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Dear Governor Moore:

I am pleased to submit Ground-Water Bulletin Number 10, "Geology
and Ground-Water Resources of the Hertford-Elizabeth City Area, North
Carolina" by William H. Harris and H. B. Wilder.

This report contains the results of an investigation made by the
U. S. Geological Survey in cooperation with the North Carolina Depart-
ment of Water Resources as a part of the series of reconnaissance studies
to provide a general evaluation of ground-water conditions in all parts
of the State. It presents the data collected and describes the general
geology and the occurrence, availability and quality of ground water in
Camden, Currituck, Pasquotank and Perquimans Counties.

This report is a valuable contribution to the knowledge of the
geology and hydrology of the area, and will be available to all persons
and agencies concerned with development and management of ground-water
supplies.
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GEOLOGY AND GROUND-WATER RESOURCES OF THE
HERTFORD-ELIZABETH CITY AREA., NORTH CAROL INA
By

William H., Harris and Hugh B. Wilder

ABSTRACT

The Hertford-Elizabeth City area includes Camden, Currituck, Pasquo-
tank, and Perquimans Counties. These counties, in the northeastern part
of the North Carolina Coastal Plain, have an area of 1,002 square miles.

The area is underlain by clay, silt, sand, shell, marl, and limestone
sedimentary strata of Cretaceous and Tertiary age. These older sediments
are not exposed in the area, but their presence beneath syrficial post-
Miocene marine and fluviatile sand and clay deposits is determined from
lithologic and microfossil evidence from well cuttings or from drillers'
well logs. The stratified sediments have been subdivided into formations
or other mappable sedimentary units as follows: the lower unnamed member
of the Black Creek Formation, the upper Snow Hill Marl Member of the Black
Creek Formation, and the Peedee Formation of Late Cretaceous age, the
Beaufort Formation of Paleocene age, an unnamed unit of middle Miocene
age, the Yorktown Formation of late Miocene age, and post-Miocene age,
and post-Miocene surficial deposits of Quaternary age. Formation boundaries,
determined from microfossil evidence, represent geologic time lines. The
vertical Succession and lateral migration of lithofacies units and aquifers
across geologic time lines indicate that the sediments were deposited
during successive phases of marine transgression and regression,

Ten aquifers are recognized in the Hertford-Elizabeth City area. Of
these only three, the Yorktown lower aquifer, the Yorktown upper aquifer
- the major artesian aquifer in the area —-- and the post-Miocene aquifer,
furnish water of generally acceptable chemical quality.

Generally, wells in the post-Miocene aquifer are shallow dug or
driven wells that yield from 2 to 10 gpm. Wells constructed by rotary
or jetting methods and screened in the Yorktown upper aquifer yield from
1 to 50 gpm for domestic use, and from 95 to 385 gpm for municipal use,
depending upon location, depth, and method of construction.

The water-table aquifer generally yields the least mineralized
ground water in the Hertford-Elizabeth City area. Mineral constituents

of water samples analyzed from this aquifer ranged from 35 to 855 parts
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per million; hardness as calcium carbonate ranged from 8 to 621 ppm; and
iron concentrations ranged from 0.05 to 27 ppm. Other mineral constituents
of the water were not commonly present in objectionable amounts.

The Yorktown upper aquifer contains the only large amounts of useful
artesian waters in the area. Chloride concentrations in water samples
from this aquifer ranged from 2.2 to 818 ppm, hardness as calcium carbon-
ate ranged from 16 to 524 ppm, iron concentrations ranged from 0.01 to
14 ppm, and silica from 4.3 to 72 ppm. Other dissolved mineral constit-
uents were not present in objectionable amounts in otherwise potable
waters,

The Yorktown lower aquifer yields potable water from areas in which
the artesian surface of the aquifer is greater than 5 feet above mean sea
level. The quality of these waters is similar to that from the Yorktown
upper aquifer, except that concentrations of iron are generally not as
high.

Saline water is present in the underlying Paleocene and Cretaceous

aquifer.



INTRODUCT I ON

Location of Area

The Hertford-Elizabeth City area is in the northeastern part of North
Carolina (fig. 1), and includes Camden, Currituck, Pasquotank, and Perqui-

mans Counties.

Purpose and Methods of Investigation

The purpose of the present investigation was: (1) to delineate
aquifers; (2) to obtain data on the lithic character, areal extent, thick-
ness, and water-bearing properties of the stratified sediments; and (3) to
relate the chemical quality of water to specific aquifers and their mineral
constituents in the Hertford-Elizabeth City area.

The investigation was done on a reconnaissance basis by personnel of
the Ground Water Branch and the Quality of Water Branch, U. S. Geological

Survey, within the following categories:

Geology - Analyses of well cuttings and mapping of subsurface geology.
Hydrology - Well inventories and construction of water-table and

artesian (piezometric) maps.,

Hydraulics - Calculation of specific yields of wells from short-term
pumping tests of selected wells in the area.

Geophysics - Electric and gamma-ray logs of selected boreholes and
log analyses.

Geochemistry - Partial and complete analyses of selected water samples.

Construction of geochemical maps showing the chloride content and iron con-

tent of ground water from wells screened in the Yorktown upper aquifer,

Previous Work

All water supplies in the area of investigation are obtained from
ground-water sources. S. W. Lohman (1936) described the availability of
ground water at Elizabeth City in U. S. Geological Survey Water—Supply
Paper 773-A. M, J. Mundorff (1947) evaluated ground-water data from the
area, including that obtained for several military installations during
World War II, in North Carolina Department of Conservation and Develop-

ment Information Circular 6. H. E. LeéGrand and G. E. Siple (1953)
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described the chemical quality of ground water and the hydrology of the
Elizabeth City area in Report on Water Supply of Elizabeth City, North
Carolina, J. N. Pease and Company Engineers, Charlotte, North Carolina.
With the exception of the data in these above three reports, little
information was available on the areal extent, thickness, and water-
yielding capacity of the aquifers and the chemical quality of ground
water in the Hertford-Elizabeth City area prior to this reconnaissance

investigation.

Cooperation and Direction

This investigation was made by the Ground Water Branch, U. S.
Geological Survey, in cocperation with the Division of Ground Water,
North Carolina Department of Water Resources. The report was prepared
under the immediate supervision of P. M. Brown, Digtrict Geologist,

Ground Water Branch, U. S. Geological Survey.
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GEOGRAPHY

Area and Population

The area described in this report consists of 1,002 square miles,
of which 439 square miles is farm land or cleared, and 563 square miles
is forested.

The population in the four counties of the area, according to the
U. S. Bureau of the Census, was 47,007 in 1960. Urban population is
centered in Elizabeth City, which has about 30 percent of the total popu-
lation for the area. The other 70 percent of the population is rural.
The population of the area has not increaszed appreciably during the past

decade.

Physiography

The Hertford-Elizabeth City area lies entirely within the Atlantic
Coastal Plain province, which in North Carolina is a submaturely dis-
sected and partly submerged terraced coastal-plain surface that slopes
gently toward the southeast. The surface is a landward extension of the
present ocean floor that forms the surface of the continental shelf.
Broad flat interstream areas, swampland, and linear sand ridges are the
dominant topographic features; moderately dissected parts of the area
are limited to narrow margins of the major streams and sounds. Altitudes
range from about 51 feet on the northwest border of Perquimans County to
sea level along Albemarle and Currituck Sounds.

The major rivers that drain the area all originate in the Coastal
Plain province. These rivers - the Yeopim, Perquimans, Little, Pasquo-
tank, North Northwest, and North Landing Rivers -- are subparallel and
flow southeastward into Albemarle or Currituck Sounds.

Several large swamps - the Great Dismal Swamp, Bear Swamp, Great
Swamp, and Maple Swamp - occur along the major rivers. The largest of
these, the Great Dismal Swamp, extends northward into Virginia.

The coastal areas consist of =alt marshes, beaches, and sand dunes.
Salt marshes are prevalent along Currituck Sound and the tidal reaches
of its tributary creeks, rivers, and bays. Small sand beaches occur
locally along the shores of Albemarle and Currituck Sounds. An extensive

beach lies on the seaward side of the barrier spit from near Virginia
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Beach, Virginia, to Oregon Inlet, North Carolina. Locally, sand dunes on

the spit have a relief of 40 feet.

Climate

The climate of the Herford-Elizabeth City area is characterized by
long summers and short, mild winters. The average annual temperature at
Elizabeth City recording station of the U. S. Weather Bureau is 61.6° F.
Average, extreme maximum, and extreme minimum monthly temperatures at
the Elizabeth City station are shown in figure 2.

The precipitation ofr each year of record at Elizabeth City ranges
from a minimum of 39.85 to a maximum of 57.28 inches. Precipitation

generally is greatest from June through September.

Economy

The economy of the four counties is predominantly agricultural,
Products that provide the main source of income are corn, peanuts, cotton,
cabbage, livestock, poultry. The largest towns are marketing and process-—
ing centers for the agricultural products. Industrial development consists
mainly of small locally owned companies engaged in the packaging and proc-
essing of farm products. Commercial fishing and seafood processing are
major industries in communities along Albemarle and Currituck Sounds and
along the major rivers., Small lumber mills are common throughout the
area. Elizabeth City has the largest and most diversified group of in-
dustries, which include shipbuilding and aircraft construction. There

is a rocket research site at Corolla, Currituck County.
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GENERAL GEOLOGY

The Hertford-Elizabeth City area is underlain by clay, silt, sand,
shell marl, and limestone units of Cretaceous and Tertiary age. These
sedimentary units are mainly of marine or near-marine origin. None of
these sediments is exposed at land surface in the area of investigation,
but their presence beneath the post-Miocene marine and fluviatile sur-
ficial deposits is indicated by lithologic and microfossil evidence
obtained from well cuttings or drillers' well logs (fig. 3).

The primary source of the clays, silts, and sands was the crystal-
line rocks in the areas, now known as the Blue Ridge and Piedmont
provinces. Clay, silt, and saud in some of the younger sediments prob-
ably has been reworked from older sediments. Some marls and limestones
and the phosphatic or glauconitic sands were formed in marine depositional
sites as chemical precipitates mixed with clay, sand, and shell.

The stratified sediments have been subdivided into formations, or
other mappable sedimentary units that can be identified from their
position in the stratigraphic sequence, their lithology, or microfossil
content. Formation boundaries, as_determined from microfossil evidence,
are recognized as geologic time lines. The vertical succession and
lateral migration of lithofacies (the rock record of any sedimantary
environment) and aquifers (water-bearing units) across geologic time
lines (formational boundaries) indicate several periods of transgression
and regression of the sea in northeastern North Carolina. Elevation and
tilting have changed the original depositional attitude of the sediments.

The succession of geologic units above the crystalline basement
rocks in the Hertford-Elizabeth City area, their water-bearing character-
istics, and their Gulf Coast or Atlantic Coastal Plain equivalents are
shown in table 1. The stratigraphic succession shown here is general;
one or more of the geologic units may be absent in parts of the Hertford-

Elizabeth City area.

Test Drilling

In order to obtain geologic and hydrologic data, two deep test holes
and 38 auger holes were drilled at selected sites in the area.
The deep test holes were drillied 701 feet (PA~T1-62) and 723 feet

(PA-T2-62). Rock cuttings were taken at 5-foot intervals for microfossil
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and lithologic analyses. When drilling had been completed, electric and
gamma-ray logs of the test holes were obtained, water samples for chemical
analyses were pumped from selected water-bearing zones, and measurements
of artesian levels were made.

The auger holes ranged in depth from 112 feet to 152 feet. Augered
samples of sand and clay were taken at 5-foot intervals for microfossil
and lithologic analyses.

Locations of deep test holes, auger holes, and other deep wells and
test from which geologic and geophysical data were obtained are shown in

figure 3.

Geologic History

The geologic history of the Hertford-Elizabeth City area, prior to
the deposition of the sediments, is unknown. However, crystalline base-
ment rocks, probably of Precambrian or early Paleozoic age, were penetrated
by the DuGrandlee Foreman-1 oil-test well, 8 miles northeast of Elizabeth
City (fig. 3) at 3,072 feet below msl (mean sea level). Well cuttings
representative of the basement rocks from this test well consist of
green-gray metaquartzite and weathered light-red acidic tuff. The base-
ment rocks that underlie the sediments in the Hertford-Elizabeth City
area are probably analogous to similar types of rock in the Piedmont
province to the west.

No known Lower Cretaceous or Tuscaloosa sediments were penetrated by
the two test holes drilled as part of this investigation in the Hertford-
Elizabeth City area. The presence of these units at depth, unconformably
overlying basement rocks, is inferred from their presence and strati-
graphic relationship to the west in Halifax, Northampton, and Hertford
Counties, North Carolina (Mundorff, 1946; Brown, 1962), According to
P. M. Brown (oral commun., April 1963), the lower unnamed member of the
Black Creek Formation (Austin equivalent) of Late Cretaceous age was
deposited during a major regression of the sea. After this regression,
the upper Snow Hill Member of the Black Creek Formation (Taylor equivalent)
and the Peedee Formation (Navarro equivalent) of Late Cretaceous age were
deposited during a minor marine transgression from the southeast to the
northwest near the close of the Cretaceous Period. Local uplift in south-

eastern Virginia during lLate Cretaceous time, probably as a result of
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differential movement along the Hampton Roads-James River Fault (Ceder-
strom, 1945), resulted in progressive southward offlap of the Late
Cretaceous sediments (P. M. Brown, oral commun. April 1963).

After extensive erosion at the close of the Cretaceous Period,
the land surface was again submerged, and during the Paleocene Epoch,
the Beaufort Formation was deposited (P. M. Brown, oral commun. April
1963). The withdrawal of the early Tertiary sea was followed by an
extensive period of erosion prior to the deposition of Middle Miocene
sediments.

Middle Miocene sediments probably are present throughout the Hertford-
Elizabeth City area. These middle Miocene sediments and most of the over-
lying Yorktown Formation of late Miocene age were deposited during a major
marine transgression from the Northeast (P. M. Brown, oral commun., April
1963). The middle Miocene sediments lie in conformity with the Yorktown
Formations. Clay, sand, gravel, coquina, and shell marl in the upper
part of the Yorktown Formation were deposited during a major marine regres—
sion near the close of late Miocene time.

Unconformably overlying the Yorktown Formation are thin-post-Miocene

sediments of Quaternary age.
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GEOLOGIC FORMATIONS IN THE HERTFORD-ELIZABETH CITY AREA

Cretaceous System

Upper Cretaceous series

Black Creek Formation

The Black Creek Formation consists of a lower unnamed member and an
upper member, the Snow Hill Marl. The term "Black Creek" was used by
Sloan (1907, p. 12-14) for typical exposures of black laminated sand and
clay along Black Creek in Darlington and Florence Counties, South Carolina.
Stephenson (1923, p. 10) proposed the name Snow Hill Marl Member for the
upper 100 to 200 feet of the formation., The type locality for the Snow
Hill Marl member is along Contentnea Creek near Snow Hill, Green County,
North Carolina (Conrad, 1871).

The Snow Hill Marl member belongs to the upper part of the zone of
Exogyra ponderosa of the Atlantic and Gulf Coastal Plain (Stephenson,
1923, p. 10). The indicated correlation, therefore is with the Taylor
Group of the Gulf Coastal Plain and with the Matawan Group of the Atlantic

Coastal Plain (Stephenson, 1923, pl. 8). Subsurface evidence based on
microfossils —— Ostracoda and Foraminifera indicates that the lower
member is pre-Taylor in age and should be correlated with Austin equiva-
lents of the Gulf Coastal Plain and with the Magothy Formation of the
Atlantic Coastal Plain (Brown, 1959).

U. S. Geological Survey test holes did not penetrate the Black Creek
Formation in the Hertford-Elizabeth City area. It was penetrated by well
PA-38 in Pasquotank County, and the DuGrandlee Forman-1 oil-test in
Camden County (fig.3). In well PA-38, the formation consists of inter-
bedded red and yellow clays with iron-stained quartz sands (Snow Hill
Marl Member) from 1,040 to 1,115 feet below msl, and of interbedded blue
to gray clays and sands and some yellow clay (lower unnamed member) from
1,115 to 1,208 feet below msgl. In the DuGrandlee Forman-1 oil-test well,
the top of the Black Creek Formation is 1,124 feet below msl, the upper-
most occurrence of the ostracod Brachycythere sphenoides (Reuss) (Brown,

1958, p. 15).
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In the area of investigation, the Black Creek Formation strikes east-
northeast with a stratigraphic dip to the south-southeast (P. M. Brown,
oral commun., April 1963)w Its total thickness is unknown, as only 170
feet of Black Creek sediments was penetrated in well PA-38. Down-basin

for the Black Creek Formation is east-northeastward.

Peedee Formation

The name "Peedee'" was proposed by Ruffin (1843, p. 6-7) for a sedi-
mentary unit of Cretaceous age in Florence and Horry Counties, South
Carolina. Stephenson (Clark and others, 1912, p. 45) used the name
"Peedee" for equivalent sediments in North Carolina that he previously
(1907, p. 93-99) had referred to as the Ripley Formation.

According to Stephenson (1923, p. 13), the Peedee Formation belongs
to the zone of Exogyra costata of the Atlantic Coastal Plain, though

probably the uppermost part of the zone is not represented. Approximately
the lower half of the formation belongs to the Exogyra cancellata subzone.

Stephenson (1923, p. 48-58) discusses in detail the correlation of the

Peedee Formation, which is equivalent in part to the Navarro Group of the
Gulf Coastal Plain and in part to the Mommouth Group of the Atlantic
Coastal Plain. Recent studies by Brown (1957, p. 1-24) of Ostracoda in
the Peedee Formation substantiate Stepheunson's correlation.

Only the DuGrandlee Foreman-1 oil-test well and well PA-38 penetrate
the Peedee Formation (Navarro equivalent) in the Hertford-Elizabeth City
area. In the DuGrandlee Foreman-i oil-test well, the Peedee Formation
consists of interbedded sands and clays between 940 and 1,140 feet
below msl (Brown, 1958, p. 15). In well PA-38, the formation consists
of interbedded tan, yellow, purple, pink, and red clays and similarly
vari-colored iron-stained quartz sands of transitional fleood plain tidal
flat origin from 860 to 1,040 feet below msl. According to P, M. Brown
(oral commun., April 1963), the Peedee Formation is mnot present in the
northern part of the Hertford-Elizabeth City area.

In the area of investigation, the Peedee Formation strikes east-
northeast with a stratigraphic dip to the south-southeast (P. M., Brown,
oral commun., April 1963). The Peedee Formation conformably overlies

the Black Creek Formation
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Tertiary System

Paleocene series

Beaufort Formation

The name "Beaufort Formation" was proposed by Brown (1959, p. 13)
for sediments of Paleocene age in the Greenﬁille area (fig 1). The name
is derived from Beaufort County, where extensive deposits of Paleocene
age occur in the subsurface,

The lithology of the Beaufort Formation is diverse. In the northern
part of the Hertford-Elizabeth City area (test hole PA-T1-62, fig. 3),
it consists primarily of loosely consolidated quartz sand and glauconite
with a green-to-gray calcareous clay matrix and dense green glauconitic
clay in the upper 10 feet of section. This is underlain by medium- to
coarse-grained iron-stained quartz sand and gravel with interbedded red-
brown and orange-red clay of transitional flood plain tidal flat origin
from 15 to 36 feet below the top of the formation. The upper section
contains abundant brachiopod shells, coral fragments, sharks' teeth, jaw

plates of skates, and the foraminifer Nodosaria affinis (Reuss).

Glauconite content ranges from 30 to 50 percent in some of the sands.

In the southern part of the Hertford-Elizabeth City area (test hole
PA-T2-62, fig. 3), the Beaufort Formation consists of an impure limestone
underlain by glauconitic sand with a calcareous green-to-gray clay matrix
grading downward into sandy glauconitic clay. Iron-stained quartz sand
is commonly interbedded with the glauconitic sands and clays; thin
indurated shell marls occur in the upper part of the glauconitic sand.
The glaucbnitic sand and clay contain abundant brachiopod shell fragments

and Nodosaria affinis (Reuss) foraminifer. Angular black fine sand to

medium gravel phosphate is prominent in the uppermost part of the lime-
stone. The base of the Beaufort Formation was not penetrated by either
of the two Pasquotank County test holes.

The location of the top of the Paleocene is based on Ostracoda
occurrence in both of the Pasquotank County test holes. In the DuGrand-
lee Foreman-1 test-well in Camden County, the top Paleocene boundary is

674 feet below msl at the uppermost occurrence of Ostracoda Trachyleberis

spiniferrima (Jones and Sherborn) and Brachycythere interrasilis Alexander
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(Brown, 1958, p. 15). The boundary is the top of a glauconitic sand,

shell, and clay unit overlain by 30 feet of limestone. The top of the
Paleocene should be raised to include these limestones which formerly

were thought to be of Eocene(?) age (Brown, 1958, p. 15).

In well PA-38 in east—central Pasquotank County, blue-to-gray and
black clay and shell occurs from 650 to 780 feet below msl within the
glauconitic sand.

The Beaufort Formation conformably overlies Upper Cretaceous Taylor
and Navarro equivalents in the southern part of the Hertford-Elizabeth
City area. The Beaufort Formation unconformably overlies Upper Cretaceous
Austin equivalents in the central part and the Upper Cretaceous Tuscaloosa
Formation in the northern part of the area (P. M. Brown, oral commun.,
April 1963).

Test hole PA-T1-62 penetrated 347 feet, and test hole PA-T2-62
penetrated 259 feet of Beaufort Formation. The structural dip of the

Beaufort Formation increases rapidly eastward.
Miocene series

Middle Miocene - Undifferentiated - Unnamed Unit

Sediments of probable middle Miocene age in the Hertford-Elizabeth
City area differ both in fossil content and lithology from the typical
middle Miocene phosphorite deposits (Calvert equivalent of Beaufort
County (Brown, 1958, 1959). According to P. M. Brown (written commun, ,
October 1962), guide Foraminifera for the middle Miocene in the area of

investigation are not completely tested. Siphogenerina lamellata

Cushman and other foraminifers, common in the middle Miocene sediments
of Beaufort County (phosphorite equivalent) (Brown, 1959) were not found
in the area of investigation. Because of the lack of diagnostic fossils,
P. M. Brown defined the top boundary of the middle Miocene unit on the

basis of abundance of the Foraminifera Nonionella auris (d'Orbigny) and

Nonion pizzarense W. Berry.
In the northern part of the Hertford-Elizabeth City area (test hole
PA-T1-62, fig. 3), sediments of probable middle Miocene age between 158

and 340 feet below msl consist of interbedded glauconitic quartz sand,

calcareous green-to-gray glauconitic clay and indurated shell marl, and
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and green-to-gray sandy clay. The uppermost 16 feet of the middle Miocene
unit is phasphatic quartz sand composed of angular polished quartz, glau-
conite, and 15 to 20 percent angular black phosphate in a gray clay matrix.
The gamma-ray log of this test hole indicates a highly phosphatic zone

at the base of the middle Miocene unit.

In the southern part of the area of investigation (test hole PA-T2-62,
fig. 3), sediments of probable middle Miocene age between 236 and 454
feet below msl consist primarily of hard, blue-gray, slightly calcareous
clay and some white clay and scaphopod, pelecypod, and gastropod shells.
Gray calcareous quartz sand containing 10 percent angular black phosphate
is common within the lower 30 feet. Five feet of medium-grained phosphatic
quartz sand and clay containing 15 percent angular black phosphate occurs
at the base of the unit. In the southern part of the Hertford-Elizabeth
City area, the lithology of the upper part of the middle Miocene unit is
similar to that of the overlying Yorktown Formation. '

In the area of investigation the ﬁiddle Miocene unit strikes mnorth-
northeast with a stratigraphic dip to the south-southeast. It rests
unconformably on the Beaufort Formation of Paleocene age and is overlain
with apparent conformity by the Yorktown Formation of late Miocene age.

It is 182 and 218 feet thick in test holes PA-T1-62 and PA-T2-62 in the
northern and southern parts of Pasquotank County, respectively. About

75 feet of middle Miocene sediments was penetrated by well PA-135 in east-
central Pasquotank County at the west margin of the Currituck Basin
(Lohman, 1936).

A highly phosphatic zone occurs at the base of the middle Miocené
unit in Pasquotank County. Westward in Perquimans County this zone occurs
progressively higher in the middle Miocene unit. The phosphatic zone is
easily detected from lithic and gamma-ray logs. In Pasquotank County the
angular black phosphate has probably been derived from the underlying

limestone in the Beaufort Formation.

Yorktown Formation

The Yorktown Formation of late Miocene age was named from exposures
near Yorktown, Virginia (Clark and Miller, 1906). At its type locality
it consists predominantly of coquina beds of fragmental marine molluscan

shells cemented by calcium carbonate (Ruhle, 1962a, 1962b). Where it
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extends into North Carolina from the type locality 1n Virginia, the
Yorktown Formation may include elements mapped elsewhere as the Saint
Marys Formation (Brown, 1959 ).

In the Hertford-Elizabeth City area, the Yorktown Formation counsists
of soft-to-hard, massive, blue-to-gray, marine clay and sandy clay.
These sediments are overlain by coquina, sandy gravel, and clay medium-
to coarse-grained quartz sand, and shell with locally intercalated
lenses of sandy clay and blue-gray mud. The coquina-gravel-sand part of
this section is composed of an indurated shell marl, which contains

Turritella altricostata Conrad, and is present throughout most of the

area of investigation, The upper part of the blue-to-gray sandy clay
contains abundant Turritella, coral, scaphopod, scallop, oyster, and
clam-shell fragments. In parts of the area of investigation, the upper
part contains an intercalated medium-to-coarse-grained quartz sand of
littoral to near-shore marine origin.

The Yorktown Formation strikes north-northeast with a stratigraphic
dip to the east-southeast. In the area of investigation it conformably
overlies middle Miocene undifferentiated sediments and is unconformably
overlain by sediments of post-Miocene age.

In the western half of the area of investigation, the Yorktown Forma-
tion ranges in thickness from 130 to 325 feet. The Yorktown Formation
thickens appreciably along strike 1u the eastern part of the area into
the Currituck Basin, where 660 feet of Miocene sediments have been
reported by Richards (1945) in the DuGrandlee Foreman-1 oil-test well.

No subdivision of the Miocene sediments by microfossil occurrence has
as yet been accomplished in the eastern half of the area of investigation.

The top boundary of the Yorktown Formation i= highly irregular;
relief of more than 160 feet occurs ou this surface (fig. 4). The top
boundary of the Yorktown Formation was penetrated by auger and test holes
and was chosen on the basis of the uppermost occurrence of the Ostracoda

Hemicythere conradi Howe and McGuirt, Hemicythere confragosa Edwards,

Loxoconcha purisubrhomboidea (instar) Edwards, and Trachyleberis vaughani

(Brown, 1958) or the Foraminifera Textularia candelana, Textularia sp.,

Cancris sagra, Cpiroplectammina gracilis, Massilina mansfieldl, Massilina

marylandica, Cibicides americanus, Amphistegina lessoni, Astergerina sp.,

and Sipiroloculina depressa (Henbest, 1n Henbest, Lohman, and Mansfield,

1939; Cushman and Cahill, 193%). The top boundary of the Yorktown Forma-

tion in the Water Lilly oil-test wells is based oun J1thology.
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Quaternary System

Post-Miocene series

The surficial post-Miocene sediments in the Hertford-Elizabeth City
area are barrier and sand-ridge deposits, interridge deposits, recent
littoral and supralittoral sediments, swamp deposits, and river alluvium,

The location of post-Miocene barrier sand ridges and the modern
Currituck Beach barrier sand ridge in northeastern North Carolina 1is
shown in figure 5. From west to east these are Sandy Ridge, Camden Ridge,
Pungo-Powells Point Ridge, Aydlett "Narrow Shore" Ridge, and Knotts Island
Ridge. The barrier-ridge deposits consisting of littoral sand, gravel,
and shell deposits serve as recharge areas to the unconfined water table,
owing to their high permeability due to retaining precipitation with
little or no runoff.

A prominent 1.5-foot thick shell bed forms the crest of the Knotts
Island Ridge on Currituck Sound at Church Island. The following species
of mollusks have been identified from Ruhle (1962): The oyster Crassostrea

virginica (Gmelin); the clams Anadara ovalis (Burguiere), and Mercenaria

campechiensis (Gmelin); the snails, Littorina irrorata (Say), the scallop

Pecten irradians Lamarck; and the conchs Busycon canliculatum (Linne) and

B. caricum (Gmelin). All suggest that the shell bed is of Pleistocene
age. Interridge deposits consist mainly of clay, silt, mud, and sand.
Recent littoral sediments in the area include the beach and dune
sands of the modern Currituck Beach barrier ridge. Supralittoral sedi-
ments include tidal marsh, lagoon, and bay mud of Currituck and Albemarle
Sounds. Swamp deposits consist of clay and peat, probably of fresh-water

origin.
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GROUND- WATER HYDROLOGY

Hydrologic Cycle

The earth has a constant volume of water that is continually being
exchanged between the earth and the atmosphere. The continuous circu-
lation of water in its various forms has been termed the hydrologic cycle,
and the study of the many complex and interrelation phases of the hydro-
logic cycle is the science ;f hydrology.

This report describes some of the physical and geological factors
that govern the amount, availability, and chemical quality of water in
that part of the hydrologic system beneath the land surface in the
Hertford-Elizabeth City area.

Source and Occurrence of Ground Water

Groupd water is the subsurface water in the zone of saturation—-
the zone in which all pore spaces are filled with water under positive
hydrostatic head. The water in the zone of saturation is derived from
precipitation. When precipitation reaches the land surface, most of it
rusn off on the surface to streams and lakes, some evaporates from the
surface, and some percolates into the ground. 0f the water that per-
colates into the ground, some may be later transpired by plants or
evaporated from the soil. The remainder moves downward through the
zone of aeration to the top of the zone of saturation which is called
the water table. Water that has reached the zoune of saturation 1is
available to supply springs, streams, and wells and is referred to as
ground water.

Water in the zone of saturation moves laterally under the influence
of gravity toward a place of discharge at land surface, such as well,
spring, stream, swamp, lake, or ocean. The movement of water in an
aquifer may take place under artesian or nonartesian (water—table)
conditions. Ground water occurs as nonartesian water when its surface
is free to rise and fall. Principal factors causing rise or fall of the
water table are variations in precipitation, transpiration, and tidal
levels. Ground water occurs as artesian water when its surface is not

free to rise and fall, owing to impermeable confining layers. The term
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"artesian" is applied to water, which is under sufficient positive
hydrostatic pressure to rise above the top of the permeable zone contain-
ing it, although no necessarily above the land surface. The artesian or
piezometric surface is the surface that represents the height to which
water will rise in tightly cased wells penetrating a given artesian
aquifer.

A lithic unit that is capable of storing water and of transmitting
usable quantities of water to wells or springs is called an aquifer.
Two major classes of aquifers are: water-table and artesian. The term
aquifer is relative and denotes no fixed volume of recoverable water.
An aquiclude or confining layer is a lithic unit that does mnot yield

water,

Water—-Bearing Properties of Aquifers

The quantity of water that may be safely withdrawn from any aquifer
is dependent on the water-transmitting and water-storing capacities of
the aquifer and the amount of water available for recharge to the aquifer.
If discharge of water from an aquifer exceeds recharge to it, the water
table or the piezometric surface declines.

Permeability, the capacity of a lithic unit for transmitting fluids,
is expressed in terms of the rate of flow of water in gallons a day
through an area of 1 square foot under a unit hydraulic gradient. In
general, the permeability of a lithic unit is determined by the size
and shape of its pore spaces and the manner in which they are connected.
Porosity is the ratio of volume of voids, or pore spaces, to the volume
of solid material. Porosity is a function of the size, shape, assort-
ment, and cementation of the solid components of a lithic unit. Porosity
and permeability are not necessarily proportional. Clay has a high por-
osity because it has a large volume of pore space. However, because
the individual pore spaces in clay are small, little water is transmitted
under the hydraulic gradients that normally exist in nature. Lithic

units of high permeability are aquifers.
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Recharge and Discharge

Areas in which aquifers are replenished are called recharge areas;
those in which water is lost from aquifers are called discharge area.
Withdrawals from artesian aquifers by wells in recharge areas may
increase the gradient between the water-table and the aquifers. This
increase in gradient results in an increase in the amount of recharge
to the artesian aquifer. Conversely, withdrawals of water in discharge
areas by wells salvage a part of the natural discharge.

In the Hertford-Elizabeth City area water is lost from the water-
table aquifer by natural discharge into surface streams and sounds, by
downward seepage into artesian aquifers of the Yorktown Formation in
those areas where the water table stands higher than the artesian pres-
sure head (figs° By 6), by withdrawal of water from the water—table
aquifer through wells, and by evaporation and transpiration. The water-
table aquifer is recharged principally by local rainfall, but it also
receives a small amount of recharge from upward seepage of artesian
water in areas where the Yorktown, middle Miocene, Beaufort, and
Cretaceous aquifer artesian-pressure heads are higher than the water
table.

An artesian aquifer may be recharged by precipitation in areas where
permeable beds are at the surface, by seepage of water through overlying
and underlying semiconfining layers in the subsurface, and by water
entering through relatively permeable zones in the confining layers 1n
response to variations in artesian and water-table pressure heads. In
the Hertford-Elizabeth City area, the principal artesian aquifers--the
Yorktown aquifers--are recharged by the downward seepage of water from
the water—-table aquifer through confining layers. The Yorktown aquifers
are recharged in those parts of the area where the water table stands
higher than the Yorktown artesian pressure heads (figs. 5, 6). Water
is discharged from the Yorktown artesian aquifers by upward seepage
through the confining layers where the artesian pressure heads stand
higher than the water table (figs. 5 6). Wells also withdraw large
guantities of water from these artesian aquifers. At Elizabeth City,
recharge has been effected by artificially induced infiltration of water

from streams into the shallower aquifers. This reversal of the normal
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ground-water gradient is caused by the development, because of pumping,
of a cone of depression in either the water-table or piezometric surface
that has access to a surface stream or other body of water.

In the Hertford-Elizabeth City area, the Miocene strata beneath the
Yorktown aquifers consist of nearly impermeable sandy clays containing
lenticular sand and shell beds. These Miocene strata are saturated with
water, but because of their low permeability they do not yield water to
wells. However, these strata are of major hydrologic importance as a
source of recharge to the underlying sand and limestone aquifers of
Cretaceous and Paleocene age. To some extent the downward leakage of
water from the Miocene strata may dilute the saline water that is preva-
lent in the Cretaceous and Paleocene aquifers of the Hertford-Elizabeth
City area. Chloride-ion concentrations ranging from 300 to 1,000 ppm
are common for water in these aquifers in some parts of the area.

(See fig. 7)

Recovery of Water

General features

Ground water may be recovered from wells or springs. At present,
all ground-water supplies in the Hertford-Elizabeth City area are
obtained from wells. The springs which originate in peat deposits north
of Aydlett along Currituck Sound formerly were a source for domestic
water supplies. Wells are classified according to their method of con-
struction; dug wells, bored wells, driven wells, and drilled wells. In
order of decreasing prevalence, well types in the Hertford-Elizabeth
City area are; dug wells, driven wells, jetted-drilled wells, rotary-
drilled wells, and drilled cable-tool wells.

Dug wells

Dug wells are large-diameter holes deep enough to reach the water
table. The dug well is excavated manually, and cribbing consisting of
terra cotta, wood, tile, brick, concrete, or stone is placed to retain
the sides of the wells. Curbing is installed at the top of the hole to

prevent surface-water runoff from seeping into the well which might
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contaminate the ground-water supply. Such wells in the Hertford-Elizabeth
City area, 10 to 30 feet deep, are generally dug during the summer and

fall when seasonal ground-water levels are at their lowest.
Bored wells

Bored wells are excavated by means of hand or power augers. The
depth of such excavations is dependent upon the nature of the material
penetrated and upon the location of the water table. The larger holes
are lined with tile, concrete, or stone; the smaller holes are cased
with a metal pipe perforated at the depth of the water-bearing formation

or to which a screened well point is attached.
Driven wells

To construct a driven well, a screened well point attached to a
length of pipe is driven into the ground either manually or mechanically.
Successive lenghts of pipe are attached and driven until the screened
well point is in a water-bearing zone. Driven wells range from 1 to 2
inches in diameter; few are more than 40 feet deep. These wells are
common in the Hertford-Elizabeth City area and generally yield 2 to 10

gpm (gallons per minute).
Drilled wells

Drilled wells are of three main types; the jetted well, the cable-
tool well, and the rotary well.

Jetted Wells

Jetted wells are constructed by pumping water down a drill stem and
out through a drill bit, loosening material by force of the water and
bringing-it to the surface by the return stream of water. In drilling
through consolidated formations, the bit is alternately raised and
dropped in the hole. The cutting action of the bit augments the jetting

action of the water and the drill stem is "rocked" back and forth during
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the drilling operation in order to insure a straight hole. Casing is
emplaced around the drill stem as the hole becomes progressively deeper,

or it may be set in one complete operation after drilling.

Cable-Tool Wells

To construct a well by the cable-tool method, a string of tools
consisting of cable socket, sinker bar, jars, auger stem, and bit is
attached to a cable and alternatley raised and dropped in the hole. The
percussion action of the bit, motivated by a walking beam, causes the
rock to be broken and crushed in the hole. When sufficient cuttings have
accumulated in the hole, the tools are withdrawn and cuttings are removed
by a bailer or sand pump. As drilling progresses, casing is emplaced
successively until competent rock is reached and caving is mno longer a
danger. Cable-tool wells are not common in the Hertford-Elizabeth City

area.

Rotary Wells

To construct a well by the rotary method, a bit attached to a length
of drill stem is rotated in the hole. Drilling fluid of clay suspended
in water is pumped down the drill stem, out through the bit, and is
returned to the surface through the drilled hole. The drilling fluid
carries the well cuttings to the surface and because it contains clay
also seals the sides of the hole and serves to prevent caving during
drilling. Casing may be set behind the bit as drilling progresses or it
may be installed in one complete operation after drilling.

A common type of rotary-constructed well in the Hertford-Elizabeth
City area is referred to as a "gravel-wall" well. This well is a stand-
ard rotary hole reamed at screening depth to a diameter greater than the
desired diameter of the casing. Sized gravel is forced or fed by gravity
into the hole to form a gravel envelope about the screens thereby increas-
ing their effective diameter. The advantage of this method is that the
outer edge of the gravel envelope serves as a sediment trap for sand-
sized particles, thus minimizing some of the error involved in emplacing

the well screens and in determining the correct size of screen opening.
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Owing to the thin clay-bearing lenticular nature of the Yorktown aquifers
and post-Miocene water-bearing zones 1n the Hertford-Elizabeth City area,
difficulty is experienced in placing screens succeszfully, and ordinary

screened wells rarely yield as much water as gravel-walled wells of com-

parable depth.

Hydrologic Principles

The natural level of water in a well, prior to pumping, i 1n
equilibrium with the water level in the surrounding aquifer and 1s
called the static water level, When pumping commences, the water level
in the well falls. The verticle distance that the water level is 1Low-
ered at any time in or near the well by pumping iz termed "drawdown',
and is more or less proportional to -the pumping rate. Az a well 12
pumped the water table or piezometric surface assumes the approximate
shape of an inverted cone having its apex at the center of withdrawal.
This is called the "cone of depression" and the area within the perim-
eter of the cone is termed the "area of influence.” The =ize, shape,
and rate of growth of the cone of depression and 1ts corresponding area
of influence depend on several factors: (1) the water-transmitting and
water-storing capacities of the aquifer, (2) the rate of pumping, and
(3) the increase in recharge resulting from the decline in the water
levels.

The quantity of water that may be pumped from a well or group of
wells in the Hertford-Elizabeth City area is limited by the drawdown
that may be maintained without causing the wmineral content of the water
to become intolerable. In areas adjacent te the sounds and the tidal
reaches of rivers, the yield is determined by the extent to which water
levels may be lowered without causing brackish or zaline water to move
into the aquifers. In interstream areas and areas more remote from
tidal reaches of surface water, the yield if determined by the depth
to which water levels may be lowered without inducing an excessglve
upward movement of saline water from lower zones of an aquifer or from
underlying aquifers.

The capacity of a well defined as the amount of water, measured in
gallons per minute, that it will yvield coatinuously over a given period

of time depends on permeability and recharge of the aquifer.
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The specific capacity of a well is the amount of water produced in
gallons per minute per foot of drawdown measured within the well.

Specific yield of a well is the actual amount of water in gallons
per minute per foot of drawdown measured in the aquifer adjacent to the
well that a well will produce for a given period of pumping.

Well efficiency depends on such variables as choice of screen size,
size of gravel in the gravel pack, pressence or absence of clay in the
gravel pack, density spacity of gravel in the gravel pack, and turbulence
in the pump, pipe, well screens and gravel pack. It is defined as the

percent ratio of the specific yield to the specific capacity of a well.
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PRINCIPAL AQUIFERS AND THEIR HYDROLOGIC CHARACTERISTICS

Ten aquifers are defined in the Hertford-Elizabeth City area; one
aquifer in sands of Cretaceous age, five aquifers in sands and of the
Paleocene Beaufort Formation, one aquifer in sands and silts of middle
Miocene age, two aquifers in sand and shell beds of the upper Miocene
Yorktown Formation, and the unconfined water-table aquifer in sands of

post-Miocene age.

Cretaceous Aquifer

The one Cretaceous aquifer is known to contain only saline water
of unusable quality. There are no wells in the area which are known to

draw water from it.

Beaufort Aquifers

The five Beaufort aquifers yield saline and brackish water in the
Hertford-Elizabeth City area to a few wells which provide domestic water
supplies.

Water in the Beaufort aquifers under artesian pressure rises from
1 to 8 feet above land surface in wells in the interstream areas. Along
Sandy Ridge water levels in wells in these aquifers lie as much as 32
feet below the land surface. .

The diameter of most of the wells in the Beaufort aquifers is 2
inches or 4 inches. They yield 10 to 20 gpm; their specific yields
range from 0.17 to 0.74 gpm per foot of drawdown.

Middle Miocene Aquifers

Middle Miocene aquifers contain brackish water and are not generally
utilized as a source of water supply in the Hertford-Elizabeth City area.
At Newland School in northern Pasquotank County, water from these aqui-
fers is under artesian pressure (PA-T1-62), The piezometric surface of
middle Miocene aquifer 1 is 2 feet above the land surfaée, and of aqui-
fer 2, 8 feet below the land surface. Water from middle Miocene aquifer

2, 170 to 180 feet below the land surface, has a chloride content of
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about 380 ppm and an iron content of about 0.3 ppm. Compared to the
quality of water from other aquifers in the Newland School area (table 7,
fig. 13), water from middle Miocene aquifer 2 is of better chemical
quality and is a potential source of domestic and industrial supply in

this part of the Hertford-Elizabeth City area.

Yorktown Aquifers

Two aquifers are defined in the upper part of the Yorktown Forma-
tion of the Hertford-Elizabeth City area. The lower aquifer of the
Yorktown Formation is absent in most of Pasquotank and Perquimans Counties.
The upper aquifer of the Yorktown Formation is present throughout the
Hertford-Elizabeth City area with the exception of Harveys Neck in south-
western Perquimans County where auger hole PE-A5-62 penetrated clay at a
depth of 129 feet below msl (fig. 6).

Yorktown lower aquifer

Where present, the Yorktown lower aquifer is 10 to 20 feet thick,
occurring between 120 feet and 175 feet below land surface. It consists
of medium- to coarse-grained quartz sand and shell. In the east-central
part of Pasquotank County and in the southern part of Camden County,
these quartz sands grade both downward and laterally into loosely con-
solidated to indurated shell marl. The marl in the east-central part
of Currituck County grades laterally into shell limestone, and grades
downward into a unit composed of glauconitic quartz sand with interbedded
quartz sand and shell marl. The interbedded marl is composed of oyster,
scallop, and conch shells. On Church Island in Currituck Cotnty, the
limestone-glauconitic quartz sand section has a thickness of 100 to 150
feet.

Water in the Yorktown lower aquifer is under artesian pressure. All
the wells that obtain water from this aquifer are 13 to 2 inch-diameter
single-screen wells., Individual wells yield 5 to 12 gpm; yields of from
20 to 40 gpm are common where the aquifer is at its greatest depth below
mean sea level in southern Camden County. Specific yields range from
0.20 to 0.28 gpm per foot of drawdown in most of the area, but range from
0.80 to 1.60 gpm per foot of drawdown in southern Camden County (tables
2, 4, 6).
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The piezometric surface of the Yorktown lower aquifer is above mean
sea level in the Hertford-Elizabeth City area, except in southeastern
Pasquotank and southwestern Camden Counties where pumping has created
large cones of depression. Water from those parts of the aquifer having
an artesian head greater than 5 feet above msl generally is fresh.

The Yorktown lower aquifer is recharged locally by downward leakage
from the water-table aquifer (post-Miocene surficial sands) and from
the Yorktown upper aquifer., In general, the piezometric surface of the

Yorktown lower aquifer decreases in altitude to the southeast.
Yorktown upper aquifer

The Yorktown upper aquifer occurs between 45 and 100 feet below
land surface. Throughout most of the area 1t averages 50 feet in thick-
ness, ranging in thickness from 25 to 85 feet. A generalized section
of the aquifer at Elizabeth City consists of 20 feet of iron-stained,
yellow, medium-grained quartz sand, underlain by 15 feet of yellow,
fine— to medium-grained quartz sand, 15 feet of gray to blue mud and
clay, 10 feet of gray, fine- to coarse-grained sand, 10 feet of gray
coarse-grained quartz sand shell, 7 feet of indurated shell marl, and
5 feet of gray fine-grained quartz sand. The Yorktown upper aquifer
is generally separated from the Yorktown lower aquifer by a clay aqui-
clude 10 to 20 feet thick. In the Dismal Swamp area, to the west of
Elizabeth City, neither the clay aquiclude within the Yorktown upper
aquifer nor the clay aquiclude between the water—table aquifer and the
Yorktown upper aquifer is present. In this area the post-Miocene and
Yorktown sand aquifers are both hydrologically and lithologically
continuous (Lohman, 1936; Mundorff, 1947).

The water in the Yorktown upper aquifer is under artesian pressure.
Most of the wells in this aquifer are jetted or driven, 4- to 2-inch
diameter, single-screen wells. Large diameter 6 to 10 inch, drilled,
gravel-walled, multiple screen wells obtain water from the Yorktown
upper aquifer for part of the municipal water supply of Elizabeth City
and Hertford and for the U. S, Department of Defense at Harveys Point
in Perquimans County. Small-diameter wells yield from 1 to 50 gpm;
large—-diameter gravel-walled wells yield from 95 to 385 gpm. The speci-
fic yields for small-diameter wells range from 0.20 to 2.50 gpm per foot

(=}
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of drawdown, and for large diameter wells range from 2.95 to 10.00 gpm
per foot of drawdown (tables 2, 4, 6, 8). The artesian head in the
Yorktown upper aquifer is above mean sea level throughout most of the
aquifer area (fig. 6). However, in areas which have been subjected to
heavy pumping the piezometric surface is now below mean sea level.
Cones of depression having a maximum negative head of 1 foot below msl
have developed near the towns of Moyock in Currituck County, 0ld Trap,
Chantilly, and Camden-Belcross-Hastings Corner in Camden County, and
Symonds Creek and Newland School in Pasquotank County (fig. 6). The
cone of depression developed in the Yorktown upper aquifer near Elizabeth
City has a maximum negative head of 38 feet below msl (fig. 6). Specific
yields range from 0.13 to 0.32 gpm per foot of drawdown (tables 2, 4, 6, 8).
The chemical quality of the water from the Yorktown upper aquifer
is generally acceptable for domestic purposes except in parts of southern
Pasquotank and Camden Counties, along Albemarle Sound and the lower
Pasquotank and Little Rivers, and in parts of northeastern Currituck
County along Currituck Sound, Tull Creek, and Coinjock Bay where the water
is saline (table 9).

Water-Table Aquifer

The uppermost aquifer of the Hertford-Elizabeth City area is in
surficial sands of post-Miocene age. These sands, containing unconfined
ground water, furnish water to more wells in the area than any other
aquifer, Sands in this unit between thin beds of clay range from fine
to coarse grained and poorly sorted to well sorted. In the vicinity of
Elizabeth City, the aquifer consists of 13 feet of fine-grained sand
underlain by 6 feet of medium- to coarse-grained sand. It is generally
separated from the underlying Yorktown upper aquifer by 5 to 40 feet of
clay, and locally is overlain by about 8 feet of sandy clay and 3 feet
of soil.

Water levels in this aquifer show large fluctuations in response to
seasonal variations in rainfall and evapotranspiration. Wells in this
aquifer are shallow 14-to 2-inch diameter driven wells or 12- to 30-inch
diameter dug wells, generally not greater than 25 to 35 feet deep, which
may yield from 2 to 10 gpm. Gravel-walled 2-inch diameter driven wells

furnish 7 to 15 gpm each from the Elizabeth City municipal well field.
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Gravel-walled 8—inch diameter drilled test wells at the Elizabeth City
municipal well field yiéld 20 to 62 gpm from the water-table aquifer.
Specific yields for the large-diameter wells range from 0.88 to 3.33 gpm
per foot of drawdown (table 6).

Water-level records show that seasonal fluctuations in the water
table are large, but for a 30-year period there has been no long-term
rise or decline in water levels (fig. 8).

The chemical quality of water from the water-table aquifer is
suitable for domestic use. The water is soft, generally corrosive and
highly colored, but it may contain objectionable amounts of iron.

The water-table aquifer is recharged by precipitation and by upward
leakage of underlying artesian aquifers. Springs that occur in the peat
bed at the base of the Aydlett "Narrow Shore" Ridge north of Aydlett,
Currituck County, discharge into Currituck Sound (fig. 5))
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QUALITY OF WATER

By

H. B. Wilder

Introduction

An adequate appraisal of the ground-water resources of an area must
include consideration of data of the quality of water available as well
as the quantity. Chemical and physical quality of water govern its use.
Chemical quality commonly refers to the types and amounts of mineral
constituents dissolved in water, and physical quality to temperatue, taste,
odor, and appearance of the water.

Information bearing upon quality of water is an important factor
influencing location or relocation of industries in a community. Muni-
cipalities that find it necessary to expand public-water supplies require
detailed data about the quality of local ground water to ascertain if it
can be supplied more economically than surface water. As irrigation be-
comes more important in farming, the need for data on the mineral content
of ground water in agricultural areas becomes critical. This is particu-
larly true in the Coastal Plain province of North Carolina. Although
much of the well water available can be used for irrigation, a signifi-
cant part of it would be harmful to crops and to the physical and chemical
properties of the soil.

The Hertford-Elizabeth City area is fortunate, because an adequate
amount of water can be obtained from wells anywhere in the area. However,
the quality of this water varies greatly both areally and with depth.
Decisions concerning its use must be based upon careful study of all the
information available relative to quality. Frequently a difference of
only a few feet in the depth of a well will determine whether or not the

water obtained will be suitable for a specific purpose.

Geochemistry

A discussion of a few basic principles relating to the geology and
the chemical quality of water in the Hertford-Elizabeth City area will
provide a better understanding of the ground-water problems. The three

major objectionable features of the chemical quality of ground water in
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this area are iron, hardness, and chloride. FEach of these is directly

related to the geologic environment in which the water exists.
Carbon dioxide (C€O,)

Carbon dioxide in solution reacts with water to form carbonic
acid, which increases the solvent action of water on many rocks and
minerals. In its passage through the atmosphere rainwater dissolves
carbon dioxide from the air in amounts ranging from 0.5 to 2.0 ppm
(Nordell, 1961). The pH of rainfall in North Carolina ranges from
4.0 to 5.5 (oral commun., 1963, R. L. Laney, USGS). In the upper soil
horizons decaying organic matter and the metabolic processes of plant
roots furnish additional carbon dioxide to water percolating to the
water table, The amount of gas dissolved after water enters the soil
far exceeds that dissolved from the atmosphere (Hem, 1959).

Common compbunds of iron and the carbonates of calcium and
magnesium are particularly susceptible to solution by slightly acidic
waters. The characteristically high iron content and hardness of much
of the potable ground waters of the Hertford-Elizabeth City area is
indirectly due to carbon dioxide dissolved by water before it reaches

the water table.
Shell material

During the deposition of Coastal Plain sediments, a considerable
amount of shell material was deposited with the sand, silt, clay, and
marl. Shell fragments are found in most of the water-bearing zones
in the Hertford-Elizabeth City area. This material is composed primarily
of calcium carbonate which is readily soluble in acidic water. Shell
fragments are most important, geochemically, in the late Miocene sedi-
ments. Slightly acidic waters percolating downward to the water table
pass directly into coquina or shell marl of late Miocene age, rapidly
dissolve calcium and magnesium carbonate, and become hard. Most, it
not all, of the objectionable hard fresh waters in the area are a

result of the carbon dioxide-bearing waters reacting with shell material.
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Residual sea water

With the exception of parts of the water-table aquifer, all of the
water-bearing zones in the Hertford-Elizabeth City area were saturated
with sea water either during or subsequent to the time of their deposi-
tion. Since the most recent withdrawal of the ocean, fresh water
originating from rainfall has gradually been flushing the salt water
from these aquifers. In the area of investigation, the deeper aquifers,
although partially flushed, still retain this residual sea water, much

of which is too saline to be useful.

Chemical Quality

During this investigation 138 water samples were collected in the
Hertford-Elizabeth City area and 2 to 15 individual chemical and physical
determinations were made on each of the samples. In addition to these
samples, other analyses were available for reference in the files of the
Quality of Water Branch of the U, S. Geological Survey, and several
recorded analyses were obtained from the Elizabeth City Department of
Water Works. Samples not collected specifically for this study are not
included in the tables of chemical analyses in this report, but they
were valuable in formulating the discussions and interpretations of the
chemical quality of ground water in the area.

Unless otherwise noted, results of the chemical analyses are
reported in parts per million by weight (ppm). For example, a sample
with a chloride concentration of 250 ppm would contain 250 pounds of
dissolved chloride in each one million pounds of water. Parts per
million may be converted to grains per U. S. gallon by dividing the
reported ppm by 17.1.

A discussion of the significant analytical determinations made upon

the water samples used in this report follows.
Silica (Si0y)
Silica in ground waters results from chemical and physical decom-

position of silicate minerals which are abundant in most rocks. The

chemistry of the element silicon when dissolved in water is rather
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complex, and, for simplicity, it is commonly considered to exist in
particles of amorphous silica of subcolloidal size. These particles
exhibit some properties of both true solutes and true colloids. Silica
is reported in the analyses as being dissolved, but is not considered
to enter into the ionic equilibria of the solution.

Silica is of little significance for domestic and most industrial
users, but it forms a hard scale in high pressure boilers and steam
turbines when present in solution with calcium and magnesium.

Silica in the Hertford-Elizabeth City area ranges from about 4,1 +to
72 ppm. The highest concentrations occur in waters obtained from aqui-

fers which have large amounts of shell material.
Iron (Fe)

Iron compounds are present in most lithic units. The amount found
dissolved in ground water is controlled to a large extent by the chemical
characteristics acquired by a water before it enters the unit. Iron is
particularly susceptible to solution by the slightly acidic water most
common in the water—table aquifer, therefore, water obtained from this
aquifer usually has a high concentration of iron. In areas where the
Yorktown upper and lower aquifers are being recharged from the water-
table aquifer, dissolved iron is carried down into them and may be retained
in solution at considerable depth.

Iron exists in two chemical-oxidation states--ferrous iron, which is
soluble in natural waters, and ferric iron, which is insoluble. When
water containing large amounts of ferrous (soluble) iron is withdrawn
from a well and exposed to the atmosphere, the dissolved iron is oxidized
by atmospheric oxygen to ferric (insoluble) iron, and precipitates as
red-brown ferric hydroxide (FeOH;). Therefore, water containing dis-
solved iron may be clear when withdrawn from the ground, but becomes
turbid from the rusty iron precipitate.

Iron in amounts as much as 0.3 ppm is not objectionable for most
uses. Greater concentrations stain laundry, porcelain fixtures, utensils,
etc. Some industries, particularly those producing textiles, processing
food, and manufacturing paper require water which is essentially iron
free. Iron is not difficult to remove from water, and where more satis-

factory supplies are not available it can be economically eliminated.
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In the Hertford-Elizabeth City area, iron concentrations in ground
water have been observed to range from 0.01 to 27 ppm; in general, the
iron content of water becomes progressively less with depth of the

aquifers.,

Calcium (Ca) and Magnesium (Mg)

Calcium and magnesium, which are dissimilar in many of their chemical
reactions, are usually considered together when evaluating the utility
of a water because of their parallel importance in hardness and formation
of scale.

Because of large amounts of shell in many of the lithic units, fresh
ground waters in the Coastal Plain of North Carolina generally contain
higher concentrations of calcium than of magnesium. Calcium salts are
more insoluble than those of magnesium and, where scale formation is a
factor, calcium causes more scale to form than magnesium.

Sea water contains about three times as much magnesium as calcium.
High concentrations of magnesium in ground waters of the Hertford-
Elizabeth City area are attributable to the presence of residual sea
water too saline for most uses. Occasionally, wells may penetrate
localized deposits of dolomite or high-magnesium limestone, which also
produce water having unusually high ratios of magnesium to calcium.

Calcium concentrations in water from the Hertford-Elizabeth City area
range from 1.4 to 226 ppm; magnesium concentrations range from 1.2 to
142 ppm.

Calcium and magnesium may be economically removed from waters which

are othgrwise suitable for use.
Sodium (Na) and Potassium (K)

Minerals containing sodium and potassium are common in many of the
North Carolina Coastal Plain rock units. Generally, these minerals are
not very soluble in natural waters; in this area concentrations resulting
from direct solution of the aquifer materials seldom exceed 40 ppm of
sodium and 10 ppm of potassium. However, much higher amounts of sodium
may be contributed to ground waters by either sea-water contamination

or base exchange process.
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Sodium salts are highly soluble in water, and once this constituent
is dissolved it tends to remain in solution. As a result, the oceans are
greatly enriched in sodium—-their offshore waters containing an average
of 10,561 ppm (Rankama and Sahama, 1950). The presence of residual sea
water in most of the deeper aquifers in the Hertford-Elizabeth City area
accounts for their high concentrations of sodium.

Sodium influences the desirability of water for many uses including
irrigation, steam boilers, and domestic purposes. A detailed discussion
of these is not included here, because ground waters in the Hertford-
Elizabeth City area in which sodium concentrations are significant have
other objectionable chemical characteristics which preclude their use.

Potassium-bearing minerals are usually less susceptible to solution
by ground water than those containing sodium. When dissolved, potassium
tends to recombine with the products of chemical weathering to form
other very insoluble minerals. Thus, concentrations of potassium in
ground water are usually much lower than those of sodium. In the area
of investigation, potassium in fresh waters is not high enough to

influence the utility of the water.
Sulfate (S0y)

In the Hertford-Elizabeth City area a variety of minerals is present
containing sulfate or sulfide which may be dissolved or chemically
altered to furnish moderate amounts of sulfate to solution by ground
water. High concentrations of sulfate are associated with residual sea
water which is unsuitable for use. Fresh ground water in the area is
not known to contain more than 50 ppm sulfate, which is acceptable for

domestic and most industrial uses.
Chloride (C1)

Chloride is dissolved in moderate amounts from many common rocks,
but the amounts attributable to direct solution of aquifer materials
in the Hertford-Elizabeth City area does not appear to exceed 50 ppm.
Residual sea water represents a more significant source of chloride in

this area than solution of aquifer materials.
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Chloride is acceptable to most users in concentrations as much as
250 ppm., Greater amounts create serious corrosion problems, and water
with such concentrations is not recommended for domestic purposes
(USDHEW, Drinking Water Standards, 1962). In this report, water con-
taining 250 ppm of chloride or less is considered as fresh.

In most communities in this area an adequate quantity of fresh water
can be obtained, but it is often necessary to treat the water for hard-
ness or dissolved iron.

Much attention is being given to developing large-scale methods for
removing salt from water, but at present these methods are expensive and

impractical.
Fluoride (F)

Fluoride is a minor constituent in most natural ground waters. How-
ever, even in moderately small concentrations, it has sufficient
physiological significance to merit special attention. In concentrations,
of 1.0 to 1.5 ppm it has been shown to reduce dental caries in children.
Amounts much greater than 1.5 ppm may cause permanent mottling of the
teeth. Concentrations of fluoride in ground water in the Hertford-
Elizabeth City area range from less than 0.1 to 2.8 ppm, but potable

waters do not usually contain fluoride in excess of 0.5 ppm.
Nitrate (N03)

Generally, nitrate is not an important constituent in unpoluted ground
waters. Properly constructed wells in the Hertford-Elizabeth City area
seldom contain more than 5.0 ppm nitrate. Shallow or dug wells occasion-
ally contain as much as 21 ppm, and such concentrations are usually the

result of contamination by nitrogenous organic matter or fertilizer.
Sum of mineral constituents

The sum of mineral constituents represents the total amount of min-
eral matter dissolved in a water and expressed in ppm. This value is
conventionally determined by evaporating a measured volume of water and

weighing the dry residue. However, the chemical character of ground
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waters in the Coastal Plain of North Carolina is such that direct measure-
ment of total dissolved solids is often unreliable, and a more representa-
tive figure can be obtained by complete analyses of the important dissolved
constituents and presentation of the sum total of the individual values.

In this calculation approximately one-half the value reported for bicar-
bonate is added.

For municipal supplies the sum should not exceed 500 ppm if other
satisfactory supplies are available. Where such alternative sources do
not exist sums up to 1000 ppm may be permitted. The total dissolved
mineral matter in potable ground waters in the Hertford-Elizabeth City

area seldom exceeds 1000 ppm.
Hardness

Waters which do not lather readily with soap and form curds are des-
cribed as being hard. Such waters usually form scale in boilers,
encrustations on cooking utensils, and frequently may leave deposits in
water lines. Hardness may be caused by any polyvalent cation in solu-
tion, but of these only calcium and magnesium are present in significant
amounts in ground waters of the Hertford-Elizabeth City area.

Hardness is reported as the weight in ppm of CaCOB, which is chemi-
cally equivalent to the total weight of all hardness-causing constituents
dissolved in a water. Industrial requirements vary greatly with respect
to the acceptable amounts of hardness. The U. S. Geological Survey uses

the following arbitrary ranges to classify the hardness of water:

Hardness as CaCOs3 Classification
0 - 60 ppm Soft
61 - 120 ppm Moderately hard
121 - 180 ppm Hard
181+ ppm Very hard

Hardness in potable ground waters in the Hertford-Elizabeth City area
ranges from 8 to 790 ppm. Most of the supplies classified as soft or
moderately hard according to the above list contain objectionable amounts
of iron. Hardness may be economically reduced in water for both domestic

and industrial uses.
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Hydrogen-ion concentration (pH)

The concentration of free hydrogen ions in a water determines whether
the water is acid, basic, or neutral. The amounts of hydrogen ions in
water vary so greatly that a negative logarithmic scale (pH) is used to
represent the absolute concentration., This scale progresses numerically
from 0 to 14, Values of pH less than 7.0 are acid, 7.0 is neutral and
values greater than 7.0 are basic.

The pH of a water is important in determining its corrosive potential.
In general, acid waters are more corrosive than those which are neutral

or basic.
Phosphate (POA)

Phosphate in moderate amounts has little significance in determining
water quality. In shallow wells high concentrations of phosphate may
indicate contamination by household detergents or fertilizer, but such
contamination was not observed in the area of investigation. Concentra-
tions of less than 0.1 to 3.1 ppm are reported, but the potable waters

analyzed did not contain phosphate in excess of 1.0 ppm.
Alkalinity as bicarbonate (HCOj)

The property of alkalinity is defined as the ability of a water to
neutralize acid. The most important constituent causing alkalinity in
ground water is bicarbonate. Borates, phosphates, and other basic
radical ions also contribute to alkalinity but their role is usually
insignificant.,

The most important source of bicarbonate in fresh ground waters of
the Hertford-Elizabeth City area is shell material; waters high in
calcium, therefore, are alkaline.

Bicarbonate alone has little significance in determining the utility
of a water, but when it is in solution with calcium it may serve to form
hard deposits in water lines, boilers, and on utensils, Waters having
high concentrations of sodium bicarbonate will attain a high pH when
heated, particularly under pressure, and often cause difficulty in

commercial canning and food-preserving processes.



40

Specific conductance (micromhos)

The specific conductance of a water is a measure of the amount of
electrical current it will conduct. Pure water is a very poor conductor,
but highly mineralized waters conduct current readily. Therefore, speci-
fic conductance affords a quick approximation of the total amount of
mineral matter dissolved in a water. It does not supply any information
about the relative amounts of the various constituents commonly found
dissolved in ground water., Most potable ground waters in the Hertford-

Elizabeth City area have a specific conductance of less than 1200 micromhos.

Physical Quality

Temperature

An important feature of most ground waters is the relative absence
of seasonal variation in temperature of the water. This is a particularly
valuable characteristic for industrial processes involving heat transfer.
The temperature of ground water in the Hertford-Elizabeth City area is
usually between 60 and 70° F with seasonal variation seldom exceeding 5° F

except in very shallow wells.

Color

Color in water is the brown tea—like stain frequently associated with
swamp waters. It is organic in nature, and is believed to result from
the decomposition of vegetable matter. Ground waters do not usually con-
tain noticeable amounts of color, but in the Hertford-Elizabeth City area
underground peat beds occasionally yield water with objectionable amounts
of color.

Color gradation is determined by a comparison of the water with
standard platinum-cobalt solutions and is reported in color units. Levels
up to about 15 units are not troublesome for most uses but at significantly
higher units the water becomes esthetically objectionable for drinking
purposes and may stain clothing, porcelain fixtures, etc.

Color of ground waters in this area ranges from less than 1 to 90

units, but most samples examined contained less than 15 units.
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Tastes and odors

Quantitative determinations of taste and odors are difficult and
arbitrary, and no attempt is made to report them here, Most of the fresh
ground waters in the Hertford-Elizabeth City area are acceptable in these
respects. Some wells produce water having the characteristic "rotten-egg"
odor of hydrogen sulfide. Most of the tastes reported in well waters from

this area were accounted for by moderately high amounts of sodium chloride.

Quality of Water in the Principal Aquifers of the
Hertford-Elizabeth City Area

Water-table aquifer

The water-table aquifer generally yields the least highly mineralized
ground water in the Hertford-Elizabeth City area, but the chemical quality
of the water is not uniform, Most of the samples analyzed from this aqui-
fer contained objectionable amounts of hardness-causing constituents or
iron.

Sums of mineral constituents ranged from 35 to 866 ppum, and about 79
percent was below 500 ppm. Chloride ranged from 3.0 to 726 ppm., Chloride
concentrations exceeding 250 ppm were limited to a few areas immediately
adjacent to large bodies of brackish surface waters in the eastern and
southern parts of the area.

Hardness ranged from 8 to 621 ppm as calcium carbonate; about 26
percent of the samples analyzed was very hard, 6 percent hard, 35 percent
moderately hard, and less than 33 percent soft.

Iron concentrations in waters from water-table wells ranged from
0.05 to 27 ppm; less than 10 percent of the samples analyzed contained
0.3 ppm or less of iron and 74 percent exceeded 1,0 ppm.

Other dissolved mineral constituents were not generally present in
objectionable amounts. Unusually high nitrate or chloride in a few water-
table wells indicated contamination by surface-water drainage. The
concentrations found were not great enough to affect the usefulness of the
water but point to possibly dangerous pollution by animal wastes.

The chemical quality of water in the water-table aquifer may vary
greatly within small areas; no patterns of distribution for any of the

dissolved constituents were discernable.
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Yorktown upper aquifer

The Yorktown upper aquifer contains the only large amounts of usable
artesian water available in the Hertford-Elizabeth City area. Water in
this unit is fresh in most localities, but it generally contains ohjection~-
able amounts of iron and hardness-causing constituents and requires
treatment to be satisfactory for most uses.

Chloride concentrations in water samples from this aquifer ranged
from 2.2 to 818 ppm; approximately 85 percent of the samples contained
less than 250 ppm. Concentrations of chloride greater than 250 ppm were
found only in certain areas adjacent to the sounds, and in communities
where heavy pumping of wells has developed large local cones of depression
in the piezometric surface of the aquifer. The marked increase of
chlorides within the area of influence of the cones of depression indi-
cates that care must be used in future development of water supplies in
the Yorktown upper aquifer to avoid the severe contamination that results
from overpumping. Figure 7 shows the concentration of chloride to be
expected in waters from wells screened in the Yorktown upper aquifer.

The hardness of waters sampled from the Yorktown upper aquifer
ranged from 16 to 524 ppm as calcium carbonate. Approximately 60 percent
of the wells sampled yielded waters having hardness in excess of 180 ppm
and are classified as very hard; about 5 percent were soft, 20 percent
moderately hard, and 15 percent hard. There does not appear to be any
predictable pattern in the areal distribution of ground-water hardness.
The few soft waters observed are pumped from sands which apparently con-
tain very little shell material.

Objectionable amounts of iron are present in most of the waters from
the Yorktown upper aquifer; concentrations ranged from 0.01 to 14 ppm in
the wells sampled, and about 85 percent were more than 0.3 ppm. In gen-
eral, iron concentrations follow reasonable well-defined distribution
patterns, the greater amounts occurring in recharge areas and lesser
amounts in discharge areas. Figure 9 shows the probable iron concentra-
tions of water from wells in this aquifer.

Silica is a major constituent in many of the ground waters in the
Yorktown upper aquifer. It ranges from 4.3 to 72 ppm; about 80 percent
of the samples analyzed contained from 20 to 60 ppm, about 12 percent
less than 20 ppm, and about 8 percent in excess of 60 ppm.
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Sodium concentrations ranged from 6.8 to 533 ppm in the samples
analyzed. Concentrations exceeding about 175 ppm occur with chloride
concentrations of more than 250 ppm. In figure 7 the zones having
chloride concentrations of less than 50 ppm can be expected to contain
less than 50 ppm of sodium.

Alkalinity as bicarbonate ranges from 20 to 785 ppm and is the major
dissolved constituent in most ground waters of the aquifer; about 45
percent of the samples analyzed ranged from 101 to 300 ppm, about 35
percent from 300 to 500 ppm, about 10 percent from 20 ta 100 ppm, and
about 10 percent exceeded 500 ppm of alkalinity as bicarbonate.

Fluoride occurs in waters from the Yorktown upper aquifer in amounts
ranging from less than 0.1 to 0.5 ppm, about 85 percent of the samples
analyzed contained 0.1 to 0.3 ppm.

Other dissolved constituents were not observed to occur in objection-
able amounts. Complete analyses of the samples collected for this
investigation are found in the tables of water analyses accompanying the

discussions of water quality by counties.

Yorktown lower aquifer

The Yorktown lower aquifer contains saline water throughout most of
its extent. Chloride concentrations of the samples analyzed ranged from
41 to 1,240 ppm. Comparison of chemical analyses of water samples with
water-level data indicates that water containing less than 250 ppm of
chloride can generally be obtained in the central and northern parts of
Camden County, and in parts of southern Pasquotank County where the piezo-
metric surface of the aquifer is greater than 5 feet above msl. Exceptions
to this rule are in areas influenced by the cones of depression in the
piezometric surface of the Yorktown upper aquifer where, because of upward
leakage, abnormally high chloride concentrations are found in the York-
town lower aquifer.

Iron content of the fresh waters analyzed from this aquifer ranges
from 0.05 to 0.96 ppm. Hardness ranges from 48 to 236 ppm. Other

chemical characteristics were satisfactory for most purposes.
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Beaufort aquifers

Chloride concentrations in samples from the Beaufort aquifers ranged
from 321 to 4,680 ppm. It is believed that no potable water supplies can

be obtained from these water-bearing zones.
Cretaceous aquifer

Few wells have been drilled into the Cretaceous formations in the
Hertford-Elizabeth City area. One well is known to produce water con-
taining 3,290 ppm of chloride from the Snow Hill Marl Member of the Black
Creek Formation at Elizabeth City. There seems to be no possibility of

obtaining potable water from the Cretaceous aquifer.
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COUNTY DESCRIPTIONS

Camden County

(Area 239 square miles; population in 1960, 5,598)
Introduction

Camden County is in the east-central part of the area of investigation.
It is bordered on the north by the Commonwealth of Virginia, on the east
by Currituck County, on the south by Albemarle Sound, and on the west by
the Pasquotank River and Pasquotank County (fig. 10). Major population
centers include Camden, the county seat, and the towns of Belcross, 01d
Trap, Shiloh, and South Mills.

The county, generally less than 25 feet above sea level, is drained
by several small creeks and canals that flow into the Pasquotank and North
Rivers, and into Turners Cut and the Dismal Swamp Canal (Intracoastal
Waterway). Much of the county is swampland. The Great Dismal Swamp
occupies most of the northern part, and Great Swamp, east of the Camden
sand ridge, occupies the southeastern and southern parts of the county.
The chief source of income in the county is from the sale of agricultural

products, and from timber, commercial fishing and trapping.
Geology

The entire county is covered with a thin surficial deposit of post-
Miocene sands and clays. A post-Miocene sand ridge, Camden Ridge, forms
the west margin of Great Swamp and extends northward into Currituck
County (fig. 5). The surficial deposit, composed of light-colored clays
and sands, is less than 45 feet thick in the northern part of the county,
and about 85 feet thick in the extreme southern part of the county.

Underlying the surficial material are blue-to-gray clays, sands,
coquinas, and indurated shell marls of the upper Miocene Yorktown Forma-
tion. The thickness of this unit generally increase progressively in the
direction of its stratigraphic dip to the east-southeast and along strike
to the north-northeast.

In the northwestern part of the county, the upper part of the Beau-

fort Formation of Paleocene age is probably represented by a glauconitic
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sand lithofacies; throughout the remainder of the county this glauconitic
sand lithofacies is overlain by a limestone lithofacies. The total thick-
ness of the Beaufort Formation in the DuGrandlee Foreman-1 oil-test well
is 280 feet. The Beaufort Formation conformably overlies the Upper
Cretaceous Peedee and Black Creek Formations in the central and southern
part of the county and may unconformably overlie the Black Creek Formation

and older Upper Cretaceous sediments in the northern part of the county.

Ground water

Camden County is one of the two counties in the Hertford-Elizabeth
City area that has no municipal water systems. All private water supplies
are obtained from wells; two or three families often obtain water from a
single well. Large to moderate supplies of ground water are available
throughout the county. The depth of individual wells depends upon the

depth of saline water.

Aquifers in Camden County

Water of generally acceptable chemical quality is obtained from three
aquifers in the county; the water-table aquifer, and the Yorktown upper
and lower aquifers. The location of the wells inventoried in Camden
County is shown in figure 10. Records of these wells are given in table
2. Chemical analyses of ground water are listed in table 3.

The water-table aquifer furnishes water to more wells in the county,
and in particular the northern parf of the county, than any other aquifer.
Dug wells and driven wells in this aquifer range in depth from 5 to 25
feet and yield from 2 to 10 gpm (table 2).

Jetted and driven wells, either single screen or open end, obtain
water from sands, coquinas, and indurated shell marls of the Yorktown
upper and lower aquifers. Wells in the Yorktown upper aquifer range in
depth from 50 to 114 feet and yield from 1 to 30 gpm. Those in the York-
town lower aquifer range in depth from 130 to 165 feet and yield from 12
to 40 gpm. Specific yields for wells screened in the Yorktwon upper
aquifer range from 0.05 to 1.36 gpm per foot of drawdown; and for wells
in the Yorktown lower aquifer from 0.55 to 1.60 gpm per foot of drawdown
(table 2). None of the wells in the Yorktown aquifers has been pumped more

than 40 gpm, but larger yields probably could be obtained from these aquifers.
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58 ° 0.9 mi N of

Bartlett

59 1.5 mi SE of
Indian Town

60 1.5 mi NE of
Riddle

61 1.2 mi N of

Adler Brch.

62 ve.do...

63 0ld Trap

64 IR [,

65 el

66 2.1 mi S of
0ld Trap

67 0.4 mi NW of
Philadelphia

68 Shiloh

69 Texaco Beach

70 1.4 mi W of
Shiloh

71 1.8 mi SE of
Camden

72 1.7 mi SE of
Camden

73 2.4 mi SE of
Belcross

e 2.4 mi SE of

" Belcross

DuGrandlee 2.4 mi N of
Foreman-1 Hastings
. 0il Test Corner

J.T. Kigth
S.G. Wright

H. B.
Harrison
J. C.
Burgess
ceedo.e

G. Needham

W.G. Kight
M.L. Pugh
J.B. Riggs

V. Brown

J.W. Fer-
riell
R.C. Bose-
man
E. Cart-
wright
D. Toler

B.H. Cart-
wright
E.S. White

c..do...

G. Wood

Jetted
Dug

..do..
..do..
Jetted

eedo.s

..do..
..do..

Driven

Dug
..do..
Driven
Jetted
..do..
Dug

Jetted

eedoss

Rw

7.0

8.3
96
64.0

97.8
61

18.6

12.4
10.1
12.4
65
95
13.8

82.3

147

Drilled 5,100

159

91
59

92.8
56
15.6

60
90

77.3

142

Lower York-
town marl
Water—table

sand
ceodo.. .

veedoaa.
Upper York-—
town shell
Upper York-
town sand
PR [ Y

JRRR . [

Water-table
sand

eeedOons
veetdoe.e
PR s (s 5
Upper York-
town sand
sastOoes
Water-table
sand
Upper York-

town sand

Lower York-
town sand

-5.38

-5.34

-8

35

24

24

20

25

12

25

25

25

25
25

25
25

25

25

1.40

0.96

0.32

0.96

0.80

1.00

0.80

1.00

Analysis: 30 min. pump. test. WL &
yield meas. by driller 4-27-62.
Temp. 67° F. WL meas. 11-22-61.
Observation well: Analysis.
Water level meas. 6-19-62.

Water level meas. 11-22-61.
Observation well.
Analysis

Analysis: 30 min. pump. test. WL
meas. 6-19-62; yield meas. by
driller 5-22-61.

Analysis: WL meas. 6-19-62; yield
measured by driller 1955.

30 min. pump. test. WL & yield
measured by driller 5-22-62.

Analysis: WL meas. 11-22-61.
Obs. well. Temp. 59° F.

Water level meas. 11-22-61
Observation well.

Observation well. Water level
measured 11-22-61.

Water level measured 6-20-62.

Analysis: 30 min. pump. test. WL &
yield meas. by driller 5-2-61.

Analysis: 30 min. pump. test. WL &
yield measured by driller 6-20-60.

Analysis: Temp. 04° F. Water level
measured 11-21-61. Obs. well.

Analysis: Temp. 80° F. Water level

meas. 6-18-52. Yield meas. by
driller 4-47. 1 hr. pump. test.

1 hr. pump. test. Water level &
yield meas. by driller 8-1-59.
Analysis: Temp. 74° F.

Abandoned; well penetrated
Crystalline basement rock.
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Water Levels in Camden County

The water level in the surficial sands is generally half a foot to
8 feet below the land surface (fig. 11). Figure 5 shows that during
September - October, 1962, a period of low water levels in the water-table
aquifer (fig. 11), the water—table surface ranged from more than 15 feet
above msl in the northern part to less than 5 feet above msl in the
gouthern part of the }ounty. The comparison of hydrographs for the water-
table aquifer in Camden County (fig. 11) with precipitation at the
Elizabeth City precipitation station (figs. 2, 8) indicates that the
water tabel is genmerally highest during the period December - April (time
of lowest seasonal precipitation) and lowest during the period May through
November (time of greatest seasonal precipitation). The inverse relation-
ship between water levels in the water-table aquifer and precipitation
is probably caused by increased loss of water by evapotranspiration from
the soil and plants during the hot summer and warm autumn, the seasons of
greatest plant growth.

Water in the Yorktown upper and lower aquifers occurs under arte-
gsion conditions. Figure 6 shows that during October 1962, the piezometric
surface of the Yorktown upper aquifer ranged from a maximum of about 30
feet above msl in the northwestern part of the county to mean sea level
in the southern part of the county. This surface is slightly below mean
sea level in the pumping areas of influence of the cone of depression at
0ld Trap, Chantilly, and Camden-Belcross-Hastings Corner (tig. 6). The
hydrograph for well No. CA-43 (fig. 11), screened in the Yorktown upper
aquifer, shows that the piezometric surface for this aquifer is generally
a half a foot to 3 feet below the land surface, and that the highest
water levels occur from February through May. Annual fluctuation of water
levels in the Yorktown upper aquifer, however, is not nearly so large as
in the overlying water—table aquifer (fig. 11).

The piezometric surface of the Yorktown lower aquifer during October
1962, ranged from about 15 feét above msl in the northern part to near
mean sea level in the southern part of the county. The piezometric sur-
face may be below medw sea level in the pumping area of influence of a
cone of depression in the west-central part of the county.

Artesian flows, from wells screened in the Yorktown upper and lower

artesian aquifers, are reported during spring months in the Dismal Swamp
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area in the northern part of the county and in the lowlands bordering

the rivers, creeks, and Albemarle Sound.
Quality of ground water in Camden County

Fresh water is available in Camden County from the water-table aqui-
fer, the Yorktown upper aquifer, and parts of the Yorktown lower aquifer.
Most of these waters contain objectionable amounts of iron or hardness-
causing constituents and require treatment in order to be satisfactory
for most uses. Analyses of water samples for the county are shown in
table 3.

WaterrTable Aquifer

The water-table aquifer contains the least mineralized water in the
county. Sums of mineral constituents in this aquifer range from 56 to
586 ppm, and values are below 250 ppm in most areas of the county.
Chloride concentrations in the samples analyzed ranged from 3.0 to 299
ppm, but did not exceed 70 ppm except at O}d Trap where withdrawal of
ground water has resulted in upward leakagd‘irom the deeper saline
aquifers. Iron content ranged from 1.3 to 28 ppm in samples from the
water-table aquifer in Camden County. Hardness ranged.ffom 33 to 270
ppm as calcium carbonate. Most water—-table waters in the central part of
the county were soft to moderately hard. In the northern omne-third of
the county localized deposits of shell material near ground surface were
responsible for a few very hard waters in the water-table aquifer, and
in the southern part residual sea water caused the hardness value to be
high.

Yorktown Upper Aquifer

The Yorktown upper aquifer contains fresh water in all parts of
Camden County except those influenced by the cones of depression in the
piegometric surface of this aquifer around Elizabeth City and 0ld Trap.
Comparison with similar areas indicates that salty water may also exist

in the Yorktown upper aquifer at Camden Point in the southern extremity
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of the county. The areal distribution of chloride is shown in figure 7.
Hardness as Ca003 ranged from 16 to 300 ppm, and most waters in the aqui-
fer are very hard.

Iron is present in samples from the Yorktown upper aquifer in Camden
County in amounts ranging from 0.12 to 6.7 ppm. The areal distribution
of iron is shown in figure 9. Well number CA-71 at Taylors Beach is unique,
in that it produces water not containing objectionable amounts of either
chloride (16 ppm), hardness (16 ppm), or iron (0.12 ppm). The occurrence

of such water is probably very limited in this aquifer.

Yorktown Lower Aquifer

The Yorktown lower aquifer yields water containing less than 250 ppm
chloride in the central and northern parts of the county. This water is
chemically similar to that of the Yorktown upper aquifer, but generally

contains lesser amountsg of iron.

Beaufort and Cretaceous Aquifers

No wells are known to produce water from the Beaufort or the Creta-
ceous aquifers in Camden County. However, the water samples collected
from these aquifers during the test drilling in Pasquotank County indicate
that there is no possibility of obtaining fresh water from these water-

bearing zones.
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Currituck County

(Area 273 square miles; population in 1960, 6,601)
Introduction

Currituck County is the largest and easternmost county in the area
of investigation. It is bordered on the north by the Commonwealth of
Virginia, on the east by Currituck Sound and the Atlantic Ocean, on the
south by Albemarle Sound, and on the west by the North River and Camden
County (fig. 12). Major population centers include Currituck, the county
seat, and the towns of Coinjock, Harbinger, Moyock, Point Harbor, Poplar
Branch, and Shawboro (fig. 12).

The topography of the county is characterized by northwest to north-
trending barrier sand ridges that are separated by low, flat swampy
interridge areas that range from less than 5 to about 25 feet above msl
(fig. 5). The crests of the sand ridges generally have a maximum altitude
of 15 to 25 feet above mean sea level. Prominent sand ridges are; the
Camden Ridge in the western part of the county, the Pungo-Powells Point
Ridge, and Aydlett "Narrow Shore" Ridge, and the Knotts Island Ridge
along the west margin of Currituck Sound. The county is drained by
several small creeks and canals that flow into the Northwest and North
Rivers and Albemarle and Currituck Sounds, Most of the northern and west-
ern parts of the county is swamplaund. The Great Dismal Swamp and the
Great Swamp occupy most of the area between the Camden and Pungo-Powells
Point Sand Ridges; Maple Swamp occupies the southern part of the area
between the Powells Point Sand Ridge and the Aydlett "Narrow Shore" Ridge
(figs. 5, 12). The county includes most of Currituck Sound and its
islands and the modern Currituck Beach barrier-ridge spit on the Atlantic
Ocean. Savannah are common in parts of Currituck Sound; in the northern
part of the sound they connect Knotts Island, Bells Island, and Church
Island with the mainland (fig. 12). Relief along the western margin of
Currituck Sound is greatest between Aydlett and the north end of Church
Island where there are cliffs 15 to 25 feet high.

The main source of income in the county is from the sale of agricul-

ture products, and from timber, commercial fishing, and trapping.



" 6°15' 76°00' 75°45'
36°35 T T 30035
- - - - o - - e——— - 2 —— 2\ —
ol 5 Y, 38,39 L V U
@ ) ¢ 36, VA
N % % Woodleigh
- 4,15 os, 40 = O34 L
\ (O Moyock %,, =y ;28 Y
373 k) 4 o
N B\ Morse e
\ 2 olf == \ Gggo )30
e o Knotts | ‘
35230 N 5 o D noIS 8. 28, 2 36°30
) D > £
\ Tull Creek %\/\/\\/_-_/ H
3 E ) b
\ ol (.@ > -
\\ Snowden . 22 o ¥ 2 ~
129 = 2~ »
N 13 Sllgo 24 Surruuck = 704
eSum, \mBeu Island = =
54° = ==y
! @ ®a Mople | 2 o
59,60, 44 46
51-53° b
Shawbovo =
e 61
lal [f Gregory i
055 57 Barco g \Corolla
q . © f Wmermly o \i21
% 36, CURRITUCK & 5 ° \iz0
o) “ { X <
& — X gm0 82
R ? \ Coinjock /872 83 O\ o
P 67,68 -n aoo
<\ A Ayd!en ©
. - )u ™
S~ >
g @
| Popluv
‘ Q Branch
; | Do o3
| J Bertho cg,
3€°|5'L L < 'Z} 36°15'
76°15 =
o
EXPLANATION
17
.
Artesian well and number
8
o

Nonortesion well and number
Numbers refer to table 4.

980 g9
O

\
b \ log Ilg:wells
<o
10 mites
Scale

Point
107
Zer o
<

Mamie
a
1080

104

1096’

Ky Harbinger

%
36°08'

76°00'

FIGURE /2. LOCATION OF WELLS INVENTORIED IN CURRITUCK
COUNTY






55

Geology

Surficial clay, sand, and gravel deposits of post-Miocene age extend
over the entire county. The surficial deposits range in thickness from
about 30 feet in the northern part to about 110 feet along the North River
in the southern part of the county. Sand ridges are conspicuous topo-
graphic features,

The surficial deposits are nnderlain throughout the county by the
upper Miocene Yorktown Formation. This formation consists of blue-to-gray
clays, sands, indurated shell marls, and limestones. Glauconitic quartz
sands are present at depth in the vicinity of Church Island (Waterlilly
oil-test wells) and probably in the central part of the county. The
Yorktown Formation generally increases in thickness progressively in the
direction of its stratigraphic dip to the east-southeast.

The Miocene units thicken from about 660 feet in the western part of
the county to more than 800 feet at Church Island. Miocene sediments are
underlain unconformably throughout the county by the Beaufort Formation of

Paleocene age.
Ground water
There are no municipal water systems in Currituck County. All domes-
tic supplies in the county are obtained from wells. The depths of privately

owned wells depends upon the depth to saline water.

Aquifers in Currituck County

Potable water is obtained from the water-table aquifer and the York-
town upper aquifer throughout the county; the Yorktown lower aquifer is
utilized for domestic water supplies only in the southern part of the
county. The locations of the wells inventoried in Currituck County are
shown in figure 12. Records of these wells are given in table 4., Chemical
analyses of ground water are listed in table 5.

Surficial sands of the water-table aquifer furnish water to more wells
in the county, and in particular the central and southern parts of the
county, than any other aquifer. Wells range in depth from 3 to 40 feet,
and yield from 2 to 10 gpm (table 4).
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Table 5.--Chemical analyses of ground water from Currituck County

Hardness pecific

Cal- Mag- Po- Bicar- Fluo-| Ni- |Phos- as CaCOg3 conduct-
Well Aquifer Silica| Iron cium ne- Sodium tas- |bonate|Sulfate|Chloride| ride|trate|phate|Dissolved ance pH [Colc

number (8i0,) | (Fe) (Ca) sium (Na) sium |(HCOz)| (804) (c1) (F) | (NO3)| (POy) solids |[Calcium, Non- |(micro-
(Mg) (K) magne- carbon- mhos

sium ate |at 25°C)
cu 1 Water table = 3.1 -- = == 2= -= = 48 -- -- == == 153 -- 555 -- -=
Ccu 7 Water table 20 2.5 226 14 38 1.2 293 338 82 (0 0.2 -- 866 621 381 1260 7.5 5
CuU 5 Upper Yorktown 22 .29 38 29 192 23 326 15 269 2 - 0.2 750 218 0 1400 7T i0
cu 10 Water tuble 45 6.9 131 15 37 6.8 466 oy A 54 <3 - .0 526 392 10 842 6.9 390
cu 12 Upper Yorktown 45 3.0 72 18 38 14 392 .2 20 o2 - .0 403 254 0 645 7.2 10
cU 15 Water table -- -= =5 -- == o == == 105 e == -- it 122 -- 609 — —e
cU 17 Upper Yorktown 33 1.6 68 36 -- gt 254 8.0 630 3| 2.7 -- -- 320 112 2800 78 | 12
cu 18 Water table -- 7.4 - ne = -- == == 235 -- -- -- -~ 13 - 120 R .
cyu 20 Upper Yorktown 46 6.2 31 6.4 19 2.4 145 .6 17 .2 - .0 200 104 0 295 7
cu 21 Upper Yorktown 21 1 EX 23 5.2 55 6.0 198 58 37 i 1 -- 253 248 78 0 432 10
cu 27 Water table i o 7.1 4.5 13 51 39 B2 11 .0 | 20 =% = 36 4 158 ==
U 34 Water table - -- = &= 14 .6 249 20 24 .0 | 5.8 == S5 239 35 500 sz
cU 35 Upper Yorktown -- -- -- -- <= -- 256 100 646 .3 -- -- -- 125 0 2520 8.3 .~
CU 41 Water table - 3L - -- - -- - -- 35 - - - e 102 - 380 - _—
cU 44 Upper Yorktown 41 .16 144 40 396 30 287 1 818 .0 -- oF 1620 524 290 3100 13
CU 49 Upper Yorktown 32 1.3 54 . 13 18 9.5 261 .4 12 3 - .0 269 186 0 435 AL
cu 350 Upper Yorktown 4.3 1.3 72 6.4 12 TS 190 53 18 .0 -- .0 268 164 50 462 4
cy 57 Water table - .68 - - - = == B 34 - - -- -— 194 - 530 - =%,
cU 38 Water table 8.7 2.2 1.4 ;: 4.8 .6 4 8.2 4.5 SR 1.0 -- 35 8 S 65 5.3 45
CU €6 Water table - 14 - -- -- -= — -- 10 -- -- -- -- 50 -- 153 - -
cu 67 Upper Yorktown 44 1.5 74 34 156 23 452 .8 240 .1 == .1 797 324 0 1400 7.0 24
cu 74 Water table - .18 == = 25 1.0 26 49 58 .0 2.0 = s 104 82 370 5.0 -
cu 75 Water table 3.6 .05 83 2.4 9.3 .2 206 19 16 .1 21 - 256 218 49 473 e &
cu 89 Water table 4.2 .61 12 2.2 5.6 1.5 10 28 9.5 .0 2.6 - 6€ 40 32 127 6.1 2
cy 91 Upper Yorktown 25 5.0 39 T8 14 .6 141 .8 71 5 K - .0 187 128 iz 308 6.9 17
cU 96 Water table - 1.8 - - - -- - - 31 -- - - e 317 =¥ 1510 . e
cu 97 Water table o .39 = =z - - L s 15 - S= = i 62 == 209 < oo
cU 99 Upper Yorktown . .46 69 6.4 16 1l 228 i@ 24 .0 -— .0 246 200 13 425 TeD 4
CU 100 Water table -- .45 -- -- 63 9.7 30 82 28 - .3 - -- 125 100 323 6.% --
CU 101 Water table - <21 - - L -- - -- 18 -- - - - - 24 - 178 -—- -
CU 102 Upper Yorktown 28 .84 47 11 45 6.2 197 -0 74 .1 -- 2 310 162 i 560 7.4 &
C1 106 Upper Yorktown 13 6.4 55 3.6 i2 1.2 185 2 20 .0 -- .0 202 152 0 355 7.0 4
cuU 108 Water table 4.2 1.6 26 S 6.4 9.2 S 70 13 .7 18 .0 157 88 84 257 5.4 5
cU 110 Lower Yorktown 27 .34 62 15 35 6.2 242 .8 67 ) -- .0 333 215 16 390 7.6 5
cU 112 Water table -- 3.1 -—- - -- - -- - 16 - - - - 18 - 111 - -
oY 118 Upper Yorktown 26 .01 25 6.8 28 5.1 150 S8 24 il -- .4 190 90 [¢] 318 7.6 4
cu 117 Upper Yorktown -- -~ 40 5.0 26 5.5 111 33 30 .0 26! -- - 121 30 335 7.8 --
cU 118 Water tatcle 4.1 42 43 2.4 17 3.2 108 15 32 sl 1.8 - 170 118 30 341 Tedl 2
CJ 113 Water table -- 2.0 == - - -- —= == 12 P = = s 14 s 30 - -
cyJ 120 Water table - 5.1 - -- -- - -- - 726 - - - e 294 - 2800 _— _—
CJ 121 Water table - 15 - - -- -- - -= 38 = = e o 31 - 179 — oS
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Wells in the Yorktown upper aquifer range in depth from 41 to 115
feet and yield from 1 to 40 gpm, A well 138 feet, screened in the York-
town lower aquifer, in the southern part of the county yields about 12
gpm. Specific yields for wells in the Yorktown upper aquifer range from

0.13 to 1.60 gpm per foot of drawdown (table 4).

Water Levels in Currituck County

The water level in the surficial sands is generally half a foot to
8% feet below the land surface. The water table in the county during
September-October 1962, a period of low water levels, ranged from a maxi-
mum of 15 feet above msl in the northwestern part of the county and from
10 to 19 feet above msl along several of the post-Miocene barrier sand
ridges to less than 5 feet above msl along the sounds and major rivers
(fig. 5). North of Aydlett, water from the water-table aquifer discharges
directly into Currituck Sound from a peat bed at the base of the cliff
formed by the Aydlett "Narrow Shore' Ridge (fig. 11). The water table is
generally highest during the period December-April (time of lowest sea-
sonal precipitation) and lowest during the period May through November
(time of greatest seasonal precipitation) (figs. 2, 8, 11).

Water in the Yorktown upper and lower aquifers occurs under artesian
conditions., In October 1962, the piezometric surface of the Yorktown
upper aquifer ranged from a maximum of about 15 feet above msl in the
northwestern part of the county, and 5 to 11 feet above msl along most of
the Pungo-Powells Point Ridge to mean sea level along the sounds and major
rivers, This surface is slightly below mean sea level in the pumping area
of influence of the cone of depression near Moyock (fig. 6). The hydro-
graph for well No. CU-117 shows that the piezometric surface of the York-
town upper aquifer is generally from 9 to 14 feet below the land surface
at Point Harbor (fig. 11). Annual fluctuations of water levels in the
Yorktown upper aguifer are not nearly as large as in the overlying water-
table aquifer. The hydrograph for well No CU-117 shows that the piezometric

- surface of this aquifer is highest in September—October and lowest in March-
. May (fig. 11).
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Quality of ground water in Currituck County

In Currituck County, fresh ground water can be obtained in most areas
from the water—table aquifer and Yorktown upper aquifer and in some areas
from the Yorktown lower aquifer. Much of this water contains objectionable
amounts of iron or hardness—causing constituents, but water which is satis-
factory for most purposes is available in a few localities. Analyses of

water samples from Currituck County are shown in table 5.

Water-Table Aquifer

The water—table aquifer generally contains the least mineralized water
in Currituck County. Sums of dissolved mineral constituents vary from
about 35 to about 1,000 ppm, but most water table water contain less than
500 ppm total dissolved solids. Chloride concentrations in the samples
analyzed ranged from 4.5 to 316 ppm, and were less than 100 ppm except in
some areas adjacent to the brackish rivers and sounds which border much
of the county. Iron ranges from 0.05 to 15 ppm. Hardness as calcium car-
bonate ranges from 8 to 621 ppm. Many water-table wells yield water which
is classified as soft. These soft waters are from localized sandy zones
that contain little shell material, and no areal pattern of distribution

can be established for them.

Yorktown Upper Aquifer

The chemical quality of ground water in the Yorktown upper aquifer in
Currituck County is not uniform. Sums of dissolved mineral constituents
ranged from 187 to 1,620 ppm in the water samples analyzed. However,
samples containing less than 250 ppm of chloride did not exceed 1,000 ppm
in total dissolved solids. Chloride concentrations ranged from 12 to 818
ppm. The areal pattern of distribution of chloride is shown on figure 7.
Iron in this water-bearing zone ranged from 0.01 to 6.4 ppm, and the areal
pattern of distribution is shown on figure 9.

Hardness as calcium carbonate ranged from 78 to 524 ppm. Most samples

analyzed from the Yorktown upper aquifer were hard to very hard.
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Yorktown Lower Aquifer

Few wells are known to produce water from the Yorktown lower aquifer
in Currituck County. Fresh water can probably be obtained from this

aquifer throughout most of the county.

Beaufort Aquifers

No wells are known to produce water from the Beaufort aquifers in
Currituck County. It is believed that there is no possibility of obtain-

ing fresh water from these water-bearing zones.
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Pasquotank County

(Area 229 square miles; population in 1960, 25,630)
Introduction

Pasquotank County is the smallest county of the area of investigation.,
It is located in the west-central part of the area, and is bordered on the
north and east by Camden County and the Pasquotank River, on the south by
Albemarle Sound, and on the west by the Little River and Perquimans and
Gates Counties (fig. 13). Elizabeth City, the county seat (population in
1960, 14,070), is the largest town in the Hertford-Elizabeth City area.
Other population centers in the county include Nixton, Weeksville, and the
Newland School area near Lynches Corner and Morgans Cormer.

The county, nowhere more than 20 feet above msl, is drained by several
broad creeks and canals that flow into the Pasquotank and Little Rivers
and into Albemarle Sound. Most of the northern part of the county is
occupied by the Great Dismal Swamp. A conspicuous wave-—cut terrace 5 to
8 feet high is present in the southern part of the county along Albemarle
Sound.

Agriculture, commercial fishing, timber, shipbuilding, aircraft con-
struction, and military installations are the main source of income in the

county.
Geology

Surficial sands and clays of post-Miocene age blanket the entire
county. These surficial deposits are rarely more than 30 feet thick in
the northern part, and 60 feet thick in the southern part of the county.
Locally they are as much as 140 feet thick along the Pasquotank River and
parts of Albemarle Sound.

Lying unconformably beneath the surficial deposits are beds of gray-
to-blue clay, sand, shells, marl, and impure shell limestone of the upper
Miocene Yorktown Formation. The Yorktown Formation ranges in thickness
from 135 feet in the northern part of the county to 185 feet in the south-

ern part of the county.
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The Yorktown Formation is underlain conformably throughout the county
by the middle Miocene undifferentiated unnamed unit. This unit consists
of blue-to-gray clays and sandy clays, phosphatic quartz sands, glauconitic
clays, glauconite sands, and impure shell limestones. Its unconformable
contact with the underlying Beaufort Formation is marked by a persistent
phosphatic zone. The thickness of the middle Miocene undifferentiated
unnamed unit ranges from 182 feet in the northern part of the county to
218 feet in the southern part of the county.

In the northern part of the county the Beaufort Formation consists
of glauconitic sands underlain by iron-stained quartz sands, clayey sands,
and red clays. In the southern part of the county, the Beaufort consists
predominantly of a limestone section more than 150 feet thick underlain
by glauconitic sands and glauconitic clays to 723 feet below land surface.
The base of the Beaufort Formation was not penetrated by the test holes
drilled in the county as part of the investigation, and its total thick-
ness in this part of the area is unknown. About 350 feet of the Beaufort
Formation was penetrated in the northern part of the county and 260 feet
in the southern part of the county. The Beaufort Formation is underlain

conformably by the Peedee Formation of Early Cretaceous age.
Ground water
All municipal and private water supplies in Pasquotank County are
obtained from wells; large to moderate supplies of ground water are avail-
able throughout the county, The depth of municipal and private wells

depends on the depth to saline water.

Water Supply for Elizabeth City

Elizabeth City uses the mest ground water in the county. The maximum
use and system capacity for the city as of February 1963, was 2,500,000
gpd (gallons per day); the average consumption was 1,500,000 gpd.

The city obtains its water supply from two aquifers. At the Eliza-
beth City shallow-well field, about 3 miles west of the city, water is
obtained from 240 wells screened in the water-table aquifer. Although
individual wells may yield as much as 58 gpm, yields are adjusted from 2

to 3 gpm for all wells in order to limit drawdown. The entire shallow
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well system is connected into one pumping system with a capacity of 750
gpm and average yield of about 695 gpm. The shallow-well field water has
a hardness of 116 ppm and an iron content of 3.0 ppm. It is corrosivej
consequently maintenance of the well system 1s costly. Chloride content
averages 10 ppm (table 7).

For the finished water supply, the high-iron low-chloride water from
the shallow well field is mixed with a low-iron, high-chloride water
obtained from five wells screened in the Yorktown upper aquifer at the
filter plant at Elizabeth City. Water from the Yorktown upper aquifer is
relatively low in iron, 0.5 to 0.6 ppm, and has a hardness of 300 to 340
ppm. Chloride ranges from 200 to 350 ppm (table 7). In general, hardness
and chloride concentrations both increase with depth. Individual wells
at the filter plant yield as much as 400 gpm, but their yields are adjusted
to 175 gpm to limit drawdown. Except in periods of above-average water
demand or of decreased yield from the shallow-well system, only two of the
wells screened in the Yorktown upper aquifer are operated at any given
time.

For a detailed history of the development of a water supply for
Elizabeth City, the reader is referred to Lohman (1936), Mundorff (1947),
LeGrand and Siple (1953, in Pease and Co., Engineers), and Parker (1953,

in Pease and Co., Engineers).

Aquifers in Pasquotank County

Potable water is obtained from three aquifers in the county; the
water-table aquifer, and the Yorktown upper and lower aquifers., The
location of the wells inventoried in Pasquotank County is shown in figure
13, Records of these wells are given in table 6. Chemical analyses of
ground water are listed in table 7.

Surficial sands of the water—table aquifer furnish water to more
wells in the county than any other aquifer. Dug wells, driven wells, and
jetted wells in the surficial sands range in depth from 8 to 50 feet and
yield from 1.5 to 8 gpm. Rotary-drilled gravel-wall wells yield from 18
to 58 gpm. Specific yields for wells screened in the water-table aquifer

range from 0.16 to 3.33 gpm per foot of drawdewn (table 6).
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Table 7.--Chemical enalyses of ground water from Pasquotank County

Hardness Bpecific|
Cal- | Mag- Po- |Bicar- Fluo-| Ni- |Phom- a8 CsCOy |conduct i
Well Aquifer Silica| Iron | cium ne- | Sodius | tas- |bonate|Sulfata|Chloride| ride|trata|phate|Dissolved ance pH  [Color
number (810,) | (ve) | (Ca) | miwm | (Na) | mium [(HOO5)| (20,) | (c1) | (¥) |(NOy)|(POy)| @olids |Calcium, | Nom- |(micro-
(Mg) (K) magne~ |carbon: lbo!
sium ate jat 25°C)
PA 3 Upper Yorktown 53 0.70 | &7 40 252 21 785 1.8 198 0.2 0.4 1.4 1020 534 0 | 1850 7.2 |2
PA 5 Upper Yorktown 83 2.1 29 11 46 6.8 200 -8 46 .3 .0 s 234 119 0 461 6.9 10
PA 7 Water table - - - -- - - = == 150 - ‘e -- - 120 -- 844 -~ .-
PA 11 Besuforu 20 .94 4.0 2.5 525 1s B4S % 321 2.4 .0 .2 1400 20 0 2390 8.1 15
PA 14 Beaufort 1% .51 7.9 9.0 872 28 1130 111 697 2.8 .0 .1 2300 56 o 3880 8.0 3
PA 16 Water table 32 .65 | 68 1 16 L6 | 282 1.5 20 .3 .1 .5 281 214 0 472 7.4 | --
PA 21 Water table 60 9.3 25 9.2 41 1.2 1ez2 13 49 .3 .0 .0 266 96 (o] 401 6.4 3
PA 27 Water table - - - - - - -~ -- 36 ol - - 95 -- 100 -- -
PA 36 Lower Yorktown 43 .65 | 85 46 271 25 404 8.2 460 2| .- -0 1120 351 20 | 2200 7.4 9
PA 38 Cretacecus %5 3.9 49 78 2400 ag %7 284 3290 .71 2.4 -0 6600 442 0 | 10800 7.3 15
PA 39 Upper Yorktown 72 .49 | 70 40 206 21 398 12 345 .1 .0 .6 963 338 13 1600 7.4 15
PA 41 Upper Yorktown 46 .55 | 66 34 136 20 391 1.6 215 1| 3.3 -1 716 308 8] 1240 7.4 15
PA 49 Water table 34 3.0 |33 B.4 16 1.4 13 38 9.8 2| .o .8 210 116 El 300 66 | --
PA 60 Upper Yorktown 48 1.9 18 59 105 18 385 5 150 1] 4.5 .- 595 290 o 10350 7.2 -~
PA 67 Upper Yorktown 4] .27 | 61 36 173 17 426 1.2 244 O -- .5 184 299 0 | 1410 7.4 | w
PA 68 Upper Yorktown &2 10 108 41 43 5.1 589 1.4 24 .5 .8 .1 586 435 ¢} a9z8 7.0 20
PA 71 Upper Yorktown 46 1.2 |04 40 108 13 8501 1.8 120 3, .2 1.2 732 423 [} 1200 7.2 pl
PA T4 Upper Yorktown - -- 111 4.1 - - 350 - L4 - - - -- 294 2 A28 7.8 -
PA 77 Upper Yorktowm - 5.1 pol 43 - -- 563 .4 - - - - -- 428 [} 1200 1.5 -
PA 78 Upper Yorktown 29 1.3 40 70 533 40 724 44 665 2 -4 .1 1780 386 0 3100 7.8 n
PA 90 Water table 36 9.7 12 6.1 34 1.2 S6 32 43 I I .0 199 54 14 293 6.4 0
PA 96 Water table 9.4 .99 | 5.0 3.3 7.8 3.6 27 7.0 11 of .7 21 52 26 4 115 6.7 P
PA 97 Lower Yorktown 35 6.1 35 55 329 35 448 2.8 530 W1 - .4 1250 313 (4] 2350 7:5 10
PA 100 Upper Yorktown 45 3.7 |48 15 23 2.8 | 2z 2.4 31 2 | . 281 180 [¢] 445 7.1 0
PA 103 Water table 27 4.4 12 9.5 23 2.0 17 62 27 1 .0 -0 175 62 55 260 6.6 5
PA 108 Upper Yorktown 31 4.8 6.4 3.2 Y] 9 51 14 10 1 .0 .0 12 29 o] 140 8.6 5
PA 109 Upper Yorktown 52 1.1 |46 31 1348 23 328 2.8 230 2 .8 687 242 o | neo 7.4 10
PA 110 Upper Yorktown 45 .85 | 63 57 280 28 437 6.0 495 z| .o 2 1180 392 34 | 2100 7.4 10
PA 118 Upper Yorktown 43 14 13 6.8 9.6 2.0 20 2 9.4 1 0 0 142 81 1] 173 6.8 S
PA 122 lower Yorktown 5.3 W96 | 17 11 12¢ 10 129 14 161 2| .2 .0 438 88 0 857 7.1 |30
PA 123 Upper Yorktown 26 11 12 6.9 30 3.5 71 14 47 1 1 .0 186 58 ¢} 282 6.4 -
PA 124 Water tuble 41 1.3 4.8 29 18 1.0 4l 5.5 17 0| 2.4 .0 114 2 o 143 6.5 =
PA 126 Upper Yorktown 45 6.1 79 12 4z 3.8 | 33 4.5 4z -1 1 A 401 247 0 548 7.3 |-
m-62 Lower Yorktown 4.2 0.32 13 5.6 369 19 324 87 578 .7| 0.8 0.0 1020 S€ [ LHOO 7.8 |
m-52 Y Lower Yorktown 1 1.5 1 18 1000 38 1043 128 896 22| 1.0 .0 2620 95 0 4310 8.0 |10
m-62 9 Beaufort 18 2.4 11 14 392 39 1052 107 887 2.1 .8 0 2590 a4 0 4270 7.9 |15
1162 9 Beaufort 12 2.1 5.2 4.3 &5 25 993 116 404 2.3 .9 0 1740 31 ] 2890 8.1 3
12-62 9 Upper Yorktown 29 W16 | 35 43 350 40 400 14 535 .2 .3 e 1250 267 0 2230 7.6 |-~
62 ¥ Beaufort 27 2.3 83 142 50350 111 €29 324 4680 7 1.0 .0 8710 790 274 13900 7.3 | --
g Sample collected at depth of 165.7 feet.
Y Sample collected at depth of 291.8 feet.
g Sample collected at depth of 345.5 feet.
g Sample collected at depth of 577.8 feet.
9 Sample collected at depth of 101.9 feet.
F Sample collected at depth of 500 feet.
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Jetted and driven wells, screened or open end, obtain water from sands,
_coquinas, and indurated shell marls of the Yorktown upper and lower aqui-
fers. Artesian wells scresned in the Yorktown upper aquifer are almost as
numerous as water—table wells. Wells in the Yorktown upper aquifer range
in depth frem 60 to 123 feet and yield 2 to 50 gpm from wells with diameters
of 2 inches, 94 to 400 gpm for singie- or multiple-screen wells with diam-
eters of 2 inches, and 9% to 400 gpm for siugle- or multiple-screen wells
with diameters of 6 to 10 inchesz (table 6), Wells in the Yorktown lower
aquifer range in depth from 124 to 169 feet and yield from 5 to 47 gpm
(table 6). The Yorktown lower aguifer is present only in the southern and
east-central parts of the county. Specific yields of wells zcreened in
the Yorktown upper aquifer range from 0,15 te 2.50 gpm per foot of draw-
down for wells of 2 inch diameter and from 0.88 to 9.67 gpm per foot of
drawdown for wells of 6 to 10 inch diameter. Specific yields of wells
screened in the Yorktown lower aquifer range from 0.20 to 0.28 gpm per
foot of drawdown (table 6).

In the Newland School area in the northera part of the county, brack-
ish water containing 321 to 697 ppm chloride from wells screened in the
Beaufort aquifers is used for domestic supplies. The chloride content of
ground water in this part of the couaty decreases with increase in depth
in the Beaufort aquifers owing to the increase in aquifer permeability
with depth.

In the southern part of the county ne potable water-bearing aquifers
occur below the Yorktown upper aquifer.

All wells screened in the Beaufort aquifers flow by artesian pressure.
No appreciable change in the concentration of chloride in water from these

wells is discernible with change 1n ariesian pressure.

Water Levels in Pasquotank County

The water levels in the surficial sands are generally 1 to 8 feet
below the land surface (fig. 11). Figure 5 shows that the water table
during September-October 1962, a period of low water levels 1n the water-
table aquifer (figs. 8, 11) ranged from 5 to 10 feet above msl in the
northern part of the county, and from near sea level to 5 feet above msl
in the southern part of the county. Hydrographs for the water—table

aquifer in Pasquotank County (fig. 8), indicate that the water table 1s
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generally highest during the period December-April (time of lowest seasonal
precipitation) and lowest during the period May-November (time of greatest
seasonal precipitation). Flowing wells are common during the period
December-April in the lowlands along New Begun and Symonds Creeks in the
southern part of the county, where the water-table aquifer is partly under
artesian pressure.

Water in the Yorktown upper and lower aquifers occurs under artesian
pressure. The piezometric surface of the Yorktown upper aquifer during
October 1962, ranged from a maximum of about 20 feet above msl in the
northern part of the county to mean sea level in the southern part of the
county along Albamarle Sound and the Pasquotank and Little Rivers. The
surface is slightly below mean sea level in the apeas of influence of the
cones of depression at Newland and Symonds Creek, and is as great as 38
feet below msl within the Elizabeth City area of pumping influence (fig.
6). The highest water levels occur from December through April, and the
lowest from May through November (fig. 11).

Artesian flows from wells screened in the Yorktown upper aquifer have
been recorded durﬁng spring months on the lowlands bordering Albemarle
Sound.,

Beaufort aquifer water levels in the northern part of the county are
above the land surface. The highest water levels occur from October

through February, and the lowest during September (fig. 11).
Quality of ground water iu Pasquotank County

Adequate supplies of fresh ground water can be obtained from either
the water-table aquifer or the Yorktown upper aquifer in most areas in
Pasquotank County. Parts of the Ysrktown lower aquifer also contain water
with less than 250 ppm chloride. Few potable waters are available that do
not contain large quantities of iron or hardness-causing constituents, and
treatment is required to make these waters satisfactory for most uses.

Analyses of water samples frem Pasquotank County are shown in table 7.
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Water-Table Aquifer

The least mineralized water in Pasquotank County is found in the
water-table aquifer. The sums of mineral constituents are generally below
300 ppm, and chloride concentrations are belwo 50 ppm. Hardness as calcium
carbonate ranged from 24 to 214 ppm in the samples analyzed. Iron ranged
from 0.63 to 9.3 ppm; most water—table wells yield water containing more
than 1.0 ppm. No areal pattern of distribution for hardness or iron is
apparent. Most of the water—table waters are acidic, and corrosion is a

common problem accompanying their use.

Yorktown Upper Aquifer

In Pasquotank County the Yorktown upper aquifer generally yields fresh
waters which are very hard and contain objectionable amounts of iron.
Chloride ranged from 9.4 to 365 ppm in the samples analyzed. Throughout
most of the county, chloride concentrations in this aquifer are less than
50 ppm. Higher amounts were found in samples from the northern and south-
ern extremities of the county, and in areas influenced by the cones of
depression in the piezometric surface of the aquifer around Elizabeth City,
Newland, and Symonds Creek. The distribution of chloride in waters in the
Yorktown upper aquifer is shown in figure 7. Sums of the dissolved min-
eral constituents ranged from 112 to 1,780 ppm, but were less than 1,000
ppm in samples containing less than 250 chloride. Hardness as calcium
carbonabe in this aquifer varied from 29 to 435 ppm, but no areal pattern
of distitibution was apparent. Iron ranged from 0.27 to 14 ppm. Figure 9
shows the probable concentration of iron in waters from the Yorktown upper
aquifer. Other chemical constituents were not present in amounts objection-

able to most water users.

Yorktown Lower Aquifer

Few wells are available for sampling in the Yorktown lower aquifer,
These waters are chemically similar to those of the Yorktown upper aquifer,

but may contain less iron.



Beaufort and Cretaceous Aquifers

The Beaufort and Cretaceous aquifers contain brackish or saline

water throughout the county.

i
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Perquimans County

(Area 261 square miles; population in 1960, 9,178)
Introduction

Perquimans County is the western most county in the area of investi-
gation, It bordered on the north by Gates County, on the east by Pasquotank
County and the Little River, on the south by Chowan County, the Yeopim River
and Albemarle Sound, and on the west by Chowan County (fig. 14). Hertford,
the county seat and second largest town in the Hertford-Elizabeth City
area, had a population of 2,068 in 1960. Other population centers in the
county include Belvidere, Durants Neck, Nicanor, Winfall, and Woodville.

Land-surface elevation ranges from more than 50 feet along Sandy Ridge
(fig. 5) in the northwestern part. of the county near sea level in the
southern part of the county along Albemarle Sound. A conspicuous wave-
cut terrace 5 to 8 feet high is present in parts of Durants and Harveys
Necks along Albemarle Sound and the lower Perquimans River. Most of the
northern part of the county is occupied by the Great Dismal Swamp, and the
southwestern part of the county by Bear Swamp.

The sale of agricultural products provides the major source of income
in the county., Commercial fishing, timber and military installations pro-

vide additional income.
Geology

The county is covered with thin surficial deposits of sands and
clays of post-Miocene age. These surficial deposits range in thickness
from about 65 feet in the northern part of the county to about 2 feet in
the southwestern part of the county. They are underlain unconformably by
blue-to-gray clay, sandy clay, sand, coquina, and indurated shell marl of
the upper Miocene Yorktown Formation.

The Yorktown Formation ranges in thickness from about 210 feet in the
southwestern part of the county to 125 feet in the northeastern part of
the county, and from about 250 feet in the northwestern to about 185 in
the southeastern part of the county.
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Clay, sandy clay, and phosphatic quartz sand of the middle Miocene
undifferentiated unnamed unit lie conformably under the Yorktown Formation.
The thickness of this unit ranges from about 25 feet in the southwestern
part of the county and from 10 feet in the northwestern part of the county
to 155 feet in the northeastern par tof the county and from 10 feet in the
northwestern to about 218 feet in the southeastern part of the county.

The middle Miocene undifferentiated unnamed unit is unconformably underlain
by the Beaufort Formation of Paleocene age.

In the northern part of the county, the Beaufort Formation consists of
glauconitic sand underlain by iron-stained quartz sand, clayey sands, and
red clays. The Beaufort Formation ranges in thickness from about 290 feet
in the southwestern part of the county to about 500 feet in the north-
western part and to about 400 feet in the northeastern part of the county.
The Beaufort Formation is probably underlain by Upper Cretaceous sediment-

ary units.

Ground water

All water supplies in Perquimans County are obtained from wells;
large to moderate supplies of ground water are available throughout the
county. The largest users are the town of Hertford with a maximum con-
sumption of 150,000 gpd, and the U. S. Department of Defense at Harveys
Point with a maximum consumption of 10,000 gpd and an average consumption

of 8,000 gpd. The depth of wells depends upon the depth to saline water.

Aquifers in Perquimans County

Potable water is obtained from two aquifers in the county, the water-
table aquifer and the Yorktown upper aquifer. The location of wells
inventoried in Perquimans County is shown in figure 14. Records for these
wells are given in table 8. Chemical analyses of ground water are listed
in table 9.

Surficial sands of the water-table aquifer furnish water to more
wells in the county than any other aquifer. These sands are discontinuous,
occurring as lenses. Dug, driven, and jetted wells in the surficial sands

range in depth from 6 to 48 feet and yield from 5 to 15 gpm (table 8).
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Driven wells and jetted-drilled wells, screened or open end, obtain
water from sands, coquinas, and indurated shell marls of the Yorktown
upper aquifer. Wells in this aquifer range in depth from 47 to 122 feet
and yield from 2 to 40 gpm from wells 1% to 2 inches in diameter, and
from 151 to 385 gpm for multiple-screen, gravel-wall, rotary-drilled wells
of 6 to 10 inch diameter (table 8). Specific yields for wells screened in
the Yorktown upper aquifer range from 0.8 to 1,60 gpm per foot of drawdown
for wells 2 inches in diameter, to 6.29 to 10.00 gpm per foot of drawdown
for wells of 6 to 10 inches in diameter.

Several domestic wells in the northern and western part of the county
are screened in Beaufort aquifers. These wells range in depth from 290 to
620 feet and yield from 3 to 20 gpm. Almost all the wells screened in the
Beaufort aquifers flow at rates ranging from 0.25 to 0.50 gpm. Specific
yields of wells screened in the Beaufort aquifers range from 0.17 gpm per

foot of drawdown to 0.75 gpm per foot of drawdown (table 8).

Water Levels in Perquimans County

The water levels in the surficial sands are generally half a foot to
10 feet below the land surface (fig. 11). The water table during September-
October 1962, a period of low water levels (fig 11), ranged from a maximum
of 50 feet above msl along Sandy Ridge in the northwestern part of the
county to near mean sea level throughout the remainder of the county
(fig. 5). The water table is generally highest during the period January-
April (time of lowest seasonal precipitation) and lowest during the period
May-December (time of greatest seasonal precipitation).

Water in the Yorktown upper aquifer is under artesian pressure. The
piezometric surface of the Yorktown upper aquifer during October 1962
ranged from a maximum of 36 feet above msl along Sandy Ridge in the north-
western part of the county to mean sea level along Albemarle Sound and the
lower parts of the major rivers in the southeastern part of the couunty.
Well No. PE-35 (fig. 11), screened in the Yorktown upper aquifer (table 8),
shows an annual fluctuation of about 6 feet in the piezometric surface at
Harveys Point. The highest water levels occur from December through April,
and the lowest from May through November. Artesian flows occur from wells
along parts of Albemarle Sound and the lower Yeopim, Perquimans and Little

Rivers when the piezometric surface of the Yorktown upper aquifer is highest.
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No wells in Perquimans County obtain water from the Yorktown lower
aquifer which is present in the extreme southwestern part of the county
at about 110 to 135 feet below land surface.

Several wells produce water from the Beaufort aquifers in Perquimans
County. The water levels in these wells range from 32 feet below land
surface along Sandy Ridge to 6.7 feet above land surface in the north-
eastern part of the county. There is little annual fluctuation in the

artesian pressure of these wells (fig., 11).
Quality of ground water in Perquimans County

Ground water containing less than 50 ppm of chloride is available
from the water—table and Yorktown upper aquifers throughout most of
Perqu}mans County. These fresh waters usually contain objectionable
amounts of iron or hardness-causing constituents, requiring treatment for

most uses. Analyses of water samples from this county are shown in table 9.

Water-Table Aquifer

Waters from the water—table aquifer are usually less highly mineralized
than those from other water—hearing zones. In Perquimans County the sums
of dissolved mineral constituents in waters from the water-table aquifer
range from 123 to 749 ppm. Wells PE-53 and PE-56 contained waters with 749
and 684 ppm of dissolved solids, respectively. These wells are very shallow
and contamination from surface-water drainage may account for these abnorm-
ally high mineral concentrations. The total dissolved mineral matter in
uncontaminated waters from the water-table aquifer probably does not exceed
500 ppm, except in a few localities immediately adjacent to Albemarle Sound.
Most water-table wells in the interior of the county yield waters having
dissolved-solid sums less than 250 ppm. Hardness of waters in the water-
table aquifer ranges from 60 to 365 ppm, but is less than 100 ppm in most
inland wells. Iron concentrations range from 1.3 to 4.3 ppm, except in
open dug wells where it has oxidized and occurs as a precipitate. Most
water-table waters are slightly acidic and usually corrosive to metal

plumbing fixtures.
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Yorktown Upper Aquifer

The Yorktown upper aquifer yields water containing less than 50 ppm
chloride in all parts of Perquimans County, except in the vicinity of
Durants Neck, and in some areas immediately adjacent to the lower Perqui-
mans River and Albemarle Sound. Chloride concentrations of water from
this aquifer are shown in figure 7. The samples analyzed from the York-
town upper aquifer in Perquimans County are generally very hard. In
figure 9 the zones in which iron is less than 0.3 ppm are also zones in
which hardness is less than average for the Yorktown upper aquifer in
this county. Most of the water from the Yorktown upper aquifer in Per-

quimans County contains large amounts of iron; concentrations range from
0.06 to 6.1 ppm.

Beaufort Aquifers

The Beaufort aquifers contain brackish or saline water in Perquimans
County. Chloride concentrations in samples analyzed ranged from 979 to
1,540 ppm.
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