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Deep Gorge of the Genesee below the Middle Falls at Portage.
[From Hall, 1843, Geology of the Fourth District, Plate XIX]
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Ordovician-Silurian stratigraphic section at Lower Falls, Rochester, New York.
Upper Ordovician Queenston Shale at base (contact above white reflectors),
overlain by red Medina Sandstone; Kodak Sandstone (prominent white
band) is overlain by greenish-grey Maplewood Shale.



Lower falls of Genesee River at Letchworth State Park.
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PREFACE

The Genesee Valley is a classic region for the study of sedimentary geology. The
Genesee gorges at Rochester and Letchworth were explored geologically by many of the
great early American geologists, particularly James Hall. Herman Ler oy Fairchild, an
early professor of Geology at the University of Rochester, and a founder of the Geological
Society of America, made a career of studying the Genesee Valley glacial history.

The Genesee Valley area features an excellent cross-section of mid Paleozoic
sedimentary rocks, ranging in age from the Late Ordovician to the Late Devonian. Upper
Ordovician Queenston redbeds and overlying Lower to Middle Silurian mixed carbonates,
shales, and sandstones, including the well known Clinton hematite, are exposed in the
heart of Rochester itself. To the south are exposures of Late Silurian evaporites, shales and
eurypterid-bearing dolostones, succeeded by fossiliferous beds of the Middle Devonian
Onondaga Limestone. Still younger black and dark gray, exceptionally fossiliferous
shales of the Middle Devonian Hamilton Group are exposed in tributaries of the Genesee
River south of the Thruway. Outstanding exposures of Upper Devonian shales and
siltstones of the "Portage” facies crop out in the spectacular cliffs of the Genesee River
gorge at Letchworth Park, "the Grand Canyon of the East". Many of the outcrops in the
Genesee area and the immediate vicinity are extraordinarily fossiliferous, and the strata
themselves have been subject to substantial reinterpretation in the light of event and
sequence stratigraphy, taphofacies, and models of foreland basin dynamics.

The Genesee region is an outstanding area for the study of surficial and glacial
geology. The Genesee Valley was occupied by an extraordinary sequence of proglacial and
moraine dammed lakes. Classic examples of eskers, kames; kettles and drumlins can be
viewed in areas such as Mendon Ponds Park and also in the Pinnacle Hills moraine within
the city of Rochester itself. Within the past decade, Pleistocene sand and marl deposits in
the Genesee Valley region have yielded two exquisite mastodon skeletons, as well as other
vertebrate and invertebrate fossils. The basic outlines of the complex Pleistocene geologic
history of the Genesee Valley were established by Fairchild. However, renewed interest
in surficial deposits, together with radiocarbon dating, has yielded a modified picture in the
past several decades.

The Rochester area is also an ideal region for the study of urban geology and
environmental hazards and problems. These include the highly publicized problem of roof
collapse of the Akzo salt mine, landslides and slumps within Pleistocene sediments around
the Irondequoit Bay region, problems of river erosion and flood control, including
spectacular examples of migrating meander loops in the modern Genesee River, and the
development of hazardous waste dumps in several places in the region.

This guidebook provides updated synthesis of several of these aspects of regional
geology in the Genesee area. Bedrock geology of the Upper Ordovician to Upper
Devonian is covered in a series of papers. Three other articles provide new syntheses and
insights into aspects of surficial geology and environmental geology. Inevitably, there are
gaps. There is no paper on the Salina Group, for example, which is unfortunate given
recent interest in salt mining! Also, no tectonic or petrologic studies are included.
However, on the whole, I believe that the guidebook presents a reasonable cross-section of
Genesee Valley geology.

On a personal note, I cannot help but reflect that the first New York State
Geological Association meeting that I attended as a student was held over twenty years ago



in 1973, the last time NYSGA met in the Rochester area. (In fact, it was actually hosted by
SUNY at Brockport.) It was on that occasion, while I was camped at Hamlin Beach State
Park with some other students, that my friend, Gerry Kloc, came running back from the
Saturday evening banquet full of excitement about a unique individual, named Gordon
Baird, who knew about the geology of Erie County and other parts of New York State. I
said "No way; nobody else really works on this stuff!" Nonetheless, the next day,
accompanied by my fiancée (now wife), Betty Lou Hilton, I went to Old Dewey Hall at the
University of Rochester to meet with this "Wunderkind". Sure enough, Gordon did know
about Penn Dixie quarry, the North Evans conodont bed, and a great deal more that I
thought that I had discovered. We had been working on the same stratigraphic sections for
over five years without crossing paths. I was, of course, greatly impressed by Gordon's
extensive collections of weird and wonderful geological specimens. More than that, I was
struck by his incredible store of knowledge, wit and enthusiasm. Here, was a kindred
spirit. Under other circumstances, Gordon and I could have become bitter rivals, like Cope
and Marsh. That was not to be, however, for we both preferred cooperation to
competition. From that September day onward, we became coconspirators in the
"plundering of northeastern geology". By the time of the 46th Annual NYSGA, we had
worked together enough to collaborate for the very first time in leading a field trip.
Ironically, the trip dealt with the Windom Shale, a topic we again address in this
guidebook, with considerable updating, some 20 years later. In the meantime, we have
jointly studied over 1,000 streams and other outcrops in New York, have made many
exciting discoveries, and have had countless conversations on the geology of the northeast
during thousands of miles of travel on New York's Thruway and back roads. It has been
an exciting ride, and a considerable part of it is logged in NYSGA guides.

I also note that the last time NYSGA officially met at the University of Rochester,
in 1956, the guidebook, a thoroughly valuable contribution that was copied numerous
times, was in more or less the form of handouts for student geological field trips. Since
then, and even since 1974, the guidebooks have grown larger (yes, we have contributed to
that), and of increasing quality. The NYSGA Guidebooks over the years, have become an
invaluable trove of explicit information about New York's geology, coupled with road
logs that enable students and professionals to assess for themselves the ideas presented in
articles. These guidebooks present a great deal of information that is unavailable in any
other source. I personally feel that the guidebooks have several very significant roles. The
first, clearly, is that they are a vehicle for dissemination of often new, sometimes
preliminary information. Certainly they continue to have a very critical teaching function.
How many of us have at one time or another copied the road logs, figures or texts of
NYSGA articles to supplement our class field trips? The articles in a guidebook, such as
this one, present information, and more importantly, ideas, about geology, some correct,
some perhaps incomplete or incorrect, but available for students in all categories of New
York geology. In my view, the articles should present material in a variety of ways.
Certain articles are geared for the more general audience, others are available for advanced
students and for professionals specializing in particular areas. Another function which has
not always been emphasized, but one which we have taken liberal advantage of, is that the
guidebooks provide a vehicle for publication of fairly detailed information about regional
geology. Where else can such information be published or found by the student interested
in local details? Certainly, most of the professional journals, such as Geological Society of
America, Journal of Sedimentary Research and others tend to publish articles that are
broad, and of general interest, but typically, through editorial dictate, are "cleansed" of
detailed outcrop-based information. In that regard, I feel that the NYSGA Guidebooks
have a very important role to play as archives for such information.

I would like to express my sincere appreciation to numerous individuals who
helped in the organization of this meeting and in the writing, editing and compiling of the



present guidebook. First of all, I owe a debt of gratitude to the authors of the several
articles and leaders of the trips. They all came through and worked diligently to produce
meaningful and interesting articles. Final preparation of manuscripts and compilation of the
guidebook were aided greatly by the secretarial expertise of Susan Todd and Heidi Kimble
of the University of Rochester. Mary Nardi, David Lehmann and James Scatterday helped
greatly in the editorial process. Numerous reviewers, acknowledged in the individual
papers, aided in the improvement of the final product. Dr. William Kelly of the New York
State Geological Survey and presently head of the NYSGA, provided strong support and
encouragement in the preparations for this meeting. Don Parry and Keith Kurz of the
University's Conference Office also helped greatly in organization aspects of the
registration and meeting logistics.

Finally, several past and present students of the Department of Earth and
Environmental Sciences helped in numerous ways to prepare for the meeting. I particularly
wish to recognize the efforts of Wendy Taylor, Robyn Hannigan, Chuck Ver Straeten and
Gerald Kloc. Richard Hamell of Monroe Community College helped me with design of the
cover; we chose a pale purple in recognition of Rochester's lilac traditions. My colleagues
in the Department of Earth and Environmental Sciences, especially Curt Teichert and
Robert Sutton, have always been supportive and encouraging to me in my various projects,
including this one. Gordon Baird has helped me over the past two decades in ways too
numerous to mention. Finally, I should acknowledge the patience and support of my
family, particularly Dr. Betty Lou Hilton Brett, for without that, none of this would be
possible. She cannot say she was not forewarned! You may note that she was with me on
that famous first meeting with Gordon Baird; and we were engaged within the same week
as that fateful meeting of the NYSGA in the Rochester area in 1973.

The Empire Soils Corporation of Huntington Enterprises, Inc. of Rochester
generously provided $200.00 in support of the meeting.

Carlton E. Brett, President
New York State Geological
Association - 1994



This guidebook is affectionately dedicated to Dr. Robert G. Sutton, former professor
of geology at the University of Rochester, in recognition of his contributions to the
understanding of western New York geology and as an outstanding educator.



THE HYDROGEOLOGY OF LANDFILL SITES IN WESTERN NEW YORK

WILLIAM M. GOODMAN
The Sear-Brown Group
85 Metro Park
Rochester, New York 14623

RONALD B. COLE
Allegheny College
Department of Geology
Meadville, Pennsylvania 16335

DAVID F. LEHMANN
Huntingdon Engineering & Environmental, Inc.
535 Summit Point Drive
Henrietta, New York 14467

INTRODUCTION

Because existing state environmental regulations require extensive hydrogeologic
reports for landfills, waste disposal sites provide a wealth of penetrative data that
may be synthesized for characterization of regional surficial and bedrock geologic
units. Access to penetrative data may be accomplished by filing a Freedom of
Information request with the New York State Department of Environmental
Conservation (NYSDEC).

Landfill siting and operation are governed by 6 NYCRR Part 360 regulations. This
regulatory document contains a defacto table of contents for a comprehensive
hydrogeologic investigation of landfill sites. Furthermore, the regulations require a
literature search and analysis of broader, regional data in order to provide a context
for definition of site-specific, hydrostratigraphic units. When properly completed,
resultant hydrogeologic reports contain a plethora of penetrative and water quality
data, as well as hydrogeologic interpretations, that academic researchers would find
difficult to fund through grant-lending agencies. Consequently, in the course of
local geologic or water resource investigations, hydrogeologic reports for landfill
sites should not be ignored. When reconciled with data published by the U.S.G.S.,
U.S.D.A. Soil Conservation Service, NY State Geological Survey, and the academic
community (e.g. in NYSGA guidebooks!), these hydrogeologic reports add
considerable volumes of quantitative information to any geologic research database.

The purpose of this field trip is to provide an overview of the hydrogeologic aspects
of the Part 360 regulations and to illustrate the diversity of hydrogeologic data
collected for landfill sites. Furthermore, this article is intended to demonstrate how
Part 360 data may be synthesized for characterization of geologic units in western
New York. The field trip will also provide an opportunity for landfill operators to
demonstrate how modern, secure facilities are planned, designed, operated and



closed to minimize negative environmental impacts.
PART 360 LANDFILL SITING PROCESS

Landfill siting is a controversial and expensive proposition in New York State. The
process had been particularly controversial for the private sector under previous
versions of Part 360. One particular problem would commonly arise when a
potential landfill site was selected, based upon economic and/or geographic
characteristics, before performance of a formal Part 360 site selection study. Site
selection studies, both under previous and current versions of Part 360, involve
comparison of potential sites on the basis of hydrogeologic, engineering and socio-
economic properties. ldeally, the site selection process provides a means to
determine the "best” site out of many potential landfill locations. Prior to the
October 9, 1993 revision to the Part 360 regulations, when a preferred site would
be chosen before other candidate sites were identified, expensive siting studies
would subsequently have to be "retrofitted” to produce the desired conciusion that
the preferred site is the most appropriate location among other "strawman"”
candidate sites for the facility.

The New York State Department of Environmental Conservation apparently
recognized the quandary in which project sponsors found themselves when the
preferred, suitable site was identified prior to completion of the formal site selection
study. Furthermore, the NYSDEC also apparently recognized that, because siting
studies require analysis of non-hydrogeologic variables (e.g. transportation,
population, utilities, etc.), less hydrogeologically suitable sites could potentially be
promoted over sites with more desirable subsurface characteristics for reasons
other than susceptibility to groundwater and surface water contamination.
Apparently for these reasons, the NYSDEC recently revised the Part 360 siting
process for project sponsors who identify sites that exceed minimum hydrogeologic
and engineering criteria for landfill construction. Under certain specifically stated
hydrogeologic conditions, an expensive site selection study may not be required to
defend the obvious merits of a highly suitable site. The revised regulations ease the
financial burden and the logistical difficulty in objective compliance with landfill
siting requirements when specified hydrogeological conditions are met. By
establishing standards which must be met in order to waive the requirement for a
site selection study, the NYSDEC can still guarantee that landfills can be
constructed and operated in a manner which minimizes the potential for negative
impacts to humans, wildlife or the environment.

The following is a synopsis of the landfill siting regulations as stated in the October
9, 1993 revision to the Part 360 regulations:

Siting Prohibitions and Restrictions

1. Prime agricultural land, within an agricultural district formed pursuant to the
Agricultural and Markets Law, is excluded from siting if the landfill site is
proposed to be taken through the exercise of eminent domain.



Flood plains are excluded from siting unless provisions have been made to
prevent encroachment of flood waters upon the facility and unless the
facility will not pose a significant hazard to humans, wildlife, or land or
water resources.

Critical habitat for endangered species is excluded from siting.
Regulated wetlands are excluded from siting.

No landfills may be constructed over principal or primary aquifers', or within
the cone of a public depression water supply well.

Proximity of landfills to airports is a concern because of the hazards
associated with bird/plane impacts. Therefore, no landfill containing
putrescible waste may be constructed within 5,000 ft. from an airport
runway used by piston-powered aircraft or within 10,000 ft. from an airport
runway used by turbine-powered aircraft.

No landfilis may be constructed over unstable areas. According to the Part
360 regulations, unstable areas are those susceptible to natural or human-
induced events or forces capable of impacting any structural component of
the landfill responsible for leachate containment. Lands suspectable to
landslides or sink holes are examples of unstable areas.

No landfill may be located in an area that is unmonitorable or unremediable.
For example, groundwater flow rates and directions must be predictable.
Site conditions must permit the placement of groundwater monitoring wells
both upgradient and downgradient of the facility. Furthermore, site
conditions must not preclude the ability to remediate in the event of a
contaminant release.

Landfills cannot be constructed within 200 ft. of a fault that has had
displacement during Holocene time unless the owner or operator
demonstrates that the facility will not suffer structural damage in the event
of fault displacement.

Landfills must not be sited in seismic risk zones, unless the owner/operator
demonstrates that the integral containment structures can resist the
maximum horizontal ground acceleration. Seismic risk zones are areas
where a 10 percent or higher probability exists that the maximum horizontal
ground acceleration in lithified earth material, expressed as a percentage of
earth’s gravitational pull (g), will likely exceed 0.10 g in 250 years.

Principal and primary aquifers are NYSDEC designations. A principal aquifer is one
which has potential for development but is not currently exploited. A primary
aquifer is one which is presently utilized for municipal water supply.



Landfill Siting Requirements

A formal landfill siting study involving penetrative investigation of multiple
candidate sites will not be required if a preferred site is identified which does not
conflict with the preceding siting prohibitions and restrictions and also exhibits the
following characteristics:

1) The site is not underlain by bedrock subject to rapid or unpredictable
groundwater flow unless the project sponsor demonstrates that a failure of
the facility’s containment system would not result in contamination entering
the bedrock system.

2) The site is not in close proximity to any mines, caves or other anamolous
features that may alter groundwater flow.

3) The site must contain an unconsolidated overburden thickness of 20 ft. or
greater beneath the constructed liner system.

4) More than 50 percent of the vertical section through the upper 20 ft. of
overburden must consist of soils with a permeability of less than 5x10°°
cm/s with no appreciable, continuous deposits exhibiting a permeability
greater than 5x10* cm/s. The top five ft. of soil beneath the constructed
liner must be able to achieve a permeability of 5x10° cm/s or less (Figure 1).

New landfills may be located on parcels that do not exhibit the above
characteristics if two conditions are met.

1. The proposed facility is identified in a NYSDEC-approved local solid waste
management plan; and

2. A formal site selection study involving multiple candidate sites is performed.

Waiver of an expensive site selection study provides a prime motive to identify a
preferred site that exhibits suitable hydrogeologic conditions for landfilling. Site
selection studies are costly, comprehensive analyses that evaluate hydrogeologic,
economic, technologic, and public safety factors. The site selection study must
demonstrate that, in spite of not meeting the previously stated siting requirements,
operation of a facility on the preferred site will have no adverse impacts on public
health, safety, or welfare, the environment or natural resources and will be
consistent with the provisions of the State Environmental Conservation Law.

Site selection studies are expensive, because the process requires that alternative
sites are evaluated to a comparable degree as the preferred site. Penetrative
hydrogeologic investigations are required to determine depths to water and bedrock
as well as the hydraulic conductivities of the various surficial and bedrock geologic
units. The goal of the penetrative investigations is to ensure that the following
siting criteria are satisfied:
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1) Candidate sites are those with the greatest possible thickness of
unconsolidated deposits exhibiting hydraulic characteristics that permit them
to serve as a barrier to migration of contaminants into rock.

2) Groundwater flow in bedrock must not be rapid or unpredictable unless it
can be demonstrated that a designed containment system would not allow
fugitive leachate to produce a contravention of groundwater quality
standards.

3) Groundwater flow and quality must be such that containment failure would
do the least environmental damage and could be easiest to correct.

4) Proximity and hydrogeologic relationship to water supply sources should be
negligible.

5) Natural topography cannot be so steep that the engineered baseliner is
unstable.

6) Relationship to mines, caves, or other anomalous hydrogeologic features that

might alter groundwater flow should be negligible.

So, as can be discerned, if a project sponsor is going to promote a site as a possible
host for a landfill, it is in his best interest to identify the site that truly meets the
hydrogeologic standards necessary to avoid the requirement for a site selection
study.

Waiver of the need for a site selection study does not, however, waive the
requirements under the State Environmental Quality Review Act (SEQRA) for the
project sponsor, the lead agency (usually the NYSDEC), and the concerned public to
participate in an exhaustive analysis of environmental conditions, risks, impacts,
and potential mitigation measures. The recent revisions to the Part 360 regulations
save the project sponsor from unnecessarily consuming financial resources to
defend the obvious merits of a highly suitable site so that appropriate emphasis can
be placed on the SEQRA Environmental Impact Statement (EIS) and other
engineering and hydrogeological documents required for the Part 360 permit
application to construct and operate the facility.

Can Optimal Hydrogeologic Settings Be Defined?

The Part 360 process clearly promotes research to locate sites within hydrogeologic
settings most likely to satisfy the stringent siting requirements. Recent efforts to
place some geographic constraints on some of the hydrologic parameters necessary
to streamline the siting process yielded a preliminary "terrain suitability map for
landfill siting" (Goodman and others, 1992).

The map and its component "layers” (bedrock, surficial geology, aquifers and

wetlands maps), that are based upon available published maps from the state and
federal geologic surveys and agencies, can be used to determine regions (at the

10



resolution of 1:250,000 scale data) that may exhibit characteristics unsuitable for
landfill siting. Such characteristics that are discernible on the regional-scale maps
include major limestone formations which could potentially exhibit karstic features,
areas of exposed bedrock, faults, coarse-grained unconsolidated deposits, both
documented and potential aquifers, and large-scale wetland areas (Figures 2A-D).
Terrains possessing relatively unsuitable characteristics were shaded on the state-
wide maps; conversely, relatively suitable areas were shown in white. When the
layers are superimposed, a terrrain suitability map is the product (Figure 3). The
map provides a degree of geographic tangibility to some of the hydrogeologic
conditions which restrict or prohibit siting. This type of map may be useful for
public awareness seminars, because the citizens of many low population regions of
the state perceive that they are being "dumped on" by more populous aréas. In
actuality, there is a hydrogeologic rationale for prioritizing some areas of the state
over others in the preliminary siting stage.

The results of the initial analysis suggest that, on the basis of hydrogeology alone,
the Appalachian Plateau region contains the least sensitive and, therefore, most
suitable terrains for landfill siting. The Erie-Ontario Plain also contains suitable
hydrogeologic settings. Both of these physiographic provinces contain shale-rich
bedrock units which are overlain by variably thick, fine-grained, glacial till and/or
lacustrine deposits. It should be noted, however, that the terrain suitability map of
Goodman and others (1992) was designed to address only hydrogeological siting
criteria. Other demographic, economic, and transportation issues remain to be
evaluated on a case-by-case basis.

The terrain suitability analysis may be useful for developing regional landfill siting
strategies. Because of the generalized data used to construct it, however, the map
does not serve as a substitute for site-specific hydrogeologic analysis (Cloyd and
Concannon, 1983). In fact, key landfill construction requirements for bedrock and
groundwater separation obviously cannot be evaluated using 1:250,000 scale data.
Therefore, division of the major physiographic provinces into discrete hydrogeologic
settings using all available maps and penetrative data is necessary to begin to
produce "terrain suitability maps" at the appropriate scale for evaluation of local or
site-specific conditions (Smith and others, 1993; Cole and others, 1993; Goodman
and Stanwix, 1994). Only after evaluation of the compatibility of small-scale
hydrogeologic settings with Part 360 siting and construction criteria can "optimal”
subsurface conditions for landfill siting be mapped.

HYDROGEOLOGIC SETTINGS OF WESTERN NEW YORK
Western New York State is situated at the eastern limits of the Central Glaciated

Groundwater Region of Health (1984). Aller and others (1987) have defined
sixteen discrete hydrogeologic settings for the region (Table 1) as a foundation for

11
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Table 1

Hydrogeologic Settings and Representative Drastic Indices' of
the Central Glaciated Region
(Aller and others, 1987)

L Setting Drastic index l
Glacial Till over Bedded Sedimentary Rock 103 I

Glacial Till over Outwash 137 “
Glacial Till over Solution Limestone 139 “
Glacial Till over Sandstone 109
Glacial Till over Shale 88 ll
Outwash 176 V
Outwash over Bedded Sedimentary Rock 156
Outwash over Solution Limestone 186
Moraine 1356
Buried Valley 156

I River Alluvium with Overbank Deposits 134 "
River Alluvium without Overbank Deposits 191
Glacial Lake Deposits 135 .I
Thin Till over Bedded Sedimentary Rock 121 “
Beaches, Beach Ridges and Sand Dunes 202

{ Swamp, Marsh

=

1

160 Il

Drastic Indices provide a relative gauge of sensitivity to point sources of poliution.

The higher the index, the higher the vulnerability of the hydrogeologic setting.



their DRASTIC model®. Each hydrogeologic setting has been assigned a
representative DRASTIC index which is a relative gauge of the vulnerability of
groundwater resources to contamination from point sources at ground surface. The
higher the assigned DRASTIC index value is, the more vulnerable the hydrogeologic
setting is to groundwater contamination.

Existing, operating landfills, proposed facilities and a limited number of closed
facilities in Western New York (NYSDEC Regions 8 and 9) are shown in Figure 4.
The sites, their hydrogeologic settings and key bedrock and surficial deposits are
identified in Table 2. As can be discerned, the majority of landfill sites are situated
in those hydrogeologic settings with low DRASTIC indices. For example, the
majority of sites located in the Appalachian Plateau are situated in "Glacial Till Over
Bedded Sedimentary Rock" hydrogeologic settings. The exception is CID Landfill
which is situated on low permeability till and lacustrine deposits within the Valley
Heads Moraine complex. Most sites located on the Erie-Ontario Plain occupy two
hydrogeologic settings: "Glacial Till over Bedded Sedimentary Rock" and "Glacial
Lake Deposits". The exceptions are the Schultz C&D Landfill {("River Alluvium with
Overbank Deposits”) and the Niagara County Landfill that is located in a limestone
quarry in Lockport, N.Y. In the following sections, the hydrologic properties of the
various key deposits comprising the most suitable hydrogeologic settings for landfill
siting are presented in order to demonstrate their compatibility with Part 360
criteria as well as the nature and depth of data required for landfill siting and routine
monitoring during operation and after closure.

APPALACHIAN PLATEAU

Based upon analysis of 9 landfill sites, a general model of the "Glacial Till
Over Bedded Sedimentary Rock" hydrogeologic setting may be developed for the
Appalachian Plateau of western New York (Fig. 5). Common elements among these
sites include a bedrock hydrostratigraphy consisting of, in descending order, a
glacitectonized rock aquitard, a fractured rock aquifer, and a competent rock
aquitard. Other common elements include a low permeability surficial geologic
profile consisting predominantly of lodgement and ablation till facies. A
cross-cutting weathered zone, whose basal boundary is demarcated by a color
change in tills and bedrock from brown above to gray below, probably reflects the
slow, vertical migration of an oxidation front during the Holocene. The weathered
zone cross-cuts glacigenic facies boundaries and also extends into bedrock beneath
high elevation topographic divides that define local drainage basins. These common
elements are described below.

Regional Bedrock Hydrostratigraphy

DRASTIC is an acronym for seven hydrogeologic parameters that influence the
vulnerability of groundwater to pollution from point sources at ground surface.
These variables are 1) depth to water (D); 2) recharge rate (R); 3) composition of
the local aquifer medium (A); 4) soil type (S); 5) topographic slope (T); 6) influence
of the vadose zone media (l); and 7) hydraulic conductivity of the local aquifer (C).
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zones.
Glacitectonized Bedrock Zone

Glacitectonized bedrock forms as stress imposed by moving ice deforms
underlying bedrock units (Boulton and Paul, 1976; McGown and Derbyshire, 1977).
Glacitectonized bedrock may commonly include smali-scale, local folds and
low-angle detachments. The competence of bedrock units (e.g. competent
sandstone vs. incompetent shale) is the predominant determining factor controlling
the degree of bedrock deformation beneath glacial ice. Less competent units tend
to deform in a ductile, fold-forming fashion. More competent units tend to deform
in a brittle fashion and, in some cases, form large, detached blocks (bedrock rafts)
within poorly-sorted, variably comminuted matrix. Bedrock rafts render definition of
local depth to bedrock (a key regulatory requirement) extremely difficult on landfill
sites in the Appalachian Plateau of western New York.

Incorporation of significant volumes of till matrix between rotated bedrock
rafts renders the glacitectionized bedrock zone readily identifiable. In areas where
shale bedrock formations subcrop, the glacitectonized zone may be sampled using
standard penetration tests with a split spoon sampler through hollow stem augers.
Spoon samples will usually yield "disks" of weathered shale mixed with tili.

In areas underlain by harder sandstone, the interval is more clearly
observable in drill cores. Cores exhibit alternating zones of till matrix containing
gravel-size, angular rock fragments and large, detached and rotated blocks of
bedrock.

Generally, the glacitectonized bedrock zone is treated as the base of the
lodgement till profile by most consultants because of the dislocation of the large
bedrock rafts and the till matrix. The regulatory community, however, may prefer
to use a more conservative definition of this interval as the top of the bedrock
profile in order to insure that a minimum of ten feet of unequivocally defined, low
permeability overburden is maintained beneath the constructed baseliner.

Given the gradational boundaries of the glacitectonized bedrock zone with
the overlying lodgement till and underlying fractured bedrock aquifer, few sites
contain wells that are screened discretely in this interval from which hydraulic
conductivity values may be derived. At the Bath Landfill, however, six wells are
screened in the zone and yield a range of K values between 2.8x10° cm/s and
2.2x10° cm/s and a geometric mean K value of 8.3x10° cm/s (Malcom Pirnie,
1994).

Seven wells are screened in the glacitectonized bedrock zone at the
Southern Tier Sanitary Landfill site. These wells yield a range of K values between
1.9x10° and 5.0x10* cm/s and a geometric mean K value of 9.3x10 cm/s (AFI
Environmental, 1992a).
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Although thin till seams along bedding planes have been observed on some
sites to depths of nearly 200 feet below ground surface, till injections into vertical
fractures generally decrease progressively through the upper 30 feet of rock section
and a gradual transition occurs from the till-choked, glacitectonized zone to the
more permeable, fractured bedrock aquifer.

Fractured Bedrock Zone

The fractured bedrock zone is informally defined as the interval between the
glacitectonized and competent bedrock zones. The interval is characterized by
open, vertical fractures and numerous bedding parallel partings that may locally
contain glacial detritus. Vertical fractures commonly are weathered indicating
variations (probably seasonal) in degree of saturation. These fractures are also
commonly lined by manganese oxides that, in conjunction with dissolution of
calcareous fossils, render a blackened, decayed appearance to the joints.

On sites where the fractured and underlying competent bedrock zones are
defined discretely, RQD data commonly reflect the differences in rock competency
(Table 3). These data indicate that the RQD of a formation whose upper surface
lies within the bedrock fracture zone may possess only 30% or less of the RQD
value representative of the formation in the competent bedrock zone. The low RQD
values of the aquifer zone reflect the numerous, bedding-parallel fractures that
probably developed during unloading of glacially compressed bedrock. The
combination of localized, differential slippage along bedding planes, perhaps induced
in part by anomalously high subglacial hydrostatic pressure, and formation of
unloading joints during stress relief, imposes a high secondary porosity on the top
10 to 30 feet of relatively till-free bedrock beneath most sites in the Appalachian
Plateau. Consequently the hydraulic conductivity of the fractured bedrock zone is
generally higher than corresponding values for the overlying glacitectonized zone
and the underlying competent bedrock zone (Table 4).

Competent Bedrock Zone

In the competent bedrock zone, drill core samples are well-preserved, and
strata retain their original gray tone colors, whereas the overlying glacitectonized
and fractured aquifer zones may be oxidized to brown hues. Calcareous fossils
remain intact and vertical fractures are tight and contain much less of the
manganese oxide coating and fewer injected till seams that also are characteristic
of the overlying horizons.

The hydraulic conductivity of the competent bedrock zone is slightly lower
than that of the overlying bedrock hydrostratigraphic units (Table 4). Most sites
possess a competent bedrock profile exhibiting a geometric mean K value in the low
to mid 10° cm/s range although stratigraphic control on permeabilities at some sites
may result in slightly higher mean values.
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Table 3
RQAD Values of Formations in the Fractured and Competent
Bedrock Zones
Appalachian Plateau

Depth of Fractured Zone (ft.) | Ave RQD in Fractured Zone

Ave RQD in Competent Zone

Olean Landfill’
Machias Shale 24 23% : 46%
Cuba Sandstone 12 1% 46%
Wellsville Shale 12 0% 37%
Hylands Ash Monofill® . ‘
Machias Shale 24 17% 53%
Cuba Sandstone 12 12% 65%
Wellsville 35 8% 65%
Notes:

{1) Earth Investigations LTD. (1990a)
(2) Earth Investigations LTD. {1990b)
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Table 4. Hydraulic conductivity (cm/sec) of formations in the fractured and competent bedrock zones for the Appalachian Plateau.

fi — =

Site Fractured Zone Competent Zone
Formations Mean Max Min N Mean Max Min N

Bath Landfill'? 1.4 x 10* 1.0 x 10? 6.0 x 10° 9 43x 103 23 x 104 1.4 x 10* 7
Wiscoy, Cancadea

Hylands Ash MonoFill® 5.6 x 10* 3.7 x104 33x 106 9 1.7x 10° 2.3 x 104 1.2 x 106 16
Machias, Cuba, Wellsville

Olean Landfill®™® 2.6 x 10° 5.1x10* 9.6 x 10¢ 4 2.5x 10* 1.2x10? 5.5 x 10 20
Cuba, Wellsville

Southern Tier Saniitary Landfill'? - - - - 58x10% 9.1x10? 3.4x10° t
Lower and Upper Canadaway Group

Ellery Landfill* 3.5x10* 2.0 x10* 6.7 x 10° 10 2.4 x 104 4.3 x 10* 35x10° 26
Ellicott Group

Modern-Eagle® - 2.5x10° 8.4 x 10° - - - - -

Lower Canadaway Group

'Malcolm-Pimie (1994b)

2Earth Investigations LTD (1990b)
Earth lnvestigations LTD (1990a)
‘AFI Environmental (1992a)
*Dunn Geoscience (1988)
SMalcolm-Pirnie (1994a)



Regional Surficial Hydrostratigraphy

Surficial geologic maps covering the study area are provided by Tessmer
(1975), Muller (1977), and Cadwell (1988). The general distribution of glacial
deposits-in the Appalachian Plateau is such that hills supported by Upper Devonian
sedimentary bedrock are covered by sheets of poorly-sorted, low permeability,
glacial till and intervening valleys are filled by up to 500 feet of mixed glacial till,
outwash and stream alluvium (Muller, 1977; LaFleur, 1979; Prudic, 1982). Stream
valleys are typically occupied by perennial streams and can contain alluvium
consisting of permeable sand and gravel (Crain, 1966; Miller, 1988). The northeast
orientation of many of the stream valleys suggests that they reflect preglacial fluvial
drainages that were subsequently deepened and widened by continental valley
glaciation (Calkin, 1982; Prudic, 1986).

The stratigraphy and general properties of glacial deposits that cover landfill
sites in the Appalachian Plateau of southwestern New York may be evaluated
within the context of a continental glacial facies model. The importance and
relevance of developing depositional models to understand the stratigraphic and
geotechnical properties of glacial deposits in land-use evaluations (e.g. landfill siting
analyses) is emphasized by Boulton and Paul (1976), Eyles and Sladen (1981), and
Eyles (1983).

As indicated on surficial geologic maps, glacial tills are the most prevalent
deposits in the high elevation terrains of the region. A genetic definition for glacial
till is "an aggregate whose particles have been brought into contact by the direct
agency of glacier ice and which, though it may have undergone glacially-induced
flow, has not been significantly disaggregated” (Eyles, 1983, p. 11). Several types
of till are encountered on many of the landfill sites. A typical stratigraphy of glacial
tills is illustrated in Figure 7. Subglacial deposits include the deformation tills
previously discussed as part of the bedrock hydrostratigraphy and overlying,
densely-compacted lodgement tills. Englacial and supraglacial deposits include
ablation and flow tills that contain discontinous lenses of water-sorted deposits,
and a thin, mottled silt capping layer of uncertain origin.

A model for the distribution of subglacial deposits over a bedrock substrate
is illustrated in Figures 8a and 8b. The subglacial tills found overlying
glacitectonized bedrock at sites in Allegany and Cattaraugus Counties are generally
interpreted in most hydrogeologic reports as lodgement tills. Further division into
deformation till, comminution till, and lodgement till (sensu stricto) horizons may be
possible, but these refinements are difficult to achieve because of the limited
diameter and disturbance of deep till samples available from split spoons.

Lodgement Till

As observed in split spoon samples, the tills overlying glacitectonized
bedrock are generally poorly sorted, gray to brown, silt- and clay-rich, channery
deposits. As would be expected, the tills consist of detritus ranging is size from
clay to boulders (Fig. 9). A typical till may contain roughly 25% gravel, 22% sand,
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Figure 7.

Generalized Till Stratigraphy of the Landfill Sites in the Appalachian Plateau.

Ablation Till is a common substitution for flow till. (after AFI Environmental, 1992b)
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1) Striated rockhead surface locally overdeepened below sea-level by subglacial erosion.

2) Rock "rafts", glacitectonized rockhead and deformation till.

3) Bouldery unit of scree-like debris filling lee-side cavities in rockhead.

4) "Cold water" karst from enhanced solution of limestones by subglacial meltwaters.

5) Intrusion of till into joints in rockhead.

6) Preferentially oriented clasts (long axes parallel to flow direction).

7) Distinct flat-iron shaping of fine-grained lithologies; coarse-grained lithologies produce
faceted clasts of higher sphericity, frequently found as boulder pavements.

8) "Cut and fill" fluvial sediments deposited as sand (S) and gravel (G) in interconnected
subglacial channels or as laminated clays in subglacial ponds. Often contain coherent
debris masses dropped from ice roof.

9) Till masses diapirically intruded up into the base of fluvial channels.

10) Lenses of resedimented till extending into channel fills resulting from sidewall erosion
and collapse.

11) Upper surfaces of cut and fill channels partially eroded by ice flow and resulting in
deformed and folded inclusions in overlying till. Smaller channels folded.

12) Shear lamination caused by shearing out of soft, incompetent bedrock lithologies
("smudges"). (

13) Slickensided bedding plane shears resulting from subglacial shear.

14) Near vertical en echelon joints systematically oriented with respect to glacier flow
direction or joint pattern in underlying bedrock.

15) Base of till units may be fluted; orientation of clasts with long axes parallel to flow
direction.

16) Post-depositional sheared upper surface, frequently redeposited by solifluction.

17) Drumlinized, streamlined low relief surface; where rockhead is close to surface, rock-
cored drumlins and "crag and tall" forms can be mapped. Subglacially engorged eskers
are frequently related to the "cut and fill" sequences of (8) at depth.

Figure 8B. Typical till stratigraphy over a glacitectonized bedrock substrate.
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43% silt and 10% clay (Table 5). The large clasts are often flat channers of local
sandstone. In test pits, the channers in lodgement till are typically aligned with

long axes parallel to depositional surfaces. Most of the large clasts are derived
from local Devonian formations, although a small percentage of transported Silurian
Medina Sandstone and Precambrian metaplutonic clasts are present (Muller, 1977;
Prudic, 1986). Bulk x-ray analysis of till deposits at the West Valley nuclear
repository indicate that quartz, illite and chlorite are the major mineralic constituents
of the fine-grained till matrix (Prudic, 1986).

The lodgement tills of the landfill sites in the Appalachian Plateau are densely
compacted. Average N-values based upon standard penetration tests are
approximately 68 blows per foot for the gray, unaltered till and approximately 52
blows per foot for the brown, weathered till (Table 6). Seismic velocities for the
lodgement tills range between 5000 and 7000 feet per second (fps) for the
unaltered till and between 3500 and 7000 fps for the weathered till (Harding
Lawson Associates, 1992; Kick, 1992; Gartner Lee, 1293a, b).

Given these physical properties, the lodgement tills form low permeability
aquitards (Table 7). Reported values for the gray, unaltered till range between
3.2x10° cm/s and 8.5x10° cm/s and average approximately 6.6x10° cm/s.
Reported values for the brown, weathered till range between 3.4x10° cm/s and
2.9x10* cm/s and average 2.3x10° cm/s.

Ablation Till

The lodgement tills within the study area may be overlain by less densely
compacted till that on some sites contains discontinous lenses of glaciofluvial
. deposits up to 6 feet thick. These variably textured deposits are likely to be
ablation tills. Ablation till, a type of melt-out till, is deposited by the slow release of
glacial detritus from ice that is neither sliding nor deforming internally (Dreimanus,
1988). Common properties of melt-out tills include the following: 1) banding of
debris, bedrock blocks and rafts; 2) alignment of elongate clasts parallel to glacier
flow; and 3) the retention on englacial fabrics (McGown and Derbyshire, 1977;
Boulton and Paul, 1976; Dreimanis, 1988). These properties are consistent with
the characteristics of the upper portions of tili profiles observed in test pits and test
borings on landfill sites in the Appalachian Plateau.

The hydrogeologic reports for most sites do not identify ablation tills
explicitly, although water-sorted lenses are mentioned frequently. The ablation
till/lodgement till boundary is commonly obscured by the cross-cutting oxidation
front and may be best defined by contrasting N-values and seismic velocities, and
the depth of water-sorted lenses in local vertical sections. Ablation tills generally
have lower N-values than lodgement tills. An estimated average N-value for
ablation tills is 13 blows per foot whereas the average N-values for regional
lodgement tills are 52 and 68 for the weathered and unaltered profiles, respectively.
Typical seismic velocities for ablation tills range between 3300 and 4800 feet per
second (Kick, 1892). The range of values is narrower and at the low end of the
spectrum (3500-7000 fps) for regional lodgement tills. Lastly, test boring logs for
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Table 5. Grain size trends of lodgement tills of the Appalachian Plateau.

Site/Deposits % Gravel | % Sand | % Silt | % Clay | % Fines* | n n
Hylands Ash Monofill 22.1 20.3 38.7 18.9 57.6 7

I[ BFI-Eagle south® 27.3 28.0 NA NA 44.7 14

n BFI-Eagle north® 19.2 25.1 NA NA 55.7 6
Ellery Landfill® 22.0 22.4 46.5 9.1 55.6 14
Southern Tier Sanitary Landfill® | 35.0 15.0 NA NA 50.0 21
Average 25.0 22.0 43.0 10.0 53.0 62

'Earth Investigations LTD (1990b)
?TAMS Consultants (1994)

*Malcolm-Pirnie (1991)
“AFI Environmental (1992a)

*Silt & Clay

Table 6. N-values for Lodgement Tills of the Appalachian Plateau

1 AFI Environmental (1992a)
2 Earth Investigations LTD (1990b)
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Site | Average Range | Number “
Southern Tier Sanitary
Landfill’ 112 15-198 71
Gray 68 6-162 106
Brown
Hylands Ash Monofill?
Gray 51 16-182 41
Brown 45 13-120 75
Olean Landfill*®
Brown 43 20-100+ 33
BFI-Eagle'”
Gray 51 43-60 6
Brown 67 8-189 42
Ellery Landfill®
Gray 59 25-166 45
Brown 35 5-140 52

3 Earth Investigations LTD (1990a)
4 TAMS Consultants (1994)
5 Dunn Geoscience (1988)
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Table 7

Lodgement till hydraulic conductivities {cm/sec) of the Appalachian Plateau

| GeomerioMen | M

Hylands Ash Monofill?
Gray '
Brown
Ellery Landfill®
Gray 2.5x10° 3.8x10°¢ 8.5x10° 8
Brown 9.9x10°% 2.9x10°% 2.9x10
Eagle-Modern®
Gray 3.2x10% - - 1
Brown 5.1x10™ - - 1
Olean Landfill'®
Brown 8.4x10°¢ 4.5x107 1.6x10° 2
Southern Tier Sanitary Landfill®
Gray 1.6x10¢ 1.8x107 2.2x10° 3
Brown 5.9x10°¢ 1.8x107 1.6x10* 8

VB WD

*

AFI Environmental (1992a)
Earth Investigations LTD (1990b)
Earth Investigations LTD (1990a)
TAMS Consultants (1994)

Dunn Geoscience (1988)

Recompacted permeability values.



many of the landfill sites indicate water-sorted lenses in tills to depths typically on
the order of 30 feet below ground surface in the lower elevation portions of the
valleys. When these lenses contain pockets of water, slug testing of wells yields
an average hydraulic conductivity value of approximately 5x10° cm/s which is
slightly higher than geometric mean values calculated for both weathered and
unaltered lodgement tills.

Flow Till

In the low elevation area of the Southern Tier Sanitary Landfill site in
Farmersville, Cattaraugus County, a localized pod of normally graded, poorly sorted,
silty sand and gravel was encountered. Clasts in this unit are noted by AFI
Environmental (1992a, b) to be angular to subrounded. This unit has been
interpreted as a flow till on the basis of internal characteristics and the lateral and
vertical association with lodgement tills (Cole and Others, 1993). Flow tills are
formed when glacial debris is remobilized downslope by gravity and may be
deposited supraglacially, subglacially, subaerially or subaqueously (McGown and
Derbyshire, 1977; Boulton, 1968; Lawson, 1982; Dreimanis, 1988). Flow till
deposits are typically discontinous lenses of variably sorted detritus. The debris
that comprises the flow till may have been reworked from other tills or may have
been derived from the release of detritus from glacial ice. Overall, the poor sorting,
massive nature, and the weak grading of flow till deposits at Farmersville suggest
deposition from viscous sediment gravity flows (mudflows or debris flows).

The flow till unit consists of an upper silty gravel facies and a lower sand
and boulder unit (Figs. 10a, b). The hydraulic conductivity values reported for the
upper silty gravel range between 1.0x10° and 1.0x10° cm/s with a geometric
mean of 2.0x10* cm/s. The lower sand and boulder facies is more permeable.
Slug tests on monitoring well yield values averaging approximately 3.0x10° cm/s.
A full-scale pumping test, however, yielded a hydraulic conductivity value of
approximately 2.0x102 cm/s for the localized, permeable, lower horizon (AFI
Environmental, 1992b).

Mottled Silt

A surficial mottled silt bed has been documented at several sites in the
Appalachian Plateau. The facies is typically gray and brown mottled siit with small
percentages of sand and gravel (Fig. 11). The beds range in thickness between 1
and 6 feet. The unit apparently disconformably overlaps underlying lodgement and
ablation till facies suggesting that the mottled silt accumulated during and/or
following the waning phases of glacial recession. Furthermore, typical N-values
based upon standard penetration tests average approximately 15 blows per foot, a
value much lower than representative of the underlying, over-consolidated,
lodgement till facies but similar to the mean value calculated for ablation tills. The
mottled silt has a seismic velocity ranging between 1700 and 3500 feet per
second. This range of values is also lower than the range for regional lodgement
and ablation till facies. The genesis of the mottled silt remains uncertain. Working
hypotheses are that the facies may be any of the following: 1) a bioturbated,
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humid climate loess (Donald Owens, personal communication); 2) a till-derived
colluvium (Parker Calkin, personal communication); 3) a late stage, melt-out "slurry
till" (Donald Cadwell, personal communication); or 4) an incipient, hydric soil profile.

Regardless of origin, the mottled silt possesses a low permeability. Although
the unit is typically too thin to discretely screen wells or piezometers across,
vertical hydraulic conductivity values have been obtained for the deposit at the
Southern Tier Sanitary Landfill site based upon triaxial permeability tests on Shelby
Tube samples. These tests yielded a mean vertical hydraulic conductivity of
approximately 1.0 x 10°® cm/s (Blasland, Bouck & Lee, 1994). The horizontal
hydraulic conductivity may be one to two orders of magnitude higher if bioturbation
has not completely homogenized the deposit.

Groundwater Flow Trends

The general groundwater flow conditions on landfill sites in the Appalachian
Plateau are characteristic of high elevation, bedrock-supported terrains with limited
recharge areas (Fig 12). Recharge occurs on high elevation ridges where weathered
glacial tills are typically less than 10 feet thick. Flow vectors are oriented vertically
downward in the recharge areas until groundwater intercepts one of several
potentially transmissive zones. Preferred flow paths become more numerous on
valley side-slopes as the glacial till profile thickens and the influence of till
aquicludes and aquitards becomes increasingly pronounced.

The uppermost preferred flow path occurs at the base of the mottled silt
layer. This hydrostratigraphic unit typically contains a throughflow or interflow
system which diverts a significant volume of vadose water (sensu Fetter, 1994, p.
5) from deeper, transmissive units below the water table. Throughflow systems
typically discharge as diffuse spring lines at the base of the valley side slopes. The
vadose water then flows overland toward surface water bodies. The interflow
systems discharge directly to surface water bodies without the overland flow
component.

A shallow, unconfined flow system typically develops in the weathered till
profile. Due to the low permeability of surficial units, the seasonal high
groundwater table typically occurs within 5 feet of the ground surface beneath the
lower portions of the local drainage basins. Consequently, most landfills are
designed with a groundwater suppression system to maintain separation between
the water table and the baseliner until hydrostatic pressures equalize beneath the
facility.

On some sites, the shallow-occurring "groundwater” may be restricted to
dessication crack networks and water-sorted lenses in the valley-center ablation till
profiles. Observations from test pits indicate that the bulk of the free water
available within the top 10 to 20 feet below ground surface on some sites
emanates from the throughflow/interflow horizons. Except for pockets of water in
small lenses of granular material, the till matrix commonly appears to be
unsaturated. None-the-less, shallow monitoring wells often produce small volumes
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of water. The source of this water must be either vertical leakage through
dessication cracks or leakage from the interflow/throughflow zone along the well
casings. Thus, definition of the shallow water table becomes equivocal on some
sites, because it is difficuit to reconcile the test pit observations with interpretation
of a continuous phreatic surface in the weathered till profile.

A groundwater invert sometimes defines the base of a shallow "perched
water table" zone in the weathered profile. Because the deeper, unaltered
lodgement till is lower in permeability than the shallower, weathered ablation and
lodgement till profile, the gray color marks the top of the first aquiclude. These
gray tills may be at least seasonally unsaturated on some sites and may be
perennially unsaturated at the Hylands site (Earth Investigations Ltd, 1990b).
Regardiess of whether saturated conditions extend from the weathered zone
downward through the unaltered profile or not, the gray till/glacitectonized bedrock
aquiclude separates the upper groundwater flow zone from the bedrock flow zone.
Commonly, the aquiclude imposes artesian pressure on the flow zone in the
underlying fractured bedrock aquifer just above and within valley center areas.
Water table conditions, defined by a lack of pressure head in monitoring wells,
commonly can be documented both above and below the aquiclude in the
intermediate elevation areas of the local drainage basins. In the uppermost reaches,
the aquiclude does not exist, because the oxidation front generally extends through
the thin till profile and into bedrock. The water table resides in bedrock at the
crests of the hills.

Backgron.ind Water Quality

Representative background water quality has been compiled from several
sites and is presented in Table 8. Values for field parameters (specific conductance
and pH) as well as major metals, major anions and Total Organic Carbon (TOC) are
provided. Most of these waters may be classified as calcium bicarbonate
geochemical facies and reflect the solubility of calcareous body fossils in local
bedrock units. Fossiliferous strata have been incorporated into the local tills and are
directly observable in drill cores of both dislodged bedrock rafts in the
glacitectonized zone and in in-situ bedrock.

The concentrations of total dissolved solids (TDS) are remarkably low for
sites in the Appalachian Plateau. The low TDS values reflect the position of the
plateau in the headland areas of several regional-scale groundwater basins. As will
be illustrated in the following sections of this paper, these low TDS groundwaters
differ significantly with water monitored near base-level of the regional flow system
beneath the Erie-Ontario Plain. Near the sublacustrine groundwater outflow zones,
water quality is significantly affected by naturally occurring, high concentrations of
dissolved solids.

ERIE-ONTARIO PLAIN

Review of Table 2 reveals that two hydrogeologic settings within the Erie
Ontario Plain have been utilized for host solid waste management facilities. These
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Table 8

Representative Water Quality
Appalachian Plateau

Hylands Ash Monofill'" Southern Tier Sanitary Landfill®
Parameter®,®
Oxidized Unaltered Bedrock Deep Flow Oxidized Unaltered Shale Sandstone | Carpenter
Ablation | Lodgement | Overburden | Bedrock Till Lodgement | Lodgement | Bedrock Bedrock Brook
Till Till Contact Till Tilt

pH (pH uaits) 6.79 120 1 7.58 7.88 M 8.16 1.75 7.83 7.60
Specific Conductance 540 530 468 370 348 2719 485 242 250 231
{umhos/cm)
Total Dissolved 294 312 2n 228 268 177 313 155 191 161
Solids
Hardness 252 258 216 207 173 153 157 146 183 144
Alkalinity 213 NA 230 195 103 150 157 145 151 126
Chloride 5.20 0.57 1.40 92.2 59.0% 2,18 6,64 1.50 2.42 233
Sulfate 43,1 42.4 33.0 28.0 54.0 26.2 110 14.9 28.7 12.9
Nitrate 0.27 0.18 ND 0.35 1.08 0.66 0.79 0.09 0.30 0.08
Ammonia 0.15 0.06 0.13 0.08 <0.05 0.07 0.08 0.07 0.06 0.05
Manganese 0.32 .15 0.23 ND. 0.25 033 0.38 0.14 0.34 0.04
Iron 3.00 3.00 0.54 0.40 3.04 1.91 219 1.27 21.6 0.23
Magnesium 16.4 204 17.0 0.20 6.91 8.40 5.65 8.70 6.20 3.98
Calcium 513 48.0 55.0 59.0 36.0 64.2 51.2 353 . 43.2 2.1
Sodium 11.0 11.6 16.3 5.10 3.0 13.4 523 6.50 10.6 10.3
Potassium 2.20 3.40 3.40 5.00 2.04 3.58 2.60 1.82 2.17 1.08
TOC 2.55 1.50 1.45 1.40 1.64 1.67 1.62 1.87 1.58 3.43

*  all values in mg/l uanless otherwise specified
** possible road salt influence
*** acid shale exposed at ground surface
(6) Values reported are mostly arithmetic means for each geologic interval.

(1) Source:
(2) Source:
(3) Source:
) Source:
(5) Source:

Earth Investigations Ltd. (1990b)
AFI Environmental (1992a)
Earth Investigations Ltd. (1990a)

Malcolm-Pirnie (1994)
Malcolm-Pirnie (1991)




Table 8 '
Representative Water Quality
Appalachian Plateau

Sy

Olean Landfill®™ Modera-Eagle® Ellery Landfil®
Parameter*,” Shallow | Surface | Bedrock | Shallow | Bedrock | Oxidized
Bedrock | Water Overburden | Bedrock || Overburden | Ablation

Contact Contact Till
pH (pH units) 4.68*** |  6.96 .56 7.40 7.30 6.60
Specific Conductance 125 191 470 488 283 1280
(umhos/cm)
Total Dissolved 94.8 126 260 255 177 687
Solids
Hardness 10.0 39.0 173 166 101 700
Alkalinity 12.0 719 222 204 384 718
Chloride 2.53 5.60 2.00 3.50 8.86 8.01
Sulfate 9.61 12.7 21.5 29.0 17.4 25.7
Nitrate 0.0t 0.31 0.68 5.00 ND ND
Ammonia 0.12 0.92 NA NA 0.39 0.10
Manganese 0.32 0.38 0.28 0.44 0.13 0.89
Iron 6.53 1.00 1.36 0.80 0.51 1.34
Magnesium 5.69 5.64 124 1.2 NA NA
Calcium 1.58 13.7 49.0 48.0 34.3 140
Sodium 1.09 2.85 21.0 17.0 21.5 14.0
Potassium 3.47 2.10 NA NA NA NA
TOC 4.24 71.712 15.5 17.0 4.33 7.40

*  all values in mg/1 unless otherwise specified (1) Source: Earth Investigations Ltd. (1990b)
** possible road salt influence (2) Source: AFI Environmental (19922)
*=% acid shale exposed at ground surface (3) Source: Earth Inves.ng'auons Lid. (1990a)
(6) Values reported are mostly arithmetic means (4) Source: Ma.lcolm-Ptmfe (1994)

for each geologic interval. (5) Source: Malcolm-Pirnie (1991)



two terrains are the "Glacial Till Over Bedded Sedimentary Rock" and "Glacial Lake
Deposits™ hydrogeologic settings of Aller and others (1987). The terrains
dominated by glacial tills fall into three categories based upon depositional settings:
1) ground moraine (Fig. 13); 2) drumlin (Fig. 14); and 3) water-lain till/subaqueous
flow till (Fig. 15).

Although the Lake Ontario Plain incorporates outcrop belts of diverse strata
ranging in age from Ordovician to Lower Devonian, the upper 100 feet or so of
bedrock may be divided into hydrostratigraphic units comparable to the intervals
defined for the Appalachian Plateau. These hydrostratigraphic units include: 1) an
uppermost, decomposed rock aquitard; 2) a medial, fractured rock aquifer; and 3) a
deeper, competent rock aquitard.

Weathering (oxidation) of both surficial deposits and bedrock is also common
to depths of 10 to 30 feet. As is often the case with the sites in the Appalachian
Plateau, the weathered profile typically obscures lateral and vertical glacigenic
facies boundaries in the shallow subsurface zone.

General characteristics of landfill sites on the Erie-Ontario Plain are more fully
discussed in the following sections.

Regional Bedrock Hydrostratigraphy

Hydrogeologic studies for a variety of environmental projects including
landfill siting have contributed significantly to the understanding of regional bedrock
stratigraphic trends on the Lake Ontario Plain. Major hydrogeologic investigations
such as the recent study of the bedrock hydrology "in press; also in this volume" by
the USGS Water Resources Division have produced valuable drill core sections that
have facilitated regional correlations of Ordovician and Silurian strata (see Brett and
others, 1990a,b; impress). Drill cores from landfills near Middleport (Niagara
County), Albion (Orleans County) and Webster (Monroe County) as well as from
sewer projects in Rochester and the defunct super collider project in Walworth
(Wayne County) have been instrumental in extending correlations between Niagara
County and Wayne County, a distance in excess of 100 miles (150 km). Based, in
part, upon these drill cores, cross-sections of Upper Ordovician through Upper
Silurian strata may be developed (Fig. 16a-c).

The hydrostratigraphy of the bedrock units is profoundly influenced by past
and present surficial processes. Chemical weathering and post-glacial isostatic
rebound have resulted in the tripartite division of the shallow bedrock profile into
three hydrostratigraphic units: 1) an upper aquitard consisting of disaggregated
(decomposed) rock; and medial, fractured rock aquifer; and 3) a lower, competent
rock aquitard.

Decomposed Rock Zone

The decomposed rock aquitard is typically overlain directly by a lodgement
till facies. The hydrostratigraphic unit is best defined atop shale formations.
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Documented, low permeability clay and silt horizons consisting of decomposed
shale occur atop the Queenston Shale at the Modern Landfill (Lewiston, Niagara
County), the Rochester Shale in borrow pits immediately south of the Orleans
Sanitary Landfill (Albion, Orleans County), and the Vernon Shale at the Mill Seat
Landfill {Riga, Monroe County), the High Acres Landfill (Perinton, Monroe County),
and the Galen-Lyons Sanitary Landfill (Galen, Wayne County). Although the
regulatory definition of bedrock mandates that the decomposed shale be treated as
bedrock, the unit may be sampled using standard penetrations tests through hollow
stem augers, i.e. conventional soil sampling techniques.

For most sites the decomposed shale has been combined with the basal
lodgement till profile to form a single layer in conceptual and numerical hydrologic
models. Consequently, discrete hydraulic conductivity values are not widely
available. However, a fairly comprehensive data base consisting of slug test results
from 15 piezometers screened in the upper 9 feet of Queenston Shale at the
Modern Landfill is reported by Wehran Envirotech (1991). These data are included
in Table 9. Hydraulic conductivity values for decomposed Queenston Shale at the
Modern Landfill range between 8.3x10° and 1.9x10® cm/s. The geometric mean
of these values for decomposed Queenston Shale is 2.6x10* cm/s.

Limited data are also available from both the High Acres Landfill and the
closed Galen-Lyons Sanitary Landfill for the decomposed Vernon Shale horizon (see
Table 9). Two wells screened in the interval at High Acres yield a geometric mean
hydraulic conductivity of 2.7x10° cm/s (Eckenfelder, 1992). Four wells screened in
the interval at the Galen-Lyons Landfill yielded hyraulic conductivity values between
3.9x10° and 9.9x10® cm/s (Larsen, 1990). The geometric mean K value from the
Galen-Lyons site for decomposed Vernon Shale is 2.6x10* cm/s.

Although hydraulic conductivity data have not yet been compiled on the
decomposed Rochester Shale aquitard, its use at the closed Orleans Sanitary
Landfill for the low permeability layer in the cover system suggests that the material
may be recompacted to achieve a 1.0x107 cm/s or lower permeability. In-situ
hydraulic conductivity values are likely to be within an order of magnitude of the
recompacted permeabilities.

Fractured Bedrock Zone

On sites where the fractured and underlying competent bedrock zones are
defined discretely, RQD data commonly reflect the differences in rock competency
{Table 10). These data indicate that the RQD of a formation whose upper surface
lies within the bedrock fracture zone is commonly considerably lower than the RQD
value representative of the formation in the competent bedrock zone. The low RQD
values of the aquifer zone reflect the numerous, bedding-parallel fractures that
probably developed during unloading of glacially compressed bedrock.

Consequently the hydraulic conductivity of the fractured bedrock zone is generally
higher than corresponding values for the overlying glacitectonized zone and the
underlying competent bedrock zone (see Table 9).
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Table 9. Hydraulic conductivity {cm/sec) of formations in the fractured and competent bedrock zones for the Lake Ontario

Plain.

Site Weathered Zone & Competent Zone

Formations Fractured Zone Max Min N Mean Max Min
Mean

Modern Landfill® 26x 10* 1.9x 10° 8.3x 10° 15 8.1 x 10 48 x10° 9.2 x 107
Queenston Shale 1.1x10? 1.5 x 10? 7.3 x 10°® 2

Niagara Landfill-Tonowanda® - 3.0x 10* 4.5x 10 - - - -
Camillus Shale

Niagara Landfill-Cecos® 9.0x 104 - - - - 2.0x 10 4.0 x 10¢ -
Lockport Group

Mill Seat Landfill® 6.1 x 104 24 x10? 8.4 x 10° 12 4.1 x 10 1.0 x 10° 49 x 10* 24

“ Vernon Shale

Niagara Landfill-Lockport® - - - - - 10¢ 10°* -
Rochester Shale

High Acres® 2.7x 10° - - - 2.5 x 10 5.2x10* 1.1 x 10 20
Vernon Shale 1.5 x 102 1.5 x 10 3.2x107 16

Seneca Meadows™ 1.7x 10 4.0x 10° 1.8 x 10* - - - - -
Camilus Shale and Bertie Group |

Galen Lyons® 7.5x 10° 10x10* | 40x10* - - - - -
Vernon Shale - 107%(est) 104(est) -

Orleans Sanitary Landfill®
Devils Hole/Whirlpool Sandstone 1.1 x10°% 33x10% 1.9 x 10¢ 3 8.3 x 10° 58x 103 5.8 x 107 10
Grimsby Sandstone 5.7x 10 1.4 x 10° 1.7 x 10¢ 4 1.8 x 10° 8.6 x 10° 5.8 x 10 4
Thorold Sandstone 7.6 x 10* 1.0 x 10* 6.7 x 10 3 1.8 x 107 - - 1
Cambria Shale 1.1 x 10* 2.0x 10* 53x10% 3 1.5 x 10° - - 1

'Wehran-New York, Inc. (1991)

2RECRA Environmental (1988)

SRECRA Environmental (1985)

“H & A of New York (1987)

3GZA (1984)

“Eckenfelder (1992)

"Dunn Geosciences (1990)

*Larson (1990)

°AFI Environmental and Beak Consultants, Ltd. (1988)




Table 10. RQD values of formations in the fractured and competent bedrock zones for the
Lake Ontario Plain.

= = s
Site Average RQD Average RQD
Fractured Zone Competent Zone
Modern Landfill®
I
Queenston Shale 27 72
Orleans Sanitary Landfill®
Whirlpool/Devils Hole Sandstone 42 78
Grimsby Sandstone 64 65
Thorold Sandstone 43 77
Cambria Shale 9 60
Kodak Sandstone 34 No data available
Maplewood & Reynales fms. 10 No data available
'Wehran-New York, Inc. (1991)
2AF1 Environmental and Beak Consultants, Ltd. (1988)
Table 11
General Surficial Stratigraphies
of Sites on the Erie-Ontario Plain
e ——

Modern Landfill

upper glaciolacustrine cap
upper till

lower glaciolacustrine sequence
basal till

Niagara Landfill-Tonawanda

upper till
lower glaciolacustrine sequence
basal till

Mill Landfill

upper glaciolacustrine sequence
upper till

lower glaciolacustrine sequence
basal till

High Acres

outwash

glacial till/outwash
brown "weathered"” till
gray basal till

Galen-Lyons Landfill
outwash
"weathered” till
basal till

Seneca Meadows

upper glaciolacustrine sequence
upper till

lower glaciolacustrine sequence
basal till
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Competent Bedr Zon

In the competent bedrock zone, drill core samples are well-preserved. The
hydraulic conductivity of the competent bedrock zone is slightly lower than that of
the overlying bedrock hydrostratigraphic units (Table 11). Most sites possess a
competent bedrock profile exhibiting a geometric mean K value in the low to mid
10° cm/s range although stratigraphic control on permeabilities at some sites may
result in slightly higher mean values.

Regional Surficial Hydrostratigraphy

Surficial geologic maps covering parts of the study area are provided by
Kindle and Taylor (1914), Muller (1977), Young (1980), Yager and others (1984),
Cadwell (1988) and Goodman and Stanwix (1994). In addition, a regional
Pleistocene stratigraphy for the Erie-Ontario Plain has been synthesized by Calkin
and Muller (1992).

Review of hydrogeologic reports for several of the 10 landfill sites situated
on the Erie-Ontario Plain reveal general similarities in their stratigraphic successions
(Table 11). Furthermore, at least some of these site-specific stratigraphies may be
understood within the context of the regional synthesis recently published by Calkin
and Muller (1992).

The general stratigraphy of the Lake Ontario Plain consists of two or more
couplets of glacial till and recessional lacustrine/outwash facies (Fig. 17) that
mostly record Port Huron stade and younger Quaternary history (Calkin and Muller,
1992). This general stratigraphy appears to be recorded in the surficial stratigraphy
of several landfill sites on the Lake Ontario Plain (Table 11).

Lower Glaciolacustrine Beds

The oldest documentated surficial deposits on the Lake Ontario Plain appear
to be glaciolacustrine silts and clays that are exposed along the shoreline near
Somerset, Niagara County. As the bedrock topography increases to the south, this
lowest unit probably pinches out against the bedrock subcrop and is beveled at its
upper surface by an overlying lodgement till, designated the Furnaceville Till by
Calkin and Muller (1992). At landfill sites south of the Onondaga Escarpment,
lodgement tills that share the same general geotechnical and hydraulic properties
with the Furnaceville Till occur immediately above bedrock except where deeply
incised fluvial valleys created topographic lows in the bedrock surface. One such
valley has been documented on the Ontario County Landfill site in the Town of Flint
(Wehran Engineering, 1986). In the bedrock valley, a glaciolacustrine silt and clay
unit attaining a maximum documented thickness of 58 feet overlies shales assigned
to the Ludlowville and/or Moscow Formation of the Hamilton Group. Similarities in
the succession of overlying till and glaciolacustrine units on sites both north and
south of the Onondaga Escarpment suggests that the basal silt and clay deposit at
the Ontario County Landfill occupies the same stratigraphic position as the basal silt
and clay deposit documented along the Lake Ontario shore by Calkin and Muller
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Table 11 Designations

OUTWASH/UPPER
— GLACIOLACUSTRINE CAP
-

UPPER TILL

LOWER GLACIOLACUSTRINE

SEQUENCE

BASAL TILL

modified from Calkin & Muller (1992)

b
x
o
o
<
@

Width suggests relative texture

Calkin & Muller (1992)

LAKE IROQUOIS AND
PRECURSOR BASINS

SOMERSET TILL

Upper Water-Lain Facies

Lower Lodgement Till

INTERTILL
GLACIOLACUSTRINE DEPOSITS

FURNACEVILLE TILL

LOWER
GLACIOLACUSTRINE BEDS

Figure 17. Composite stratigraphic section of regional surficial geologic

units encountered on landfill sites on the Lake Ontario Plain.
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(1992).
Furnaceville Til

The Furnaceville Till is described by Calkin and Muller (1992) as a stony,
massive, red diamicton. Clasts are particularly concentrated near the base of the
unit. Large clasts may comprise 50 to 80 percent of the unit by mass. Analysis of
37 till matrix samples by Brennan and Calkin (1984) yielded an average
sand:silt:clay ratio of 45:32:23.

Calkin and Muller (1992) have been able to establish correlation of the
Furnaceville Till between Niagara and Wayne Counties, a distance in excess of 150
km. Review of till stratigraphies on landfill sites within the same region supports
correlation of the Furnaceville Till across ground moraines and drumlin cores.

As would be expected for a lodgement till, the unit is over-consolidated and
densely compacted. N-values derived from standard penetration tests
(ASTM-D-1586) are summarized in Table 12. Average N-values collected from 6
sites on the Erie-Ontario Plain range between 42 and 124. Caution must be used in
evaluating these N-values, however. High blow counts may be attributable to
splitspoon contact with cobbles and boulders and are not always an indication of
the compaction of the till matrix.

The Furnaceville Till forms an aquitard-grade hydrostratigraphic unit.
Average hydraulic conductivity values for this lodgement till at 6 landfill sites are
presented in Table 13. The geometric mean K-values for these sites range between
1.0x107 and 4.1x10° cm/s.

Intertill Glaciolacustrine Deposits

Overlying the Furnaceville Till along the shoreline of Lake Ontario is a
glaciolacustrine sand to clay sequence ranging up to approximately 8 feet thick.
The glaciolacustrine sequence is erosionally overlain by a second diamicton
designated the Somerset Till by Calkin and Muller (1992). ldentical successions
have been documented at the Modern Landfill, Niagara Landfill-Tonawanda, Mill
Seat Landfill and Seneca Meadows Landfill.

At most sites, the intertill glaciolacustrine sequence may be divisible into
lowstand sand and silt and highstand silt and clay intervals. The lowstand sands
apparently record initial transgression and reworking of the Furnaceville Till
substrate during glacial recession. At the Modern Landfill, the lacustrine lowstand
deposit is primarily a sandy silt exhibiting a gravel:sand:silt ratio of 18:27:55 (Table
14). In constrast, the glaciolacustrine highstand deposit is a fairly lean, varved,
silty clay.

On two sites in the Niagara region, the intertill glaciolacustrine clay is

apparently normally consolidated and soft. The average N-values for the lower clay
at the Niagara Landfill-Tonawanda and Modern Landfill sites are 8 and 6 blows per
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Table 12
Surficial deposit N-values of the Lake Ontario Plain

Il Site - Average Range n

Seneca Meadows'"

Upper Isc* 14 wor*-46 60
Upper till 33 3-195 95
Lower Isc 27 wor-394 26
Basal sand/basal till 49 4-94 11

“ Niagara Landfill-Tonawanda'®

Upper tiil 35 11-87 31

Lower Isc 8 wor-20 53

Basal sand/basal till 67 7-120 13
Modern Landfill®

Upper till 19 7-36 72

Lower Isc 6 2-21 73

Basal sand/basal till 78 10-185 77
MiliSeat Landfill¥

Drumlin tills 85 6-205 146
High Acres Landfill®

Upper till/outwash 60 - 60

Basal till 124 25

1 Dumm Geosuence ([9480)

2 RECRA EnvizonmenTaL (14€9)
3 WERRAN - New Yorie ,Prc. (19%1)
4 Wik of New Yoo (LT H )

5 Fckenfelden (1992

*|sc = lacustrine silt and clay
xwor = weight of rod

59



Table 13. Hydraulic conductivity of surficial deposits (cm/sec) of the Lake Ontario Plain

'Dunn Geoscience (1990)
RECRA Environmental (1988)
3Wehran-New York, Inc. (1991)
‘H&A of New York (1987)

SEckenfelder (1992)
Larson (1990)

Site/Deposits Geometric Mean | Max Min n
Seneca Meadows®

upper lacustrine 5.6 x 10° 7.1x10° 1.1 x 10 4

upper till 8.1x 107 2.9 x 10* 1.8 x 10 17

lower lacustrine 1.5 x 10° 1.9 x 10* 1.1 x 107 4
Niagara Landfill-Tonawanda®

upper till 1.6 x 10*® 1

lower lacustrine 1.6 x 10 1

basal till 7.0 x 10 9.4 x 10° 4.5 x 10° 2
Modern Landfill®

upper till 5.8x 10° 4.2x 10" 2.6 x 107 13

lower lacustrine 59x10% 5.9x 10%® 5.9x10% 3

basal sand 4.9x 10° 3.4x 103 1.5 x 107 25

basal till 1.0 x 107 2.4 x 107 1.3 x 10° 7
Mill Seat Landfill®

coarse grained levels 2.8x 10° 1.9 x 10* 4.2 x 10 5

weathered till 1.4 x 10 2.5x 10° 3.2x10? 8

unweathered till 3.3x 10 2.1x10°% 8.1 x 10*® 11
High Acres®

outwash 1.2 x 103 4.7 x 10°® 5.1x10° 7

weathered till 1.7 x 10° 7.9 x 10° 8.7 x 107 11
Galen Lyons®

alluvium 1.9 x 10" 1

upper till 8.6 x 10° 2.8 x 10 2.1x 10% 7

lower till 3.8x 10" 1.4 x 10* 7.3 x10°% 5
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Table 14. Grain size trends of surficial deposits of the Lake Ontario Plain.

'Wehran-New York, Inc. (1991)
?Dunn Geoscience (1990)
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Site/Deposits % Gravel % Sand % Silt % Clay
Modermn®
brown till 0.2 9.2 29.4 61.2
grey till 2.2 8.4 35.4 54.0
lacustrine lowstand 18.4 26.5 §5.1 0.0
Seneca Meadows®
upper till 7 45 25 23
glaciolacustrine silt & clay 0 0 35 65




foot, respectively. These values suggest that the unit has not been subjected to
significant compaction by the overlying Somerset Till. Consequently, either the
Somerset Till does not contain a true lodgement till facies beyond northern Niagara
County or anomalously high hydrostatic pressures were able to offset the weight of
the advancing ice sheet.

For the most part, hydraulic conductivity values reported for the intertill
glaciolacustrine deposts reflect the relative percentages of sand and clay in local
sections (see Table 13). Values representative of the basal sand and silt are
generally in the 10 cm/s range. Values representative of the overlying silt and clay
highstand unit are in the 10® cm/s range.

Somerset Till

The predominant diamicton of the Lake Ontario Plain in western New York is
a gray to purplish-gray unit that overlies the intertill glaciolacustrine sequence, the
Furnaceville Till or bedrock (Calkin and Muller, 1992). This unit has been
designated the Somerset Till.

Calkin and Muller (1992) recognize two facies in sections along the shore of
Lake Ontario: 1) a basal, compact, massive-bedded, homogeneous, silty till; and 2)
an overlying, subaqueously deposited succession of diamictic beds and stratified,
water-sorted facies. The basal contact of the Somerset Till is apparently sharp in
the type area based upon consistent identification in test borings. Conversely, the
upper contact appears gradational with the capping glaciolacustrine sequence, and
a distinction is not always made in test boring logs.

Although the texture of the Somerset Till may be widely variable, Calkin and
Muller (1992) indicate that the unit is generally finer-textured than the older
Furnaceville Till. These workers report that the gravel component averages only 4
percent by mass. Grain-size data from the Modern Landfill and Seneca Meadows
Landfill are consistent with the reported low gravel content (see Table 14).

Generally, the Somerset Till is less compact than the older Furnaceville Till.
One reason may be that at least the upper half of the Somerset Till was deposited
subaqueously. Varved interbeds are common at the Modern Landfill site (Wehran,
1991). The lower degree of compaction is reflected in lower average N-values for
the upper till than the lower diamicton (see Table 12). Average N-values for the
Somerset Till at four landfill sites range between 19 and 60 blows per foot
compared to a range between 42 and 124 blows per foot for the Furnaceville Till.

Due to the high percentages of silt and clay in the Somerset Till, the
diamicton forms a low permeability, aquitard-grade, hydrostratigraphic unit.
Average hydraulic conductivity values from 5 landfill sites range between 1.6x10%
and 8.6x10° cm/s (see Table 13).
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Upper Glaciolacustrine Deposits

A progradational clay to sand sequence overlies the Somerset Till or ice
contact facies along the shore of Lake Ontario (Calkin and Muller, 1992).
Lacustrine sequences cap the upper till at many landfill sites both north and south
of the Niagara Escarpment (see Table 11). North of Route 104, these deposits are
attributed to Lake Iroquois. South of the escarpment, the glaciolacustrine sequence
may be attributed to one of several Iroquois-precursor basins.

Because of the gradational contact with the water-lain till facies of the
underlying Somerset Till, the glaciolacustrine sequence is not always treated
discretely on landfill sites. At Seneca Meadows, however, a distinction between
the two units can be made (Dunn Geoscience, 1990). N-values for the
glaciolacustrine unit range between O (weight of drill rods) and 46 with an average
N-value of 14 (see Table 12).

At some landfill sites in eastern Monroe and Wayne Counties, the upper
glaciolacustrine silt and clay sequence appears to be replaced by coarse-grained,
lacustrine shoreface to outwash facies (see Table 11). These coarse-grained
materials are widespread in the Irondogenesee Valley (Yager and others, 1984). On
the High Acres and Galen-Lyons Landfill sites, coarse-grained deposits occupy
interdrumlin areas. Coarse-grained deposits also rim a portion of the drumlin on
which the Mill Seat Landfill is constructed. The coarse-grained materials exhibit
site-specific, geometric mean hydraulic conductivities ranging between 2.8x10° and
1.2x10° cm/s (see Table 13).

Groundwater Flow Trends

Groundwater flow conditions on landfill sites of the Lake Ontario Plain reflect
gentle topography and the alternating succession of aquitards and transmissive
horizons. Recharge of the shallow groundwater zone occurs atop flat-lying ground
moraines and glaciolacustrine plains (Figures 18a, b). On drumlin sites, runoff and
shallow interflow proceed radially from topographic highs to groundwater recharge
areas between the drumlins (Figure 18c). Flow vectors are oriented vertically
downward to potentially transmissive zones in the overburden or fractured bedrock
zone. On ground moraines and glaciolacustrine plains, the first transmissive zone
may occur within a glaciolacustrine sand and silt lowstand horizon atop the
Furnaceville Till (Wehran-New York, 1991). On drumlin sites, the first transmissive
zone may occur in interdrumlin outwash at very shallow depths. These deposits are
typically removed on landfill sites in order to insure that landfill subgrades consist of
low permeability materials.

On most flat-lying sites, the water table occurs within 5 feet of the ground
surface. In drumlins, a shallow water table may be difficult to define because of
the anisotropy of the upper till horizon. Groundwater may exist as perched lenses
in an otherwise unsaturated till matrix (H&A of NY, 1989). A perched groundwater
table may also exist in the weathered till profile on the drumlin (Eckenfelder, 1992).
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Figure 18C. Generalized groundwater flow patterns
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Regional Background Water Quality

A summary of representative background water quality for landfill sites on
the Erie-Ontario Plain is provided in Table 15. These data reflect the position of the
lake plain-near regional base-level. The plain lies in close proximity to major
sublacustrine groundwater discharge zones for regional-scale flow systems that
may originate in the Appalachian Plateau. Thus, a remarkable contrast in
concentrations of dissolved solids exists between water quality data in Tables 8
and 15.

Water quality is significantly impaired by high concentrations of
naturally-ocurring calcium, sodium, sulfate and chloride. The majority of the
dissolved ionic species are likely derived from the evaporites of the Silurian Salina
Group. Discharging brine springs at the contact between the Silurian Medina Group
and Ordovician Queenston Shale have been described as early as Amos Eaton
(1824). These Medina brines may not be associated with the Salina evaporites, but
may instead be connate formation waters or very old meteoric waters.

CONCLUSION

This study demonstrates that hydrogeologic reports for landfill sites contain
valuable data for characterization of regional hydrostratigraphic units. Access to
documents was provided by the NYSDEC after filing of a Freedom of Information
Law request. Technical reports from 19 landfills were reviewed. The quantitative
data available in these reports can be reconciled with and may compliment existing
published regional surficial and bedrock stratigraphic syntheses.

Common elements of hydrogeologic settings that are appropriate for landfill
siting may be used to construct general models for till-dominated terrains in the
Appalachian Plateau and the Erie-Ontario Plain. These models may be used
predictively and may be modified following further testing through future
comparative studies.
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Table 15

Representative Background Water Quality
Erie-Ontario Plain

CECOS Niagara County]l Niagara Landfill Inc. High Acres Landfill Orleans Sanitary Landfill
Parameter*,® Landfill Tonawanda

Bedrock/ Shallow Shallow | Lodgemenyf Lodgement| Shatlow Western Arca Bastern Area

Overburd: Bedrock Bedrock Till Till Bedrock
Contact Lodgement] Shallow| Deep | Lodgement| Shallow] Deep
" W— = Wi B R R
N | Yy

pH (pH units) 6.68 6.59 8.62 7.62 7.43 1.72 740 7.48 1.70 750 7.68 17.62
Specific Conductance 1750 1592 2973 3340 1000 2194 520 2450 14600 540 680 805
(umhos/cm)
Total Dissolved N/A 1119 3438 7625 625 2500 370 1575 9300 260 390 528
Solids
Hardness N/A 1310 N/A N/A 496 1260 230 895 2300 350 375 383
Alkalinity N/A 3o N/A N/A 320 205 153 199 250 290 298 228
Chloride 340 i n 1385 127 101 25.0 615 5600 11.6 223 74.4
Sulfate 2.10 541 1998 586 5.0 1402 126 7.0 135 7.30 .0 70.6
Nitrate N/A 0.31 N/A N/A 1.31 0.70 0.01 1.21 0.10 0.02 0.08 0.58
TOC 62.0 199 35.0 284 0.80 1.6 9.5 1.25 18.0 21.0 0.67 0.67
Ammonia N/A N/IA N/A N/A N/A N/A 0.08 0.02 1.93 0.23 0.02 037
fron NIA 108 0.09 5.63 110 2.50 0.04 0.03 N/A 10.5 0.04 0.12
Manganese N/A 0.86 0.14 1.34 N/A N/A 0.005 0.08 NIA 1.5 0.17 0.13
Magnesium N/A N/A N/A N/A 50.0 57.0 13.1 502 123 17.6 215 308
Calcium 113 N/A N/A N/A 113 409 59.0 244 700 110 105 94.4
Sodium 300 N/A N/A N/A 550 258 .o 155 2200 15.2 13.9 17.0
Potassium N/A N/A N/A N/A 6.90 18.1 370 133 56.0 1.82 2.57 139

*  all values in mg/l unless otherwise specified

(6) Values reported are mostly arithmetic means for each geologic interval.
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Table 15
Representative Background Water Quality
Erie-Ontario Plain

Galen-Lyons Landfill Mill Seat Landfill Modem Landfill
Parameter®
‘Weathere| Unaltered] Shallow || Weathered] Unweathered] Shallow]  Decp Lacustrine | Shallow
d Till Till Bedrock Tifl Till Bedrock] Bedrock|l  Silt & Sand| Bedrock

pH (pH units) 6.21 7.39 8.66 743 8.22 6.98 6.91 7.53 7.80
Specific Conductance || 597 473 460 859 661 1491 1963 2356 3458
(umhos/cm)

Total Dissotved 451 362 142 543 389 1283 1776 3822 5818
Solids

Hardness 434 320 187 466 315 992 1325 2043 2075
Alkalinity 364 237 110 375 m 305 319 433 292
Chloride 379 11.4 1.98 14.9 13.1 37.5 59.7 190 460
Sulfate 29.3 80.0 37 122 7.0 638 928 2072 3190
Nitrate 1.50 0.11 <0.05 1.35 0.80 0.12 0.03 0.19 0.06
TOC 6.41 1.53 1.83 120 1.13 2.16 447 2.39 2.98
Ammonia 1.93 0.05 0.09 0.03 0.1t 0.06 0.14 0.28 0.75
fron 7.05 0.61 2.69 " 0.09 0.08 0.16 0.57 7.60 1.87
Mangancse 0.49 0.03 0.07 0.08 0.02 0.06 0.04 0.27 0.24
Magnesium N/A N/A N/A 60.0 433 41.6 43,7 27 235
Caleium 1s 66.9 36.1 83.3 46.0 326 456 193 337
Sodium 11.8 10.2 14.5 16.3 37.1 11.2 13.7 273 628
Potassivm 4.35 1.3% 14.5 4.00 7.87 244 5.40 9.95 349

*  gall values in mg/l unless otherwise specified
(6) Values reported are mostly arithmetic means for each geologic interval.




Thanks are also extended to the corporate officers of Sear-Brown and
Huntingdon E&E. Significant resources and professional time were afforded to the
authors to complete this paper. Special thanks are extended to Cindy Torchia of
Sear-Brown for typing numerous drafts of the manuscript.

Finally, the authors express their appreciation to the Town of Brighton, Dan
Coon and Don Peterson of Waste Management, Inc., and Glenn Herdman and Fred
Kelly of Hyland Facility Associates for graciously offering to host site visits. This
trip would not have been possible had they not warmly extended welcomes to our
group.

70



GENERAL REFERENCES

ALLER, L., BENNETT, T., LEHR, J., PETTY, R.J. AND HACKETT, G., 1987,
DRASTIC: a standardized system for evaluating groundwater pollution
petential using hydrogeologic settings. National Water Well Association/EPA
Series Document EPA-600/2-87-035.

BOULTON, G.S., 1968, Flow tills and related deposits on some Vestspits bergen
glaciers: Journ. of Glaciology, v. 7, p. 391-412.

BOULTON, G.S., AND PAUL, M.A., 1976, The influence of genetic processes on
some geotechnical properties of glacial tills: Quarterly Journal of Engineering
Geology, v.9, p. 159-194.

BRENNAN, S.F. AND CALKIN, P.E., 1984, Analysis of bluff erosion along the
southern coastline fo Lake Ontario, N.Y.: New York Sea Grant Institute,
74p.

BRETT, C.E., TEPPER, D.H., GOODMAN, W.M., LODUCA, S.T. AND ECKERT, B.Y.,
in press, Revised stratigraphy and correlation of the Niagara Provincial Series
(Medina, Clinton and Lockport Groups) in the type area of western New
York: USGS Bulletin 2086.

CADWELL, D.H., 1988, Surficial Geologic Map of New York, Niagara Sheet: New
York State Museum - Geologic Survey, Map and Chart Series #40.

CALKIN, P.E., 1982, Glacial geology of the Erie lowland and adjoining Allegheny
Plateau, northwestern New York, in, Buehler, E.J., and Calkin, P.E., eds.,
New York State Geological Association 54th Annual Meeting Guidebook, p.
121-148.

CALKIN, P.E. AND MULLER, E.H., 1992, Pleistocene stratigraphy of the Erie and
Ontario Lake bluffs in New York: in Quaternary Coasts of the United States:
Marine and Lacustrine Systems. SEPM special publ. no. 48, p. 385-396.

CLOYD, K.C. AND CONCANNON, P.W., 1993, Landfill siting in New York: case
studies confirming the importance of site-specific hydrogeologic
investigations. Northeastern Section Geological Society of America Abstract
with programs, v. 25, p. 9.

COLE, R., GOODMAN, W., SMITH, P. AND CADWELL, D., 1993, Sedimentological
analysis of a Pleistocene valley-fill: use of penetrative investigations to
revise regional maps of surficial geology in northern Cattaraugus County,
N.Y. Northeastern Section Geological Society of America Abstracts with
Programs, v. 25, p. 10.

CRAIN, L.J., 1966, Groundwater resources of the Jamestown Area, New York:
State of New York Conservation Department, Water Resources Commission

71



Bull. 58, 176 p.

EATON, A., 1824, Geological and Agricultural Survey of the district adjoining the
Erie Canal, in the State of New York. Part |. Containing a description of the
rock formations. Albany, Packard & Benthuysen, 163p.

EYLES, N., 1983, Glacial Geology: An Introduction for Engineers and Earth
Scientists, Pergamon Press, Oxford, England, 409 p.

EYLES, N., AND SLADEN, J.A., 1981, Stratigraphy and geotechnical properties of
weathered lodgement tills in Northumberland England: Quarterly Journal of
Engineering Geology, London, V. 14, p. 129-141.

EYLES, N. AND MENZIES, J., 1983, The subglacial land system, in, Eyles, N., ed.,
Glacial Geology: An Introduction for Engineers and Earth Scientists,
Pergamon Press, Oxford, England, 409 p.

FETTER, C.W., 1994, Applied Hydrogeology., 3rd Edition, MacMillan Publishing
Company, New York, 691p.

GOODMAN, W.M., HUNT, G. AND FREGELETTE, K.M., 1992, Terrain suitability for
landfill siting in New York State. Northeastern Section Geological Society of
America Abstracts with programs, v. 24, p. 24.

GOODMAN W.M. AND STANWIX, C.J., 1994, Construction of a surficial geologic
map for environmental applications: Orleans County, N.Y. Northeastern
Section Geological Society of America Abstracts with programs, v. 26, p.
20.

HEATH, R.C., 1984, Groundwater regions of the United States. U.S. Geological
Survey, Water Supply Paper 2242, 78 p.

KINDLE, E.M. AND TAYLOR, F.B., 1914, Geologic Atlas of the United States.
USGS Folio 190-Field Edition, 184p.

LAFLEUR, R.G., 1979, Glacial geology and stratigraphy of Western New York
Nuclear Service Center and vicinity, Cattaraugus and Erie Counties, New
York: U.S. Geological Survey Open-File Report 79-989, 17 p.

LAWSON, D.E., 1982, Mobilization, movement and deposition of active subaerial
sediment flows, Matanuska Glacier, Alaska: Journ. of Glaciology, v. 90, p.
278-300.

MANSPEIZER, W., 1963, A study of stratigraphy, paleontology, petrology, and
geologic history of the Canadaway and Conneaut Groups in Allegany
County, New York: Ph.D. Thesis, Rutgers University.

MCGOWN, A., AND DERBYSHIRE, E., 1977, Genetic influences on the properties

72



of tills; Quarterly Journal of Engineering Geology, v. 10, p. 389-410.

MILLER, T.S., 1988, Potential yield of wells in unconsolidated aguifers in upstate
New York--Niagara Sheet: U.S.G.S. Water Resources Investigation Report
88-4076.

MULLER, E.H., 1977, Quaternary geology of New York State -Niagara Sheet, New
York State Museum and Science Service Map and Chart Series Number 28.

NYSDEC DIVISION OF SOLID WASTE, October 9, 1993, 6 NYCRR Part 360, Solid
Waste Management Facilities.

PRUDIC, D.E., 1982, Hydraulic conductivity of a fine-grained till, Cattaraugus
County, New York: Ground Water, v. 20, no. 2, p. 194-204.

PRUDIC, D.E., 1986, Ground-water hydrology and subsurface migration of
radionuclides at a commercial radioactive-waste burial site, West Valley,
Cattaraugus County, New York: U.S. Geological Survey Professional Paper
1325, 83 p.

SMITH, P., GOODMAN, W., COLE, R. AND ABBOTT, L., 1993, Use of penetrative
investigations and pumping test data to revised large scale maps of surficial
aquifers in northern Cattaraugus County, N.Y. Northeastern Section
Geological Society of America Abstracts with programs, v. 25, p. 80.

TESMER, I.H., 1963, Geology of Erie County, N.Y.: Buffalo Society of Natural
Sciences Bulletin v. 21, 118p.

TESMER, I.H., 1975, Geology of Cattaraugus County, New York: Buffalo Society of
Natural Sciences Bulletin, v. 27, 105 p. :

YOUNG, R. , 1980, Overburden Thickness Map, Monroe County, N.Y. Monroe
County Environmental Management Council.

YAGER, R.M., ZARRIELLO, P.J. AND KAPPEL, W.M., 1984, Geohydrology of the
Irondequoit Creek basin near Rochester, N.Y.: USGS Water Resources
Investigation Report 84-4259.

WEDEL, AA, 1932, Geological Structure of the Devonian Strata of Southern Central
New York, New York State Museum Bulletin, 294, 74 p.

WOODRUFF, J.G., 1942, Geology of the Wellsville Quaternary, New York: New
York State Museum Bulletin 326, 135 p.

Hydrogeologic Reports

AFlI ENVIRONMENTAL, November 1992a, Hydrogeologic site investigation report,
Southern Tier Sanitary Facilities Cattaraugus County, Farmersville, N.Y.

73



AFI ENVIRONMENTAL, November 1992b, Carpenter Brook Valley investigation
report, Farmersville, Cattauraugus County, N.Y.

AFI ENVIRONMENTAL, November 1992¢, Hydrogeologic investigation report,
Schultz Construction and Demolition Landfill.

AFl ENVIRONMENTAL AND BEAK CONSULTANTS LTD., May 1988, Orleans
Sanitary Landfill hydrogeologic report.

BLASLAND, BOUCK & LEE, INC., May 1994, Southern Tier Solid Waste
Management Facility: response to NYSDEC December 16 1993
correspondence.

COATES & ASSOCIATES AND TEST, INC., October 1986, Hydrogeologic
assessment for the expansion of the Chemung County Llandfill, Part 2.

DUNN GEOSCIENCE, February 1988, Hydrogeologic investigation, Ellery Landfill
Phase Il Expansion Area, Town of Ellery, Chautauqua County, N.Y.

DUNN GEOSCIENCE CORPORATION, January 1990, Hydrogeologic report on the
Seneca Meadows Landfill.

DUNN ENGINEERING COMPANY, July 1993, Supplemental Hydrogeologic
Investigation, Seneca Meadows Landfill.

EARTH INVESTIGATIONS LTD., May 1990a, Hydrogeologic Report for the Olean
Landfill.

EARTH INVESTIGATIONS LTD., October 1990b, Hydrogeologic site investigation
report for the Hylands Ash Monofill, Town of Angelica, Allegany County,
N.Y.

EARTH INVESTIGATIONS LTD., November 1990¢c, Hydrogeologic Report for the
CID Landfill, Inc.

ECKENFELDER INC., September 1992, Hydrogeologic investigation of the proposed
Western Expansion Area Landfill, High Acres Landfill

EMPIRE SOILS/THOMPSEN ASSOCIATES, January 1986, Chemung County Landfill
hydrogeologic investigation.

FOUNDATION DESIGN, P.C., July 1981, Ontario County Landfill Phase II-A permit
application, soils and groundwater report.

GARTNER-LEE, 1993a, Seismic refraction survey, BFI-Eagle, Wyoming County, N.Y.

GARTNER-LEE, 1993b, Seismic refraction survey, Modern-Eagle, Wyoming County,
N.Y. ;

74



GZA OF NEW YORK, P.C., January 1984, Report on geohydrologic conditions at
the Niagara County Refuse Disposal District’s sanitary landfill, Lockport, N.Y.

GZA OF NEW YORK, P.C., August 1981, Hydrogeologic studies at the Niagara
County Landfill.

H&A OF NEW YORK, September 1987, Hydrogeologic and geotechnical
investigations for proposed expansion, Steuben County Landfill - Bath site.

H&A OF NEW YORK, October 1989, Hydrogeologic report for the proposed Mill
Seat Solid Waste Landfill, Brew Road, Town of Riga, Monroe County, N.Y.

HARDING LAWSON ASSOCIATES, 1992, Seismic refraction survey, Southern Tier
Sanitary Landfill, Farmersville, N.Y.

KICK, J.F., 1992, Seismic refraction survey, Southern Tier Sanitary Landfill,
Farmersville, N.Y.

LARSEN, December 1990, Closure investigation report, Galen-Lyons sanitary
landfill, Wayne County, N.Y. Volume 1, Hydrogeologic investigation report.

MALCOLM PIRNIE, INC., January 1994a, Preliminary hydrogeologic investigation
report, Modern-Eagle.

MALCOLM-PIRNIE, INC., May 1994b, New Bath Landfill hydrogeologlc investigtion
report.

MALCOM-PIRNIE, INC., 1991, Ellery Sanitary Landfill Phase Il Expansion Area, site
field investigation. Volume 1: report.

RECRA ENVIRONMENTAL, INC., April 1988, Groundwater monitoring well
installation and baseline water quality program, Niagara Landfill, Inc.

RECRA ENVIRONMENTAL, INC., April 1985, Secure Chemical Residue Facility, site
characterization report.

TAMS CONSULTANTS, INC., March 31, 1994, Final site investigation plan for a
2,500 tpd resources management facility, Eagle, N.Y.

TODD GIDDINGS AND ASSOCIATES, 1980, Seneca Falls Landfill Subsurface
exploration program.

WEHRAN ENGINEERING, July 1986, Hydrogeologic investigation of the Ontario
County Sanitary Landfill, proposed Phase Il Expansion Area.

WEHRAN-NEW YORK, INC., April 1991, Volume V, landfill expansion application,
hydrogeologic site investigation report and plans, Modern Landfill, Inc.

75



MAP REFERENCES FOR TERRAIN SUITABILITY ANALYSIS
Component Map of Coarse-Grained Surficial Deposits

CADWELL, D.H. , 1988, Surficial Geologic Map of New York-- Niagara Sheet; New
York State Museum Geological Survey, Map and Chart series No. 40.

CADWELL, D.H. AND DINEEN, R. J., 1987, Surficial Geologic Map of New York--
Hudson- Mohawk Sheet; New York State Museum- Geological Survey, Map
and Chart Series No. 40.

CADWELL, D.H., 1989, Surficial Geologic Map of New York-- Lower Hudson Sheet;
New York State Museum- Geological Survey, Map and Chart Series No. 40.

MULLER, E.H. AND CALDWELL, D.H. , 1986, Surficial Geologic Map of New York--
Finger Lakes Sheet; New York State Museum- Geological Survey, Map and
Chart Series No. 40.

Component Map of Potentially Karstic Carbonates
And
Brittle Structures

FISHER, D.W., ISACHSEN, Y.W., AND RICKARD, L.V., 1970, Geologic Map of
New York-- Lower Hudson Sheet, New York State Museum and Science
Service, Map and Chart Series No. 15.

FISHER, D.W., ISACHSEN, Y.W., AND RICKARD, L.V., 1971, Generalized Tectonic-
Metamorphic Map of New York, New York State Museum and Science
Service, Map and Chart Series No. 15.

ISACHSEN, Y.W. AND FISHER, D.W., 1970, Geologic Map of New York--
Adirondack Sheet, New York State Museum and Science Service, Map and
Chart Series No. 15.

ISACHSEN, Y.W. AND MCKENDREE, W.G., 1977, Preliminary Brittle Structures
Map of New York -Adirondack Sheet, New York State Map and Chart Series
No. 31A.

ISACHSEN, Y.W. AND MCKENDREE, W.G., 1977, Preliminary Brittle Structures
Map of New York -- Hudson - Mohawk Sheet, New York State Map and
Chart Series No. 31 B.

ISACHSEN, Y.W. AND MCKENDREE, W.G., 1977, Preliminary Brittle Structures
Map of New York -- Lower Hudson, New York State Map and Chart Series
No. 31C.

ISACHSEN, Y.W. AND MCKENDREE, W.G., 1977, Preliminary Brittle Structures
Map of New York -- Niagara Finger Lakes Sheet, New York State Map and

76



Chart Series No. 31 D.

ISACHSEN, Y.W. AND MCKENDREE, W.G., 1977, Preliminary Brittle Structures
Map of New York, New York State Map and Chart Series No. 31 E.

RICKARD L.V. AND FISHER, D.W., 1970, Geologic Map of New York-- Finger Lakes
Sheet, New York State Museum and Science Service, Map and Chart Series
No. 15.

RICKARD L.V. AND FISHER, D.W., 1970, Geologic Map of New York-- Niagara
Sheet, New York State Museum and Science Service, Map and Chart Series
No. 15.

Component Map of Exposed Bedrock
And
Brittle Structures

CADWELL, D.H., 1988, Surficial Geologic Map of New York-- Niagara Sheet; New
York State Museum Geological Survey, Map and Chart Series No. 40.

CADWELL, D.H. AND DINEEN, R. J., 1987, Surficial Geologic Map of New York--
Hudson- Mohawk Sheet; New York State Museum- Geological Survey, Map
and Chart Series No. 40.

CADWELL, D.H. AND OTHERS, 1989, Surficial Geologic Map of New York-- Lower
Hudson Sheet; New York State Museum- Geological Survey, Map and Chart
Series No. 40.

ISACHSEN, Y.W. AND MCKENDREE, W.G., 1977, Preliminary Brittle Structures
Map of New York --Adirondack Sheet, New York State Map and Chart Series
No. 31 A.

ISACHSEN, Y.W. AND MCKENDREE, W.G., 1977, Preliminary Brittle Structures
Map of New York Hudson - Mohawk Sheet, New York State Map and Chart
Series No. 31 B.

ISACHSEN, Y.W. AND MCKENDREE, W.G., 1977, Preliminary Brittle Structures
Map of New York Lower Hudson, New York State Map and Chart Series No.
31C.

ISACHSEN, Y.W. AND MCKENDREE, W.G., 1977, Preliminary Brittle Structures
Map of New York Niagara Finger Lakes Sheet, New York State Map and
Chart Series No. 31 D.

ISACHSEN, Y.W. AND MCKENDREE, W.G., 1977, Preliminary Brittle Structures
Map of New York, New York State Map and Chart Series No. 31 E.

MULLER, E. H. AND CALDWELL, D.H., 1986, Surficial Geologic Map of New York-

77



- Finger Lakes Sheet; New York State Museum- Geological Survey, Map and
Chart Series No. 40,

Component Map of Aquifers
And
Major Wetlands

BUGLIOSI, E.F. AND TRUDELL, R. A., 1987, Potential Yields of Wells in
Unconsolidated Aquifers in Upstate New York-- Lower Hudson Sheet, U.S.
Geological Survey, WRI Report 87-4274.

BUGLIOSI, E.F., TRUDELL, R. A., AND CASEY, G.D., 1987, Potential Yields of
Wells in Unconsolidated Aquifers in Upstate New York-- Adirondack Sheet,
U.S. Geological Survey, WRI Report 87-4276.

BUGLIOSI, E.F., TRUDELL, R. A., AND CASEY, G.D., 1987, Potential Yields of
Wells in Unconsolidated Aquifers in Upstate New York-- Hudson-Mohawk
Sheet, U.S. Geological Survey, WRI Report 87-4275.

MILLER, T.S., 1987, Potential Yields of Wells in Unconsolidated Aquifers in Upstate
New York-- Finger Lakes Sheet, U.S. Geological Survey, WRI Report 87-
4122.

MILLER, T.S., 1988, Potential Yields of Wells in Unconsolidated Aquifers in Upstate
New York-- Niagara Sheet, U.S. Geological Survey, WRI Report 88-4076.

78



TOTAL

MILES

0.0

0.1

0.3

0.4

1.2

2.2

2.4

18.4

18.5

ROAD LOG

HYDROGEOLOGY OF LANDFILL SITES

MILES FROM

LAST POINT

0.0

0.1

0.2

0.1

0.8

1.1

0.2

16

0.1

IN WESTERN NEW YORK

ROUTE
DESCRIPTION

Depart from U of R parking lot; turn left (south)
onto Wilson Blvd.

Intersection with Eimwood Avenue; turn left
{east) onto ElImwood Ave.

Intersection with Lattimore Road; turn right
(south) onto Lattimore.

Intersection with Crittenden Blvd; turn left (east)
onto Crittenden.

Intersection with Routes 15 and 15A; Bear right
onto Route 15A.

Intersection with RoUte 390; bear left onto 390
south.

Junction with Route 590 north; bear left onto
Route 590 north.

Browncroft Blvd. (Rt. 286) off-ramp; turn right
(east) onto Browncroft.

Turn left into access road to Brighton Town
Landfill.

STOP 1. BRIGHTON TOWN LANDFILL

Facility: Brighton Solid Waste Management Facility

Location: Town of Brighton, Monroe County (Rochester East 7.5" Quadrangle)

Hydrogeologic Setting: Glaciolacustrine deposits and glacial till over bedded
sedimentary rock.

Site Description: The site is located on the northeast-facing side of the Irondequoit
Creek valley. The site includes 75 acres; only 24 acres are considered suitable for
waste disposal purposes. Topographic relief across the active portion of the site is
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approximately 150 feet; the average topographic slope is approximately 5 percent.
The site is bounded on the west by Thomas Creek, a small tributary of Irondequoit
Creek, and on the north and east by Irondequoit Creek. Irondequoit Creek drains
into a major bay (Irondequoit Bay) of Lake Ontario.

The following items, listed in the Part 360 Permit Application for this facility, reflect
current site conditions:

There is no evidence of leachate derived from this facility.

Natural vegetation is present on previous disposal areas.

Vegetation is established on all slopes of disposal areas.

There is no evidence of significant erosion occurring on site.

The disposal area is adequately covered and graded to maintain safe and
efficient storm water runoff.

Surficial Geology: Overburden consists of probable lodgement till overlain by
interbedded flow tills and stratified silt- to sand-rich glaciolacustrine facies. The
overburden ranges in thickness from 22 to approximately 100 feet. The overburden
is thinnest at the topographically highest (southwestern) portion of the site and
thickens towards Irondequoit Creek, to the northeast. The strike of the surficial
deposits generally follows the topographic contours of the valley.

The interbedded, stratified glaciolacustrine facies and water-lain till deposits include
evenly laminated silt (offshore lacustrine deposits), evenly- and cross-laminated
coarse silt and very fine sand (nearshore lacustrine deposits), and gravelly, clay-rich
silts (tills). Based on detailed boring logs, split-spoon samples (Huntingdon-Empire
Soils Investigations, Inc., 1994), and outcrop sections, the glacial and proglacial
strata include, in descending order:

Unit 1: Evenly laminated silt (10 to 25 feet thick)

Unit 2: Very fine, silty sand (5 to 15 feet thick)

Unit 3: Gravelly, clay-rich silt (5 feet thick)

Unit 4: Evenly laminated siit (> 5 feet)

Unit 5: Undifferentiated deposits (No boreholes with detailed logs or

available split spoon samples penetrated Unit #4. However,
tills are present over bedrock throughout the lower Irondequoit
Creek valley.)

This succession mostly records accumulation in a proglacial lake basin. The
glaciolacustrine succession disconformably overlies lodgement till that accumulated
during the earlier glacial advance. A minor glacial advance is recorded by Unit 3, a
waterlain diamicton or subaqueous flow till. The stratigraphic record of this
advance is asymmetrical: offshore silts are overlain by flow till, and the flow till, in
turn, is overlain by nearshore sands. Unit 3 may correlate with the Somerset Till
described by Calkin and Muller (1992) from sections along the Lake Ontario
shoreline.

In general, lacustrine silts and sands are extremely well sorted with D,, values on
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the order of 0.05 mm or less for the very fine sands. N-values for these deposits
generally range from 15 to refusal, with the lower N values correlating to
shallowest subsurface sandy deposits.

Bedrock -Geology: Based on reported depth to bedrock, strata assigned to the
Lower Silurian Medina and Clinton groups probably subcrop beneath glacial
sediments. These strata consist of sandstone, shale, and limestone. In ascending
order, the following formations are likely subcrop beneath the site: Grimsby
Sandstone, Cambria Shale, Kodak Sandstone, Maplewood Shale, Reynales
Limestone, and Sodus Shale.

Groundwater Flow: Groundwater flow is topographically controlled. Groundwater
equipotentials are generally parallel to topographic contours; groundwater flows to
the northeast.

18.7 0.2 Return west on Browncroft Bivd to Rt. 590.
Turn left onto Rt. 590 south.

20.2 1.5 Junction with Route 490; take Route 490 east.

23.4 3.1 Junction with Route 31F; turn right (east) onto
Route 31F.

26.2 2.8 Route 31F to the Village of Fairport;

27.4 1.2 Route 31F crosses canal on east side of village.

29.9 2.5 Intersection of Perinton Parkway and Route 31F;

turn right (south) onto Perinton Parkway.

30.8 0.9 Perinton Parkway to Resident’s Entrance to High
Acres Landfill.

STOP 2. HIGH ACRES LANDFILL

Site Location: Town of Perinton, Monroe County, New York
Fairport and Macedon 7.5 Minute Quadrangles

Site Description: The east side of the site contains a north-south trending drumlin.
The existing operational facility is constructed on the drumlin. The west side of the
site is relatively flat-lying, interdrumlin terrain. The western area is presently under
construction as a lateral expansion area to the landfill.

Surficial Geology: The drumlin on the west side consists of two separate till
horizons: a lower, gray, bouldery lodgment till and an upper, brown weathering
"altered till". The upper till contains fewer cobble and boulder size clasts than the
basal, unaltered till (Dan Coon, personal communication). Given the difference in
grain-size composition and density, the upper till may actually represent a separate
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genetic unit. One hypothesis is that the basal till correlates with the Furnaceville
Till, whereas the upper till is correlative to the Somerset Till.

In the interdrumlin areas of the west side of the site, the surficial
stratigraphy is more variable. The basal till that directly overlies bedrock is also
divisible into a lower, unaltered zone and an upper weathered zone. The presence
of this horizon may suggest a period of subaerial exposure prior to deposition of the
overlying recessional sequence. Such an interpretation, however, is difficult to
reconcile with the regional glacial history. An alternative hypothesis is that the
"weathered till" may represent the diamictic facies of the younger Somerset Till
equivalent and that the mixed water-lain and till deposits ("glacial till/outwash"
deposits of Eckenfelder, 1992) may correspond to the upper water-lain till facies of
the Somerset Till as defined by Calkin and Muller (1992).

Bedrock Stratigraphy: The bedrock strata that subcrop beneath glacial tills on the
site are assigned to the upper part of the Silurian Vernon Shale. Eckenfelder (1992)
reports that the drill core sections consist primarily of red and green shale with
varying amounts of gypsum. Gamma ray logs were used to correlate borehole
sections. Through correlation of gamma ray logs, Eckenfelder (1992) was able to
document the regional southward dip of bedrock strata.

Groundwater Flow Conditions: Shallow groundwater flow tills and glacial outwash
is topographically controlled. On the east side of the site, groundwater in the
brown till horizon flows radially off the drumlin. In flat-lying areas, groundwater
flow generally proceeds to the south. The low permeability of the glacial tills
results in vertically oriented groundwater flow vectors. Flow lines are deflected to
a more horizontal orientation in lenses of glacial outwash.

The bedrock fracture zone provides a preferred groundwater flow path.
Upward gradients are common between the fractured bedrock zone and the
underlying competent bedrock zone.

30.8 0.0 Exit High Acres left (west) onto Perinton
Parkway.

31.7 0.9 Intersection Perinton Parkway and Route 31F;
turn left (west) onto Route 31F.

37.2 6.4 Route 31F west back through Fairport until
junction with Route 490; turn right onto Route
490 west.

40.3 3.1 Route 490 west to Route 590; bear right onto

Route 590 south.

56.3 16.0 Route 590 south to junction with Route 390;
bear righ onto Route 390 south.

82



85.8 32.5 Route 390 south to Exit 7 (Mount Morris, Route
408); turn left {(south) on Route 408.

89.6 3.8 Village of Mount Morris; jog in Route 408.

98.4 8.8 Route 408 south to Village of Nunda; stay south
on Route 408.

101.5 3.1 End Route 408 south; reméin southbound on
State Street. Sharp left jog in road on south
side of Dalton.

104.0 2.5 State Street ends; stay southbound on Allegany
County Road #16.

1071 3.1 Sharp right jog in county road #16 at
intersection with county road #24; bear right on
county road #16 south.

123.1 16.0 County Road #16 south to the Village of
Angelica. Intersection with Peacock Hill Road;
turn left (south) onto Peacock Hill Road.

124.6 1.5 Intersection with Herdman Road (entrance to
Hylands Ash Monofill); turn right onto Herdman
Road.

STOP 3. PROPOSED HYLANDS ASH MONOFILL

Facility: Hylands Ash Monofill

Location: Town of Angelica, Allegany County (Angelica 7.5" Quadrangle)
Hydrogeologic Setting: Glacial Till Over Bedded Sedimentary Rock.

Site Description: The site contains a broad, southfacing, hanging valley that forms
a natural amphitheater. A small intermittent stream is supplied by a bedrock spring
along the east side of the site and by overland flow toward the valley center in the
southern portion of the hanging valley. Surface water drainage flows into Angelica
Creek which, in turn, discharges to the Genesee River.

Surficial Geology: Glacial overburden consists of lodgement till overlain by ablation
till. The overburden ranges in thickness between approximately 5 and 115 feet.
The till is thinnest on hill crests and thickens rapidly toward the center of the
hanging valley. An oxidation front marked by the vertical change from gray,
unaltered till to brown, weathered deposits cross-cuts and partially obscures the
lodgement till/ablation till contact. The lodgement till is overconsolidated; assuming
no net erosional lost of glacial sediments near the valley floor, the brown, oxidized
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lodgement till is estimated to have been compacted beneath a minimum of 500 ft.
of ice and probably considerably more (Michael Mann, personal communication).
The ablation till is generally less dense than the lodgement till and contains thin,
discontinuous, water-sorted lenses.

High subglacial pore pressures are suggested by the fracturing of bedrock and
injection of till seams to depths approaching 200 ft. below ground surface. The
upper 20-30 ft. of rock is typically so intensely fractured that the contact between
glacial till and bedrock may be completely gradational. In ascending order, the
gradational interval consists of 1) in-situ rock mass with till seams; 2)
approximately even proportions of in-situ rock mass and till with gravel-sized
angular rock fragments; 3) boulder-size, rotated or detached blocks of bedrock in a
gravelly clay till matrix (deformation till); and 4) channery lodgement till.

Bedrock Geology: Strata are assigned to the Upper Devonian (Fammenian)
Canadaway and Conneault Groups and consist of a series of interbedded,
fossiliferous sandstones, siltstones and clay shales (see Fig. 6A). In ascending
order the following formations subcrop on site: Machias Shale, Cuba Sandstone
and Wellsville Shale. The site is situated on the northwest limb of a northeast-
trending anticline. Strata dip to northwest at approximately 1 degree.

Groundwater Flow: A perched water table exists in the ablation till profile in the
valley center. The perched groundwater table is recharged by interflow and
overland flow directed toward the valley center from the east, west and north.
Along the axis of the valley, groundwater flows southward toward the intermittent
stream.

Groundwater flow in bedrock is divided into two flow systems. A high elevation
flow system contains a recharge area in open pastures upgradient (east) of the site.
The discharge zone occurs at the spring line that marks the base of the Cuba
Sandstone subcrop belt along the east side of the site. A second, deeper bedrock
flow system occurs in the Machias Shale beneath the landfill footprint. Strong
downward gradients are characteristic of the upper portion deeper bedrock system.
The horizontal flow vector is directed primarily to the west/southwest. Westward
flow on the east side of the till-filled valley is impeded by the gray till aquiclude.
Consequently, artesian pressure builds in the deeper bedrock system in the
southeast corner of the site. Hydraulic gradients in bedrock beneath the west side
of the site are steeply downward. Flow diverges on either side of the topographic
divide in the shallow rock profile beneath the western site boundary. Deeper flow
in rock trends toward the west/southwest.

124.6 0.0 Exit Herdman Road; Turn left (north) onto
Peacock Hill Road.

126.1 1.6 Peacock Hill Road to Junction with Route 186.
Turn right (northbound) on Route 16.

145.2 19.1 Route 16 to transition to State Street in Dalton.
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147.7

163.4

199.4

200.4

200.9

2.5

15.7

36.0

1.0

0.5

State Street north to transition to Route 408
north.

Route 408 north to Mount Morris; Juntion with
Route 390; Take Route 390 north.

Route 390 north to Rochester, Scottsville Road
Exit; Turn left (north) onto Scottsville Road.

Scottsville Road north to Junction with ElImwood
Avenue. Take Elmwood Avenue east across
Genesee River.

Turn left at light onto Wilson Boulevard;
Hutchinson Hall is on the right.

END OF TRIP
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SUBSURFACE GEOLOGY OF THE LOWER GENESEE RIVER VALLEY
REGION: A PROGRESS REPORT ON THE EVIDENCE FOR MIDDLE
WISCONSIN SEDIMENTS AND IMPLICATIONS FOR ICE SHEET EROSION
MODELS

RICHARD A. YOUNG ‘ LES SIRKIN

Department of Geological Sciences Department of Earth Sciences
SUNY Coillege at Geneseo Adelphi University
Geneseo, NY 14454 Garden City, NY 11530

INTRODUCTION

Deep bore holes and gravel pit exposures in the Genesee Valley region
north of Avon (Figure 1,9) have provided a number of organic-rich sedimentary
horizons that have been dated at the University of Arizona AMS facility in the
range between 26,000 and >48,800 years BP. A majority of the finite age
determinations lie within the interval from 30,000+ to 43,700z years BP, implying
a Middle Wisconsin age for the deposits sampled. Most of the materials dated
were collected from buried glacial outwash, lacustrine sequences, or overridden
peat incorporated in younger till. The stratigraphic relationships suggest that the
dated materials are most likely correlative with the Plum Point and/or Port Taibot
Interstadials best known from localities in Ontario, Canada.

NEW YORK STATE

100 KM

TORONTO -

L. ONTARIO
ROCHESTER

GENESEE RIVER
BASIN

Figure 1: Location of Irondequoit Bay and Middle Wisconsin gravel pit site in Genesee Valley.
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The most likely timing of the main ice advance into the Genesee Valley,
based on the average of the best constrained ages, is circa 35,000+ years BP.
This coincides with the recent revision of the H-4 Heinrich event (iceberg
discharges) in the north Atlantic and the Dansgaard-Oeschger cycles seen in the
Greenland ice cores (Bond and others, 1992, 1993; Taylor and others, 1993).

Whether or not Middle Wisconsin ice crossed the south shore of Lake
‘Ontario and advanced very far into western and central New York has been a
controversial subject (Berger and Eyles, 1994; Dreimanis, 1992; Hicock and
Dreimanis, 1992). The implied extension of the southern margin of Middle
Wisconsin ice sheets into the Genesee Valley and the northern Finger Lakes
region has obvious implications for global climatic reconstructions and for
additional fine tuning of eustatic sea level curves for the interval represented.

The most diverse and best sampled sections are located in two adjacent
sand, gravel, and clay pits in northern Livingston County on the west side of the
Genesee River where Middle Wisconsin strata are covered by only 20 to 40 ft (6-
- 12 m) of Late Wisconsin glacial drift. Preservation of these Middle Wisconsin
sections in an area of low relief within the broad Genesee Valley raises
theoretical questions concerning how the older unconsolidated sediments
survived being overridden by the younger, Late Wisconsin ice advance, which
extended about 125 km (76 mi) further south into Pennsylvania. The near-
surface outcrop location also raises the question of under what circumstances
ice sheets scour deep, well-defined bedrock troughs as opposed to advancing
across unconsolidated sediments with little apparent erosive impact.

The existence of such a complex Wisconsin section also raises the issue
of what similar stratigraphic sequences may be present throughout upstate New
York that might not have been recognized due to an absence of preserved or
obvious organic horizons. The Middle Wisconsin sediments in the sections
studied in the Genesee Valley are very similar in appearance to overlying drift
units, and except for the fortuitously preserved organic horizons, the stratigraphy
and field relations do not appear very dissimilar from numerous other glacial drift
exposures across the region. It is possible that the glacial drift stratigraphy of the
region preserves a more complex record of Middle (or older) Wisconsin events
than has been assumed, especially within bedrock troughs such as the Genesee
Valley and adjacent Finger Lakes.

IRONDEQUOIT BAY SAND BAR SECTION

Deep drill holes to bedrock (continuous split spoon samples) were
completed through the Irondequoit Bay sand bar in 1990 to obtain engineering
information for anticipated bridge construction across the Bay outlet (Figures 2,
3). R. A. Young was present during much of the drilling and sampling, and
carefully collected representative samples for radiocarbon dating. All samples

20



were collected directly from the split-spoon core barrels with stainless steel
implements onto aluminum foil and oven dried at 80° C within 24 hours. Depths
cited in this paper are relative to lake level elevation, which is approximately 245
feet (ASL). The tops of the drill holes were located 5 feet above lake level along
the sand bar (250 ft). English and metric units are both used, depending on the
format of references, maps, and data used to compile the results.

The upper 139% ft (42.37 m) of section documents the postglacial rise of
the lake from the low stand of Early Lake Ontario, and was described by Young
(1983, 1988), by Kappel and Young (1989), and by Young and Sirkin (1994).
Sampling of the glacial sediments below this depth has allowed a reinterpretation
of the data extrapolated by Young (1983) from the less precise record obtained
for the Town of Webster water-supply test wells. The section from 139+ ft down
to bedrock in the deepest hole (380 ft) contains a section of overridden and
reworked lacustrine sediments with scattered intervals of sands, gravels, and thin
tilis (Figures 3,4,5). This entire lower section appears to consist of a variety of
overridden ice-contact and proglacial lacustrine sediments, originally deposited
further north in the Ontario basin and redeposited by advancing ice as it flowed
southward out of the basin.

IRONDEQUOIT BAY DEPTHS
(FEET)

SANDI
BAR |

\ ~~— North
Lake Ontario 1/2 Mile

Figure 2: Northern end of Irondequoit Bay with location of sand bar wells (dashed box) and
contours showing sediment filling mouth of Bay. Box is also location of Figure 3.

At a depth of 262 ft (79.9 m) a Shelby Tube sample provided a date of
32,000+550 years BP (Table 1). An age of 21,320+170 years BP was obtained
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at 355 ft (108.2 m) in the same hole. Although both ages may differ slightly from
the true age of the surrounding sediments, their inverted age positions support
the concept of an ice sheet intermixing younger and older sediments from the
lake floor during a readvance. The 32,000 BP age suggests redeposition of
Plum Point-age material from further north in the basin, whereas the lower,
younger age would imply a scrambling of the entire lower section (below 137+ ft
depth) coincident with the Late Wisconsin ice readvance. The true age of this
latest advance out of the basin obviously may not be precisely constrained by
the single, uncorrected date available from this core. However, the relative ages
and positions of the samples, regardless of potential age errors associated with
such fine organic sediments, clearly imply an association with Middle and Late
Wisconsin depositional events, and both ages are reasonably compatibie with
the existing record for the Ontario Basin (Dreimanis, 1977, Hicock and
Dreimanis, 1992).

E - W CROSS SECTION OF IRONDEQUOIT BAY
BARRIER SAND BAR
W E

A B-2 B-3 B SBR-4 C SBR-5 D E G
MOSTLY l SANDS
"] T
— | SILTS, SANDS, | & CLAYS WITH

| ORGANICS

4 T T XTmAIN ORGANIC | GLACIAL '/

HORIZON @ 135 | SEQUENCE
TO 138 FT DEPTH l | BEDROCK (QUEENSTON)
|

New 5
Bori} /

100 FT
LOWEST INDICATION OF POTENTIAL I 500 FT
FLUVIAL SORTING RECORDED
BY SAND & GRAVEL @ ~155 to 161 FT BELOW LAKE LEVEL

Figure 3: Generalized section through Bar on Figure 2 showing upper, posiglacial lacustrine
sequence and lower glacial sequence separated by marl and peat horizon near 135 ft depth.

The sequence of lacustrine sediments in the upper 139 feet of sandbar
section (Figures 4, 5) records the rise of Early Lake Ontario from a postglacial
low stand beginning about 11,500+ years BP. The apparent elevation of the lake
at that time at the latitude of Rochester appears somewhat inconsistent with
published information regarding lake level histories and strandline extrapolations
from further to the east and west (Pair and Rodrigues, 1993; Anderson and '
Lewis, 1985). The paleogeography for the time interval is depicted on Figure 6,
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which represents the main lake stages bracketing the opening of the St.
Lawrence Valley after ice retreated from the northern flank of the Adirondacks.

GLACIAL - POSTGLACIAL TRANSITION
RECENT BAR :
SANDS (250 ASL) | 11.790 BP
3
LACUSTRINE
SILT, CLAY, SAND 5 11,340 BP
PEAT & MARL SILY
SAND & GRAVEL PEAT (9300 BP)?
REWORKED
GLACIAL
SECTION:
MIXED
LACUSTRINE & e O D
TILL MASSES | f PEA GRAVEL
32000 BP —| &
21320 BP —
v GRAVEL IN
BEDROCK SILT & CLAY
(-140 FT BSL) MATRIX

Figure 4: Composite, expanded view of stratigraphy near glacial-postglacial transition in borings
B-2 & B-3 (Figure 3) and horizons from which dates were obtained. 9300+BP age is assumed to
be in error due to close agreement between two older ages taken from 130 to 134 foot interval.
Compare left column with geophysical logs of Figure 5, which demonstrates abrupt change in
sediment properties at inferred glacial-postglacial contact.

It is possible that the two, similar radiocarbon dates (11,340+ and
11,7901BP) in the Irondequoit Bay core do not, in fact, record the lowest
postglacial position of the lake (allowing several feet for normal wave base
fluctuations). However, the simplest interpretation of the stratigraphy and the
cross section profile of the Bay outlet imply that postglacial erosion by
Irondequoit Creek would have rapidly incised through the unconsolidated
sediments and would have closely coincided with the minimum elevation to
which the lake fell (Figure 7). Giventhe 1to 10 m %/sec average flow of
Irondequoit Creek today, it would appear reasonable that a similar stream
discharge across the glacial sediment threshold beneath the present-day bar
would have rapidly eroded down to the base level of Early Lake Ontario.

INTERPRETATION
Lake Levels

The assumed depositional environment associated with the southward
progradation of the sand bar and the accumulation of organic sediments behind
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such a bar in a rising lake is diagrammed in Figure 7B. In such a sand bar
environment, with a laterally shifting outlet and occasional storm wave
resedimentation, it is likely that undisturbed, vertical sediment accumulation
would be the exception. Erratic incision and redeposition of organic-bearing
sediments during lateral migration of the bar outlet could have produced
disruption of the normal stratigraphic order as sampled in isolated borings. The
relief across the modern Bay outlet and bar is greater than the total thickness of
the dated interval between 130 and 138 feet. The elevation differences between
the older and younger postglacial samples is small and within the range of wave-
base disturbances found on modern bars. The 9300+ BP peat sample from near
142 ft rested on a sand and gravel interval in boring B-3, whereas the samples
dated at 11,340+ (B-3) and 11,790% (B-2) came from between 130 and 134 ft in
their respective borings on either side of the modern outlet (Figures 3, 4).

GEOPHYSICAL LOGS
IRONDEQUOIT BAY BAR
246 FT : 0 FT
(ABOVE . (ADJ) | (BELOW
SEA - ~_ 1 LAKE
LEVEL) j LEVEL)
: 7
14 FT AWPOSTJGLACIAL o) or
. 53
GLACIAL -
SEDIMENTSj  GAMMA
SELF ' ¥
W POTENTIAL
-36 FT 282 FT

BEDROCK
Hydrology Consultants Ltd data RESISTIVITY

Figure 5: Geophysical logs from boring C (Figure 3) showing contrast between postglacaial
lacustrine sequence (top) and denser sediments below. Numbers in boxes indicate average split-
spoon blow counts (140 Ib hammer) for 6-inch sampler penetration. Change in sediment
properties with depth on geophysical traces are approximate because sediment properties are
averaged by downhole probes. Adj.= adjustment of recorder trace (not change in sediments).
Measurement units not availabie (graphs included for relative changes in properties only).
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Pollen Record and Radiocarbon Dates

The pollen data near 11,500 BP from the Irondequoit Bay bar show mainly
a pine, hemiock, and oak forest (see Appendix) with other minor deciduous
species plus marsh and field (nonarboreal) flora. There is an apparent absence
of spruce at a time (11,500 BP) when spruce was present in the northem and
northeastern Ontario Basin and the Ottawa Valley region (Anderson, 1988;
Anderson and Lewis, 1985). The effect of a potential pine pollen influx from the
upstream (southern) Genesee River basin headwaters is difficult to assess
adequately. It could be argued that the postglacial vegetation succession from
spruce- to pine-dominated forest expanded more rapidly nortfiward along the
Genesee Basin, with its lower elevations and direct connection to more southerly
forests in Pennsylvania. This atypical basin geography might have allowed more
rapid expansion of forest zone succession or delivery of pollen to the Irondequoit
Bay area atypical of the postglacial succession characterizing the more northern
Lake Ontario shore at that time. However, a total lack of spruce pollen in the two
small samples (Appendix, Dia. 5), compared with the north and northeastern lake
shores, is somewhat troubling if the circa 11,500+ BP ages are reliable.

Data from elsewhere in the Genesee River basin (south of Geneseo) may
further clarify this apparent contradiction. When Interstate route -390
exploratory borings in the Genesee Valley were drilled through the alluvial
section into the glacial sediments two miles south of Mt. Morris (see
accompanying field trip route maps), two dates were obtained near the glacial-
postglacial transition from lacustrine clay to peat (near 32 ft depth). A date of
10,730 BP was obtained from the organic residue washed from clays cored
between depths of 31 and 35 feet (below postglacial peat transition). In an
adjacent hole, a piece of wood at a depth of 32+ ft (0.8 ft above the peat-clay
transition) was dated at 11,160 BP (assumed stratigraphically higher than 10,730
age). Examination of pollen from the latter hole, two inches above the wood
date, indicated pine with minor spruce pollen (3 grains; Appendix, Dia. 4). Pine
with traces (single grains) of hemlock, spruce, and birch were present about 6
inches above the wood (Appendix, Diagram 4).

In a third hole, immediately above the peat-clay transition (depth 32 ft), an
undated sample contained pine, hemlock, and grass pollen with minor oak and
nonarboreal pollen, but no spruce (Appendix). These closely spaced sites
(presumably all near 11,160 BP in age) would have been collecting pollen from
around a shallow postglacial lake as well as from upstream (south) in the
Genesee and Canaseraga Basins (Muller and others, 1988). Assuming the
wood date (11,160 BP) is the more reliable, and that the sample closest to the
peat-clay transition (no spruce) is at least as old as the wood horizon, these data
lend support to the possibility that spruce-dominated forest had been largely
replaced by pine at this time in a major portion of the lower (northern) Genesee
Valley, somewhat earlier than is documented for the northeastern end of Lake
Ontario (Anderson, 1988). These additional data, from about 25 miles (40 km)
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south of Rochester, lend support to the possibility that the 11,500+BP ages for
the “spruce-free” horizon at Irondequoit Bay are not unreasonable for that
latitude and time.

Alternatively, if the younaer peat age (9300+BP) obtained at a depth near
136 feet at Irondequoit Bay (Figure 5) is the more accurate date, the age
discrepancy could be due to contamination of the two higher (older) samples with
older carbon contamination from the lake water. This choice would still leave
unresolved the i issue of why fluvial erosion by ancestral lrondequont Creek (area:
>395 km?; >153 mi?) would not have been capable of incising the glacial
sedlments underlying the sand bar down to the lowest contemporaneous lake
level following deglaciation at a time inferred elsewhere to be close to
11,500+£BP (Pair and Rodrigues, 1993). The glacially reworked (overridden)
lacustrine sediments are neither exceptionally dense nor strongly consolidated
(blow counts, Fig. 5), and thick, ston}; till sections are absent. The average
modern stream discharge (1 to 10 m“/sec) from the basin appears to be more
than adequate to erode completely down through such weakly consolidated
materials in the period of several hundred years that probably separated the
Lake Iroquois and Early Lake Ontario stages (Pair and Rodrigues, 1993).

Relation of Lake Stage to Sand Bar

The documented stages of Lake Iroquois and Early Lake Ontario and their
approximate ages, as discussed by Pair and Rodrigues (1993), are shown in
Figure 6. Incision of the glacial section by ancestral Irondequoit Creek had to
occur after the drop to Early Lake Ontario, as shown in Figure 7. The
subsequent rise of Lake Ontario caused the southward (onshore) migration of
the sandbar and trapped organic materials on the shallow, protected, south side
of the bar (similar to the modern bar setting).

This scenario probably means that the deeper borings penetrate the base
of the postglacial sand bar sequence at a point somewhat landward (south) of
the initial position of the ancestral bar, which presumably began to form near the
lowest stand of the lake. However, any Irondequoit Creek channel that would
have been incised through the center of the modem Irondequoit Bay valley and
sand bar should still be detectabie at the present location of the bar. The Creek
had to erode through up to 300 ft (31 m) of sediment within the confines of the
modem Bay, based on the thickness of glaciolacustrine sediments remaining in
the modern Bay bluffs (Kappel and Young, 1989). As the lake continued to rise,
the gap in the sand bar associated with the Irondequoit Creek outlet would have
become gradually broader and less incised, but the outiet is likely to have
maintained a position closely aligned with the incised channel reach immediately
to the south. The Creek alignment appears to have been slightly closer to the
east side of the Bay at its narrowest, northernmost projection (Figure 2), but on a
nearly direct line from the Bay into Lake Ontario (Kappel and Young, 1989).
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A SKETCH MAPS

12,500+ BP ?

ICE FRONT

Adirondack

LAKE Mts
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OUTLINE OF
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Modified from Pair & Rodrigues,1993

Syracuse Outlet

Figure 6: Recession of the ice sheet from the St. Lawrence Valley led to the low Early Lake
Ontario stage coincident with the near incursion of the Champlain Sea into the basin while sea
level was low and postglacial rebound less complete than at present.

A. DIAGRAMMATIC VIEW OF IRONDEQUOIT | B. IRONDEQUOIT BAY SAND BAR SECTION
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Figure 7A: Diagrammatic cross section of incision of lrondequoit Creek through glacial section
following establishment of Early Lake Ontario. 7B: Progradation of sand bar southward with
rising lake stages. Organic sediments become buried by bar migration.

Figure 8 illustrates the discrepancy between the Rochester data for the
lowest elevation of Early Lake Ontario recorded at the Irondequoit Bay sand bar
and the published data of Anderson and Lewis (1985). It should be noted,
however, that the data from the east end of the Lake are much better
constrained and more numerous than the data available for the region to the
west. Dates from the westemn end of Lake Ontario generally involve estimates of
water depths for organic horizons in lake-bottom cores. Work in progress by
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T.W. Anderson (personal communication, 1994) on the Oakville-Grimsby bar
may resolve some of these issues.

140 - LAKE LEVEL ELEVATIONS
M | Extrapolated ~ Meters ;
W | Water Depth !

Data IROQUOIS /:/<
1~ FRONTENAC
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m 3

\ Good Data
| 4 2 r——===--
0 2 Present Lake Level 4 : 0
. ' 11,500 BP ,
', Base of W
o 1-42 7m'T‘
== (141 ft) EARLY LAKE ONTARIO
100 11,500 = 100
Hamilton ﬁ?ﬁg?ﬁ;‘,?r Port Hope Kingston

Shorelines after Anderson and Lewis, 1985

Figure 8: Sequence of falling and rising lake levels (numerical order) illustrating discrepency
between earlier work and Rochester data. Dashed box is area of uncertain water depth data.

DISCUSSION

The presence of sediments with ages between 32000+ and 21320+ years
BP near the base of the Irondequoit bar section demonstrates that organic-rich
lacustrine sediments in this approximate age range were overridden by late
Wisconsin ice, and probably brought to their present latitude near Rochester
from an uncertain position beneath the modern Lake Ontario basin. The precise
age of the sediments may be in doubt because of potential contamination from
older carbon likely to be present in lake water with rivers draining such a large
region. However, the 21,320+ age could represent a maximum age limit for the
passage of Late Wisconsin ice across the south shore of Lake Ontario and into
central New York, assuming it represents contemporaneous lake-bottom
sediment incorporated in the ice sheet as it advanced southward out of the
basin. The age is in reasonable agreement with the data of Miller and Calkin
(1992) and Muller and Calkin (1993).

The depth of maximum postglacial erosion beneath the sand bar is

estimated from the position of the lowest lacustrine beds and immediately
underlying, loosely consolidated sediments with textures compatible with fluvial
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or wave deposition. The postglacial-glacial transition is at least 137 to 139 ft in
depth and possibly as deep as 161 ft in boring C, where coarse sands and
gravels are described (older water test well logs). The most prominent,
continuous horizon in all the borings is the organic horizon at depths between
135 and 138 ft. This depth is assumed to represent the earliest lake level with a
conspicuous organic facies located in the lee of the sand bar (Figure 7B). The
slightly older (lower) sandy to gravelly (wave scour?) zone may mark the actual
low stand of the lake at the site. The contrast in blow counts on Figure 5
suggests that the level is near the organic horizon. In any event the level of
Early L.ake Ontario had to be at least 137 to 161 feet lower than at present near
Rochester at some postglacial time. It seems reasonable to assume that a
creek with mean flows somewhere between 1 and 10 m%sec would have easily
cut through relatively unconsolidated sediments and become graded to the
lowest level of Early Lake Ontario in a short period. Thus, the elevation of the
glacial-postglacial transition observed at the bar must be close to the lowest level
of the lake (regardless of age uncertainties).

There is one other (unlikely) possibility, which couid allow for a lower lake,
not recorded in the existing borings. The distribution of existing borings could
have missed the deepest portion of the incised outlet channel across the bar,
and the dated sediments might represent a slightly younger (higher) interval,
containing sediments deposited during the southerly migration of the bar toward
its present location. The only logical location for such a hypothetically deeper
outlet channel would be between borings SBR-4 and C (Figure 3), which are
separated by about 1000 feet. The stratigraphic reconstruction from available
borings, combined with the bay-bottom contours and local physiography (Figure
2), argue for an outlet close to the position of the modermn one. Any outlet
displaced further to the east would require the ancestral creek to have veered
sharply eastward, parallel to the adjacent moraine (Figure 2), just as the creek
descended the steeper slope toward the lake shore. Such an abrupt course
change on a steepening slope appears very unlikely. The most likely outlet is
presumed to have been located near its present position, somewhere between A
and SBR-4 (Figure 3).

The sand bar data may better constrain the elevation of Early Lake
Ontario at one of the few well-documented, subsurface stratigraphic localities in
the western half of Lake Ontario (Anderson and Lewis, 1985) . However, the
inconsistent distribution of radiometric ages and the lack of spruce pollen at the
dated ~11,500+ BP level pose uncertainties that need to be better resolved.

MIDDLE WISCONSIN SITE IN NORTHERN LIVINGSTON COUNTY
The glacial geologic framework of the Genesee Valley was described by

Muller and others (1988). Figure 9 records the location of a shallow gravel pit
section studied between 1991 and 1994 by R.A. Young with pollen studies
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completed by Les Sirkin. The general stratigraphy (Figure 10) contains the
following sequence of units beginning at the base of the exposed section:

ICE-MARGINAL CHANNELS

GENESEE RIVER
FLOOD PLAIN

5 km

Figure 9. Location of Middle Wisconsin site in northern Livingston County.
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Figure 10. Diagrammatic section of Middle Wisconsin site of Figure 9. Average thicknesses of
units at right side in feet. There is no conspicuous evidence of weathering profiles between units
except irregular oxidation front (brown) extending from surface(?) down into gray “rhythmite till.”
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1) Undated lacustrine(?) sands and silts of unknown thickness underlying the
lowest rhythmically bedded silty clays, which are being excavated for landfill
construction. The existing pits are water-filled, and the base of the section is
poorly exposed. These basal sands and silts were penetrated in older test
borings (pit foreman, oral communication) and the uppermost beds were briefly
examined near the base of one exposed section just above the pit water level.
The contact with the overlying rhythmites appeared sharp and conformable.

2) A lower rhythmite sequence about 10 feet (3 m) thick with darker (finer-
grained) and lighter (coarser-grained) beds with individual couplets averaging
from 1 to 3 cm. thick, but with both thicker- and thinner-bedded intervals. This
unit shows evidence of ice deformation and folding of beds in portions of the pit,
but the stratigraphy is generally coherent, near horizontal, and not overturned.

3) A clast-poor, gray till (7 ft; 2 m) with small fragments and larger beds of
compressed peat scattered throughout. One extensive, 6- to 12-inch-thick bed
of peat was sampled for the initial radiocarbon analysis near the lower till
contact. This peat bed dipped to the northeast into the excavated section and its
lower limit was not visible. On the easternmost exposed edge of the excavations
the “peat till” was observed to thin and terminate in a drainage trench, where it
was surrounded by a sequence of deformed, ripple laminated sands.

4) A relatively thick sequence of outwash sands and gravels (12 ft; 2.5 m). The
gravel contains thick, cross-bedded, poorly sorted gravel units, as well as
prominent sand layers, which are generally thin but relatively extensive
(traceable for tens of meters). A fragment of an ice-overridden mastodon or
mammoth rib (proximal end) was recovered from the floor of a drainage trench
dug through this unit. The bone fragment was slightly compressed, cracked,
encased in coarse sand and pebbles cemented to its exterior, and impregnated
with clay from the pressure of overriding ice.

5) A section of fine-grained, gray sediments, grading laterally from undeformed
rhythmites, to folded and contorted beds of the same materials, to a massive silt
and clay with a till-like appearance (6 ft; 2m). In less adequate exposures these
sediments might not have been recognized as correlative with each other, and
would probably have been described as separate units (clay till and lacustrine
beds). The massive part of the unit appears very similar to “clay tills”
occasionally seen in restricted outcrops or penetrated in engineering borings.
The pressure of overriding ice appears to have produced selective, spontaneous
liquefaction of the rhythmite texture, converting the beds to a massive,
structureless “ill” in some sections (Young, 1993). Some of the fine couplets in
the preserved rhythmites contained thin black, organic laminae about 2 mm thick
(single date of 26,000 £BP). Subsequent ages on thicker, more organic-rich
beds provided the generally older ages plotted on Figure 10.
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6) A thin sequence of red-brown fluvial (outwash) sands and silts grading
upward into reddish-brown rhythmites (3 ft; 1 m).

7) An uppermost, stony, red-brown till, representing the last (Late Wisconsin) ice
advance across the region (7 ft; 2m).

8) Outwash sands and gravels (largely removed in older excavations) poorly
exposed across the disturbed work areas under spoil piles (10 ft; 3m?). These
outwash gravels may originally have been covered by an unknown thickness of
lacustrine sands, silts, and clays associated with the last proglacial lake stage in
the valley (as observed in a shallow gravel pit | mile to the north).

POLLEN RESULTS

The silt-sized sediments in the lacustrine units and the peat from the lower
till were sampled for pollen analyses (Figure 11). The pre-Woodfordian spruce
zones (Sirkin and Stuckenrath, 1980) are dominated by arboreal pollen of pine,
spruce, and oak with Ericaceae, birch, willow, poplar, and minor hickory,
hemlock, and larch (Appendix). The nonarboreal pollen contains pondweed,
grasses, composites, and Thalictrum. The basic significance of the overall
results is that they support the evidence that the deposits record environments
dissimilar from typical Late Wisconsin sections. The finest-grained portion of the
uppermost lacustrine beds (from which a single anomalous age of 26,600+ BP
was first obtained) produced only a single oak pollen grain. The presence of
such hardwood flora could be evidence of far-traveled contamination from the
ancestral Genesee River headwaters to the south. Subsequently, silts from this
unit indicated a pre-Woodfordian spruce zone pollen assemblage (Appendix,
Diagram 1), and provided ages more consistent with the bulk of the sediments
above and below the peat-bearing till (Figure 10).

qaﬂﬁéﬂ%éﬂaddﬁcﬂgﬂﬂﬁaﬂ«édﬁéﬂﬁéﬂﬁa

=— TUNDRA-HERB POLLEN ZONE |

Figure 11. General pollen associations determined by Les Sirkin (See Appendix).
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The lower lacustrine unit contains an apparent pre-Woodfordian tundra
assemblage (herb pollen zone; Appendix, Diagram 3) with willow, rose, and herb
pollen (Sirkin and Stuckenrath, 1980). This implies an important vegetation
change between the lower lacustrine unit and the environment associated with
the earliest ice advance and recession in the section.

AGE DETERMINATIONS

At first glance radiocarbon ages obtained from the section (Figure 10) are
somewhat contradictory or indeterminate. The ages are more consistent and
coherent than may be apparent for a number of reasons. Unfortunately, the
older peat ages are apparently very near the normal limit of routine AMS C'*
dating (+48,000 years BP). In addition, some of the sediments sampled come
from proglacial lakes (all dated proglacial lakes represent advances, not
recessions) fed by streams that must have drained “established” forests in the
upper reaches of the deglaciated Genesee Basin. Such forests, supplying
detritus to a proglacial lake during readvance of Middle Wisconsin ice up the
Genesee River basin, may have been supplying fine-grained organic debris from
plants representing a significant time interval preceding Middle Wisconsin
glaciation. Thus organic detritus with a range of radiocarbon ages may have
been entering the proglacial lake from the upstream (southern) reaches of the
basin and accumulating in fine-grained sediments. Finally, the bone date from
the glacial outwash has the usual age uncertainties typically associated with
bone material (more specific amino acid analyses are pending at INSTAAR,
University of Colorado by T.W. Stafford Jr.).

~ Despite these problems, compelling evidence exists in the section (Figure
10) to suggest that the ages (Table 1), taken as a whole, support a Middle
Wisconsin ice advance into west central New York at approximately 35,000
years BP for the following reasons:

1) Most of the finite ages from both the upper and lower lacustrine units cluster
consistently in the interval between 33,000 and 36,000 years BP, well within the
range of reliable carbon 14 age determinations. This interval straddles the late
Port Talbot, early Plum Point interstadials and the intervening ice advance
documented in Ontario, Canada. The ages fit reasonably well with an ice
advance correlative with units such as the Titusville till, Meadowcliffe Till, or
Seminary Till from regions north and west of western New York State. The dates
are close to ages of 41,900% and 39,900+ years BP from the Cayuga Lake
trough by Bloom (1967, see reference comment), which imply Middle Wisconsin
ice damming of the Cayuga Lake outlet around the same time (also see Schmidt,
1947).

2) The significantly greater range of ages obtained from the peat incorporated in

the lower till are consistent with an ice advance over terrain where older peat
bogs of pre-Middle Wisconsin age would have been established (Figure 12).
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Thus the apparent reversal of ages between the basal rhythmites and overlyxng
till can be logically attributed to the advance of ice that incorporated the peat in
the lower till and deposited it over “younger” (Middle Wisconsin) proglacial
lacustrine sediments, which contained organic residues from contemporaneous
forest cover growing near the advancing ice margin. The relatively high organic
content of the basal lacustrine beds indicates an ice advance into a lake
receiving drainage from well-vegetated (tundra?) areas, rather than proglacial
lakes of an ice recession, where vegetation cover might be sparce (as is
generally inferred from late Wisconsin recessional lake sediments in the
Genesee Valley). The advance of the ice across an older peat stratum with pre-
Middle Wisconsin ages, in itself, suggests a Middle Wisconsin advance,
following development of significant vegetation cover.

ADVANCE CIRCA 35,000+ BP

PROGLACIAL
LAKE

(38,400 - >48,800+ BP)

4 REMOBILIZED PEAT IS RHYTHMITES
DRAGGED OVER PROGLACIAL
LACUSTRINE SEQUENCE

|

Figure 12. Inversion of radiocarbon age relations by remobilization of peat and redeposition onto
younger proglacial lake sequence during advance.

The wider range of ages in the peat samples may represent the extended
time interval of peat development, now scrambled and compressed by overriding
ice. In the field it was impossible to reconstruct any coherent peat stratigraphy
from scattered peat fragments in the till, or to determine if the peat beds were
upside down from the scattered inclusions. Thus any small peat sample chosen
for an AMS C' date could have come from the top, middle, or base of a highly
compressed peat sequence, affected by the passage of both Middle Wisconsin
and Late Wisconsin ice sheets. A range of ages representing a period in excess
of 10,000 years does not seem unreasonable for the peat, if it represents a
considerable portion of the likely time interval between Early and Middle
Wisconsin ice advances (~40 kyr to ~60 kyr BP?).

3) Although the "C ages extend over a substantial range, several finite ages
within the upper and lower lacustrine units are internally consistent, averaging
about 35,000 BP. This interval (30,000 to 38,400+ BP) would include the
formation of proglacial lakes associated with ice damming of the valley both
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during advance and retreat of Middle Wisconsin ice. Thus the ages represent
the lacustrine “events” bracketing the time that ice occupied the valley, not
simply the age of the advance. This analysis indicates that the major advance
appears to be constrained to a time near 35,000+BP (average of consistent,
finite lacustrine dates in closest agreement).

This average age is very close to the revised oceanic iceberg detritus
horizon (Heinrich event H-4) dated at 35.5 kyr BP (Bond and others, 1993). The
iceberg horizons are correlated with the Dansgaard-Oeschger warm-cold
oscillations recorded in the Greenland ice cores (Bond and others, 1993).
Current climatic modeling associates the large-scale iceberg releases in the
North Atlantic with episodes of continental ice sheet expansion. The northern
hemisphere cooling event near 35.5 kyr BP is well constrained by AMS dates on
both ice core and ocean core samples. The finite Genesee Valley dates are in
reasonably good agreement with this oceanic and ice core data. The time
interval indicated is consistent with ages that have been obtained in association
with the Titusville Till event in northwestern Pennsylvania, where radiocarbon
ages indicate that an advance probably occurred between 40,000 and 33,120
years BP (Muller and Calkin, 1993).

4) The time interval involved is a portion of the radiocarbon time scale for which
precise calendar-year corrections are not available. Thus it is likely that some of
the apparent inconsistencies would be less marked if atmospheric or other
corrections were available for these older dates, as they are for the interval
younger than 20,000 years BP.

MECHANISMS AND IMPLICATIONS FOR ICE SHEET TRANSPORT AND
EROSION

The Finger Lakes region and adjacent portions of west-central New York
are often cited as examples of the effects of deep glacial scour by continental ice
sheets and the formation of closed glacial troughs eroded below sea level.
Bedrock subcrop data show that the structure and stratigraphy of the local rocks
have focused erosion in some major valleys along the south-dipping ramp of the
resistant Onondaga Formation, eroding the less resistant shales above. The
buried Genesee Valley is equivalent to one of the larger Finger Lakes in overall
shape and dimensions, and its N-S bedrock profile also follows the Onondaga
subcrop ramp south of Avon, NY. It differs from a true Finger Lake because of
the large, through-flowing Genesee River, which was capable of effectively
eroding an outlet to Lake Ontario and of filling its proglacial lake basins with
sediment more effectively than its smaller counterparts . Given the magnitude of
the deep ice scouring of the buried bedrock landscape, the location and shallow
depth of the Middle Wisconsin section on the west margin of the Genesee Valley
seem anomalous. ‘
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The southernmost extent of Late Wisconsin ice in western New York was
at least 80 miles (130 km) further south than the Middle Wisconsin site in
northern Livingston County. This means that a significant thickness of Late
Wisconsin ice overrode the site without severely eroding this shallow section of
weakly consolidated sediments. This evidence appears to contradict the
common scenario associated with ice advances through this region. There is an
obvious need to explain why an ice advance of a magnitude similar to those that
eroded the deep Finger Lake troughs appears to have slid over the surface of
the drift near Avon with so little effect on this occasion. The duration of the
advance, the basal ice velocity, the ice thickness, and the basal ice thermal
regime all influence the degree of erosion by an ice sheet. Several factors may
partially explain the lack of erosion.

An ice advance into a proglacial lake is one of the ways to potentially
reduce the weight of the ice mass and to reduce friction at the glacier base. At
this latitude the ice front was continuously advancing into a gradually rising lake,
controlled by the outlet cols along the valley divides (Muller and others, 1988).
After the ice overrode the region for several miles the effect of buoyancy in the
lake at the latitude of this site would no longer be a factor. This would seem to
leave reduced friction at the contact of the ice with fine-grained, water-saturated
sediments as the major contributor to reduced ice erosion. This suggests that
the deeper, more dramatic scour of the Finger Lakes troughs occurred either
during times of prolonged ice flow under significantly different thickness and
thermal conditions and/or at significantly different ice velocities.

ICE SHEET PROGLACIAL
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Figure 13: Diagram of hypothetical ice conditions leading to spontaneous liquefaction of
rhythmite sediments by ice advance into proglacial lake.
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RHYTHMITE LIQUEFACTION TO PSEUDO “TILL” TEXTURE

Massive clay beds at the site contain evidence of spontaneous
liquefaction of rhythmically bedded silts and clays, and provide evidence of the
importance of processes involving hydrostatic head fluctuations across and
through saturated sediments at the ice margin. The textural modifications
produced by this process can provide insight into the interpretation of some
commonly observed till textures.

Figure 13 illustrates the conditions hypothesized to have created the
variable textures observed in the “rhythmite till” (Figure 10)." The abrupt lateral
transition from undisturbed to deformed rhythmite bedding and, suddenly, to
massive silty clays within a single bed (Figures 13, 14) demonstrates that the
structures within the continuous unit were modified from an initially uniformly
bedded unit. It is likely that marked or sudden head differentials could develop
between the glacial meltwater on (or within) the glacier and the waters in the
adjacent proglacial lake. Such head variations could be caused by fluctuations in
lake outlet elevations or by changing seasonal meltwater conditions near the ice
front and could fluctuate markedly. These potentially rapid fluctuations could
create instantaneous pressure changes and strong hydraulic gradients within the
water-saturated sediments near the glacier-lake interface. These steep
gradients or potentially sudden pressure changes could cause spontaneous
liquefaction of the fine-bedded rhythmite textures, converting them to the more
massive textures observed at the northern Livingston County site (Figure 14).
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Fxgure 14. Diagrammatic lateral transition of ryhthmite sequence (1) to massive clay “till” (4)
seen in pit exposures

The lateral transition from rhythmites to structureless silty clays creates a
- massive texture similar to a clast-poor till. Because proglacial lacustrine
sequences commonly contain numerous ice-rafted drop stones, the massive
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beds also contain occasional clasts. In a case where the liquefaction of a
rhythmite sequence has been complete, or where the exposures are limited, it is
possible to mistake such a massive silt-clay unit for a true till. The implications
for interpretation of the associated events are obvious.

There are numerous descriptions of clast-poor, silt-clay tills in engineering
boring logs, in test pit logs, and from natural exposures that may imply a similar
origin. An awareness of their possible significance is important to stratigraphic
studies. One potential way to identify such “liquefied rhythmite tills” is by grain-
size analyses. Many rhythmite couplets (varves) have a bimodal particle-size
distribution that readily shows up in pipette size analyses when plotted as Phi
size versus cumulative weight using a probability scale. The two size
populations, usually interpreted as “summer” and “winter” varve couplets, should
be diagnostic of the bimodal populations associated with rhythmite bedding.

In this part of central New York, given the common condition of ice
advances into proglacial lakes along north-draining valley axes, the existence of
“liquefied rhythmite tills” may be more common than has been recognized. Itis
not unusual in glacial drift sections for tills of sharply contrasting textures to be
noted, some being very stony, whereas other tills in the same section are notably
clast-poor. The mechanism described above is a reasonable alternative to
explain some of these marked textural differences. Simple mechanical “mixing”
or shearing of a rhythmite sequence by overriding ice is unlikely to destroy the
laminated texture completely, as is obvious from observed basal till exposures
that contain inclusions consisting of large masses of deformed rhythmites.

DISCUSSION AND SUMMARY

The occurrence of such a shallow, Middle Wisconsin glacial section,
covered by relatively thin Late Wisconsin sediments, has important implications
for the existence of a more widespread, fragmentary record of Early and/or
Middle Wisconsin sequences in central and western New York. Although the
major north-draining glacial valleys are the most obvious locations where such
sections might be preserved in the subsurface, the ability of shallow,
unconsolidated glacial sediments to survive overriding by ice of 80 miles (130
km) suggests that Early or Middle Wisconsin sequences may have survived ice
scour in other locations.

Assumptions conceming the lateral continuity of Late Wisconsin tills and
lacustrine units, even over short distances, are obviously subject to potential
errors. The complex section described in northern Livingston County contains
several Middle Wisconsin units located well above the modern floodplain
elevation. The individual exposed beds are relatively indistinguishable from
younger tills, outwash gravels, and rhythmites seen elsewhere in restricted ,
outcrops along the Genesee Valley. In the absence of continuous exposures or
other compelling field evidence, it would be appropriate to be cautious when
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making lateral or temporal correlations of similar units in the absence of datable
materials. The same cautions apply to correlations based on engineering or
geophysical parameters, including subsurface boring logs, paleomagnetic data,
and seismic images, where there may be lateral discontinuities, unrecognized
unconformities, or significant gaps in data sets.

It is clear from the Livingston County site that thick, rhythmically-bedded
sequences of lacustrine sediments cannot always be attributed to Late
Wisconsin recessional proglacial lake stages. Glacial advances apparently can
override and preserve lacustrine sequences that appear to have been formed
contemporaneously with ice advancing southward up the north-draining
Genesee Valley. Without adequate chronological data and exposure of both
upper and lower contacts of lacustrine sediments with older and younger units, it
would be difficult to adequately access the geologic context of such isolated
lacustrine exposures.

Finally, the existence of clast-poor, clay-rich tills in locations where the
physiography was favorable for the creation of proglacial lakes during major ice
advances may have resulted from the spontaneous liquefaction of lacustrine
sediments by hydraulic head differences along ice margins. Comparison of
grain-size distributions of lacustrine rhythmites and clast-poor “clay” tills might
provide a means disceming till sheets that were potentially derived from ice
advances overridding proglacial lacustrine sequences. The possible presence of
organic residues, pollen, or scattered wood fragments in such lacustrine-derived
tills might provide additional means by which to study glacial chronology and pre-
Late Wisconsin events. AMS radiocarbon dating of small samples, while subject
to obvious contamination errors, can provide additional information to improve
stratigraphic knowledge of Middle to Late Wisconsin chronology.
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TABLE 1. RADIOCARBON AGES KEYED TO FIGURES 3,4 & 10

IB = Irondequoit Bay bar; Figures 3,4 (Boring No., feet below lake level)

LC = Livingston Co. gravel pit; Figure 10 (horizon)

GV =Genesee Valley south of Mt. Morris near Pioneer Road (PR) or
Keshequa Creek (K) intersections with railroad (depth).

LOCATION; AGE in
DEPTH or HORIZON* YEARS BP
IB (B-2,129 ft) 11,790+80
IB (B-3,132.5 ft) 11,340+90
IB (B-2, 257 ft) 32,000+550
IB (B-2, 350.5 ft) 21,320+170
IB (B-3, 137 ft) 9,300+65

LC (top basal rhythmites) 33,950+650

LC (top basal rhythmites) 35,350+770

LC (peat in lower till) 38,400+1200
LC (peat in lower till) >44,350

LC (peat in lower till) >48,800

LC (lower outwash) 30,285+480
LC (“rhythmite till”) 26,680+300
LC (“rhythmite till"”) 35,000+£740
LC (“rhythmite till”) 43,700+2100
GV (PR; 31-35 ft) 10,730+£150
GV (K; ~32 ft) ' 11,160+160

LAB. NO.* MATERIAL
AA-8632 Organic silt
AA-8636 Organic silt.
AA-8633 Organic silt.
AA-8634 Organic silt.
AA-8637 Thin peat.

AA-10790  Gray/black rhythmites,
fine organics.

AA-10791  Gray/black rhythmites,
fine organics.

AA-8638 Compressed peat bed.

AA-10789 Compressed peat bed.

AA-10789R2 Repeat of above; Rigorous
acid-base cleaning.

AA-8639 Mastodon(?) rib bone
(8" C =-20.3).
AA-8640 Very thin black lamina
from rhythmite couplet.
(Exposed, contaminated?)
AA-10792  Tiny black organic blebs in
rhythmite couplets.
AA-12126  Abundant, fibrous organic
debris in silt-clay matrix.
[-9952 Organic residue seived
from lacustrine silts, clays.
1-9972 Wood with bark, 1 in dia.

branching specimen within
peat and 0.8 ft above peat
-lacustrine transition

[*Ages from University of Arizona, NSF-Arizona AMS Facility (AA) & Teledyne (1)]

[¥Below lake level for bar sites; bar projects ~5 feet above lake to elev. 250 ft]

Note added in proof: AA-8639 bone was redated (amino acid extraction) at 45,800::2800
(CAMS-14611) T. Stafford (INSTAAR). Wood from lower till gave finite age, 46,337+2982 (AA-
14584). These new age determinations suggest Port Talbot | age for reworked peat and bone
included in lower till-outwash sequence. The ice-overridden bone fragment (crushed and
impregnated with clay) must have been reworked into outwash associated with (directly above)
lower till and probably was derived from same older interstadial deposits as peat bed in lower till.

J
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POLLEN & SPORES IN RHYTHMITE "TILL"
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Diagram 1. Pollen and spores from three random samples near top of overridden rhythmite
section (Figure 10) or “rhythmite till”. Histogram bars are precentages of total sampie, based on
number of grains counted. Samples: Solid bars (32 grains); Open bars (7 grains); Hatchured
bars (18 grains).

POLLEN & SPORES IN PEAT WITHIN LOWER TILL
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Diagram 2. Pollen and spores from single sample of overridden peat incorporated in lower till
(Figure 10). Histogram bars are percentages of total sample, based on numbers of grains
counted. Number of grains in sample = 102. Abundant Spagnum spores not included.
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POLLEN & SPORES IN BASAL RHYTHMITES
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Diagram 3. Pollen and spores from single sampie of lower rhythmites below peat-bearing till
(Figure 10). Recovery was only seven grains (converted to percent for histogram) plus a few
reworked, oxidixed pre-Cenozoic spores (not inciuded in graph).

POLLEN & SPORES NEAR GLACIAL-POSTGLACIAL TRANSITION
(11,160 yrs BP) GENESEE VALLEY SOUTH OF MT MORRIS
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Diagram 4. Pollen and spores from three samples in borings for I-380 in Genesee Valley.
Histogram bars are pecentages of total sample, based on number of grains counted. Samples:
Solid bars = Boring at Pioneer Rd.and railroad crossing; depth 32 ft., contact of peat over
lacustrine clay (44 grains). Hatchured bars = boring at Keshequa Creek and railroad; depth 31.5
ft., in peaty clay section (23 grains). Open bars (17 grains) are sample from same boring as
hatchured bars, but at 32 ft. depth, just above wood dated at 11,160 years BP. Peat - lacustrine
clay transition is at 32.8 ft in same boring. Peat over lacustrine silts and clays contact is assumed
to be glacial-postglacial transition in local section. Date on organic residue seived from lacustrine
sediments below peat at depths from 31 to 35 feet gave age of 10,730 years BP. Borings are
separated by ~1 mile along valley axis. Compare low amounts of spruce pollen with Diagram 5
for sediments of similar age at Irondequoit Bay (spruce counts were 3 and 1 grains in open and
hatchured bar plots respectively, Diagram 4). (Sites 2 mi. south of Mt. Morris; trip route map.)
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Diagram 5. Pollen and spores from 2 samples near base of postglacial lacustrine sequence at
Irondequoit Bay bar. Histogram bars are percent of total sample, based on numbers of grains
counted. Samples: Solid bars = depth of 133.5 feet below lake level, boring B-2 (Figures 3, 4).
Plot based on 82 grains from organic clay and silt horizon. Open bars = depth of 137 feet below
lake level, boring B-3 (Figures 3,4). Plot based on 88 grains from organic clay and silt horizon.
Note relative absence of spruce pollen; compare with Diagram 4 horizon of similar age.

NOTE: These pollen histograms are based on small grab samples acquired from split spoon
cores at Irondequoit Bay and from the Genesee Valley near Pioneer Road and Keshequa Creek,
or from exposed horizons sampled for dating at the gravel pit in Livingston Count (Figure 10).

The samples from engineering borings completed by the New York State Department of
Transportation for Interstate Route -390 and for the sand bar at Irondequoit Bay were all limited
by the fact that the projects were designed to obtain undisturbed engineering samples for highway
or bridge designs, projects which were not under the control of the authors. Therefore, larger or
more continuous vertical samples for pollen profiles were not available. The apparent Middle
Wisconsin ages were not originally anticipated when the opportunistic samples were first
collected. The pollen histograms for the drill hole test samples were completed on remaining core
samples only after the ages and locations indicated the unusual chronoiogic potential of the sites.

Limited access to the gravel pit site of Figure 10 was also a problem. The site was being
excavated at an accelerated rate for borrow mateérials, as well as for planned construction of an
“industrial park”. Work on the best and deepest parts of the site was severely limited by ongoing
heavy equipment activity, construction work schedules, water levels in portions of the pit, and
liability concerns of the owners. The collecting was limited to a few occasions and the emphasis
was placed on documenting stratigraphic relationships and a rapid search for datable material
before the best exposures were lost. Collections for pollen profiles were not contemplated until
the unanticipated age results were obtained, by which time the largest peat bed exposure and
most of the organic-rich, upper “rhythmite till” had been removed. The earliest organic materials
collected were mostly sacrificed for the radiocarbon dating of samples. The finer lacustrine clays
yielded little pollen, which appeared to be concentrated in the siltier units. An attempt was made
obtain pollen data from as close as possible to each of the dated horizons, or from correlative
horizons where the original sample locations were no longer accessible.
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ROAD LOG FOR LOWER GENESEE RIVER VALLEY
MIDDLE WISCONSIN SITES AND GLACIAL GEOMORPHOLOGY
IRONDEQUOIT BAY OUTLET
TO
CANASERAGA VALLEY

Objective: The purposes of this trip are: 1) to visit the two sites in the Genesee
Valley that have recently produced the evidence for a Middle Wisconsin glacial
advance (~35,000 BP) to near the latitude of Avon, N.Y., and 2) to provide an
overview of the glacial geomorphology created by Late Wisconsin ice withdrawal
from the lower basin. The events that shaped the surficial geomorphology of the
modern valley are clearly related to the major proglacial lake stages, lake outlets,
and prominent moraines found from the Valley Heads Moraine near Dansville to
the Pinnacle Hills Moraine in Rochester. The geologic setting of the valley can
best be appreciated by referring to the review articles by Muller and Calkin
(1993), and Muller and others (1988). The existence of shallow, Middle
Wisconsin tills, outwash gravels, and lacustrine sequences close to the elevation
of the modem flood plain within the broad, open valley pose obvious questions
about mechanisms of Late Wisconsin ice erosion and the possibility that similar
sections might be preserved elsewhere in central New York.

CUMULATIVE MILES FROM
MILEAGE LAST POINT ROUTE DESCRIPTION
0.0 0.0 Trip mileage record begins at

Irondequoit Bay outlet, west side,
end of Sea Breeze Expwy. (From
U. of Roch. take 1-590 north past
exit for Rt.104 East, which
becomes Lake Rd. or Sea
Breeze Expressway and ends 2.7
miles north at boat ramp

parking lot).

STOP 1. SITE OF BAYMOUTH SAND BAR BUILT DURING RISE FROM
EARLY LAKE ONTARIO (Text, Figure 2).

This location provides one of the few good overviews of the relief and
topography of Irondequoit Bay, the baymouth bar, and their relationships to Lake
Ontario. An orientation stop will be made here to view cross sections and large
out-of-print and unpublished maps of geology and engineering projects used to
interpret sections cored through the sand bar to depths of 380 ft (116 m). The
geologic relations in the accompanying text Figures (2-8) will serve to focus the
discussion. The Rt. 104 bridge can be seen spanning the bay 1.5 miles to the
south. Eighteen deep exploration boring logs provide a detailed cross section
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view at the bridge (Kappel and Young, 1989) to compare with the subsurface
stratigraphy cored by water test wells and bridge foundation borings at the sand
bar.

" The long bluffs to the southeast (nearly parallel to the bar), which
dominate the anomalous northeast trend of the adjacent Bay shore appear to
represent the north edge of an unnamed moraine potentially correlative with the
Carleton Moraine to the west. An ice-contact feature in this position would
reasonably account for the unusual and abrupt change in the shoreline trend
near the mouth of the Bay. Gravel pits formerly present on the south edge of
this northeast-trending ridge exposed coarse gravel and sand sequences with a
southerly dip (now under Stony Pt. development), presumably the outer margin
of a kame moraine complex. Older topographic maps (1935) show the top of the
bluffs to have been a low ridge bordered by a large irregular depression at its
western limit.

A moraine of this age would have been closely associated with the
withdrawal of ice near the time of Lake Iroquois, whose shoreline (elev. 435+ ft)
lies about a mile south of the moraine at the location of Ridge Road (Rt. 104).

5.4 5.4 Return to Sea Breeze Expwy.
and follow north to Browncroft
Blvd. Exit, turn left on Rt. 286
toward Penfield.

6.3 0.9 Turn right on Landing Rd. at
bottom of hill.
6.7 0.4 Park on left in lot for Ellison Pk.
Stop 2. KAME MORAINE FAN AND LACUSTRINE SEQUENCE
ON SOUTH EDGE OF BURIED PINNACLE HILLS
MORAINE

Walk down slope to Irondequoit Creek, proceed upstream to Bridge and
cross to exposure of Kame moraine fan with lacustrine sequence at top.

The Pinnacle Hills Moraine (most prominent pre-Lake-lroquois moraine)
extends from the University of Rochester to near this location where it is largely
buried within the older Irondogenesee Valley, covered by lacustrine sediments
from contemporaneous and younger glacial Lakes Dana(?), Dawson, and
Iroquois (Fairchild, 1928; Muller and others, 1988). The till portion of the
moraine seems to divide the groundwater regimes of the upper and lower
Irondequoit Basin. The subsurface extent of the moraine was studied in a series
of borings in an attempt to define its effect as a groundwater barrier and is
described in Kappel and Young (1989). Groundwater upstream of the moraine
appears to be locally more saline (trapped road salt) than groundwater north of
Browncroft Blvd. This stop will utilize the cross section Plates from Kappel and
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Young (1989) and Figures from Young (1988) to examine what is currently
known of the moraine and the size of the buried valley.

8.7 2.0 Retumn to Sea Breeze Expwy.
(1-590) and continue to Blossom
Rd. 1-490 junction. Continue
south on I-590 (center lanes).

12.7 4.0 I-590 curves west and Pinnacle
Hills moraine can be seen clearly
on right side past Winton Rd. Exit
~ 2 miles to north (radio towers).

13.5 0.8 Exit to I-390 S.

22.6 9.1 Take Rush Exit 11 to Rt. 251W.

23.5 0.9 Follow signs through complex
intersections.

27.2 3.7 Drive west on Rt 251 across
Genesee R. to left turn on River
Rd. (south)

28.8 1.6 Stop at gravel pit on left opposite

old Valley Sand & Gravel sign.

STOP 3. VIEW AREA OF MIDDLE WISCONSIN SECTION SHOWN IN
FIGURES 9, 10, 11 OF ACCOMPANYING ARTICLE.

The geology of this stop is the focus of the second half of the
accompanying article. It is the only complex Middle Wisconsin exposure in New
York with the range of different depositional units, organic horizons, and muitiple
ice advances recorded both in this pit and the DeWitt gravel pit immediately to
the south. The site has changed markedly over the past 4 years due to rapid
extraction since the peat horizon in the lower till was discovered by R.A. Young
in November 1990. The major units and dated horizons have largely been
removed, but most of the section from the “bone horizon” (Figure 10) upward is
still visible (June 1994) and the only good wood specimen found to date was
collected from the lower till during a summer 1994 visit (submitted to Arizona
AMS Lab). The local deposits have been used to supply “clay” to the new
Monroe County (Rochester) Mill Seat Landfill in Riga, thus accounting for the
rapid excavation of the lower rhythmite section, largely below the present pit
water table. The success of this visit will depend entirely on how much
excavation or construction occurs during the 1994 summer season and how
much remains of the section shown in Figure 10 between this writing (June
1994) and October of 1994.

The DeWitt pit immediately adjoining this site on the south will be included

in the stop, either by hiking across both pits (water conditions permitting) or
rejoining the bus for a short ride. Participants are cautioned to stay clear of all
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vertical bluffs where very large (and dangerous) segments of the clay and gravel
units slump unexpectedly.

__If conditions are favorable time spent at this stop may be extended and
the remainder of the trip shortened to allow interested participants to adequately
explore this important, but rapidly disappearing site.

32.8 4.0 Continue south on River Road to
Rt. 5. Left at intersection.

34.7 1.9 Cross Genesee River and turn
right on River St.

35.6 0.9 South to Rt. 39., Right (south).

36.15 0.55 Cross Conesus Lake outlet.

36.5 0.35 Fowlerville Rd. Delta on right
built into glacial Lake Scottsville.

36.9 0.4 Moraine (hill) on left is site of

mastodon find in 1989-90.
STOP 4. INFORMAL STOP ALONG ROUTE 39 OVERLOOKING VALLEY

A broad moraine complex arcs westward into valley (road follows crest for
~3 miles) marking late Wisconsin ice readvance. The moraine is undated but is
thought to be approximately correlative with Alden, Buffalo, and Niagara Falls
moraines (Muller and others, 1988). The moraine is difficult to see from any
given point but fills the Genesee Valley between Geneseo and Avon (1:24,000
topo.), eliminating the broad flood plain characteristic of the Genesee Valley to
the north and south of this reach.

40.1 3.2 Roots Tavern Rd. on right marks
end of obvious moraine ridges on
topographic map.

43.6 3.5 Enter Geneseo, turn right on
South St. at Courthouse.

44.2 0.6 West to Route 63 (down hill).

52.3 8.1 Route 63 northwest to Peoria and

Alden moraine.

STOP5.  VIEW OF ALDEN MORAINE NEAR ICE POSITION THAT
CREATED LAKE HALL (~1000 ft elev.)

Genesee Valley south of this latitude was filled by Lake Hall as the ice
retreated from the Alden moraine. The drainage outlet was to the west through
the prominent Pearl Creek outlet where a large delta was built into the Wyoming
Valley. The next leg of the trip will descend into the Pearl Creek outlet channel
and climb out to the south, descending to the shoreline of glacial Lake Warren
near elevation 845 ft.
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53.2 0.9 Peoria Rd. south to Old State Rd.

54.2 1.0 Right on Old State Rd.

55.2 1.0 Left on Moag Rd. (south).
55.8 0.6 Left on Morrow.

56.4 0.6 Right on Simmons Rd. (south).
58.0 1.6 Left on Kendall-Barber Rd.
58.8 0.8 Right on Covington Rd. (SE)
60.0 1.2 Left on New Road to STOP 6

STOP 6. STOP AT LAKE WARREN BEACH WITH VIEW EAST INTO
GENESEE VALLEY

Glacial Lake Warren was the last large glacial lake embayment extending
southward into the Genesee Valley from an ice front position near the N Y State
Thruway between 13,000 to 12,600 BP (Muller and Calkin, 1993). The shoreline
presently indicates a relative postglacial uplift to the north of approximately two
feet per mile between Geneseo and Victor, New York. Lake Warren shoreline
features can clearly be seen along both sides of the Genesee Valley on aerial
photographs southward to the latitude of Letchworth Park, whereas no other
glacial Lake shorelines are still as obvious or continuous.

64.4 4.4 Descend eastward into valley to
Cuylerville (right on Rt 36, left on
Rt 39 & 20A).
END OF FORMAL TRIP

At this point in the trip, depending on the hour, the time spent at the
Middle Wisconsin site (STOP 3), and the ongoing developments at the Akzo-
Nobel salt mine collapse at Cuylerville (March 1994 to present), the trip will either
focus on an informal tour of the salt mine collapse area (with maps and cross
sections of the mine), or continue to the Valley Heads Moraine near Dansville.

Access to the Akzo-Nobel collapse areas is restricted and more
subsidence is anticipated in the near future. There may be little to see of the
areas actually subject to the most severe collapse due to their location in
wooded areas, due to tight security, and due to restricted road access. An
alternative possibility is a stop at the Geological Sciences Department at SUNY
Geneseo to view the maps, slides, and aerial video footage assimilated since the
beginning of the collapse problem in March 1994.

The Valley Heads Moraine complex at the south end of the Canaseraga
Valley is a unique, multi-lobate feature, which extended south and west from
Dansville in a series of semicircular arcs (not unlike some piedmont lobes in plan
view). The lobate extensions of the moraine actually turned northward up a
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small valley east of Dansville, creating a unique, north-facing moraine with an
impounded lake on its northern edge. The unique morainal ridge morphology
and associated spillway features make this moraine complex a worthwhile study
of the local influence of topography on ice flow. The moraine segments can be
readily viewed from roads or regional overlooks, and can provide an alternative
ending to this general overview of Genesee Valley glacial geomorphology and
stratigraphy if the Middle Wisconsin gravel pit is largely mined out by October
1994, or if the ongoing events at the Akzo-Nobel mine prevent productive
viewing of this serious environmental problem. The trip from Cuylerville to
Dansville to view the moraine is about 15 miles on I-390. Alternatively, if the
hour is late, the formal trip will return to Rochester via -390, a distance of about
30 miles.

REFERENCES CITED

(See accompanying article)
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Genesee Falls, Rochester, New York. ca. 1836

William H. Bartlett;

by
[From The Course of Empire: The Erie Canal and the New York Landscape, 1984,

Painting

Memorial Art Gallery of the University of Rochester, Rochester, New York, p. 18]
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GEOLOGY OF THE ERIE CANAL, ROCHESTER GORGE, AND
EASTERN MONROE COUNTY, NEW YORK STATE: IN THE FOOTSTEPS OF
AMOS EATON AND JAMES HALL

THOMAS X. GRASSO RICHARD M. LIEBE

Geosciences Department Department of Earth Sciences
Monroe Community College SUNY Brockport
Rochester, New York 14623 Brockport, New York 14420

The Upper Falls at Rochester drawn by Mrs. James Hall (Hall, 1843, p. 82).

INTRODUCTION

The Phelps and Gorham Purchase, from the Seneca Nation in 1788, opened the lands west
of Seneca Lake for settlement. Westward migration began as a trickle, but with the coming of
the Erie Canal to the Genesee Country in 1822-23, a flood of immigration occurred that
transformed western New York from dense forest to farmland, villages, and cities. For
example, Rochester's first permanent settler did not arrive until 1812 while real growth
blossomed in the 1820's. From the colonial period to the opening of the canal the west began
at Schenectady.

The growth of geologic thought followed a similar pattern. A few random notices and
sketches were made early on, primarily by army officers serving during the colonial wars and
the Revolution. The Erie Canal changed all that. The surveys for the proposed project
required organized, detailed, observations of the terrain and its underlying geology. Enter now
DeWitt Clinton whose 1810 chronicle of a journey across the state, along with other writings,
records numerous observations and interpretations of the geology from Albany to Buffalo.
However, it wasn't until the seminal work of Amos Eaton (Father of New York Geology) in
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1824 (A Geological and Agricultural Survey of the District Adjoining the Erie Canal in the
State of New York) that a comprehensive and amplified attempt was made to unravel the
superposition of western New York's strata. The foundation he laid ultimately led to the
founding of the State Geological Survey in 1836. The following year James Hall came to the
Genesee Country and examined its fossiliferous strata. Hall's work from 1837 to 1843 finally
unraveled the stratigraphic column of western New York as we know it today, save for some
modern refinements.

This paper attempts to show the evolution of geological investigations in Eastern Monroe
County and Rochester as revealed in the writings and quotations of Amos Eaton and James
Hall. The Erie Canal, its history and geology, and the geology of the Rochester Gorge are
equally main themes as they provided the framework for the development of geologic thought.

In 1826 Amos Eaton led an expedition by canal boat across New York State. The surviving
journals of two of the participants, George W. Clinton and Asa Fitch, provide unique insights
into the state of geological knowledge, the nature of the landscape, and human development in
the region at that time. These are quoted throughout the text but more liberally so in the
roadlog. The writings of James Hall and to a lesser extent Sir Charles Lyell, are included to
illustrate the degree of scientific advancement in the score or so years following Eaton's
labors.

The paper is divided into five major subdivisions including the roadlog. The life, geological
thoughts, and contributions of Amos Eaton is followed by a section on James Hall which
contains a brief description of the rise of the New York State Geological Survey. The middle
portion is devoted to the history and geology of the Erie Canal and its impact on New York
State. With all of the historical perspectives in place the paper proceeds to the site specific,
fourth, section - a discussion of Rochester and the Rochester Gorge. Finally the roadlog and
boat trip is devoted principally to retracing the route of Amos Eaton's 1826 tour to the
Rochester Gorge. The journal entries of the participants illuminate what travel was like at that
time as well as highlighting Eaton's personality and ideas. Here Eaton's geology is contrasted
with that of James Hall along with today's interpretation of the stratigraphic sequence and
glacial topography. Hall's ideas are revealed in his 1837 field notebooks housed in the New
York State Library in Albany and of course his monumental 1843 Survey of the Fourth
Geological District.

AMOS EATON

Amos Eaton (Figure 1) was born in 1776 at New Concord, New York in the Taconic
Mountains of Columbia County and died at Troy in 1842. He attended Williams College in
western Massachusetts and graduated in 1799. Eaton eventually moved to New York City in
1800 to study law, where he became acquainted with and studied under two of the scientific
leaders of the day, David Hosack and Samuel L. Mitchell. Under these men Amos Eaton's
fervor for natural science was first nurtured. Details of Amos Eaton's life and his labors on
New York geology may be found in McAllister's (1941) comprehensive biography, Wells'
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FIGURE 1 Portrait of Amos Eaton (N.Y. State Library)

(1963) treatise on early geological investigations in New York State, and Fisher's (1978)
synopsis of early New York geologists.

In 1802 Eaton was admitted to the bar and began working as a land agent for John
Livingston, a wealthy land owner of Schoharie and surrounding counties. In 1804 Eaton quit
his post with Livingston and moved to Catskill, New York to manage the 5,071 acres he
purchased with his father the previous year and to establish his personal land agency. Eaton
prospered in Catskill for several years when in September, 1809 he was falsely accused and
indicted for forgery. Eaton was then 33 years old. The case against him eventually led to
another more damaging suit in 1811 that resulted in bankruptcy that year and a trial on 26
August 1811 in Catskill. The jury returned a guilty verdict and Amos Eaton was sentenced to
the state prison at hard labor for the rest of his life.

The state prison at that time was located in what is now Greenwich Village in New York
City, on the banks of the Hudson at, ironically, Amos Street (McAllister, 1941 p. 142). While
in prison Eaton continued his pursuit of scientific knowledge by studying botany and geology.
In addition he met many influential people, not the least among them being DeWitt Clinton the
mayor of New York and John Torrey the future eminent botanist. John Torrey, then a
teenager, was the son of William Torrey the state prison agent. From his lengthy visits with
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Amos Eaton, John Torrey received his early instruction in botany. The younger Torrey, in
time, convinced his father to help seek Eaton's release from prison.

After Eaton had languished in prison for four years, his friends finally succeeded in securing
his release when Governor Daniel Tompkins granted a pardon on 17 November 1815 on the
condition that Eaton leave the state within three months, never to return. Eaton was finally
vindicated on 15 September 1817 when Governor DeWitt Clinton granted an unconditional
pardon. Amos Eaton persevered through an economic and personal storm that would have
crushed a lesser person and at the age of 40 life began anew. In the Spring of 1816 Eaton
moved to New Haven, Connecticut and studied at Yale, under Benjamin Silliman. In 1817 he
returned to Williams College where he lectured on mineralogy and was conferred a Masters of
Arts degree on 3 September 1817. Twelve days later DeWitt Clinton issued his pardon. From
1817 to 1824 Eaton wandered through eastern New York and western New England as an
itinerant lecturer, although from 30 April 1819 he made Troy, New York his lifetime
residence when he settled on Second Street near Ferry Street (McAllister 1941 p. 193). He
soon met and came under the patronage of Steven Van Rensselaer, the last of the great Dutch
Patroons. With the Patroon's financial support Eaton began his New York geological studies
in earnest and eventually, in 1824, founded the Rensselaer School, now Rensselaer
Polytechnic Institute in Troy.

EATON'S GEOLOGY
Before Eaton, not much was known of New York geology. As Wells notes (1963, p. 25):

"Geologic work in the Northeastern States might soon have reached a dead
center of vague generalization and haphazard observation and remained
there for years, had it not been for the impact in 1818 of the forceful and,
to many, irritating character of Amos Eaton."

Up to this time only William Maclure and Samuel Latham Mitchell had made attempts at
unraveling New York's stratigraphic sequence on a grand scale. Maclure introduced the
Wernerian classifications to American geology, thereby hindering its progress for many years
(Wells, 1963). Maclure, to a lesser degree Mitchell, and others had failed to realize the
significance and importance of fossils in establishing chronology. Amos Eaton was no
exception. Beginning with his earliest geological publication in 1818 on the geology of the
northern states, and culminating in his two monumental works, the 1824 canal survey and
1830 textbook, Eaton never unraveled the regional superposition of New York's formations
(Figure 2). This was due to his adherence to Wernerian doctrine and his failure to recognize
the general southerly dip of strata striking east-west across central New York State. '

James Hall (1843, pp. 5-7) summarized Eaton's labors on the geology of New York as
follows:
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"The name of the late Stephen Van Rensselaer will always be remembered
with reverence by the American student of geology....Through his
munificence, Professor Eaton was enabled to make a very extended and
systematic survey of the rocks of New York; [Geological and Agricultural
Survey of the District Adjoining the Erie Canal 1824].....if.....somethings
are not.....in accordance with recent discoveries.....at that period.....he was
in fact describing rocks.....not understood in Europe...... Had he evinced
still more independence of European classifications.....pursued the
investigation.....to a more thorough detail; published sections illustrating
the order of superposition...with their fossils so numerous and
characteristic, he would have left an undying fame to himself and his noble
patron. We can only regret that this was not done in the most extended and
perfect manner.....

"In that work (Survey of the Canal Rocks),.....it is evident that the author
was fully aware of the great extent of our undisturbed strata as compared
with those of Europe. He remarks, that:

"Our secondary rocks along the line are several hundred miles
in extent, and remarkably uniform in their leading characters.

"After examining our rocks with as much care and accuracy as I
am capable of doing, I venture to say, that we have at least five
distinct and continuous strata, neither of which can with
propriety take any name hitherto given and defined in any
European treatise which has reached this country. The late
work of Phillips and Conybeare describes many of the beds, and
some of the varnieties found among the rocks referred to; but the
nomenclature of these very able geologists cannot be adopted to
our district, without mangling and distorting the unprecedented
simplicity of our rock strata (Canal Rocks, pages 7-9).

"T quote this, to show that Mr. Eaton was aware that the names and
arrangement adopted in the systems of European authors did not apply
to the rocks of New York; and yet, most fatally he attempted to apply
that arrangement as far as possible, all the time supposing himself to be
investigating rocks of the same age, while in truth they were much
older than any described by the authors quoted. This attempt.....arose
from the general belief that the older or Transition strata were in a
highly disturbed and altered condition.....thus when so great a range of
undisturbed strata, abounding with organic remains, was presented, as
along the line of the Erie Canal, it was quite natural to refer them to the
secondary deposits; .......
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"Having been a pupil of Prof. Eaton in the Rensselaer Institute, and
receiving there my first instruction in Geology, it was natural to speak
of him and his labors, as a tribute of respect as well to himself as to Mr.
Van Rensselaer....."

Amos Eaton's canal survey of 1824 was his major achievement up to that time. The Erie
Canal provided ease of travel, new exposures, and ready access to distant localities which
were paramount in Eaton's construction of a framework and foundation for his geologic
interpretations. In short, the Erie Canal resulted in the first geological survey of the state. This
survey produced Eaton's (1824) cross section along the canal route from Boston to Lake Erie,
but culminated in his 1830 textbook containing the first geologic map of New York State as a
unit. In the 1820's and 1830's, the Erie Canal was a focus for geological work in New York,
before the beginning of the New York Natural History Survey in 1836.

Eaton's theory of New York geology gradually emerged to embrace a concept of alternating
episodes of non-marine and marine deposits (Figure 2). He divided the New York column into
five series, each one bearing a cyclic sedimentary package of isochronous transgressions and
regressions, beginning with a carboniferous unit, succeeded by a quartzose, and terminating in
a calcareous deposit. According to Eaton, as the seas withdrew, land plants would occupy the
emerged terrain. The ocean, when it returned, buried the plants to form his carboniferous
formations, usually dark to black shales or perhaps even coal measures, at the base of each
series. These units were generally his argillites or slates. The suprajacent deposit of the
transgressing ocean would be coarse clastics or his quartzose formations, usually
conglomerates and sandstones including red beds. He called most of these sequences
graywackes. The continued flooding of the land culminated in the deposition of his calcareous
formations such as dolostones and limestones. The seas would withdraw and the cycle would
then repeat itself in the next series. Figure 2 clearly reveals Eaton's ignorance of the true
superposition, yet he was one of the first to recognize local facies changes when, in 1828, he
thought that the Catskill redbeds passed westward into the gray shales and sandstones of
central and western New York (Wells, 1963).

Eaton's contributions to New York geologic investigations, although primitive and often
erroneous were none-the-less significant. He made basic stratigraphic errors, but we must
remember that New York geology at that time was like a cryptogram yet to be translated.
Amos Eaton made the initial attempts, and in so doing laid the foundation for the more refined
stratigraphic studies which were to follow. His students, such as James Hall, would invest the
strata with new meaning and interpretations, carrying on where he left off.

JAMES HALL
James Hall, the "patriarch of American Paleontology, geological organizations, and state

surveys" (Fisher, 1978) was born in 1811 at Hingham, Massachusetts, on the South Shore of
Boston Bay. This setting influenced his love for natural history as he became very interested in
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Series Formations Approx. Present Equivalents Age
Anamolous Analluvion, Diluvion Glacial drift Pleistocene
Tertia Sth calcareous Shell marl Coastal Plain
(Fitr Sencsy | Sth quartzose Marine sand Long Istand Cretaceous
Sth carboniferous marly clay, plastic clay
oolitic i ies i i
4th calcareous oolitic rocks - Ohio Glacial erratics in Catskills
Upper Olean Conglomerate .
_ Marine Catskill Beds pemnsyharian
Secondary 4th quartzose Third graywacke *Chemung”
Canadaway-Co! Grps.
(Fourth Series) ( ay-Conewago Grps.)
Tioga Coal i
4th carboniferous Pyritiferous slate G:gesee to West Falls Grp. Eesnezzmrxan
U. Hamilton (W.N.Y.S.) M. Devonian
3rd quartzose Comiferous limerock IE,?‘V;%:;;“ ﬂ;o n Grp. m ggzgg;::
" . Salina Grp. (W.N.Y.) L. Silurian
calcareous Geodiferous limerock Lockport Grp. L. Silurian
Helderberg Grp. (E.N.Y.S.) E. Devonian
3rd quartzose Lias Salina Grp. (C.-E. N.Y.) L. Silurian
Lower subordinates Ferriferous rock Clinton Grp. E.-L. Silurian
Newark Series L. Triassic-
E. Jwassp
Secondary Catskill Redbeds L. Devonian
3rd quartzose Saliferous rock Oneida Cgl.- E -Silurian-
Herkimer Ss. L. Silurian
(Third Series) Medina Grp. (Grimsby) E. Silurian
Queenston L. Ordovician
Oswego Ss. L. Ordovician
Upper Lorraine Grp. L. Ordovician
3rd carboniferous Second graywacke Anthracite- Carbondale Pa. Pennsylvanian
_Lower Hamiton-Catskill Front M. Devonian
Lower Lorraine Grp. L. Ordovician
Utica M. Ordovician
Helderberg Grp. E. Devonian
Metalliferous Trenton Grp. M. Ordovician
limerock Black River Grp. M. Ordovician
2nd calcareous Claciferous Tribes Hill E. Ordovician
Transition sandrock Little Falls L. Cambrian
Sparry Chazy Grp. M. Ordovician
imerock Beelmantown Gp. B M. £ E. Cambrian
(Second Series) —
Shawanqunk Cgl. E.-L. Silurian
2nd quartzose First graywacke Schenectady M. Ordovician
4 granw Snake Hill M. Ordovician
Taconic sequence
. - Normanskill M. Ordovician
2nd carboniferous Argilite Taconic sequence Ordovician &
Cambrian
Primitive 1st calcareous Green Mts. Ordovician
1st quartzose Manhattan Schist Ordoiviian
; 1st carboniferous High Taconics Cambrian
(First Series) Be !kshires cambrian
Adirondacks Precambrian
Highlands of the Hudson

FIGURE 2 Amos Eaton's Synopsis of New York Rocks, 1830
with approximate present equivalents.
[TX. Grasso Drafted by: Richard D. Hamell, July 21, 1994]
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During his tenure as State Geologist and as State Paleontologist, which lasted until his
death in 1898, Hall continued to work on the stratigraphy of Western New York State. Much
of this work was done in the "Genesee Country", as the area west of Seneca Lake was known,
particularly in Monroe County. Hall named the Lockport Limestone, Rochester Shale, and
Medina Sandstone with illustrations to clarify the stratigraphy, including the first vertical
section showing relative thickness of formations drawn for the New York State Survey
(Aldrich and Leviton, 1987). Another illustration was a map of the Genesee River with
formations marked along its banks. This stratigraphy, with formational boundaries clearly
marked, became incorporated into the New York System, the North American equivalent to
the Silurian and Devonian Systems of Europe. The other State geologists eventually followed
Hall's idea of using geographic localities for formation names, rather than the more colorful,
lithologic terms of Eaton and others, although the New York System was dropped as
correlations with the Silurian and Devonian of Europe became clearer.

Charles Lyell visited New York in 1841. He and Hall traveled the Erie Canal, examining
outcrops along the way. Although Hall had little to do with the development of the Erie
Canal, he was very critical of the financial waste in construction caused by choosing low
quality rocks for building its locks, aqueducts and culverts. They also toured the Genesee
River Valley, but little information exists of any impact Lyell had on Hall in this region.
However Lyell, became much enamored with Niagara Falls, thereby leading Hall to devote
considerable space to them in his final report. Hall also supported Lyell's idea that the surficial
deposits of the region were the result of materials dropped in the sea by icebergs and swirling
ocean currents. Early New York State geologists did not adopt a glacial theory for these drift
deposits although Louis Agassiz had proposed the notion of glaciation (1837) in Europe
(Aldrich and Leviton, 1987).

During his tenure as State Geologist and State Paleontologist, James Hall did much to
promote the paleontology and stratigraphy of Western New York and laid the groundwork for
future research in this region. For a more complete look at the life and contributions of James
Hall see J. M. Clarke's biography of his mentor (1921).

ERIE CANAL HISTORY AND GEOLOGY
INTRODUCTION

The old Erie Canal (Figure 5) was not the first canal constructed in North America or even
New York State, but it was by far the most successful. This is evidenced by the simple fact
that one can still go by canal from Buffalo to Albany, across the state, albeit in a different
location for much of the distance. The Erie Canal is still operating. This cannot be said of the
Pennsylvania, New Jersey, Virginia and other state canals that attempted to link the interior of
the continent with the eastern seaboard. The Erie Canal pierced the wilderness of nineteenth
century New York State, transforming a sparsely populated hinterland of impenetrable forests
into a line of burgeoning metropolitan complexes. As an alternative to the tortuous overland

138



journey west, it opened the mid-continent of North America to a flood of migration and
settlement.

Yankee, not Irish laborers, constructed the original canal, using teams of horses drawing
scrapers and scoops, shovels, wheelbarrows and certain makeshift tools invented as the need
arose. One such elegant device was a contraption to pull tree stumps out of the ground, as
shown in Figure 6. Workers completed the 363 mile long canal in eight years. Syracuse,
Buffalo, and many smaller communities either grew dramatically or came into existence as a
result of the canal.

The original Erie Canal cost $7,143,789.86, well above the engineers' estimate of
$4,881,738 (Whitford, 1906). However, in 10 years, from the tolls generated, it repaid all
construction costs, including principal and interest on the loan, paid all maintenance and repair
costs, and showed a profit. The State has apparently never surpassed this remarkable
undertaking. Shipping costs were cut 80-90 percent, and the trip from New York City to
Buffalo was reduced from a month to about two weeks. It was these economic incentives
which inspired the novel idea, but also underlie its success.

FIRST CANALS IN NEW YORK STATE

In March 1792, an act of the legislature established two private canal companies -the
Western Inland Lock Navigation Company (W.IL.N.) and the Northern Inland Lock and
Navigation Company (N.IL.N.) - apparently brought to fruition by Elkanah Watson, a former
assistant to Benjamin Franklin (Whitford, 1906). Watson was a friend of George Washington,
from whom he probably acquired his passion for canals. General Philip Schuyler, a prominent
member of the Senate, was instrumental in obtaining the law that created the two lock-
navigation companies.

Although both companies were private stock ventures, each was linked with the state
through monetary gifts, loans and purchases of stock. The Northern Company, incorporated
to facilitate a water communication between the Hudson River and Lake Champlain,
accomplished nothing beneficial while somehow expending $200,000. The Western Company,
as shown on Figure 7, succeeded in making modest improvements in the Mohawk River
Valley by constructing a mile-long canal with five locks around the falls at Little Falls (1795)
and another two-lock canal connecting the Mohawk River with Wood Creek at Rome (1797).
It also built a short canal around two rapids in the Mohawk River east of Herkimer (1798) and
made minor improvements in Wood Creek (1793, 1803). After the year 1800, however, the
canals fell into general disuse and after 1803 the company faded into oblivion.

The demise of the private navigation companies stemmed from high tolls, wasteful
management, lack of experience and a host of other factors, one of the most significant being
that short canals offered only a partial solution to the problems of inland water navigation. In
fact, the failures of the lock navigation companies set the canal movement back 15 years as
opponents of the Erie pointed out the futility of building a canal 363 miles long through
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Data: TX Grasso
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Figure 5 Location map of Erie Canal (dotted line) and neighboring highlands.

Figure 6 Device to grub stumps (from Andrist, 1964, p. 453;
drawing by Anthony Ravielli)
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unquestionable authority, that the reports that had been so industriously circulated, respecting
the sickness and death of many of the workmen on the Montezuma Marshes are entirely
unfounded."

Clinton's Ditch crossed the Seneca River on grade, the towpath being carried across the
river on a bridge supported by 130 bents (frames). To obviate the difficult grade crossing in
the first enlargement, Van R. Richmond designed and built the great Montezuma Aqueduct.
Work began in 1849 and it was brought into use in the spring of 1856. The stone aqueduct
rests on a wood foundation floor, covering an area of approximately two acres, supported by
4,464 bearing piles from 15 to 30 feet long (4.5 to 9 m). The aqueduct had 31 towpath arches
and was 841 feet long, the second longest aqueduct on the Erie Canal. The central portion
was dismantled in the winter of 1917-1918 to free the Seneca River for Barge Canal traffic.

Genesee-Irondequoit Valleys

The route of the canal west from Montezuma lay up the valley of the Clyde River to Lyons.
From here it ascended the tributary Ganarqua (Mud) Creek, the shallow draft navigable
headwaters of which are found at Palmyra. These are misfit streams that occupy a plexus of
abandoned meltwater channels collectively known as the Fairport Channels. The Fairport
Channels drained proglacial Lake Dawson in the Rochester region, carrying its waters and all
the Great Lakes drainage east to Lyons where it emptied into an early Lake Iroquois. These
channels cut a swath through the drumlin belt, permitting a low gradient path for the canal.

The preglacial course of the Genesee River led east from Rush then north through what is
now the Irondequoit Valley. Near Rochester, Lake Dawson ranged from 483 feet (147 m)
elevation to 462 feet (141 m). Details of the glacial lakes succession in the Genesee Valley
region may be found in Muller, et. al (1988). Lake Scottsville occupied the Genesee Valley
south to Avon at the same time as Lake Dawson's waters existed over the northern part of
Rochester. Lake Scottsville at an elevation of 540 feet (165 m) was dammed at its northern
margin by the Pinnacle Hills moraine along the southern margin of Rochester. Lake Scottsville
waters drained north across the Pinnacle Hills moraine because the eastward leading leg of the
old channel was plugged with glacial deposits. However the north-south portion of the
preglacial valley was scoured into a deep U-shaped trough. The Genesee River, now flowing
northward in a new postglacial course, began carving the Rochester Gorge when it
encountered the Niagara Escarpment. Withdrawal of the ice margin farther north just over
12,000 B.P. permitted Lake Iroquois to expand westward to completely occupy the Lake
Ontario basin. Lake Scottsville drained away and Lake Dawson rapidly lowered a total of 120
feet (37 m) to an elevation of 425 feet, the level of Lake Iroquois, the southern beach ridge of
which is Ridge Road (NY 104).

The deep U-shaped trough of the preglacial Genesee, the Irondequoit Valley, was to b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>