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ABSTRACT

PALEOENVIRONMENTAL STUDY OF THE HELDERBERG GROUP
OF WEST VIRGINIA AND VIRGINIA

By

Jack Watson Travis

The variations of stratigraphic, petrographic, and
paleontologic attributes of the Helderberg Group, Lower
Devonian, of West Virginia and Virginia have been systema-
tically analyzed for meaningful environmental indicators
so that logical inferences concerning conditions of deposi-
tion of Helderberg sediments can be made.

Data have been derived from a detailed field
study of 22 Helderberg outcrops, from a petrographic study
of 425 randomly and purposely collected rock samples, and
from fossil population studies along 260 sampling lines in
14 odtcrops.

In outcrops north of Monterey, Virginia the Coey-
mans Limestone can be subdivided into lower, middle, and
upper limestone members. The middle limestone member is
a thin-bedded, finely crystalline crinoidal limestone with
chert nodules and shows a general thinning from north to

south.
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possibly existed in the Virginias during deposition of New
Scotland sediments and the communities trended northeast-
southwest with the species diversity gradient increasing
from northwest to southeast.

There is a direct relationship between the number
of strophomenids in a sample and the amount of fine-
grained sediments, in that those sampling sites with a
high proportion of strophomenids generally contain a larger
percentage of fine-grained sediments.

Since the Helderberg Group appears to represent a
transgressive phase of deposition and the various strati-
graphic units are rock-stratigraphic units, a stratigraphic
unit overlying another unit in a Helderberg outcrop grades
laterally into a subjacent or superjacent unit. This indi-
cates that the sediments of the various rock-stratigraphic
units were deposited simultaneously under differing envir-
onmental conditions in different parts of the depositional
basin.

The occurrence of mud cracks in some micritic beds
of the upper Keyser Limestone suggests that deposition
occurred in a supratidal, mud-flat environment. These
sedimentary structures also can serve as references in
reconstructing the environmental gradient.

Stratigraphic and petrographic evidence suggest
that the Coeymans Limestone and the crinoidal limestone
and sandstone facies of the New Scotland Formation were

deposited in a high energy beach environment. However,
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Overall the Helderberg Group represents a trans-
gressive phase of deposition during early Devonian time in
West Virginia and Virginia and the formations comprising
the Helderberg Group are rock-stratigraphic units rather
than time-stratigraphic units.

Based on the type of grain support and the propor-
tion of grains, matrix, and cement the following rock types
can be recognized in the Helderberg Groups: micrite, bio-
micritic wackestone, biomicritic packstone, biosparitic
packstone, biosparitic grainstone, pelsparitic grainstone,
and intrasparitic grainstone. Most of the sparry calcite
occurring in the packstone and grainstone is a primary
pore filling cement. However, microsparry calcite repre-
sents recrystallized grains of microcrystalline calcite.
Chert, which is common in the New Scotland Formation,
appeérs to be a replacement phenomenon.

A chi-square test for independence identifies 33
interspecific fossil associations which involve 10 of
the 34 fossil species identified in the field. These
associations can be grouped into a primary recurrent group
and a related secondary recurrent group. All species,
with the exception of S. strictum, which is associated
with another species, have a positive association with
limestone and all species have a negative association with
chert.

The spatial distribution of the computed indices

of species diversity suggests that three fossil communities
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sediments of the limestone and chert facies of the New
Scotland Formation and the Shriver Chert-Licking Creek
Limestone interval were deposited in an open marine envir-

onment probably below wave base.
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CHAPTER I

INTRODUCTION

Rocks in the Appalachian region have been studied
extensively and are generally considered to typify most
of the Paleozoic systems recognized in North America.
Much of the research conducted on this sequence of rocks
has been concerned with their stratigraphic, structural,
and paleontological aspects resulting in their being sub-
divided into numerous stratigraphic units. More recently
the emphasis in some Appalachian studies has been con-
cerned with gathering information and interpreting data
relative to paleocenvironments of some of these strata.l

The Lower Devonian Helderberg Group is a strati-
graphic unit in the Appalachians which is amenable to the
latter type of study. It is a lithologically diverse rock
unit consisting of limestone, chert, sandstore, and shale.
Many Helderberg outcrops have been measured, described,

and subdivided by previous investigators. 1In the course

lSome of the recent paleocenvironmental studies in
the Appalachians are Pelletier, 1958; Donaldson, 1960;
Folk, 1960; Alling and Briggs, 1961; Yeakel, 1962; Weber
and others, 1965; Matter, 1967; Johnson and Friedman, 1969;
Laporte, 1969; and Bretsky, 1970.



of such studies several facies have been recognized.
Stratigraphic relationships and equivalencies have been
generally established between various outcrops and type
sections. Few previous investigations have dealt with
the petrographic and paleoecologic aspects of these rocks
even though the occurrence of different lithologies sug-
gest that more than one type of environment prevailed at
any given time during deposition of Helderberg sediments.

The purpose of this investigation is to systemati-
cally analyze variations of stratigraphic, petrographic,
and paleontologic attributes of the Helderberg Group for
meaningful environmental indicators and to make logical
inferences from these analyses concerning environmental
conditions during deposition of these sediments in the
central Appalachians.

Composition, texture, sedimentary structures, and
fossil content are all possible indicators of a given
sedimentary environment. But certain diagenetic processes
can produce compositions or textures which are character-
istic of entirely different environmental conditions.
Also the observable fossil content probably is not a true
representation of the total suite of organisms that were
indigenous to the site of deposition due to postmortem
transport of skeletal material, non-preservation, or
obliteration of head parts by diagenetic processes.

Since the original lithologic and paleontologic

character of a local sedimentary deposit is a product of



its depositional environment, it can be said that areal
variations of the lithology and paleontology of a strati-
graphic unit in a given time interval represent different
local depositional environments within a basin of sedimen-
tation. Lateral shifts in facies with time point to
corresponding changes in the depositional environments of
a given area.

It is, therefore, important to look for indicators
of the original environments and evaluate their temporal
and spatial distributions before depositional conditions

can be inferred for the Helderberg Group.

Location of Study Area

Outcrops of Lower Devonian rocks occur mainly in
the Ridge and Valley physiographic province between the
Blue Ridge Mountains and their continuations to the east
and the Allegheny Front on the west. Helderberg outcrops
are practically continuous from the Hudson River in New
York to the southwest corner of Virginia. The best expo-
sures are restricted to road cuts, railroad cuts, quarries,
and occasional stream beds.

This study is restricted to Helderberg outcrops of
parts of West Virginia and Virginia. 1In this area the
Helderberg Group displays several facies and a number of
available outcrops contain various portions of these
facies so their areal and temporal distributions can be
sStudied. The northern extent of the study is along a line

running from New Creek, Mineral County, West Virginia



through Romney, Hampshire County, West Virginia. The
southern-most Helderberg exposure investigated is in the
vicinity of Bluefield, Virginia. The distribution of
Helderberg rocks and outcrops which were studied are

shown in Figure 1.

General Stratigraphy

The Devonian System has been divided into the
Ulsterian, Erian, Senecan, Chautauquan and Bradfordian
Series by Cooper and others (1942). They further sub-
divided the Ulsterian Series into the Helderberg, Deer-
. park, and Onesquethaw Stages. The Helderberg Stage was
to include the Helderberg Group and its correlatives.

A generalized columnar section of the Devonian
System is presented in Figure 2 to show the relative
stratigraphic position of the Helderberg Group in West

Virginia and Virginia.



FIGURE 1

HELDERBERG OUTCROPS
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CHAPTER II

STRATIGRAPHY

This section of the report is primarily concerned
with evaluating previous stratigraphic studies of the
Helderberg units and re-evaluating the vertical and lateral
relationships of lithologic units of the Coeymans Lime-

stone and New Scotland Formation in the study area.

Previous Investigations

Many stratigraphic studies have been conducted on
Helderberg rocks since Conrad (1839) designated an inter-
val of rocks in New York as the Helderberg limestones and
sandstones. Today these presumably include the interval
from the base of the New Scotland Formation through the
Schoharie Grit and possibly the Onondaga Limestone (Berdan,
1964) .

Berdan (1967) has summarized the geological reason-
ing and conclusions of various stratigraphers concerning
the Helderberg Group and the position of the Silurian-
Devonian boundary in North America, from Conrad's work
through that of Rickard (1962). Figure 3 summarizes these

positions.
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Some of these investigations have been concerned
with redefining the Helderberg interval and determining
the age of the Helderberg formations. Clarke and Schuchert
(1899) subdivided the Helderbergian interval as designated
by Hall (1859) into the Coeymans Limestone, New Scotland
Formation, Becraft Limestone, and Kingstone Limestone
(Alsen and Port Ewen limestones of modern usage). Later,
Chadwick (1908) suggested the terms Kalkberg Limestone and
Port Jervis Limestone for beds between the Coeymans Lime-
stone and New Scotland Formation and above the Port Ewen
Limestone respectively. Some investigators (Hall, 1859
and Williams, 1900) have considered the Helderberg as
Silurian, others have considered the Helderberg as
Devonian (Clarke, 1889; Clarke and Schuchert, 1899; Weller,
1900 and 1903; Schuchert, 1900 and 1903; Ulrich, 1911;
Stose and Swartz, 1912; Schuchert and others, 1913;

Swartz, 1929 and 1939; Butts, 1940; Cooper and others,
1942; Woodward, 1943; Rickard, 1962; Bowen, 1967; Boucot
and Johnson, 1967).

Other stratigraphic studies have been concerned
primarily with recognizing lateral equivalents of the
Helderberg Group of New York in other regions, Schuchert
(1903) correlated an interval of rocks in Maryland and
West Virginia with New York Helderberg formations based
on stratigraphic position and similarity of faunal content.
Swartz (1929) correlated Helderberg outcrops throughout

Virginia and West Virginia and was able to demonstrate
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facies changes occurring within the Helderberg Group,
especially a sandstone facies in the southwestern outcrops.
Later Swartz (1939) correlated Helderberg outcrops through-
out Pennsylvania and was again able to show some facies
changes; for example, Stormville (Elbow Ridge) Sandstone-
Coeymans Limestone, Falliné Springs Sandstone-New Scot-
land Formation, Mandata Shale-New Scotland Formation, and
Licking Creek Linestone-Shriver Chert. Recently Epstein
and others (1967) have re-evaluated correlations of the
Helderberg Group from New York through New Jersey to
eastern Pennsylvania.

Prior to 1962 most investigators have considered
the Helderberg formations to represent time-stratigraphic
units (see Figure 4a). For example, Cooper and others
(1942) elevated the Helderberg Group to a stage rank
(Helderberg Stage) with the type section in the Helderberg
Mountains of New York. From detailed stratigraphic stu-
dies of Rondout Formation, Manlius Limestone, and Helder-
berg formation outcrops in New York, Rickard (1962) has
been able to show that these formations are rock-strati-
graphic units rather than time-stratigraphic units because
they transgress time lines and interfinger laterally with
one another (see Figure 4b).

Stratigraphy of the Helderberg Group
in Virginia and West Virginia

The following formations comprise the Helderberg

Group in the study area: (1) Keyser Limestone (at least
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the upper part, based on the results of a paleontological
investigation by Bowen, 1967); (2) Coeymans Limestone;

(3) New Scotland Formation--Healing Springs Sandstone; and
(4) Shriver Chert-Licking Creek Limestone (Port Ewen Chert
and Port Jervis Limestone as employed by the West Virginia
Geological Survey). However, this study is primarily con-
cerned with the Coeymans Limestone and the New Scotland

Formation.

Coeymans Limestone

Generally speaking, the Coeymans Limestone is a
massive, coarsely crystalline, crinoidal limestone charac-

terized by Gypidula coeymanensis. Schuchert (1903) corre-

lated the presently recognized Coeymans Limestone of Mary-
land with that of New York primarily on similarities of

lithology and the presence of G. coeymanensis.

Recently, Bowen (1967) presented some arguments
for changing the name of the Coeymans Limestone of Mary-
land and adjacent areas to New Creek Limestone. His reasons
for proposing a new formational name are (1) the unit can
not be traced entirely to the type area because of many
complex facies changes and unconformities, and (2) the
fossils must be re-examined because they have not been
studied in 50 years.

This investigator does not believe that a name
change is justifiable because the name, Coeymans Limestone,

is well established in the geological literature for a
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given formation in the central Appalachians as well as in
the vicinity of the type area.

In a vertical sequence the Coeymans stratigraphi-
cally overlies the Keyser Limestone. In most outcrops
studied the Keyser-Coeymans contact is lithologically dis-
tinct but in some outcrops (Trinity Road, Thrasher Springs
School, Bull Pasture Mountain, Gala, Island Ford, and Blue-
field sections) a gradational contact is present. In most
outcrops the Keyser beds adjacent to the contact are thin-
bedded, fine-grained, silty or dolomitic limestones.
Fragments of the underlying Keyser beds were observed in
the basal beds of the Coeymans Limestone at New Creek I
and New Creek II sections.

In outcrops north of Monterey, Virginia the Coey-
mans Limestone can be subdivided into three members: (1)
a lower limestone member which is a massive-bedded,
coarsely crystalline, crinoidal limestone containing

G. coeymanensis; (2) a middle limestone member which is

a thin-bedded, finely crystalline, crinoidal limestone

with chert nodules and lenses containing G. coeymanensis

in the basal beds only; and (3) an upper limestone member
which is a massive-bedded, coarsely crystalline, crinoidal

limestone containing G. coeymanensis.

Overall there is an increase in size of pelmatozoan
stem debris from north to south and from west to east. The
average diameter of the stems in the northwestern outcrops

is 1/4 inch; whereas, in the southeastern outcrops it is
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3/4 inch. Also, the average diameter of the stems is
larger in the lower limestone member than the upper member.
Poor to well developed cross-bedding occurs in the
lower ahd upper limestone members but it is better devel-
oped in the lower member. The cross-bedding is best
developed in accumulations of stem fragments where the
stems have a larger diameter. These accumulations of
stem fragments are lens shaped and are surrounded by finer
grained crystalline limestone. One lens of pelmatozoan
debris is generally situated adjacent to two other lenses
and above the finer grained crystalline limestone occupy-
ing the area between the lower lenses. The arrangement
of the lenses develops somewhat of a diagonal pattern to
the bedding (see Figure 5). The cross-bedding displays
two general trends, southeast and northwest. However,
there does not appear to be any preferred orientation of
the long axis of the pelmatozoan stems. Generally arti-

culated shells of G. coeymanensis are associated with the

crinoidal lenses and disarticulated shells of the species
occur in the interareas between lenses. The cross-bedding,
lens-shaped accumulations of pelmatozoan stems and distri-
bution of articulated and disarticulated shells of G.

coeymanensis are best developed in the Thrasher Spring

School section.
The middle limestone member is a thin-bedded, fine
grained limestone. Lenses of black chert parallel to the

bedding occur randomly throughout this unit. G. coeymanensis




Figure 5.--Arrangement of crinoidal lenses in Coeymans
Limestone. The thicker limestone symbol
represents the coarser pelmatozoan debris.
Scale: 1 inch represents 2 feet.

was observed only in the basal beds of the member. This
member shows a general thinning from north to south, even
though two adjacent outcrops might show local thickening
or thinning. The member is not present in the Island Ford
or Gala sections. It is not possible to determine if the

member is present in the faulted Millboro Springs section.

New Scotland Formation

Based on fossil content and stratigraphic position

Swartz (1929 and 1939), Butts (1940), and Woodward (1943)
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have suggested that four facies or members2 comprise the
New Scotland Formation in the study area. Regionally
there are four facies (1) crinoidal sandstone (Healing
Springs Sandstone) which occurs in the southern most out-
crops of the New Scotland interval in Virginia and West
Virginia, (2) crinoidal limestone which occurs between the
crinoidal Coeymans Limestone and Licking Creek Limestone
in the vicinity of Fordwick, Augusta County, Virginia,

(3) limestone and chert beds, and (4) calcareous shale
(Mandata Shale). The third and fourth facies occur in
the northern most outcrops of the study area with the
calcareous shale facies overlying the limestone and chert
facies.

In this study each of these lithologic units is
interpreted as a facies of the New Scotland Formation.
Three of the units may be demonstrated at the Millboro
Springs section. This section displays beds typical of
the crinoidal sandstone, crinoidal limestone, and lime-
stone and chert facies interbedded. The contact between
one lithologic type and another is gradational. Also,
crinoidal limestone beds interbedded with limestone and
chert beds at the Bull Pasture Mountain section possibly

indicate that the crinoidal limestone facies comprises

2Swartz considered each entity as a facies of the
New Scotland Formation; whereas, Woodward only recognized
the crinoidal limestone and sandstone beds as facies of
the New Scotland. Butts considered each entity as a
member.
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part of the New Scotland Formation. In the northermost
outcrops of the study area the limestone and chert beds
generally become more argillaceous toward the top of the
interval and then grade upward into a calcareous shale.
These observations suggest that the calcareous shale unit
is also a facies of the New Scotland Formation.

The limestone and chert facies, crinoidal lime-
stone facies, and crinoidal sandstone facies of the New
Scotland Formation in their respective locations are
stratigraphically above the Coeyman Limestone. The Coey-
mans-New Scotland contact is gradational and all outcrops
studied in this investigation.

The spiriferid brachiopod, Macropleura macropleura,

has been considered as the "index fossil" for the New
Scotland Formation. Schuchert (1903) correlated the
presently recognized New Scotland Formation of Maryland
with the type section of New York, primarily on strati-

graphic position and the presence of M. macropleura. M.

macropleura is fairly abundant in the limestone and chert

facies outcrops but is rare in outcrops of the crinoidal
limestone facies. During this study no occurrence of M.

macropleura was observed in any of the crinoidal sandstone

or calcareous shale facies outcrops in the study area.
Swartz (1929 and 1939) indicates that fragments of M.

macropleura occur in the crinoidal sandstone facies in

the vicinity of Healing Springs, Virginia and in the cal-

careous shale facies in central Pennsylvania.
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Crinoidal Sandstone Facies

The crinoidal sandstone facies of the New Scotland
Formation has been designated as the Healing Springs Sand-
stone by Swartz (1929) with the type section in the vici-
nity of Healing Springs, Virginia. The facies occurs in
the southern most outcrops (Bluefield, Gala, Island Ford,
Howards Creek, and Healing Springs sections) of the study
area.

This facies is predominantly a cross-bedded, cal-
careous sandstone. The sandstone beds in the lower portion
of the Healing Springs Sandstone (as displayed in the Gala
and Island Ford sections) are generally lens-shaped and
interbedded with thin beds of shale which are generally
thicker between lenses of sandstone. The sandstone beds
in the upper portion of the interval are also cross-bedded
but the bedding is massive and several conglomeratic beds
are present. With the exception of imprints of crinoid
stems on the bedding planes and an occasional calyx of

Edriocrinus pocilliformis, fossils are rare in the Healing

Springs Sandstone.

Crinoidal Limestone Facies

The crinoidal limestone facies of the New Scotland
Formation which occurs in the vicinity of Fordwick, Vir-
ginia is very difficult to distinguish from the underlying
Coeymans Limestone. The contact was arbitrarily placed at
the base of the crinoidal limestone bea containing the

lowest observed specimen of M. macropleura. With the
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exception of an abundance of pelmatozoan fragments, fossils
are rare in this interval. Though disarticulated ossicles
of pelmatozoan stems are scattered throughout the interval
the mass of the unit consists primarily of fine, sand-
sized prismatic crystals of calcite which probably are

disarticulated plates and ossicle prisms of pelmatozoans.

Limestone and Chert Facies

The limestone and chert facies is characteristic of
the northern-most outcrops of the study area. A vertical
sequence from bottom to top in any of the limestone and
chert facies outcrops is generally as follows: (1) coarse
to very fine-grained, fossiliferous limestone and chert

lenses without M. macropleura; (2) thick- to medium-bedded,

very fine-grained, fossiliferous limestone containing M.

macropleura and irregular-bottomed chert lenses; (3)

medium- to thin-bedded, very fine-grained, fossiliferous,

argillaceous limestone containing M. macropleura and irreg-

ular-bottomed chert lenses interbedded with thin shale
beds; (4) thin-bedded, fossiliferous, argillaceous lime-

stone containing M. macropleura and irregular-bottomed

chert lenses interbedded with thin shale beds; and (5) thin-
bedded, fossiliferous, argillaceous limestone with M.

macropleura restricted to the basal layers if present and

irregular-bottomed chert lenses interbedded with thin
shale beds.
The thickness of the limestone and chert facies

varies from 21.5 feet at the Thrasher Spring School section
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to 32.5 feet at Petersburg Gap section. The observed
thickness of the facies at Thrasher Spring School section
is somewhat low as surrounding outcrops display thicknesses
of 25 feet or greater for the interval in question. There
is no evidence of faulting in the facies at Thrasher Spring
School section to account for the thinning of the facies.

A gradational contact occurs in all limestone and &“"
chert facies outcrops in the study area between the facies

and the underlying Coeymans Limestone. The contact inter-

val shows a textural gradation from coarse grained lime-
stone beds at the bottom to very fine grained limestone
beds at the top. Lenses of white chert occur parallel to

the bedding. Neither G. coeymanensis nor M. macropleura

was observed in the gradational zone at any of the out-
crops studied.

Occasional lenses of crinoidal limestone showing
textural similarities with that of the underlying Coeymans
Limestone occur in the basal portions of the limestone
and chert facies. These are best developed in the Bull
Pasture Mountain section. In this section one crinoidal
limestone bed also occurs above the lowest limestone bed

containing M. macropleura.

Within the limestone and chert facies at Smoke
Hole Cavern section nineteen asymmetrical sedimentary cycles
are well developed and plainly visible in the exposed por-
tions of the section. Each cycle consists of the follow-

ing lithologic units from bottom to top: (1) very
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fine-grained argillaceous limestone with a low fossil
density; (3) very fine-grained cherty limestone with a
very low fossil density; and (4) irregular-bottomed white

chert lens or layer.

Calcareous Shale Facies
Swartz (1939) designated a unit of siliceous shale

beds occurring between the New Scotland Formation and the

Shriver Chert in the vicinity of Mandata, Northumberland
County, Pennsylvania as the Mandata Shale. He considered
the lower portion of the unit to be a facies of New Scot-

land age, based on the occurrence of M. macropleura, and

the upper portion to be post-Becraft in age. He was also
able to trace the Mandata Shale throughout most of the
Helderberg outcrops of Pennsylvania and into the vicinity
of Cumberland, Maryland.

Woodward (1943) recognized shaly beds lying between
the New Scotland limestone and chert beds and the Shriver
(Port Ewen) Chert but had reservations for applying the
term Mandata Shale to these beds. He considered the shaly
beds as an upper member of the New Scotland Formation.

In most outcrops of the study area a calcareous
shale unit occurs between the limestone and chert facies
of the New Scotland Formation and Shriver Chert (Port Ewen
Chert). This shale unit is considered as a facies of the
New Scotland Formation and probably correlates with the
Mandata Shale which occupies the same stratigraphic posi-

tion in central Pennsylvania.
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The shale is thickest in the northern outcrops
(18 and 33 feet thick at New Creek I and Rocks sections
respectively) of the study area and thins southward (1.5
feet at Monterey). The contacts between the shale and
the underlying limestone and chert beds of the New Scot-
land Formation and the overlying beds of the Shriver Chert
are generally gradational. The lower and upper contacts
of the shale unit were arbitrarily placed at the uppermost
white chert horizon and the lowermost black chert horizon
respectively.

Throughout the study area the shale is olive green
on fresh surface. Also, the shale is calcareous and breaks
with a fissile to hackly parting. In some of the northern
outcrops phosphatic nodules occur one to two feet above
the base of the shale but in southern outcrops lenses of
cogquinal limestone consisting primarily of fragments of

Anoplotheca concava occur in the shale unit.

Construction of Stratigraphic Cross-Sections

The stratigraphic horizon which appears to repre-
sent the most plausible time plane for this study occurs
at the midinterval of the middle limestone member of the
Coeymans Limestone. Five stratigraphic cross-sections
were drawn using this stratigraphic horizon as the datum
Plane so vertical and lateral relationships of Coeymans
and New Scotland lithologic units can be evaluated (see
Figures 6, 7, 8, 9, and 10). Three cross-sections were

drawn essentially parallel to the trend of the depositional
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FIGURE 7
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FIGURE 8
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FIGURE ¢
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FIGURE 10
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basin as recognized by Woodward (1943) and the others were
drawn more or less perpendicular to the trend of the basin.

(See Figure 1 for the location of the five cross sections).

Interpretation of Stratigraphic Cross-Sections

The validity of any conclusions regarding the
vertical and lateral relationships of Coeymans and New
Scotland lithologic units recognized in the study area is
dependent upon two assumptions. The first one is that the
datum plane used in the construction of the stratigraphic
cross-sections actually represent a time plane. Secondly,
we assume that any changes in the geometry of the basin
floor were not tectonically controlled during deposition
of sediments overlying that time plane.

The choice of a datum plane within the middle
limestone member of the Coeymans Limestone is based on
(1) the repetition of coarsely crystalline, cross-bedded,
crinoidal limestone beds in the Coeymans interval; (2)
the regional variation of thickness of the middle member;

and (3) the vertical distribution of G. coeymanensis

within the Coeymans Limestone.

The repetition of the coarsely crystalline, cross-
bedded, crinoidal limestone beds of the Coeymans could
have resulted from a minor regressive phase of deposition
superimposed on the overall transgressive conditions of
deposition. Then the finer grained, thin-bedded limestone

beds of the middle member would represent a deeper water
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facies of the transgressive and regressive phases of
deposition.

The general thinning of the middle limestone member
from north to south could have resulted from erosion or
nondeposition in the southeastern portion of the study
area, or from transgressive and regressive phases of
deposition of Coeymans sediments superimposed on an over-
all transgressive mode of deposition of Helderberg sedi-
ments. If the thinning resulted from erosion or nondeposi-
tion one would expect to find some evidence of this, such
as fragments of the underlying beds encased in the over-
lying beds or discordant relationships of the beds. How-
ever, no evidence to support this hypothesis appears in
any of the outcrops where the three members occur. The
contacts between the middle limestone member and the lower
or upper limestone members are gradational and lack frag-
ments of the underlying beds. Also, the beds within the
middle limestone member are essentially parallel.

Previous investigators (Swartz, 1929; Butts, 1940;

and Woodward, 1943) have considered G. coeymanensis as an

"index fossil" of the Coeymans Limestone. As mentioned

previously, G. coeymanensis is more or less restricted to

the coarsely crystalline, crinoidal lower and upper lime-
stone members of the for