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CHAPTER I

INTRODUCTION

The Helderberg Plateau is located in east-central New York State; it exists
primarily in Schoharie and Albany counties (Figure 1.1). As glaciers advanced and
retreated during the Pleistocene, sediment was stripped from the Helderberg Plateau and
replaced by glacially transported sediment. The sediment was deposited in two places:
a.) on the surface of the plateau, b.) in the caves that exist within the plateau. Sediment
deposited within the caves is well preserved because it is protected from surficial
weathering and erosion. Specific horizons of sediment found within the caves are
thought to be associated with a glacial lake believed to have existed during the Late
Wisconsinan glacial period approximately 23,000-12,000 years-before-present (ybp) in

the Schoharie Valley (e.g. Dineen, 1986).
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Figure 1.1 ~ Map of the study area located in Helderberg Plateau of east-central New
York State, primarily within the counties of Schoharie and Albany

(modified from Dineen, 1986).

In July of 2012, multiple research trips were taken to selected caves located in the
Helderberg Plateau. From west to east the caves in this study include: Barrack Zourie
Cave, McFail’s Cave, Howe Caverns, Secret-Benson Cave system, Gage Cavern,
Westfall Spring Cave, Schoharie Caverns, Caboose Cave, and the control for the study,
Knox Cave (Figure 1.2). The caves located in the plateau (with the exception of Westfall
Spring Cave) predate the most recent glaciation, which took place during the Late
Pleistocene. Caves in the Schoharie Valley Region of New York are known to predate

the Wisconsinan glaciation. Age dating U/Th documented by Lauritzen and Mylroie,
2



(2000) show the age of speleothems in the caves exceed the onset of the most recent
glaciation with the exception of Westfall Spring Cave, which was treated as an additional

control for the study because of the cave’s unique post-glacial geomorphological nature.

o n:s;' wFl"c rF

Figure 1.2 Locations of the caves included in this study.

1 = Barrack Zourie Cave, 2 = McFail’s Cave, 3 = Howe Caverns, 4 = Secret Caverns, 5 =
Benson’s Cave,6 = Gage Caverns, 7 = Westfall Spring Cave, 8 = Schoharie Caverns, 9 =
Caboose Cave, 10 = Knox Cave (background from USGS Digital Raster Graphic
Binghamton Quadrangle (1:250,000 scale)).

Statement of Purpose

The purpose of this study is to reconstruct the paleoenvironment of a proglacial
lake, Glacial Lake Schoharie, located within multiple counties of east-central, New York
State. The glacial lake endured at least four readvances of the Mohawk and Hudson
glacial lobes during Late Woodfordian time of the Late Wisconsinan glaciation; see
Dineen (1986) for more detail on the nature of the readvances. The multiple readvances
caused the shoreline of the lake to be modified multiple times throughout its existence.

The caves selected to be investigated by this study were chosen because of the known or
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suspected existence of what has been presumed to be glacially deposited clastic white
clay (e.g. Mylroie, 1984; Dumont, 1995) (Figure 1.3 and Figure 1.4). It is also the
purpose of this study to identify the composition of the white clay horizon. The clay is
suspected to be associated with the existence of Glacial Lake Schoharie and/or be
limestone rock flour scoured during the most recent glaciation from the limestone
bedrock of the surrounding region. If the clay is found to contain organic material, this
would help in determining the depositional environment of the white clay.

Barrack Caboose Cave

fourie Cave

; i Schoharie
McFail's Cave Gage Caverns. f " “Caverns

Figure 1.3 The presence of the ‘white’ clay recorded in various caves selected for this
study.

Outcrop of ‘white’ clay found in Barrack Zourie Cave. The carabineer for scale is
approximately 10 cm (Dumont, 1995); Outcrop found in Caboose Cave. Rock hammer
for scale; Outcrop found in Howe Caverns. Rock hammer for scale; Outcrop found in
McFail’s Cave. Rock hammer for scale; Outcrop found in Gage Caverns. Rock hammer
for scale; Outcrop found in Schoharie Caverns, note scale.



Figure 1.4  Image showing the distinct rhythmic pattern of an in-situ sediment outcrop
found within Howe Caverns.

Swiss Army knife, 10 cm long, for scale



CHAPTER II

LITERATURE REVIEW

Geographic Location

The study area is located in northeastern Schoharie County and western Albany
County, east-central New York State (Figure 2.1). Of the ten caves in this study, five are
located in the Cobleskill Plateau, four are located within Barton Hill and one, Knox Cave,
is located farther east in Albany County. The study area is located approximately 55 km
(34 miles) west of the city of Albany, New York State. The western-most cave in the
study is Barrack Zourie Cave located 5.6 km (3.5 miles) northwest of the town of
Cobleskill, New York. Moving east, McFail’s Cave is adjacent to Barrack Zourie Cave
on the plateau. McFail’s drainage basin is separated from Barrack Zourie’s by a buried
pre-glacial valley (Palmer et al., 2003) (Figure 2.2). In relation to the entrances of
Barrack Zourie Cave, the ‘old’ main entrance to McFail’s Cave, Ack’s Shack, is 3 km
(1.8 miles) to the immediate east of Barrack Zourie Cave and is 7.5 km (4.6 miles) north
of the town of Cobleskill. Continuing east along the Cobleskill Plateau the next cave
encountered is Howe Caverns which is 2.5 km (1.6 miles) northeast of the town
Barnerville, and is 4.7 km (2.9 miles) southeast of the entrance to McFail’s Cave. Secret-
Benson Cave is located 1.5 km (1 mile) north of the entrance to Howe Caverns. The
caves mentioned above are all located within what is referred to as the Cobleskill Plateau

which is a specific region of the greater Helderberg Plateau. The Cobleskill Plateau is an
6



approximate area of 10 km (6 miles) E-W and 5 km (3 miles) N-S (Dumont, 1995). The
plateau is bounded by the Cobleskill Creek to the south, the Helderberg escarpment to the
north, the Schoharie Creek to the east and a gradational boundary to the west with clastic
rocks. The elevation of the Cobleskill Plateau is between 300 m (1000 feet) and 600 m

(2000 feet) above sea level.
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Figure 2.1  The location of the study area primarily exists in Schoharie and Albany
County.

The location of a single stage of Glacial Lake Schoharie is shown above.
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Figure 2.2 Map of the karst systems and flow routes of the Cobleskill Plateau.

The buried valley is located between Barrack Zourie Cave and McFail’s Cave (re-drawn
from Dumont, 1995).

Gage Cavern, Schoharie Caverns, Westfall Spring Cave, and Caboose Cave are
located east of the Cobleskill Plateau, across the Schoharie Valley, in what is known as
Barton Hill. Gage Cavern is located 6.4 km (4 miles) northeast of the town of Schoharie
(Figure 2.3). Westfall Spring Cave is about 0.6 km (0.4 miles) west of Schoharie
Caverns. The entrance to Schoharie Caverns is found 1.6 km (1 mile) northwest from the
town of Gallupville, and 5.6 km (3.5 miles) northeast from the town of Schoharie.
Caboose Cave is located 1.2 km (0.76 miles) east of the entrance to Schoharie Caverns
and approximately 1.6 km (1 mile) north of Gallupville. The elevation of Barton Hill is

between 275 m (900 feet) and 400 m (1300 feet) above sea level.
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Knox Cave is the control for the study, as it is outside the boundaries of Glacial
Lake Schoharie. The plateau in which Knox Cave is found is considered part of the
greater Helderberg Plateau, located immediately to the east in Albany County; therefore
it exists within the same geologic units as the other caves in this study found in Schoharie
County but its cave stream is fed by an entirely different drainage basin.

The boundary of Glacial Lake Schoharie was determined through the
interpretation of the topography and morphology of the landscape (Figure 2.1). LaFleur
(1965, 1969, 1976) and Dineen (1986) provide interpretations that suggest where the
fluctuating shoreline of the glacial lake basin existed throughout the Late Wisconsian
glaciation. LaFleur (1969) suggested that the size of the lake varied greatly throughout
the waning years of the Late Wisconsian glaciation and this interpretation was confirmed

by Dineen (1986).

Geologic Setting

The caves located in the Helderberg Plateau formed in the Upper Silurian and
Lower Devonian limestones of the Helderberg Group. The major caves within the plateau
primarily formed within the thick-bedded Coeymans Limestone and the thinly-bedded
Manlius Limestone. It is important to note there has been some dissolution development
that has occurred within the Becraft and Kalkberg Limestones. There has also been some
cavern development within the Rondout Dolomite (e.g. Knox Cave and Barytes Cave
(Mylroie, 1977; Palmer, 2009)); cavern development within this unit is normally limited

to conduits with small cross-sectional areas.
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Stratigraphy

Figure 2.4 shows the stratigraphy of the study area compiled from the work of
Rickard (1962), Kastning (1975), Mylroie (1977), Palmer et al. (2003), Ebert et al. (2001,
2010), and Ver Straeten (2008, 2009). The Upper Ordovician Schenectady Formation is
approximately 550-610 m (1800-2000 feet) thick and is the base unit outcropping in the
Helderberg Plateau. The unit consists of alternating sandstones interbedded with black
and grey shale (Mylroie, 1977).

Overlying the Schenectady Formation is the Upper Silurian Brayman Dolomite,
also referred to as the Brayman Shale because of its extensive shale content within the
dolomite. The unit is approximately 12 m (39 feet) thick and is an olive-green
argillaceous dolostone containing pyrite nodules. The Brayman Dolomite is
unconformably overlain by the Upper Silurian Cobleskill Limestone (Mylroie, 1977)
(Figure 2.4).

The Cobleskill Limestone is about 3 m (10 feet) thick and is a very resistant unit
that consists of two massive beds overlain by a thin-bedded section in the Cobleskill
Plateau. Conduits are known to exist within the Cobleskill Limestone but no major cave
systems have been found to exist within this unit. The Cobleskill Limestone thins to the
east, pinching out just east of Knox Cave in Albany County (Figure 2.4).

The Upper Silurian Rondout Formation (Chrysler Dolomite Member) is roughly
11 m (36 feet) thick, argillaceous, shaly, limy, dolostone with high clay mineral content.
As mentioned earlier, the Rondout is not usually a major cave passage forming unit. The

unit is typically the floor of most major passages because of its relative resistance to
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dissolution. The Rondout grades upward to the east, eventually into the overlying
Manlius Formation (Dumont, 1995) (Figure 2.4).

The Silurian/Devonian boundary was not well defined within the units of the
Helderberg Plateau prior to 2001. Many geologists previously believed the boundary
existed within the Rondout Dolomite (e.g. Rickard 1962); the boundary was re-defined
by Ebert et al. (2001) to exist unconformably between the Manlius and Coeymans
Limestone and the actual boundary crosses both lithostratographic units (Figure 2.4).

The Upper Silurian Manlius Formation (Thatcher Limestone Member) is
approximately 15 m (49 feet) thick in the study area and is a thin-bedded bluish-grey
limestone with some dolostone beds and shaly interbeds. It is one of the two major cave
forming units in the area. The unit’s thin-bedded nature leads to a dense joint spacing,
providing numerous potential flow paths to initiate speleogenesis (Figure 2.4).

The Lower Devonian Coeymans Formation is divided into two units the Dayville
Member and the Ravena Limestone Member. (Please note that while the Dayville
Member is officially a member of the Coeymans Formation Ebert et al., (2010)
demonstrated that the member should be re-assigned to the Manlius Formation.) The
Dayville Member has been correlated as far east as Thatcher Park (Ebert et al., 2010).
The formation is about 18 m (59 feet) thick and is a relatively pure, massively bedded,
cliff forming limestone. The unit acts as a protective cap rock for the underlying units.
The Coeymans Limestone is the other major cave forming unit in the area (Figure 2.4).

The Lower Devonian Kalkberg Limestone is approximately 20 to 32 m (66 to 105
feet) thick, poorly soluble, cherty, fossiliferous limestone. The unit is not a major cave

forming unit but is known to contain some sink holes and vertical shafts. The upper
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contact is with the Becraft Limestone and it is conformable and gradational. The
Kalkberg intertongues eastward with the New Scotland Limestone, eventually being
replaced by the Devonian New Scotland Limestone, to the east of the Cobleskill Plateau.
The New Scotland is an impure limestone that acts as an aquitard. Figure 2.3b shows the
location of the caves in regards to one another as well as showing the units in which the
caves formed in (Figure 2.4).

The Lower Devonian Becraft Limestone is approximately 2.5 to 6 m (8 to 20 feet)
in the western extent of the study area but eventually grades to between 0.5 to 4 m (2 to
13 feet) thick in the eastern part of the study area, course-grained, massive, fossiliferous
limestone, similar to the character of the Coeymans Limestone. Southeast of the study
area the average thickness of the Becraft is significantly greater according to Ver Straeten
(2009). The Becraft Limestone is overlain by the Alsen Limestone (Figure 2.4).

The Lower Devonian Alsen Limestone is approximately 1 m (3 feet) thick. The
unit was first recognized by Grabau (1919), who noted that the unit contained modified
Becraft fauna and is stratigraphically continuous with the Becraft Limestone. Ver
Straeten (2009) agreed with Grabau (1919) by showing the unit is overlain by the Port
Ewen and underlain by the Becraft in eastern New York. Ver Straeten (2009) further
described the unit as being a limestone with minor clastic shale interbedded (Figure 2.4).

The Lower Devonian Port Ewen Limestone is approximately 1 m (3 feet) thick in
the study area. Ver Staeten (2009) described the Port Ewan as being a limestone which
contains some clastic shale interbedded and represents part of a carbonate shelf (Figure

2.4).
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The Port Ewen Limestone is overlain by Wallbridge Unconformity which
separates the Oriskany Formation from the Port Ewen. The Lower Devonian Oriskany
Formation is 2 m (7 feet) thick and is a sandstone bed composed of pure white quartz
sand cemented by calcium carbonate (Figure 2.4).

Overlying the Port Ewen and the Oriskany is the Lower Devonian Esopus Shale
being approximately 15 m (49 feet) thick and the basal unit of the Tristates Group. The
unit consists of mainly fine-grained, dark gray arenaceous shale (Mylroie, 1977) with
well-developed slaty cleavage. In Schoharie County, the Alsen and Port Ewen limestones
are missing, and the Oriskany Sandstone lies directly on the Becraft Limestone (Figure
2.4).

The Lower Devonian Carlisle Center Formation overlies the Esopus Shale and is
approximately 12 m (40 feet) thick. The unit is composed of sandy shale commonly
capped by greenish, glauconitic, argillaceous sandstone (Mylroie, 1977) (Figure 2.4).

The Lower Devonian Schoharie Limestone (Grit) is approximately 3 m (10 feet)
thick and is the uppermost unit in the Tristates Group in the study area. The unit is an
impure, siliceous, dark bluish-grey limestone which is argillaceous in parts (Mylroie,
1977) (Figure 2.4).

Above the Tristates Group is the Middle Devonian Onondaga Limestone,
approximately 30 m (98 feet) thick, which is a major cave forming unit, especially to the

east in Albany County (Figure 2.4).
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Figure 2.4  Stratigraphy of the Helderberg Plateau

(based on data from Rickard, 1962; Kastning, 1975; Mylroie, 1977; Palmer et al., 2003;
Ebert et al., 2001, 2010; and Ver Straeten, 2008, 2009).

Structure

The geologic structure of the study area is on the whole, very simple and uniform.
The bedrock of the area has only been subject to minor structural stresses caused by the
Acadian orogenic event (~420 to 350 million ybp). The regional dip of the bedrock in
this region varies slightly between approximately 1° and 2° to the south-southwest, with

the strike of the bedrock varying from N70W and N8OW. Minor thrust faults have been
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observed both on the surface and within the subsurface of the study area. Table 2.1 lists

the significant faults of the Cobleskill Plateau and Barton Hill.

Table 2.1  List of the significant faults of the Cobleskill Plateau and Barton Hill.

SPELEOLOGICAL
LOCATION DESCRIPTION SIGNIFICANCE
Low angle (0 to 30 degrees) dipping NE, striking NW; Major
McEail's Cave Some features dip SW and strike NW.
One vertical normal fault displaced 5 cm, striking NE. None

Low angle reverse fault dipping 14 degreed S, striking
N75W

Vertical normal faults striking N18W with 2.5 cm Minor
displacement.

Howe Caverns Locally Major

Secret-Benson's

Cave System Bedding plane fault striking NW with calcite and Undetermined

some barite and strontianite.

Low angle reverse fault dipping 13 degreed WSW,

o Locally Major
striking NW.

Gage Caverns

(modified from Mylroie, 1977)

The most notable structural feature in the area of study is the jointing of the
bedrock. The jointing predominantly occurs within the Helderberg limestone units which
cause preferential formation of passages along both strike and dip oriented joints. The
joints of the region typically fall into two distinct orientations of N20E and N85W
(Figure 2.5). The joints with the ‘general’ N20E orientation is the dominant joint set
which is found to vary from N2E and N30E (Kastning, 1975). The second joint set at
N85W is near-orthogonal to the first joint set and is less variable in its orientation;

moreover it is less distinctly expressed in the bedrock (Mylroie, 1977).
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SCHOHARIE BERNE

Figure 2.5  Major joint sets observed in the Schoharie and Berne areas

(modified from Kastning, 1975). North is to the top of the diagram.

“Folding and folds are almost absent from the study area” (Mylroie, 1977, p. 23).
For more detail on the minor folds and folding that exists in the region see Kastning

(1975) and Mylroie (1977).

Climate

Based on the Koppen-Geiger climate classification (Kottek et al., 2006) the
Helderberg Plateau region of Schoharie and Albany County, New York belongs to the
classification Dfb, which is an abbreviation for Main climate: snow, Precipitation: fully
humid, Temperature: warm summer. According to the National Oceanic and Atmospheric
Administration, the mean annual temperature is 9.1 °C (48.3 °F), with freezing conditions

lasting from late November/Early December through mid-March. The frost zone in the
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region normally exists from late December/Early January through Early/mid-March. The
average depth of penetration of the frost zone is between 1.2 to 1.8 m (four to six feet).
The average annual rainfall is 99.85 cm (39.31 inches), and is relatively evenly
distributed throughout the entirety of a year. Precipitation occurring in the winter months
is typically delivered as snowfall and can accumulate on average 156.7 cm (61.7 inches)
per year. The water stored in snowfall during the winter is typically released as seasonal
flood events known as the spring or winter thaws. Summer thunderstorms, occasional
hurricanes, tropical storms, and tropical depressions have been known to cause
catastrophic flooding, both surface and subsurface in the Helderberg Plateau and Catskill

Mountains region.

The Wisconsinan Glaciation in the Helderberg Plateau

The glacial history of the Helderberg Plateau has been described in great detail by
many workers (e.g., LaFleur, 1969; Dineen and Hanson, 1985; Dineen, 1986; Muller and
Calkin, 1993). The last major glaciation of the Pleistocene that occurred in New York

State was the Late Wisconsinan glaciation (Figure 2.6 and Table 2.2).
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Figure 2.6  The chronology of the late Wisconsinan deglaciation of the northeastern
United States in calibrated (U-Th) ka BP.

The arrows indicate ice front positions that are the limits of glacial readvances. The Late
Wisconsinan maximum is marked TM which is the Late Wisconsinan Terminal Moraine.
Abbreviations of end moraines, ice margins, and glacial readvances are given on Table
2.2 (from Ridge, 2004).
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Table 2.2 Abbreviations of moraines, ice margins, and glacial readvances in Figure
2.6.

BB Buzzards Bay Moraine MB Middleburg Readvance

BF Bloomfield ice margin MS Middlesex Readvance

BL Barneveld-Little Falls Readvance ocC Ogdensburg-Culvers Gap Moraines

BP Bridport Readvance Qs QOld Saybrook Moraine

CA Carthage-Harrisonville ice margin PI Pellets Island Moraine

CC Cassville-Cooperstown Moraine PR Pineo Ridge Moraine

CH Chicopee Readvance QN Quinnipiacice margin

CL Claremont moraines RH Red Hook Moraine

CM Charlestown Moraine RK Ronkonkama Moraine

Cco Covey Hill ice margin RM Rome Readvance

CP Camp Meeting Cutting ice margin RO Rosendale Readvance

DM Delmar Readvance SA Salisbury Readvance

EF Enosburg Falls ice margin SH Shenandoah Moraine

Fl Fishers Island Moraine SL Star lake Moraine

FP Fresh Pond Moraine SM Sandwich Moraine

HA Lake Hackensack ice margin SP Sand Point Moraine

HH Harbor Hill Moraine SS Sussex Moraine

HS Hinckley-St. Johnsville Readvance TCC |L.Taunton-Cape Cod ice margin

HV Haverstraw ice margin ™ Late Wisconsinan Terminal Moraine

LB Littleton-Bethlehem Readvance VH Valley Heads Moraines

LC Lake Charles ice margin WC West Canada Readvance

LH Lake Hitchcock dam ice margin WR Wolf Rock Morzaine

Lz Luzerne Readvance

(modified from Ridge, 2004)

Woodworth (1905) was the first to postulate that active glacial retreat in the Mid-

Hudson Valley was segmented by periodic glacial advances. Following Woodworth’s

(1905) publication, workers on the subject became divided amongst two factions with

opposing models for explaining the origin of glacial deposits (Dineen, 1986). One group

believed that stagnate ice contributed to glacial deposits while the opposing group

believed that active glacial retreat is what created glacial deposits (Dineen, 1986). This

argument persisted in the literature from approximately 1910 until the 1960s when

LaFleur (1961, 1965) found deposits left behind by both active and stagnant glacial




retreat and was later supported by Connally and Sirkin (1970). The Helderberg Plateau
was covered by three lobes of glacial ice during the onset of the Late Wisconsinan
glaciation (Dineen, 1986). The three lobes were known as the Mohawk Lobe, Hudson
Lobe, and the Schoharie sub-lobe (Dineen, 1986). The lobes which covered the plateau
originally entered the region from the northeast. This is shown by drumlin orientations in
the study area which indicate a clear NE-SW trend (Mylroie and Mylroie, 2004) (Figure

2.7).
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Figure 2.7  Map showing drumlin and striae orientations in addition to the location and
names of particular lobes of the glacier

(from Dineen, 1986).
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The glacial lobes deranged the landscape and altered it greatly to now be covered
by drumlins, kames, glaciokarst, and glacial drainage basins as well as other paleoglacial
landforms. Dineen and Hanson (1985) proposed the Late Wisconsinan glaciation ended
in the region approximately 12,300 years ago. The exact end date of the Late
Wisconsinan glaciation in the study area is still a highly debated topic to which there has
been no exact answer. According to data compiled by Muller and Calkin (1993), the
Wisconsinan is broken up into Early (~117,000-64,000 ybp), Middle (~64,000-23,000

ybp), and Late (~23,000-11,900 ybp) (Table 2.3).
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Figure C.2 A box plot diagram comparing the amount of water as a weight percent lost
by samples, containing the allogenic glacial outwash unit, resulting from
being heated to 105 °C.

Figure C.3 A box plot diagram comparing the amount of water as a weight percent lost
by samples, containing the tan ‘white’ clay unit, resulting from being
heated to 105 °C.
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Figure C.4  Appendix 3.2a A box plot diagram comparing the amount of weight lost
by samples, containing the dark grey/dark brown clay unit, by ignition at
550 °C.
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Figure C.5 A box plot diagram comparing the amount of weight lost by samples,
containing the light grey clay unit, by ignition at 550 °C.

Note the light grey clay unit was only observed and collected in Howe Caverns and
Schoharie Caverns.
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Figure C.6 A box plot diagram comparing the amount of weight lost by samples,
containing the allogenic glacial outwash unit, by ignition at 550 °C.
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Figure C.7 A box plot diagram comparing the amount of weight lost by samples,
containing the tan ‘white’ clay unit, by ignition at 550 °C.
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Figure C.8 A box plot diagram comparing the amount of weight lost by samples,

containing the dark grey/dark brown clay unit, by ignition at 950 °C.
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Figure C.9 A box plot diagram comparing the amount of weight lost by samples,
containing the light grey clay unit, by ignition at 950 °C.

Note the light grey clay unit was only observed and collected in Howe Caverns and
Schoharie Caverns.
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Figure C.15 A box plot diagram comparing the amount of weight lost by samples,
containing the tan *white’ clay unit, by dissolution of carbonates present.
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