodules to-
wardcenter. Stromatoporareefnearcenter.
Nodular impure limestone. Dalmanella
coneinng (a8) - - - oo oo e
Massive gray, somewhat crystalline lime-
stone, weathering yellow. Atrypa re-
tecularis (Qa) - - - e
Thick-bedded hard dark-blue limestone.
Chaetetoid Bryozoa, 2. oo ooo-_..
Nodular impure limestone_ . ... _____
Hard blue limestone_ - - _ ... ______.______
Conecealed. . . __ ... _..___.____ -
Hard blue fossiliferous limestone. Merista
typa (aa), Strophonella keyserensis (r),
Leptaena rhombotdalis - - ___________.__
Somewhat nodular blue limestone; thijs
unit is largely concealed along the road-
side but may be seen on the slope above.
Gypidula coeymanensis var. prognostica
and Camarotoechia gigantea in lower 2 feet.

30.

19

26
8.

16%.

6%

6%
%,

11

6%%:

14

3%
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Helderberg group—Continued.
Keyser limestone—Continued.
Big Mountain shale member: Concealed; some
shale fragments seen in upper part_ . ._..__.. 28
Lower limestone member:

Feet

Hard nodular fine-grained limestone. Un-
fossiliferous. _ . - __________.____ 10
Concealed; probably shale_.___._________ 13

Thick-bedded . pearly-gray crystalline cri-
noidal limestone_ _ ________ oo 15%
Blue, somewhat erinoidal limestone. _____ 3%
Massive impure, very nodular limestone,
weathering into grayish lumpy masses,
with a somewhat cross-bedded appear-
ance. Chonetes jerseyensis, Alrypa re-
ticularis, Stenochisma deckerensis, and
Uncinulus converorus are more or less
abundant throughout_ ___ . ___________ 15
Massive nodular hard fine-grained "blue
limestone. Stenochisma deckerensis, Spi-
rifer octocostatus (r) - - - . _____ 23
Thin-bedded blue, somewhat crystalline
limestone, with gray calcareous shale at
top and hottom. Favosites sp., Cypho-
irypa corrugata, Rhipidomella emarginata,
Camarotoechia litchfieldensis (aa), Whit-
- fieldella minuta (aa), Rhynchospira glo-

bosa(?) - - - e 11
Hard blue fine-grained limestone..___.___ 2
Tonoloway limestone:
Thin-bedded gray calcareousshale..___________.__ 7
Laminated blue limestone, weathering into plates__._. 2
Thin-bedded soft calcareous shale_..__._.________ 5

Concealed to western limb of anticline.

2. Section in field just north of road to Moorefield, about 4 miles
west of Wardensville, W. Va. '

[The section can be located by the prominent exposure of the Ridgeley sandstone,
which dips steeply to the west and then is followed, in succession, by the Helder-
berg, Tonoloway, and Wills Creck, the lower half of the Tonoloway and the entire
Wills Creek are well exposed along the roadside]

: Feet

Oriskany group: Ridgeley sandstone: Massive calca- :

reous sandstone, weathering yellowish ______________ 275+
Helderberg group: .
Concealed. Some white chert fragments found at
the middle of this interval apparently represent
the New Scotland, as they contain large stropho-
nellids and a fragmental Spirifer which is perhaps
S. macropleurus. Whether the New Scotland is
overlain in this section by the Becraft or the Shri-
ver chert (Oriskany) is uncertain.______________ 95
Keyser limestone (probably should include basal
portion of overlying interval).
Upper limestone member:
Dark-gray fine-grained limestone_.__ .. ___. 5
Nodular shaly limestone, with some inter-
bedded shale. Merista typa, Atrypa re-
ticularis - _.___.. 19
Dark-blue limestone, with a chaetetoid
Bryozoa zone. Merista typa? - _____ 4
. Big Mountain shale member: )
Calcareous greenish shale and some impure

interbedded limestone ._____._________ 8
Shaly limestone. Spirifer modestus._____ .4
Calcareous greenish shale_ ... _____.______ 33
" Lower limestone member:
Massive dark-blue limestone......_____. 17
Shaly nodular limestone and some cal-
careous shale____________________.__. 14

Tonoloway limestone, excellently exposed in the field and
along the highway.

3. Section in gap of Trout Run about 3 miles south of Wardens-
ville, W. Va.

[The Ridgeley sandstone is exposed at the west end bf the gap, the beds dipping to
the west. The Helderberg is exposed along the banks of the creek]

- Feet
Oriskany group: Ridgeley sandstone: Massive gray
quartzitic sandstone; lower beds softer-.___________ 275
Helderberg group: 4
Upper part of Helderberg (Becraft, New Scotland,
Coeymans): .
Massive dense, somewhat impure limestone,
containing interbedded black chert. Prob-
ably Becraft_ _ _ .. 7%
Concealed - - _ ... 24
Massive dark, somewhat crinoidal limestone,
containing fragmental fossils, possibly Gypi-
dula. Coeymans?_ ______________________ 1%
Concealed . _ .. 28
Very massive dark-blue limestone_.__________ 3
Massive gray, highly erinoidal crystalline lime-
stone. All or part of this unit may belong in
the Keyser . ____________.____.___..__. 15
Keyser limestone (top doubtful):
Upper limestone member:
Lumpy drab-gray limestone_.___________ 9
Coneealed _ __ - _ . .. l_______ 8
Lumpy dark-blue limestone_____________ 8
Concealed - _ . ___________ 10
Massivé gray crinoidal limestone__._____ 3
Concealed_ - _ . _____________ 9
Massive gray erinoidal limestone. __ . ____ 2%
Impure lumpy limestone________________ 9
Big Mountain shale member: Shaly limestone
to calcareous shale__ . ________________ 38
Lower limestone member:
Massive gray crinoidal limestone_ - ______ 23
Lumpy impure grayish limestone. Un-
cinulus convexorus (aa) throughout,
Spirifer modestus_ _ - - . . ____._____ 16

Tonoloway limestone: Thin-bedded platy limestone.

4. Section at Fawceits Gap, Little North Mountain, near Marlboro,
Va. ’

[The section is exposed at west end of gap, on slope above the county road running
north from the road from Marlboro to Star Tannery]

Romney shale: Somewhat fissile brownish shale. Feet
Concealed (Romney shale?) . _____ ... ___.____ 30
Helderberg group: :
Becraft limestone:
Massive arenaceous gray limestone with much
interbedded black chert. Probably Becraft_. 9
Concealed .. . _ - o ____ 14%
Gray limestone, some chert_ _______________. 3%
New Scotland limestone: Massive gray crystalline
limestone, with a few lenses of chert. Dalma-
nella perelegans, Spirifer macropleurus, Meristella
arcuat@ (A4) - - - o oo e meeeeeee 10 -
Keyser limestone (the upper crystalline beds may
belong to the Coeymans limestone; division of the
Keyser into the members recognized elsewhere is
not feasible): :
Gray crystalline limestone, weathering thin-
bedded. Possibly Coeymans rather than
upper Keyser_ _ _ - . . _____.__- 14
Massive gray crinoidal limestone______...___. 8
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Helderberg group—Continued. :
Feet

Keyser limestone—Continued.
Thick-bedded dark-blue limestone, weathering
somewhat nodular_ _ - ____________________ 25
Medium-bedded gray crinoidal limestone; coral
zone at top. Stenochisma deckerensis._ ... _. 5

Tonoloway limestone: Platy limestone, shaly above.
5. Section on.Big Mountain, W. Va.

[The Helderberg group is well exposed on Big Mountain along the county road run-
ning through the gap of the South Fork of the Potomac. The section isin the east-
orn limb of the Big Mountain anticline and is about 1% miles west of Upper
Tract, a small settlement on the highway to Franklin, about 17 miles south of
Potersburg, W. Va.]

Oriskany group:

Shriver chert:

Concealed. The measurement to the first ex-
posures of the Ridgeley sandstone is unsatis-
factory but could be obtained in the western
limb of the anticline.

Bedded black chert, weathering buff; layers 4 to
6 inches thick._ . . ._._. 45

Concealed - - - - oL 6

Bedded black chert, weathering buff; the lower
half is largely concealed. ... ______________ 70

Helderberg group:

New Scotland limestone:

Thin-bedded, somewhat shaly limestone, with
some interbedded white chert. Spirifer
macropleurus - - . .- o .

Thick-bedded limestone with much interbedded
white chert. Hindia sphaeroidalis, Strep-
telasma strictum (aa), and Spirifer macro-
pleurus (aa) in all but the lower 2 feet or so.
Dalmanella perelegans, Leptaena rhomboidalis,
Schuchertella woolworthana, and Meristella
arcuata (an), throughout. _________________

Cocymans limestone: Thick-bedded to massive
hard somewhat crystalline gray crinoidal lime-
stone. Orthostrophia strophomenoides (r), Rhipi-
domella oblata, Schuchertella woolworthana, and
Uncinulus abruptus -(r) near top; Spirifer cyclop-
terus and Meristella arcuata (aa) throughout;
Gypidula coeymanensis (r) near mlddle .......... 24

Keyser limestone:

Upper limestone member:

Thin to medium bedded hard bluish-gray,
somewhat crinoidal limestohe. Camaro-
toechia cf. C. alliplicata; Kloedinia
smockt, 13. . o e

Thick-bedded hard blue crinoidal lime-
stone. Camarotoechia cf. C. alliplicata,
Schuchertella  prolifica,  Rensselaeria
mulabilis (r), 4

Shaly impure limestone, partly concealed.
Schuchertella prolifica_ .. oo .. 10

Thick-bedded hard bluish-gray, some-
what crinoidal limestone. Meristella
praenuntia (aa), 14; Stromatopora, 10;
chaetetoid Bryozoa. .. ... _____.. - 19

Thin-bedded shaly limestone, with several
beds of gray crinoidal limestone. Many
Bryozoa near top- - oo oo ooceoi. 21

61355°—80——5

Feet

16%

20%

44%

13%

Helderberg group—Continued.
Keyser limestone—Continued.
Upper limestone member—Continued.

Thin to medium-bedded gray, somewhat
crinoidal limestone; the weathered sur-
faces have a peculiar rutted appearance.
Cyrtina dalmani (r), 20; Stromatopora
(aa), 18; Bryozoa; Merista typa (aa), 4—
6; Gypidula coeymanensts, 4; Meristella
nasulaformis (v), 1o ... 21

Big Mountain shale member:

Thin-bedded greenish shale, with some
beds of very impure lumpy limestone.
Dalmanella concinna, Leptaena rhom-
boidalis (r), Chonetes jerseyensis, Atrypa.
reticularis, Orthoceras rigidum (r)-_.____. 25

Impure lumpy limestone. . _ .. ... ____ 7

Thin-bedded greenish shales._________.___ 9

Lower limestone member:

Gray, somewhat crystalline limestone.
Chonietes jerseyensis, Schuchertella deck-
erensis, Uncinulus convexorus_ .. _...__ 14

Blue, very nodular limestone. Cypho-
trypa corrugata, Dalmanella concinnus,
Stropheodonta bipartita, Chonetes jersey-
ensis, Stenochisma deckerensis, Uncinulus
convexorus, Atrypa reticularis, Spirifer
modestus, S. modestus var. plicalus,
Nucleospira swartzi, Straparollus weller:

(r), Orthoceras rigidum (?) (r), Proetus
protuberans.__ . __ .. _ . ______ ... 15

Hard blue nodular limestone, partly con-
cealed. Rhipidomella emarginata, Cho-
netes jerseyensis, Stenochisma deckerensis,
and Uncinulus convexorus, all in the
upper half of the unit. Camarotoechia
litchfieldensis and Whitfieldella minuta

Feet

in lower 5feet___ ______ . _____.___.. 29
Thin-bedded blue limestone, weathering
yellow__ . - 7%
Hard blue somewhat crinoidal hmestone
Cypholrypa corrugal@q - - oo __ 4%
Hard blue fine-grained somewhat nodular
limestone_ . . _ . ... 3
Tonoloway limestone: - A
. Thin-bedded laminated blue limestone........___. 1%

Concealed. The Tonoloway is well exposed in the
western limb of the anticline, where it can be seen
along the roadside.

6. Section near Franklin, W. Va.

This section is exposed on the south end of the Pond Range, along the State highway
to Circleville, W. Va., about 4 miles west of Franklin, It is in the eastern limb
of a large anticline that brings up the Tuscarora sandstone farther west. The
Helderberg group is for the most part concealed along the immediate roadside
but is almost continuously exposed on the slope above the road}

Oriskany group: Foot
Ridgeley sandstone: Thick-bedded gray sandstone.
Shriver chert:

Bedded black chert, partly concealed.________ 105
Concealed_ .. - _ .. 45
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Helderberg group:

New Scotland limestone: Thick-bedded to massive
limestone, with much interbedded white chert.
Hindia sphaeroidalis, Streptelasma sirictum (aa),
Dalmanella perelegans, D. eminens (r), Leptaena
rhomboidalis, Schuchertella woolworthana, Eatonia
medialis, Spirifer perlamellosus (r), S. cyclopterus,
S. macropleurus (aa), Tremalospira equistriata,
Meristella arcuata_ - - ____________

Coeymans limestone: Massive gray crystalline
crinoidal limestone, more or less transitional with
the overlying New Scotland. Meristelle arcuata
" (aa), near top; Schuchertella woolworthana; Gypi-
dula coeymanensis at middle._ ____ . ____________

Keyser limestone: ) :

Upper limestone member:
Very arenaceous limestone, weathering
thin-bedded. This bed might be placed
at the base of the overlying Coeymans.
Spirifer vanuremi var. prognosticus (aa)
and Whitfieldella prosseri (aa), 7. . .___
Thin-bedded argillaceous limestone, some-
what concretionary. Schuchertella pro-
lifica, Spirifer vanuzems var. prognosticus;
Whitfieldella? prossert ... ______.___
Thick-bedded to massive gray, coarsely
crystalline crinoidal limestone. Clado-
pora rectilineata, 45 to 50; Mariacrinus?
sp. (aa), 50; Camarotoechia cf. C. altipli-
cata, 16 and above; Rensselaeria muta-
bilis (aa), 16; Uncinulus keyserensis (r);
Uncinulus nucleolatus (r)_ .. . ..______
Thick-bedded gray crystalline limestone,
forming a series of small cliffs on the hill-
side. Stromatopora—coral reef near top;
Cladopora rectilineata, 2 and 32; Cama-
rotoechia cf. C. altiplicata, 22; Uncinulus
nucleolatus (r), 22; Rensselaeria mutabilis,

Medium-bedded gray, somewhat crystal-
line limestone, mostly concealed_____._
Massive ‘pearly-gray crystalline limestone,
forming a series of small cliffs. Stroma-
topora bed, 28_ _ __ __________________
Medium to thick-bedded, somewhat crys-
talline gray limestone, weathering more
readily than the overlying beds. ' Gypi-
dula coeymanensts var. prognosticus (aa),
‘Camarotoechia gigantea (aa), Atrypa reti-
cularis (aa), and Merista typa (aa), all in
the lower 6 feet. Merista typa, however,
ranges a little higher than the three other
species, and the Gypidulas are practically
confined to the basal foot orso________
Big Mountain. shale member: Soft yellowish
shale, concealed for the most part_________
Lower limestone member:
Crystalline crinoidal limestone, weathering
thin-bedded__ _______________________
Massive dark-blue, very nodular limestone.
Cyphotrypa corrugata, Dalmanella con-
cinna (r), Stropheodonta bipartite, Cho-
netes jerseyensis, Stenochisma deckerensts,
Uncinulus convexorus, Spirifer modestus,
S. modestus var. plicatus, S. octocostatus.
The above fossils are not as abundant

here as they are in the equivalent beds in-

most of the other sections______..__.___._

Feot

22

20

10

70

36

18.

32

12

45

28

Helderberg group —Continued.
Keyser limestone—Continued.
Lower lilnestone member—Continued.
Thick-bedded blue limestone. This bed
should probably be considered the base
of the Keyser, although it was not
seen in cdntact with the underlying
Tonoloway -« oo - 6

9. Section mnear Fulks Run, Va.

[A fine exposure of the Lower Devonian can be seen along the highway from
Broadway, Va., about half a mile west of the Fulks Run store and post office]

Foet
Oriskany group: Ridgeley sandstone: Massive calcare- *
ous sandstone_ - ____________________________..____ 100+
Shriver chert:
Bedded black chert, matrix sandy____.__.____ 7
Bedded. black chert, largely concealed_ - _.____ 43

Sandy, impure limestone, with some black chert.
The character of this unit suggests that it
should be considered transitional with the
Becraft limestone_ .- . _______________ 6
Helderberg group:
New Scectland limestone: .
Drab shale, partly concealed_ _______________ 3%
Limestone with some interbedded dark-colored
chert. Spirifer macropleurus, Meristella ar-
13%
Keyser limestone (including beds of age of the Coey-
mans limestone?):
Upper limestone member:
Concealed. Any beds of Coeymans age
would lie in the upper part of this inter-

Impure, somewhat nodular limestone._____
Concealed - - _ _ . _______.
Calcareous sandstone, weathered buff____
Impure shaly limestone above to calcareous
shale below_ __ ______________________ 14
Massive crinoidal limestone. Merista
LYPA e ccmmm—————— 3
Big Mountain shale member:
Concealed; probably shale._.._________. 21
Nodular blue limestone_. . ______________ 1%
Greenish shaly limestone and calcareous
16%

Q0 W= O

Lower limestone member:
Massive crinoidal limestone. ... ________ 3
Greenish shaly limestone. Chonetes jersey-

Tonoloway limestone: Blue platy limestone.
8. Section at Strait Creek, Va.

[The lower part of the Keyser is exposed along the road from Franklin, W. Va., to
Monterey, Va., about ¥ mile east of the store at Strait Creek, Va., in the eastern
limb of the anticline through which the road runs at this place. The bigher part
of the Helderberg is concealed, although some New Scotland float was seen]

Helderberg group:
Keyser limestone:

Big Mountain shale member: . ‘
Concealed. Feet
Fissile olive-green shale_. . ____.____..._. 10

" Lower limestone member:
Thick-bedded hard gray, somewhat crystal-
line limestone_ _ _ _ ______ .. ___._____.__ 11
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Helderberg group—Continued.
Keyser limestone—Continued.
Lower limestone member—Continued.
Shaly, very lumpy limestone, weathering
yellowish. Dalmanella concinna (aa),
Stropheodonta bipariita, Chonetes jersey-
ensis (aa), Atrypa reticularis, Spirifer
modestus (aa), S. modestus var. plicatus,
Nucleospira swartzi (aa), Orthoceras cf.
0. clavatum (t) o oo o oo
Medium-bedded dark gray limestone.
Chonetes jerseyensis (r) - - - - oo 3
Tonoloway limestone: Laminated blue limestone, upper
part concealed.

Feet

35

9. Section near Monterey, Va.

[Tho Helderberg group is well exposed half a mile east of Monterey, Va., just north
of tho State highway to Staunton, on the first foothill of Jacks Mountain. The
Boeraft limestone and tho chorty New Scotland limestone are conspicuous on
the hillside]

Oriskany group:

- Ridgeley sandstone: Mostly concealed, with boul-
ders of friable sandstone, weathered whitish on
the surface but iron stained within_____________

Concealed, with a few exposures of very fine grained

calcarcous sandstone. Amnoplotheca flabellites. __ .

Helderberg group:

Becraft limestone:

Heavy-bedded white calcareous sandstone...._

Massive grayish sandy limestone. Rensselaeria

subglobosa, Spirifer cyclopterus_. . __________ - 4

Massive gray sandy limestone to limy sand-

Feet

50+

50+

10

Hard massive bluish-gray limestone, very fossil-
iferous; a few lenses of dark chert in lower
part. Eatonia medialis, E. peculiaris, Spiri-
Jer cyclopterus, S. concinnus, ete. ... _____.

Partly concealed; some beds of Jimestone with
much interbedded black chert. - ___________

Shriver (?) chert: J
Mostly concealed, with much impure dark
bedded chert of Shriver type on the surface. .
New Scotland limestone: Fine-grained limestone
- with much interbedded white chert, conspicuous
on the hillside. The upper 6 feet is less resistant
than the remainder. Hindia sphaeroidalis, Strep-
telasma strictum (aa), Favosiles helderbergiae?,
Dalmanella perelegans (aa), Leptaena rhom-
boidalis, Strophonella wundaplicata, S. leaven-
worthana, Schuchertella woolworthana, S. punctuli-
fera, Eatonia medialis, Spirifer cyclopterus, 8.
macropleurus (an), Trematospira equistriata, Meri-
stella arcuata_ - - - ..
Coeymans limestone:

Massive hard gray crystalline crinoidal lime-
stone. Rhipidomella oblata, Leptaena rhom-
boidalis, Stropheodonta arata (r), Schuchertella
woolworthana, Uncinulus abruptus, Meristella
arcuata, and M. arcuata var. gigas, all in the
upper 5 feet. Schuchertella woolworthana,
Gypidula coeymanensis (r), and Meristella
arcuala near middle and about 10 feet above
base. Nucleospira ventricosa (aa) near base._. 44

Thin-bedded, somewhat arenaceous limestone_. 6

Keyser limestone:

Upper limestone member:

Thick-bedded blue limestone, with narrow
brown sandy lines on the weathered
surface

71

20

85

25

OF WEST VIRGINIA AND VIRGINIA

Helderberg group—Continued.
Keyser limestone—Continued.
Upper limestone member—Continued.
Medium-bedded blue limestone, with a few
lenses of light-colored chert_ __________ 4
Concealed - - - - - ... 81
Thick-bedded gray, somewhat ecrinoidal
limestone. Aulopora schucherti, 2; Stro-
phonella keyserensis (r); Stropheodonta cf.
S. planulata, 4; Schuchertella prolifica;
Gypidula coeymanensis var. similis, 5;
Camarotoechia gigantea and C. gigantea
var. gigas, 2; Cyrtina dalmani (r), 19;
Nucleospira veniricosa (aa), 19; Merista
typa (aa), 4to top_ - ...
Gray, somewhat crinoidal crystalline lime-
stone; upper part concealed. Striatopora
bella, Leptaena rhomboidalis, Chonetes
jerseyensis, Atrypa reticularis- . ... 7
Big Mountain shale member: Yellowish shale,
with some thin arenaceous shale layers;
largely concealed . _ __ ... ...
Lower limestone member:
Thick-bedded gray, somewhat -crinoidal
limestone_ - - ___ .. 7
Shaly, much weathered nodular limestone.
Massive, very nodular blue limestone.
Favosites sp. (r), Stropheodonia bipartita,
Chonetes jerseyemsis, Uncinulus con-
vezorus, Stenochisma deckerensis, Airypa
reticularts (88) - - - oo oo
Thin-bedded grayish limestone. Cypho-
trypa corrugata, Rhipidomella emarginata,
Strophonella keyserensis (r), Stropheo-
donta bipartita, Chonetes jerseyensts, Steno-
chisma deckerensis (r), Camarotoechia
litchfieldensts, Reticularia cf. R. bicostata
(r), Whitfieldella minuta. - - - - _______ 8
Tonoloway limestone:
Laminated blue limestone, largely concealed .. _ . _ .
Thick-bedded nodular blue limestone. Alrypa re-
ticularis (aa), Stenochisma deckerensis (one speci-
men, loose) - - ..o eaan
Laminated blue limestone, largely concealed._..___.

Peot

39

219

76
262

10. Section on Little Mountain, Va.

|All but the topmost part of the Keyser is exposed on the western slope of Little
Mountain, along the State highway to Bartow, W. Va., about 5 miles west of
Monterey, Va. The section is in the western limb of the anticline that centers in
Crabbottom Valley, east of Little Mountain; but as the beds are overturned, they
dip to the east. The Coeymans, New Scotland, Shriver, and Ridgeley are not
exposed here and have possibly been cut out by faulting. The section here
given is a composite of two exposures along the roadside. In going down the
road from the mountain top, the Tonoloway is the first limestone seen. It crops
out for some distance, as the road makes only a small angle with the strike; the
road then turns sharply to the left and cuts through the upper Tonoloway and
through the lower Keoyser to a level about 15 feet above the Qypidula zone. The
road then cuts back into the underlying shale member, until it bears to the left
again and cuts through the upper part of the Keyser about 500 feet farther on,
The two exposures may be matched by means of the Gypidula zone, seen on the
bank above the second exposure]

Helderberg group:
Keyser limestone:
Upper limestone member: Poot
! Concealed. (Compare with the Monterey
section.)
Thin to medium-bedded drab-gray lime-
stone, with a few minor lenses of white
chert. Stromatopora, 13; Camarotoechia
cf. C. altiplicata, Nucleospira veniricosa.. 16
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‘Helderberg group—Continued.
Keyser limestone—Continued.
Upper limestone member—Continued.
Thin-bedded, somewhat argillaceous lime-
stone. Many Bryozoa throughout.
Camarotoechia cf. C. altiplicata, Unci-
nulus gordont (r), Rensselaeria mutabilis,
27; Spirifer perlamellosus - var. prae-
nuntia, Actinopteria cf. A. reticulata (r)- -
Massive gray crystalline limestone. Siro-
matopora, 26; Cladopora rectilineata (aa),
Striatopora bella, 16-28; Ceratopora mary-
landica, 16-28; Aulopora schoharige, 16—
28; Cyathophyllum radiculum, 16-28;
Schuchertella prolifica, Spirifer perla-
mellosus var. praenuntia, Nucleospira
VENLTECOSA - - -« o oo
Massive, somewhat crystalline crinoidal
limestone, with a fine-grained greenish

Thick-bedded gray crinoidal limestone.
Chaetetoid Bryozoa, 15. The following
fauna occurs in the lower 8 feet: Leptaena
rhomboidalis, Strophonella keyserensis,
Schuchertella prolifica, Chonetes jerseyen-
sts, Gypidula coeymanensis var. similis
(aa), 5; Camarotoechia giganiea, 5-T7;
Atrypa reticularis (aa), 7; Merista typa,

Big Mountain shale member: Soft olive-green
" "shale, with a 1-foot bed of shaly sandstone
b feet above base. Orthopora rhombifera
(aa), 12; Strophonella keyserensts, Schuchertella
stnuata, Chonetes jerseyensis (r) - .oooooo_o_

Lower limestone member:
Massive hard gray crystalline crinoidal
limestone . _ - ___ ...
Thin-bedded shaly nodular limestone.
Dalmanella concinna, Chonetes jerseyen-
sts, Stenochisma deckerensis (aa), Unci-
nulus convexorus (aa), Atrypa reticularis,
Spirifer modestus, Camarotoechia litch-
fieldensis, 15 ...
Thick-bedded nodular blue limestone.
Chonetes jerseyensis, Atrypa reticularis
(B8) - - o e
Thin-bedded, somewhat nodular grayish
limestone. Atrypa reticularis, Spirifer
0clocostatuus (T) oo oo oo
Hard, somewhat ecrystalline limestone.
Alrypareticul@ris - - oo
Thin-bedded grayish, somewhat crinoidal
limestone. Cyphotrypa corrugata, Dal-
manella concinna, Rhipidomella emar-
ginata, Stropheodonta bipartita, Chonetes
JOrseyenstsS . o _ - .o eececas
Hard grayish limestone_ _____._._.___._.
Thin-bedded grayish shaly limestone.
Camarotoechia litchfieldensis_ - - - - o .____

Tonoloway limestone: »
Concealed______ oo
Laminated blue limestone. - - oo ccaccacaaaaaaa.
Concesled.

Feet

28

28

27

28

4%

18

29%

11. Section near McDowell, Va.

[The Helderberg group is finely exposed on the castern slope of Bullpasture Moun-
tain, about 4 miles east of McDowell, Va., on the highway to Staunton]

Oriskany group: Feet
Ridgeley sandstone: Thick-bedded gray sandstone,
weathered buff. . ________ . _______________ 115

Shriver chert:

Concealed. Comparison with the section on
Black Creek Mountain, west of Warm
Springs, suggests that this interval may con- -
tain tongues of the upper part of the Becraft.
So far as seen, the soil does not indicate chert

of the Shriver type__ . . ___ . ____.__. 75
Bedded black chert, unfossiliferous._ _________ 57
Helderberg group:

New Scotland limestone: Massive gray limestone,
with much interbedded white chert. The chert is
not, however, as predominant here as at Monterey
and farther north. Hindia sphaeroidalis, Strepte-
lasma strictum, Dalmanella perelegans, Schuchert-
ella woolworthana, Uncinulus abruptus (r), Spirifer
perlamellosus (r), S. cyclopterus, S. macropleurus
(aa), Meristella arcuata (aa) - .. ____________ 23
Coeymans limestone:
Massive gray crystalline limestone. Rhipido-
mella oblata, Schuchertella woolworthana, and
Meristella arcuata (aa) in upper 2 feet.
Spirifer cyclopterus (aa), 20-45; Whatfieldella
prosseri, 8; Platyceras multiplicatus (r)__.._. 53
Arenaceous gray limestone_ _______.______.___ 4
Keyser limestone:
Upper limestone member:
Medium-bedded gray, somewhat crystal-
line crinoidal limestone. Nucleospira
veniricosa (A8) - - - - oo - i 11
Medium-bedded, somewhat nodular blue
limestone. Nucleospira ventricosa and

Meristella praenuntia, 16-20___________ 28
Thick-bedded arenaceous blue limestone_ _ 8

0 Medium-bedded gray crystalline limestone. 5
Blue, somewhat nodular limestone_______ 4

Thick-bedded to massive gray crystalline
crinoidal limestone. Gypidula coeyman-
ensts var. stmilis (aa), Camarotoechia
gigantea, and Atrypa reticularis (aa), 0-5;

Merista typa (aa), 5 _______ - 42
Big Mountain shale member: Soft fissile yel-
lowishshale______________ ... 15

Lower limestone member: Massive gray crys-
talline crinoidal limestone; the nodular char-
acter that is generally so conspicuous is
lacking here. Cladopora rectilineata (r), 40;
Chonetes jerseyensts, Stenochisma deckerensis,
Uncinulus convexorus, Spirifer modestus, S.
modestus var. plicatus, Whitfieldella minuta
(r), 3. These fossils are by no means so
abundant here as they are in the equivalent

beds at Monterey and farther north________ 42
Tonoloway limestone:
Laminated blue limestone; upper 30 feet shaly____ 185
"Lumpy shaly blue limestone. Atrypa reticularis,
Uncinulus converorus Var. . . ccoc e ccmccecan 16

Laminated blue limestone
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12. Section s;mth of Bolar, Va.

[Tho Helderberg group is exposed about 334 miles south of Bolar, Va., on the south-
orn slope of a foothill wost of Jacks Mountain, just east of the bridge over which
the road from Monterey to Warm Springs crosses the Jackson River. A large
eastern loop of the river cuts into the north side of this hill, and the Helderberg
is axposed there also. The formations above the New Scotland are concealed]

Helderberg group:
New Scotland limestone: Feot
Hard gray arenaceous limestone with some in-
terbedded white chert. This member forms
the southward-thinning tongue of the cherty
limestone phase of the New Scotland.
Streptelasma strictum (aa), Dalmanella perele-
gans, Leptaena rhomboidalis, Schuchertella
woolworthana, Spirifer cyclopterus, S. macro-
PLeUrUS - - o oo e 6
Medium to thick-bedded gray arenaceous lime-
stone to calcareous sandstone. This member
(here named the Healing Springs sandstone
member) forms the entire New Scotland
farther south. . _ ... 13
Coeymans limestone: Massive gray crystalline,
somewhat crinoidal limestone. Rhipidomella ob-
lata, Schuchertella woolworthana, Meristella arcuata
. (aa), and M. arcuata var. gigas in upper 5 feet;
Stropheodonta arata (r), Schuchertella woolworthana,
Gypidula coeymanensis (r), and Meristella arcuata
(an) at about middle_ .. __________________ 53
Keyser limestone:
- Upper limestone member:
Medium to thick-bedded crystalline lime-

stone, largely concealed__._____.________ 29
Massive grayish, somewhat nodular lime-

stone. Stromatopor@- ... _______. 9
Concealed. . - i ___ 30

Massive limestone, abounding in reef corals
and Bryozoa embedded in a greenish
limestone matrix__ ... ___________ 15
Thick-bedded gray, rather coarsely crystal-

N line limestone. Strometopora and corals
at top; Cladopora rectilineata (r), Aulo-
pora schucherti, and Merista typa, 25 . . . 38
Concealed - - . . oL 6

Gray arenaceous limestone, weathering buff
and porous. This is a nérthern tongue
of the Clifton Forge sandstone member
of the Keyser_ _ .- ____________ 3

Concealed. Tt is possible that part of this
interval belongs with the Big Mountain
shale member___ . ___________________ 22
Big Mountain shale member: Thin-bedded
greenish, somewhat arenaceous shale_ . .____ 18

Lower limestone member:
Hard gray crystalline, somewhat arena-

ceous limestone. - _ . . _________ 2
Massive bluish-gray nodular limestone. __ 6

Medium-bedded hard gray, somewhat crys-
talline limestone_ . ___________________ 25

Medium to thick bedded hard gray arena-
ceous limestone. .- _________.______ 8

Tonoloway limestone:

Concealed. - - - - eeoaaoo_ 180
Thick-bedded blue limestone, partly concealed..... 170

Concealed.

13. Section on Back Creck Mouniain, west of Warm Springs, Va.

[The Helderberg group is exposed on the eastern slope of Back Crcek Mountain
about 4 miles west of Warm Springs along the road to Frost, W. Va. The road
ascends for a considerable distance along the slope of the Oriskany sandstone and
then, turning sharply to the left, cuts through the Helderberg, Tonoloway, and
Wills Creek formations, finally exposing the Bloomsburg sandstone member of
the Wills Creck shale near the summit of the mountain. The Helderberg group
is mostly concealed above the Gypidula zone of the Keyser; consequently the
thicknesses given for that part of the section are only approximate]}

Oriskany group: Ridgeley sandstone: Massive sand- et
stone, weathering buff. Upper contact not seen.____ 100
Helderberg group:
Becraft limestone:
Concealed - - - - _ .. _____ 30
Dark-gray, somewhat crystalline limestone.
Schuchertella woolworthana, Rhipidomella as-
similis, Eatonia peculiaris, Rensselaeria subglo-
bosa, Spirifer cyclopterus, 8. concinnus, Cyrtina
varia, Dalmanites sp. (suggests D. dentatus). 4
Concealed. - - - - .. 12
Hard gray, somewhat crystalline limestone.
Rhipidomella assimilis, Schuchertella ‘wool-
worthana, Eatonia peculiaris, Uncinulus py-
ramidalis, Rensselaeria subglobosa, Spirifer
cyclopterus, S. cf. S. angularis, S. concinnus,
Anoplotheca flabellites (r), Meristella lata (r),
Dalmanites sp. (suggests D. dentatus). This
and the higher bed of limestone represent part
of the upper beds of limestone assigned to the
Becraft in the Bells Valley and Clifton Forge
“sections_ . _ ... 3
Concealed._ . ______________ ... 20
Shriver? chert: Impure bedded dark chert, weather-
ing buff, partly concealed. Some of the chert is
purer than is typical of the Shriver and weathers
whiter. In my opinion, this chert is more or less
transitional between what I regard. as the equiva-
lent lower part of the cherty Becraft limestone of
the Healing Springs section and the lower part of
the more typical Shriver chert of Monterey and
farther north. Affinity to the Becraft is shown by
the occurrence of Eatonia medialis and Dalmanites
pleuroptyz? 70 feet above the base_ .. __________ 100
New Scotland limestone (Healing Springs sandstone

member): Calcareous sandstone, weathered buff -

and POrouS. - .ol 10
Coeymans Jimestone: Concealed. The thickness

given is talten from the Dry Run section -___.__ 344

Keyser limestone:
Upper limestone member:

Concealed - . _ _ ..o 60

Calcarcous sandstone, weathered buff.
This, with the underlying unit, forms a
tongue of the Clifton Forge sandstone
member_ _.._____________________..__ 12

Thin-bedded, somewhat concretionary
shaly sandstone. Atrypa reticularis and
Camarotoechia gigantea abundant in the

lower 5feet_ ____ . ___________.______ 11
Gray crystalline limestone_ __ __.__.___.___ 2
Blue fine-grained limestone, abounding in

Gypidula coeymanensis var. similis_ _ ___ 2
Soft, weathered arenaceous limestone.

This may be considered another tongue
of the Clifton Forge sandstone member. 3
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Helderberg group—Continued.
Keyser limestone—Continued.
Upper limestone member—Continued.
Hard blue arenaceous. limestone, with a
somewhat lumpy appearance__________
Big Mountain shale member:
Yellowish fissile shale, partly concealed. ..
Hard blue arenaceous limestone, weather-
ing buff and sandy; another tongue of
the Clifton Forge sandstone__________
Olive-green shale, with thin sandy layers_
Lower limestone member:
Massive, somewhat lumpy blue limestone,
very arenaccous in the upper half.
Cyphotrypa corrugata, abundant in the
lower half; Stenochisma deckerensis,
Stropheodonta bipartita, Chonetes jersey-
ensts, Uncinulus convexorus_ .. _______
Concealed._ _ _ _ _ . __________.__
Sandy limestone.______________.._____..
Tonoloway limestone:
Laminated blue limestone___.___ .. . __________
Blue limestone .and some calcareous shale_______.__
Thin-bedded caleareous sandstone. - . _ ___________
Dark-blue limestone.

14. Section along Dry Run east of Warm Springs, Va.

Feet

18
11

[An instructive section of the Helderberg group can be seen on the north bank of
Dry Run, just west of the point where it cuts across the road to Williamsville,
about 234 miles northeast of the Alleghendoah Club (shown as Bath Alum on
the United States Geological Survey’s topographic map of the Monterey quad-

rangle).

The section is in the western limb of the Tower Hill syncline.

The

Ridgeley sandstone crops out immediately west of the Williamsville road, and
the underlying rocks are exposed more or less continuously to the base of the sand-

stone overlying the Qypidule zone of the Keyser.

The beds from the sandstone of

lower New Scotland age (Healing Springs sandstone member) to a horizon 30 feet
below the Qypidula zone are much better exposed about 200 feet farther west along
the bank of the run, where they are repeated, probably by faulting. The two
sections are heré’combined. Neither section reaches to the base of the Keyser]

Romney shale: Black shale seen along run.

Oriskany group: Ridgeley sandstone: Massive gray
sandstone, weathering buff. At the time of my visit
the contact with the Romney could be seen along the

Helderberg group:
Becraft limestone:

Condealed; probably Becraft________________

Medium to thick bedded limestone, with minor
lenses of black chert. Leptaena homboidalis,
Spirifer cyclopterus, S. concinnus, Meristella
lata, Dalmanites pleuroptyr_ ... __________

Blue limestone, with much interbedded black
chert; largely concealed. . ________________

New Scotland limestone:

Massive gray limestone, with a few lenses of
white chert. Streptelasma strictum, Dalman-
ella perelegans, Leptaena rhomboidalis, Schu-
chertella  woolworthana, Eatonia medialis,
Spirtfer cyclopterus, S. macropleurus________

Hard gray arenaceous limestone to calcareous
sandstone (Healing Springs sandstone mem-

Coeymans limestone: Massive crystalline, some-
what crinoidal gray limestone. Leptaena thom-
boidalis, Schuchertella woolworthana, Rhipidomella
oblata, and Meristella arcuata (aa) at top__.______

Keyser limestone:

Nodular blue limestone_ . ___ . _____._________
Thick-hedded grdy, somewhat crystalline lime-

Feet

32

23

57

98

10

34

10
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Helderberg group—Continued.
Keyser limestone—Continued.
Concealed - - _ . - oo _...
Thick-bedded gray, somewhat crinoidal lime-
stone. Cladopora rectilineata - - - ... ____.
Thin-bedded calcareous sandstone, with pro-
nounced cross-bedding. This and the under-
lying sandstone form a small cliff at both
exposures. These sandstones, like the cor-

responding ones in the section west of Warm .

Springs, form a northward tongue of the Clif-
ton Forge sandstone member______________
Sandy shale to shaly sandstone,’ somewhat
concretionary_ _ _ _ _________________.__.._
Thick-bedded gray limestone, abounding in
Gypidula coeymanensis var. similes. .. ____.
Thick-bedded gray crystalline limestone______
Arenaceous limestone, showing some cross-
bedding on weathered surfaces; the lower
half is colored red by hematite. Camaro-
toechia litchfieldensis (aa). .- - ______._.__
Concealed. (See Back Creek Mountain sec-
tion.)

15. Section at Bells Valley, Va.

Feet
12

13

20

14

15

|The section as given is a composite of the exposures along the county road leading
southeast from Bells Valley, and of those on the southern side of the hollow, in -

and near the old quarry in the New Scotland-Coeymans limestone.

The sections

were matched chiefly by means of the 4-foot bed of hard sandstone which forms

the backbone of the knolls both north and south of the hollow) .

Oriskany group: Ridgeley sandstone: Hard gray sand-
stone, weathered buff_ _ _ ____________________._____
Helderberg group: )
Becraft limestone:
Concealed, most probably Becraft. ________..
Thick-bedded dark-blue limestone, with minor
layers of black chert. Spirifer concinnus (r) -
Medium-bedded limestone, with much inter-
bedded Dblack chert. Edriocrinus pocilli-
formis, Schuchertella woolworthana, S. be-
craftensis? (r), Phacops logani_ _ . .. _______
New Scotland and Coeymans limestones: Massive
gray crystalline, highly crinoidal limestone, form-
ing the quarry bed of the area. The presence of
Spirifer macropleurus and other characteristic
New Scotland forms in the upper 20 feet shows
that that part is of New Scotland age. That the
lower 55 feet should be assigned to the Coeymans
is indicated by the absence of the New Scotland
fossils and by the presence, about 55 feet above the
base, of the Meristella arcuata zone which is so
- prominent at the top of the Coeymans at Mon-
terey, Bolar, and Dry Run. Leptaena rhom-
boidalis, Schuchertella woolworthana, Uncinulus
abruptus, Eatonia medialis, and Spirifer macro-
pleurus (aa) in the upper 20 feet; Favosttes helder-
bergiae and Meristellea arcuata (aa) 52 to 56
feet above base; Platyceras multiplicatum in lower

Keyser limestone:
Thin-bedded shale and limestone; the upper
surface is extensively ripple marked____.__.__
Thick-bedded crystalline limestone___________
Thin-bedded shaly limestone. Dalmanella con-
cinna, Schuchertella prolifica (v) - ... ____
Massive fine-grained limestone, weathering
greenish; many Bryozoa and Stromatopora
10 feet beneath top- - - - .. _______________

Feet

5

78

42
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Helderberg group—Continued.
Keyser limestone—Continued.

Thick-bedded hard gray sandstone, weathered
buff to white, forming the backbone of the
knoll. Like the underlying sandstones, this
is a tongue of the Clifton Forge sandstone
mewber of the Keyser__ _ __ . _________ 4

Thin-bedded yellowish-green, somewhat arena-
ceous shale (tongue of the Big Mountain (?)

Feet

shale member)___ _ . .. 9%
Medium-bedded gray sandstone (tongue of the
Clifton Forge sandstone member)__________ 4%
Dark-grayish soft shale, mostly concealed_____ 8
Calcareous sandstone, weathered buff (tongue
of the Clifton Forge sandstone member) _ ___ 6
Thick-bedded gray, somewhat crystalline lime-
BbOne. L i 10
Concealed. Some  arenaceous shale toward
top. Keyser (?) - 34
.Tonoloway limestone: .
Laminated blue limestone, concealed in part_ ... 135

Nodular blue limestone, much weathered. Un-
cinulus convexorus var., Atrypa reticularis...__... 10

16. Section in gap just west of Hot Springs, Va.

[Scction along railroad at west end of gap)

s Feet
Romney shale: Brownish shale exposed along railroad ee

cut.
Oriskany group: Ridgeley sandstone: Massive buff,
iron-stained sandstone, forming a prominent ledge on
each side of the railroad_ . ___________________ 80
Helderberg group:

Concealed. Includes Becraft limestone (possibly
with some beds of Shriver chert facies) and New
Scotland limestone. . . ... ___.____

Coeymans limestone: Highly crinoidal crystalline,
limestone. Gypidula coeymanensis (r), Platyceras
trelobatum. - - oo oo eeceee 23

Keyser limestone:

Upper limestone member: :
. Concealed. .- - ocomo . 2

200

Arenaceous limestone____ . ________._.__.. 3

Concealed. . - ..o .. 20
Clifton Forge sandstone member:

Calcareous sandstone, weathered buff_____ 12

Arenaceous shale to shaly sandstone, some-

what concretionary. This unit is prob-

ably equivalent to the concretionary

shaly sandstone above the Gypidula zone

in the sections east and west of Warm
Springs. . oo ... .20

Thick-bedded hard calcareous sandstone,

. weathered buff, making prominent ledges

. along the railroad, except the upper 7
feet, which is more weathered_________ 70

Lower limestone member: Blue to gray lime-

stone, somewhat—nodular above; crinoidal
and somewhat crystalline below._.._.._..___ 25

17. Section in gap west of Healing Springs, Va.

[8cen along road and creek necar west end of gap about 3 miles south of section 16.
This locality is of interest because it affords a fine exposure of the sandstone phase
of the Now Scotland (the ¥ealing Springs sandstone member), and because the
Boceraft limostone presents characters that are more or less intermediate between
thoso of the Becraft of Clifton Forge and those of the Becraft and Shriver (?)

chert as seen on Back Creck Mountain, west of Warm Springs] Feet
Oriskany group: Ridgeley sandstone: Massive gray

sandstone. A bridge crosses the stream at the basal

contact. - _i.. 101

Helderberg group:

Becraft limestone: Peot
Massive gray crystalline, somewhat crinoidal
limestone, lower part more or less concealed.
- Eatonia  peculiaris, Uncinulus vellicatus,
Spirifer concinnus (aa), S. cyclopterus...... 35

Limestone, with much interbedded black chert;

-.  the:lower: part.in. particular:.is almost-solid
chert; the upper part is somewhat concealed.
Unfossiliferous- . ____________ . ... ____ 70

New Scotland limestone (Healing Springs sandstone
member): Massive calcareous sandstone to are-
naceous limestone. Leptaena rhomboidalis, Schu-
chertella woolworthana, and Spirifer macropleurus

(r) were found in the exposure north of the creek.

South of the creek, above the road, the sandstone

makes a prominent ledge on the hillside_._..._. 20

Coeymans limestone and upper limestone member
of Keyser limestone: Massive limestone, largely

concealed - - _ - - .. 105
Clifton Forge sandstone member of Keyser lime-
stone: Massive calcareous sandstone........... 92
Lower limestone member of Keyser limestone.
Lumpy blue limestone_ _ . ___________._.__. 14
Somewhat crinoidal arenaceous limestone_.._.. 19

Tonoloway limestone: Laminated blue limestone.
18. Section near Clifton Forge, Va.

[The most complete exposure of the Helderberg group in the immediate vicinity ot
Clifton Forge is that at the east end of the gap of the James River, along the road
to Iron Gate. Other partial sections can be seen along the railroad just north of
Clifton Forge and at Island Ford Bridge, about 8 miles south of Clifton Forge
on the road to Covington. The Becraft can also be seen in quarries in the vicinity
of Low Moor, 3 or 4 miles south of Clifton Forge. The exposure along the railroad
north of Clifton Forge of the sandstone overlying the Becraft limestone is of
particular interest in that the sandstone there carries Spirifer arenosus, S. mur-
chisonia, and other fossils thf\t perm‘t definite correlation with the Ridgeley
sandstone (of Oriskany group) of Maryland. The section given below is the
one first mentioned]

Helderberg group:
Becraft limestone:

Concealed. The upper part of the Becraft as
seen north of Clifton Forge along the railroad
is gray, crinoidal, and massive and contains
Uncinulus vellicatus, Eatonia peculiaris,
Spirifer concinnus, and other fossils.

Thick-bedded to massive gray limestone, with
some interbedded black chert_____________ 43

Massive gray, somewhat nodular limestone,
with a little interbedded black chert. Sirep-
telasma strictum, Edriocrinus pocilliformis
(aa), Uncinulus abruptus, Eatonia peculiaris,
Rensselaeria cf. R. aequiradiata, Spirifer
conctnnus (T) - - oo oo eiecoao 8.

New Scotland formation (Healing Springs sand-
stone member): Thick-bedded gray calcareous
sandstone to arenaceous limestone_____________ 16
Coeymans limestone: Massive gray crystalline
. crinoidal limestone, arenaceous at base. Rhipi-
domella oblata (as), .Stropheodonta arata (r),
Schuchertella woolworthana, Camarotoechia camp-
. bellana,” Unciriulus abruptus (r), and Meristella
arcuate (aa), all in upper & feeto .o _____.__ - 18
Keyser limestone:
Upper limestone member:
Massive gray limestone, abounding in
reef corals and Stromatopora best seen
below road, along railroad.____ ______ 15

Fesot
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Helderberg group—Continued.
Keyser limestone—Continued.

Upper limestone member—Continued.
Massive hard gray, somewhat crystalline
limestone, seen along railroad. Clado-
pora recttlineata is very abundant at this
horizon along the railroad north of Clif-
ton Forge and at Island Ford Bridge.- .

Cilfton Forge sandstone member:

Thin to medium-bedded shaly sandstone.
Massive hard white sandstone. .. _______
Thin-bedded arenaceous shale__ _.______
Massive hard white to buff calcareous
sandstone_ _ _ _______________________
Thin-bedded shaly sandstone, thicker bed-
ded toward the middle. ______________
Lower limestone member: Somewhat lumpy
.arenaceous limestone.. Dalmanella concinna,
Stropheodonta bipartita, Stenochisma decker-
ensts, Uncinulus converorus, Nucleospira
swartzi. The following additional fossils were
found at this horizon in exposures along the
railroad north of Clifton Forge: Atrypareticu-
laris, Calymene camerata (r), Jaekelocystites
' hartleyt (v) - - e

'19. Section at Prices Bluff, near Gala, Va.

Feet

19

2
8%
2%

25

18

[An excellent section of the Helderberg group can be seen at Prices Bluff, along
the Norfolk branch of the Chesapeake & Ohio Railway, 1 mile north of Gala, Va.
R. J. Holden, of the Virginia Polytechmc Institute, at Blacksburg, Va., kindly

told me of this exposure]

Romney shale: Brown shale with some interbedded
limestone; of Onondaga age (?).

Oriskany group: Ridgeley sandstone: Gray quartz sand-
stone, weathering brown; exposed at southeast end of

Helderberg group:
Becraft limestone:

Massive gray crystalline, highly crinoidal lime-
stone, with some brown sandstone lines on
weathered surfaces. Rhipidomella assimilis,
Leptaena rhomboidalis, Schuchertella wool-
worthana, Spirifer concinnus, S. concinnus
var. progradius, and S. cf. S. angularis in
upper part_ .- ..

Massive gray crystalline limestone, with some
lenses of black chert_ . __ . ___________.____

Massive, very arenaceous limestone____._.__.

Very massive gray limestone, somewhat nodu-
lar toward the base. Streptelasma strictum,
Edriocrinus pocilliformis, Rhipidomella assim-
lis(r), Rensselaeria cf. R. aequiradiata, Eato-
nia peculiaris, Platyceras cf. P. gebhardi, and
Phacops logant in the lower 15 feet_ ... ____

New Scotland formation (Healing Springs sand-
stone member): Massive gray arenaceous lime-
stone to calcareous sandstone_ ... ___________.

Coeymans limestone:

Very massive crinoidal llmestone,,aboundlng
in large crinoid rings. Meristella arcuata (aa)

Massive gray arenaceous limestoneé___________
Keyser limestone:
Upper limestone member:
Massive limestone, with many Stromato-
pore and Favosites. . . _ . ______________
Medium-bedded, somewhat nodular lime-
stone, with some interbedded chert__ ..

Feet

1%

59

18
11

31

15%

19%
5%

15

10

Helderberg group—Continued.
Keyser limestone—Continued.
Upper limestone member—Continued.
Arenaceous limestone. Cladopora rectiline-

Massive dark-blue limestone, with a few
chertlenses. . ... __________.____
Clifton Forge sandstone member:
Massive calcareous sandstone. Some in-
terbedded arenaceous shale in lower 14

Sandy limestone, with chaetetoid bryozoan
zone at middle_ . . _ ____.______________
Very massive blue limestone, weathering
gray. This and the underlying unit
might be placed in the lower limestone
member of the Keyser. .- __._.________
Massive calcareous sandstone to- arena-
ceous limestone__ ____________________
Tonoloway limestone: Laminated blue limestone.

20. Section at Hollybrook, Va.

Feet

4%

37

10

[This section is fairly well exposed in a washway on the hillside north of the road
along No Business Creek, about 720 feet northeast of the intersection with the

Kimberling road, at Hollybrook, Va.

The exposures around Hollybrook were

cited by M. R. Campbell in his description of the Giles formation, in the Poca-
hontas folio. The sandstone at the top of the Giles is not seen in this particular
section, as it has been eroded from the hilltop. An exposure showing this sand-
stone, practically in contact with the overlying Genesee shale, can be seen along
the road to Bland about a quarter of a mile east of the crossroads. The sandstone
is greenish, carries a post-Oriskany (apparently Onondaga) fauna, and is evi-
dently equivalent to the greenish sandstone at the top of the Giles at Rocky Gap,

Cove Mountain, and Tumbling Creek, near Saltville.

The Hollybrook, Rocky

Gap, Cove Mountain, and Tumbling Creek section were measured by C. K.
and F. M. Swartz in 1927, in connection with a study of the underlying Silurian.}

Giles formation:

Mostly concealed at top of hill; fragments of sandy
chert and some weathered sandstone strew the
surface. (See Rocky Gap section.)

" Thick-bedded to massive quartz sandstone con-
glomerate, forming a prominent ledge about 35
feet below top of hill. The many cavities formed
by the weathering out of bulbs of Aspidocrinus
caroli are a very striking feature. There are
also poor molds of a Spirifer that suggests S.
cyclopterus of the Helderberg group. The strati-
graphic evidence afforded by this section and
those at Rocky Gap and near Saltville suggests
that this conglomeratic sandstone is of New
Scotland or Becraft age__ .. __________

Concealed. Probably calcareous sandstone for
the most part. If any portion of the Keyser
limestone is present here it would lie in the lower
part of thisinterval . ________________________

Laminated blue limestone (Tonoloway hthology
and fauna). This limestone was included in the
Giles formation by Campbell. In exposures on
Ding Run, in and near Burton’s quarry, about 3
miles northeast of Hollybrook, this limestone
carries Leperditia sp. (probably L. alte) and
Hindella congregata_ - - .. ____

21. Section at Rocky Gap, Va.

Feet

22

86

[Section at east end of gap 2 miles east of Rocky Gap, about 15 miles south of

Narrows. Va.]

Genesee shale: Black shale seen along road to Bland.
Giles formation:
Greenish sandstone, same as the sandstone at top
of the Giles at Hollybrook and Cove Mountain___

Feet

5+
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Giles formation—Continued. Feet Giles formation—Continued. Feet;
Bedded black chert, forming riffles in the creek. Black bedded chert; a little interbedded shale. No
The contact with the overlying sandstone was not fossils seen. Probably equivalent to the chert of
seen, but the sandstone was projected along the the Saltville section. .._._____ e emmmmmmceccee—e 25
strike from the road to the creek for a rather Fault (?). Lower part of Giles (Tonoloway, etc.),
unsatisfactory measurement of the interval. This and Clinton absent.
black chert, although somewhat suggestive of the Clinch sandstone: Massive white to gray sandstone.
Shriver chert of the sections farther north, is )
most likely equivalent to the ‘chert that carries 23. Section. along-Tumbling Creek, near Saltville, Va.
sz.mfer arenosus var. planicoslatus in the Saltville " [The strata above and below the Silurian-Devonian boundary are exposed along
region. Upper part concealed.....___________. 65+ Tumbling Creek, about 8 miles southwest of Saltville, Va. (The United States
Calcareous sandstone, exposed in part in bed of Geological Survey map shows a second Tumbling Creek north of Saltville) The
creek and seen also along the State road to Bland. fossils collected from this section have not yet been thoroughly studied] Feet"
Aspidocrinus caroli (aa) in upper 20 feet; Spirifer Genesee shale: Black shale exposed east of abandoned mill.
cyclopterus? at about middle; a large Schuchertella Giles formation:
near base .. .____._____.___ Cememeao-- 62 Weathered sandstone, largely concealed....______. 14
Concealed. A few weathered chert masses were Greenish caleareous sandstone, with a few lenses of
seen at the top of this interval, along the road to chert. Chonetes coronatus?, Spirifer cf. S. manns,
Bland; these contained an abundance of casts of Anoplotheca acutiplicata, etc. Probably of On-
a Mertstella which is apparently M. arcuata. The ONABZE BBE - o e 22
zone is suggestive of that at the top of the Coey- Red sandstone with some limonite mottling___.__ 2
mans limestone in the Clifton Forge area, al- Bedded black chert. Some calcareous matrix?
though correlation with that zone is not assured. Spirifer arenosus var. planicostatus and Diaphora-
It seems probable that much of this concealed stoma. ventricosum at middle; Ambocoelia umbo-
interval is occupied by the Tonoloway limestone. 40 nata a few feet lower. Of late Oriskany age.._. 21°
Blue limestone (Tonoloway lithology and fauna) Sandstone, with red staining at top__ . ..____.__. 9
mostly céncealed; the most definite exposures Massive blue limestone — - - — - - - - - 4
were seen in diggings for the abutments of the Greenish calcareous sandstone - - o oo oo 12
highway bridge. Red sandstone with limonite mottling. . .__.__.__ 2%
: Greenish-brown sandstone, with some chert.__.___ 21
22. Section at Cove Mountain, near Wytheville, Va. - Blue limestone; a few minor chert lenses. Meristella
sp.;eorals_ . _ oo 4
{The top of the Giles formation is exposed along the old road from Wytheville to Greenish-brown sandstone, with some lenses of

Bland at the gap through Cove Mountain, about 4 miles northwest of Wytheville.

The mountain is made by the Clinch sandstone, which dips to the east and is black chert; upper 8 inches red, with some mot-

overlain by the black chert and the upper greenish sandstone of the Giles forma- tling. Spirifer arenosus, rather abundant at top.
tion. The intervening beds are absont, probably owing to faulting rather than to Of Oriskany T 4%
an unconformity. The best exposures are on the hillside south of the creek, just Thin-bedded &ellowish-brown sandstone_ _ . _____. 3
opposite an old mill} . . R
. Foet Greenish-brown sandstone, with 3 inches of cherty
Genesee shale: Black shale, seen along creek bank. . limestone, in somewhat irregular lenses, at base.
Giles formation: Rhipidomella cf. R. oblata, Dalmanella perelegans?,
Greenish, very fossiliferous sandstone. Amphi- etc. This and the overlying unit appear to be of
geniaf sp., Athyris spiriferoides, Spirifer cf. S. New Scotland or Becraft age_ . ______._._____ 4%
mannt, Reticularia fimbriata, etc. Probably Hard blue limestone (Tonoloway lithology and -

Onondaga - - oo 10+ ~ fauna) weathering platy in part.
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PLATE 6

KEYSER FAUNA

: CHONETES JERSEYENSIS ZONE
1, 2. Chonetes jerseyensis Weller (p. 54).
1. Nearly complete ventral valve, showing spines of cardinal margin. A very characteristic specimen. Petersburg,

W. Va., about 50 feet above base of Keyser limestone.

2. Incomplete ventral valve, showing somewhat stouter ribs. Little Mountain section, west of Monterey, Va., Gypidula

subzone, 113 feet above base of Keyser limestone.

3-5. Camarotoechia litchfieldensis (Schuchert) (p. 54) and Whitfieldella minuta Maynard (p. 57).

3. Slab showing ventral valves of these two associated species. Petersburg, W. Va., Whitfieldella minuta subzone, base

of Keyser limestone.

4. Ventral valve of Whitfieldella minuta.

5. Ventral valve of Camarotoechia litchfieldensis.

6. Cyphotrypa corrugata (Weller) (p. 53). Vertical section of a large zoarium. West of Warm Springs, Va., Cyphotrypa corrugata

) subzone, 20 feet above base of Keyser limestone.

7. Stropheodonta bipartita (Hal]) (p. 53). Exterior of ventral valve. Warm Springs, Va., Cyphotrypa corrugata, subzone, 20 feet
above base of Keyser limestone. Specimen partly exfoliated.

8, 9. Uncinulus convexorus Maynard (p. 55).

8. Dorsal view. Franklin, W. Va., Stenochisma declcerenszs, ete., subzone, 20 feet above base of Keyser limestone.

9. Side view of somewhat 1mperfect specimen, showing detail of interlocking of serrated margins of the two valves.
Near Warm Springs, Va., Stenochisma deckerensis, etc., subzone, 30 feet above base of Keyser limestone.

10-12. Stenochisma deckerensis (Weller) (p. 54). .

10. Dorsal view showing the relatively great w1dth of this species. Petersburg, W. Va., Stenochisma deckerensis, etc.,
subzone, about 45 feet above base of Keyser limestone.

11. Side view of same specimen showing the high dorsal elevation.

12. Dorsal view of somewhat smaller specimen. Clifton Forge, Va., Stenochisma deckerensis, etc., subzone, 10 feet above
base of Keyser limestone.

13-15 Nucleosznra swartzi Maynard (p. 57).

13. Ventral view. Big Mountain section, south of Petersburg, W. Va., Stenochisma deckerensis, ete., subzone, 40 feet
above base of Keyser limestone.

14. Side view of same specimen.

15. Dorsal view. Clifton Forge, Va., Stenochisma declcerenszs, etc., subzone, 10 feet above base of Keyser limestone.

16, 17. Spirifer modestus Hall (p. 56).

- 16. Ventral view. Strait Creek, north of Monterey, Va., Stenochisma deckerensis, etc., subzone, 30 feet above base of
Keyser limestone. :

17. Dorsal view of same specimen.

18, 19. Spirifer modestus var. plicatus Maynard (p. 56).

18. Dorsal view, showing the low plications from which this variety derives its name. Strait Creek north of Monterey,
Va., Stenochisma deckerensis, etc., subzone, 15 feet above base of Keyser limestone.

19. Side view of same specimen.

20-23. Gypidula coeymanensis var. similis F. M. Swartz, n. var. (p. 54).

20, 21. Exterior and side views of type specimen of ventral valve, showing large size, somewhat inflated beak, and
broad, rather indistinct plications. Little Mountain, near Monterey, Va., Gypidula Eubzone, 113 feet above
base of Keyser limestone. :

22, 23. Weathered interiors of ventral valves; same place and horizon. .

24. GQypidula coeymanensis var. prognostica Maynard (p. 54). Ventral valve. Petersburg, W. Va., Gypidula subzone, 122 feet
above base of Keyser limestone. The material which I am including under the variety similis is undoubtedly
consanguineous with the variety prognostica of the more northern sections.

25, 26. G’ymdula coeymanensis Schuchert (p. 54). Exterior and ventral views. Coeymans limestone, Nearpass, N. J. Show the
close similarity of the Little Mountain middle Keyser matenal to typical specimens of the species.

27, 28. Camarotoechia gigantea Maynard (p. 54).

27. Characteristic ventral valve of this abundant species. Warm Springs, Va., Camarotoechia gigantea subzone, 105

~ feet above base of Keyser limestone. .

28. Side view of same specimen.

29-31. Camarotoechia gigantea var. gigas ¥. M. Swartz, n. var. (p. 55). »

29. Ventral valve, showing large size and broad, deep sinus. Monterey, Va., Camarotoechia gigantea subzone, 112 feet
above base of Keyser limestone. _

30. Side view of same specimen, showing closely incurved beak.

31. Internal cast of ventral valve showing casts of muscle scars. Same locality and horizon.
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1~-3. Merista typa (Hall) (p. 58).

1. Interior of ventral valve, showing characteristic ‘‘shoe lifter’”’ arched plate. East oi McDowell, Va.,

PLATE 7

KEYSER FAUNA
CHONETES JERSEYENSIS ZONE

subzone, 64 feet above base of Keyser limestone.
2. Side view of same specimen.

3. Weathered interior of ventral valve.

Keyser limestone.

4-7. Cyrtina dalmani (Hall) (p. 57).

8. Mariacrinus sp. (p. 52).

4. Imperfect ventral valve, showing elevated plications and strong lamellae.

Keyser limestone.

[ 4
FAVOSITES HELDERBERGIAE VAR. PRAECEDENS ZONE

5. Cardinal view of same specimen.
6, 7. Dorsal and cardinal views. Big Mountain, W. Va., 139 feet above base of Keyser limestone.

Side view of imperfect calyx.

9-11 Cladopora tettilineata Simpson (p. 52).
9. A typical corallum. Bolar, south of Monterey, Va., 114 feet above base of Keyser limestone.
10. The same specimen enlarged.
11. Several specimens from upper part of Keyser limestone, Island Ford Bridge, south of Clifton Forge, Va.
Meristella praenuntia Schuchert (p. 57).

12-15.

16, 17.

18-20.

21-25.

26-28.

29, 30.

31, 32.

12-14. Ventral, dorsal, and side views of a transverse specimen.

136 feet above base of Keyser limestone.
15. Dorsal view of a more elongate specimen. Same loecality and horizon.
Meristella nasutaformis F. M. Swartz, n. sp. (p. 57). Ventral and side views of ventral valve. Big Mountain, W. Va.,
113 feet above base of Keyser limestone. T
Spirifer perlamellosus var. praenuntius F. M. Swartz, n. var. (p. 56).
18. Slab showing ventral valve and small portion of dorsal valve, associated with Dalmanella concinna and Camarotoechia
altiplicale. Little Mountain, west of Monterey, Va., upper part of Keyser limestore.
19, 20. Ventral and side views. Big Mountain, W. Va., 181 feet above base of Keyser limestone.
Rensselaeria mutabilis (Hall) (p. 55).
21-23. Dorsal, ventral, and side views of a large specimen. Little Mountain, west of Monterey, Va.,
mutabilis subzone, 195 feet above base of Keyser limestone.
24. Enlarged ventral view of same specimen, showing ornamentation.

25. Ventral view of a smaller specimen.

Keyser limestone.

Camarotoechia cf. C. altiplicata (Hall) (p. 55). :
26. Dorsal view. Little Mountain, west of Monterey, Va., Camarotoechia ¢f. C. aliiplicata subzone, 195 feet above base
The Keyser material here referred to C. alttplicata is smaller and somewhat less gibbous
than the New York types, but more similar to the specimens from the Maryland New Scotland.

27. Dorsal view, showing ventral beak. Franklin, W. Va., Camarotoechia cf. C. altiplicata subzone, 200 feet a.bove base

of Keyser limestone.

of Keyser limestone.

Merista typa

West of Wardensville, W. Va., Merista typa subzone, 95 feet above base of

Monterey, Va., 130 feet above base of

Petersburg, W. Va., 218 {zet above base of Keyser limestone. -

McDowell, W. Va., Meristella praenuntia subzone,

.

Rensselaeria

Franklin, W. Va., Rensselaeria mutabilis subzone, 200 feet above base of

28. Side view of imperfect specimen, Franklin, W. Va., Camarotoechia cf. C. altiplicata subzone,. 195 feet above base of

Keyser limestone.

COEYMANS FAUNA

Gypidula coeymanensis Schuchert (p. 54).

*  29. Exterior of ventral valve.

Monterey, Va., Coeymans limestone.

30. Weathered interior ventral valve. Petersburg, W. Va., Coeymans limestone. Note small size
plications of the Coeymans material as compared to the Gypidulas from the Keyser limestone.
Platyceras multiplicatum F. M. Swartz, n. sp. (p. 58).
31. Top view of imperfect specimen, showing general character of the shell, McDowell, W. Va., Coeymans limestone.

32. Fragment of outer whorl.

Hollybrook, Va., conglomeratic sandstone of Giles formation.

and stronger
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PLATE 8

COEYMANS FAUNA

1-4. Meristella arcuata (Hall) (p. 57). .
1, 2. Ventral and side views of a gibbous specinen. Monterey, Va., New Scotland limestone.
3. Ventral view. Near Clifton Forge, Va., Meristella arcuata zone, top of Coeymans limestone.
4. Interior of ventral valve, showing characteristic muscle scars. Bells Valley, Va., Meristella arcuata zone, top of
Coeymans limestone.
6-7. Meristella arcuata var. gigas F. M. Swartz, n. var. (p. 58).
5, 6. Ventral and side view of ventral valve. Monterey, Va., Meristella arcuata zone, top of Coeymans limestone.
7. Ventral valve, Bolar, Va., Meristella arcuata zone, top of Coeymans limestone.
8. Meristella cf. M. symmetrica Schuchert (p. 58). Ventral valve, Monterey, Va., Merzstella arcuata zone, top of Coeymans lime-
stone.
NEW SCOTLAND FAUNA

9. Spirifer macropleurus (Conrad) (p. 56). Dorsal view of weathered specimen. Monterey, Va., New Scotland limestone.

10, 11. Dalmanella perelegans (Hall) (p. 53). Ventral and side views of a specimen whose dorsal sinus is that of D. perelegans, but
whose ventral cardinal area approaches that of D. eminens in height. Monterey, Va., New Scotland limestone.

12. Eatonia medialis (Vanuxem) (p. 55). Dorsal view of characteristic specimen. Monterey, Va., New Scotland limestone.

13, 14. Streptelasma strictum Hall (p. 52). :

13. Side view of specimen showing the strong exterior septal ridges and the growth constrictions. The apex has been

lost. Monterey, Va., New Scotland limestone.
14. Weathered transverse section, showing the septa. Same locality and horizon.

‘v

BECRAFT FAUNA

16. Edriocrinus pocilliformis Hall (p. 52). Side view of weathered calyx. Gala, Va., base of Becraft limestone.
16-18. Eatonia peculiaris (Conrad) (p. 55).
16. Ventral view. Gala, Va., 10 feet below top of Becraft limestone.
17, 18. Dorsal and side views. Gala, Va., lower part of Becraft limestone.
19—21 Rensselaeria of. R. aequiradiata (Conrad) (p. 55)
19.° Posterior portion of ventral valve. Gala, Va., basal part of Becraft limestone.
20. Side view of posterior part of shell; ventral beak somewhat imperfect. Bells Valley, Va., base of Becraft limestone.
21. Weathered interior of posterior part of brachlal valve, showing crural plates. Gala, Va., basal part of Becraft
g limestone.
22. Rhipidomella assimilis (Hall) (p. 53). Exfoliated ventral valve, showing casts of muscle scars. Gala, Va., upper part of
Becraft limestone.
23-25. Rhynchotrema cumberlandicum Rowe (p. 54). Ventral, dorsal, and side views. Gala, Va., upper part of Becraft limestone,
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PLATE 9

BECRAFT FAUNA

1. Spirifer concinnus Hall (p. 56). Ventral valve. Gala, Va., upper part of Becraft limestone.
2-5. Spirifer concinnus var. progradius F. M. Swartz, n. var. (p. 56).
2. Ventral valve, showing large size, rather narrow ribs, and apparent alation of this progressive variety. Gala, Va.,
10 feet below top of Becraft limestone.
3. Exterior of fragmentary ventral valve. Same locality and horizon.
4. Longitudinal section of specimen shown in Figure 3, showing the rather strong dental plato and indicating the
moderately high cardinal area.
5. Smaller specimen with a feeble plication on each side of the ventral sinus, near the front margin. This feature,
which is also found in the specimen illustrated in Figures 3 and 4, suggests Spirifer proavitus Schuchert.
6. Spirifer angularis Schuchert (p. 56). Ventral valve, Gala, Va., 6 feet below top of Becraft limestone.
7. Spirifer sp. Fragmental ventral valve. Clifton Forge, Va., upper part of Becraft limestone. The narrow sinus and the
fairly prominent but narrow plications suggest S. cumberlandiae Hall, of the Oriskany group.
8, 9. Meristella lata (Hall) (p. 58). Dorsal and side views of dorsal valve. Dry Run, east of Warm Springs, Va., middle part of
Becraft limestone.

GILES FAUNA
[See text for relations of Giles formation to Helderberg group]

10-12. Aspidocrinus caroli F. M. Swartz, n. sp. (p. 52). (Named for Dr. Charles K. Swartz, with whom the sections in south-
western Virginia were visited in connection with work on the Silurian.)
10. Vertical section of mold of the cup, as ordinarily seen in the rock. Hollybrook, Va., at top of sandstones of middle-
part of Giles formation.
11, 12. Side and top views of wax casting from same specimen.
13-15. Spirifer arenosus var. planicostatus F. M. Swartz, n. var. (p. 56).
13. Dorsal view of large specimen. Tumbling Creek, near Saltville, Va., dark chert beds of upper part of Giles for-
mation.
14, 15. Exterior and cardinal views of a smaller ventral valve; margins imperfect. Same locality and horizon.
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	THE I-IELDERBERG GROUP OF PARTS OF WEST VIRGINIA AND VIRGINIA 
	By FRANK McKIM SwAR(rZ 1 
	INTRODUCTION 
	2 first described the Paleozoic rocks of the Virginias, our knowledge of the nlOre exact stratigraphic and paleon­tologic features of these beds is still relatively meager, at least when compared with the more extensive data gathered concerning the equivalent strata in the States to the north. The geologists concerned in the prepara­tion of the folios of the Geologic Atlas covering this 
	The investigation was limited to a study of the devel­opment, in the Virginias, of the sediments that form the basal portion of the Devonian in this region and. 
	THIS REPORT 
	Following, in part, C. K. Swartz and others, in Lower Devoni'an. re­port of Maryland Geological Survey, and G. W. Stose and C. K. Swartz, in Pawpaw-Hancock .folio 
	·N.H.DARTON 
	(Staunton, Monterey, Franklin, and Piedmont Jolios) 
	M.R.CAMPBELL 
	. (Pocahontas and Tazewell folios) 
	Western Maryland and 
	.~ortheastern West Virginia
	West-central Virginia 
	Southwestern Virginia
	northeastern West Virginia 
	to west-central Virginia 
	[}Iiatus. Campbell's Rom­ney shale in this area Romne~ shale 
	believed to begin with Upper Devonian Genesee ?shale] ? 
	Romney shale 
	I---~~-,------------------------~--------------------------------------------r----------------------------------;
	Ridgeley sandstone 
	Monterey sandstone 
	Becraft limestone 
	1----'---------------------------------"-----.--------­
	; New Scotland limestone -Healing Sprs.
	_._s~nd_s:o~e_ ~~~~:r [ 
	liiles formation 
	~ _______________~o_e~~~~s.. -I~-e~t~~e_ _ _ _ _ __ _ _ _ _ _ _ __ 
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	(Compare with fig. 8)
	oS [ Upper limestone member ~ ~ 
	Keyser ~igMountain .::::::--(Jlifton Forge .limestone ~hale member ~ sandstone .
	. member .Lower limestone ~...~..ou~. .
	member ~ 
	Tonoloway limestone 
	Wills Creek shale 
	FIGURE 5.-Relations of Silurian and Devonian formations in western Maryland, northeastern West Virginia, and west-central and southwestern Virginia, as interpreted by F. M. Swartz 
	3 and of the State publications 4 have not, on the whole, been permitted time to make very detailed studies of these phases of their problems. 
	The present report is based on work done in the field dm'ing the SlUluners of 1924 and 1925. Much of the laboratory work was completed and the report was originally written by the end of 1925. Several. 
	I Pennsyl vanlll State College. r Rogers, W. D., Virginia State Geologist Rept. for 1837, reprint; pp. 195-203, New York, D. Appleton & Co., 1884. , Darton, N. IT., U. S. Geol. Survey Geol. Atlas, Folios 14,28, 32, 61,1895-1899. Campbell, M. R., Idem, Folios 12, 26, 44, 59, 1894-1899. 4 Virginia Geol. Survey Dull. llA, 1909; Bull. 23, 1922. West Virginia Geol. Sur­vey, Report on Pendleton County, 
	that constitute the Helderberg group, in the sense in. which that term was used in the Maryland Geological Survey's report on the Lower Devonian. The strata concerned are here recognized as divisible into the !(eyser, Coeynlans, New Scotland, and Becraft lime­stones, p.amed in ascending order. The relations of the Shriver chert have also been considered, as it seems to me probable that that formation is essentially equivalent to the Becraft limestone, at least as the Becraft is developed in Maryland and Vir
	27 
	SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1929 
	ured, as they are involved in delimiting the Helderberg in the several sections. 
	Figure 5 indicates the relations of the formations as 
	would interpret them and compares the grouping used here with that of Darton and Campbell in the folios of the Geologic Atlas. . The area covered by the investigation was of neces­sity limited to that in which the Helderberg group 
	SECTIONS DESCRIBE!> 
	L Near Petersburg, W. Va. 
	6. Big Mountain, W. Va. 
	Va. 
	Richwood
	~ 
	Helderberg beds pass beneath the nearly horizontal higher Devonian and Carboniferous beds, except where brought up locally, as by the Browns Mountain anticline, near Frost, W. Va. The general extent of the belt is indicated by the distribution of the sections visited, as shown in Figure 6. 
	After an examination of the section at Keyser, 
	W. Va., described in the Maryland report,!) the Helder-
	N D 
	oDanville 
	NORTH CAROLINA 
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	, , I I ,
	II,." 
	FIGURE 6.-Index map showing area in West Virginia and Virginia covered by investigation of Helderberg group 
	,crops out. This group is brought to the surface, in the Virginias, at many points along the belt of·moun­tain ranges lying between the Shenandoah Valley and its continuations, on the southeast, and the Allegheny Front, on the northwest. Southeast of this belt the Helderberg and even the underlying Silurian have been removed by erosion, except where they are preserved 'in the syncline of Massanutten and the associated mountains east of Woodstock. To the northwest the 
	berg strata were followed, with frequent sectioning, .southward to Clifton Forge, Va., a distance of about .130 miles. Beyond this point it was difficult to obtain .exposures, and no satisfactory sections were seen be­.tween the Clifton Forge area and Hollybrook, Va. .. Farther south sections near Wytheville, Saltville, and .Big Stone Gap, Va., and Sneedsville, Tenn., were .visited. At these localities the Keyser is definitely .
	4 Maryland Geol. Survey, Lower Devonian, P. 133, 1913. 
	THE HELDERBERG GROUP OF PARTS OF WEST VIRGINIA AND VIRGINIA 
	absent, and there is sonlC uncertainty as to the exact equivalency of the sandstones that form the basal portion of the Devonian. 
	KEYSER LIMESTONE 
	CHARACTER AND THICKNESS 
	At Keyser, W. Va., the type locality, the Keyser 0. series of limestone beds 281 feet thick (see fig. 7), which are blue and very nodular below, more massive toward the middle, and rather shaly above. The upper portion resembles the Tonoloway somewhat in lithology and in the presence of Tentac'l.llites gyracanthus and several ostracodes. The forlnation is underlain by the Tonoloway lime­stone, which is fine grained, thinly laminated, and spar­ingly fossiliferous-features which it was found to maintain, on t
	At Petprsburg, W. Va., the ICeyser is 271 feet thick and consists of three well-defined members-an upper 0. lower limestone and an intervening shale. The lower limestone is mostly heavy bedded and very nodular and aggregates 93 feet in' thickness. The lowest beds, however, are somewhat sh aly , and at 0. massive crinoidal and crystalline unit, overlain by a 13-foot concealed interval. Tho nuddle lnember is a calcareous shale, about 34 foet tluck at Petersburg but thickening somewhat southward, replacing the
	W. Va. The upper linlestone member carries massive and purer beds below, is nlore impure' ab~ve, and is 144 feet thiclc The three members described above are maintained southward to Warm Springs, Va. 
	As will be seen fronl Figure 7, there is little change in the thiclmesses of these members, except as already noted for the shale, as far south as Bolar, Va. In the upper half of the upper limestone nlember there is, however, a well-Inarked variation _from the impure phase seen ~t Keyser and Petersburg to a massive, purer, generally crystalline phase, well exhibited in the section west of Franklin, W. Va. The change in the character of the sediments is also reflected by c~anges in the fauna, including the d
	61455°-3{}--3 
	Tentaculites gyracanthus and of the ostracodes, seen at this horizon not only at Petersburg and Keyser, 
	W. Va., but also northward through Maryland and Pennsylvania into the eqillvalent so-called Manlius limestone of New Jersey, which is considered by E. O. Ulrich and other geologists to be of Lower Devonian age and YOlmger than the typical Manlius of New York; and the appearance of small varieties of Oa.marotoechia altiplicata and Spirifer perlamellosus, neither of which occurs below the ·Coeymans" farther north. 
	Greater changes occur south of Bolar, Va. These include a marked thinning of the formation as a whole, the tonguing out of the Big 110untain shale member, the development of a heavy calcareous sandstone, seemingly equivalent to the lower half of the upper limestone member, the entire Big Mountain shale member, and the upper part of the lower limestone member. "", Thus-in the section at Clifton Forge, Va., the lower limestone member is r.epresented lithologi­cally by only about 15 feet of somewhat sandy lime
	The Keyser was not seen south of Gala, near Clifton Forge, Va. It is definitely absent in the sections near Saltville and Big Stone Gap, Va., where limestone" of Tonoloway lithology and falma was seen in contact with calcareous sandstones that are not older than the Coeymans. The Keyser is probably absent at HoHy­brook and Rocky Gap also, although there are at those places concealed intervals of about 90 and 40 feet, respectively, between the exposures of the limestone of Tonoloway age and the Coeymans or y
	The ICeyser also thins decidedly toward the eastern border of the belt of outcrop. Thus at Wardensville, 
	w. Va., about 22 miles east of the Petersburg secti9n, the entire interval between the T01;lOloway and ~he Ridgeley sandstone is only 200 to 215 feet, as compared with 271 feet for th~ ICeyser alone at Petersburg. The beds of the lower haH of this interval are well exposed west of VVardensville, where the Merista typa subzone of the nuddle ICeyser (No.6, fig. 7) is 80: to 95 feet above the base. The higher beds 8,re largely concealed in both of these" sections, but the presence of considerable cherty materi
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	FIGURE 7.-Sections showing stratigraphy and faunal zones of the Keyser limestone from Keyser, W. Va., to Clifton Forge, Va., as interpreted by F. M. Swartz. Numbers at right of sections indicate the 
	faunal zones and subzones. For forms characteristic (,If the faunal zo~es &nd subzones see table on vage 32. (Section at Keyser, W. Va., after descrivtion in Maryland Geol. S\Uvey, Lower Devonian, 
	pp. 133-136, 1913) 
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	FIGlJRE 8.-8cctlons showing stratigraphy of the Hlllderoorg group from Clifton Forge to Saltville, Va., as interpreted by F. M. Swartz. The limestone of Tonolo­way Qb'O, tho conglomerate of Helderberg age, the cherts of Oriskany (1) age, and the greenish post-Oriskany sandstone as seen at Hollybrook, Va., constitute what 
	The Keyser is cOlllpaTatively thin throughout the mountains bordering the west side of the Shenandoah Valley, as far south as Bells Valley, Va. Thus at l?awcetts Gap, in Little North 110untain, about 8 miles southwest of Winchester, Va., the l{~eyser is only about 50 feet thick and is overlain by a massive lime­stone carrying Spirifer macropZeurus, DaZmaneZZa per­eZegans, and othOl: New Scotland fossils. In this section tho Keyser is cOlnposed entirely of linlestones, which are chiefly nodular in the middle
	The most easterly occurrence of the Lower Devonian in the Virginias is found in the Massanutten Mountain syncline, where the upper Silurian and Lower Devonian limestones are well exposed in the vicinity of Seven Fountains, Va. The lower portions of these limestones are definitely of Wills Creek and Tonoloway age, but the relations of the upper portion are uncertain. Fossils are scarce, and the distinc.tive forms of the Hel.derberg of the more westerly sectiQns are absent! 
	M. n. Oampbell termed tho Giles formation in folios of the Geologic Atlas 
	Keyser seems to be about 160 feet thick and is over ... lain by the New Scotland containing Spirifer macro­pZeurus. Merista typa occurs in the middle of the l{eyser at this locality, and Chonetes jerseyensis was observed near the base. The Big Mountain shale 1l1enlber is present at this locality, below the Merista typa zone. There is a concealed interval below the New Scotland, which may be occupied in part by the Coeymans, so that the exact thickness of the Keyser is lllCel'tain, although it is in the neig
	At Bells Valley, Va., east of the Wa.rm Springs sec­tions, the Keyser has a possible nlaximum thickness of 141 feet, of which the lower 34 feet is concealed and Inay belong with the Tonoloway. Fossils are rare 
	FAUNA 
	On the whole, the Keyser is ablmdantly fossiliferous, in the Virginias as in Maryland. A list of the fauna occurring in the Virginias will be found in the table on pages 35-37. 
	One of the most interesting features of the Keyser is the development of a considerable number of marked faunal zones, which can be traced for many miles. ,In this region, as in Maryland and Pennsylvnnia, two main zones can be recognized. The lower one is char­acterized by an abundance of Chonetes jerseyensis; the 
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	upper one lacks that form and in the Mal'yland report was terrned the Favosites helderbergiae zone, because of the abundance of the variety praecedens which it con­tains. Fourteen subzones, based on species of more re­
	TABLE 1.-Fmmal zones and sub zones of the Keyser limcstone 
	Favosites helderbergiae var. praecedens zone 
	Chonetes jerseyensis zone 
	9. Calymene camerata subzone. 
	8. Bryozoan subzone. 
	7. .Gypidula coeymanensis var. sub-zone. 
	6. Dalmanella clarki subzone. 
	5. Spirifer modestus subzone. 
	4. Stromatopora subzone. 
	3. Coral subzone A. 
	2. Rhynchospira subzone. 
	1. Camarotoechia lamellata subzone. 
	8. Bryozoan sl,lbzone. 
	7. Bryozoan subzone. 
	6. M erista typa subzone. 5..Camarotoechia gigantea subzone. 
	4. Gypidula coeymanensis var. subzone. .zone. .
	7. Gypidula coeymanensis var. sub­
	6. Cystid-Spirifer sub~one. 
	1
	3 {Stenochisma deckerensis, Spirifer modestus, Uncinu­
	. lus convexorus, and Nucleospira swartzi subzone.
	4. Cladopora rectilineata subzone. 
	2 {Cyphotrypa corntgata and Stropheodonta bipartita
	2, 3. .Rhynchospira subzones. 
	'. subzones (with Rhynchospira globosaf). 
	1. Whitfield ella m7:mtta subzone.
	1. Warrior Mountain coral reef. 
	1. WhitjieidelZa minuta subzone: In the somewhat shaly beds that occur at the base of the lower lime­stone member in a number of ,the sections, Whit­fieldelZa minuta and Oamarotoechia ZitchfjeZdensis occur' in considerable abundance. WhitfieldelZa minuta, which occurs at the base of the Keyser at Keyser, 
	W. Va., the type locality of the formation, seems to be restricted to this horizon. Chaetetoid Bryozoa are also prominent; and at this horizon at Petersburg were found some favositid corals, which suggest equivalency with the coral subzone at the base of the I{eyser at Warrior Mountain, Md., 
	2. Oyphotrypa corrugata, etc., subzone: In the lower part of the Keyser Oyphotrypa corrugata and Stro­pheodonta bipartita have a nearly equivalent range, occurring not only in the Wh1~tfieldella minuta subzone hut continuing well up to the middle' of the lower limestone member and overlapping the range of the species noted in the succeeding subzone. Both of these fossils are common but are rarely profuse. Some poorly preserved material found just above the 
	Whitjieldella minuta subzone has been referred with some doubt to Rhynchospira globosa and suggests that this is essentially the horizon of the Rhynchospira zones noted farther north. 
	3. Stenochisma deckerensis, UncinuZus convexoTus, 
	etc., . subzone: The nodular limestones of the lower limestone member of the Keyser contain a fauna which seems to be essentially a unit, although it is subject to facies development. Thus in the more shaly portions of the nodular limestone in the Peters­burg, Big Mountain, Monterey, and Little Mountain sections Stenochisma deckerensis and con­vexorus occur in profusion, with an abundance of Atrypa reticuZaris and Chonetes jerseyensis,-Spirifer modestus, S. modestus var. plicatus, and 1IIucleospira swartzi 
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	01' even lacking, and although Jll0st of the abOVe-llaIned fossils were found, they occur much more sparingly. 
	St.enochisma dec7cerensis, Dncinulus convexorus, Chonetes 
	je'I'seyensis, and Nucleospira swartzi were also found in t.he thinning, still nodular remnant of the lower lime­stone IDeInber of the Keyser at Clifton Forge. Uncin­ulus convexo'l'US is extraordinarily profuse in this lime­stone in the section south of Wardensville, where the other for.ms aI'e rare or lacking. It should be noted that this is one of the two horizons in the Helderberg group at which Atrypa 'reticularis is abundant; the other one occurs at and above the Gypid1.lla zone of the middle Keyser. S
	chisma declcerensis, etc., subzone is of considerable importance fiS a guide zone, because it is usually 'well . developed in the sections from Maryland to Clifton Forge, Va.; and can, indeed, be traced through Mary­land into central Pennsylvania. Stenochisma dec7cer­
	e.nsis, Uncinulus convexorus, Spirifer modestus, and 
	Nucleospi1'a swartzi all SeeIll to be restricted to these nodular limestones of the lower Keyser. There is, however, a very simile,r nodular linlCstone at about the middle of the underlying Tonoloway in the vicinity of Monterey, McDowell, and Bells Valley, Va., arid this bed also contains an abundance of Atrypa reticu­laris and an Uncinulus that differs from U. con­veX01'US only in its slightly finer ribbing. Owing to this lithologic and faunal resemblance these nodular beds might be confused, but the Tonol
	4. Gypidula coeymanensis val'. subzone: One of the most striking faunal zones of the Keyser is that at about the Iniddle of the fornuLtion, characterized by a Gypidula forerunning the G. coeymanensis of the over-lying Coey­mans limestone. The zone can be traced from central Pennsylvania to Warm Springs, Va., and seems to oc­cupy everywhere the same stratigraphic position; more­over, the fossil is both very abundant and greatly re­stricted in vertical range. The ventral valve tends to stand out on weathered 
	I,n Maryland and Pennsylvania the Gypidulas of this zone have been referred to the variety prognosticus, the separation resting largely upon the smaller size. In 'the Vil'ginias, particularly in the vicinity of Monterey, the individuals of this horizon become larger, some reaching lengths of 3? millimeters, and can hardly be 
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	differentiated from the Coeymans material. However, in view of some differences in the plications, I have re­ferred these large specimens to the new variety similis. 
	8" Coral subzone, with Oladopora rectilineata: In the section at Franklin, W. Va., Oladopora rectilineata oc­curs in profusion some distance above the Merista typa subzone, thus paralleling the occurrence noted by Reeside in Pennsylvania, at about the same horizon. This zone was also seen at Monterey and Little Moun­tain, Va. At Little Mountain O. rectilineata is ac­companied by an abundance of Aulopora schohariae, Striatopora bella, and a number of other corals. Olado­pora rectilineata is also, abundant in
	,9. Petersburg Stromatopora reef': The Stromatopora reef that is developed at about the middle of the upper limestone nl~nlber of the I{eyser in the Petersburg section seems, to be paralleled by similar occurrences in most of the oth~r sections southward to Bolar, Va. The reefs in the upper limestones of the Bells Valley and Clifton Forge sections may also be placed ,here tentatively, but the exact correlation can not be re­garded as certain". The presence of Rensselaeria muta­bilis above this reef in the B
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	is below the lower of the two reefs noted at Corrigan­ville, in the Maryland area, which lies above the R. mutabiZis zone. 
	, Little Mountain sections. 
	12. Oamaroto(3chia cf. O. altiplicata and NucZeospira, ventricosa subzone: With the change from the more shaly limestones of the upper part of the Keyser of Maryland to the purer and more massive beds that are developed at that horizon around Franldin and to the south, Oamarotoechia altiplicata and Nucleospira ven­tricosa, both of which are present in the Coeymans and New Scotland, range downward into the upper part of the Keyser, where they occur in and above the Rensselaeria mutabilis subzone. Although co
	o 
	. which is greater in the Franklin section than in the other sections studied. The absence of the zone else­where might be due to the presence of, the minor hiatus that has generally been thought to mark the Keyser-Coeymans contact. 
	Kloedenia smocki, the one ostracode found in the .Keyser in the Virginias, was discovered about 30 feet .beneath the top of the Keyser in the Big Mountain .section. Its presence,there is of interest in that the .horizon seems to correspond to the" so-called Manlius .of the New Jersey section, from which K. smocki was .originally described by Weller. .
	A complete list of the Keyser fauna is given in the .following table: .
	6 Maryland Oeol. Survey, Lower DeVOnian, p. 404, 1913. 
	TABLE 2.-Distribution oj the Jauna of the Keyser limestone of West Virginia and Virginia [Note.-"r" represents a very closely related species] 
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	CORRELATION 
	The essential continuity of the Keyser as a more or less definite lithologic unit from Maryland southward tp Clifton Forge, Va., has already been demonstrated. The continuation of the series of faunal subzones, as shown in Figure 7 and Table 1, into the Keyser of Maryland and Pellllsylvania is of even greater impor­tance in the more exact correlation in time of the several horizons at which these-subzones occur. The relationships of the fauna as a whole are given in Table'2 and the following analysis. Atryp
	(2' 
	Per cent Species occurring' in the Keyser limestone of West Virginia and Virginia_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 54 100 Previously described _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 49 91 Occurring in the Keyser of Maryland and Pennsyl­
	vania______________________________________ 43 
	82 
	Restricted to the Keyser in Maryland and Pennsyl­
	vania______________________________________ 27 
	Occurring in the Decker limestone to so-called 
	Manlius limestone of New Jersey ______________ 14 27 Occurring in the Tonoloway limestone of Maryland_ 6 12 Occurring in the Coeymans to Becraft limestone of 
	Maryland, etc_______________________________ 16 
	32 Occurring in the Coeymans to Becraft limestone of Maryland, etc., but not in the Keyser of Mary­land__________________________________ 4 
	8 
	Forms very closely related to species occurring in 
	the Coeymans to Becraft limestones of Maryland, 
	etc., but without counterpart in the Keyser of 
	Maryland___________________________________ 1 
	2 
	The large number of species common to the Keyser 
	of the Virginias and that of Maryland and Pennsylva­
	nia and particularly the fact' that the same species .are generally the abundant ones in both areas indjcate that the two areas were parts of one and the same depositional basin during Keyser time. The faunal zones recognized jn these distric"ts, as' compared in Table 1, al,so show that the upper and lower limits of the Keyser are essentially of the same age from central Pellllsylvania to west-central Virginia. 
	9 have concluded that the interval from the Decker to the so-called Manlius of the N ew Jersey section, as described by Weller,lO is the essential equivalent of the Keyser of the central Appalachian area. There is some uncertainty, at least in the min9.s of Swartz and Reeside, as to the relationships of the Keyser and also of the Decker, Rondout, and so-called Manlius of New Jersey to the Cobleskill, Rondout, and Manlius of New York. For further djscussion the reader is referred to the Maryland Lower Devoni
	7 Ulrich, E, 0" U, S, Geol. Survey Geol. Atlas, Pawpaw-Hancock folio (No. 179), 
	p. .8 (notes on lowest and second faunal zones of the Helderberg limestone), 1912. 8 Swartz, C. R., Maryland Geol. Survey. Lower Devonian, pp. 105-117, 1913. 9 Reeside, J. B., jr., The Helderberg limestone of central Pennsylvania: U. S. 
	Geol. Survey Prof. Paper lOS, pp. i93-197, 1917. 10 Weller, Stuart, Paleontology of New Jersey, vol. 3, PP. 62-80, 1903. 
	An interesting point in the comparison of the Keyser and the New Jersey formations, seemingly unnoted before, is the similarity in position of the Gypidula coeymanensis val'. prognostica subzone of the middle Keyser, and the GypiduZa (tc Pentamerus") circ'lLZaris zone in the Decker. Both zones are near the top of the range of Chonetes jerseyensis in thejr respective sections. The general variability of the Gypidulas of the. middle Keyser has been noted; in the Virginias they are large and comparable in size
	12 has recently shown that the basal Devo­nian beds of western Tennessee, composed of the Rock­house shale and the lower portion of the overlying Olive Hill formation, are perhaps of Keyser age. This view is suggested because the faunas of the Olive Hill, 
	, as a whole, and of the succeeding Birdsong shale are very definitely Coeymans arid New Scotland, respec­tively, whereas there is no indication of a break of any magnitude between the Rockhouse and the Olive Hill which might make the former pre-Keyser. The fauna of the Rockhpuse is too poor to give direct evi:­dence of the age of the formation. It is an in:teresting hypothesis that the deposition of the Rockhouse shale resulted from 'the same crustal movements that caused tlie Virgirua area to be flooded b
	COEYMANS LIMESTONE 
	CHARACTER AND THICKNESS 
	The Coeymans of West Virginja and Virginia (seefig~ 9) is in general a:well-defined hthologic unit, consistjng, as in Maryland, of very massive, crystalline, highly cri­noidallimesto}1e as far south as Clifton Forge, Va. It is separated from the underlying Keyser by a fairly sharp contact, the basal portion of the Coeymans 
	11 Reeside, J. B., jr., op. cit., p. 204. 12 Dunbar, C. 0., Stratigraphy and correlation of the Devonian of western 'l'en­nessee: Tennessee Geol. Survey Bull. 21, pp. 40-42, 54, 1919. 
	THE HELDEHBEHG GROUP OF PARTS OF WEST VIRGINIA AND VIRGINIA 
	being somewhn.t sftnny, pmtieulnrly toward 'the south. The passo,go in to the o~erlying N.ew Scotland is tran­sitionuJ where thn.t fOl'mn.tion is n cherty ljnlestone; but south of Monterey, where at lenst the lower por­tion of the New Scotland is highly nrennceous, the contact as here drawn becomes clenr cut. At Bel1s Valley, Va., however, the Now Scotland and Coey­mans combine to form a InassiYe Ijmestone, which is highly crinoidn.l throughout" with dingnostic New Scotland fossils, including Spirife'l' mac
	At Fawcetts Gap, in Little North IvIouutain, near Winchester, Va., the' 90eYlnans is possibly absent. 
	NE. 
	Sl miles ---01 r-16milcs-i 1-12miles-~ 1-----22miles-i r---18miles---! !<-8miles-oj ~--25miles--------; 
	were observed in some weathered cherty fragments in the otherwise concealed interval just beneath the sup­posedly New Scotland sandstones; and this zone is possibly equivalent to the Meristella arcuata zone at the top of the Coeymans in the Clifton Forge area. 
	FAUNA AND CORRELA'rION 
	The Coeymans is in general abundantly fossilifer­ous. Gypid'llla coeymanensis, the most diagnostic form of this horizon, although profuse at Petersburg, 
	W. Va., was found only after search in the sectio~s from Petersburg to Hot Springs, Va., and seems to be entirely absent in the Coeymans at Bells Valley, Dry Run, and Clifton Forge. The specimens from the Coieymans in the Virginias are generally smaller than 
	SW., 
	~ 
	ii 
	-50' 
	~I()O 
	Shriver chert New Scotland l,imestone 
	Coeymans limestone 
	-2fX/ 
	EXPLANATlO~ 
	~. 
	~ 
	SruJdslone 
	Shale ,with black chert (Sbriver) 
	~ a 
	Limestono with'black' 
	chert (Becraft) .Limestone
	chert (New Scotlll,lld) .Concealed portions left blank .
	FIOUlUr. \l.-S~ctions showing st,rnt.igraphy or tho Coeymans and New Seotland limestones rrom Keyser, W. Va., to Clirton Forge, Va., as interpreted by F. M. .Swartz. (Sectioll at Keyser arter description in Maryland Oeol. Survey, Lower Devonian, p. 167, 1913) .
	At loast" faunal evidence of its presence is lacking, although analogy with the Bells Valley section might 
	o suggest CoeymtUlS ftge for the lower few feet of the crinoidn.l lilnestone, which in its upper portion con­tains Spirifer mo,cropleurus. Because of concealment of the intel'vnl, no datn concerning\he Coeymans were nvailablo at Wardensville) 'V. Va., and Fulks Run, Va. The Coeymn.lls seems to disappear in southwcsterJ-l Virginia., as the calcfl,reous sandstones in contact with the limestone of Tonoloway age at the sections near Saltville and Big Atone Gap are most probably of New Scotland nge or even young
	the material frOln New York and New Jersey and even from Maryland. Thus in the Virginias the Gypidulas of the middle Keyser are both larger and much more abtmdant than 'those of the Coeymans itself. 
	A 'very useful" zone in the Monterey-Clifton Forge area is found at the top of the Coeymans, where Meristella arcuata occurs in considerable abundance, together with Rhipidomella oblata and, less com­monly, Uncinulus abruptus. This zone is just be­neath the sandy beds placed at the base of the New Scotland in the Bolar, Dry Run, Clifton Forge, and Gala sections and beneath the range of Spirifer ma­cropleurus and Dalmanella perelegans in the Monterey and Bells Valley sections. The occurrence of this zone abo
	' 
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	limestone in the Monterey and Bells Valley sections is 
	one of the chief reasons for considering the lower two­
	thirds of that unit Coeymans in age, rather than 
	referring the whole of it to the New Scotland. 
	The following analysis shows the general relation­
	ships of the fauna; det&ils of distribution are given in 
	Table 3. 
	Per cent Species occurring in the Coeymans limestone of West Virginia and Virginia_________________________ 18 100 Previously described _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 16 89 
	Occurring in the Coeymans of Maryland, New York_~______________________ 11 68 .Occurring in the New Scotland limestone' of Mary­land, etc____________________________________ 14 87 
	Occurring in the New Scotland of Maryland, etc., but not reported from the Coeymans or below__ _ 4 23 Occurring iIi the Keyser limestone (including two closely related forms)_________________________ 4 23 
	These figures would seem to indicate a closer rela­tionship to the fauna of the New Scotland of the Northern States than to that of the Coeymans. That the fauna and the beds containing it are Coey­mans is' shown by the presence of Gypidula coeyman­ensis, the most diagnostic species of the formation, and by the absence of Spirifer macropleurus and other characteristic fossils of the New Scotland, w;hich ap­pear in the overlying beds. Again, only one of the four species not noted from the Coeymans or lower ho
	'Clifton Forge area. 
	The close agreements between the faunas of the Olive Hill formation and the Birdsong shale of western Tennessee and those of the Coeymans and New Scot­land of the Appalachian Basin, respectively, as re-· 
	NEW SCOTLAND LIMESTONE 
	-CHARACTER AND THICKNESS 
	No essential changes in lithology, fauna, or thick­ness were noted in the cherty phase of the New Scot­land from Keyser~ W. Va., to Monterey, Va. (See fig. 9.) Throughout this area the formation is a cherty limestone, generally massive, and usually well exposed. Here; as in Maryland, the cherts are always white or at least light colored, even when quite fresh. The beds immediately overlying the cherty limestone are generally concealed and covered by debris;' conse­quently there is some uncertainty as to the
	To the east, at Fawcetts Gap, near Winchester, Va., the New Scotland is represented by a crinoidal lime­stone carrying Spirifer macropleuru·s. A somewhat similar occurrence is found at Bells Valley, Va., where 
	S. macropleurus and other New Scotland fossils occur in the upper 20 feet of a very massive crinoidal lime­stone 78 feet thic1c As noted in the discussion of the Coeymans limestone, the lower 50 feet or so of this limestone is apparently of Coey'mans age. At Fulks Run, about halfway between Fawcetts Gap and Bells Valley and nearly along the strike line between them, the New Scotland is again a cherty limestone; and'the Spirifer macropleurus zone is cherty at Craigsville, 
	a 
	only about· 4 miles north of Bells Valley, and along the same belt of outcrop. 
	As has been stat~d in the description of the ICeyser, it has not been found feasible to correlate definitely the supposedly Lower Devonian limestones of the Seven Fountains section, in the Massanutten Mountain syncline, with the Helderberg. At least, no beds carrying the diagnostic New Scotland or other Helder­berg faunas were observed in this section, and the lithologic .sequence is not sufficiently similar to that of 
	13 Dunbar, C. 0., op. cit., pp. 54, 62-65. 
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	the more western sections to permit confident corre­
	lation. ' 
	South of Monter~y, Va., the New Scotland becomes 
	highly arenaceo'us in its lower half, as at Bolar and 
	Dry Run, and finally the calcareous sandstone (in 
	part arenaceous limestone) entirely replaces the cherty 
	limestone, forming what is here named the Healing 
	Springs sandstone member. This sandstone contains 
	some fossils in the sections west of Healing Sprmgs 
	ond Wo.1'm Springs, including a, few fragments of 
	Sp'i'rife'l' macropZeurus, but it seems to be quite linfos­
	siliferous at Clifton Forge and Gala. 
	The New Scotland may be'represented in the sand­stones below the dark siliceous cherty beds 'of the Hollybrook, Rocky Gap, and Saltville sections. As stated. in the descriptions of the Coeymans, a },{eri­stella zone, possibly representing the M. arcuata of the upper Coeymans, was found just beneath these sand­stones at Rocky Gap. The overlying dark cherts are unfossiliferous at fIollybrook and Cove Mountain, where they were first studied, and I then considered thClll defhlitely representative of the Shriver
	o.s the o.pparently equivalent cherts and some asso­ciated sandstones seen there carry Diaphorastoma ventricosum, AmbocoeZia umbonata and a Spirifer which is essentially S. arenosus, although it differs slightly in its general aspect from the typical material of the Ridgeley sandstone farth~r north. Because of the pronounced flattening of its ribs it is here named Spi1'ijm' a1'enosus val'. pZanicostatus. The presence of these fossils indicates late Oriskany age for the chert and associnted beds containing t
	,of the chert at Tumbling Creek, but it seems best to regard the chert as being of late Oriskany age, though possibly with deposition continuous into the overlying Onondaga deposits. 
	/j 0 
	At the Tumbling Creek section the lowest beds containing S. arenosus val'. pZanicostatus are underlain by about 7 feet of calcareous sandstone in which was observed a RhipidomeZZa suggestive of R. obZata and a large DaZmanella ,that should' probably be referred to D. pereZegans. This sandstone should probably be correlated with the Becraft limestone, or possibly with the New Scotland. It is underlain in turn by the limestone of Tonoloway age. 
	Comparison of the sections at Hollybrook and Rocky Gap with that at Tumbling Creek strongly suggests that the chert of the Hollybrook-Rocky,Gap area should be correlated with that seen at Tumbling Creek and should thus be considered yotmger than the Shriver chert of the sections farther north. At Hollybrook and Rocky Gap the chert is underlain by about 60 feet of calcareous sandstone, the upper part of which is somewhat conglOlneratic, and contains at both localities a profusion of the empty molds of a' cup
	S. cycZopterus. One fragmental cast is suggestive of Trematospira equistriata. The sandstone may be considered roughly equivalent to the Becraft and New Scotland limestones, although the fauna is a poor one for the purpose of correlation. 
	oThe similar calcareous sandstone that forms the basal portion of the Devonian in the vicinity of Big Stone Gap has been referred to the New Scotland by Ulrich, 'although no faunal lists accompanied Ulrich's The fauna, so far as I observed it during a short visit, is not distinctively New Scot­land; that of the upper beds is in fact suggestive of the Onondaga. Further work must be done before the correlation of this sandstone can be considered assured 
	FAUNA AND CORRELATION 
	North of Healing Springs, Va., the' beds assigned to the New Scotland carry Spirifer macropZeurus and other characteristic New Scotland fossils. These are only sparmgly present in the Healing Springs sand­stone member but are generally profuse where the New Scotland consists of the cherty limestone. StrepteZasma strictum, Dalmanella perelegans, and Meristella arcuata 'are generally very abundant. 
	H Ulrich, E. 0., in Eby, J. B., Tho geology and mineral resources of Wise County, Va.: Virginia Geol. Survey BUll. 24, p. 40, 1923. 
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	The New Scotland age of this fauna is shown by the 
	Further details of the distribution of the fauna are given in Table 3. 
	BECRAFT LIMESTONE 
	CHARACTER AND THICKNESS 
	At Clifton Forge, Gala, Healing Springs, Dry Run, and Bells Valley, Va., the interval between the New Scotland formation and the Ridgeley sandstone is occupied by a limestone 100 to 120 feet thick, with much interbedded black chert, chiefly in the lower and middle parts. (See fig. 10.) The upper chert-free beds are also present on Back Creek Mountain, along the road from Warm Springs to Driscol. The strati­graphic position of the limestone and mor.e partic~,arly the presence in it oof Spirifer concinnus, Rh
	outcrop. 
	FAUNA AND CORRELATION 
	The relationships of the fauna collected from this lilllestone in the Clifton Forge area are given in detail in Table 3 and are summed up in the following analysis: 
	Per cent Determined species occurring in the Becraft lime­stone of west-central Virginia__________________ 25 100 Previously described_ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 24 96 Occurring in the Becraft limestone of Maryland, New Jersey, and New York___________________ 18 72 Occurring in the New -Scotland limestone of Mary­land, etc__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14 56 Occurring in the New Scotland limestone of Mary­land, etc., but not in the Becraft lime
	~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 4 
	Occurring in the Ridgeley sandstone of Maryland 
	and the Oriskany sandstone of New Jersey and 
	New York__________________________________ 9 36 Occurring in the above-mentioned sandstones but 
	not previously reported from lower beds_________ 3 12 Occurring in the Shriver chert of Maryland________ 2 8 Restricted to the Becraft limestone, at least in 
	Maryland______________ -" _________ .:. ____.____ -' _ 3 12 
	16 Maryland Geol. Survey, Lower Devonian, p. 179, 1913.· 
	The large percentage of New Scotland survivors, together with the absence of such typical New Scot­land forms as Spirifer macropleurus and Spirijer perlamellosus, is in itself very characteristic of the Becraft; particularly as these characteristic New Scot­land species are found in the underlying beds. Of the New Scotland survivors, Streptelasma strictum, Edri­ocrinus pocilliformis, and Uncinulus abruptus are prominent in the lower part of the Virginian Becraft but do not appear to range higher. The two sp
	R. aequiradiata, a species of the N ew York Becraft. On the' other hand, Schuchertella woolworthana ranges throughout the Becraft, as do the new arrivals, Rhi­pidomella assimilis, Eatonia peculiaris, and Spirifer concinnus. 
	As has been noted, the upper part of the Becraft of the Clifton Forge area differs from the lower and middle portions in that as a rule it is quite free from inter­bedded black chert and is in many places lnassive and highly crinoidal. It also carries a fauna that differs somewhat fronl that of the lower portions, notwith­standing the presence of the four species last· nanled. This is due not only to the absence of those New Scot­land survivors which, as mentioned above, are re­stricted in the Becraft to it
	Thus Rhipidomella assimilis, although mentioned above as ranging throughout the fOl'lnation, is some­what more abundant in these upper beds and tends to reach a somewhat greater size, with stronger muscle scars, so that whereas the ~verage size of the species is 26 millimeters in length and 28 millimeters in width, several specimens from the upper part of the Becraft at Gala and Back Creek Mountain reach dimensions of 36 and40 millimeters, respectively; and the ventral muscle scar is as much as 22 millinlet
	A similar development was noted in Spirifer con­cinnus. Associated with the more typical members of that species there are commonly in these upper Becraft beds specimens which have the same general aspect but differ in the presence of 16 or more plica­tions on the lateral slope, as compared to the typical 12 to 14, 'and which also reach widths of 40 millimeters, as compared to the average 24 millimeters. This' larger, more alate, and more numerously plicated form is here named Spiriier concinnus var. progra
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	S. concinnus proper. Aceording to Schuchert,16 some specimens of S. concinnus of the Maryland Becraft also reach widths of 40 millimeters or even more; he does not, however, mention the development of more numerous plications. The Maryland specimens are also rnore alate than those from NewYork-a condi tion that Schuchert ascribes to abl'asion of the thin edges of the valves before deposition; 
	In the ventral valve used as the type for Spirifer concinnus var. progradius the sinus is broad and rounded; but in several of the ·associated and otherwise similar specimens the sinus is somewhat angulated and has a very feeble plication on each side toward the front. Similar but stronger pIlcations were noted by Hall in some of the N ew York specimens which he included in S. concinn·us but which Schuchert 17 'later separated as S. proavitus. However, as the Vir­
	, ginian specimens agree more Closely on the whole with the variety progradius, they are here retained in that form. 
	The presence at this horizon of a number of species with very definite Oriskany affinities is of particular interest. The most significant of these species are 
	Rhynchotrema cumberlandicum, Rensselaeria subglobosa, Spirifer angularis, Oyrtina varia, Anoplotheca fiabel­lites, and Dalmanites sp. near D. dentatus. 'The rela­tionships of this portion of the fauna are as follows: 
	Relationships of Oriskany species in Becraft limestone 
	[r, closely related species] 
	. 
	Lower Becraft 
	part of 
	Ridgeleylimestone, 
	Oriskany, 
	sandstone, Maryland 
	New 
	Jersey 
	-----------1·--­
	------1----Rhynchotrema cumberlan­
	dicum ___________________ 
	X . Rensselaeria subglobosa_____ 
	X 
	X .~pirifer angularis___________ .
	-______ 
	X Cyrtina varia______________ 
	X _____________ _ Anoplotheca flabellites _ -_ _ _ _ X 
	-_ _ _ _ _ _ X 
	X Dalmanites sp------------­
	. r _______ 
	C r 
	Of these species, Rhynchotrema cumberlandicumis rare. The one specimen from the upper part of the Becraft 
	16 Maryland OeoI. Survey, Lower Devonian, p. 418, 1913. .17 Idem, pp. 418, 419, pI. 71, fig. 17. .
	at Prices Bluff is, however, complete and quite typical. Rensselaeria subglobosa is common in the limestones of this horizon at Back Creek Mountain. The material so identified is quite typical in size and in the number and strength of the plications; but, as in that from the. Maryland Becraft, the valves are somewhat less con­vex than in the New Jersey types. Spirifer angularis is common in several of the sections and seems to agree rather closely with the material from the Mary­land Ridgeley. The presence 
	and D. dentatus of the Oriskany; 
	The Oriskany elements in this fauna indicate th8,t 
	r ~~v ~ll1ton 
	Forge area is younger than the top of the Becraft in 
	the type area of southeastern N ew York. They also 
	suggest that there is no essential time break between 
	the Becraft and the Ridgeley such as there would be 
	if the pre-Ridgeley Shriver chert of the neighboring 
	sections to the north were entirely post-Becraft. 
	This question is considered in further detail in the 
	following discussion of the Shriver ,chert. . 
	L .__ 
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	TABLE 3.-Distribution of the fauna of the (foeymans, New Scotland, and Becraft limestones of West Virginia and. Virginia. Coeymans limestone [r=very closely related forml 
	West Virginia and Virginia Maryland and Pennsylvania New Jersey and New York: 
	~ ~ ~ 
	~ .... ~
	~~ 
	~. 
	~ .~ I ~ j j I ~
	j 
	j
	~ 
	0 ~ ~ ~ 8 Z ~ ~ 0 Z 
	~ 
	------------------1--­
	--~--------------­
	-__. 
	nHACHIOPODA 
	X ------------------X X ------------X X 
	X 
	3. Leptncna rholllboidalis (Wilckells) ___ ~ X 
	X X X X X X X X X 
	X
	4. Stropheodonta arata. (Hall) _______________ _ 
	X ------------------X X ------------X X 
	5. Stropheodonta cf. S. planulata (Ha1l)--X 
	X ------------------. X X X X 
	X
	6. Strophonella punctulifera (Conrad) ________ _ 
	X X ------------X X ------------X X 
	X
	7. Schuchertella woolworthana (Hall)_________ _ X X X X X X ------______ X 
	X 
	8. Gypidula coeymallensis SchucherL__ _ r 
	X ------------X X ------------------X X 
	.9. Camarotoechia campbellana (Hall) _________ _ 
	X X ------------X ------------------X X
	10. Uncinulus abruptus (HaU) ________________ _ 
	X X X ------------X X ------------X 
	11. Spiriferperlalllellosus HalL__________ r 
	X X ------------? X ------------______ X
	12. Spirifer cycloptcrus Hall_________________ _ 
	X X X X X X X X X 
	13. Nucleospim vcntricosa (Hall)_________ X 
	X ------------X X X ------------X X
	Swn,rtz, n. val' __ ______________________
	,. _ __~__ ~~~~~~ ~~~~~~ ~~~~~~ __~____~__ ~~~~~~ ~~~~~J__~________
	X 
	16. Meristella symmetrica Schuch~rL_________ _ X x 
	l\YOLLUSCA 
	17. Platyceras gibbosllm HalL__________ ______ 
	X 
	x 
	18. Plu,tyccrn,s multiplicatum F. M. Swartz, 
	n. sp____________________________ ______ 
	X 
	19. Platyceras trilobatulll HalL ___ -_______ .:. ___ X x 
	X 
	TIULOBI'l'A 
	20. Dalmanites plellroptyx (Green) ____________ _ X x X X 
	X 
	New Scotland limestone 
	1. Hindia sphaeroidalis DuncalL _________________'__ 
	X
	x 
	X 
	X 
	C01~LENTEnA'J'A 
	2. Streptelasma strictum HalL ____________________ _ 
	X 
	X
	X 
	X 
	X 
	BHACHIOPODA 
	Dahmtnclla eminens (Hall) _____________________ _
	X 
	X 
	X
	DalmalleUa perelegans (Hall)_.___________________ _
	4. 
	X 
	X 
	X
	X' 
	5. Lept~tena rhomboidalis (Wilckens) ____ X 
	X 
	'X
	X
	X 
	X 
	X 
	X
	X 
	X
	X 
	X 
	6. Strophonella pUllctlilifem (Conrad)____ 
	X 
	X
	X 
	X 
	X 
	X 
	X 
	X
	X 
	X
	X 
	X
	X 
	X
	X 
	9. Schllchertella woolworthana (Hall)_ ___ ______ X 
	X 
	X
	X 
	X 
	X 
	X
	X 
	X 
	10. Uncinulus abrllptlls (Hall)___________ 
	X 
	X 
	X
	X 
	X 
	X 
	11. Spirifer periamelloslis HalL __________ r 
	X 
	? 
	X
	X 
	X 
	X
	Spirifer Hall ___________-_ 
	X
	12. 
	X. 
	X 
	X 
	X
	X 
	X 
	X 
	X
	Spirifer macroplellrlls (Conrad) __________________ _
	X
	X 
	X 
	14. Trcmatospira equistriata Hall and
	Clarke______________________________________ _ 
	X
	X 
	15. Meristelltt arcllata (Hall) ____ -_-_____ ______ X 
	X 
	X
	X 
	X
	Meristellalata (HaU) ____ .:. ______________________ _
	X 
	X 
	X
	X 
	17. Platycents gebhardi Conrad _________________ -__ _ 
	x 
	X
	X 
	·X 
	X 
	X 
	SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1929 .'TABLE 3.-Distribution of the fauna of the Coeymans,New Scotland, and Becraft limestones of West Virginia and Virginia-Continued .Becraft limestone .
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	COELENTERATA 
	1. Streptelasma strictum HalL -_ --___ -­
	ECHINODERMATA 
	:2. Edriocrinus pocilliformis HalL ___________________ -____ _ 
	X 
	------X X ------------X X 
	BRACHIOPODA 
	3. Rhipidomella assimilis·(Hall) _____________________ -____ _ 
	-----­
	------------X ------------X X 
	,4. Leptaena rhomboidalis (Wilckens) ---_ X 
	X X 
	X X X X X X X 
	5. Strophonella leavenworthana (Hall)___ 
	X 
	X X ------------------x X 6..Schuchertella woolworthana (Hall)---­
	_ --__ _ X X 
	X 
	'7. Schuchertella becraftensis (Clarke)_____________________ _ 
	X 
	x 
	8. Rhynchotrema cumberlandicum
	(Rowe) ___________________________________________ _ 
	X X 
	9. Camarotoechia campbellana HaIL_____ ______ 
	X X X X 
	10. Camarotoechia praespeciosa Schu­
	chert_____________________________________________ _ 
	11. Uncinulus abruptus (Hall)___________ ______ 
	X X oX X 
	12. Uncinulus pyramidalis (Hall) __________________________ _ 
	X X X 
	X X X X X 
	15. Rensselaeria cf. R. aequiradiata (Con­
	rad) __________________________ ..: ___________________ _ 
	X X 
	16. Rensselaeria subglobosa (Weller) _______________________ _ 
	X X
	17. ~---_________________ _ 
	X X X 
	18. Spirifer concinnus var. progradius F. 
	M. Swartz, n. var__________________________________ _ 
	X 
	19. Spirifer cycloptenis HaIL___________ ______ X X 
	X X X X X x X
	'20. Spirifer cf. S. angularis Schuchert______________________ _ 
	MOLLUSCA 
	:25. Platyceras gebhardi Conrad____________________ _ 
	X 
	'l'RILOBITA 
	26. ~ ''.&7. Dalmanites sp_______________________________________ _ 
	X X 
	X 
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	THE HELDERBERG GROUP OF PARTS SHRIVER CHERT 
	From CUlnberland, Md., to Monterey, Va., the New 'Scotland is overlain by a siliceous shale with much interbedded black chert, containing few fossils. In the Virginias the shule is generally subordinate to the bedded chert. The shaly chert is in turn overlain by the Ridgeley sandstone, carrying the characteristic Spirifer arenos7J.S fauna, and is thus the southward continuation of the Shriver chert, so named from Shri­ver Ridge,IS near C l.lInberl and , Md. 
	The stratigraphic position of the Shriver chert is ap­parently the sante as that occupied in the Clifton Forge area by the Becraft lill1estone. The conditions are .similar in ~1aryland, where the Becraft lies between the New Scotland lilnestone and the Ridgeley sand­'stone in the exposures of the Lower Devonian east of Hancock; whereas at Hancock and westward to Cum­herland the Becraft is absent, and the New Scotland­Ridgeley interval is occupied by the Shriver chert. In Virginia, at least, the displacement
	Although no section containing both formations was known, Schuchert/St.ose and Ulrich,2° and C. K. 21 considered the Shriver chert to be of lower Oriskany age becat;se the Shriver seems to thin some­what in the vicinity of IIancock, and, 1110re particu­
	. ~he outstanding features of the faunal relationships mdlCated above are the large proportion of species known froni only the Shriver chert, the lack of agree­lllCnt with the fauna of the Becraft, and the apparent affinity to the fauna o~ the Oriskany sandstone rather than to that of the Helderberg. 
	A 1110re detailed analysis of the fauna places a some­what different aspect on the problem from that given by the above figures. Taking the five species cited 'above as occurring in the Ridgeley and other Oris­kany sandstones but not in the Becraft or below" we find that two of these-Spirifer arenOSU8 and Diaphora­stoma desmatum-are l'epresented in the Shriver by but 
	19 Swartz, C. K., Maryland Geol. Survey, LowC\r Devonian, 'p. 91, 1913. 
	10 Schucllort, Charles, U. S, Nat. Mus. Proc., vol. 26, p. 422, 1903. 
	20 Ulrich, :K 0., in Stoso, 0, W., U. S. 0001. Survey Oeol. Atlas, Pawpaw-Ban­cock foHo (No. 179), p. 9, 1912. 
	21 Swartz, C. K., Maryland 0001. Survoy, Lower Devonian, pp. 121, 122, 1913,' 
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	one known specimen efLch, and that there is some doubt as to the identification, at least of the Diaphorastoma. A third form, Schuchertella becrajtensis, is also very rare; furthermore, one specimen from the Becraft of Virginia seems to be referable to this species. Men. stella lentiformis is abundant ill11lany places and is more definitely indicative of Oriskany relationships; even so, the Shriver chert lllaterial is consistently smaner than that of the Ridgeley sandstone. The citation of Cfhonetes hudsoni
	. Of greater significance is the fact that the composi­tion of the Shriver chert fauna is not what would be expected in a typical marine deposit of Lower De­vonian time. Thus of the 28 described species, 11 are ostracodes, of which 10 are known only from the Shriver, 14 are brachiopods, and 3 are gastropods­including 2 species of Tentaculites. The nonostracode fauna is t~us small, in number of species as well as in individuals. Furthermore, the corals, Pelmatozoa, Bryozoa, and trilobites are notably absent 
	These facts and the further fact that the Shriver chert and the Becraft limestone occupy analogous stratigraphic positions in near-by sections, without, at least in Virginia, a thinning of either formation toward the general boundary of the areas of development, greatly weaken the argument for the post-Becraft age of . the S~'iver chert. Indeed, these relationships, together WIth the fact that the Becraft of Maryland and Virginia contains pronounced Oriskany elements in .the fauna of its upper part, suggest
	Since this question f~l'Inulated itself in nly mind, I have fortunately been able to revisit several key sections. The sections at Healing Springs and Back Creek Mountain, west of Warm Springs, deserve par­
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	ticular attention. At Healirig Springs the New 
	Scotland to Ridgeley interval is occupied by the 
	Becraft limestone. As usual for the Clifton Forge 
	area, the upper part of the Becraft is composed of 
	very pure, rather massive gray limestone, containing 
	an abundance of Spirifer concinnus and also Spirifer 
	cyclopterus and Eatonia peculiaris. The middle and 
	lower portions are composed of interbedded limestone 
	and black chert, of typical Becraft type, but with the 
	limestone much more subordinate than in the sections 
	at Clifton Forge and Gala. The lower beds also lack 
	the abundance of fossils which characterize them in 
	the Clifton Forge and Gala sections. 
	At Back Creek Mountain, about 8 miles farther 
	north, the Ridgeley sandstone is tmderlain by chert­
	free but not overly pure limestones carrying Spirifer 
	concinnus, S. cyclopterus, Eatonia peculiaris, and 
	Rhipidomella assimilis. These beds certainly repre­
	sent the 'upper part of the Becraft, as seen at Healing 
	Springs, Clifton Forge, and Gala. They are under­
	lain, however, by bedded impure chert of Shrivel 
	rather than Becraft aspect; particularly as it weathers 
	for the most part into soft buff spongy fragments. 
	A minor portion of the chert is purer than is typical 
	of the Shriver, and this weathers into harder whitish 
	fragments. Farther north, at Monterey, the lime­
	stone of upper Becraft age is underlain by shaly chert 
	that is even more suggestive of the Shriver:. 
	The evidence offered by the above-mentioned sec­tions favors the view that the Shriver chert and the Becraft limestone of Maryland and the Virginias are at least essentially equivalent in time. As has been shown in the discussion of the Becraft, however, the limestones referred to that formation in Maryland and Virginia seem to range higher than the top of the type Becraft of New York, the upper portion probably being at least as young as the Port Ewen limestone of southeastern New York and New Jersey. 
	Acceptance of the conclusions suggested above would still leave some questions as to terminology. If Helderberg, group is 'used primarily with a time significance, I think that the Shriver would neces­sarily be included in it, although admitting that the Shriver and the Becraft of the Virginia-Maryland area range above the top of the Becraft, arid thus above the Helderberg of the type area of New York. On the other hand, if the term is accepted as having a litholpgic and faunal rather than a purely time sig
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	POSITION AND NATURE OF THE SILURIAN-DEVONIAN BOUNDARY IN THE APPALACHIAN BASIN 
	One of the most unsettled questions of Paleozoic stratigraphy, both in Europe and in North America, has been that concerning the position in our sections of the Silurian-Devonian boundary. This doubt has resulted largely because the type Silurian gives way above to brackish and fresh ,vater and not ma.rine deposits, because the base of the Devonian is scarcely defined in Devonshire, and because the relationships of the Lower Devonian in Shropshire, Devonshire, the Rhine Valley, the Harz'110lmtains, and the 
	general problem. 
	Limiting ourselves to the Appalachian area and considering only the later phases of the problem ev~n as it concerns that province, we may note that it was not unt.il the end of the njneteenth century that the efforts of Olarke and Schuchert Jed the majority of American stratigrapbers to concur in placing the Helderberg group (in which Clarke and Schuchert 25 in 1899 included. the Coeymans, New Scotland, and Becraft limestones) at the base of the Devonian. The assignment was made because of what Clarke and S
	Somewhat more recently it has been suggested, 26 and then in further detail by C. K. 27 and Reeside,28 that the Keyser limestone, so named from its exposure at Keyser, W. Va., should be con~idered the lowest division of the Helderberg and as such placed at the base of the Devonian of the Appalachian province. . 
	22 For review and bibliography see Clarke, J. M., The Hercynian question: New York State Mus. Forty-second Ann. Rept., pp. 408-437,1889. 23 Schuchert, Charles, Lower Devonic aspect of the lower Helderberg and Oris­kany form~tions: Geol. Soc. America Bull., vol. 11, pp. 241-332, 1900. 
	21 Stamp, L. D., The base of the Devonian: Geol. Mag., vol. 60, pp. 276-281, 331-336, 367-372, 385-410, London, 1923. Robertson, T., The Siluro-Devonian junction in England: Idem, vol. 65, pp. 385-400, 1928. 
	2& Clarke, J. M., and Schuchert, Charles, The nomenclature of the New York series of geological formations: Science, new scr., vol. 10, pp. 874-878, 1899. 
	26 Ulrich, E. 0., Revision of the Paleozoic systems: Geol. Soc. America Bull., vol. 22, p. 590, pI. 28. 1911. 
	27 Swartz, C. K., Maryland Geol. Survey, Lower Devonian, pp. 105-117, 1913. 
	28 Reeside, J. B., jr., The Helderberg limestone of central Pennsylvania: U. S. Geol. Survey Prof. Paper 108, PP. 193-199, 1917. . 
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	Several aspects of the present investigation are of 
	interest in this connection. In the Virginias, as in 
	Maryland and Pennsylvania, a considerable percent­
	age of the ICeyser faunaOcontinues into the higher 
	Helderberg, there being 17 Keyser species that are 
	identical with or at least very Uclosely allied to forms 
	occurring in the Coeymans, New Scotland, and 
	Becraft limestones. This is a somewhat smaller 
	number than the 35 Coeymans or younger species 
	reported from the ICeyser of Maryland and Penn­
	sylvania but is of interest in that several of the strictly 
	Helderberg species that occur in the Keyser of the 
	Virginias have not been reported from the Keyser of 
	Maryland and Pennsylvania. 
	Among the I-Ielderberg species occurring in the 
	Keyser limestone of the Virginias, but not known 
	from that formation fart.her north, the specimens 
	placed in Striatopora bella and 01.jrtina dalmani may 
	be considered strictly identical with the Coeymans 
	and New Scotland material. Striatopora bella is 
	locally ~ common in the upper part of the Keyser at 
	Little Mountain, Va.; OlJrtina dalmq,ni is compara­
	tively rare but is ImoWll Arom several localities. 
	Mention might also be made here of the abundance of 
	typical Nucleospira ventricosa in the upper part of the 
	Keyser at Big 1\10untain, Monterey, and several 
	other localities, '~s there is possibly some uncertainty 
	about previous citations of this species from the 
	lower part of the ICeyser farther north. 
	The upper Keyser Camarotoechias referred in this 
	report to O. altiplicata are somewhat smaller. than the 
	New Scotland material but seem to be similar in other 
	respects. They should perhaps be separated under 
	a varietal nalne. The new Spirifer perlamellosus val'. 
	praenuntius is s01newhat more definitely removed from 
	the type luaterial of the New Scotland, having fewer 
	plications as well as being smaller; nevertheless, its 
	similarity in aspect shows it to be closely related to the 
	species to which it is introductive. The new G1.jpidula 
	coe1.jmanensis var. similis is also very suggestive of the 
	younger material of the Coeymans limestone--more 
	so than the variety prognosticus of the Keyser of 
	Maryland and Pennsylvania. 
	The two middle ICeyser Stropheodontas. cited as Siropheodonta cf. S. planulata are more questionable and less significant. The one Meristella which laIn using as the type of M. nasutaformis, although suggestive of the younger Meristellas in its relatively large size, does not seem to be closely akin to any of the ,later forms described; it is of importance, however, as another Keyser representative of this Devonian genus. 
	The presence of these additional Helderberg elements 
	in the Keyser fauna gives some added weight to the 
	opinion that the Keyser limestone should be con­
	sidered a part of the Helderberg group. It must 
	nevertheless be admitted that the number of well­
	detennined species continuing from the ICeyser into 
	Too much weight should not be placed upon such statistics as those above given without some examina­tion of the faunas with which comparison is being made. A study of the faunas of the Coeymans, New Scotland, and Becraft limestones ~hows them to consist of many and varied species and leads to the conclusion that these faunas are finely representative of the marine life of their day. This is not true of the faunas of the Cayugan deposits, including the Tonoloway limestone. .Thus in New York the im­poverishme
	The case is similar in Maryland, where the Tonolo­way limestone and the Wills Creek shale are com­paratively unfossiliferous, except'at a few horizons. Although. twice as thick as the overlying ICeyser, 'the Tonoloway contains less than half as many species. Furthermore, about 40 per cent of the known speCies are ostracodes, almost all new; the nonostracode fauna' is composed of but 46 species, including 21 brachiopods, 6 Bryozoa, 5 gastropods, 4 pelecypods, 4 cephalopods, 2 corals, 1 stromatoporoid, 1 tril
	The comparative impoverishment of the Cayugan 
	,faunas detracts somewhat from the force of the plea that the Keyser should be place,d in the Helderberg group and thus at the base of the Devonian because of the greater specific agreement of its fanna with those 
	29 Schuchert, Charles, Geol. Soc. America Bull., vol. 11, p. 275 and footnote, 1900 
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	of the overlying than with 'those of the underlying depoRits. If it were merely a question whether the Keyser should or should not be placed in the Helder­berg group the apparent faunal relationships would be of greater significance. The injection of the ques­tion whether the Keyser should be considered Devo­nian or Silurian places greater emphasis upon the problem of age relationships, and the impoverished character of the Cayugan faunas leaves us with the doubt as to whether there might not be greater spe
	The question, then, is not so much whether the Keyser should be placed in the Devonian because it belongs in the Helderberg group, as whether the Keyser should be placed in the Helderberg group because it is 
	. Devonian. We are thus not primarily concerned to know whether the fauna of the Keyser limestone con­tains a considerable number of Helderberg species; the question is, Does the Keyser fauna contain a marked number of those elements which have led stratigraphers to place the Helderberg of Clarke and Schuchert's definition in the Devonian? Great weight must therefore be accorded to the fact that members of the distinctive Devonian 'genera Ohonostrophia, Rensselaeria, Beachia, Meristella, Merista, Actinopter
	If the Keyser linlestone is to be considered Devo­nian, as suggested, and t,he Silurian-Devonian bound­ary accordingly placed at the Keyser-Tonoloway con­tact, the nature of that contact becomes a matter of greater interest, particularly with respect to its time significance. So far as the physical aspect of the con­tact is concerned, the passage from the older forma­tion into the younger seems to be transitional rather than abrttpt, except south of Bolar, Va., where both the Tonoloway and the Keyser become
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	supposed that the Keyser is separated from the under­lying Tonoloway by a hiatus of some magnitude. 
	We have already seen that the faunas of the Cayugan deposits of the Appalachian province seenl to be con­siderably impoverished, and it has been suggested. that the absence from ~the Cayugan deposits of a fauna with more direct affinities to that of the ICeyser inay be· due more' to the exclusion of such a fauna from the· Appalachian Basin than to its. actual nonexistence. It remains to. be shown, of course, that such was the case. 
	A zone of fossils discovered in the middle of the Tonoloway at Monterey, McDowell, Fulks Run, and Bens Valley is of some interest in this connection. The most abundant species are Atrypa ret'icularis, which, although it has no precise bearing on the rela­tionships of the fauna, does indicate marine connec­tions; and an Uncinulus, which differs from the 
	U. convexorus characteristic of the lower part of the Keyser only in its somewhat finer ribbing. One small specimen of Stenochisma deckerensis was found at the exposure of,the zone at Monterey; although this speci­men was loose, the supp6sition that it could have sur­vived a trip down the hillside £r01n the exposure of the lower Keyser S. deckerensis zone, some 250 feet higher up the slope, seemed very improbable. An­other species occurring in this zone. is a fairly lnrge lamellose Spirifer, whose descripti
	The above-described occurrence represents a short and restricted invasion of the area by a fauna with at least some definite affinities to that of the ICeyser. It seems possible that, if the opportunities for invasion had been of longer duration and more widespread, the fauna might have been larger, and the affinities to the younger fauna more pronounced. There is thus no definite evidence of a marked tilne break between the 
	, Tonoloway and the Keyser limestones. 
	An aspect of the views above set forth that merits further comment is the diastrophic control of the appar­ent paleontologic relations of these formations in the sense that geographic and environmental conditions. are ultimately controlled by. diastrophic processes. Thus the Keyser of Maryland and the Virginias co:fi-' tains a large fauna, with a considerable number of species that continue into the overlying Coeymans, New Scotland, and Becraft limestones, and a lesser number derived from older deposits. Th
	-the fauna is much smaller, the species that continue. into the overlying formations are only 6 in number" 
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	and the proportion of species derived from the under­lying formations is gre8.ter in con1parison to the total number of species in the fauna. Furthermore,· the ehange in the fauna eliminates the lnembers of the genera upon whose presence is here b8.sed the 8.ssign­men t of the ICeyser to the Devoni8.n. In the New Jersey 8.nd southeastern New York 8.re8. the pronounced faunal change occurs 8.t the b8.se of the Coeymans limestone. The facts are, then, th8.t 8. large and val·ied fauna, with a consider8.ble num
	SUMMARY 
	In. brief, then, as the Helderberg group is traced southward from Maryland, the formations recognized in that State are found to persist for a considerable distance with little change in thicknesses or faunas. Throughout the area covered by this study the Helder­berg deposits are underlain by the Tonoloway lime­stone or limestones of Tonoloway lithology and faullo" while the yo1.ll1ger Ridgeley sandstone persists as far south as Clifton Forge. 
	The n10st notable changes are as follows: In the Keyser limestone a shale unit, here named the Big Mountain shale n1ember, is developed, separating the lower limestone menlber from the upper limestone 1lleInber. The lower limestone member preserves, as far south as 'Clifton Forge, Va., the fauna and the essentially nodular ch8.racter which 8.re features of the 
	lower part of the Keyser of . At Clifton .Forge, however, this member has thinned considerably, .~ts upper beds being replaced by s8.ndstone, beginning' ., in the sections west 6f Warm Springs and Hot Springs,. .V8.. The sh8.1e member is m8.int8.ined .
	8.S f8.r south 8.S Bolar, Va., and then tongues out,. giving place to s8.ndstone. South of Petersburg, W. Va., the upper limestone member of the Keyser becomes purer and simulates the Coeym8.llS limestone' in lithology, and with this change in ·composition. appear a number of forms that 8.re not known beneath the Coeymans farther north. At Warm Springs a. near the base of the' upper limestone member of the Keyser; as it is followed. to Clifton Forge, this tongue of sandstone thickens,. becomes more ma,ssive
	The Coeymans remains a massive, highly crinoidal limestone, at least as far south as Clifton Forge. The "guide fossil" Gypidula coeymanensis, so abundant farther north, is very rare in the Clifton Forge area; one characteristic specimen was, however, seen in the Coeymans limestone at Hot Springs. Still farther' south, at Rocky Gap and Hollybrook, the Coeymans may possibly be represented by a part of the sandstones that form the middle portion of the Giles formation of 11. R. Campbell and lie between platy l
	The New Scotland is a massive limestone with much. interbedded white chert as far south as 110nterey, Va. At Bolar, however, the cherty limestone is much thin-· ner, and the lower part is rep.lac~d by a calcareous sandstone (in part an arenaceous limestone), here· named the Healing Springs sandstone member, from the section west of Healing Springs, where the cherty limestone has disappeared. Part of the sandstone. forming the middle of the Giles formation at Rocky Gap may be of New Scotland age. The New Sco
	The Shriver chert overlies the New Scotland in most of the sections studied but is ,replaced in the more easterly sections by the Becraft limestone with its 
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	characteristic fossils. The suggestion also arises that 
	the Shriver chert is a muddy phase of the Becraft, as 
	that formation is developed in Maryland and the 
	Virginias. . ~ ­
	The bedded chert forming the upper part of the Giles formation in the vicinity of Saltville, Va., simulates the Shriver chert in character and occupies an analo­-gous stratigraphic -position. Its post-Shriver age is shown by the presence in it of Diaphorastoma ventri­
	C08um and a variety of Spir~fer arenosus. The similar ­
	bedded chert of the upper part of the Giles at Rocky 
	Gap and Hollybrook is here correlated with that at 
	Saltville, in spite of the absence of the fossils seen at 
	the latter locality. This chert is possibly equivalent 
	to the Harriman chert of western Tennessee. 
	The Silurian-Devonian, boundary is placed at the 
	base of the Keyser limestone chiefly because of the 
	presence in the Keyser of members of important 
	Devonian genera. That the species common to the 
	faunas of the Keyser and the younger rocks are greater 
	in number than those common to the faunas of the 
	Keyser and the older rocks is thought to be due to 
	the fact that the known upper Silurian deposits of the 
	Appalachian area do not contain an entirely repre­
	sentative marine fauna, rather than to any considerable 
	time break between the Tonoloway and the Keyser. 
	NOTES ON THE LOCAL FAUNAS OF THE HELDERBERG .GROUP, WITH DESCRIPTIONS OF NEW FORMS .
	PORIFERA 
	Hindia sphaeroidalis Duncan.-Spherical; about 25 milli­
	meters in diameter; skeleton of minute spicules uniting to form 
	delicate radiating canals. Common in the New Scotland 
	limestone. 
	ANTHOZOA 
	Streptelasma strictum Hall (pI. 8, figs. 13, 14).-Simple, -regularly expanding, nearly straight, conical corallum; length 25 millimeters; diameter of calyx 16 millimeters; septa about 50; alternate septa short, frequently coalescing with the primary septa a short distance from the walls; some of the primary septa unite at the center to form a pseudocolumella; surface strongly ribbed. Abundant in the New Scotland limestone and basal part of the Becraft limestone. 
	Cyathophyllum radiculum Rominger.-Simple, conical, slightly curved corallite; length 14 millimeters; diameter of calyx as much as 8 millimeters; calyx fairly deep; septa low, denticulate, about 40. Common in the upper part of the Keyser limestone, Little Mountain, Va. 
	Favosites cf. F. helderbergiae Hall.-Corallum large, more or less hemispherical; base with wrinkled epitheca; corallites prismatic, intimately united, about 1.5 millimeters in diameter; 10 to 15 tabulae in space of 10 millimeters; mural pores in one or two ranges. The Favosites from the Coeymans and New Scotland limestoneE) were generally referred to this species, but without critical study; those from the upper part of the Keyser limestone were mostly placed with the variety praecedenf. Schuchert. -
	Striatopora bella C. K. Swartz.-Corallum dendroid; stems 5 to 10 millimeters in diameter, consisting of closely united prismatic.... corallites, terminating obliquely at the surface, unequal in size and irregular in cross section; calyces funnel­shaped, as much as 2.5 millimeters in diameter; sides striated by 
	12 low ridges. Common in the upper part of the Keyser lime­
	stone, coral zone, Little Mountain, Va. 
	Cladopora rectilineata Simpson (pI. 7, figs. 9-11).-Corallum 
	ramose, branching dichotomously; stems circular, about 2 
	millimeters in diameter; consisting of intimately united coral­
	lites, which ascend parallel to the axis and then turn outward 
	and terminate obliquely at the surface; orifices small, arranged 
	in 8 to 10 vertical rows, which ,are separated by low ridges. 
	Abundant in the upper part of the Keyser limestone at many 
	localities; rare in the lower part of the Keyser. 
	A ulopora schohariae Hall.-Corallum incrusting, composed 
	of a loose network of elongate, thick-walled, nearly tubular 
	corallites, which increase by basal or double laterobasal gem­
	mation; corallites 5 to 7 millimeters in length; greatest diameter 
	1.5 millimeters. Abundant in upper part of Keyser limestone, coral zone, Little Mountain, Va. , Aulopora schucherti C. K. Swartz.-Corallum consisting of an intricately branched network of small nearly tubular coral­lites, irregularly fused so as to form a more compact, coralluni than in A. schucherti. Rare at the middle of the Keyser limestone. 
	ECHINODERMA-TA 
	Jaekelocystis hartleyi Schuchert.-Theca smail, more or less pyriform; ambulacra narrow, prominent, extending nearly to the column; about eight folds in each pectinirhomb. Rare, lower part of Keyser limestone, Clifton Forge, Va. -, 
	Mariacrinus sp. (pI. 7, fig. 8).-Dorsal cup of medium size, subglobose; plates depressed convex, unornamented; basals unknown; radials rather large, hexagonal; primibrachs 2X5, the lower hexagonal, smaller than the radials; the upper pentag­onal and axillary; secundibrachs 2 X 10, the upper axillary and bearing two tertibrachs each; tertibrachs 2 X 20, more or less pentagonal, each bearing an' arm on the upper truncated edge; intersecundibrach one, heptagonal; interradials numerous, arranged in three irregu
	Edriocrinus pocilliformis Hall (pI. 8, fig. 15).-Cup very small, hemispheric or ~bturbinate, always detached; interior more or less deeply concave; when well preserved, the upper margin is scalloped with five large and one smaller depres­sion; plates obscure; sutures generally obliterated. Veryabun­dant at the base Of the Becraft limestone, Clifton Forge area, Virginia. 
	Aspidocrimts caroli F. M. Swartz, n. sp. (pI. 9, figs. 10-12).­Body cup-shaped, fairly large, depressed subhemispherical, the thin edge flaring outward; interior broadly concave, with a sharper conical depression at the center; the apex of this de­pression reaching nearly to the attachment scar, which is about 6 millimeters in diameter and set in a depressed area; known only from the empty molds, which show no trace of plates and no points of attachment for arms. Like the other species referred to this genu
	A. scutelliformis of the Becraft limestone of New York. Mr. Edwin Kirk agreed with the generic determination but did not believe it to be the species mentioned. As compared with A. scutelliformis, the Virginian material is distinguished by the 
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	shorter radius of curvature of the body, by the sH'arp conical depression at the center of the interior, and particularly by the peculiar outward flare of the margin. Also, the attachment SCllr is larger. A. caroli is named in honor of Dr. Charles K. Swartz, with whom I visited the sections at Hollybrook and to the south in connection \vith a study of the underlyiilg Silurian. 
	BRYOZOA 
	Although Bryozoa are rather abundant at various horizons 
	in the Helderberg group, particularly in the Keyser limestone, 
	only the more obvious species have been identified. 
	OrtholJOra rhom,bijera (Hall) .-Zoarium ramose; branches 
	slender, elongate, 1 millimeter or less in diameter; zoecial 
	apertures oval, set into rhomboidal or hexagonal, inward­
	sloping vestibular areas and arranged in diagonal illtersecting 
	lines. Abundant in Big Mountain shale member, 94 feet above 
	base of Keyser limestone, Little Mountain, Va. 
	CyphotrY1Ja cornt(Jata (Weller) (pI. 6, fig. 6) .-Zoarium petasi­form or hemispherical, as much as 50 millimeters in diameter; macuhe not elevated, consisting of large zoecia; zoecia tubular, thin-walled, polygonal; mesopores apparently wanting; acantho­pores frequently developed at the angle of junctiol'l; diaphragms distant one or two times the diameter of the tubes. Although the lower Keyser material placed in this species has not been studied in thin section, the identification seems unquestionable. Com
	BUAClIlOl'ODA 
	OrthostrOl)hia strophomcnoides (Hall).-Shell transverse, semi­oval; ventral valve with narrow mesial elevation from beak to front; corresponding narrow sinus confined to anterior half of dorsal valve; surface marked by coarse radiating striae, with concentl'ic striae visible in depressions between the radiating stria.e. One specimen from the Coeymans limestone. 
	Dalmanella, concinna (Hall) .-8he11 subcircular to longi­tudinally ova,l; hinge line straight; ventral valve the more convex and almost subcnrinate, with rather prQminent beak; surface with fine, even radiating striae. Length and width of Virginitl.n material about 13 millimeters. Abundant at a few places in either the upper or the lower part of the Keyser limestone. 
	Dalmanella planiconttexa (Hall).-Shell of medium size, about 17 millimeters in length and 19 millimeters in width; trans­versely sllboval; the dorsal valve almost flat, the ventral convex. Occurs sparingly in the New Scotland limestone. 
	Daluumella pcrelegans (Hall) (pI. 8, figs. 10, 11) .-Shelliarge, about 27 millimeters in length and 30 millimeters in width; tmnsverscly suboval; hinge line half the width of the shell or a little less; valves about equally convex; the 'dorsal valve with a shallow mesial sinus extending from the beak to the front' margin; the ventml valve elevated along the middle, beak small, pointed and incurved. Surface with fine fasciculate radial striae. ThiR species is a conspicuous element of the New Scotland fauna, 
	Da711u.mella eminens (Hall) .-Similar to D. pcrelega>ns, from which it differs in its somewhat more subquadrate outline and particularly in the much wider hinge line, which is about thl'ce-quarters ns long as the width of the shell, and the greater height of the ventral area. Oecurs sparingly in the New 8cotlandlimcstone. 
	Rhipidomella 8'1narginata (Hall) .-Shell small, subtrigonal; dorsal valve the more convex; the broad ventral sinus producing u marked emargination of the anterior margin. Length 15 millimeters;, width 18 millimeters. Common in the lowest pnl't of the Keyser limestone, to which it seems to be restricted. 
	Rhipidomella oblata (Hall).-Shell of medium size, trans­versely suboval to nearly circular; ventral valve depressed 
	conv.ex toward the beak, flattened to concave al1terior1y, with a 
	broad, shallow sinus; ventral beak extending only a little beyond 
	the opposite; area very small; surface finely striated; ventral 
	vascular impressions large and foliate. Length 20 millimeters; 
	width 25 millimeters. This species is particularly characteristic 
	of the top of the Coeymans limestone, where it is abundant at 
	many places in t.he Monterey-Clifton Forge area. 
	Rhipidomella a.ssimilis (Hall) (pI. 8{ fig. 22) .-Shell suborbic­ular, suggestive of R. oblata but differing in its larger size and relatively larger area and ventral beak. Length 27 milli­meters; width 30 millimeters. Characteristic of the Becraft limestone, where it occurs more commonly in the upper portion. A few of the specimens fro~ the upper part of the Becraft are larger, reaching 36 millimeters in length and 40 millimeters in width. 
	Leptaena rhomboidalis (Wilcl<ens).-Shell semicircular, the hinge line slightly extended as a rule; dorsal valve nearly flat toward the umbo and sharply deflected near the margin; the flattened portion with strong concentric undulations; ventral valve deeply concave; radiating striae prominent. Common in all divisions of the Helderberg group. 
	Stropheodonta bipartita (Hall) (pI. 6, fig. 7) .-Shell'subsemi­elliptical; the hinge line produced into small mucronate exten­sions; dorsal valve nearly flat; ventral valve only slightly con­vex; surface with fine, angular striae, which are irregularly alternating in size, are not continuous to the beak, and curve outward on the sides of the shell in passing to the lateral margins. Length 28 millimeters; width 30 millimeters. This is a characteristic element in the fauna of the lower part of the Keyser lime
	Stropheodonta cf. S. planulata (Hall).-Shell semielliptical; hinge line slightly extended; dorsal valve flat; ventral valve depressed convex; surface with extremely fine, rounded radiating striae, which are crossed by much finer, closely arranged con­centric striae. Length 30 millimeters; width 40 millimeters. Several fragmental specimens from' the middle part of the Keyser limestone seem to be most closely allied to this species. Also rare in the Coeymans limestone. 
	Stropheodonta arata (Hall).-Shell relatively small, semi­elliptical; dorsal valve-more or less concave; ventral valve convex to gibbous. Surface marked by sharp angular plica­tions and intermediate fine undulating striae. Length 15 millimeters; width 24 millimeters; five to six plications in 5 milli­meters along anterior margin in the Virginian material.' Rare in the Coeymans limestone. 
	Strophonella keyserensis C. K. Swartz.-Shell subsemicir­cular in outline; dorsal valve concave toward the umbo, convex toward the margins; ventral valve convex in the umbo, concave toward the margins; surface with numerous fine striae, about eight in 5 millimeters along the anterior margin; interior of valves pustlliose. Length as much as 30 millimeters; width 37 millimeters. This forerunner of S. punctulijera is rare in the middle and upper parts of the Keyser limestone. 
	Strophonella punctulijcra (Conrad).-Shell subsemicircular, somewhat contracted below the extremities of the hinge; ventral valve concave; dorsal valve concave near the umbo, very convex near the middle; hinge.·line straight; area narrow, linear; surface with strong sharp radiating striae, which are distinctly punctate on well-preserved shells. Length 35 milli­meters; with' 45 millimeters; about six plications in 5 milli­meters. Occurs sparingly in the Coeymans limestone. 
	Strophonella leavenworthana (Hall) .-Shell large, subsemi­circular; both valves flattened except toward the margins, 'where the ventral valve is concave 'and the dorsal highly convex; surface with fine, obscure radiating striae, which are crossed on the flattened portions 'of the valve by small regular concentric wrinkles. Length 35 millimeters; width 45 millimeters. New' Scotland and L3ecraft limestones. 
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	St1'ophonella ttndaplicata C. K. Swartz.-Shell very large, subsemicircular, with the hinge line slightly extended; ventral valve convex anteriorly, umbo concav.e, and paralleled by dorsal valve; surface with coarse, peculiarly sinuous plications, which may unite, forming elliptical depressions between them. Length as much as 45 millimeters; width 52 millimeters. About four plications in 5 millimeters near anterior margin. Occurs sparingly in the New Sco.tland limestone. 
	Sch;;'chertella deckerensis (Weller) .-Shell ,transversely sub­elliptical; pedicle valve depressed, wrinkled and distorted by attachment in the umbonal region; brachial valve regularly convex; surface with rounded radiating striae, of which about 15 occupy 5 millimeters along the anterior margin. Length 20 millimeters; width 28 millimeters. Occurs sparingly in the lower part of the Keyser limestone, to which it is restricted. 
	Schuchertella sinuata (Hall and Clarke).-Shell transversely subelliptical; dorsal valve very convex, with a well-defined sinus extending from the strongly incurved beak to the anterior m~r­gin; surface with fine rounded radiating ribs, of which 10 occupy a space of 5 millimeters along the anterior margin. "Length 27 millimeters; width 35 millimeters; these are the measurements of the Virginian specimens, which are larger than those from Maryland. Rare in the lower part of the Keyser limestone, to which it i
	Schuchertella prolifica Schuchert.-Shell of medium size, semi­'elliptical, flattened; hinge line straight; cardinal area narrow, linear; surface with low, rounded, fine radiating .striae, of which there are 13 to 20 in 5 millimeters. Length 26 millimeters; width 35 m.i.lUmeters. This species is closely allied to S. woolworthana, of the Coeymans limestone, to which it is intro­ductory. It is common in the upper part of the Keyser lime­stone, and in the section at Petersburg, W. Va., it occurs very profusely 
	Schuchertella woolworthana (Hall) .-Similar to S. prolifica but larger, slightly more convex, and with 7 to 12 radiating striae in 5 millimeters, instead of 13 to 20, as in that species. Length 35 millimeters; width 45 millimeters. This is an abundant element of the Coeymans, New Scotland, and Becraft faunas. 
	Schuche~tella becraftensis (Clarke).-Shell small, suborbic­ular; pedicle valve erect at the beak; -with triangular, .broad, fairly high cardinal area; brachial valve depressed at the beak, becoming more convex toward the middle; surface with strong rounded radiating 'striae, increasing by implantation; also with exceedingly fine concentric striae. Length 13 millimeters; width 17 millimeters.' One specimen from the Becraft lime­stone seems to belong to this species, which has been reported only from the Shri
	Chonetes jerseyensis Weller (pI. 6, figs. 1, 2) .-Shell sub­quadrate; brachial valve flat or slightly concave; pedicle valve depressed convex, beak small; cardinal area low, with abou.t seven oblique marginal spines; surface with rather coarse radiating ribs; the lateral ribs commonly have a peculiar and characteristic anterior curvature. Length 14 millimeters; width 22 millimeters; about 8 to 10 ribs in 5 millimeters along anterior margin. Typical specimens of this species are common to abundant in the low
	Gypidula coeymanensis Schuchert (pI. 6, figs. 25, 26; pI. 7, figs. 29, 30).-Shell ovoid to subglobose; ventral valve gibbous, becoming in old shells very ventricose about the umbonal region, beak swollen, arched, incurved; ventral valve convex, nearly circular. Surface generally with 15 to 20 well-developed plications, of which about five are raised on the anterior half of the ventral valve to form a distinct mesial elevation; the medial plications on both valves reach the beaks. Internally the ventral valv
	that formation in the Clifton Forge area. The Virginian material is considerably smaller than the dimensions given above and, as in the northern specimens, shows great varia­tions in the plications and other features. 
	Gypidula coeymanensis val'. prognostica Maynard (pI. 6, fig. 24).-Differing from G. coeymanensis proper in its smaller size, less inflated ventral beak, lack of distinct fold or sinus, and less distinct plications, which do not reach the beaks. Usual dimensions, length, 18 millimeters; width, 17 millimeters. Abundant in the middle of the Keyser limestone at Petersburg and Big Mountain, W. Va., also in Maryland and Pennsylvania. 
	G'ypidula coeymanensis var. similis F. M. Swartz, n. var. (pI. 6, figs. 20-23) .-1 am proposing this name for the Gypi­dulas occurring in the middle of the Keyser limestone in the vicinity of Monterey and Warm Springs, Va. These speci­mens are comparable to the largest Coeymans material in size, some individuals measuring as much as 45 millimeters in length and 33 millimeters in width. The chief differences lie in the slightly less swollen ventral bea.k and the somewhat broader, less elevated plications, of
	12. However, about four of the medial plications of the ventral valve are raised into a low though fairly distinct eleva­tion toward the front of the valve, and these plications reach the beak, as in G. coeymanensis proper. Internally, the ven­tral spondylium and median septum are quite comparable to those of the typical material in size and strength. As has been noted, the Coeymans material is itself rather variable, and the middle Keyser Gypidulas. here noted are almost identical with the pauciplicate spe
	Rhynchotrema cumberlandicum Rowe (pI. 8, figs. 23-25).­Shell trigonal.to sUbpentagonal; somewhat wider than long; ventral valve depressed convex, beak nearly erect, rather promi­nent; sinus shallow, with three plications; dorsal valve moder­ately convex, with four plications on the depressed fold; surface with four or five sharply elevated, angulated plications on each side of the fold and sinus. Length, 18 millimeters; width, 19 millimeters. Rare at top of Becraft limestone, Gala, Va. 
	Stenochisma deckerensis (Weller) (pI. 6, figs. 10-12).-Shell transversely subovate; ventral valve less convex than the dorsal, its beak prominent, arched but not strongly incurved; sinus and elevation abrupt near the front and reaching the beaks; surface of each valve with 20 to 24 simple angular plications, of which three rather coarser than the rest lie in the ventral sinus and four on the dorsal fold. Length, 15 millimeters; width, 19 millimeters; thickness, 10 millimeters. Abundant in the lower part of 
	Camarotoechia litchfieldensis (Schuchert) (pI. 6, figs. 3-5).­Shell subtrigonal, very small; ventral sinus shallow; dorsal fold low; surface with 16 to 22 simple angulated plications, of which three occupy the sinus and four the fold. Length 9 millimeters; width 9.5 millimeters; thickness 5 millimeters. Common in the basal Keyser Whitfieldella minuta subzone; locally abundant at higher horizons of the Keyser. . 
	Camarotoechia gigantea Maynard (pI. 6, figs. 27, 28) .-Shell subtrigonal, rather large; ventral beak closely incurved over that of the dorsal valve; ventral sinus broad in front, not reach­ing the beak; dorsal valve much the more convex; surface with 18 to 20 simple, prominent rounded plications on each valve, with five or six in the ventral sinus and a corresponding number on the low dorsal fold. Length 25 millimeters; width 30 milli­meters. Profuse at the middle of the Keyser limestone, just above the Gyp
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	Carnarotoechia gigantea val'. gigas F. M. Swartz, n. var. (pI. 6, ·figs. 29-31) .-Similar in general character and proportions to ·C. aigantca proper but nearly twice as large and with 26 instead of 20 plications to the valve; seven of the plications, instead of five, are depressed toward the anterior margin of the ventral valve to fo1'1'n a brond sinus, which is rather sharply deflected. J.Jength 40 millimeters; width 45 millimeters. Occurs in the 
	C. .gigantca zone, Monterey, Va. Carnarotoechia cf. C. alti1Jlicata (Hall) (pI. 7, figs. 26-28).­Shell subtrigonn,l, rather small; ventrnl valve depressed convex, bettie pointed, somewhat arched; dorsal valve the more convex, .BurCn,co with 10 to 19, usually 14 simple angular plications, with three or less depressed on the middle of the ventral valve into a ·distinct sinus, with foUl' or less on the dorsal elevation. Length . 12 millimeters; width 14 millimeters. The material here re­ferred to C. alti1Jlica
	Severnl specimens in the upper part of the Keyser limestone, with 14 plicatiolls to the valve. Docs not seem closely allied to 
	Uncinulus abruptus (Hall) .-Shell transversely oval to sub­pentagonal; ventral beak small, closely incurved; dorsal valve much the more convex. Surface with 25· to 33 simple sub­angular plications on each valve; six to eight depressed into a broad undefined sinus, and seven or eight elevated into a rather distinct dorsal prominence. J.Jength 20 millimeters; 'width 24 millimeters. Common at the top of the Coeymans limestone and the base of the Becraft limestone in the Clifton Forge area, Virginia; also in Ne
	Uncinulus pyramidatus (Hall).-Shell pyramidal, dorsal valve very gibbous, highest toward the front and declining toward the beak; ~ardinal slopes abruptly vertical, with a distinctly im­pressed suboval space beneath the beaks; surface with 13 to 22 simple strong subangular plications, four to six of which are somewhat elevated toward the front of the dorsal valve, forming a mesial prominence. Length 24 millimeters; width 23 milli­meters; gibbosity of dorsal valve as much as 17 millimeters. One dorsal valve 
	Uncinulus vellicatus (Hall) .-Shell subtrigonal to subovate; dorsal valve the more convex, gibbous; surface with 24 to 36 (usually 30) simple rounded plications, of which five to seven are depressed into a shallow indistinct sinus toward the front of the ventral valve and prolonged into an upward inflected lingual extension, while six to eight are slightly elevated at the front of the dorsal valve. Length 20 millimeters; width 22 milli­meters. Occurs sparingly in the upper part of the Becraft lime­stone at 
	Eatonia medialis (Vanuxem) (pl.-8, .fig. 12).-She11 trans­versely subquadrate, fairly large; hinge line very obtuse; ventral beak small, closely incurved; dorsal valve much the more ~on­vex; surface of each valve with 12 to 16 broad rounded plica­tiona. three of which' are depressed to form the broad ventral sinus, ,'vith four on the mesial fold of the dorsal valve. Length 25 millimeters; width 28 millimeters. Abundant in the New Scotland limestone. 
	Eatonia peculiaris (Conrad) (pI. 8, figs. 16-18) .-Shell longi­tudinally ovate, cardinal margins sloping rather abruptly from the beaks; ventral valve flattened, abruptly inflected along the cardinal slopes; toward the front, depressed into a broad rounded sinus, continued into a deflected linguiform extension; dorsal valve depressed convex toward the beak, rising into a high rounded mesial prominence toward the front; surface marked by fine radiating striae, with a stronger elevated one along the center of
	Rensselaeria rnutabilis (Hall) (pI. 7, figs. 21-25) .-Shelllongi­tudinally subpentagonal, with a peculiar and characteristic out­line; valves depressed convex, generally compressed toward the front border; ventral beak arched, pointed; surface with as many as 28 obscure radiating striae, which are usually obsolete in the upper part of the shell.. Length 10 millimeters; width 9 millimeters. . Locally abundant in the upper part of the Keyser limestone. 
	Rensselaeria cf. R. aequiradiata (Conrad) (pI. 8, figs. 19-21).­Shell subglobular, of medium size; dorsal valve somewhat the more convex; surface with 50. to 60 simple rounded fine plica­tioI?-s, which become obsolete before reaching the beak. L~ngth 18 millimeters; width 16 millimeters; thickness 12 millimeters. An abundance of fragmentary material, chiefly weathered pos­
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	terior halves of brachial valves, found at the base of the Becraft limestone in the Clifton Forge area, Virginia, agrees with this New York species in size and shape. The lateral and anterior margins were not seen, so the number and strength of the plica­tions are unknown,' and the determination is uncertain. Not 
	R. subglobosa. 
	Rensselaeria subglobosa (Weller).-Shell subglobular, length a 
	little greater than the breadth; pedicle valve a little the more 
	convex; beak small, closely incurved; surface marked by 50' to 
	60 simple rounded plications, becoming obsolete toward the 
	beak. Length 18 millimeters; width 16 millimeters; thickness 
	11 millimeters. Occurs sparingly in beds representing the 
	upper part of the Becraft limestone on Back Creek Mountain, 
	west of Warrn Springs, Va. ' 
	Atrypa reticularis (Linne).-Shell subrotund; dorsal valve much the more convex, gibbous; surface with fine dicho~omous rounded radiating striae, of which the Helderberg material carries about six in 5 millimeters along the anterior border. Length 26 millimeters; width 24 millimeters; thickness of adult 20 millimeters. Abundant in th'e lower and middle parts of the Keyser limestone; otherwise rare in the Helderberg group. 
	Spirijer modestus Hall (pl. 6, figs. 16, 17).-Shell small, trans­versely subellipsoidal; extremities rounded; ventralbeak promi­nent, acutely pointed, incurved; sinus and elevation faint, undefined; distinct plications absent on the lateral slopes; sur­face with very faint concentric striae. Length 10 millimeters; width 12 millimeters; thickness 8 millimeters. Very abundant in the lower part of the Keyserlimestone inmany of the sections. 
	Spiri/er modestus var. plicatus Maynard (pI. 6, figs. 18, 19).­Very similar to S. modestus proper but ,differing in its slightly larger size and in the presence of three or four indistinct plica­tions on the lateral slope. Length 15 millimeters; width 19 millimeters. As this form is strictly identical in stratigraphic and geographic range with S. modestus proper, it should be con­sidered consanguineous with that form. 
	Spirijer octocostatus Hall.-Shell transversely suboval; cen­tral beak moderately, elevated, incurved; sinus subangular; surface with four or five rounded plications to the lateral slope; these are crossed by very fine, closely arranged, sublamellose striae. Length 20 millimeters; width 25 millimeters; thickness 13 millimeters. Occurs sparingly in the lower part o~ the Keyser limestone. 
	Spirijer vanuxemi var. prognosticus Schuchert.-Shell small; subsemicircular; moderately gibbous; extremities rounded; sur­face with five or six plications on the lateral slope, instead of only three or four, as in S. vanuxemi proper. Length 8 milli­meters; width 10 millimeters. -Profuse at the top of the Keyser limestone at Franklin, W. Va. 
	Spirijer perlamellosus Hall. -Shell of medium size, more or less extended on the hinge line; ventral beak prominent, in­curved at apex; sinus and fold strongly developed; surface with three to six elevated plications on each lateral slope; the pli­cations are crossed by strong imbricating lamellae, which are abruptly arched in passing over the plications. ' Length 17 milli­meters; width 30 millimeters. Common in the New Scotland limestone; rare in the Coeymans limest'one. 
	Spirijer pe?'lamellosus var. praenuntius F. M. Swartz, n. var. (pI. 7, figs. 18-20).-Seven specimens found in the upper part of the Keyser limestone agree very closely with S. perlamellosus, except in their somewhat smaller size. There are generally three or four plications on the lateral slope. Although the pli­cations are not less numerous than i~ some of the New Scotland material, and although there is, close agreement in the strength of the plications and of the imbricating lamellae, it seems better to 
	Spirijer cyclopterus Hall.-Shell semlclrCtllar, extremities rounded; ventral valve the more convex, often gibbous; ventral beak moderately elevated, incurved; sinus of medium depth, flat-bottomed; dorsal fold strongly elevated; surface with five to seven ,strong rounded plications on each lateral slope, and with fine, close concentric striae. Length 17 millimeters; width 26 millimeters. Common in the Coeymans, New Scotland, and Becraft limestones. 
	Spirifer macropleuru8 (Conrad) (pl. 8, fig. 9).-She11 very large, transversely semielliptical; valves almost equally con­vex; extremities blunt; generally with four broad rounded pli­cation on each side of the strong rounded sinus and elevation; entire surface with distinct closely arranged radiating striae. Length 40 millimeters; width 65 millimeters. Profuse in the New Scotland limestone as far sout.h as Warm Springs, Va. 
	Spirijer concinnu8 Hall (pI. 9, fig. ,l).-Shell semicircular, of medium size; extremities rounded; ventral beak somewhat ele­vated, abruptly incurved at apex; sinus wide, subangular; dor­sal fold obtusely angular; surface with 12 to 14 rounded simple plications on each lateral slope; best specimens show radial lines of minute interrupted granules. Length 21 millimeters; width 24 millimeters. Common throughout the Becraft lime­stone in the Clifton Forge area, Virginia. 
	Spirifer concinnus var. progradius F. M. Swartz, n. var. (pI. 9, figs. 2-5).-She11 transversely subsemielliptical, cardinal an­gles more or less rounded; ventral valve most convex toward the beak; beak somewhat elevated, apex incurvcd; cardinal area of medium size, extending to the extremities of the hinge line; mesial sinus fairly broad, rounded, of moderate depth; 
	. surface with about 16 simple, rounded, little elevated plica­
	-tions on each lateral slope; the plications become obsolete in the region of the cardinal extremities, no trace of any plica­tions being seen on these areas in the specimens at hand; dor­sal valve not observed. 'Length 23 millimeters; width 40 milli­meters. The general aspect of this species is that of S. con­cinnus, of which it is evidently a derivative. It differs from that form in its larger size and more transverse outline and particularly in its somewhat more numerous, relatively nar­rower plications.
	A number of specimens occurring with the type material of 
	S. concinnus var. progradius at the top of the Becraft limestone present the same e~pression but differ in the subangulation of the ventral mesial sinus, and also in the development of a faintly suggested plication on each side of the sinus, in the anterior half of the valve. The latter feature is seen in some of the Spirifers of the New York Becraft, which Hall included in S. concinnus but which Schuchert has separated as S. proa­vitus. However, as, the Virginian specimens agree with S. concinnus var. prog
	Spirifer angularis Schuchert (p1. 9, fig. 6.)-Shell transversely semielliptical; yentral beak moderately elevated, somewhat in­curved; area of medium height; mesial sinus deep, angular; dorsal fold sharply elevated, angular. Surface with seven to nine elevated subangular plications to t.he lateral slope. Length 20 millimeters; width 35 millimeters. One specimen from the top of the Becraft limestone at Gala, Va., agrees closely with Schuchert's description of the type material from the Ridgeley sandstone of 
	Spirijer arenosus var. planicostatus F. M. Swartz, n. var. (pI. 9, figs. 13-15).-Shell very large, semielliptical to sub­quadrate, extremities rounded; valves almost equally convex; ventral beak moderately elevated, incurved at the apex; area. 
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	fairly high, extending to the extremities of the hinge line; mesial Rinus of ventral valve gradually expanding, fairly wide, rather shallow, rounded; mesial elevation of the dorsal valve pronounced, broad, rounded, not sharply defined; surface with about 15 broad, low, very flat plications to the lateral slope; the intervening sulci are very narrow, angular, and of but little' depth; the mesial fold and sinus are also plicate, carrying five or six plications similar to those of the lateral slopes; the plica
	S. arenosus proper. Maximum length 54 millimeters; maxi­mum width 80 millimeters. This form differs from the S. arenOS~tS of the Ridgeley sandstone farther north chiefly in the very flat plications; the plicatlons of S. arenosus are rounded or even subangular. The cardinal angles also seem to be some­what more definitely rounded and somewhat flatter. Abundant in the dark cherts and interbedded sandstones in the upper part of the Giles formation on Tumbling Creek, near Saltville, Va. 
	Cyrtina dalmani (Hall) (pl. 7, figs. 4-7).-Shell small, trans­verse; ventral valve pyramidal; beak simple, angular, not in­curved; area high, flat or nearly so; foramen narrow. Dorsal valve depressed convex, beak scarcely elevated. Surface with five to seven plications to the lateral slope, crossed by strong imbricating concentric lamellae. Length 10 millimeters; width 14 millimeters; ventral area 5 to 7 millimeters in height. Rare in the middle of the Keyser limestone at Big Mountain, W. Va., and Monterey,
	Cyrtina varia Clarke.-Shell of moderate size; ventral valve pyramidal; beak angular, not incurved; area high, nearly flat; foramen narrow; dorsal valve depressed convex, beak scarcely elevated; surface with 7 to to plications on the lateral slope, crossed by concentric striae, which are not prominent on the specimens seen. Length 9 to 15 millimeters; width 18 to 23 millimeters; area 8 to 12 millimeters in height, forming an angle of 80° to 85° to the plane between the two valves. Occurs sparingly in beds re
	Rhynchospira alobosa (Hall).-Shell small, globose; ventral valve more convex than the dorsal; beak prominent, arched, perforated at the extremity by a round aperture; surface of each valve with 12 to 16 sOlllewhat angular plications, of which two or three are slightly depressed along the middle of each valve. Length 11 millimeters; width 11 millimeters. Occurs sparingly in the lower part of the Keyser limestone. 
	Rhynchospira formosa (Hall) .-Longitudinally subovate; ven­tral beak arched, tapering; dorsalvalv~themoregibbous; surface of each valvewith 18 t022 simplerounded plications, of which two or three are smaller and are slightly depressed along the median line of each valve. Rarein thelowerpartofthe Keyser limestone. 
	'Prem,atospira eq1tistriata Hall and Clarke.-Shell transversely oval, of medium size; valves about equally convex; ventral beak only slightly extended beyond the dorsal valve, incurved; ventral sinus small; dorsal fold obsolete; surface with fine, simple radial plications, of which there are six plications on the sinus and 23 on each side. Occurs sparingly in the New Scotland limestone, to which it is restricted. 
	Nucleospi'ra swartzi Maynard (pI. 6, figs. 13-15).-Shell sub­circular, slightly transverse, hinge line shorter than greatest width of the shell; ventral valve somewhat the more convex, benk somewhat elevated, strongly incurved over that of the dorsal valve; valves without distinct mesial depressions, al­though .these may be very faintly developed in some specimens; surface with very faint concentric growth lines and some stronger growth varices. Length 15 millimeters; width 16 mil­limeters. Abundant in the 
	N ucleospira ventricosa (Hall) .-Shell globose, valves almost equally convex, very small; ventral valve With a. narrow sinus 
	Whitfieldella minuta Maynard (pI. 6, figs. 3, 4) .-Shell minute, longitudinally subovate; both valves strongly convex; ventral beak prominent, pointed, incurved; no fold or sinus on either valve; surface smooth or marked by obscure concentric growth lines. Length 3 millimeters; \Vidth 2 millimeters. Abundant at the base of the Keyser limestone, to which it is restricted. 
	Whitfieldella? prosseri Grabau.-Shell elongate, oval to sub­pentagonal; ventral valve somewhat the more convex, gibbous; beak prominent, strongly incurved, with a faint longitudinal depression, enlarging somewhat toward the front and truncating the anterior margin; surface smooth except for some faint con­centric striae and a few stronger· growth lamellae, developed near the front. Length 20 millimeters; width 15 millimeters. Abundant at the top of the Keyser limestone at Franklin, Va.; rarer at the same ho
	Meristella praenuntia Schuchert (pI. 7, figs. 12-1.5).-She11 ovoid, variable as to relative length and width; ventral valve much the more convex, gibbous in the unbonal region; beak strongly incurved, a mesial sinus more or less developed in the anterior part of the valve; dorsal valve often with a linear me­dian depression toward the front; surface smooth. Length 19 millimeters; width 18 millimeters. Common to abun'dant in the upper part of the Keyser limestone. A forerunner of M. arcuata of the Coeymans a
	Meristella nasutaformis f. M. Swartz, n. sp. (pI. 7, figs. 16, 17).-Shelliongitudinally ovoid; fairly large; greatest width' a little front of the middle. Ventral valve convex to gibbous, arched toward the beak, which is closely incurved over that of the opposite-valve; the anterior margin prolonged into a gently raised, very broad nasute extension, marked centrally by a narrow linear depression; this raised portion is continued to the middle of the valve, where it merges into the general convexity of the v
	M. nas'l.tta, of the Schoharie grit of New York, also possesses a ventral nasute extension, but it is narrower and lacks the me­dian depression seen on th~ Keyser specimen. M. nasutaformis should be regarded as a development from those members of 
	M. praenuntia whos~ ventral valves have fairly strong plica­tions on each side of a narrow median depression, such as is suggested by the larger of the two specimens figured in this report. It does not seem to have been ancestral to any of the later Meristellas described from the Appalachian areas. 
	Meristella arcuata (Hall) (pI. 8, figs. 1-4).-Shell large, broadly ovate; ventral valve gibbous in the central and umbonal regions; beak incurved, fairly prominent; a shallow rounded depression at the front of this valve; dorsal valve often abruptly elevated along the middle and sloping laterally but without a distinct fold; surface smooth. Length 20 millimeters; width 29 millimeters. Common to abundant in the Coeymans and New Scotland limestones; very abundant at the top of the Coeymans limestone in the Mo
	SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1929 
	Meristella arcuata var. gigas F. M. Swartz, n. var. (pI. 8, figs. 5-7).-Associated with the normal M. arcuata of the top of the Coeymans limestone at Monterey and Bolar, Va., are some individuals reaching in maturity 40 millimeters in length. These are longitudinally oval, with the greatest· width just in front of the middle. The ventral valve is highly convex and arcuate in the umbonal region, the beak is rather prominent and incurved, and there is a rather narrow, shallow sinus extending from the anterior
	Meristella cf. M. symmetrica Schuchert (pI. 8, fig. 8).-ShelJ almost circular; valves regularly and almost equally convex; no fold or sinus on either valve; surface with some concentric growth lines. Length 50 millimeters; width 50 millimeters. One specimen, with the dimensions stated, agrees with Schu­chert's description of this Oriskany species. At the top of the Coeymans limestone at Monterey, Va. 
	M eristella lata (Hall) (pI. 9, figs. 8, 9) .-Shell subquadrate to longitUdinally ovate; ventral valve gibbous in the middle, with a shallow depression in front; beak elevated and closely in­curved over the opposite; dorsal valve abruptly elevated in the middle, forming a rather prominent dorsal ridge. Length 30 millimeters; width 28 millimeters. Occurs sparingly in the Becraft limestone. 
	M erista· typa (Hall) (pI. 7, figs. 1-3).-Sheil longitudinally subovate; subglobose; ventral· valve much the larger. The interior of the ventral valvc has a more or less highly arched transverse septum, which, rising .from beneath the rostral cavity, extends forward nearly to the middle of the valve. This·"shoe-lifter process" is commonly seen on the weathered interiors and is very distinctive. Length 25 millimeters; width 21 millime·ters. Profuse at about the middle of the Keyser limestone, just above the 
	PELECYPODA . 
	Actinopteria cf. A. reticulata Weller.-Left valve large, sub, rhomboidal; body subovate, with an obliquity of 27° between the hinge line and the umbonal region; surface with conspicuous concentric lines of growth, and more or less dicontinuous radiating costae, giving the upper portion of the shell, where the lines are strongest, a nodo$e appflarance. Height 35 milli­meters; length of hinge line 29 miJlimeters; oblique diameter from beak to posterolateral extremity 48 millimeters. One fragmental specimen, f
	Cypricardinia cf. C. lamellosa Rall.-Shell subovoid; gibbous; umbones slightly elevated; posterior slope prominent, with a scarcely defined ridge; surface with strong elevated distant lamellae. Length 12 millimeters; height 8 millimeters. One specimen from the middle of the Keyser limestone at Mon­terey, Va. 
	GASTHOPODA 
	Straparollus welleri F. M. Swartz, 11. name (cf. Straparollus sp. Weller, Paleontology of New Jersey, vol. 3, p. 246, pI. 22, fig. 14, 1903) .-Shell consisting of four or five volutions, very gradually expanding; shell plane above, with a broad umbilicus below, in which all the volutions are visible; surface features uncertain, although the shell seems to have been essentially smooth. Diameter of shell 25 millimeters; of body whorl 5 millimeters. One incomplete specimen from the lower part of the Keyser lim
	Platyceras gibbosum Hall.-Spire small, of one or two closely coiled volutions; body volution very rapidly expanding, highly ventricose b~low, free; surface marked by fiue, undulating, transverse striae. Diameter of shell 35 millimeters; of aperture 28 millimeters. One specimen from the Coeymans limestone at Monterey, Va. 
	Platyceras multiplicatum F. M. Swartz, n. sp. (pl. 7, figs. 31, 32).-Shelliarge, obliquely 8ubovate, composed of three or four­volutions, somewhat gradually expanding, with the .last volu­tion free near the aperture; flattened OIl the upper side, some­what ventricose below; spire closely coiled, rising slightly nbove the plane of the body whorl; aperture unknown; surface with eight or more strong longitudinal plications, which are crossed by fine, obscure, closely arranged transverse striae. Diameter of she
	Platyceras gebhardi Conrad.-Shell of four gradually expand­ing volutions, which are contiguous, except the last one near the aperture; apex in the plane of the outer whorl; body whorl becoming ventricose; aperture expanded; surface with fine transverse undulating striae; shell occasionally carinate along the dorsolateral curvature. Diameter 40 millimeters. Com­mon in the New Scotland limestone; rare in the Becraft lime­stone. 
	Tentaculitesgyracanthus (Eaton) .-Shell elongate conical, gradually tapering to the apex; surface with smooth rounded annulations, at irregular intervals, with about three in 1 milli­meter; interspaces between annulations with fine annual striae. Length 5.5 millimeters; diameter 0.7 millimeter. Profuse near the top of the Keyser limestone at Petersburg, W. Va.; this subzone, which is prominent in Maryland and Pennsylvania, disappears south of Petersburg. 
	CEPHALOPODA 
	Orthoceras cf. O. rigidum Hall.-Shell of medium size, elongate, gradually tapering; cross section circular; siphuncle central; septa closely spaced, moderately convex, about six in a space equal to the diameter of the tube; surface with fine transverse striae; apical angle 10°. The specimens found are small, with diameter toward the aperture as great as 20 millimeters. Occurs sparingly near the base of the Keyser limestone. 
	TRILOBITA 
	Proetus protuberans Hall.-Pygidium semicircular; axis very prominent, nearly one-third the width of the pygidium, with eight annulations; lateral lobes with four or five segments, which are grooved and do not reach the margin, leaving a fairly broad border. Length 10 millimeters; width 18 millimeters. Several pygidia from the lower part of the Keyser limestone agree with Hall's description of this New Scotland trilobite. Reeside has also described P. prot1tberans from the lower Keyser in Pennsylvania. 
	Calymene camerata Conrad.-Pygidium with prominent axis, which is about one-fifth the width of the pygidium and carries eight annulations; the axis tapers gradually to the obtusely rounded extremity lying well within the posterior margin; lateral lobes with six broad ribs, which are strongly bent downward and are bifurcated toward the margins by deep longitUdinal grooves. Length 14 millimeters; width 20 milli­
	THE HELDERBERG GROUP OF PARTS meters. One pygidium found in the basal part of the Keyser 
	limestone at Clifton Forge, Va. 
	Ph(tC01JS logani Hall.-Cephalon semicircular; genal angles obtuse; glabella subpentagonal, very prominent in front, projecting somewhat beyond the frontal limb; upper surface convex to gibbous, higl~ly pustulose; lateral furrows undefined; occipital furrow strong; eyes fairly large. Occurs sparingly at the btl,se of the Becraft limestone at Gala and Bells Valley, Va. 
	Dalmanites pletu'optyx (Green).-Pygidium triangular, con­vex, ])osterior extremity extended in a caudal spine; axis prominent, well defined, one-fifth the width of the pygidium in front, gl'itduitlly titpering to the rounded extremity; annula­tions 17; In.tern.l lobes with 11 to 13 ribs, which itre bent back­witrd. Length 45 millimeters; width 60 millimeters. One specimen from the Coeymitns limestone at Petersburg, W. Va.; a second from the middle of the Becraft limestone at Dry Run, V it. Two specimens obt
	. Dalmanitcs sp.-Frn.gments of severnl pygidia in beds represen1iing the upper part of the Becraft limestone on Back Creek Mountain, west of 'Warm Springs, Va., show agreement with the pygidiit of Dabnanites dentatus Barrett in the general shitpe of the shield, in the strong grooving of the pleurae, in the lack of a conspicuous marginal border, apparently in the width of the axis, and in the presence of a row of pronounced tubercles on either side of the groove of the pleurae. These tubercles are, however, 
	OSTRACODA 
	Kloedenia smocki (Weller).-Shell subeUiptical; hinge line strn.ight, with it narrow margin set off by a narrow furrow; vitlves divided into three lobes each; two vertical furrows bend­ing toward each other at their lower extremitie~; posterior furrow somewhat the longer, reaching slightly below the middle 'of the valve; subcentrn.l in position; surface smooth. Common near the top of the Keyser limestone at Big Mountain, 
	W. Va. 
	oLOCAL SECTIONS OF THE HELDERBERG GROUP 
	[Tho numbers of tho following soctions correspond to thoso showing locations on l!'lguro 6. In the lists of fossils striking profusion or great rarity is indicated by tho symbol "sa" or "r," respectively, after the name of the fossil concerned; otherwise tho spocies will bo found readily enough, at least after some search. A numbor after tho naIDO of a fossil indicatcs feet above the base of the unit and moans that within tho unit the specics is very profuse at or is restricted to that horizon] 
	1. Section near Petersburg,' W. Va. 
	[This section is to bo seen about 2~1 miles east of Pete~sburg, W. Va., along the road to Moorofield, in the cast end of the gap of the South Branch of the Poto­mac, whoro tho Heldorberg beds are brought up in the eastern limb of a low anti­elino. '1'ho baso of tho oxposure is about 105 fcet west of the Hardy-Grant County boundary markor; tho New Scotland is exposed along the road 800 feet east of the county lino and 280 feet west of the bridge by which the highway crosses the South Branch; and the 'Shriver
	Oriskany group: 
	Ridgeley sandstone: Feet Medium to thick bedded hard gray sandstone _ 50 Concealed along road; some sandstone on hilL 70 Thick-bedded to massive calcareous gray sand­
	stone___________________________________ 60 Concealed________________________________ 25 Thin to medium bedded calcareous gray sand­stone; middle part concealed _______ . _ _ _ _ _ _ 60 
	OF WEST VIRGINIA AND VIRGINIA 59 
	Oriskany group-Continued. Shriver chert: Feet
	Concealed_______________________________ _ 
	10 Hard black chert, bedded, and some interbedded sandstone; A noplotheca flabellites, Spirifer sp_ 50 Mostly concealed; some bedded black chert 80 and 110 feet above base_________________ _ 125 Helderberg group: New Scotland limestone: Thin-bedded shaly limestone. Spirifer macro­ple1trUS, S. cycloptents ___________________ _ 
	3 
	Medium to thick bedded' hard blue limestone, with much interbedded white chert. Strep­telasma strictum, Dalmanella perelegans, Lep­taena rhomboidalis, Strophonella undaplicata, Schuchertella woolworth ana, Spirifer macro­
	pleurus, S, perlarnellosus (1') ______________ _ 30. Coeymans limestone: Thick-bedded to massive hard crystalline crinoidal gray limestone, grading into the overlying cherty limestone of the New Scot­land but sepitrated more abruptly from the under­lying' Keyser. Leptaena rhomboidalis, Schuchert­ella woolworthana, and M eristella arcuata (aa), all in upper 3 feet; Gypidula coeymanensis (aa), 9; Dalmanites pleuroptyx (1') ____________________ _ 19­Keyser limestone: Upper limestone member: Hard dark-blue thic
	16~ 
	Nodular impure limestone, partly con­cealed. Mariacrinus sp. (1'), Bryozoa, Schuchertella prolifica ________________ _ 
	6~:
	Concealed___________________________ _ 
	4 
	Band of hard gray limestone___________ _ 
	~: 
	Nodular impure shaly limestone. Meri­stella praenuntia, 5__________________ _ Band of hard gray crystalline IUnestone__ _ Nodular impure limestone, partly con­cealed. Camarotoechia cf. C. altiplicata,
	Bryozoa___________________________ _ 
	11 
	Heavy-beddedhard nodularbluelimestone_ 6?h:
	Concealed___________________________ _ 
	9 
	Thick-bedded hard grayish, somewhat crys­talline limestone; a few chert nodules to­wardcenter. 8tromatoporareefnearcenter_ 14 
	Nodular impure limestone, Dalrnanella concinna (aa) _______________________ _ Massive gray, somewhat crystalline lime­stone, weathering yellow. Atrypa re­tiC1tlaris (aa) _______________________ _ 
	5 
	Thick-bedded hard dark-blue limestone. Chaetetoid Bryozoa, 2_______________ _ 
	.9~ 
	Nodular impure limestone_____________ _ 
	6 
	Hard blue limestone__________________ _ 
	2
	Concealed_________________________ __
	~ 
	3 Hard blue fossiliferous limestone. M erista typa (aa), Strophonella keyserensis (1'), Leptaena rhomboidalis _______________ _ 
	2 
	Somewhat nodular blue limestone; thjs unit is largely concealed along the road­side but may be seen on t.he slope above. Gypidula coeymanensis val'. prognostica and Carnarotoechia gigantea in lower 2 feet_ 9' 
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	.Helderberg group--Continued. Keyser limestone-Continued. Feet Big Mountain shale member: Concealed; some shale fragments seen in upper part____ .. _ _ _ _ 28 Lower limestone member: Hard nodular fine-grained limestone. Un­fossiliferous": _ _ _ _ _ _ __ _ ____ ____ _ _ _ _ __ _ 10 Concealed; probably shale_ _ _ _ _ _ _ _ _ _ _ _ _ _ 13 Thick-bedded pearly-gray crystalline cri­
	noidallimestone__________ ·___________ 15}2 Blue, somewhat crinoidallimestone_ __ _ _ _ 3% Massive impure, very nodular limestone, 
	weathering into grayish lumpy masses, with a somewhat cross-bedded appear­ance. Chonetes jerseyensis, Atrypa re­ticularis, Stenochisma deckerensis, and Uncinulus convexorus are more or less 
	abundant throughout-___ _ _ _ _ _ _ _ _ _ _ _ _ 15 Massive nodular hard fine-grained' blue limestone. Stenochisma deckerensis, Spi­rifer octocostatus (r)__________________ 23 Thin-bedded blue, somewhat crystalline limestone, with gray calcareous shale at top and.bottom. Favosites sp.,. Cypho­trypa corrugata, Rhipidomella emarginata, C amarotoechia litchfieldensis (aa) , Whit­, fieldella minuta (aa) , Rhynchospira U'lo­bosa(?)_____________________________ II' l~mestone__ _ _ _ _ _ _ _ 2 Tonoloway limestone: 
	Laminated blue limestone, weathering into plates_ _ _ 2 Thin-bedded soft calcareous shale_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5 Concealed to western limb of anticline. 
	2. Section in field just north of road to Moorefield, about 4. miles west of Wardensville, W. Va. 
	[The section can be located by the prominent exposure of the Ridgeley sandstone, which dips steeply to the west and then is fo]]owed, in succession, by the Helder­berg, Tonoloway, and Wills Creek, the lower half of the Tonoloway and thp entire Wills Creek are we]] exposed along the roadside] 
	Feet Oriskany group: Ridgeley sandstone: Massive ,calca­reous sandstone, weathering yellowish _ _ _ _ _ _ _ _ _ _ _ _ _ _ 275 ± Helderberg group: Concealed. Some white chert fragments found at the middle of this interval apparently represent the New Scotland, as they contain large stropho­nellids and a fragmental Spirifer which is perhaps 
	S. macropleurus. Whether the New Scotland is overlain in this section l;>y the Becraft or the Shri­ver chert (Oriskany) is uncertain_ __ _ _ _ _ _ _ _ _ _ _ _ _ 95 Keyser limestone (probably should include basal portion of overlying interval). 
	Upper limestone member: Dark-gray fine-grained limestone_ _ _ _ _ _ _ _ _ 5 Nodular shaly limestone, with some inter­
	bedded shale. M erista typa, Atrypa re­ticularis ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 19 Dark-biue limestone, with a chaetetoid Bryozoa 7.one. M erista typa'l _ _ _ _ _ _ _ _ _ _ 4 Big Mountain shale member: Calcareous greenish shale and some impure interbedded limestone __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 8 Sha]y limestone. Spirifer modestus_ _ _ _ _ _ 4 Calcareous' greenish shale_____ ~ _ _ _ _ _ _ _ _ _ 33 . Lower limestone member: Massive dark-blue limestone_ _ _ _ _ _ _ _ _ _ _ _ 17 Shaly n
	Tonoloway limestone, excellently exposed in the field and along the highway. 
	3. .Section in gap of Trout Run about 3 miles south of Wardens­ville, W. Va. 
	(The Ridgeley sandstone is exposed at the west end ()f the gap, the beds dipping to the west. The Helderberg is exposed along the banks of the creek] Feet Oriskany group: Ridgeley sandstone: Massive gray quartzitic sandstone; lower beds softer____________ _ 275 Helderberg group: ' Upper part of Helderberg (Becraft, New Scotland, Coeymans) : Massive dense, somewhat impure limestone, containing interbedded black chert. Prob­
	ably BecrafL __________________________ _ 
	7~
	Concealed_______________________________ _ 
	24 Massive dark, somewhat crinoidal limestone, cont.aining fragmental fossils, possibly Gypi­d1tla. Coeymans?___________ -____ -_____ _ 
	1~ 
	Concealed____________________________ -.__ _ 
	28 Very massive dark-blue limestone___________ _ 3 Massive gray, highly crinoidal crystalline lime­stone. Allor part of this unit may belong in 
	the Keyser_____________________________ _ 
	15 Keyser limestone (top doubtful): Upper limestone member: Lumpy drab-gray limestono____________ _ 9 ~ ______ _ 
	8 Lumpy dark-blue limestone____________ _ 8 Concealed___________________________ _ 
	10 v~ gray crinoidal limestono_______ _ 3 Concealed___________________________ _ 
	9 Massive gray crinoidal limestone_______ _ 2% Impure lumpy limestone_______________ _ 9 
	Big Mountain shale member: Shaly limestone to calcareous shalo_ -___________ ------38 Lower limestone member: Massive gray crinoida] limestone_ __ _ _ _ _ _ 23 
	Lumpy impure' grayish limestone. Un­cinulus (aa) throughout, Spirifer modestuB-_ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 16 
	Tonoloway limes~ono: Thin-bedded platy limestone. 
	4. .Section at Fawcetts Gap, Little North Mountain, near Marlboro, Va. ' 
	['rhe section is exposec} at west end of gap, on slope above the county road running north from the road from Marlboro to Star Tannery] 
	Romney shale: Somewhat fissile brownish shale. Feet Concealed (Romney shale?) _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 30 Helderberg group: Becraft limestone: Massive arenaceous gray limestone with much interbedded black chert. Probably Becraft__ 9 Concealed_ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
	14~ 
	Gray limestone, some chert_________________ 3}'2 
	New Scotland limestone: Massive gray crystalline limestone, with a few lenses of chert. Dalma­nella perelegans, Spirifer macropleurus, M eristella 
	arcuata (aa) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 . 
	Keyser limestone (the upper crystalline beds may belong to the Coeymans limestone; division of the Keyser into the members recognized elsewhere is not feasible) : 
	Gray crystalline limestone, weathering thin­.bedded. Possibly Coeymans rather than upper KeyseL ____ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14 Massivo gray crinoidal limestone_ _ _ _ _ _ _ _ _ _ _ _ 8 
	THE HELDERBERG GROUP OF PARTS OF WEST VIRGINIA AND VIRGINIA 
	[1.'he Helderberg group is well exposed on J3ig Mountain along the county road run­ning through tho gap or th!) South :Fork of the Potomac. The section is in the east­ern 11mb of the Dig Mountain anticline and is about IV-!· miles west of Upper 'fract, 0 small settlement on the highway to Franklin, about 17 miles south of Petersburg, W. Va.] 
	Oriskany group: Shriver chert: Feet 
	Concealed. The measurement to the first ex­posures of the Ridgeley sandstone is unsatis­factory but could be obtained in the western limb of the anticline. 
	Bedded black chert, weathering buff; layers 4 to' 6 inches thick_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 45 Concealed_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6 
	Bedded black chert, weathering buff; the lower half is largely concealed__________________ 70 Helderberg group: New Scotland limestone: Thin-bedded, somewhat shaly limestone, with some interbedded white chert. Spirijer'16~ 
	Thick-bedded limestone with much interbedded white chert. Hindia sphaeroidalis, Strep­telasrna strict'U.n~ (aa) , and Spirijer macro­pleums (aa) in all but the lower 2 feet or so. Dalmanella 1)erelegans, Leptaena rhomboidalis, Schuchc1·tella wO'olworthana, and M eristella 
	arc~tata (aa), throughout-_ _ _ _ __ __ _ _ _ _ _ _ __ _ 20~ Coeymans limestone: Thick-bedded to massive hard somewhat crystalline gray crinoidal lime­stone. Orthoslrophia strophomenoides (r), Rhipi­domella oblata, SCh1tchertella woolworthana, and Uncinulus abruptus .(r) ncar top; Spirijer cyclop­terus and M eristella arcuata (aa) throughout; Gypiclnla coeymanensis (r) near middle_ _ _ _ _ _ _ _ _ _ 24 Keyser limestone: Upper limestone member: Thin to medium bedded hard bluish-gray, somewhat crinoidallimest
	61~55°-30__5 
	6. Section near Franklin, W. Va. 
	This section is exposed on the south end of the Pond Range, along the State highway to Circleville, W. Va., about 4 miles west of Franklin. It is in the eastern limb of a large anticline that brings up the Tuscarora sandstone farther west. The Helderberg' group is for the most part concealed along the immediate roadside but is almost continuously exposed on the slope above the road] 
	Oriskany group: Feet Ridgeley sandstone: Thick-bedded gray sandstone. Shriver chert: 
	Bedded black chert, partly concealed_ _ _ _ _ _ _ _ _ 105 Concealed_________________________________ 45 
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	Helderberg group~ Feet 
	New Scotland limestone: Thick-bedded to massive limestone, with much interbedded white chert. Hindia sphaeroidalis, Streptelasma strictum (aa) , Dalmanella perelegans, D. eminens (r), Leptaena rhomboidalis. Schuchertella woolworthana, Eatonia medialis, Spirijer perlamellosus (r), S. cyclopterus, 
	S. macropleurus (aa) , Trematospira equistriata,M eristella arcuata ___________________________ _ Coeymans limestone: Massive gray crystalline crinoidal limestone, more or less transitional with the overlying New Scotland. Meristella arcuata . (aa) , near top; Schuchertella woolworthana; Gypi­dula coeymanensis at middle__________________ _ 20 Keyser limestone·: . Upper limestone member: Very arenaceous limestone, weathering thin-bedded. This bed might be placed at the base of the overlying Coeymans. Spirije
	what concretionary. Schuchertella pro­lifica, S.pirijer vanuxemi var. prognosticus; Whitfieldella1 prosseri __ ______________ _ 4 
	Thick-bedded to massive gray, coarsely crystalline crinoidal limestope. Clado­pora rectilineata, 45 to 50; Mariacrinus' sp. (aa) , 50; Camarotoechia cf. C. altipli­eata, 16 and above; Rensselaeria muta­bilis (aa) , 16; Uncinulus keyserensis (r); 
	Uncinulus nucleolatus (r) ____________ _ 70 Thick-bedded gray crystalline limestone, forming a series of small cliffs on the hill­side. Stromatopora-coral reef near top; Cladopora rectilineata, 2 and 32; Cama­rotoechia cf. C. aliiplicata, 22; Uncinulus nucleolatus (r), 22; Rensselaeria mutabilis, 
	22________________________________ _ 
	36 Medium-bedded gray, somewhat crystal­line limestone, mostly concealed______ _ 18. Massive 'pearly-gray crystalline limestone, forming a series of small cliffs. Stroma­topora bed, 28______________________ _ 
	32 
	Medium to thick-bedded, somewhat crys­talline gray limestone, weathering more readily than the overlying beds. . Gypi­dula coeymanensis var. prognosticus (aa), . Camarotoechia gigantea (aa), Atrypa reti­cularis (aa) , and ]1.1eris.ta typa (aa) , all in the lower 6 feet. Merista typa, however, ranges a little higher than the three other species, and the Gypidulas are practically 
	confined to the basal foot or so_______ .,. 12 Big Mountain. shale member: Soft yellowish shale, concealed for the most part________ _ 45 Lower limestone member: Crystalline crinoidallimestone, weathering
	thin-bedded________________________ _ 
	6 Massive dark-blue, very nodular limestone. 
	Cyphotrypa eorriigata, Dalmanella con­cinna (r), Stropheodonta bipartita, Cho­netes jerseyensis, Stenochisma deckerensis, Uncinulus convexorus, Spirijer modestus, 
	S. modestus var. plicatus, S. octocostatus. The above fossils are not as abundant here as they are in the equivalent beds in' 
	most of the other sections ____________ _ 28 
	7. Section near Fulks Run, Va. 
	[A fine exposure of the Lower Devonian can be seen along the highway from Broadway, Va., about half a mile west of the Fulks Run store and post office] 
	Feet Oriskany group: Ridgeley sandstone: Massive calcare­
	oussandstone__________________________________ _ 
	100+ Shriver chert: Bedded black chert, matrix sandy__________ _ 7 Bedded. black chert, largely concealed_______ _ 43 
	Sandy, impure limestone, with some black chert. The character of this unit suggests that it should be considered transitional with the 
	Becraft limestone_______________________ _ 
	6 Helderberg group: New Scotland limestone: 
	Drab shale, partly concealed_______________ _ Limestone with some interbedded dark:-colored chert. Spirijer macropleurus, Meristella ar­
	euata__________________________________ _ 
	13~ 
	Keyser limestone (including beds of age of the Coey­mans limestone?): Upper limestone member: Concealed. Any beds of Coeymans age would lie in the upper part of this inter­
	vaL_______________________________ _ 
	85 Impure, somewhat nodular limestone____ _ 4
	Concealed___________________________ _ 
	8 Calcareous sandstone, weathered buff____ . 1 Impure shaly limestone above to calcareous shale below________________________ _ 
	14 Massive crinoidal limestone. Merista
	typa_______________________________ _ 
	3 Big Mountain shale member: Concealed; probably shale_____________ _ 21 Nodular blue limestone________________ _ 
	1~ 
	Greenish shaly limestone and calcareous
	shale______________________________ _ 
	.. 
	Lower limestone member: Massive crinoidal limestone____________ _ 3 
	Greenish shaly limestone. Chonetes jersey­
	ensis ______________________________ _ 
	15 Massi ve crinoidal limestone____________ _ 17 
	Tonoloway limestone: Blue platy limestone. 
	8. Section at Strait Creek, Va. 
	[The lower part of the Keyser is exposed along the road from Franklin, W. Va., to Monterey, Va., about ~mile east of the store at Strait Creek, Va., in the eastern limb of the anticline through which the road runs at this place. The higher part of the Helderberg is concealed, although some New Scotland float was seen] 
	Helderberg group: Keyser limestone: Big Mountain shale member: Concealed. Feet Fissile olive-green shale_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 Lower limestone member: Thick-bedded hard gray, somewhat crystal­line limestone_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11 
	THE HELDERBERG GROUP OF PARTS OF WEST VIRGINIA AND VIRGINIA 
	Helderberg group-Continued. Keyser limestone-Continued. Lower limestone member-Continued. Feet 
	Shu.ly, very lumpy limestone, weathering yellowish. Dalmanella concinna (all.) , Stropheodonta bipartita, Chonetes jersey­ensis (all.) , Atrypa reticularis, Spirifer modest us (aa), S. modest us var. plicatus, Nucleospira swartzi (aa) , Orthoceras cf. 
	O. clavatum (1') _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 35 Medium-bedded dark gray limestone. Chonetes jerseyensis (1') ______ _ _ _ _ _ _ _ _ _ 3 
	Tonoloway limestone: Laminated blue limestone, upper part concealed. 
	9. Section near Monterey, Va. 
	[Tho Holderberg group Is woll exposed haH a mile east of Monterey, Va., just north of the State highway to Staunton, on the first foothill of Jacks MOlll\tain. The Becrnrt limestone and the cherty New Scotland limestone are. conspicuous on the hillside] 
	Oriskany group: Feet 
	Ridgeley sandstone: Mostly concealed, with boul­ders of friaole sandstone, weathered whitish on the surface but iron stained within_____________ 50± 
	Concealed, with a few exposures of very fine grained crucareous sandstone. A noplotheca flabellites _ _ _ _ 50± Helderberg group: 
	Becraft limestone: Heavy-bedded white calcareous sandstone____ 10 Massive grayish sandy limestone. Rensselaeria 
	subglobosa, S pirifer cyclopterus _ _ _ _ _ _ _ _ _ _ _ _ _ 4 Massive gray sandy limestone to limy sand­stone___________________________________ 5 
	Hard massive bluish-gray limestone, very fossil­iferous; a few lenses of dark chert in lower part. Eatonia medialis, E. peculiaris, Spiri­
	fer cyclopterus, S. concinmts, etc____________ 71 Partly concealed; some beds of limestone with interb~dded b,lack cherL _ _ _ _ _ _ _ _ _ _ _ _ 20 Shriver (1) chert: Mostly concealed, with much impure dark bedded chert of Shriver type on the' surface_ _ 85 New Scotland limestone: Fine-grained limestone 
	, with much interbedded white chert, conspicuous on the hillside. The upper 6 feet is less resistant than the remainder. Hindia sphaeroidalis, Strep­telasma strictum (all.) , Favosites helderbergiae'l, Dalmanella perelegans (all.), Leptaena rhom­boidalis, Strophonella undaplicata, S. leaven­worthana, Schuchertella woolworthana, S. punctuli­fera, Eatonia medialis, Spirifer cyclopterus, S. macr01Jleurus (aa), 'Prematospira equistriata, M eri­
	stella arcuata _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 25 Coeymans limestone: Massi ve htl,rd gray crystalline crinoidal lime­stone. Rhipidomella oblata, Leptaena rhom­boidalis, Stropheodonta arata (r), Schuchertella woolworthana, Uncinmus abruptus, Meristella arcuata, and M. arcuata var. gigas, all in the upper 5 feet. Schuchertella woolworthana, Gypidula coeymanensis (1'), and M eristella arC1tata near middle and about 10 feet above base. Nucleospira ventricosa (all.) near base_ _ 4
	Helderberg group-Continued. Keyser limestone,-Continued. Upper limestone member-Continued. Peet Medium-bedded blue limestone, with a few lenses of light-colored chert_ ___ _ _ _ _ _ _ _ 4­Concealed_~__________________________ 81 
	Thick-bedded gray, somewhat crinoidal limestone. Aulopora schucherti, 2; Stro­phonella keyserensis (1'); Stropheodonta cf. 
	S. planulata, 4; Schuchertella prolifica; Gypidula coeymanensis val'. similis, 5; Camarotoechia gigantea and C. gigantea val'. gigas, 2; Cyrtina dalmani (1'), 19; Nucleospira ventricosa (all.) , 19; Merista typa (aa), 4 to top___________________ 20 
	Gray, somewhat crinoidru crystalline lime­stone; upper part concealed. Striatopora bella, Leptaena rhomboidalis, Chonetes 
	jerseyensis, Atrypa reticularis _ _ _ _ _ _ _ _ _ _ 7 Big Mountain shale member: Yellowish shale, with some thin arenaceous shale layers; largely concealed___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 28 Lower limestone member: Thick-bedded gray, somewhat crinoidal 
	limestone___________________________ 7 Shaly, much weathered nodular limestone_ 21 Massive, very nodular blue limestone. 
	Favosites sp. (1'), Stropheodonta bipartita, Chonetes jerseyensis, Uncinulus con­vexorus, Stenochisma deckerensis, Atrypa reticularis (aa)_______________________ 39 
	Thin-bedded grayish limestone. Cypho­trypa corrugata, Rhipidomella emarginata, Strophonella keyserensis (r), Stropheo­donta bipartita, Chonetes jerseyensis, Steno­chisma deckerensis (1'), Camarotoechia litchfieldensis, Reticularia' cf. R. bicostata 
	(r), Whitfieldella minuta_ _ _ _ _ _ _ _ _ _ _ _ _ _ 8 
	Tonoloway limestone: Laminated blue limestone, largely concealed_ ____ _ _ 219 Thick-bedded nodular blue limestone. Atrypa re­
	ticularis (aa) , Stenochisma deckerensis (one speci­rnen,loose)__________________________________ 75 Laminated blue limestone, largely concealed___ _ _ _ _ _ 262 
	10. Section on Little Mountain, Va. 
	(All but the topmost part of the Keyser is exposed on the western slope of Little Mountain, along the State highway to Bartow, W. Va., about 5 miles west of Monterey, Va. The section is in the western limb of the anticline that centers in Crabbottom Valley, east of Little Mountain; but as the beds are overturned, they dip to the east. The Coeymans, New Scotland, Shriver, and Ridgeley are not exposed here and have possibly been cut out by faulting. The section here given is a composite of two exposures along
	road then cuts back into the underlying shale member, until it bears to the left again and cuts through the upper part of the Keyser about 500 feet farther on. The two exposures may be matched by means of the GlIpidula zone, ~on the bank above the second exposure) 
	Helderberg group: 
	Keyser limestone: Upper limestone member: Foot ? Concealed. (Compare with the Monterey 
	section.) 
	Thin to medium-bedded drab-gray lime­stone, with a few minor lenses of white chert. Stromatopora, 13; Camarotoechia cf. C. altiplicata, Nucleospira ventricosa__ 16 
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	Helderberg group-Continued. Keyser limestone--Continued. Upper limestone member-Continued. Feet Thin-bedded, somewhat argillaceous lime­stone. Many Bryozoa throughout. Camarotoechia cf. C; altiplicata, Unci­nulus gordoni (1'), Rensselaer1'a mutabilis, 27; Spirijer perlamellosus· var. prae­nuntia, Actinopteria cf. A. reticulata (r) _ _ 28 Massive gray crystalline limestone. Stro­matopora, 26; Cladopora rectilineata (aa) , Striatopora bella, 16-28; Ceratopora mary­landica, 16-28; Aulopora schohariae, 16­28; C
	ventricosa_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ 28 
	Massive, somewhat crystalline crinoidal limestone, with a fine-grained greenish
	matrix___ __ _ _ __ __ __ _ _ _ _ __________ ___ 6 
	Thick-bedded gray crinoidal limestone. Chaetetoid Bryozoa, 15. The following fauna the lower 8 feet: Leptaena rhomboidalis, Strophonella keyserensis, Schuchertella prolifica, Chonete8 jerseyen­sis, Gypidula coeymanensis val'. similis (aa) , 5; Camarotoechia gigantea, 5-7; Atrypa reticularis (aa) , 7; M erista typa, 
	7 ____ ____ ___ __ __ ___ ___ ______ _______ 27 
	Big Mountain sha~e member: Soft olive-green 
	..shale, with a 1-foot bed of shaly sandstone 5 feet above base. Orthopora rhombifera (aa) , 12; Strophonella keyserensis, Schuchertella sinuata, Chonetes jerseyensis (1') __ _ _ _ _ _ _ _ _ _ _ _ 28 
	Lower limestone member: . Massive .hard gray crystalline crinoidal limestone__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4% Thin-bedded shaly nodular limestone. 
	Dalmanella concinna, Chonetes jerseyen­sis, Stenochisma deckerensis (aa) , Unci­nulus convexorus (aa), Atrypa reticularis, Spirijer modest'us, Camarotoechia litch­fieldensis, 15_________________________ 18 
	Thick-bedded nodular blue limestone. 
	Chonetes jerseyensis, Atrypa reticularis 
	(aa) _ _ __ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 29% 
	Thin-bedded, somewhat nodular grayish limestone. Atrypa reticularis, Spirijer octocostatus (r) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 Hard, somewhat crystalline limestone. Atrypa reticularis___ _ _ _ _ _ _ _ __ __ __ _ _ __ _ 3 
	Thin-bedded grayish, somewhat crinoidal limestone. Cyphotrypa corrugata, Dal­manella concinna, Rhipidomella emar­ginata, Stropheodonta bipartita, Chonetes 
	jerseyensis _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ 7% Hard grayish limestone_____ -: ______ _____ 4 Thin-bedded grayish shaly limestone. Camarotoechia litchfieldensis _____ -: _____ 12% Tonoloway limestone: Concealed_____________________________________ 49 Laminated blue limestone_ ______________________ 28 
	Concealed. 
	11. Section near McDowell, Va. 
	[The Helderberg group is finely exposed on the castern slope of Bullpasture Moun­tain, about 4 miles east of McDowell, Va., on the highway to Staunton] 
	Oriskany group: Feet Ridgeley sandstone: Thick-bedded gray sandstone, weathered buff______________________________ 115 Shrivel' chert: 
	Concealed. Comparison with t.he section on Black Creek Mountain, west of Warm Springs, suggests that this interval may con­tain tongues of the upper part of the Becraft. So far as seen, the soil does not indicate chert of the Shriver type_______________________ 75 
	Bedded black chert, unfossiliferous_ _ _ _ _ _ _ _ _ _ _ 57 Helderberg group: 
	New Scotland limestone: Massive gray limestone, with much interbedded white chert. The chert is not, however, as predominant here as at Monterey and farther north. Hindia sphaeroidalis, Strepte­lawma strictum, Dalmanella perelegans, Schuchert­ella woolworthana, Uncinulus abruptus (r), Spirijer perlamellosus (r), S. cyclopi.er'/l,s, S. macropleurus 
	(aa), M eristella arcuata (aa) ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 23 Coeymans limestone: Massive gray crystalline limestone. Rhipido­mella oblatq, Schuchertella woolworthana, and M eristella arcuata (aa) in upper 2 feet. Spirijer cyclopterus (aa) , 20-45; Whitfieldella prosseri, 8; Platyceras multiplicatus (r)______ 53 Arenaceous gray limestone__________________ 4 Keyser limestone: Upper limestone member: . Medium-bedded gray, somewhat crystal­line crinoidal limestone. N ucleospira ventricosa (aa) _ _ _ _ 
	Lower limestone member: Massive gray crys­ta1line crinoidallimestone; the nodular char­acter that is generally so conspicuous is lacking here. Cladopora rectilineata (r), 40; Chonetes jerseyensis, Stenochisma deckerensis, Uncinulus convexorus, Spirijer modestus, S. modestus var. plicatus, Whitfieldella minuta (r), 3.· These fossils are by no means so abundant here as they are iIi the equivalent beds at Monterey and farther north_ _ _ _ _ _ _ _ 42 
	Tonoloway limestone: Laminated blue limestone; upper 30 feet shaly___ _ 185 . Lumpy sha1y. blue limestone. Atrypa reticularis, Uncinulus convexorus val' _____________________ 16 Laminated blue limestone 
	THE HELDERBERG GROUP OF PARTS OF WEST VIRGINIA AND VIRGINIA 
	12. Section's01tth of Bolm', Va. 
	[Tho Heldorborg group is oxposed ohout. :l~~ miles south of Bolor, Va., on the south· orn slopo of a foothill west of Jocks 'Mountain, just east of the bridge over which the road from M'onterey to 'Warm Springs crosses the Jackson River. A large eastern loop of the river cuts into the north side of this hill, and the Helderberg Is o."<posod there also, 'rho formatious above the New Scotland are concealed I 
	Helderberg group: New Scotlandlimestollc: Feet 
	Hard grayn.renn.coous limestone with some in­terbedded white chert. This member forms the southward-thinning tongue of the cherty lime:::tone phase of the New Scotland. Strept~lasma strict1I,11'/, (3030), Dalmanella perele­gans, Leptaena rhomboidalis, Schuchertella woolworthana, Srririfer cyclopter1l,s, S. macro­
	p~urus_________________________________ 6 
	Medium to thick-bedded gray arenaceous lime­stone to calcareous sandstone. This member (here named the Healing Springs sandstone member) forms the entire New Scotland 
	fn.rther south____________________________ 13 Coeymans limestone: Massive gray crystalline, somewhat crinoidal limestone. Rhipidomella ob­lata, Schuchertella woolworthana, Meristella arcuata (aa), and ~M. arcuata var. gigas in upper 5 feet; Stropheodonta arata (r), Sclmchertella woolworthana, Gypidula coeymanensis (1'), and Aleristella arcuata (aa) at about middle_________________________ 53 Keyser limestone: . Upper limestone member: Medium to thick-bedded crystalline lime­stone, largely concealed_________
	~_________ 
	Massive limestone, abounding in reef corals 
	and Bryozoa embedded in a greenishlimestone matrix____________________ _ 
	15 Thick-bedded gray, rather coarsely crystal­
	o 
	line limestone. Stromatopora and corals at top; Cladopora rectilineata (r), A1l,lo­pora sch1wherti, and Merista typa, 25 ___ _ 38
	Concealed ___________________________ _ 
	Gray arenaceous limestone, weathering buff and porous. This is a northern tongue of the Clifton Forge sandstone member 
	of the KeyseL ___ ___________________ 3 
	Concealed, It is possible that p~rt of this interval belongs with the Big Mountain shale membeL _ _ ___ __ _ _____ _ _ __ _ _ __ _ 22 Big Mountain shale member: Thin-bedded greenish, somewhat arenaceous shale______'_ 18 Lower limestone member: Hard gray crystalline, somewhat arena­
	ceous limestone_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 Massive bluish-gray nodular limestone_ __ 6 Medium-bedded hard gray, somewhat crys­
	talline limestone_ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ 25 Medium to thick bedded hard gray arena­ceous limestone_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 8 Tonoloway limestone: Concealed____________________________________ 180 Thick-bedded blue limestone, partly concealed_____ 170 Concealed. 
	13. Section on Back Creek Mounta'':n, west of WarmSprings, Va. 
	[The Helderberg group is exposed on the eastern slope of Back Croek Mountain about 4 miles west of Warm Springs along the road to Frost, W. Va. The road ascends for a considerable distance along the slope oC the Oriskany sandstone and then, turning sharply to the left, cuts through the Helderberg, Tonoloway, and Wills Creek Cormations, finally exposing the Bloomsburg sandstone member of the Wills Creek shale near the summit oC the mountain. The Helderberg group is mostly concealed above the Gypidula zone oC
	Feet 
	Oriskany group: Ridgeley sandstone: Massive sand­stone, weathering buff. Upper contact not seen_____ 100 Helderberg group: Becraft limestone: Concea~d________________________________ 30 
	Dark-gray, somewhat crystalline limestone. 
	Schuchertella woolworthana, Rhipidomella as­similis, Eatonia peculiaris, Rensselaeria s1/,bglo­bosa, Spirifer cyclopterus, S. concinnus, Cyrtina varia, Dalmanites sp. (suggests D. dentatus) _ 4­
	Concealed________________________________ 12 
	Hard gray, somewhat crystalline limestone. 
	Rhipidomella assimilis, Schuchertella'wool­worthana, Eatonia peculiaris, Uncinul1/,s py­ramidalis, Rensselaeria subglobosa, Spirifer cyclopterus, S. cf. S. angularis, S. concinnus, Anoplotheca flabellites (r), Meristella lata (r), Dalmanites sp. (suggests D. dent at us) . This and the higher bed of limestone represent part of the upper beds of limestone assigned to the Becraft in the Bells Valley and Clifton Forge 
	.. sections_ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 Concealed________________________________ 20 Shriver? chert: Impure bedded dark chert, weather­ing buff, partly concealed. Some of the chert is purer than is typical of the Shriver and weathers whiter. In my opinion, this chert is more or less transitional between what I regard,as the equiva­lent lower part'of the cherty Becr{tft limestone of the Healing Springs section and the lower part of the more typical Shriver chert of Montere
	andporous___________________________ ______ 10
	~ 
	Coeymans Jimestone: Concealed. The thickness given is talten from the Dry Run section_______ 34± Keyser limestone: Upper limestone member: Concealed____________________________ 60 
	Calcareous sandstone, weathered buff. This, with the underlying unit, forms a tongue of the Clifton Forge sandstone 
	melnber 12
	~_________________________ 
	Thin-bedded, somewhat concretionary shaly sandstone. Atrypa reticularis and Camarotoechia gigantea ahundant in the 
	lower 5 feet_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11 Gray crystalline limestone_ _ __ _ _ _ _ _ _ _ _ _ _ 2 Blue fine-grained limestone, abounding in 
	Gypidula coeymanensis var. similis __ _ _ _ 2 
	Soft, weathered arenaceous limestone. This may be considered another tongue of the Clifton Forge sandstone member_ 3 
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	Helderberg group-Continued. Keyser limestone-Continued. Upper limestone member-Continued. Feet Hard blue arenaceous. limestone, with a somewhat lumpy appearance_________ _ 5 
	Big .Mountain shale member: Yellowish fissile shale, partly concealed__ _ 7 Hard blue arenaceous limestone, weather­
	ing buff and sandy; another tongue of the Clifton Forge sandstone_ ~ _______ _ 18 Olive-green shale, with thin sandy layers_ 11 Lower limestone member: 
	Massive, somewhat lumpy blue limestone, very arenaceous in the upper half. Cyphotrypa corrugata, abundant in the lower half; Stenochisma deckerensis, Stropheodonta bipartita, Chonetes jersey­ensis, Uncinultts convexorus__________ _ 46 
	Concealed___________________________ _ 
	4 ~ ______________ _ 6 Tonoloway limestone: 
	Laminated blue limestone______________________ _ 21 Blue limestone .and some calcareous shale________ _ 160 Thin-bedded calcareous sands~one______________ _ 60 
	Dark-blue limestone. 
	14. 'Section along Dry Run east oj Warm Springs, Va. 
	[An instructive section of the Helderberg group can be seen on the north bank of Dry Run, just west of the point where it cuts across the road to Williamsville, about 2% miles northeast of the Alleghendoah Club (shown as Bath Alum on the United States Geological Survey's topograpbic map of tbe Monterey quad­rangle). Tbe section is in tbe western limb of the Tower Rill syncline. Tbe Ridgeley sandstone crops out immediately west of tbe Williamsville road, and the underlying rocks are exposed more or less cont
	Romney shale: Black shale seen along run. Feet 
	Oriskany group: Ridgeley sandstone: Massive gray sandstone, weathering quff. At the time of my visit the contact with the Romney could be seen along the creek___________________________________________ 32 
	Helderberg group: 
	Becraft limestone: Con~ealed; probably BecrafL_______________ 23 Medium to thick bedded limestone, with minor 
	lenses of black chert. Leptaena ""omboidalis, SpiriJer cyclopteru.s, S. concinn¥s, M eristella lata, Dalmanites pleuroptyx_ __ _ _ _ _ _ _ _ _ _ _ _ _ _ 57 Blue limestone, with much interbedded black chert; largely concealed_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 98 New Scotland limestone: 
	Massive gray limestone, with a few lenses of white chert. Streptelasma strictum, Dalman­ella perelegans, Leptaena rhomboidalis, Schtt­chert ella woolworthana, Eatonia medialis, SpiriJer cycloptertts, S. macropleurus________ 6 
	Hard gray arenaceous limestone to calcareous sandstone (Healing Springs sandstone mem­ber)____________________________________ 10 
	Coeymans limestone: Massive crystalline, some­what crinoidal gray limestone. Leptaena rhom­boidalis,' Schuchertella woolworthana, Rhipidomella oblata, and M eristella arcuata (aa) at top_ __ _ _ _ _ _ 34 
	Keyser limestone: Nodular blue limestone_____________________ 5 Thick-bedded gray', somewhat crystalline lime­stone___________________________________ 10 
	Helderberg group-Continued. Keyser limestone--Continued. Feet Concealed________________________________ 12 Thick-bedded gray, somewhat crinoidal lime­stone. Cladopora rectilineata _ _ _ _ _ _ _ _ _ _ _ _ _ 13 
	Thin-bedded calcareous sandstone, with pro­nounced cross-bedding. This and the under­lying sandstone form a small cliff at both exposures. These sandstones, like the cor­responding ones in the section· west of Warm . Springs, form a northward tongue of the Clif­
	ton Forge sandstone member_ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 Sandy shale to shaly sandstone,· somewhat concretionary_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14 Thick-bedded gray limestone, abounding in 
	Gypidula coeymanensis var. similis_________ 7 Thick-bedded gray crystalline limestone_ __ _ _ _ 12 Arenaceous limestone, showing some cross­
	bedding on weathered surfaces; the lower half is colored red by hematite. Camaro­toechia litchfieldensis (aa) ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 15 Concealed. (See Back Creek Mountain sec­tion.) 
	15. Section at Bells Valley, Va. 
	lTbe section as given is a composite of the exposures along the county road leading soutbeast from Bells Valley, and of those on the southern side of the bollow, in . and near the old quarry in the New Scotland-Coeymans limestone. The sections were matched chiefly by means of the 4-foot bed of hard sandstone whicb forms the backbone of the knolls both north and south of the hollow] 
	Feet Oriskany group: Ridgeley sandstone: Hard gray sand­stone, weathered buff___ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5 Helderberg group: Becraft limestone: Concealed, most probably Becraft_ ____ _ _ _ _ _ _ 40 Thick-bedded dark-blue limestone, with minor layers of black chert. ,SpiriJer concinnus (r) _ 84 Medium-bedded limestone, with much inter­bedded black chert. Edriocrinus pocilli­Jormis, Schuchertella woolworthana, S. be­craJtensis'l (r), Phacops logani_ _ _ _ _ _ _ _ _ _ _ _ _ 8 New Scotl
	Massive fine-grained limestone, weathering greenish; many Bryozoa and Stromatopora 10 feet beneath tOlL ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 42 
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	Helderberg group-Continued. !{eyser limestone-Continued. Feet 
	Thick-bedded hard gray sandstone, weathered buff to white, forming the backbone of the knoll. Like the underlying sandstones, this is a tongue of the Clifton Forge sandstone 
	member of the Keyser___________________ _ 
	4 Thin-bedded yellowish-green,. somewhat arena­ceous shale (tongue of the Big Mountain (1)member)~_________________________ _ 
	Medium-bedded gray sandstone (tongue of the Clifton Forge sandstone member) _________ _ 4~ Dark-grayish soft shale, mostly conce!1led____ _ 8 Calcareous sandstone, weathered buff (tongue of the Clifton Forge sandstone member) ___ _ 6 Thick-bedded gray, somewhat crystalline lime­
	stone__________________________________ _ 
	10 
	Concealed. Some' arenaceous shale toward top. Keyser (1) ________________________ _ 
	34 
	.Tonoloway limestone: Laminated blue limestone, concealed in part_____ _ 135 Nodular blue limestone, much weathered. Un-­
	cinulus convexorus val'., Atrypa reticularis___ ____ _ 10 
	16. Section in gap just west of Hot Springs, Va. 
	[Section along railroad at west end of gap] Feet
	Romney shale: Brownish shale exposed along railroad cut. Oriskany group: Ridgeley sandstone: Massive buff, iron-stained sandstone, forming a prominent ledge on each side of the railroad_________________________ _ 
	80 Helderberg group: Concealed. Includes Becraft limestone (possibly with some beds of Shriver chert facies) and New Scotland limestone__________________________ _ 
	200 
	Coeymans limestone: Highly crinoidal crystalline, limestone. Gypidula coeymanensis (1'), Platyceras trilobatum__________________________________ _ 
	23 Keyser limestone: 
	Upper limestone member: Concealed___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 Arenaceous limestone__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 
	Concealed____ __ ____ _ _ _ ___ _ _ __ __ _ _ ____ _ 20 
	Clifton Forge sandstone member: Calcareous sandstone, weathered b':Jff-----12 Arenaceous shale to shaly sandstone, some­
	what concretionary. This unit is prob­ably equivalent to the concretionary shaly sandstone above the Gypidula zone in the sections east and west of Warm 
	Springs_____________________________ 20 Thick-bedded hard calcareous sandstone, weathered buff, making prominent ledges along the railroad, except the upper 7 feet, which is more weathered_ _ _ _ _ _ _ _ _ 70 Lower limestone member: Blue to gray lime­stone, somewhat-nodular above; crinoidal and somewhat crystalline below___ _ _ _ _ _ _ _ _ _ 25 
	17. Section in gal) west of Healing Springs, Va. 
	[Seon along road and eroek ncar west end of gap about 3 miles south of section 16. This locality Is of Intorest because It affords a fine exposure of the sandstone phase of the Now Scotland (the Healing Springs sandstone member), and beeause the Becraft limostono presents characters that arc more or less intermediate between those of the Decraft of Clifton Forgo and those of the Becraft and Shriver (?) chert as soon on Back Creek Mountain, west of Warm Springs) Feet 
	O.·iskany group: Ridgeley sandstone: Massive gray sandstone. A bridge crosses the stream at the basal contact_________________________________________ 101 
	[The most cOmplete exposure of the Helderberg group in th'e immediate vicinJty of Clifton :I<'orge is that at the east end of the gap of the James River, along the road to Iron Gate. Other partial sections can be seen along the railroad just north of Clifton Forge and at Island Ford Bridge, about 8 miles south of Olifton Forge on the road to Covington. The Becraft can also be seen in quarries in the vicinity of Low Moor, 3 or 4 miles south of Clifton Forge, The exposure along the railroad north of Clifton F
	Helderberg group: Becraft limestone: Feet 
	Concealed. The upper part of the Becraft as seen north of Clifton Forge along the railroad is gray, crinoidal, and massive and contains 
	Uncinulus vellicatus, Eatonia peculiaris, Spirifer concinnu,s, and other fossils. Thick-bedded to massive gray limestone, with some interbedded black cherL ___________ _ 
	43 
	Massive gray, somewhat nodular limestone, with a little interbedded black chert. Strep­telasma strictum, Edriocrinus pocilliformis (aa) , Uncinulus abruptus, Eatonia peculiaris, Rensselaeria cf. R. aequiradiata, Spirifer 
	concinnus (I') __________________________ _ 8, 
	New Scotland formation (Healing Springs sand­stone member): Thick-bedded gray calcareous sandstone to arenaceous limestone____________ _ 16 
	Coeymans limestone: Massive gray crystalline crinoidal limestone, arenaceous at base. Rhipi­domella oblata (aa),. Siropheodonta arata (r), Schuchertella woolworthana. Camarotoechia camp­bellana,,, Uncinulus abritpt-us (1'), and Meristella 
	arcuata (aa), all in upper 5 feet______________ '-18 
	Keyser limestone: Upper limestone member: Massive gray limestone, abounding in reef corals and Stromatopora best seen below, road, along railroad__________ _ 15 
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	Helderberg group-Continued. Keyser limestone-Continued. Upper limestone member-Continued. Feet 
	Massive hard gray, somewhat crystalline limestone, seen along railroad. Clado­pora rectilineata is very abundant at this horizon along the railroad north of Clif­ton Forge and at Island Ford Bridge__ 19 
	Cilfton Forge sandstone member: 
	Thin to medium-bedded shaly sandstone.:. 12 Massive hard white sandstone_________ _ 8% Thin-bedded arenaceous shale_________ _ 2% Massive hard white to buff calcareous 
	sandstone__________________________ 25 Thin-bedded shaly sandstone, thicker bed­ded toward the middle_______________ 18 .Lower limestone member: Somewhat lumpy 
	.ar.enaceous limestone.' Dalmanella' concinna, Stropheodonta bipartita, Stenochisma decker­ensis, Uncinul~ts convexorus, Nucleospira swartzi. The following additional fossils were found at this horizon in exposures along the railroad northof Clifton Forge: Atrypa reticu­laris, Calymene camerata (1'), J aekelocystites
	hartleyi (1') ___ __ _ _ _ _ __ _ _ __ __ _ _ __ _ _ _ _ _ _ _ _ _ 15 
	19. Section at Prices Bl'ujJ, near Gala, Va. 
	[An excellent section of the Helderberg group can be seen at Prices Bluff, along the Norfolk branch of the Chesapeake & Ohio Railway, 1 mile north of Gala, Va. 
	R. J. Holden, of the Virginia Polytechnic Institute, at Blacksburg, Va., kindly told me of this exposnre) Feet Romney shale: Brown shale with some interbedded limestone; of Onondaga age (?). 
	Oriskany group: Ridgeley sandstone: Gray quartz sand­stone, weathering brown; exposed at southeast end of bluff______________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1% 
	Helderberg group: Becraft limestone: 
	Massive gray crystalline, highly crinoidallime­stone, with some brown sandstone lines on weathered surfaces. Rhipidomella assimilis, Leptaena rhomboidalis, Schuchertella wool­w01·thana, Spirijer concinnus, S. concinnus var. progradius, and S. cf. S. angularis in 
	upper part_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 59 
	Massive gray crystalline limestone, with some lenses of black cherL ___________________ ~ 18 Massive, very arenaceous limestone____ .. _ _ _ _ _ 11 
	Very massive gray limestone, somewhat nodu­lar toward the base. Streptelasma strictum, Edriocrinus pociUijormis, Rhipidomella assim­ilis(r) , Rensselaeria cf. R. aequiradiata, Eato­
	nia pec'uliaris, Platyceras cf. P. gebhardi, and Phacops loganiin the lower 15 feet_________ 31 
	New Scotland formation (Healing Springs sand­stone member): Massive gray arenaceous lime­15~ 
	Coeymans limestone: Very massive crinoidal limestone" abounding in large crinoid rings. lv1 eristella arcuata (aa) ~ ___________________ ,_ _ _ _ _ _ _ 19% Massive gray arenaceous limestone___________ 5~ Keyser limestone: Upper limestone member: Massive limestone, with many Stromato­lJora and Favosites _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 15 Medium-bedded, somewhat nodular lime­stone, with some interbedded chert_ ___ 10 
	Helderberg group-Continued. Keyser limestone-Continued. Upper limestone member-Continued. Feet Arenaceous limestone. Cladopora rectiline­ala (aa)__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3 
	Massive dark-blue limestone, with a few chert lenses_ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4H Clifton Forge sandstone member: 
	Massive calcareolls sandstone. Some in­terbedded arenaceous shale in lower 14 feet________________________________ 37 
	Sandy limestone, with chaetetoid bryozoan zone at middle_ .. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 Very massive blue limestone, weathering gray. This and the underlying unit might be placed in the lower limestone member of the Keyser________________ 10 Massive calcareous sandstone to· arena­ceous limestone_ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 21 Tonoloway limestone: Laminated blue limestone. 
	20. Section at H ollybrook, Va. 
	[This section is fairly well exposed in a wash way on the hillside north of the road along No Business Creek, about 720 feet northeast of the intersection with the Kimberling road, at Hollybrook, Va. The exposures around Hollybrook were cited by M. R. Campbell in his description of the Giles formation, in the Poca­hontas folio. The sandstone at the top of the Giles is not seen in this particular section, as it has been eroded from the hilltop. An exposure showing this sand­stone, practically in contact with
	Giles formation: Feet 
	Mostly concealed at top of hill; fragments of sandy chert and some weathered sandstone strew the surface. (See Rocky Gap section.) 
	Thick-bedded to massive quartz sandstone con­glomerate, forming a prominent ledge about 35 feet below top of hill. The many cavities formed by the weathering out of bulbs of Aspidocrinus caroli are a very striking feature. There are also poor molds of a Spirijer that suggests S. cyclopterus of the Helderberg group. The strati­graphic evidence afforded by this section and those at Rocky Gap and near Saltville suggests that this conglomeratic sandstone is of New 
	Scotland or Becraft age__ ____ ____ ______ ____ __ _ 22 Concealed. Probably calcareous sandstone for the most part. If any portion of the Keyser limestone is present here it would lie in the lower part of this intervaL ___________________,_ _ _ _ _ _ 86 Laminated blue limestone (Tonoloway lithology and fauna). This limestone was included in the Giles formation by Campbell. In exposures on Ding Run, in and near Burton's quarry, about 3 miles northeast of Hollybrook, this limestone carries Leperditia sp. (pro
	21. Section at Rocky Gap, V a~ 
	[Section at cast end of gap 2 miles east of Rocky Gap, about 15 miles south of Narrows. Va.] Feet Genesee shale: Black shale seen along road to Bland. Giles formation: Greenish sandstone, same as the sandstone at top of the Giles at Hollybrook and Cove Motl,ntaiIL _ _ 5+ 
	THE HELDERBERG GROUP OF PARTS OF WEST VIRGINIA AND VIRGINIA 
	Giles formation-Continued. Feet 
	Bedded black chert, forming riffles in the creek. The contact with the overlying sandstone was not seen, but the sandstone was projected along the strike from the road to the creek for a rather unsatisfactory measurement of the interval. This black chert, although somewhat suggestive of the Shriver ('hert of the sections farther north, is most likely equivalent to the 'cher.t that carries Spirifer arenosus var. planicostatus in the Saltville 
	region. Upper part concealed _______________ ,.. _ 65+ Calcareous sandstone, exposed in part in bed of creek and seen also along the State road to Bland. Aspidocrinus' caroli (aa) in upper 20 feet; Spirijer cycl01Jterus'l at about middle; a large Schuchertella 
	near base _______________________:.. '_ __ _ _ _ _ _ _ _ 62 
	Concealed. A few weathered chert masses were seen at the top of this interval, along the road to Bland; these contained an abundance of casts of a Meristella which is apparently M. arcuata. The zone is suggestive of that at the top of the C6ey­mans limestone in the Clifton Forge area, al­though correlation with that zone is not assured. It seems probable that much of this concealed interval is occupied by the Tonoloway limestone_ 40 
	Blue limestone (Tonoloway lithology and fauna) mostly c~ncealed; the most definite exposures were seen in diggings for the abutments of the highway bridge. 
	22. Section at Cove MOltnt(Lin, near Wytheville, Va. 
	{Tho top or tho Ollos ronnation is exposed along the old road from Wytheville to lllnnd at tho gap through Cove Mountain, about 4 miles northwest of Wytheville. Tho mountain is mado by the Clinch sandstone, which dips to the east and is overlain by tho black chert and the 'upper greeniall sandstone of the Oiles forma­tion. Tho Intorvonlng beds are absent, probably owing to faulting rather than to nn unconformity. The best exposures are on the hillside south of thc creek, just o()l)oslte nil old mill] 
	Feet Genesee shale: Black shale, seen along creek bank. Giles formation: Greenish, very fossiliferous sandstone. Amphi­genia' sp., Athyris spiriferoides, Spirifer cf. S. manni, Reticularia fimbriata, etc. Probably
	~ __ _____ ___ ___ _ _ _ _ 10± 
	Giles formation-Continued. Feet~ Black bedded chert; a little interbedded shale. No fossils seen. Probably equivalent to the chert of the Saltville section__________·________________ 25 Fault (?). Lower part of Giles (Tonoloway, etc.), , and Clinton absent. Clinch sandstone: Massive white to gray ·sandstone. 
	23. Section, along"Tumbling. Creek, near ~altville, Va. 
	, [The strata above and below the Silurian-Devonian boundary are exposed along Tumbling Creek, about 6 miles southwest of Saltville, Va. (The United Statos Geological Survey map shows a second Tumbling Creek north of Saltville.) The fossils collected from this section have not yet been thoroughly studied] 
	Feet' 
	Genesee shale: Blackshale exposed eastofabandoned mill. 
	Giles formation: 
	Weathered sandstone, largely concealed___________ 14' 
	Greenish calcareous sandstone, with a few lenses of chert. Chonetes coronQt~ts1, Spirifer cf. S. manni, A noplotheca acutiplicata, etc_ Probably of Oh­
	ondagaage__________________________________ 22 
	Red sandstone with some limonite mottling______ 2 
	Bedded black chert. Some calcareous matrix? Spirifer arenosu.~ var. planicostatus and Diaphora­stoma, ventricosum at middle; A mbococlia u,mbo­nata a few feet lower. Of late Oriskany age_ __ _ 21 . 
	Sandstone. with red staining at top___ .. _ _ _ _ _ _ _ _ _ _ 9 Massive blue limestone___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ 4 Greenish calcareous sandstone_ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ 12 2~ Greenish-brown sandstone, wit.h some chert-_ _ _ _ _ _ 21 Blue limestone; a few minor chert lenses. Meristella 
	sp.; corals____________. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4 
	Greenish-brown sandstone, with some lenses of black chert; upper 8 inches red, with some mot­tling. Spirifer arenos1ts, rather abundant at top.
	4~ Thin-bedded yellowish-brown sandstone____ , _ _ _ _ _ _ 3 Greenish-brown sandstone, with 3 cherty 
	limestone, in somewhat irregular lenses, at base. Rhipidomella cf. R. oblata, Dalmanella perelegans1, etc. This and the overlying unit appear to be of New Scotland or Becraft age__________________ 4~ 
	Hard blue limestone (Tonoloway lithology and' fauna) weathering platy in part. 
	• .
	• .
	PLATE 6 
	KEYSER FAUNA 
	CHONETES JERSEYENSIS ZONE .1, 2. Chonetes jerseyensis Weller (p. 54). .
	1. Nearly complete ventral valve, showing spines of cardinal margin. A very characteristic specimen. Petersburg, 
	W. Va., about 50 feet above base of Keyser limestone. 
	2. Incomplete ventral valve, showing somewhat stouter ribs. Little Mountain section, west of Monterey, Va., Gypidula 
	subzone, 113 feet above base of Keyser limestone. .3-5. Camarotoechia litchfieldensis (Schuchert) (p. 54) and Whitfieldella minuta Maynard (p. 57). .
	3. .Slab showing ventral valves of these two associated species. Petersburg, W. Va., Whitfieldella minuta subzone, base of Keyser limestone. 
	above base of Keyser limestone. Specimen partly exfoliated. .8, 9. Uncinulus convexorus Maynard (p. 55). .
	8. Dorsal view. .Franklin, W. Va., Stenochisma deckerensis, etc., subzone, 20 f.eet above base of Keyser limestone. 
	9. Side view of somewhat imperfect specimen, showing detail of interlocking of serrated margins of the two valves. 
	Near Warm Springs, Va., Stenochisma deckerensis, etc., subzone, 30 feet above base of Keyser limestone. 10-12. Stenochisma deckerensis (Weller) (p. 54). 
	12. Dorsal view of somewhat smaller specimen. Clifton Forge, Va., Stenochisma deckerensis, etc., subzone, 10 feet above 
	base of Keyser limestone. ­13-15. N ucleospira swartzi Maynard (p. 57). 
	13. .Ventral view. Big Mountain section, south of Petersburg, W. Va., Stenochisma deckerensis, etc", subzone, 40 feet above base of Keyser limestone. 
	14. Side view of same specimen. 
	18. .Dorsal view, showing the low plications from which this variety derives its name. Strait Creek north of Monterey, Va., Stenochisma deckerensis, etc., subzone, 15 feet above base of Keyser limestone. 
	19. Side view of same specimen. .20-23. Gypidula coeymanensis var. similis F. M ..Swartz, n. var. (p. 54). .
	20, 21. .Exterior and side views of type specimen of ventral valve, showing large size, somewhat inflated beak, amI broad, rather indistinct plications. Little Mountain, near Monterey, Va.., Gypidula subzone, 113 feet above
	•
	base of Keyser limestone. 22, 23. Weathered interiors of ventral valves; same place and horizon. . 
	24. .Gypidula coeymanensis var. prognostica Maynard (p. 54). Ventral valve. Petersburg, W. Va., Gypidula subzone, 122 feet above base of Keyser limestone. The material which I am including under the variety similis is undoubtedly consanguineous with the variety prognostica of the more northern sections. 
	26, 26. .Gypidula coeymanensis Schuchert (p. 54). Exterior and ventral views. Coeymans limestone, Nearpass, N. J. Show the close similarity of the Little Mountain middle Keyser material to typical specimens of the species. 2.7,28. Camarotoechia gigantea Maynard (p. 54). 
	27. .Characteristic ventral valve of this abundant species. Warm Springs, Va., Camarotoechia gigantea subzone, 105 feet above base of Keyser limestone. 
	28. Side view of same specimen. .29-31. Camarotoechia gigantea var. gigas F. M. Swartz, n. var. (p. 55). .
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	PLATE 7 
	KEYSER FAUNA 
	CHONETES JERSEYENSIS ZONE 1-3. M erista typa (Hall) (p. 58). 
	• 
	FAVOSITES HELD:r!RBERGIAE VAR. PRAECEDENS ZONE 
	4-7. Cyrtina dalmani (Hall) (p. 57) .. 
	12-14. Ventral, dorsal, .and side views of a transverse specimen. McDowell, W. Va., Meristella praenuntia subzone, 136 feet above base of Keyser limestone. 
	15. Dorsal view of a more elongate specimen. Same locality and horizon. 16,17. Meristella nas'utaformis F. M. Swartz, n. sp. (p.57). Ventral and side views of ventral valve. Big Mountain, W. Va., 
	113 feet above base of Keyser liinestone. 18-20. Spirifer 1JerlamelloS1tS var. praenunti1tS F. M. Swartz, n. var. (p.. 56). 
	18. Slab showing ventral valve and small portion of dorsal valve, associated with Dalmanella concinna and Camarotoechia altiplicata. Little Mountain, west of Monterey, Va., upper part" of Keyser limestolle. 
	19,20. Ventral and side views. Big Mountain, W. Va., 181 feet above base of Keyser limestone. 21-25. Rens3elaeria mutabilis (Hall) (p. 55). 
	p, 
	21-23. Dorsal, ventral, and side views of a large specimen. Little Mountain, west of Monterey, Va., Rensselaeria • mutabilis subzone, 195 feet above base of Keyser limestone. 
	Keyser limestone. 26-28. Camarotoechia cf. C. altiplicata (Hall) (p. 55). 
	Keyser limestone. .COEYMANS FAUNA .
	29, 30. Gypidula coeymanensis Schuchert (p. 54). 
	plications of the Coeymans material. as compared to the Gypidulas from the Keyser limestone. 31, 32. Platyceras multiplicatum F. M. Swartz, n. sp. (p. 58). 
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	PLATE 8
	• 
	COEYMANS FAUNA 1-4. M eristella arcuata (Hall) (p. 57). 1, 2. Ventral and side views of a gibbous specimen. Monterey, Va., New Scotland Jimestone. 
	5-7. .Meristella arcuata var. gigas F. M. Swartz, n. var. (p. 58). 5, 6. Ventral and side view of,ventral valve. Monterey, Va., Meristella arcuata zone, top of Coeymans limestone. 
	7. Ventral valve, Bolar, Va., Meristella arcuata zone, top of Coeymans limestone. 
	S. .Meristella cf. M. symmetrica Schuchert (p. 58). Ventral'valve, Monterey, Va., Meristella arc1tata zone, top of Coeymans lime­stone. 
	NEW .SCOTLAND FAUNA 
	9. Spirifer macropleurus (Conrad) (p. 56). Dorsal view of weathered specimen. Monterey, Va., New Scotland limestone. 
	10, 11. .Dalmanella perelegans (Hall) (p. 53). Ventral and side views of a specimen whose dorsal sinus is that of D. perelegans, but whose ventral cardinal area approaches that of D. eminens in height. Monterey, Va., New Scotland limestone. 
	12. Eatonia medialis (Vanuxem) (p. 55). Dorsal view of characteristic specimen. Monterey, Va., New Scotland limestone. 13, 14. Streptelasma strictum Hall (p. 52). 
	BECRAFT .FAUNA 
	15. Edriocrinus pocilliformis Hall (p. 52). Side view of weathered calyx. Gala, Va., base of Becraft limestone. 16-18. Eatonia peculiaris (Conrad) (p. 55). 
	16. Ventral view. Gala, Va., 10 feet below top of Becraft limestone. 17, 18. Dorsal and side views. Gala, Va., lower part of Becraft limestone. 
	19-21. Rensselaeria cf. R. aequiradiata (Conrad) (p. 55). i9.· Posterior portion of ventral valve. Gala, Va., basal part of Becraft limestone. 
	23-25. Rhynchotrema cumberlandicum Rowe (p. 54). Ventral, dorsal, and side views. Gala, Va., upper part of Becraft limestone. 74 
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	'PLATE 9 
	BECRAFT FAUNA. 
	1. Spiriier concinn1ts Hall (p. 56). Ventral valve. Gala, Va., upper part of Becraft 1i~estone. 2-6. S1)iriier concinnus var. progradius F. M. Swartz, n. var. (p. 66). 
	6. Smaller specimen .with a feeble plication on each side of the ventral sinus, near the front margin. This feature, which is also found in tIle specimen illustrated in Figures 3 and 4, suggests Spiriier proavitu8 Schuchert. 
	8, 9. .Meristella lata (Hall) (p. 58). Dorsal and side views of dorsal valve. Dry Run, east of W~rm Springs, Va., middle part of Becraft limestone. 
	GILES FAUNA 
	[Seo text for relations of Gilos formation to Helderberg group] 
	10-12. Aspidocrinus caroli F. M. Swartz, n. sp. (p. 62). (Named for Dr. Charles K. Swartz, with whom the sections in south­western Virginia were visited in connection with work on the Silurian.) 
	10. Vertical section of mold of the cup, as ordinarily seen in the roc~. Hollybrook, Va., at top of sandstones of-middle 
	r 
	part of Giles formation. 11, 12. Side and top views of wax casting from same specimen. 13-16. Spiriier arenosus var. planicostatus F. M. Swartz, n. var. (p. 66). 
	13. Dorsal view of large specimen. .Tumbling Creek, near Saltville, Va., dark chert beds of upper part of Giles for­mation. 
	14, 15. .Exterior and cardinal views of a smaller ventral valve; margins imperfect. Same locality and horizon. 75 




