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Abstract
Staten Island, NY, is a borough of New York City for which there is limited
hydrogeologic data available. Like the other four New York City boroughs, it is
connected to the New York City public water supply from upstate New York. It is the
most sparsely populated borough of New York City, and there have been no public
supply wells pumping water out of Staten Island since the mid-20th century. Previous
studies of the hydrogeology were the results of increased interest due to droughts
during the 20th century.
Borehole data from previous studies was used for this study in addition to data
from wells drilled by the U.S. Geological Survey in 2004-06. Geophysical gamma log
data was recorded at the more recent well drillings. Forty-eight borehole logs and
gamma logs were analyzed to draw 8 hydrogeological cross sections on Staten Island.
The bedrock beneath Staten Island consists mainly of 4 units: (1) the Staten Island
Serpentinite, (2) Manhattan Schist, (3) Newark Super Group, and (4) Palisades
Diabase. The Staten Island Serpentinite is a greenish-brown ultramafic crystalline rock
found in the north and northeast parts of the Island – where the bedrock is at the
highest elevation. The Manhattan Schist is a gray crystalline highly metamorphosed
rock complex that consists mainly of gneissic rock in the southern part of Staten Island.
The Newark Super Group consists of reddish brown sandstones and shales in the
western parts of the Island. The Palisades Diabase is an igneous intrusion found within
the Newark Super Group on Staten Island in the northwestern-most part of the Island.
The bedrock underlays Upper Cretaceous deposits in the south, and Upper Pleistocene
deposits in the north. The Upper Cretaceous deposits are made up of two units, a lower
sand unit (which does not have a widely accepted title, but is here referred to as the
Lower Sand Aquifer), and the upper confining Raritan Clay. The Lower Sand Aquifer is
similar to the Lloyd Aquifer on Long Island, and its New Jersey equivalent, the
Farrington Sand Member. It is located in the southernmost and southeastern parts of
Staten Island. The Raritan Clay extends further north than the Lower Sand Aquifer. It
overlies the Lower Sand Aquifer where present, and elsewhere overlies bedrock
directly. The Upper Pleistocene Deposits, referred to as the Upper Glacial Aquifer
overlies the Raritan Clay in the south, and the bedrock in the north. It is made up of 3
units: (1) outwash, (2) terminal moraine deposits, and (3) ground moraine deposits. The
outwash forms the flat plains on Staten Island. They are made mostly of sand and
gravel, and have the greatest horizontal groundwater flow on Staten Island. The
terminal and ground moraines make up the hilly terrain, and consist mostly clayey till
with a low permeability.
Hydraulic head elevations were measured at 25 monitoring wells during three
synoptic surveys in 2012 and 2013. Six of these wells have digital recorders installed,

and have been recording water levels since between 2005 and 2006. Water level
elevations manually measured in July, 2012, and were used to make a water table map,
because the highest water levels were measured during this synoptic survey. Staten
Island’s water table consists of two mounds: a large one in the north, and a smaller one
to the south. The water table feeds surface water hydrologic features such as streams
and lakes, and flows outward to the surrounding water bodies. Of the six wells with
digital recorders installed, the water elevations measured by wells R-116 and R-134
were compared to precipitation data from Central Park, collected by the National
Oceanic and Atmospheric Administration. The resulting two hydrographs show the
Upper Glacial Aquifer’s response to the recharge season. There is no pumping or tidal
influence on the groundwater elevations. Except for the possibility of leaky sewer pipes,
the seasons are the only factor to affect the water elevations. The two wells have peak
measurements typically occurring in the spring, and are observed to show responses to
periods of high precipitation within days.
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Introduction
Staten Island (Richmond County) is one of five boroughs of New York City. It is
the most sparsely populated of the boroughs, with an estimated population of 468,730
persons in 2010; approximately 5.7% of New York City’s population (New York City
Department of City Planning, 2011). Before 1917, the public water supply for Staten
Island was mostly pumped from privately owned wells (Perlmutter and Arnow, 1953;
Soren, 1988). Between 1917 and 1970, Staten Island was gradually connected to New
York City’s public water supply from the reservoirs in the Croton, Catskill, and Delaware
watersheds. Due to Staten Island’s minor extraction of groundwater there is limited
public hydrogeological data available. To complete comprehensive hydrogeologic
studies and projects in the future, such as implementing New York City’s new Green
Infrastructure Plan, accessible data of Staten Island’s geologic and hydrogeologic
setting is required (New York City Department of Environmental Protection, 2012).
Perlmutter and Arnow (1953) used 43 wells to provide data necessary for their
Staten Island cross sections, and Soren (1988) used many of the same. In 2004-06 the
U.S. Geological Survey (USGS) drilled 19 wells (Richard Cartwright, U.S. Geological
Survey, written communication, 2006), providing an extended spatial coverage of new
data. Gamma logs were collected for 13 out of these 19 wells. These were used to
delineate the depths and extents of the hydrogeological units beneath Staten Island.
Eight new hydrogeologic cross-sections were drawn.
This paper is a comprehensive study on the hydrogeologic framework and water
table hydrology on Staten Island. Hydrogeologic cross-sections were drawn in
previously unstudied locations, and updated sections were drawn in previously studied
locations. This was done by the analysis of published well records with the addition of
more recent, unpublished USGS well records and borehole geophysical log data. The
data was analyzed to delineate the depths and extents of the hydrogeologic formations
below Staten Island. In addition, water table contours were drawn based on hydraulic
head measurements taken by the author in July of 2012.

Previous Investigations
Available hydrogeologic data on Staten Island is limited, especially compared to
New York City’s Kings and Queens Counties on Long Island. This is because Kings and
Queens Counties had an extensive groundwater pumping infrastructure in the shallow
and deep aquifers. Interest in the hydrogeology of Staten Island, Bronx, and New York
counties was limited because it was felt that the surface-water supplies available would
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fulfill all water consumption needs (Perlmutter and Arnow, 1953). Staten Island’s
geology has been investigated in reports by Britton (1881), and by Merrill and others
(1902). Britton provides one of the first modern scientific reports on the geology of
Staten Island, discussing the areal extent, topography, age, mineral composition, and
origin of the geological units that underlie Staten Island. Merrill and others provide one
of the first reports to discuss the hydrogeologic features of Staten Island, with a great
focus on the geologic history of the New York metropolitan area.
It was not until droughts caused a great decline in New York City’s surface water
upstate reservoirs in the late 1940’s that managers began considering the potential to
utilize groundwater sources, and interest in the local hydrogeology increased
(Perlmutter and Arnow, 1953). Perlmutter and Arnow (1953) provide a reconnaissance
study of groundwater in all of the New York City boroughs, with a section devoted to
Staten Island. The report contains a well inventory and logs of wells and boreholes, with
the data being mostly from municipal agencies and well drillers. New York City was
again affected by drought between 1962 and 1966, and again in 1983 and 1984. New
York City imposed restrictions on the use of water during these times. The U.S.
Geological Survey received requests for ground-water and geologic data from affected
persons interested in installing their own small-diameter wells for prohibited uses, such
as lawn irrigation, automobile washing, and other recreational use. In response, a
reconnaissance study by Soren (1988) was published by the U.S. Geological Survey.
Soren’s report used published well records and geologic data, and additional data from
field observations to describe the geology and hydrogeologic characteristics of Staten
Island. It also included mapping the water table and upper surfaces of some geologic
formations beneath Staten Island. A field guide by Merguerian (2010) provided helpful
insight on the details of the different bedrock units and glacial deposits of Staten Island.

Physical Setting
Richmond County is made up of Staten Island, which is located in the most
southeastern part of New York State. Staten Island is bordered by the Kill van Kull, a
saltwater tidal strait, and the Newark Bay, an estuary, along its north shore. From the
east, it is bordered by saltwater bodies: the Upper and Lower Bays of New York, and
the Narrows. From the west it is bordered by the Arthur Kill, a tidal strait estuary. The
saltwater Raritan Bay borders the Island from the south (Figure 1). The island has an
area of about 60 square miles, and has an irregular triangular shape. The length of the
island is about 13½ miles, while its width is about 7 miles (Figure 1).
Staten Island is made up of both broad plains and hilly terrain. The northwestern
shore consists of low-lying tidal marsh. The Island has one very distinct range of hills
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that extends from the northeastern-most border to the southwestern-most area. These
hills consist of the Harbor Hill Terminal Moraine deposits, and ground moraine deposits
(Soren, 1988; Perlmutter and Arnow, 1953, Merrill and others, 1902; Britton, 1881)
(Figure 2). In the northeastern part of the Island the maximum land-surface elevation is
about 405 feet, located at Todt Hill (Soren, 1988; Perlmutter and Arnow, 1953; Britton,
1881). Bedrock is at its highest elevation in this part of the island as well (Figure 3). The
glacial outwash plains are east of the terminal moraine, with altitudes ranging from sea
level up to 40 feet above sea level (Figure 2).
Staten Island’s surface hydrology is composed of several small streams and
ponds. The longest stream on the Island is Richmond Creek, which is about 2.5 miles
long and drains from the center of the Island into the Arthur Kill (Figure 1). Other
streams of notable size include Lemon Creek, which drains from southern Staten Island
into Prince’s Bay, and Old Place Creek, which drains from the northwest into the Arthur
Kill (Figure 1). There are several other small streams and creeks, many of which are
unnamed. There are no streams draining eastward into The Narrows or the Lower Bay
of New York Harbor from the glacial outwash plains, due to the highly permeable
deposits beneath the plain (Soren, 1988; Perlmutter and Arnow, 1953). The largest
pond on Staten Island is known as Silver Lake, located in the northeast of the Island
(Figure 1). Other notable bodies of water include Wolfe’s Pond near Prince’s Bay,
Grasmere Lake near Fort Wadsworth, and Arbutus Lake south of Annadale (Figure 1).
There are several other smaller ponds on the Island.

Methods
Study Locations
Locations of the 8 cross sections were chosen by comparing the spatial
distribution of previously investigated areas by Soren (1988) and by Perlmutter and
Arnow (1953) (Figure 4). Two of Perlmutter and Arnow’s cross sections were recreated
with the more recent well records from the USGS (Richard Cartwright, U.S. Geological
Survey, written communication, 2006) and, in this paper, are called sections F – F’ and
G – G’, respectively (Figure 4). Additionally, one of Soren’s cross sections was
recreated in this study, and is referred to as section H – H’ (Figure 4).
Five of the cross sections were made where hydrogeological data was lacking.
All lines were drawn in ArcGIS, so that the proximity to the study well locations could be
taken into account. Section A – A’ travels northeast to southwest along the eastern
shore along the Lower New York Bay (Figure 4). Section B – B’ travels west-northwest
to east-southeast, from north of the Island of Meadow in the Arthur Kill to southeast of
4
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Grant City in the Atlantic Ocean (Figure 4). Section C – C’ travels west-northwest to
east-southeast, from the Arthur Kill to the Atlantic Ocean, east of Wolfe’s Pond Park
(Figure 4). Section D – D’ travels from north-northwest to south-southeast along the
coast of The Narrows (Figure 4). Lastly, section E – E’ travels northeast to southwest,
cutting through the length of the island, from where the Kill Van Kull intersects The
Narrows, to the southern tip of the Island (Figure 4).

Drawing the Topography
Topographic cross sections were drawn using contour elevations derived from
U.S. Geological Survey quadrangles The Narrows (1966), Elizabeth (1955), Jersey City
(1955), and Arthur Kill (1966). The end points of each cross section were triangulated
onto the topographic maps, and the lines were hand-drawn. The use of printed
topographic maps was chosen over Digital Elevation Models (DEM’s), because there
was concern that the projection of the DEM may hinder the alignment of elevation points
with the cross sections, and also because the DEM’s could not accurately interpret
hydrological features, such as lakes and streams. The distances between contour
elevation points were measured manually, and the elevations and distances were used
to draw the cross sections digitally into Adobe Illustrator. Seven of the eight cross
sections were drawn with a contour interval of 10 feet, with the exception of section E –
E’, which was drawn with a contour interval of 20 feet (Figure 4).

Borehole Data
The well locations were digitally drawn on the topographic cross sections. Drill
logs were studied in place of physical cores because core samples could not be
obtained. A total of 49 well logs were analyzed in the sections; 35 from Perlmutter and
Arnow (1953), and 14 from the USGS (Richard Cartwright, U.S. Geological Survey,
written communication, 2006),). Soren’s (1988) contours of the water table, Raritan
Formation surface, and depth to bedrock were also drawn into each section. Soren’s
contours were used as a point of comparison and a guide in approximating the depths
of the hydrogeologic surfaces between the wells.

Borehole Geophysical Logs
Natural-gamma radiation (gamma) logs were from eight wells analyzed in this
study: R-118, R-120, R-121, R-126, R-129, R-133, R-143, and R-144 (Figure 4). The
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gamma logs provide a record of the total gamma radiation detected in a borehole. The
logging methods have been described by Keys, 1990; Serra, 1984; Stumm 2001; and
Stumm and others 2001, 2004, and 2012. Clays and fine-grained sediments tend to be
more radioactive than quartz sand. Six of the gamma logs characterized shallow
augered wells, less than about 100 feet deep. Two of the eight wells reached bedrock.
These two wells were mud-rotary drilled, and over 250 feet deep. All of the available
gamma logs were located on the southern half of Staten Island. The gamma logs were
scaled to the cross sections, and placed where the borehole aligned with each section.
The gamma logs were used to determine the depths to different geologic boundaries by
correlating the changes in total radiation with the available borehole descriptions.

Drawing Cross Sections
All of the available types of data previously mentioned were reviewed and
interpreted to draw the hydrogeologic cross sections. The final drawings were made in
Adobe Illustrator, and they differentiate layers of bedrock, Cretaceous sediments, and
Upper Pleistocene deposits. The addition of the new borehole and gamma logs helped
to refine previous estimates of the hydrogeologic boundaries, while still using them as a
guide where newer data was lacking. The data helps to visualize a more complete
picture of Staten Island’s hydrogeologic system.

Water Level Measurements
Water levels were measured in 3 separate synoptic surveys in 2012 and 2013 by
the author from 25 wells. Measurements taken in July, 2012 were chosen because this
month had the highest hydraulic head values of any of the three synoptic surveys. The
maximum water level values in Ohrback Lake and Clove Lake, which have water stage
recorders, during July 2012, were also used for estimating the elevation of the water
table. Hydraulic head values and lake levels were compared to the hydrologic features
of Staten Island and to elevations as shown by LiDAR data collected by New York City,
2010. The water table contours were hand drawn, and then digitized using a digitizing
tablet.
Continuous digital recorders are installed in 6 of the wells. Two of the 6 recorders
have 15 minute recording intervals, the remaining have hourly intervals. The National
Weather Service (NWS) has recorded daily precipitation since 1869 in Central Park in
New York City (National Oceanic and Atmospheric Administration, 2013). These data
was used to analyze the response of the water table to rainfall events. The resulting
hydrographs illustrate the water table’s response to seasonal rainfall on Staten Island.
9
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Results
Subsurface data was analyzed to estimate the boundaries between
hydrogeologic units, and the hydrologic properties of Staten Island. Of the 62 wells with
available borehole data, 48 were used in the final hydrogeologic cross sections. There
may be some uncertainty in the hydrogeologic boundaries because physical cores could
not be analyzed. Eight geophysical logs were used in drawing the hydrogeologic cross
sections, of which two penetrated Cretaceous sediments and weathered bedrock. For
areas that were lacking borehole and geophysical data, Soren’s (1988) estimates were
used as guidelines. The units identified in the hydrogeologic cross sections are the
Upper Glacial Aquifer, Raritan Clay, a Raritan sand unit (referred to as the Lower Sand
Aquifer), and bedrock which included the Staten Island Serpentinite, Manhattan Schist,
Newark Super Group, and Palisades Diabase.
Staten Island’s water table elevation was analyzed using water levels from 25
monitoring wells installed throughout the Island. Of these wells, six had continuous
digital water level recorders installed: R-116, R-118, R-122, R-126, R-132, and R-134.
Field measurements from July, 2012 were used to measure the water table because
this month contained the highest measurements of the three collection periods
measured by the author. Hydrographs for the wells R-116 and R-134 were analyzed
due to their having the most continuous period of record, and the lack of perched water
table conditions observed in these areas.

Hydrogeologic Units
Bedrock
Bedrock underlies the Upper Cretaceous and Upper Pleistocene deposits on
Staten Island. It has varying elevations; ranging from 300 feet above sea level where it
outcrops at Todt Hill, to over 300 feet below sea level in the southern part of the island
(Soren, 1988; Merrill, 1902). Its highest elevations are in the northeastern and central
parts of the Island. The hydraulic conductivities of the bedrock are very low, with
horizontal conductivities ranging from a fraction of an inch/d to 10 ft/d, and highly
variable vertical conductivities (Soren, 1988). It is composed of four units described in
this report: (1) the Staten Island Serpentinite, (2) the Manhattan Schist, (3) the Newark
Super Group, and (4) the Palisades Diabase (Figure 3).
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Staten Island Serpentinite
The Staten Island Serpentinite is a waxy, greenish-brown ultramafic crystalline
rock. It underlies the in the northeast and central parts of the Island, and crops out in a
few areas (Merguerian, 2010; Perlmutter and Arnow, 1953; Soren, 1988) (Figure 3).
Soren’s estimates of the location and depth of the Staten Island Serpentine was
supported by recent data from well R-116. In cross section D – D’ serpentinite is found
in wells R-079, R-081, and R-116 in the northeastern-most part of the Island (Figure 8).
Cross section E – E’ shows serpentinite in wells R-075, R-077 – 81, R-116, and R-125
(Figure 9 a.). Cross section F – F’ also identifies serpentinite at well R-125 (Figure 9
b.). Finally, cross section G – G’ shows serpentinite found in wells R-079 – 81, and R116 (Figure 10). The elevations of the serpentinite surface detected by the well
network range from about 30 feet below sea level to about 250 feet above sea level
(measured by wells R-073 and R-058, respectively). These measurements match
Soren’s (1988) approximations of the bedrock contours, where in the northern part of
the Island the elevations reach about 300 feet above sea level (at Todt Hill). Soren also
estimates that elevations dip as low as 100 feet below sea level near the formations
southern boundary.

Manhattan Schist
The Manhattan Schist is a gray crystalline metamorphic-rock complex, consisting
largely of gneissic rock (Soren, 1988; Merguerian, 2010). Its age is not certain, as it has
been estimated to range from Late Proterozoic to Cambrian age (Soren, 1988), but
Merguerian (2010) estimates its age to range from Cambrian to Ordovician. The unit
has been complexly folded and faulted (Merguerian, 2010; Soren, 1988). Soren (1988)
estimates that the Manhattan Schist underlies the south-central and southeastern parts
of Staten Island (Figure 3). In this study, two wells indicate the presence of Manhattan
Schist (R-042 and R-057) (Figure 4). Perlmutter and Arnow (1953) translated the
drillers’ descriptions of mica schist and gneiss, described in wells R-042 and R-057,
respectively, to be describing the Manhattan Schist. The presence of Manhattan Schist
is indicated from well R-042 in cross sections E – E’ and H – H’ (Figure 9 a., and
Figure 11), and by well R-057 in cross sections B – B’ and F – F’ (Figure 6, and Figure
9 b.). The measured depths to the Manhattan Schist are about 150 and 100 feet below
sea level, at wells R-042 and R-057, respectively. The limited number of wells that
detect the Manhattan Schist is likely due to the shallow network of wells within the
region. Manhatan Schist was only detected in older wells, so the new well data did not
add to our current knowledge of the Manhattan Schist on Staten Island.
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Newark Super Group
The Newark Super Group is a sequence of sedimentary rocks consisting of
reddish-brown medium to coarse sandstones and shales. The formation is of late
Triassic – Jurassic age, and consists of several units (Merguerian, 2010; Soren, 1988;
Perlmutter and Arnow, 1953). Three units on Staten Island are (1) the Stockton
Formation, which is the basal unit; (2) the Lockatong Formation, the unit into which the
Palisades sheet has been intruded, and (3) the Passaic Formation, which make up the
thickest unit within the Watchung hills of New Jersey (Merguerian, 2010). The Newark
Group formation is best known for its distinctive red color seen in outcrops in northern
New Jersey, which is the source of the red till within the Pleistocene deposits (Soren,
1988; Perlmutter and Arnow, 1953). The Newark Super Group deposits are found in the
western part of Staten Island (Figure 3). It is identified by wells R-067 and R-083 in
cross section F – F’ (Figure 9 b.) and cross section G – G’ (Figure 10). They overlie the
Staten Island Serpentinite in the northern part of the formation and Manhattan Schist in
the southern part (Merguerian, 2010; Soren, 1988; Perlmutter and Arnow, 1953). The
Newark Super Group is identified at a depth of 48 feet below sea level in well R-067,
under about 38 feet of Pleistocene deposits. Bedrock belonging to the Newark Super
Group was only detected in the older wells, so the recent well data did not add to our
understanding of this unit.

Palisades Diabase
The Palisades Diabase is an intrusive sheet of igneous rock found within the
Lockatong Formation of the Newark Super Group in the northwestern part of Staten
Island (Figure 3). It is a thick sill of diabase that is either of Late Triassic to Jurassic
Age (Merguerian, 2010; Soren, 1988; Perlmutter and Arnow, 1953). It is an extension of
the rock that makes up much of the Palisades cliffs in New Jersey, although in Staten
Island it makes up a very flat region on the west of the Island (Soren, 1988; Perlmutter
and Arnow, 1953). The Palisades Diabase also occurs in thin intrusions that are
separate from the main diabase body (Soren, 1988). It is identified in well R-068, which
describes it as trap rock, and can be seen in cross section G – G’ (Perlmutter and
Arnow, 1953) (Figure 10). Well R-068 measures the surface of the Palisades Diabase
at a depth of 8 feet below sea level, beneath 34 feet of Pleistocene deposits. Diabase
was only found in older wells, so the new well data did not add to our understanding of
the Palisades Diabase.
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Cretaceous Deposits
The unconsolidated deposits on Staten Island are partly made up of the Late
Cretaceous Raritan Formation. The formation can be divided into two units – a lower
sand unit, which in this paper is referred to as the Lower Sand Aquifer, and the
overlying Raritan Clay (Figure 12). The lower sand unit that is confined by the Raritan
Clay is known as the Lloyd Aquifer on Long Island, and its equivalent in the New Jersey
Coastal Plains is the Farrington Sand Member (Soren, 1988). Analysis of the core
samples and gamma logs of the Lower Sand Aquifer suggest it is somewhat similar to
the Lloyd Aquifer on Long Island, but differences in composition and clay content
indicates a possible transition between the Farrington Sand and the Lloyd Sand Unit
(Frederick Stumm, U.S. Geological Survey, written communication, 2013; Soren, 1988).
The Lower Sand Aquifer consists mostly of gray, white, and some red fine to coarse
sand, with some lenses of silt. The horizontal and vertical hydraulic conductivities for the
Lower Sand Aquifer are likely similar to those of the Lloyd aquifer, which have been
measured on Long Island as 40 ft/d and 5 ft/d, respectively (Soren, 1988). The Raritan
Clay on Staten Island consists mostly of stratified layers of white, gray, blue, and red
clay. The vertical conductivity of the Raritan Clay has been measured on Long Island as
0.001 ft/d (Soren, 1988). The Raritan Formation is limited mostly to the southern half of
the island, with a northeast-southwest trending boundary (Figure 12). The data in this
study identified the boundary between the two Cretaceous units, which was not done in
previous studies.

Lower Sand Aquifer
The Lower Sand Aquifer has been detected along the southernmost part of
Staten Island and along its southeastern coast (Figure 12). The Lower Sand Aquifer
directly overlays the bedrock, and is confined by the Raritan Clay. In the southernmost
part of Staten Island, it was detected in wells R-061, R-070, R-143, and R-144. From
these wells, it is shown by cross sections C – C’ and E – E’ (Figure 7, and Figure 9 a.).
Near the southeastern coast, the surface of the Lower Sand Aquifer is measured by well
R-063, and can be seen in cross sections A – A’ and F – F’ (Figure 5, Figure 9 b., and
Figure 12). The northernmost well that might detect the Lower Sand Aquifer is R-042,
which measures it to be about five feet thick, and is shown in cross section E – E’
(Figure 9 a.).
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Raritan Clay
Like the Lloyd Aquifer Long Island, the Lower Sand Aquifer, where present, is
confined by the Raritan Clay (Perlmutter & Arnow, 1953; Soren, 1988; Stumm and
others, 2004). It can be found at depths less than 100 feet below sea level, with very
shallow thickness where it overlies bedrock of high elevation. Its shallowest depths were
reached by wells R-042 and R-119 near the northern boundary of the formation, with
depths estimated at 25 feet above sea level and 20 feet below sea level, respectively,
and under about 125 and 82 feet of Pleistocene deposits, respectively (Figure 4 and
Figure 12). Cross section D – D’ shows the estimated northernmost extent of the
Raritan Clay starting as a very shallow unit, but extending in thickness beneath The
Lower Bay (Soren, 1988) (Figure 8). Cross sections B – B’ and H – H’ also show the
extent of the Raritan Clay where it directly overlies bedrock (Figure 6, and Figure 11).
Both of these display the Raritan Clay increasing in thickness as the bedrock deepens
to the east, but having a gently sloping surface. It exceeds depths of 100 feet towards
the south and southeast of the Island, where it overlies the Lower Sand Aquifer (Figure
5, Figure 7, Figure 9 a., and Figure 9 b.). The Raritan Clay is the thicker of the two
units, ranging from about 90 to 175 feet in areas where the Lower Sand Aquifer
underlies it. The Raritan Clay was detected in wells R-144 and R-070. Where the
Raritan Clay overlies bedrock it can be as much as 300 feet thick (Soren, 1988).
The surface of the Raritan Clay shows evidence of glacial erosion similar to
northern Long Island (Soren, 1988; Merrill, 1902; Merguerian, 2010; Stumm 2001;
Stumm and others 2004). The Raritan Clay has an irregular surface, as seen in cross
sections C – C’ and F – F’, which suggests erosion (Perlmutter and Arnow, 1953;
Richard Cartwright, U.S. Geological Survey, written communication, 2006) (Figure 7,
and Figure 9 b.). A field guide by Merguerian (2010) identifies the occurrence of
glacially reworked Cretaceous clay, specifically at Princes Bay. There are many
instances where Soren (1988) suggested an estimated Raritan surface much higher
than the findings in this study. This could be due to his identifying displaced slabs of
reworked Cretaceous material as the surface of the Raritan Formation. Additional
evidence of glacial erosion of Cretaceous sediments can be derived from the lack of a
Magothy Formation on Staten Island (the overlying Cretaceous Formation on Long
Island).

Upper Pleistocene Deposits
Upper Pleistocene deposits cover all of Staten Island, except at isolated locations
of exposed bedrock, marsh deposits, and artificial fill (Figure 2). In this report the
Pleistocene deposits are referred to as the Upper Glacial Aquifer, the same name given
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to its Long Island equivalent. The deposits overlie bedrock in the north of the island, and
the Raritan Formation to the south. The Upper Glacial Aquifer can be divided into three
units: (1) outwash deposits, (2) terminal moraine deposits, and (3) ground moraine
deposits. The outwash deposits are porous and highly permeable, consisting mostly of
stratified fine to coarse sand and gravel, often described as having white, brown, yellow,
and red hues. They have an estimated horizontal and vertical hydraulic conductivity of
270 ft/d and 27 ft/d, respectively (Perlmutter and Arnow, 1953; Soren, 1988). The
terminal moraine or the Harbor Hill Moraine is composed of relatively low permeable
unstratified till. It consists of unsorted sand, gravel, cobble, and large boulders derived
from local rock units, held together within a clayey and silty matrix. The ground moraine
deposits are made up of clayey till of low permeability. It is like the till in the terminal
moraine, but is more abundant in boulders and sand, and in the northernmost part of
Staten Island it overlies stratified bodies of sand and gravel. The till that makes up both
the terminal moraine and the ground moraine is described as having a deep red-brown
color, distinctive of the Newark Basin, and has horizontal and vertical hydraulic
conductivity ranging from about 0.01 – 0.16 ft/d and 0.001 – 0.008 ft/d, respectively
(Merguerian, 2010; Soren, 1988). The Glacial Aquifer holds the greatest influence of
Staten Island’s hydrologic features, as the outwash deposits allow for the most of the
groundwater movement in the borough, while the till acts as an aquitard or confining unit
and may be the cause for the perched water table conditions observed in the field
(Perlmutter and Arnow, 1953; Soren, 1988). Glacially reworked Cretaceous sediments
have been observed, specifically in the south of Staten Island (Merguerian, 2010).
Lenses of Raritan-derived clay within the Pleistocene deposits could cause limited
lateral flow, and may also be a cause for perched water table conditions observed. The
recent borehole data supported previous estimates of the extents of the Pleistocene
deposits.

Outwash deposits
Much of the outwash is located in the flat plains of eastern Staten Island and the
northwestern most corner of Staten Island. The outwash deposits are more widespread
on the eastern coast than they are in northwest, and travel inland (Figure 2). Along the
eastern coast, the maximum thickness of the outwash deposits is about 95 feet, as seen
in wells R-056, R-063, R-064, R-065, and R-066. The deposits are estimated to be as
thick as 125 feet (Soren, 1988). Cross section A – A’ is mostly in the outwash deposits
on the east coast of the Island, except for the northern part of the cross section (Figure
2, Figure 4, and Figure 5). Cross sections B – B’ and F – F’ both travel through the
outwash deposits as they approach the eastern coast (Figure 2, Figure 4, Figure 6,
and Figure 9 b.). The outwash deposits in the northwest are not as thick as in the east
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due to the higher elevation of bedrock. The deposits have a thickness of about 50 feet
in well R-067. Cross section F – F’ also travels through the northwestern outwash
deposits, as well as cross section G – G’ (Figure 2, Figure 4, Figure 9 b., and Figure
10).

Terminal moraine deposits
The terminal moraine is marked by a string of hills that travel in a southwesterly
direction from The Narrows to the southern tip of Staten Island by the Arthur Kill and the
Raritan Bay (Britton, 1881) (Figure 2). The deposits are relatively thick. In the north, the
terminal moraine deposits range from about 150 to over 200 feet thick. The lower half of
cross section D – D’ is located within the northern terminal moraine deposits (Figure 2,
Figure 4, and Figure 8). In the center of Staten Island, well R-057 is drilled through the
terminal moraine deposits to bedrock. Cross sections B – B’ and F – F’ both cross the
central part of the terminal moraine perpendicularly (Figure 2, Figure 4, Figure 6, and
Figure 9 b.). Well R-057 measures the terminal moraine thickness to be about 125 thick
toward the center of the Island. In the southernmost part of the island, the thickness
ranges from about 75 feet to about 120 where it overlies the Raritan Clay (measured by
wells R-144 and R-143, respectively). Cross section E – E’ crosses through the
southern terminal moraine deposits parallel to the direction of deposition, and cross
section H – H’ crosses through the southern terminal moraine deposits perpendicularly
(Figure 2, Figure 4, Figure 9 a., and Figure 11). Cross section C – C’ is completely
within the terminal moraine deposits, and moves through them perpendicularly as well
(Figure 2, Figure 4, and Figure 7).

Ground moraine deposits
The ground moraine deposits are located in the northern-most part of Staten
Island, and travel to the southwestern area of the Island. They range from the Kill Van
Kull, and travel to the Arthur Kill in a southwesterly direction (Figure 2). Nearly the
entire length of the ground moraine deposits is shown in cross section E – E’ (Figure 2,
Figure 4, and Figure 9 a.). The deposits are shallow in the north of the Island where
the bedrock is higher. In this area, it has a minimum thickness of about 5 and 10 feet
(wells R-080 and R-079, respectively). Cross sections that only travel through this
northern area include B – B’, D – D’, F – F’, and G – G’ (Figure 2, Figure 4, Figure 6,
Figure 8, Figure 9 b., and Figure 10). The ground moraine deposits are thicker toward
the south of the Island, where they overlay the Raritan Clay. Here, the maximum
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thickness can be as much as 150 feet, as measured in well R-042. This part of the
ground moraine is shown in cross section H – H’ (Figure 2, Figure 4, and Figure 11).

Water Elevation Levels

Water Table Elevation
The water table is located within the Upper Glacial Aquifer on Staten Island.
During July 2012, its maximum elevation was 250 feet above sea level in Ohrback Lake
(Figure 4, and Figure 13). During the July 2012 synoptic survey, the lowest water table
elevation was measured in well R-122 as 3.78 feet above sea level. There are two
noticeable mounds of the water table, one to the north and one to the south (Figure 13).
The maximum head elevations are naturally in the area with the highest land elevation,
in the northern mound (Figure 13). The high bedrock elevations at this northern mound
are what elevate the water table. The southern water table mound is smaller and has a
maximum elevation of 44.72 feet above sea level (Figure 13). Between the two mounds
there are many wells with lower hydraulic head values, ranging from 6.2 to 14.33 feet
above sea level (measured by wells R-140 and R-141, respectively) (Figure 4, and
Figure 13). It appears that the two mounds collectively feed water into Richmond Creek
and Main Creek, which are both tributaries of Fresh Kills. At the southernmost tip of the
Island, there are two sets of doublet wells (R-131 and R-132, and R-129 and R-130)
(Figure 4, and Figure 13). There is a 46.91 foot vertical difference in hydraulic head
between R-131 and R-132, and a 40.16 foot vertical difference between R-129 and R130. Because these wells are drilled into the Upper Glacial Aquifer, the hydraulic head
differences are most likely caused by a perched water table in these areas. These wells
were not used to represent the water table in this report.
The water flows downward along the groundwater divide. Elsewhere it moves
laterally away from the divide, perpendicular to the water table contours. It discharges
into the islands hydrologic features, such as the streams and creeks, lakes, and marsh
lands. The hydrogeologic features mentioned in this paper function as a combined flow
system, with the water flowing vertically and horizontally through them. Water recharges
the aquifers as rainfall, and moves through the Upper Glacial Aquifer. As water makes
its way through the Upper Glacial Aquifer, it recharges the Cretaceous and bedrock
units.
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Hydrograph Analysis
Hydrographs were analyzed for wells R-116 and R-134 (Figure 4, and Figure
14). These wells were chosen because they have the most continuous period of record
of the six wells, and do not have perched conditions. Well R-116 is located in the North
of Staten Island, near the coast of the Kill Van Kull (Figure 4). It has a land surface
elevation of 57 feet above sea level, and it is screened 70 feet below the land surface.
Well R-134 is further inland compared to well R-116, located in the northwest/northcentral area of Staten Island (Figure 4). It has a land surface elevation of 76 feet above
sea level, and is screened 38 feet below the land surface. Both wells are measured with
a 15 minute recording interval. The record for well R-116 begins on November 10, 2005.
For well R-134 the record begins on December 30, 2006. Precipitation data recorded in
Central Park was compared with mean daily water level values of the two wells in order
to observe the responsiveness of the Upper Glacial Aquifer to seasonal events
(National Oceanic and Atmospheric Administration, 2013).
The fluctuation on each hydrograph shows the difference in the water table from
the dry season to the recharge season. There is no pumping, and neither well shows
tidal influences (Figure 14). Maximum water table elevations occur in the spring, with
the lowest hydraulic heads levels measured in the early winter. Both wells appear to
respond more to the wet seasons as a whole than to isolated events (Figure 14). The
hydraulic head levels in well R-134 appear to have a stronger seasonal variation than
well R-116, which may be due to its shallower depth (Figure 14).

Discussion
The purpose of this study was to expand upon the current knowledge of Staten
Island’s hydrogeologic system. From the well log and water table monitoring data I
have:
•
•

Described the boundaries between bedrock, the Lower Sand Aquifer, Raritan
Clay, and the Upper Glacial aquifer.
Provided a contour map of the water table elevations of Staten Island which
shows two mounds on the water table (Figure 13), which allows a description of
how the groundwater travels through the aquifer.

Continuous water table monitoring in some of the wells shows how the water table
changes seasonally. This is very important, considering that most of the flow on Staten
Island occurs within the Upper Glacial aquifer, because of the higher conductivity when
compared to the Cretaceous units (Table 1).
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This information paves the way for water quality studies in Staten Island, and
also provides essential information for large scale projects that involve any sort of
drilling or excavations.
The information found in this study used data from more recently installed wells
as well as earlier installed wells to expand on previous interpretations of the
hydrogeologic system. However, even with the additional wells, the distribution of wells
is uneven and large areas are not represented (Figure 2). For some of these areas,
such as the areas near Chelsea, Todt Hill, Annadale, and Rossville, the lack of wells
could be due to unsuitable drilling conditions. These missing data leaves uncertainties
regarding the details of the hydrogeology in these areas. All of the boundaries between
different hydrogeologic units were determined by descriptions found in drill logs.
Because physical samples could not be analyzed for this study, there may be some
uncertainty when determining the boundaries of the hydrogeologic units. Geophysical
gamma logs helped to increase the reliability of the boundaries descriptions, however,
geophysical logs were only collected at eight of the wells, and six of these gamma logs
were from shallow wells.
This study provides estimated boundaries of the Lower Sand Aquifer on Staten
Island which would be important if New York City were to implement the Aquifer Storage
and Recovery (ASR) program, where water from surface reservoirs is injected into the
aquifer and kept there until it is needed, such as during a severe drought (Brown and
Misut, 2010; New York City Department of Environmental Protection, 2004). The
volume of the Lower Sand Aquifer is about 20.5 billion ft3. Assuming the porosity is
equivalent to that of the Lloyd Aquifer on Long Island, 0.25 (Brown and Misut, 2010), the
volume of void space is 38.3 billion gallons. Thus, the Lower Sand Aquifer could hold
about 38 billion gallons of water. The uncertainties include the average pore space and
the boundaries of the Lower Sand Aquifer. Better estimates of the porosity would
require analyzing physical samples. The boundaries could be better defined with drilling
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deep bore holes in the south of Staten Island and by using physical samples and
geophysical logs to determine the boundary locations.
Information on Staten Island’s hydrogeology is extremely important for studying
water quality and drainage issues. In 2010 New York City released the NYC Green
Infrastructure Plan, which focuses on stormwater management. The City decided that
the most cost-effective methods of stormwater management also happened to be the
most environmentally sustainable way (New York City Department of Environmental
Protection, 2012). For Staten Island they approached this issue by building the Staten
Island Bluebelt. The Bluebelt required constructing and preserving natural drainage
corridors, such as streams, ponds, and wetland areas. This system functions by
conveying, storing, and filtering stormwater. It also provides open spaces to the
community. Currently, the Bluebelt is divided into 16 watersheds, mostly on the south of
Staten Island. Construction has begun to expand the Bluebelt in the Mid-Island area
along the eastern coast. The Staten Island Bluebelt has been a notable success, and
New York City continues to expand the system throughout the Island (New York City
Department of Environmental Protection, 2013). The Green Infrastructure Plan also
addresses the importance of water quality monitoring in all of New York City’s
waterways (New York City Department of Environmental Protection, 2012). Recognizing
how water flows through the hydrogeologic units, as well as understanding the water
table elevation and direction of groundwater flow, is important when considering
drainage and for tracing the flow of contaminants (Table 1). By expanding the network
of monitoring wells, and adding digital water level recorders in different parts of Staten
Island, it would expand the current knowledge of Staten Island’s groundwater flow
system, and aid in these Green Infrastructure efforts.
Hydrogeologic information for Staten Island is generally helpful for any project
that involves excavation or deep drilling. In the future, large scale projects can take into
account the hydrogeologic units and water elevations in order to be more prepared for
the job. Construction that requires any type of excavation or subsurface investigation
could benefit from knowing what type of sediment to expect, as well as the depth to the
water table.

Future Studies
The availability of detailed information on Staten Island’s hydrogeology is
important for studies on water quality and water supply. Future research would benefit
from increasing the distribution of wells in Staten Island, and by having physical
samples to study. Borehole geophysics is important, especially when cores are not
available for study. If it is not possible to drill wells in some locations, other geophysical
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methods of study, such as seismic tomography would help to characterize the geologic
units over an expanded area. More water level recorders would be helpful for studying
how water travels through the ground, especially in areas that are sensitive to flooding.
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