ZUSGS

science for a changing world

National Water Quality Program

Prepared in cooperation with the New York State Department of Environmental Conservation

Distribution of Selected Hydrogeologic Characteristics of the
Upper Glacial and Magothy Aquifers, Long Island, New York

Scientific Investigations Report 20205023

U.S. Department of the Interior
U.S. Geological Survey



Cover. (Left) Core samples from Nassau County, New York; photograph by Marie Zuck, U.S. Geological Survey.
(Right) Vertical distribution of estimated horizontal hydraulic conductivity along north-south section B-B' on
Long Island, New York; from figure 10A of this report.



Distribution of Selected Hydrogeologic
Characteristics of the Upper Glacial and
Magothy Aquifers, Long Island, New York

By Donald A. Walter and Jason S. Finkelstein

National Water Quality Program

Prepared in cooperation with the
New York State Department of Environmental Conservation

Scientific Investigations Report 2020-5023

U.S. Department of the Interior
U.S. Geological Survey



U.S. Department of the Interior
DAVID BERNHARDT, Secretary

U.S. Geological Survey
James F. Rellly Il, Director

U.S. Geological Survey, Reston, Virginia: 2020

For more information on the USGS—the Federal source for science about the Earth, its natural and living resources,
natural hazards, and the environment—uvisit https://www.usgs.gov or call 1-888—ASK-USGS.

For an overview of USGS information products, including maps, imagery, and publications, visit
https://store.usgs.gov/.

Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the
U.S. Government.

Although this information product, for the most part, is in the public domain, it also may contain copyrighted materials
as noted in the text. Permission to reproduce copyrighted items must be secured from the copyright owner.

Suggested citation:

Walter, D.A., and Finkelstein, J.S., 2020, Distribution of selected hydrogeologic characteristics of the upper glacial
and Magothy aquifers, Long Island, New York: U.S. Geological Survey Scientific Investigations Report 2020-5023,
21 p., https://doi.org/10.3133/sir20205023.

Data associated with this publication:
Finkelstein, J.S., and Walter, D.A., 2020, Aquifer texture data describing the Long Island aquifer system:
U.S. Geological Survey data release, https://doi.org/10.5066/P954DLLC.

ISSN 2328-0328 (online)


https://www.usgs.gov
https://store.usgs.gov/
https://doi.org/10.3133/sir20205023
https://doi.org/10.5066/P954DLLC

Contents

ADSTIACT .ottt b Rt AR bRt s b a bt nas 1

oo VT3 T 3OO 1

MELhOAS OF ANAIYSIS.....iiieiieciicte ettt naes 7
Data Compilation and ANAIYSIS........cceuveureieeeerinsiieiieecesiest sttt sttt sttt sssssessns 7
MOAEI DEVEIOPMENT ....ceveecveietetrece ettt bbbt aees 9
Limitations Of ANAIYSIS c.vvcveiiciriciesccsc et

Distribution of Selected Aquifer Characteristics
Horizontal Hydraulic Conductivity and Clay
Occurrence of Lignite and PYIIte ..ottt saes

SUMIMATY oottt ettt b bR RSt

SeIECTEA REIBIBNCES ...ttt s st enas

Figures

1. Map showing hydrography and water-table altitudes on Long Island, New York,
TN IMIAY 2010 ..ot sse st s s s ennesnens 2
2. Map showing land-surface altitude and bathymetry, northern extent of
Cretaceous-age sediments, and altitude of the bedrock-surface on Long Island,

INBU YOTK ettt 4
3. Three-dimensional diagram showing major hydrologic units and position of

freshwater/saltwater interface on western Long Island, New York.........cccoooenininecinnn. 5
4. Map showing the extent and surface altitude of major Cretaceous hydrologic

units in the Magothy aquifer and Raritan confining unit on Long Island, New York......... 6
5. Schematic diagram outlining the three-dimensional lithologic analysis of the

aquifer system of Long ISland, NeW YOrK ..o ssssessessenns 8

6. Map showing the design of 1-square-mile sampling grid and deep boreholes
used in the lithologic-log analysis of the aquifer sediments underlying Long
[SIANA, NEW YOTK ..ottt et 10

7. Cross section showing the vertical design of quasi-three-dimensional grids
for the horizontal and sloping models along north-south section B—-B' on Long

[ BT o R A=V (o T U 1"
8. Map showing boreholes used to provide data points for layers 32 and 141 of the
sloping model for Long Island, NEW YOrK ........ccecuvrneineiernsinesseee et sssssseens 12

9. Maps showing interpolated horizontal hydraulic conductivity for the upper
glacial and Magothy model at a mean altitude of 741 feet below mean sea level
0N Long IS1and, NeW YOrK ...ttt n 14
10. Cross sections showing vertical distribution of estimated horizontal hydraulic
conductivity and probability of clay occurrence along sections B-B" and C-C'
0N LoNG IS1aNd, NEW YOTK ...ttt esnen 16
11.  Cross sections showing vertical distribution of the probability of the
occurrence of lignite and pyrite along sections B—B' and C-C' on Long Island,

12.  Maps showing estimated probability of lignite occurrence for the middle and
basal parts of the Magothy aquifer on Long Island, New York.........cocooocnninncnincnennes 18



Table

1. Lithologic codes and associated values of horizontal and vertical hydraulic
conductivity for lithologic descriptions in borehole logs on Long Island, New York........

Conversion Factors

U.S. customary units to International System of Units

Multiply By To obtain
inch (in.) 2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
square mile (mi2) 2.590 square kilometer (km?2)
foot per day (ft/d) 0.3048 meter per day (m/d)

Datum

Vertical coordinate information is referenced to the North American Vertical Datum of 1988
(NGVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1927 (NAD 27).

Altitude, as used in this report, refers to distance above the vertical datum.

Supplemental Information

Concentrations of chemical constituents in water are given in milligrams per liter (mg/L).

Abbreviations

GIS geographic information system
GWSI Ground-Water Site Inventory System
MSL mean sea level

NAWQA National Water-Quality Assessment Project
USGS U.S. Geological Survey



Distribution of Selected Hydrogeologic Characteristics
of the Upper Glacial and Magothy Aquifers, Long

Island, New York
By Donald A. Walter and Jason S. Finkelstein

Abstract

The Pleistocene- and Cretaceous-age sediments underly-
ing Long Island, New York, compose an important sole-source
aquifer system that is nearly 2,000 feet thick in some areas.
Sediment characteristics of importance for water supply
include water-transmitting properties—horizontal and vertical
hydraulic conductivity—the presence of clay and silt and the
distribution of lignite, which provides an important control
on oxygen-reduction (redox) conditions and water quality,
in Cretaceous-age aquifers. Several decades of urbanization
and the associated need to meet water demand have generated
abundant data on the lithology of the aquifer sediments and
the potential for an improved regional-scale understanding of
this aquifer system. There is a range in the source and quality
of the information, but large amounts of data, even of lesser
quality, can yield insight into important aquifer characteristics.

The distribution of horizontal and vertical hydraulic
conductivity and the probability of occurrence of lignite
and clay in the aquifer were developed for this study from a
database of drilling records and geophysical logs. Lithologic
descriptions were categorized into a set of standardized codes,
which in turn, were aggregated into a set of general codes
for the Pleistocene-age upper glacial and Cretaceous-age
Magothy aquifers. General values of hydraulic conductivity
were assigned to each code from published estimates on Long
Island and analogous hydrogeologic environments on Cape
Cod, Massachusetts. A binary value of 1 or 0 was assigned to
each coded interval to indicate the presence or absence of clay
and lignite based on keywords in the lithologic descriptions.
This information was assembled into a geographic informa-
tion system database that was queried sequentially and used
to develop gridded values of each aquifer characteristic by
use of ordinary kriging for a set of grids, each representing
10-foot-thick planar slices for the entire vertical thickness of
each aquifer. These sets of grids, taken as a whole, represent a
quasi-three-dimensional representation of each aquifer charac-
teristic in both the upper glacial and Magothy aquifers.

The analysis of hydraulic conductivity shows patterns
that generally reflect known depositional features of each
unit and are consistent with the current understanding of the

geology of the aquifers. Spatial patterns in the upper glacial
aquifer show contrasts in estimated hydraulic conductivity:
lower values occur in inland areas and are associated with
glacial moraines; higher values generally occur to the south in
association with glacial outwash. Higher values of hydraulic
conductivity in the Magothy aquifer, which resulted from del-
taic deposition, generally occur in the basal parts of the unit,
likely are associated with channel-lag deposits and are found
in parts of the aquifer known for large well yields. Lower
values of hydraulic conductivity generally occur in middle
parts of the aquifer associated with deposition in overbank and
wetland environments. The probability of lignite occurrence

is highest in this same vertical zone of the Magothy aquifer,
consistent with deposition in wetland environments. The
probability of lignite occurrence generally is highest along the
southern shore of the island. Lignite occurrence generally is
consistent with water-quality patterns; water quality in these
same areas indicate chemically reducing conditions and redox-
related iron biofouling commonly occurs.

Introduction

Long Island, in southeastern New York, is bordered by
bays and narrows to the east and west, the Atlantic Ocean to
the south, and Long Island Sound to the north (fig. 1). The
island is about 120 miles (mi) long and 25 mi wide at its wid-
est point and covers about 1,400 square miles (mi2) in total
area. The island is densely populated and has an estimated
population of about 7.9 million people (U.S. Census Bureau,
2018). Land use generally changes from west to east from
urbanized to rural, with densely urbanized landscapes in Kings
and Queens Counties and large areas of undeveloped or agri-
cultural land in eastern Suffolk County.

Unconsolidated sediments underlying the island com-
pose a sole-source aquifer system that supplies water to
about 2.9 million people in Nassau and Suffolk Counties.

The aquifer system also contributes groundwater discharge to
freshwater and marine ecosystems throughout Long Island.
Anthropogenic activities have affected the quantity and quality
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of groundwater because of the island’s large population,
generally permeable sediments, and the unconfined conditions
prevalent across the aquifer system.

In 2016, the U.S Geological Survey (USGS) National
Water-Quality Assessment (NAWQA) project of the National
Water Quality Program began an investigation into the distri-
bution of groundwater age in the Long Island aquifer system
and how age relates to contaminant susceptibility. Existing
data were compiled and analyzed, and the results were used to
support the development of a numerical model of the regional
aquifer system. As part of this effort, lithologic descriptions,
geophysical data, and ancillary well construction data were
compiled from deep boreholes across the island. These data
were assembled into a geographic information system (GIS)
database and used to develop three-dimensional renderings of
important aquifer characteristics, including horizontal and ver-
tical hydraulic conductivity and the probability of occurrence
of lignite and clay. These modeled distributions were used to
inform development of groundwater-flow models and statisti-
cal models of water quality.

The topography of the island is characterized by high
terrain in the interior associated with glacial moraines and
gently sloping topography to the south associated with
glaciofluvial outwash (fig. 2). The unconsolidated sediments
are underlain by relatively impermeable bedrock, the altitude
of which ranges from near sea level in the northwestern part
of the island to about 2,000 feet (ft) below mean sea level
(MSL) relative to the North American Vertical Datum of 1988
(NAVD 88) along the southern shore.

The bedrock is overlain by sediments of Cretaceous
age that are part of the North Atlantic Coastal Plain regional
aquifer system (Masterson and others, 2016), which in turn,
are overlain by Pleistocene-age glacial sediments deposited
largely during the Wisconsinan glaciation when periods of
ice advance and retreat formed morainal ridges that trend
east-west along the spine of Long Island (Cadwell and
Muller, 1986). The Pleistocene-age glacial sediments and the
underlying Cretaceous-age units compose a series of aquifers
and confining units that are as much as 2,000 ft thick on the
southeastern-dipping bedrock surface. The Cretaceous-age
sediments are absent in some areas near the northern shore
of the island (fig. 2); Wisconsinan glacial sediments in these
areas are underlain by bedrock or by older (pre-Wisconsinan)
Pleistocene-age glacial sediments.

The five major hydrogeologic units underlying Long
Island, in ascending order, are the Lloyd aquifer (Lloyd Sand
Member of the Raritan Formation), the Raritan confining unit
(the clay member of the Raritan Formation), the Magothy
aquifer (Magothy Formation and Matawan Group, undif-
ferentiated), the Gardiners clay (Gardiners Clay unit)—all of
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Cretaceous age—and the upper glacial aquifer of Pleistocene
age (fig. 3; Smolensky and others, 1989). In addition to these
major units, the Pleistocene-age North Shore aquifer and
North Shore confining unit underlie Wisconsinan glacial sedi-
ments in some areas where Cretaceous-age units are absent
(Stumm, 2001; Stumm and others, 2002, 2004), and local
confining units occur within the upper glacial aquifer (Doriski
and Wilde-Katz, 1982; Krulikas and Koszalka, 1983; Schubert
and others, 2003). The Magothy aquifer is contiguous with the
Jameco aquifer and the Monmouth Greensand (Smolensky and
others, 1989).

The upper glacial aquifer and the Magothy aquifer are the
two principal aquifers used for water supply on Long Island.
The upper glacial aquifer extends from land surface (fig. 2) to
the top of the Magothy aquifer (figs. 3 and 44) and is com-
posed of sandy sediments deposited about 18,000 years ago in
glaciofluvial and glaciolacustrine environments near the mar-
gin of the continental ice sheet during the Wisconsinan glacia-
tion. The surface of the Magothy aquifer includes several
elongated, northwest-southeast trending erosional channels
that have been filled with glacial sediments (fig. 44), which
generally are permeable and consist of gravel, sand, silt, and
clay. Glacial morainal deposits generally are less well sorted
and less permeable than outwash, which generally consists of
well-sorted and cross-bedded sand.

The lower extent of the underlying Magothy aquifer is
the top of the Raritan confining unit (figs. 3 and 4B). The sedi-
ments that compose the Magothy aquifer are deltaic in origin
and were deposited in a variety of depositional environments,
including fluvial channels and overbank wetland deposits.

The basal part of the unit generally is more permeable and is
the primary source of water in many areas. The middle part of
the aquifer generally is less permeable and contains silt and
clay interbeds; lignite is common both interstitially and as
extensive interbeds (Smolensky and others, 1989). The Lloyd
aquifer is the deepest hydrologic unit in the aquifer system
and is confined throughout its extent (fig. 3); the depositional
history and lithologic composition of this unit is similar to that
of the Magothy aquifer. Recharge from precipitation averages
about 24 inches per year and is the sole source of freshwater to
the aquifer system (Walter and others, in press). Groundwater
flows away from regional groundwater divides towards dis-
charge locations in streams, coastal waters, and pumping wells
(fig. 3); some deep groundwater discharges offshore through
overlying confining units by a process referred to as subsea
discharge. The subsurface aquifers are bounded laterally by

a freshwater/saltwater interface. Water-table altitudes exceed
60 ft in two areas, to the east and west of major surface-water
drainages in the central part of the island (fig. 1).
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Gardiners clay

\ Jameco aquifer

Figure 3. Major hydrologic units and position of freshwater/saltwater interface on western Long Island, New York. The direction of
the groundwater flow is generalized. Line of section shown on figure 1. Modified from Masterson and Breault (2019). NAVD 88, North
American Vertical Datum of 1988.
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Figure 4. Extent and surface altitude of major Cretaceous hydrologic units in the A, Magothy aquifer and associated units and
B, Raritan confining unit on Long Island, New York. NAVD 88, North American Vertical Datum of 1988.



Methods of Analysis

A large volume of qualitative data regarding the lithol-
ogy of the aquifer sediments underlying Long Island has been
collected over several decades as part of water-supply explora-
tion and remedial investigations. These data include drillers’
descriptions of lithology, core samples, and borehole geophys-
ical logs and range in source, type, and quality. Although the
quality of some individual data points may be of lesser quality,
when considered together with a sufficiently large sample size,
the data may be used to characterize aquifer characteristics
at a regional scale and in three dimensions. The analytical
methods and application of those methods used in this analysis
are similar to those documented in Arihood (2008), Faunt and
others (2010), and Walter and others (2018).

Quasi-three-dimensional models of the distribution of
horizontal and vertical hydraulic conductivity and the occur-
rence of clay were developed for the upper glacial aquifer and
the underlying Magothy aquifer. The Monmouth Greensand
and Jameco aquifers (Smolensky and others, 1989) are
grouped with the Magothy aquifer in this analysis. The Lloyd
aquifer, which is the deepest aquifer underlying the island, is
not used for water supply and was not included in the analysis
in this report because of the limited data available regarding
that aquifer. The occurrence of lignite and associated pyrite
was modeled in the Magothy aquifer, where it is known to
occur; lignite was modeled because it provides an important
control on oxygen-reduction (redox) conditions and water
quality. Lignite is absent from glacial sediments.

Data Compilation and Analysis

The compilation and analysis of the data underlying these
models was a four-step process, as follows: (1) assignment of
categorial codes at each specified depth interval in each bore-
hole based on a lithologic description (fig. 54—C); (2) further
assignment of horizontal and vertical hydraulic conductivity to
those depth intervals based on literature values associated with
the assigned codes (fig. 5D; table 1); (3) subsequent calcula-
tion of thickness-weighted mean and geometric mean hydrau-
lic conductivity values from those depth intervals to 10-ft
regular intervals (fig. 5£); and (4) interpolation by ordinary
kriging from those points within each 10-ft interval to a set of
regular grids, with a 500-ft resolution.

Data collection at 1,769 boreholes across Long Island
resulted in a total of 36,364 lithologic descriptions. Each
borehole represented the deepest well within each 1-mi2 cell
of an island-wide grid (fig. 6). The lithologic descriptions were
compiled and categorized into 45 separate codes. The litho-
logic codes are defined as part of the USGS Ground-Water
Site Inventory (GWSI) System (U.S. Geological Survey,
2004). The 45 GWSI codes were further aggregated into
14 codes: 7 each for upper glacial and Magothy aquifer sedi-
ments (table 1). A small number of boreholes lacked lithologic
records but had geophysical logs. These were included in the
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analysis by identifying intervals of coarse- and fine-grained
sediments from the geophysical logs (both natural gamma and
electromagnetic logs); intervals of coarse-grained sediments
were assumed to be medium sand, and intervals of fine-
grained sediments were assumed to be silt. Categorial classi-
fications of the lithologic descriptions (table 1) were assigned
estimated values of horizontal and vertical hydraulic conduc-
tivity based on published values for the Long Island aquifer
system (McClymonds and Franke, 1972; Franke and Getzen,
1976; Lindner and Reilly, 1983; Prince and Schneider, 1987;
Smolensky and others, 1989; Cartwright, 1996; Misut and
Busciolano, 2010) and similar hydrogeologic environments
on the coastal plain of Massachusetts (Guswa and Londquist,
1976; Guswa and LeBlanc, 1985; LeBlanc and others, 1986;
Barlow, 1989; Barlow and Hess, 1993; Moench and others,
1996; Walter and others, 1996; Masterson and Barlow, 1997,
Masterson and others, 1997).

The highest value of horizontal hydraulic conductivity in
glacial sediments is about 350 feet per day (ft/d) in well-sorted
coarse-grained sand and gravel. The anisotropy ratio in these
sediments was assumed to be about 3:1, resulting in vertical
hydraulic conductivity of about 100 ft/d (Moench and others,
1996). The lowest values of horizontal and vertical hydrau-
lic conductivity for glacial silt and clay were 10 and 1 ft/d,
respectively. Horizontal hydraulic conductivity values in the
Cretaceous-age sediments, which generally are less well sorted
and less permeable than glacial sediments, were assumed to
range from 10 to 200 ft/d. Cretaceous-age sediments of the
Magothy aquifer are assumed to be more anisotropic; vertical
hydraulic conductivity ranged from 10 ft/d for coarse-grained
sand and gravel to 1 ft/d for silt and clay, the same as that in
glacial silt and clay.

Horizontal and vertical hydraulic conductivity values
were estimated for each of the 14 aggregated lithologic codes
(table 1). The resulting horizontal and vertical hydraulic con-
ductivity values were then assigned to each depth interval in
each borehole. The probability of occurrence of clay, lignite,
and pyrite was determined from binary variables assigned
using keywords in the lithologic descriptions. Descriptions
containing the appropriate keywords were assigned a prob-
ability of 1; a value of 0 was assigned to those without the
keywords. The mean variable within the same 10-ft regular
vertical intervals was estimated.

Each borehole was divided equally into 10-ft intervals
along its length and the thickness-weighted mean horizontal
and vertical hydraulic conductivity was computed for each
interval (fig. 5E). An arithmetic mean was calculated for
horizontal hydraulic conductivity and a geometric mean for
vertical hydraulic conductivity. The mean probability of the
occurrence of lignite and clay (represented as binary variables)
also was computed for each 10-ft interval for each borehole.
The X, Y, and Z coordinates, estimates of horizontal and
vertical hydraulic conductivity and estimates of the probabil-
ity of the occurrence of lignite and pyrite, respectively, were
assembled into a database.



Hydrogeologic Characteristics of the Upper Glacial and Magothy Aquifers, Long Island, New York

"AyAIONPUOD d1jnelpAy [BIILIBA ‘AY ‘AJIAONPUOD d1jneIPAY [BIUOZIIOY ‘UY Y104 MBN ‘pue|s| Buo] jo walsAs Jajinbe ayy jo sisAjeue a1Bojoyy| [euoisuawip-aaly] ‘g ainbiy

0°0¢

Eo oz

E s ez

E-oon ocz

sz

t'6¢

o022

sz

oz

wexa se umoys “y ;810N

0z

t°G6

o0z

I

o6

ueaw ouyawoah
pajybiam-ssauyaiy}

se paienojea "y 8'9¢

o1

s
s e o ‘oo oy uno o

s

ou ]

o1

091

551

ueaw opawye
pajyblam-ssausoiy}
se palejnojea y

051

(¢6L-) Gl

aiaid
Kionoooy
(wd6)
sjex sbind

Jlesoy) edwes

wesbeiq
uogonsuoy
[

I0quiAs olydesBoup pejeossy pue al eldwes pue

5w ) uonere s
sse1D $0SN
(sBa-y) wideq

uopduosaq aBoloR] SIUAWWOD SBIING

[(

IloM 21dwiexa INOILYOO1

Ayiananpuod annespAy pajybram-ssawjoary)] ‘3 fio] burioq a1bojoyyiy 'y

(wus) Aep puens [

. $8poo ol

(18as) Aejo pue ‘s ‘pues I >moﬂo£__wp>\mwﬁ_§m

. aoepns Ae[o pue ‘yjis ‘pues ‘[anel
| 8|qe| E_V_S (@621) 0 (0A9s) Ao p pues ‘janesg [ |
(epnye) (4-anvs) pues suy [
8poa Y1 da -

sanjen Ayianonpuos aynesphy ubissy ‘g PO A theea (N-ONvS) pues wnipsy [N
[]am 8|dwex3 A/ (19@s) fenel6 pue pues esie0) [

ajoyaioq payisse|y 9 (1AYD) |8neIg _H_ o sopoo pozesaua

uoneayisse|o aibojoyy| [e1auay g uaAas ojul pajebe.bby




Table 1.
logs on Long Island, New York.
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Lithologic codes and associated values of horizontal and vertical hydraulic conductivity for lithologic descriptions in borehole

[Kh, horizontal hydraulic conductivity; Kv, vertical hydraulic conductivity; GWSI, Ground-Water Site-Inventory System (U.S. Geological Survey, 2004)]

Upper glacial Magothy
Description aquifer aquifer Assembled GWSI codes
Kh Kv Kh Kv
Gravel 350 100 200 10 IGNS, COBB, GRVL, DIBS, GRGN, LMSH, SHLE, GNSS, SCST,
GRCL, SLTE, ROCK, GRNT, QRTZ, MMPC, GRCM, BLDR
Coarse-grained sand and gravel 300 60 150 5 DRFT, SDGL, BLSD, COSD
Medium sand 200 20 100 3 SAND, OTSH
Fine-grained sand 100 10 70 2 OBDN, SOIL, SNDS, LOAM, LOSS
Gravel, sand, silt, and clay 70 3 70 5 BLSC, GRSC, GRDS, TILL, SGVC, COSC
Sand, silt, and clay 30 2 30 1 SNCL, SDCL, SDST
Silt and clay 10 1 10 1 CLSD, CLAY, HRDP, SILT, MUCK, MUD, PEAT, STCL

Model Development

Quasi-three-dimensional models were developed
that consist of stacks of individual two-dimensional grids
with a uniform thickness of 10 ft. Two sets of quasi-three-
dimensional models were produced: a set of grids each with
a uniform altitude and a set of grids whose altitudes vary as
determined by the surface altitude of the top of the underlying
Raritan confining unit, which is considered to be the bottom
of the principal aquifer system of Long Island (Smolensky
and others, 1989). The first set, referred to as the “horizon-
tal model,” is applied to the upper glacial aquifer and other
Pleistocene-age sediments. The top of the horizontal model is
land surface (fig. 2) and the bottom of the model is the top of
the Magothy aquifer (fig. 44). The second set, referred to as
the “sloping model,” is applied to the underlying Cretaceous-
age and contiguous units, including the Magothy and Jameco
aquifers and the Monmouth Greensand. The top and bottom of
the sloping model are the top of the Magothy aquifer (fig. 44)
and the top of the Raritan confining unit (fig. 4B), respectively.

The horizontal model composes 100 horizontal lay-
ers of a uniform thickness of 10 ft. The model extends from
land surface down to —700 ft MSL (fig. 74). Only aquifer
characteristics for cells within the upper glacial aquifer are
considered to be active cells in the model; underlying cells
within the Cretaceous-age sediments are not used. The sloping
model consists of 152 layers, each with a uniform thickness
of 10 ft. The altitude of each layer is determined by the top of
the Raritan confining unit. The bottom of layer 152 is the top
of the Raritan confining unit and all layers above are increased
by multiples of 10 ft from that bottom layer (fig. 7B). Only
aquifer characteristics for cells within Cretaceous aquifers are
considered; overlying cells within the glacial sediments are
not used (fig. 7B).

The database of point locations and values was imported
into a GIS and queried to extract the X,Y locations of bore-
holes of sufficient depth that extend to or beyond each layer in
the models (fig. 8). The subset of data points and the locations
and values present in each 10-ft layer was used to populate
each two-dimensional grid for each characteristic of interest
by use of ordinary kriging (fig. 8). The number of points avail-
able for interpolation decreases monotonically with depth.

As an example, there are 1,645 points within layer 32 of the
horizontal model, corresponding to an altitude of 0 to —10 ft
MSL NAVD 88 (fig. 84) and 288 points within layer 141 of
the sloping model (fig. 8B), which is in the basal part of the
Magothy aquifer and has an average altitude of =740 ft MSL
NAVD 88. The density of points in the sloping model gener-
ally decreases to the southeast owing in part to the southeast
dip of each layer manifesting the top of the Raritan confining
unit and, possibly, to the existence of fewer wells than in the
more urbanized areas to the west. The horizontal and sloping
models, when combined and included with codes delineating
the three-dimensional definition of the sedimentary units—
glacial or Cretaceous-age—fully define the estimated aquifer
characteristics for the principal aquifer system of Long Island.

The set of data points within each layer was used to
populate that layer with interpolated values by use of ordi-
nary, spherical kriging (Oliver and Webster, 1990). Kriging
is a stochastic, weighted-average method of interpolation
that predicts spatially distributed values based on the struc-
ture and spatial correlations among data points. The method
is a Gaussian process that uses a model of spatial correla-
tion known as a variogram. Spherical kriging assumes that
dependence and correlation becomes asymptotic at a specified
distance and requires a set of parameters to apply the modeled
variogram to estimate values across the grid. These parameters
were determined for each layer from each set of data points
using an optimization process included with the Geostatistical
Analyst toolbox of ArcGIS (Esri, 2019).
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Figure 7. Vertical design of quasi-three-dimensional grids for the A, horizontal and B, sloping models along north-south section B-5'
on Long Island, New York. Location of line of section shown on figure 1. MSL, mean sea level; NAVD 88, North American Vertical Datum

of 1988.
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B, layer 141 (741 ft below MSL) of the sloping model for Long Island, New York. NAVD 88, North American Vertical Datum of 1988.



Limitations of Analysis

This report presents the results of an analysis of litho-
logic descriptions and the conversion of these qualitative data
to more quantitative measures of important hydrogeologic
characteristics of the upper glacial and Magothy aquifers.

The principal limitations of the analysis include classification
of individual lithologic descriptions into categorial data, the
assignment of hydraulic conductivity values to those lithologic
categories, and the use of the resulting point data to estimate
intermediate values by use of kriging.

The lithologic descriptions underlying the analysis are
qualitative and likely do not represent actual lithology with
complete accuracy. More than 36,000 lithologic descriptions,
each with a unique combination of keywords, were classi-
fied into a total of 14 lithologic codes. The generalization of a
large amount of data results in some loss of detailed informa-
tion and it is likely that the 14 codes do not fully capture the
regional distribution of these aquifer characteristics. Values of
horizontal and vertical hydraulic conductivity assigned to each
code are based on published values and are assumed to be
reasonable but are, to an extent, arbitrary. Assigning a different
set of values would result in a different estimated distribution
of hydraulic conductivity. The analysis presented in this report
is therefore considered an example of how these methods can
be used to estimate the distribution of hydraulic conductivity
in the aquifer for a given set of assigned hydraulic conductiv-
ity values.

Another set of considerations is the resolution of the
analysis and the methods of interpolation used to convert point
data into a three-dimensional rendering of these characteris-
tics. The spatial resolution of the analysis, which is intended
to be regional in scale, is 1 mi2, and only the deepest well
within a 1-mi2 grid cell was included in the analysis. This
data-sampling approach results in many other wells, and the
associated information, being excluded from the analysis. Use
of a denser network of wells would, therefore, result in a more
detailed representation of the distribution of these characteris-
tics. The spatial resolution of the interpolation used to convert
point data to the quasi-three-dimensional distributions was
500 ft, and interpolated properties are uniform within that
distance. Interpolation of the data at a smaller resolution also
would result in a more detailed field of interpolated values.

The use of modeled interpolation, such as kriging,
introduces some model error and can affect final interpolated
values. Optimized kriging parameters were determined for the
subset of points used for interpolation at each 10-ft layer to
minimize the effects of model error on the estimated values.

Distribution of Selected Aquifer Characteristics 13

Distribution of Selected Aquifer
Characteristics

Hydrogeologic characteristics of importance to under-
standing the Long Island aquifer system are those affect-
ing groundwater flow and the geochemistry of the aquifer.
Hydraulic conductivity is an intrinsic aquifer property that
controls the ability of water to flow through the sediments
and, in this analysis, is expressed as feet per day. Hydraulic
conductivity is a function of permeability and is affected by
sediment characteristics, such as grain size and the degree
of sorting.

Lignite is a form of fossilized wood that results from the
compression of buried peat and organic plant material and is
commonly present in Cretaceous-age sediments. Lignite is a
source of organic carbon in the aquifer, and the oxidation of
that carbon can result in anoxic and chemically reducing con-
ditions in parts of the Cretaceous aquifers; pyrite is commonly
present in association with lignite indicating iron- and sulfur-
reducing redox conditions.

Horizontal Hydraulic Conductivity and Clay

Glacial sediments show patterns generally reflecting the
surficial geology and depositional history of the upper glacial
aquifer. The hydraulic conductivity of glacial sediments at an
altitude of 5 ft below MSL generally are lowest in inland areas
of eastern Nassau and western Suffolk County (figs. 1 and
94). These sediments underlie hummocky terrain, suggesting
an association with glacial moraines (fig. 2); this association
also is consistent with the mapped surficial geology (fig. 2;
Cadwell and Muller, 1986). Areas of low hydraulic conductiv-
ity in the north-central part of the island also may represent
glaciolacustrine sediments, which are deposited in proglacial
lakes between moraines. Extensive glacial clays, likely glacio-
lacustrine in origin, have been mapped in north-central Suffolk
County (Krulikas and Koszalka, 1983). Hydraulic conductiv-
ity to the south, within outwash sediments, is substantially
higher than in the north-central part of the island (fig. 94).
Morainal and glaciolacustrine sediments generally are lower in
hydraulic conductivity than are outwash sediments owing to a
generally finer grain size and a lesser degree of sorting.

Hydraulic conductivity values in the basal part of the
Magothy aquifer show more spatial variability than those in
glacial sediments (fig. 9B). The Cretaceous sediments are del-
taic in origin and were deposited in a variety of depositional
environments. Coarse-grained sandy sediments likely were
deposited in high-energy, fluvial environments, such as stream
channels. Fine-grained sediments generally were deposited
in low-energy environments, such as overbank lakes and
wetlands. Deposition in a variety of depositional environments
results in highly heterogenous hydraulic conductivity patterns.
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The vertical distribution of horizontal hydraulic conduc-
tivity generally reflects geologic trends in the depositional
history of the upper glacial aquifer sediments (fig. 104 and C).
Glacial moraine and glaciolacustrine sediments generally fine
with depth and are associated with lower hydraulic conductiv-
ity values in interior parts of the island. Hydraulic conductiv-
ity generally is higher in the shallow parts of the upper glacial
aquifer, in association with outwash sediment (fig. 104).
Lower values of hydraulic conductivity generally are in parts
of the upper glacial aquifer that contain silt and clay (fig. 10B).
Silt and clay generally indicate deposition in lacustrine envi-
ronments in proglacial lakes. Silt and clay lenses generally are
absent in outwash sediments, which were deposited in fluvial
environments.

The vertical distribution of hydraulic conductivity in the
Magothy aquifer also shows patterns consistent with deposi-
tional history. Hydraulic conductivity generally is lower in the
middle part of the aquifer (fig. 104 and C) where fine-grained
sediments commonly are present, in association with silt
and clay interbeds (fig. 108 and D). This suggests deposi-
tion in low-energy overbank lake and wetland environments.
Hydraulic conductivity values generally are higher in the basal
part of the aquifer (fig. 104 and C). These sediments likely
were deposited in high-energy fluvial environments and this
part of the aquifer is commonly used for water supply. The
occurrence of silt and clay generally is limited in the basal
part of the Magothy aquifer (fig. 108 and D), consistent with
fluvial deposition.

Occurrence of Lignite and Pyrite

Lignite is common in Cretaceous-age sediments as an
interstitial component of the sediments and as discrete lenses
and interbeds. Pyrite commonly occurs in association with
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lignite, indicating locally reducing conditions. Lignite occurs
primarily in the middle part of the Magothy aquifer (fig. 114
and C) and is correlated with lower values of hydraulic
conductivity (fig. 104 and C) and the occurrence of silt and
clay (fig. 108 and D). This co-occurrence is consistent with
sediment deposition in low-energy overbank lake and wet-
land environments. This would coincide with the presence
of peat and plant material and deposition with fine-grained
sediments necessary for the formation of lignite. The occur-
rence of lignite in the basal part of the Magothy aquifer is
limited (fig. 114 and C), consistent with deposition in fluvial
environments as indicated by the higher hydraulic conduc-
tivity of coarse-grained sediments in that part of the unit
(fig. 104 and C).

Lignite in the middle part of the Magothy aquifer gener-
ally occurs along the southern shore, in the central part of the
island (fig. 124). The spatial distribution of lignite is similar to
the distribution of indicators of chemically reducing condi-
tions, such as dissolved iron. Dissolved iron and iron-related
biofouling of water-supply wells generally have the same
spatial distribution as the occurrence of lignite (fig. 124;
Walter, 1997). Lignite in the basal part of the Magothy aquifer
generally is limited and occurs primarily in the southwestern
part of the island (fig. 12B). The occurrence of lignite in this
area generally correlates to areas of low hydraulic conductivity
in the basal part of the Magothy aquifer (fig. 95).

The occurrence of pyrite (fig. 118 and D) is closely
associated with the occurrence of lignite (fig. 114 and C). The
oxidation of the organic carbon present in lignite can result
in iron and sulfur reduction and the precipitation of pyrite.
The presence of pyrite indicates highly reducing conditions,
which is an important control on water quality. The elevated
concentrations of ferrous iron in highly reducing geochemi-
cal environments indicates the potential for iron-related well
biofouling (Walter, 1997).
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Figure 10. Vertical distribution of A, estimated horizontal hydraulic conductivity and B, probability
(unitless) of clay occurrence along north-south section B-B' and C, estimated horizontal hydraulic
conductivity and D, probability of clay occurrence along east-west section C—C' on Long Island, New
York. Locations of lines of section shown on figure 1. Hydraulic conductivity and probability data are
from Finkelstein and Walter (2020). NAVD 88, North American Vertical Datum of 1988. A larger version
of this figure is available at https://doi.org/10.3133/sir20205023.


https://doi.org/10.3133/sir20205023

A.  Probability of lignite occurrence
NORTH
B
200 —

NAVD 88 —

800 —|

Altitude, in feet before relative to MSL

Distribution of Selected Aquifer Characteristics 17

— EXPLANATION

Probability of ignite
occurrence

Magothy agquifer
06
03
0003
I Gardiners clay
[ ]

Glacial aquifer (lignite absent)
I Raritan confining unit

" Lloyd aquier
1,300 —|
1,600 —
2300
B. Probability of pyrite occurrence
NORTH SOUTH
B B
007 r EXPLANATION
NAVD 88 — - Probability of pyrite
occurrence
Magothy aguifer
— 06
2 03
=
El
@ 0003
5 80 B Gardiners clay
® I Giacial aquier (ignite absent)
£ I Raritan confining unit
2 [ Lloyd aquifer
2
£ 1,300
s
)
=
<
~1,800—
0 5 10 15 20MILES
L L Il L J
I T T T T
2300 0 5 10 15 20 KILOMETERS
C. Probability of lignite occurrence
EAST WEST
2 c c
=
° 20
2 nawoss
=
e -340
®
S
2
S 340
£
=
s
T 50
2
£
<

D. Probability of pyrite occurrence
EAST
c

260
NAVD 88

340

-940

Altitude, in feet before relative to MSL

1,540
0 25 50 5 100 MILES
I i L ! )

k T T T T
0 2% 50 5 100 KILOMETERS
EXPLANATION
ility of lignit Probability of pyri
Magothy aquifer Magothy aquifer
08 08
I 04 04
0.003 0.003

0 Glacial aguifer (lignite
and pyrite absent)

I Raritan confining unit

Figure 11.

B Gardiners clay

[ Lloyd aguifer

Vertical distribution of the probability (unitless) of the occurrence of A, lignite and

B, pyrite along north-south section B—B" and C, lignite and D, pyrite along east-west section C-C
on Long Island, New York. Locations of lines of section shown on figure 1. Probability data are from
Finkelstein and Walter (2020). NAVD 88, North American Vertical Datum of 1988. A larger version of
this figure is available at https://doi.org/10.3133/sir20205023.


https://doi.org/10.3133/sir20205023

Hydrogeologic Characteristics of the Upper Glacial and Magothy Aquifers, Long Island, New York

18
A. Middle part of Magothy aquifer
74°W 73°W 72°W
I )
. CONNECTICUT
\
NEW >
< YORK e
<
=5
Z ~
; < Jand Sound
N Z \ Long Isld
\\ (E{
\ |
41°N [— ~ '
NEW
JERSEY
EXPLANATION
Probability of lignite
occurrence
0.90
AN
1c OCE
ATLANT 0.45
40°30'N — 0
0 5 10 MILES

Base map from U.S. Geological Survey The National Atlas digital data, scale 1:100,000
Long Island, New York, State Plane projection
North American Datum of 1988 0 5 10KILOMETERS

B. Basal part of Magothy aquifer
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Summary

Long Island, New York, is underlain by a sequence of
unconsolidated glacial and Cretaceous-age sediments that are
nearly 2,000 feet (ft) thick and compose a sole-source aquifer
system that provides water to nearly 3 million people. The
principal aquifers are the upper glacial aquifer and the under-
lying Magothy aquifer. Glacial sediments consist of gravel,
sand, silt, and clay that were deposited in glaciofluvial and
glaciolacustrine environments along the margin of retreating
ice sheets during the late Wisconsinan glaciation. Glacial sedi-
ments are underlain by Cretaceous-age sediments that gener-
ally are more fine-grained and heterogenous than are the gla-
cial sediments. These sediments compose the Magothy aquifer
and were deposited in deltaic depositional environments,
including fluvial channels and overbank lakes and wetlands.

A large amount of lithologic data has been collected as part
of water-supply exploration and remedial investigations. The
quality of these data varies, but when considered together and
in sufficient numbers, these data can be used to gain insight
into the distribution of important aquifer characteristics, such
as hydraulic conductivity and the occurrence of lignite.

An analytical approach was developed in which more
than 36,000 lithologic descriptions from nearly 1,800 bore-
holes were used to define standard lithologic codes for each
vertical interval in each borehole. These coded intervals were
assigned values of horizontal and vertical hydraulic conductiv-
ity from previous investigations and were assigned a binary
variable representing the presence or absence of lignite, pyrite,
and clay. Each borehole was divided into 10-ft lengths and
mean values of each quantity were computed for each interval.
These borehole descriptions were assembled into a geographic
information system database containing location, altitude, and
the value of each computed mean.

A set of stacked three-dimensional grids was created,
each 10 ft in thickness, that spanned the thicknesses of the
upper glacial and Magothy aquifers. Grids representing the
upper glacial aquifer were horizontal and in 10-ft increments
of an equal altitude. Grids representing the Magothy aquifer
were draped onto a surface representing the bottom of the unit
and had altitudes that manifested that surface ascending in
10-ft intervals. The database was queried to extract those bore-
holes that extended to or beyond each successive grid. These
subsets of data points were used to populate each grid with
interpolated values of each aquifer characteristic by use of
ordinary, spherical kriging. The vertical stack of grids, when
combined, represent quasi-three-dimensional models of each
unit. Those two models, when combined, represent a model of
the principal aquifer system of the island.

Two modeled characteristics of importance are horizontal
hydraulic conductivity (an important control on groundwa-
ter flow) and the occurrence of lignite (an important control
on geochemical conditions and water quality). The spatial
and vertical patterns in hydraulic conductivity generally are
consistent with the depositional history of the regional aquifer
system. Lower values of hydraulic conductivity in the upper
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glacial aquifer generally occur in interior parts of the island
and are associated with glacial moraines and glaciolacustrine
sediments. Hydraulic conductivity is highest in outwash
sediments south of the moraine. Outwash sediments consist
largely of well-sorted sand; moraine sediments generally
consist of fine-grained and poorly sorted sediments. In addi-
tion, the glacial sediments generally become finer with depth.
The Magothy aquifer is more heterogenous, with fewer broad
spatial patterns. Hydraulic conductivity in the basal part of
the Magothy aquifer, where sediments likely were deposited
in fluvial depositional environments, generally is higher than
in overlying parts of the unit. The basal part of the Magothy
aquifer is considered productive for water supplies. The
hydraulic conductivity generally is lowest in the middle part of
the Magothy aquifer where sediments are fine-grained sands
and silts with interbedded clay lenses and likely were depos-
ited in overbank lake and wetland environments.

Lignite, which is formed from the compression of buried
peat and plant material, occurs primarily in the middle part of
the Magothy aquifer and is associated with fine-grained sedi-
ments, as indicated by the lower hydraulic conductivity values
in that part of the unit. This occurrence is consistent with
fine-grained sediment deposition in overbank lake and wetland
deposits. Lignite occurrence generally is found in the south-
central part of the island. Lignite is a source of organic carbon
that causes chemically reducing conditions and elevated con-
centrations of reduced species, such as dissolved ferrous iron.
The observed distribution of dissolved iron and iron biofouling
in water-supply wells coincides with the occurrence of lignite.
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