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Revisions to the Virginia Coastal Plain Hydrogeologic
Framework Southwest of the James River

By Samuel H. Caldwell and E. Randolph McFarland

Abstract

New drilling information reveals that altitudes of some
hydrogeologic units of the Virginia Coastal Plain aquifer
system differ by as much as 50 feet (ft) from those previ-
ously known, namely the Aquia and Potomac aquifers, the
Potomac confining zone, and the Nanjemoy-Marlboro and
Saint Marys confining units. In addition, the lateral margins of
some hydrogeologic units are located as much as several miles
from previously estimated locations. The largest revisions to
unit margins were for the Aquia aquifer and the Nanjemoy-
Marlboro and Saint Marys confining units. Interpretation of
new geophysical logs, sediment core, and cuttings as well as
revised interpretations to existing data indicate channels and
embayments are also preserved on eroded top surfaces of the
shallowest hydrogeologic units including the Yorktown confin-
ing zone, Yorktown-Eastover aquifer, Saint Marys confining
unit, Potomac confining zone, and Potomac aquifer.

Enhanced details on the configuration of part of the
aquifer system southwest of the James River are provided by
sediment cores and cuttings as well as geophysical logs from
36 recently drilled boreholes. These, along with reinterpreta-
tion of data from 93 preexisting boreholes, form the basis for
revised top-surface altitudes and margins of hydrogeologic
units beneath parts of Prince George, Surry, Sussex, Isle of
Wight, and Southampton Counties and the cities of Franklin
and Suffolk.

Groundwater withdrawals in the Virginia Coastal Plain
cause widespread water-level declines, create the potential for
saltwater intrusion, and contribute to regionwide land subsid-
ence. A description of the aquifer system, termed a hydro-
geologic framework, was developed by the U.S. Geological
Survey in 2006 and provides information needed to base
withdrawal-permitting decisions by the Virginia Department
of Environmental Quality. This revision of part of the hydro-
geologic framework southwest of the James River is based on
interpretations of both new and previously analyzed borehole
data. The revision is strictly confined to the study area extent
and hydrogeologic units not found within the study area were
not revised and are not discussed in this report. The newly
determined hydrogeologic-unit altitudes and margins have
implications for groundwater-withdrawal permitting. New
interpretations have found that the Yorktown Eastover aquifer

is absent in the southwestern part of the City of Suffolk, owing
to what is most likely an isolated area of sediment-texture
facies change. Most notably, the top-surface altitudes of the
Aquia and Potomac aquifers have been lowered by as much
as 50 ft from previous interpretations. This means that wells
previously believed to be screened in the top of the Potomac
aquifer could, based on these new interpretations, be screened
in the bottom of the Aquia aquifer. These changes to aquifers
in which wells are screened means that there is potentially
more room in the groundwater withdrawal permitting for the
Potomac aquifer, the largest and most productive aquifer in
Virginia, and overpumping occurring in the Aquia aquifer.

Introduction

During 2000—-04, a hydrogeologic framework of the
Virginia Coastal Plain was developed by the U.S. Geological
Survey (USGS) in cooperation with the Virginia Department
of Environmental Quality (VA DEQ) (McFarland and Bruce,
20006). The framework was developed to be “an information
resource for groundwater investigation and development by
providing a geologic understanding of the Virginia Coastal
Plain in a hydrologic context” (McFarland and Bruce, 2006).
The framework was created to provide a sound scientific basis
for resource management decisions in the Virginia Coastal
Plain, and since its publication, has provided the scientific
backbone to groundwater management in the Coastal Plain
overseen by the VA DEQ.

The Virginia Coastal Plain is underlain by a layered series
of unconsolidated sediments. The hydrogeologic framework
describes the compositions, configurations, and other aspects
of the aquifers and intervening confining units (McFarland
and Bruce, 2006). As a result of sparse surface exposures,
the aquifers and confining units were characterized almost
entirely using information from boreholes. The thicknesses,
altitudes, and geographic extents of aquifers and confining
units were delineated by stratigraphically correlating geophys-
ical logs and other borehole information. Because sediment
composition varies laterally, the aquifers and confining units
have varied extents that result in a complex and overlapping
heterogeneous configuration. The margins of the aquifers
and confining units are divergent, and none of the aquifers or
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confining units extend across the entire Virginia Coastal Plain.
The hydrogeologic units relevant for this report are shown in a
simplified stratigraphic column modified from McFarland and
Bruce (2000) (fig. 1).

The hydrogeologic framework was developed primarily
from geophysical logs. Geophysical logs are obtained at rela-
tively low cost and record various sediment properties along
the vertical borehole interval, but only indirectly reflect sedi-
ment composition. Interpretation of geophysical logs is subjec-
tive and heavily dependent upon additional direct observation
of sediment composition in cores and cuttings collected during
drilling, which is costly and labor intensive. Consequently,
sediment composition has been directly observed in cores
or cuttings at only 21 of the boreholes within the study area,
which encompasses Sussex, Surry, Southampton, and Isle of
Wight Counties as well as the cities of Franklin and Suffolk.
Moreover, most geophysical logs were interpreted without
corresponding sediment observations from the same borehole.
Instead, sediment observations at the minority of boreholes
were extrapolated as a basis to interpret geophysical logs from
numerous additional boreholes in surrounding areas. Sediment
observations used for the hydrogeologic framework, however,
were not uniformly distributed geographically. Interpretations
of geophysical logs located in proximity to sediment observa-
tions can be viewed with relatively strong confidence, whereas
interpretations at greater distances are more uncertain.

Sediments were not originally directly observed in parts
of eastern Sussex County, southern Surry County, northern
Southampton County, or western and northern Isle of Wight
County during the compilation of the 2006 framework.
However, sediment observations from boreholes that were
drilled since the 2006 hydrogeologic framework was devel-
oped now have implications for how geophysical logs from
other boreholes were originally interpreted. The discrepan-
cies observed between these new sediment samples and the
original framework necessitated a revision to the existing
framework for the area of the Coastal Plain that lies southwest
of the James River. Thus, the USGS, in cooperation with the
VA DEQ, conducted a study during 2019-20 to revise the
existing framework southwest of the James River by reinter-
preting geophysical logs used for the original framework in
light of sediment observations and geophysical logs obtained
from boreholes drilled since the original framework was
conducted. This revision includes the original dataset from the
2006 framework, in addition to data from 36 new boreholes
drilled since the original framework. The study area contains
Isle of Wight, Prince George, Southampton, Surry, and Sussex
Counties, as well as the cities of Franklin and Suffolk.

The changes made to the configuration of hydrogeologic
units in this report will influence how VA DEQ manages
permitted groundwater withdrawals from these units. This is
important as groundwater withdrawals can be a mechanism
for lateral saltwater intrusion and upconing of the freshwater-
saltwater interface (Werner and others, 2013). This is a
concern in Surry and Isle of Wight Counties, and the city
of Suffolk, which all border the James River. The specific

conductance of the James River at Black Point, Jamestown
Island, varies from about 500 microsiemens per centime-

ter (uS/cm) during high stage events to about 14,000 uS/

cm, roughly 10 times the upper limit for drinking water, at
baseflow stage (Ladd, 2020). Furthermore, as the aquifers in
the study area continue across much of the Coastal Plain, these
changes will influence permitting outside of the study area,
where multiple forms of saltwater intrusion (lateral intrusion,
upconing, and so forth) are possible. VA DEQ uses aquifer
top-surface altitudes to model allowable drawdown limits and
determine maximum legal pump intake depths. Groundwater
withdrawals contribute to land subsidence in the Virginia
Coastal Plain and land subsidence is one element of a num-
ber of mechanisms that make the southern Chesapeake Bay
region home to the highest rates of relative sea-level rise on
the Atlantic Coast of the United Sates (Eggleston and Pope,
2013); this region includes all of the study area except Prince
George and Sussex Counties,

Purpose and Scope

The 2019-20 study amends the observations and con-
clusions made in the 2006 framework based on information
from sediment observations of 36 new boreholes in Surry,
Sussex, Southampton, and Isle of Wight Counties, as well
as the cities of Franklin and Suffolk southwest of the James
River in the Coastal Plain of Virginia, and a reanalysis of the
geographically relevant logs from the 2006 framework in
the same area (fig. 2). This revision to the Virginia Coastal
Plain hydrogeologic framework changes hydrogeologic unit
margins and top-surface altitudes, which have implications for
groundwater withdrawal permitting in the affected aquifers.
New sediment cores and cuttings have been collected from 16
of the 36 new boreholes, 9 of which are in areas that previ-
ously lacked any sediment observations. Twenty-one out of
the 36 new boreholes include geophysical logs and are located
in the area southwest of the James River, specifically eastern
Sussex County, southern Surry County, northern Southampton
County, and western and northern Isle of Wight County
(fig. 2). Thus, the analysis and revisions contained in this
report are confined to the study area and any hydrogeologic
units not found therein are not discussed. As this is a revision
to an existing framework, much of the background and previ-
ous investigation geological work are described in the 2006
framework report (McFarland and Bruce, 2006) Additionally,
the extent and top-surface altitude of the Potomac aquifer was
revised in McFarland (2013). Discussion of hydrogeologic
units is limited to differences from the original framework in
unit extent, top and bottom altitudes, and characterization of
sediment and hydrologic properties.
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Figure 1.

Stratigraphic correlations of hydrogeologic units of the Virginia Coastal Plain. Vertical arrows indicate major hydrologic

associations that cross stratigraphic boundaries. Minor overlaps of hydrogeologic units among adjacent geologic formations are not

depicted.
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Description of Study Area

This revised framework composes an area of
approximately 1,660 square miles (mi?) in Surry, Sussex,
Southampton, and Isle of Wight Counties, as well as the cities
of Franklin and Suffolk, southwest of the James River in the
Coastal Plain of Virginia (fig. 2). McFarland and Bruce (2006)
provide detail on climate, terrain, and rivers in the study area.

The study area is part of the Coastal Plain physiographic
province in Virginia. Coastal Plain aquifers in Virginia have
been previously mapped with respect to the margins of the
aquifers and tops and bottoms of aquifers and confining units
(McFarland and Bruce, 2006). Shapefiles compatible with
geographic information system (GIS) software that show the
extent and tops and bottoms of Coastal Plain aquifers and
confining units in Virginia have been revised and published in
a data release accompanying this report to reflect the changes
made to the Coastal Plain aquifers and confining units south-
west of the James River assessed for this study (Caldwell and
McFarland, 2022).
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Geologic Setting

The geology of the study area is characterized by a deep,
seaward thickening wedge of unconsolidated to partly consoli-
dated sediment. The top of the crystalline basement can be as
deep as 1,500 feet (ft) (McFarland and Bruce, 2006), and is
unconformably overlain by unconsolidated to partly con-
solidated sediments of Cretaceous, Paleogene, Neogene, and
Quaternary age (Meng and Harsh, 1988), which in the study
area forms an uplifted structural feature known as the Norfolk
Arch (fig. 2). The Norfolk Arch causes the sediment overly-
ing the bedrock in this area to be thinner than in other places
of similar longitude. The sediments in this area follow the
general trend of Virginia Coastal Plain sediments: a sediment
wedge that thickens seaward to the east and thins to the west
toward the Fall Zone (fig. 3). Most Coastal Plain units pinch
out before or at the Fall Zone, where the Coastal Plain transi-
tions to the Piedmont physiographic province.
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Figure 3. A modified excerpt from section FD-FD' of the hydrogeologic framework of the Virginia Coastal Plain (McFarland
and Bruce, 2006). A revised correlation of the Aquia aquifer at borehole 54E 7 is based on more recent observation of

sediment cuttings collected nearby from borehole 54E 13.
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Groundwater Conditions

Sedimentary strata in the study area form a hydrogeologic
framework of aquifers and confining units on the basis of dif-
ferences in permeability. These units, owing to the presence of
the Norfolk Arch, are thinner, shallower, and more variable in
lateral extent than those same hydrogeologic units elsewhere
in the Coastal Plain. Groundwater in the study area is present
in pores between sediment grains and is recharged primarily
by precipitation infiltration and percolation to the water table.
The stratification of sediments in this area generally leads to
greater horizontal hydraulic conductivity than vertical hydrau-
lic conductivity, with flow generally down-dip to the east. In
2019, groundwater withdrawals in the State of Virginia totaled
139.3 million gallons per day (Mgal/d), with the majority of
groundwater withdrawals located in the Coastal Plain (Virginia
Department of Environmental Quality, 2020). The counties
and cities within the study area account for 19.5 percent (27.17
Mgal/d) of 2019 groundwater withdrawals statewide. Isle of
Wight County is the largest groundwater user in the study
area at 14.62 Mgal/d (Virginia Department of Environmental
Quality, 2020).

Methods of Investigation

The original framework for the Virginia Coastal Plain
was based on a network of 403 boreholes selected from those
on record at the USGS Virginia and Water Science Center in
Richmond, Virginia (McFarland and Bruce, 2006). Of those
403 boreholes, 93 are located within the area of the revised
framework presented here. The revision is based on informa-
tion from 36 additional boreholes for a total of 129 boreholes
within the area.

The same methodology used to analyze borehole logs
in the original framework (McFarland and Bruce, 2006) was
used to analyze logs in the revised framework. The method-
ology of geophysical log interpretation is described in Keys
(1990), and its application to the Virginia Coastal Plain is
described in Meng and Harsh (1988). The logs collected since
the original framework are primarily multi-tool geophysical
logs. These logs display fluid resistivity, spontaneous poten-
tial, natural gamma radiation, lateral resistance, 64N resis-
tance, 16N resistance, and single point resistance with depth
in the borehole (fig. 4). When interpreting geophysical logs,
coarse-grained permeable sediments are generally associated
with high resistivity and low natural gamma signatures. In
contrast, fine-grained, less permeable sediments are gener-
ally associated with low resistivity and high natural gamma
signatures. Patterns of permeable and impermeable sediments
in geophysical logs, which are confirmed by direct sediment
observations of cores or cuttings, are correlated across the
study area to generate interpreted topographic surfaces of
top-surface altitudes for the hydrogeologic units within the
study area. A more thorough description of this methodology
is available in McFarland and Bruce (2006). The interpreted
and observed aquifer top-surface altitudes in each borehole

used in this study to create the figures in this report are avail-
able online (Caldwell and McFarland, 2022). Shapefiles of the
revised aquifer margins and top-surface altitudes used to cre-
ate the figures included in this report also are available online
(Caldwell and McFarland, 2022).

Borehole Geophysical Log Network

This report was based on data from 129 boreholes within
the study area. Thirty-six of those 129 boreholes provide new
data collected after the original framework was completed,
giving more context and resolution for the study area. These
new data include multi-tool geophysical logs of 125 boreholes,
21 of which exist in a digital format, with associated descrip-
tions of sediment lithology for select wells. Four borehole logs
have information only on sediment lithology. All logs used in
the revision can be viewed online using the Geolog Locator
tool (U.S. Geological Survey, 2020). Data from the original
framework included sediment core from a single borehole
located on the Sussex-Southampton County line (borehole
54D 5). All other cores or cuttings were collected between
15 and 20 miles to the south and east. Sediment cores and
cuttings have since been collected from 16 boreholes, most
notably a sediment core collected during the installation of
a well in Waverly, Virginia (54E 13), which provided direct
observations of the Aquia aquifer 50 ft deeper than interpreta-
tions from the 2006 framework placed it. Nine of these bore-
holes are in areas that previously lacked any sediment obser-
vations. Additional geophysical logs have been obtained from
21 boreholes. Information on each borehole such as station
ID, site number, latitude, longitude, and top-surface altitudes
of hydrogeologic units observed and interpreted to be at that
borehole is available in Caldwell and McFarland (2022).

Borehole Data Quality

Intervals interpreted on geophysical logs as aquifers or
confining units were tabulated by their respective top-surface
altitudes. All hydrogeologic unit top-surface altitudes were
referenced to the National Geodetic Vertical Datum of 1929
(NGVD 29), as calculated from surface depths below the alti-
tudes of land surface at the borehole locations. Most borehole-
location altitudes were estimated from topographic maps
to within +5 ft. Additionally, borehole-measured depths for
geophysical logs and associated data commonly vary by sev-
eral feet, depending on whether the measurement was taken
from the land surface, the top of the well casing, or some other
datum usually not specified.
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Revision of Coastal Plain
Hydrogeologic Framework

The Virginia Coastal Plain southwest of the James River
has several aspects that challenge accurate delineation of aqui-
fers and confining units, and those—without adequate obser-
vations of sediment composition—hindered earlier develop-
ment of the hydrogeologic framework. The area is underlain
by an uplifted part of basement known as the Norfolk Arch.
As a result, aquifers and confining units that are thick, deep,
and laterally extensive farther north are thinner and shallower
in the vicinity of the arch. In addition, their lateral extents are
more variable. Although the Potomac aquifer extends nearly
to the western boundary of the Coastal Plain at the Fall Line,
most overlying aquifers and confining units pinch out farther
to the east (fig. 3).

The margins of the aquifers and confining units are
spatially divergent, however, and their extents are uncertain.
The advent and analysis of the additional borehole logs and
cuttings, particularly the borehole log and analysis of cuttings
from well 54E 13 in the town of Waverly (fig. 3), highlighted
the need for a revised framework of the Virginia Coastal Plain
in the area southwest of the James River. The new cuttings and
cores collected confirmed that the Aquia aquifer is signifi-
cantly lower in the sediment strata than previously interpreted.
No hydrogeologic units are added or removed as a result of
this study, and there are no dramatic structural features affect-
ing stratigraphy in the study area. As such, the regional strati-
graphic column presented in McFarland and Bruce (2006)
is still applicable. Units designated as confining zones are
done so to account for “variable configurations and, in some
cases, indistinguishable relations that can exist” between the
underlying and overlying hydrogeologic units (McFarland and
Bruce, 2006).

Interpretive Analysis

Data from 36 new boreholes, including 10 boreholes
where cores or cuttings were collected, greatly increased the
density of direct sediment observations. The increased resolu-
tion, particularly in direct sediment observations, provides
much greater confidence in the interpreted absence, presence,
and top-surface altitude—where present—of hydrogeologic
units identified from the geophysical log data. As this report is
a revision of an existing framework, the interpretive analysis
focuses mainly on the difference in extent and depth of the
top-surface altitudes of hydrogeologic units. Boreholes from
the original framework that lie within the study area were
reinterpreted for this revision, along with the interpretation of
new data. Top-surface altitude contours a few miles beyond
the study area have been slightly revised to blend the revised
contours of the study area with the unrevised contours in the
rest of the Virginia Coastal Plain. In this area of the Coastal
Plain, the basal layer of the Saint Marys confining unit is often

phosphatic, giving it high gamma and low resistivity read-
ings in logs. The Aquia aquifer is rich in glauconite and finer
grained in this area than in other parts of the Coastal Plain.
This leads the Aquia aquifer to appear more like a confining
unit in borehole geophysical logs in the study area by show-
ing high gamma and low resistivity readings in geophysical
log data. Additionally, sediments of the Nanjemoy and Aquia
Formations are very similar, and oftentimes indistinguishable
when the Marlboro Clay is not present to split the two forma-
tions, as is common within the study area (McFarland and
Bruce, 2006). As a result, the contacts between both the Saint
Marys confining unit and Aquia aquifer, and the Nanjemoy-
Marlboro confining unit and Aquia aquifer are often impos-
sible to identify in a geophysical log without cores or cuttings
from the well or nearby to directly observe those contacts
(fig. 4). The following analyses of the different hydrogeologic
units found within the study area are limited to the changes in
the margins and top-surface altitudes of the units. The charac-
terization of the sediment to identify the units has not changed
since the original framework and therefore is not discussed.

Changes to Hydrogeologic Units from Original
Framework

The confirmation of the presence of the Aquia aquifer
deeper in the sediment strata within the study area necessitated
a reexamination of logs, cores, and cuttings in the area, which
resulted in new interpreted top-surface altitudes for some of
the hydrogeologic units present. Two strike-slip faults inter-
preted in the 2006 framework in and near the city of Franklin
have been removed (fig. 2), as the new data and reinterpreta-
tions of top-surface altitudes no longer support their existence.
The top-surface altitudes of the units affected by the fault in
the 2006 framework have been revised to show smooth con-
tours in and around the city of Franklin. These smooth con-
tours do not support the presence of faulting, unlike the angu-
lar contours shown in the figures of the 2006 framework. All
angular offsets in the hydrogeologic unit top-surface altitude
contours associated with those two faults have been removed.
Most of the revised contours and margins vary slightly from
the original margins and contours within the study area.

Most of the changes to top-surface altitudes presented in this
report reflect increased detail from the original framework,
specifically in the top-surface altitudes of the hydrogeologic
units. This increased detail revealed evidence for preserved
incised river channels and embayments in many of the units.
The largest change to both hydrogeologic unit margins and
top-surface altitudes are in Sussex and Surry Counties, where
only one sample of core or cuttings was available for the 2006
framework.



Potomac Aquifer

The Potomac aquifer margins do not lie within the study
area and thus have not been changed, however, examination of
data from 36 boreholes has provided finer detail as to the top-
surface altitudes of the Potomac aquifer (fig. 5). Generally, the
revised Potomac aquifer top-surface altitudes are significantly
shallower than in the original framework in Sussex, Surry,
and Southampton Counties. However, in some areas of Sussex
and Southampton Counties, the newly interpreted top-surface
altitudes in this aquifer can be as much as 50 ft shallower or
deeper than the original framework. The angular contours
associated with the two faults near the city of Franklin have
been removed, as interpretation of new borehole and sediment
data does not support the presence of faulting in the area. The
mapped locations of the two faults in the city of Suffolk have
not been changed. The contours remain largely unchanged in
Suffolk, Isle of Wight, and western Surry Counties. Interpreted
top-surface altitudes and their resulting contours in Sussex,
Surry, and Southampton Counties indicate the possibility
of preserved river-channel sands in the Potomac Formation
beneath Surry and Sussex Counties (fig. 5). The discovery and
interpretation of these preserved river channels has lowered
the top-surface altitude of the Potomac aquifer across much of
the counties where these features are present.

Potomac Confining Zone

The Potomac confining zone contours are largely similar
to those of the Potomac aquifer, but with shallower depths.
The margin of the Potomac confining zone lies outside of the
study area and was not revised (fig. 6). The areas of greatest
change for the Potomac confining zone are Southampton and
Sussex Counties, and the city of Franklin. Revisions in Isle
of Wight and Surry Counties, and the city of Suffolk show
relatively small changes from the original framework. The
magnitude of the changes in altitude are not as pronounced as
in the Potomac aquifer, never exceeding £50 ft. New borehole
data do not support the existence of faulting around Franklin,
and thus the angular contours found in the original frame-
work were removed. However, the faults in the city of Suffolk
remain. Interpreted top-surface altitudes and their resulting
contours indicate the possibility of preserved river-channel
sands beneath Sussex and Southampton Counties (fig. 6).

Upper Cenomanian Confining Unit

The margins of the Upper Cenomanian confining unit
have been revised several miles to the west and north in
Southampton and Isle of Wight Counties compared to the
margins in the original framework (fig. 7). Consequently, the
top-surface altitude contours reflect this change by show-
ing slightly deeper altitudes than the original, particularly
in Southampton County where top-surface altitudes for the
Upper Cenomanian confining unit can be as much as 50 ft
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deeper in the sediment column than in the 2006 framework.
The removal of the two faults near the city of Franklin is
reflected in the revised contours as well (fig. 7).

Virginia Beach Aquifer

The Virginia Beach aquifer occupies a small section in
the southern portion of the study area in Southampton County
and the cities of Suffolk and Franklin. The revisions to this
unit are small in both magnitude and scope. The margin has
been revised so that it does not support the presence of fault-
ing near the city of Franklin. Additionally, the margin has been
revised slightly west and northward. Unit top-surface altitudes
are largely the same as the original in the eastern and central
parts of the study area, but there are larger differences to the
west (fig. 8).

Virginia Beach Confining Zone

The Virginia Beach confining zone is largely similar to
the Virginia Beach aquifer in the changes to both its revised
extent and revised top-surface altitudes. The revised aqui-
fer margin has been slightly revised to the west and north
in Southampton and Isle of Wight Counties and the city of
Suffolk (fig. 9). The margin is no longer affected by the fault-
ing around the city of Franklin that was present in the original
framework but was removed in this revision. The top-surface
altitudes are largely the same: slightly shallower at the north
and western ends of the unit in Southampton County, and
slightly deeper towards the east in Suffolk (fig. 9).

Aquia Aquifer

Contours in the Aquia aquifer in the eastern portion of
the study area in Surry and Isle of Wight Counties and the city
of Suffolk are largely unchanged (fig. 10). On a broad level,
the Aquia aquifer extent has been revised eastward to a small
degree, and revised to be as much as 50 ft deeper in Prince
George, Sussex, and Southampton Counties. The western mar-
gin of the Aquia aquifer has been revised several miles east
in Prince George, Sussex, and most of Southampton County,
with the exception of the southwest corner of the study area
in Southampton County. The revised aquifer top-surface
altitudes now place the Aquia aquifer almost completely
below sea level, briefly rising above O ft in altitude near the
west edge of the aquifer margin in Southampton County. The
removal of the two faults near the city of Franklin is reflected
in the smoother contours surrounding the city. Previously,
the Aquia aquifer was interpreted to be overlain entirely by
the Nanjemoy-Marlboro confining unit within the study area.
However, several samples of cuttings and cores have yielded
observations of the Saint Marys confining unit overlying the
Aquia aquifer directly within the study area. Revised interpre-
tations of geophysical logs from the original framework and
an increased resolution in data from new geophysical logs and
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multiple cores or cuttings samples in areas that did not have
sediment observations in the original framework have changed
the top-surface altitudes in Sussex, Surry, and Prince George
Counties. These revisions put the top of the Aquia aquifer as
much as 50 ft deeper in the sediment column than in the origi-
nal framework (fig. 10).

Nanjemoy-Marlboro Confining Unit

The Nanjemoy-Marlboro confining unit margin has the
largest amount of change of any of the units discussed in
this report (fig. 11). The western margin was revised several
miles eastward from the original margin. This change is most
pronounced in the northeast corner of the study area in Sussex
and Prince George Counties, where the margin has been
revised to be 10 or more miles eastward. Additionally, the
Nanjemoy-Marlboro confining unit top-surface altitudes have
been revised downward to be completely below sea level.
In areas of Sussex County, top-surface altitudes have been
revised to be as much as 50 ft deeper in the sediment col-
umn than the top-surface altitudes interpreted in the original
framework. Most of the change to the Nanjemoy-Marlboro
confining unit top-surface altitude from the original altitudes
is limited to the western half of the study area. Top-surface
altitudes in eastern Surry and Isle of Wight Counties and the
city of Suffolk all remain largely unchanged from the original
framework (fig. 11).

Piney Point Aquifer

The revisions to the Piney Point aquifer have resulted in
almost no change from the original framework. The southern
end of the margin within Southampton County and the city
of Franklin has been smoothed and revised slightly eastward.
There has been almost no change to the interpreted top-surface
altitudes for this unit within the study area (fig. 12).

Calvert Confining Unit

Revisions to the Calvert confining unit have similarly
resulted in almost no change from the interpretations of the
original framework. The margin has been revised west by a
couple of miles in Isle of Wight County. In the city of Suffolk
and Isle of Wight County, only small changes were made to
the top-surface altitude of the Calvert confining unit (fig. 13).

Saint Marys Confining Unit

The margin of the Saint Marys confining unit has been
revised westward by several miles in Sussex and Prince
George Counties (fig. 14). Farther south in Southampton
County, the margin has been revised westward. However, the
margin matches the original boundary at the southwest corner
of the study area in Southampton County. The top-surface
altitudes have been changed greatly owing to the finer detail

provided by the new geophysical logs and samples of cuttings
and cores. As a result of this new information and reexami-
nation of geophysical logs used in the 2006 framework, the
interpreted top-surface altitudes increased by more than

25 ft (deeper), whereas, in some areas of Isle of Wight and
Southampton Counties and the city of Suffolk it is shallower.
Additionally, the top-surface altitudes and resulting contours
in the Saint Marys confining unit suggest the preservation of
incised river channels and embayments throughout the study
area (fig. 14). Revisions to the margins and top-surfaces of
the Saint Marys confining unit, Nanjemoy-Marlboro confin-
ing unit, and Aquia aquifer mean that there is now a contact
between the Saint Marys confining unit and Aquia aquifer

in southwestern Southampton County. Additionally, these
revisions interpret the Saint Marys confining unit to be much
thicker throughout the study area than previously thought

(fig. 3).

Saint Marys Aquifer

The Saint Marys aquifer is present in the study area;
however, no revisions were made to its margin or top-surface
altitudes. Therefore, the Saint Marys aquifer is not discussed
here and no revised maps for that unit are presented.

Yorktown-Eastover Aquifer

The Yorktown-Eastover aquifer margin lies almost
entirely outside of the study area, and as a result, was not
revised from its original interpretation. The top-surface alti-
tudes have changed significantly (fig. 15), as the added data
for this revision has greatly increased the detail with which
interpretations can be made. Revisions have changed altitudes
more than 25 ft downward from the original interpretations
in the city of Suffolk. Incised river channels and embayments
are possibly preserved throughout the study area, as evidenced
by the top-surface altitudes of the Yorktown-Eastover aquifer.
These newly discovered incisions are the driver behind the
downward revision of much of the Yorktown-Eastover aqui-
fer’s top-surface altitude in Isle of Wight and Southampton
Counties as well as the cities of Franklin and Suffolk. The
aquifer is absent from five boreholes in the southwestern part
of the city of Suffolk: local numbers 56A 11, 56B 1, 56B 13,
57B 1, and 57B 3, which may be an isolated area of sediment-
texture facies change (fig. 15). Sediment in the corresponding
interval where the Yorktown-Eastover aquifer is expected in
this area are described in sediment logs as blue clay and blue
clay with shells, which differ from the glauconitic fossilifer-
ous quartz sand that is typical of the aquifer. This could be an
area where the Rushmere Member of the Yorktown Formation,
which in areas of the Virginia Coastal Plain is described
as blue-gray fine sand clay with abundant shell (Ward and
Blackwelder, 1980), is locally thicker than in other areas
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Yorktown Confining Zone

The margin of the Yorktown confining zone is almost
entirely outside of the study area. As a result, the margin has
not been changed with this revision. The top-surface altitudes
were significantly changed as the added data for this revision
has greatly increased the detail with which interpretations can
be made (fig. 16). Incised river channels and embayments
are possibly preserved throughout the study area indicated by
the top-surface altitudes of the Yorktown confining zone. The
increased resolution in top-surface altitude revealed that, in
some areas, changes to the interpreted top-surface altitudes
can be more than 25 ft deeper than the original interpretations
in Southampton and Isle of Wight Counties as well as the city
of Suffolk (fig. 16). These changes in top-surface elevation
are primarily a result of the newly discovered incised river
channels.

Limitations

Indirect methods of subsurface hydrogeologic investiga-
tion such as geophysical borehole logs are inherently limited
in their application as they are not direct observations of sedi-
ment. As mentioned previously, logs can vary in the accu-
racy of their perceived altitude as a result of varying datums
to which the logs are referenced and (or) which are often
unspecified. Additionally, it is difficult to obtain exact depths
from sampled cores and cuttings. The sediment coring process
is known to alter the sediment sampled. Sediment sampled
in core can be both compressed and stretched, resulting in
cores that may exceed or fall short of the actual drilled depth
of a borehole. This can lead to inaccuracy within a section of
core, and therefore the exact depths of contacts between units
are often uncertain within a core. It is similarly difficult to
obtain exact altitudes that correspond to samples of cuttings
owing to the inherent lag time for return of the sediments
within the circulating drilling fluids. Geophysical logs are not
direct observations of lithology and therefore require sediment
observations from cores or cuttings from the logged well or
nearby adjacent wells to verify what hydrogeologic units cor-
respond to sections of the geophysical log. Many of the geo-
physical logs for boreholes do not have sediment data directly
associated with them. The new data available for the revision
provide a greater distribution of sediment samples across the
study area. Despite the new data, sediment samples are not
available for large portions of western Sussex, Prince George,
and Surry Counties. Cores and cuttings from these areas
would help to reduce uncertainties from correlating sections of
logs to directly observed hydrogeologic units. As the distance
between the site of a geophysical log and the nearest sediment
sample increases, our confidence in the interpretations of the
geophysical log decreases. However, given the scale at which
this revision has been conducted, the error in measured depths
introduced by geophysical logging, the sampling of cores

and cuttings, and the uncertainty introduced with increasing
distance of a geophysical log and the sediment samples it is
correlated to are negligible.

Summary

This hydrogeologic framework revision was brought
about by the discovery, in sediment cores and cuttings, that
the Aquia aquifer is significantly deeper in the stratigraphic
section in parts of the study area than previously interpreted in
the original hydrogeologic framework (McFarland and Bruce,
2006). This is most evident in northern Sussex County where
top-surface altitudes of the Aquia aquifer have been found to
be as much as 50 ft deeper than previously interpreted. This
discrepancy was mainly a result of a lack of available sedi-
ment cores or cuttings for interpretation in Sussex, Surry, and
Prince George Counties in the original hydrogeologic frame-
work. This revision demonstrates the value that direct observa-
tions from sediment samples in the form of cores or cuttings
can provide to geophysical log interpretations. As borehole
geophysical logs are indirect methods of investigating sub-
surface lithology, it is possible for signals of a lithic change
to be misinterpreted, missed, or not evident in a geophysical
log (fig. 4). A reexamination of the data used in the original
framework and the new data collected since that framework
was published produced the revisions within this report.

Most of the hydrogeologic units revised in this report are
minimally changed from the interpretations presented in the
2006 framework. Notable exceptions are the Aquia aquifer,
Nanjemoy-Marlboro confining unit, Saint Marys confining
unit, Yorktown-Eastover aquifer, and Yorktown confining
zone. Much of the change within these units is a result of
increased detail on top-surface altitudes of the hydrogeologic
units interpreted from the new geophysical logs, core samples,
and cuttings. The increased detail in this revision has provided
evidence of incised river channels and embayments in many
of the previously mentioned hydrogeologic units as well as the
Potomac aquifer and confining zone. These features are uncon-
formities that result in complex undulations in the top-surface
altitudes of the affected hydrogeologic units and drive much
of the changes in top-surface altitudes in this report from those
in the 2006 framework. One of the largest sources of change
in top-surface altitudes in many of the hydrogeologic units
came from the removal of two faults previously interpreted
to be in the area in and surrounding the city of Franklin. The
new data used in this report and new analysis of the data used
in the original framework no longer supports the presence of
those faults.

Additional information has revealed the presence and
absence of units in areas where previously those units were
interpreted to be absent or present, respectively. Most notably,
new data and sediment samples from the northwestern corner
of the study area have confirmed instances of the Saint Marys
confining unit lying directly on top of the Aquia aquifer. The
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new data supported the revision of the Saint Marys confining
unit margin significantly westward and the revision eastward
of the Nanjemoy-Marlboro confining unit margin in Sussex
and Prince George Counties.
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