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GROUND-WATER RESOURCES OF MART VN COUNTY
NORTH CAROLINA
By

Granville G. Wy~ ck
ABSTRACT

Martin County is in the north-central part of the Nerth Carolina
Coastal Plain and is underlain by sedimentary rocks that thicken from
about 400 feet in the western part of the county to about 1,000 feet in
the eastern part. The sediments, ranging in age from Cretacecus to
Recent, are composed chiefly of clay, sand, shell, and limestone that were
deposited on crystalline basement rock. Pre-Miocene sediments strike north-
northeast and dip to the séutheast whereas Miocene and younger sediments
are essentially horizontal.

Within the sedimentary section are seven sand, shell, or limestone
beds which are the principal aquifers in the county. Water in the lower
six of the aquifers occurs under artesian conditions, and in the seventh,
under non-artesgian conditions, The average transmissibility of the
artesian aquifers ranges from 49000 gallons per day per foot in Aquifer
Number 4 to 18,000 gallons per day per foot, in Aquifer Number 3. The
average daily recharge to the artesian aquifers in the county is computed
as 22 million gallons per day for aquifers between 100 feet and 300 feet
below land surface.

Sufficient quantities of water of chemical quality suitable for
most purposes are available in the aquifers underiying Martin County.
However, in many places wells yield water of unsuitable quality or insuf-
ficient quantity, largely due to the methods of well construction. Four
principal problems of water supply apparently are related to this cause:
(1) Water containing concentrations of chloride in excess of 250 parts per
million is obtained from wells that are drilled to depthz greater than 450
feet, after passing through aquifers containing water of usable quality;
(2) water containing iron in concenirations greater than 0.5 parts per
million is obtained from wells completed in the non-artesian aquifer, but
watef of better quality is available at slightly greater depths; (3)

wells are finished in shell or limestone aquifers which generally produce
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water with a hardness in excess of 200 parts per million; (4) the specific
capacities of wells in the county on the basis of yield are below the spe-
cific capacities calculated on the basis of aquifer transmissibilities.
Aquifer characteristics determined during this investigation indicate

- that these four problems may be minimized by drilling wells that tap
aquifers containing water of acceptable chemical quality, and by the use

of screen sizes and screen lengths that are adapted to specific aquifers.




INTRODUCTION

Ground water is one. of the most important natural resources of the
Coastal Plain of North Carolina. Ground water is also, perhaps, one of
the least understood natural resources of the area. In some places, the
development of adequate water supplies from wells has been a problem due
to the lack of detailed geologic and hydrologic data. In other places,
where wells 'do yield adequate quantities of water, the chemical quality
of the water may be undesirable because of high concentrations of dis-
solved minerals. -

The ground-water resources of Martin County are being developed at
an increasing rate. With an increase in per capita use of water and an
emphasis on industrial growth, this trend is likely to continue. All of
the water used for domestic purposes in Martin County is ground water.

A large portion of the water used for irrigation, stock, and industry
also ‘is ground water. With an increase in the use of ground water in
Martin County there is an increasing urgency to understand the factors
controlling the ground-water resources of the county so that both indi-
vidual water supplies and the ground-water resources as a whole may be
wisely and economically developed.

The Martin County Board of Commissioners under the direction of
their Chairman, John H. Edwards, recognized the need for a study of the
ground-water resources of the county, and in 1958 requested that the
U. S. Geological Survey undertake a detailed ground-water investigation.

This investigation, the first detailed county~-wide ground-water
investigation. in North Carolina, was finanéed by county funds that were
matched by the U. S. Geological Survey over a 4-year period beginning.in
1958. This report contains the fesults of that investigation.

The principal phases of the invéstigation included the following:

1. An inventory of most existing, particularly deep, wells to
determine their location, depth, diameter, yield, and other
pertinent data.

2. The drilling of test wells and auger holes in selected areas
where sufficient information could not be obtained from exist-
ing wells. |

3. Geologic studies to determine the character and extent of the
various geologic formations as they influence and control the

occurrence of ground water.



4. The determination of the water-transmitting and water—storage

capacities of the aquifers.

5. The collection and chemical analysis of water samples to deter-—

mine specific chemical characteristics of the ground water.

6. The analysis of data collected during the investigation and the

preparation of this report for the Board of Commissioners.

The field work for the investigation began in December 1958. The
author has worked on the project since that time. Other personnel who
assisted on the project for short periods of time included John L., Snider
and Stephen E. Kesler. Most of the paleontological determinations were

made by Philip M. Brown.

Previous Investigations

The geology and ground-water resources of Martin County have been
discussed briefly in several reports published by the U. S. Geological
Survey and the North Carolina Department of Conservation and Development.

Mundorff (1945, p. 41-58) describes the general geology of the North
Carolina Coastal Plain. Brown (1958, P. 34—35) gives detailed geologic and
paleontologic descriptions of the material from three wells in Martin
County. Brown (1959, p. 70-77) discusses the geology and occurrence of
graﬁhd water in Martin County. That report, based on a reconnaissance
study, includes records of the data collected from 73 wells, with a detail-
ed log of one well, and the chemical analyses of water samples from 22 wells.
Wyrick and Floyd (1961, p. 1-11) discuss the water—transmitting characteris—
tics of the Castle Hayne Limestone in areas of discharge and non-discharge

at selected sites in Martin County.

Acknowledgments
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M. Brown, district geologist, and under the general supervision of
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Hackett, chief of the Ground Water Branch, U. S. Geological Survey.




GEOGRAPHY

Martin County is in the north-central part of the Coastal Plain of
North Carolina (fig. 1). It is bounded on the north by the Roanoke River,
on the east by Welsh Creek, on the south by Beaufort and Pitt Counties,

‘and on the west by Edgecombe and Halifax Counties. The county area is

481 square miles.
Williamston is the largest town and the county seat. Other munici-
palities include Beargrass, Everetts, Gold Point, Hamilton, Hassell, James-

ville, Oak City, Parmele, and Robersonville.

Climate

The normal average annual precipitation for Martin County during
the 29-year period from 1933 to 1962 was approximately 47 inches, accord-
ing to the U. S. Weather Bureau. Figure 2 shows the distribution by
months, of average annual precipitation for this period. The rainfall
is heaviest during the summer, but is fairly well distributed throughout
the rest of the year. Records of the temperature in Martin County have
been kept for nine years. The U. S. Weather Bureau doees not consider
this a sufficient period for calculation of the long-term mean annual
temperature. - However, the mean temperature for 1959 was approximately

620 F. and for 1960 it was about 61° F.

Population

Martin County had a total population of 27,139 in 1960 according

to the U. S. Bureau of the Census. The census indicated that approximate—

ly 7% percent of the population is classified as farm-rural. There are
approximately %,800 homes within the county. O0f these about 3,700 are
rural and the owners must provide their own water supplies. On the
average,hone well supplies slightly more than two homes in the rural

areas.

EconomX

The economy of Martin County is basically agricultural. The grow-
ing and processing of tobacco and peanuts account for most of the farm
income. In recent years livestock raising has become increasingly im-—

portant to the economy. Also, according to the Martin County Industrial




VNITOHYD HLYON ‘ALNNOD NILYVIN 40 dVIN X3ANI

a °
v1
IS

FIGURE 1




NN}
\\\\\\\\

- \\\\\\\\\\\\

., \\:s

mmmmmm
sayoul ut ‘uoi1joyjtdioaig

MY, ¢



7
Development Commission, there are 24 industries in the county. For the
most part, these industries are concerned with the manufacturing{bf wood
products, “textiles and textile products, and of processing food, chemicals,

and pulp.

Physiography

Martin County lies within the Atlantic Ccastal Plain province.
Parts of the Coastal Plain have been submerged since Miocene time. When-~
ever the level of the sea was relatively static, in relation to adjacent
land masses, for a long period, waves and currents leveled the sea floor,
forming a general flat surface or plane. As land masses emerged, a plane
emerged as essentially a flat land surface.

In Martin County there is evidence of three former submerged sur-
faces. One surface occurs at an altitude between 25 and 50.feet above
mean sea level (msl), another between 50 and 75 feet above msl, and the
third between 75 and 100 feet above msl (fig. 3).

The land surface in Martin County has been dissected by streams
which drain north and east toward the Roanoke River and south and east
toward the Pamlico River (fig. 1). 1In the eastern part of the county,
drainage is poorly developed and large swamps occur. In the central
and western parts of the county, drainage is well developed and there
are few swamps.

h The principal streams which drain into the Roanoke River are
Conoho Creek, Sweet Water Creek, and Welch Creek. The principal streams
which drain into the Pamlico River are Collie Creek and Turkey Creek.

Approximately 75 percent of the county is drained by the Roanoke River.




GEOLOGY

A study of the geology of an area is essential to the study of its
ground-water resources. Geologic formations of high permeability may
readily store and transmit ground water, whereas, geologic formations of
low permeability may retard the movements of ground water. Thus, the
occurrence and movement of ground water depends, among other factors, upon
the'size, shape, and physical characteristics of the geologic formations.
In addition, ground water may dissolve from or deposit chemicals in the
material through which it moves. Thus the chemical quality of ground
water is dependent upon the geology of an area.

The geology of Martin County has been studied by two principal
methods. One method consisted of the collection, preparation, and exami-
nation of cuttings from wells and auger holes. The second method consist-
ed of the collection and examination of gepphysical data, including

electric and gamma-ray logs from wells and test holes.

Test and Auger Holes

Geologic data were collected from 20 wells in and near Martin
County. These data were supplemented by data obtained during the auger-
ing of 38 holes and the drilling of two deep test holes (fig. 4).

A correlation of the geological and geophysical data collected from
eight wells is shown in figure 5. The formation boundaries were picked on
the basis of microfaunal assemblages, lithology, and geophysical charac-
teristics. The seven principal water-bearing zones are correlated on the
basis of resistivity characteristics shown on electric logs and on lithol-
ogy. A synthesis of all of the geological and geophysical data from the
wells located on figure % is the basis for defining the structure of the

geologic formations and the water-bearing zones in Martin County.

General Geology

Martin County is undérlain by clay, silt, sand, and limestone beds
whichswefelgeposited on crystalline basement rocks. These sedimentary
beds generally slope to the southeast in Martin County. They were, for
the most part, deposited in shallow seas. The sedimentary beds contain
material that was weathered from crystalline rocks and transported by
streams to the seas, mixed with marine materials such as seashells and

chemical precipitates, sorted by wave and current action and deposited
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on the sea bottom, and covered by later sediments. The sequence of depo-
gition was not continuous. Sea level fluctuated in relation to adjacent
" land masses. During the periods when sea level was relatively lower than
adjacent'land masses, the sediments, previously deposited, were above sea
level, and were exposed to weathering and erosion processes. With a sub-
sequent lowering of land masses, these eroded surfaces were inundated and
more sediments were deposited upon them.

The sedimentary layers have been subdivided into formations, or
‘other units, which consist of material of similar lithic composition,
deposited during a given period of geologic time. These formations, or
units, are identified by their position in the sequence of sediments,
their lithic composition, and their fossil content. The surfaces that
separate the formations are referred to as contacts. If there was no
significant lapse between the deposition of two formations, their contact
is said to be conformable; if there was a period of nondeposition or
erosion between formations their contact is said to represent an uncon-
formity. An unconformiity represents a period of nondeposition or eresion
and its surface is usually an undulating plane. When the layers of a
formation above an unconformity are parallel to the layers of the forma-
tion below, the contact is a disconformity. When the layers of the
formations above and below an unconformity are not parallel, the contact
is a nonconformity. The contact relationship of the various geologic
formations may greatly influence the movements of ground water between
formations. These relationships (fig. 6), and the relationships of these
formations to the aquifers (fig. 5), are discussed in the ground-water
section.

Land surfaces adjacent to an active depositional basin slowly sink,
rise, or remain static during the geologic épochs associated with the for-
mation of the basin. When land surfaces sink, the adjacent sea encroaches
on the land. This encroachment is called a transgression. When land sur-
faces rise, the adjacent sea recedes from the land. This recession of the
sea is called a regression. In any one area, in general, fine-grained
sediments are deposited during transgressions, whereas coarse-grained

sediments are deposited during regressions.
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Geologic Formations

The geologic formations in Martin County consist of sediments of
Cretaceous .age which were deposited on crystalline basement rocks, and
of Tertiary and Quaternary sediments which overlie the Cretaceous
deposits. Regionally, these formations form a large arc open to the
east. North of Martin County the formations generally strike east; south
of the county they generally strike north. Martin County's position on
the arc is such that the formations within the county strike generally
northeast and dip to the southeast.

The basement rocks are composed of crystalline rocks of Precambrian
or early Paleozoic age; the surface cut on these rocks dips to the south-
east (fig. 6).

Sediments of both Early and Late Cretaceous age unconformably over-
lie the basement rocks. Sediments of Early Cretaceous age are recognized
in several wells in Halifax County adjacent to the northwestern corner of
Martin County, and they undoubtedly extend into Martin County. Throughout
the rest of the county, basement rock is overlain unconformably by the
Tuscaloosa Formation of Late Cretaceous age (fig. 6).

The Tuscaloosa Formation, the lower part of the Black Creek Forma-
tion, and post-Miocene sediments were deposited during periods of re-
gression. Parts of the Black Creek Formation, the Peedee Formation, the
Beaufort Formation, and the Yorktown Formation were deposited during
periods of transgression. The Castle Hayne Limestone was deposited during
a static stage of basin development, when the land surface was neither
sinking nor rising. Chemical precipitates predominate during static stages
in this area.

Three formations of Late Cretaceous age occur in Martin County. The
Tuscaloosa Formation is overlain by the Black Creek Formation which, in
turn, is~over1ain by the Peedee Formation. The contacts between these
three formations are unconformable.

The Beaufort Formation of Paleocene age overlies the Peedee Forma-
tion and, in turn, is overlain by the Castle Hayne Limestone of middle
and late Focene age. Their contact relationships also are unconformable.
The base of the Yorktown Formation of late Miocene age appears as a
horizontal line in figure 6 because of vertical scale exaggeration.

However, since the Yorktown Formation was deposited on a highly eroded
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uneven surface, the. contact between the Yorktown Formation and the older
formations is not a horizontal plane (fig. 7).

The Yorktown Formation is blanketed by thin deposits of post-
Miocene age. These deposits contain no diagnostic fauna but are of
undoubted Quaternary age because they are part of the regional shoreline
deposits laid down during static stages of a regressive cycle in Pleisto-
cene or Recent epechs,

Fach formation has distinective structural, 1ithic, or paleontolog-

ical characteristics that are discussed in detail in the following sections.

Basement rocks

The crystalline basement rocks are of granitic composition and con~
tain an abundance of green mica. The upper 5 to 10 feet of the basement
is weathered to a clay containing mica, feldspar, and disseminated quartz
grains.

In. the western part of the county, basement rock is approximately
400 feet below land surface, whereas, in the eastern part it is approximate-
ly 1,000 feet below land surface (table 1). The basement surface strikes
N. 509 E. and dips about 17 feet per mile (fig. 6).

Cretaceous System

Lower Cretaceous Series

Sediments of Albian age are recognized in wells drilled in adjoin-
iﬁg Halifax and Pitt Counties (Swain and Brown, 1963, p. 4), Because of
the updip pinchout of a marine facies, caused by a struetural high, Lower
Cretaceous sediments, if present in Martin County, are nonmarine equiva-

lents and have little importance as water-bearing units.

Upper Cretaceous Series

Tuscaloosa Formation.- —— The Tuscalvosa Formation unconformably

overlies crystalline rock in mest of Martin County. In the remainder of
the county it overlies Lower Cretaceous sediments. The top of the for-

mation strikes N. 51° E. and dips approximately 16 feet per mile to the

southeast. The formation thickens toward the southeast, is approximate-
ly 200 feet thick in the western part of the county, and is approximate-
ly 300 feet thick in the eastern part.
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The Tuscaloosa Formation consists of layers of white to red clay
interbedded with layers of gray micaceous sand. Generally, the basal
part of the formation is a massive clay bed about 75 feet thick. Thé
center part consists of approximately 50 feet of interbedded sand and
clay layers, and the upper part consists of 100 to 150 feet of clay
overlain by 10 to 30 feet of sand (fig. 6).

Aquifer 1 is near the center of the Tuscalposa Formation (fig. 5).
Aquifer 2 occurs along the contact between the Tuscaloosa Formation and
the Black Creek Formation. I

' In the western part of the county the chemical quality of water
from these aquifers.generally is acceptable for most uses. In the cen-
tral and eastern parts of the county the water from Aquifers 1 and 2
contains high concentrations of chloride and, therefore, is too salty

for most uses.

Black Creek Formation. —-— The Black Creek Formation unconformably

overlies the Tuscaloosa Formation in Martin County. The surface of the
Black Creek Formation strikes N. 50° E. and dips about 1k feet per mile
(figs. 5 and 6). The formation, which is approximately 325 feet thick
throughout the central and eastern parts of the county, pinches out

west of the Martin-Halifax County line (fig. 6). A projection of sub-
surface contacts indicates that the lower part of the Black Creek Forma-
tion crops out at Palmyra Landing, in Halifax County, in a cut along the
south bank of the Roanoke River.

:In Martin County the Black Creek Formation consists of interbedded
1ayers'of gray to brown clay and gray sand. The accessory minerals in-
-clude: muscovite, pyrite,‘hemétite, and glauconite. Lignitized wood
fragments and shéll fragments also are common in the samples.

A thick sand bed, designated Aquifer 3, occurs near the center of
the Black Creek Formation. This aquifer is one of the most productive
in the county. Another aquifer, designated Aquifer 4 occurs along the
contact between the Black Creek Formation and the overlying Peedee
Formation. Generally, water from both Aquifers 3 and 4 is of acceptable

chemical qualify for most domestic uses.

Peedee Formation. — The Peedee Formation in Martin County overlies

the Black Creek Formation and underlies the Beaufort and Yorktown Forma-

‘tions (fig. 6). The surface of the Peedee Formation strikes N. 50° E,.
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Depth (fééf)

250-266

266-281

281-296

296-301

301-312

312-317

Silt, gray, with sand, quartz, clear, very
fine to fine-grained, rounded, 70 per-
cent; sand, glauconitic, green, fine to
medium-grained, rounded, 30 percent.

Sand, quartz, clear, very fine to fine-
grained, rounded, 70 percent; sand,
glauconitic, green, fine to medium-
grained, rounded, 30 percent, with
angular, medium-grained, brown quartz
sand and few pyrite crystals.

Sand, quartz, clear, very fine to fine-
grained, rounded, 55 percent; sand,
quartz, brown, medium-grained, angular,
with few pyrite crystals, 15 percent;
sand, glauconitic, green, fine- to
medium-grained rounded, 30 percent.

Silt, gray, with rounded very fine to
fine-grained clear quartz sand, 55
percent; sand, quartz, brown, medium-
grained, angular, with few pyrite
crystals, 15 percent; sand glauconitic,
green, fine to medium-grained, rounded,
30 percent.

Sand, quartz, clear, very fine to fine-
grained, rounded, 55 percent; sand,
quartz, brown, medium-grained,
angular, with few pyrite crystals,

15 percent; sand, glauconitic, green,
fine to medium-grained, rounded, 30
percent. Ostracoda identified from
the 163-312 foot interval include:

Brachycythere interrasilis Alexander

Trachyleberis midwayensis (Alexander)

Trachyleberis prestwichiana (Jones
and Sherborn)

Upper Cretaceous — Peedee Formation

Clay, black, with rounded, very fine to
fine-grained clear quartz sand, 55
percent; sand, quartz, brown, medium-
grained, angular, with few pyrite
crystals, 15 percent; sand, glauconitic,
green, fine to medium-grained, rounded,
30 percent.
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Depth (feet)

317-327 _ Sand, quartz, clear, very fine to fine-
grained, rounded, 55 percent; sand,
quartz, brown, medium-grained, angular,
with few pyrite crystals, 15 percent;
sand glauconite, green, fine to medium-
grained, rounded, 30 percent.

327-353 Clay, dark brown, with rounded, very fine
to fine-grained, clear quartz sand, 55
percent; sand, quartz, brown, medium-
grained, angular, with few pyrite
crystals, 15 percent; sand, glauconitic,
green, fine to medium-grained, rounded,
30 percent.

353~358 Sand, quartz, clear, very fine to fine-
grained, rounded, 55 percent; sand,
quartz, brown, medium-grained, with
few pyrite crystals, 15 percent; sand,
glauconitic, green, fine to medium-
grained, rounded, 30 percent.

358-368 Sand, quartz, white, very fine to coarse-
grained, angular to well rounded, 90
percent; sand, glauconite, and phos-
phatic, fine-grained, with muscovite
flakes, 10 percent.

368-409 Clay, dark brown, with trace of angular to
well rounded, very fine to coarse-

t grained white quartz sand, 90 percent;

o sand, glauconite, fine-grained, 10 per-

# cent; with trace of phosphatic sand,

h pyrite crystals, and muscovite flakes.

!

:

ﬁ

409-419 Sand, quartz, white, very fine to coarse-
grained, angular to well rounded, 90
percent; sand, glauconite, fine-grained,
10 percent; with trace of phosphatic

sand, pyrite crystals, and muscovite
flakes.

| 4109-42) Clay, brown, with trace of angular to well
}! rounded, very fine to coarse-grained,

ﬂ_ white quartz sand, 90 percent; sand,

jF ' glauconite, fine—grained, 10 percent;

, with trace of phosphatic sand, pyrite
crystals, and muscovite flakes.
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Depth (feet)

L2k 40 Sand, quartz, white, very fine to medium-
coarse—grained, angular to well rounded,
90 percent; sand, glauconite, fine-
grained, 10 percent; with trace of
phosphatic sand, pyrite crystals, and
muscovite flakes.

L40-445 Sand, quartz, white, very fine to fine-

’ grained, subangular, 80 percent; sand,
glauconite, green, fine—grained, 20
percent; trace muscovite. Ostracoda
identified from the 312-445 foot
interval include:

Brachycythere rhomboidalis (Berry)
Cytherella herricki Brown
Cytheridea (Haplocytheridea)
councilli Brown
Cythereis pidgeoni (Berry)
Fucythere curta Jennings
Velarocythere cacumenata Brown
Velarocythere eikonata Brown

Upper Cretaceous — Black Creek Formation

445-476 Clay, dark brown, with trace of subangular,
very fine to fine-grained, white quartz
sand, 80 percent; sand, glauconite,
green, fine-grained, 20 percent; trace
muscovite.

L76-527 Clay, verigated, cream to brown, with trace
' of subangular, very fine to fine—grained
white, quartz sand, 80 percent; sand, f
glauconite, green, fine-grained, 20 per-—
cent; trace muscovite with few shell

fragments.

527-553 Sand, quartz, white, fine to medium-grained,
angular to subrounded, 90 percent; sand,
glauconite, green, fine-grained, 10
percent; trace marcasite crystals,
muscovite flakes, chlorite, and lignitized'
wood.

553568 Sand, quartz, white, medium to coarse—grained,
: angular to subangular; trace muscovite
flakes, marcasite crystals, lignitized
wood.

e

568-573 Clay, cream to tan.
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Depth (feet)

573-578 Sand, quartz, white, fine to coarse-grained,
angular to subangular; trace muscovite
flakes, marcasite crystals, lignitized
wood.

578-583 Clay, tan

583-599 Sand, quartz, white, fine to coarse-—grained,

angular to subangular; trace muscovite
flakes, marcasite crystals, lignitized

wood.
599-604 Clay, brown.
604-614 Sand, quartz, white, very fine to medium-

grained, subangular to subrounded; few
muscovite flakes.

614-619 Clay, brown.

619-624 Sand, quartz, white, very fine to medium-
grained, subangular to subrounded; few
muscovite flakes.

624629 Clay, brown.

629-640 Sand, quartz, white, very fine to medium-
grained, subangular to subrounded; few
muscovite flakes.

640-645 Clay, tan to brown.

645-660 Sand, quartz, white, very fine to medium-
grained, subangular to subrounded; with
few muscovite flakes and trace of shell
fragments.

660-676 Sand, quartz, white, very fine to medium-
grained, subangular to subrounded; with
few muscovite flakes, trace of shell
fragments, marcasite crystals, and 3
percent green, fine-—grained glauconite.

676-686 Silt, gray, with trace of subangular to
' subrounded, very fine to medium-grained
white quartz sand, few muscovite flakes,
and marcasite crystals.
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Depth (feet)

686-696

696-706

706-711

711-722

722-728

728-737

Sand, quartz, white, very fine to medium-—
grained, subangular to subrounded, with
few muscovite flakes, and marcasite
crystals. Ostracoda identified from
the 445-696 foot interval include:

Brachycythere ledaforma (Israelsky)

Brachycythere nausiformis Swain

Brachycythere sphenoides (Reuss)

Cytheridea (Haplocytherideal
monouthensis (Berry)

Cytheropteron (Eocytheropteron)
striatum Brown

Orthonotacythere sulcata Brown

Upper Cretaceous — Tuscalaosa Formation

Sand, quartz, white, very fine to medium-
grained, subangular to subrounded, with
few muscovite flakes, and marcasite
crystals.

- Clay, red to gray, with trace of subangular,
very fine to coarse-grained white quartz
sand, abraded shell fragments, marcasite
crystals, chlorite, and few quartz
crystals ranging in color from white
through yellow, green, brown, and smoky.

Sand, quartz, white, very fine to coarse-
grained, subangular, with abraded shell
fragments, marcasite crystals, chlorite,
and a few quartz crystals ranging in
color from white through yellow, green,
brown, and smoky.

Clay, gray, and variegated red and white,
with trace of subangular, very fine to
very coarse-grained, white quartz sand,
abraded shell fragments, marcasite
‘crystals, chlorite, few quartz crystals
ranging in color from white through
yellow, green, brown, and smoky.

Sand, quartz, white, very fine to very
coarse—grained, subangular with abraded
shell fragments, marcasite crystals,
chlorite, few quartz crystals ranging
in color from white through yellow,
green, brown, and smoky.

e o T —

—
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Depth (feetl

737-768 Sand, quartz, white, very fine to very
coarse-grained, subangular, with
abraded shell fragments, marcasite
crystals, chlorite, few quartz
crystals ranging in color from white
through yellow, green, brown, and
smoky, with lignitized wood fragments.

768-773 Clay, reddish brown, with trace of sub-
angular, very fine to medium-grained,
white, quartz sand, abraded shell
fragments, marcasite crystals, chlo-
rite, few quartz crystals ranging in
color from white through yellow,
green, brown, and smoky, with
lignitized wood fragments.

773-778 Sand, quartz, white, very fine to medium-
grained, subangular, with abraded
shell fragments, marcasite crystals,
chlorite, few quartz crystals ranging
in color from white through yellow,
green, brown, and smoky, with ligni-
tized wood fragments.

PO —

778-783 Clay, reddish brown with trace of sub-

. : ' angular, very fine to medium-grained,
white, quartz sand, abraded shell
fragments, marcasite crystals, chlorite,
few quartz crystals ranging in color
from white through yellow, green, brown,
and smoky, with lignitized wood.

= T

=

783-793 Sand, quartz, white, very fine to medium-

. grained, subangular, with abraded shell
fragments, marcasite crystal, chlorite,
few quartz crystals ranging in color
from white through yellow, green, brown,
and smoky, with lignitized wood.

=

| 15 793-799 Sand, quartz, white, very fine to medium-
" grained, subangular with marcasite
crystals, chlorite, few quartz crystals
ranging in color from white through
yellow, green, brown, and smoky, with
lignitized wood.

799+855 Clay, reddish brown, with trace of sub-

- angular, very fine to medium-grained,
white, quartz sand, marcasite crystals,
chlorite, few quartz crystals ranging
in color from white through yellow, green,
brown, and smoky, with lignitized wood.
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Depth (feet)

855-860

860-865

865-891

891-901

901-911

911;916

916-922

922-927

927-932

932-937

Sand, quartz, white, very fine to fine-
grained, subangular, with numerous
hematite grains, few glauconite grains.

Sand, quartz, white, very fine to fine-
grained, subangular, with numerous
hematite grains, few glauconite grains,
and shell fragments.

Clay, gray to brown, with trace of sub-
angular, very fine to fine-grained,
white, quartz sand, numerous hematite
grains, few glauconite grains and
shell fragments.

Sand, quartz, white to red, fine to very

" coarse-grained, angular to subrounded,
with numerous medium to coarse-
grained hematite grains, few abraded
shell fragments.

~Sand, quartz, white, very fine to fine-

grained, subangular to subrounded, with
few fine-grained hematite grains, few
muscovite flakes.

Clay, red, with trace of sand, quartz,
white, very fine to fine-grained,
subangular to subrounded, with few
fine—grained hematite grains, few
muscovite flakes.

Sand, quartz, white, very fine to fine-
grained, subangular to subrounded,
with few fine-grained hematite grains,
few muscovite flakes.

Clay, red, with trace of subangular to
subrounded, very fine to fine-grained
white, quartz sand, few fine-grained
hematite grains, few muscovite flakes.

Sand, quartz, white, very fine to fine-
grained, subangular to subrounded,
with few fine-grained hematite grains,
few muscovite flakes.

Clay, red, with trace of subangular to
subrounded, very fine to fine-grained,
white, quartz sand, few fine-grained
hematite grains, few muscovite flakes.



Depthgifeet)

937-942

942-957

957963

963-973

973-983
(bottom)

29

Sand, quartz, white, very fine to fine-grained,
subangular to subrounded, with few medium-—
grained quartz grains, few fine-grained
hematite grains, few muscovite flakes,

Clay, cream to brown, with trace of subangular
to subrounded, very fine to fine-grained
white, quartz sand, few medium-grained,
~quartz grains, fine-grained hematite
‘grains, and muscovite flakes.

Sand, quartz, white, very fine to coarse-
grained, well sorted, subangular to sub-
rounded, with few fine-grained hematite
grains, few muscovite flakes.

Clay, cream to red, with trace of subangular
to subrounded, very fine to coarse-—grained,
white quartz sand, few fine-grained
hematite grains, few muscovite flakes.

Sand, quartz, white, very fine to coarse-—
grained, subangular to subrounded, with
few fine-grained hematite grains, few
muscovite flakes, chlorite, and few
white, yellow and pink clay fragments.
No microfauna in 696-983 foot interval.



30
HYDROLOGY

Hydrologic Cycle

The supply of water on earth is kept in endless circulation between
the land, seas; and atmosphere by energy supplied from the sun. This cir-
culation has been termed the hydrologic cycle and the study of its various
phases is the science of hydrology. In the hydrologic cycle, water is
evaporated mostly from bodies of water and carried by the atmosphere until
it condenses and falls as precipitation. Of the precipitation that falls
over land surfaces, part is returned to the atmosphere by evaporation and
the transpiration of plants, part drains overland into lakes and streams

and returns to the oceans, and part seeps into the ground.

Ground Water

Some of the water which seeps into the ground is evaporated or
transpired by plants and some percolates downward to the zone of satura-
tion. Water in the zone of saturation, the zone in which all of the pore
spaces are filled with water under positive hydrostatic head, is termed
ground water.

In the zone of saturation, ground water moves under the influence
of gravity toward general areas of discharge, such is stream channels
and the ocean, and to points of discharge, such as springs or wells.
Where ground water only partially fills a permeable formation, its
surface, which is at atmospheric pressure, is free to rise and fall,
and the water is said to be under non-artesian or water—table conditions.
‘The water table is the surface of the non-artesian ground water. Where
ground water completely fills a permeable bed that is underlain and
overlain by relatively impermeable beds, its.surface is not free to
risé and fall and the watéf is said to be under artesian conditions.

The piezometric surface is thé surface which represents the height to
which water will rise in wells tapping a given artesian aquifer. The
term "artesian" is applied to water that is under sufficient pressure
to rise above the top of the permeable formation containing it, al-
thdugh not necessarily above land surface. Thus, all flowing wells
would be artesian but all non-flowing wells would not necessarily be

non-artesian wells.
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A unit in the zone of saturation that is permeable enough to
transmit. usable quantities of water to wells or springs is called an
aquifer. Aquifer is a relative term used to denote that the lithic unit
is more permeable than overlying or underlying units and that it will
transmit sufficient quantities of water for specific purposes. In this
report, aquifers are permeable zones which will furnish to wells, at a
minimum, sufficient quantities of water for most domestic purposes.
Aquifers are separated by beds of low permeability which are called

confining beds or aquicludes. Areas in which aquifers are replenished

" are called recharge areas and areas in which water is lost from aquifers

are called discharge areas.

Ground water moves from recharge areas to discharge areas. Water
moves from a place where its éurface is high toward a place where its
surface is low. Thus, water would move in the non-artesian aquifer from
a place where the water-table is high toward a place where it is relative-
Ty lower and in an artesian aquifer water would move from a piezometric
Irigh - toward a piezometric low. In addition to the movements of water
within an aquifer, there would be an interchange of water from aquifer
to. aquifer if the intervening confining layers were permeable enough
and if the head differences between aquifers were great enough. Aquifers,
confining layers, recharge areas, and discharge areas are illustrated in
figure 8. The figure also shows the directions in which ground water
would flow in response to the head differences in aquifers and between
aquifersf Wells Al, A2, and A3, on the left side of figure 8, are in a
recharge area. The water table stands higher than the piezometric surface
of the lower two artesian zones sa the movement of water would be down-
ward, through the confining.iayers. Wells C1, C2, and C3 are in a dis-
charge area. Here the wafer table is lewer than the piezometric surfaces
and the water would tend to move upward from the artesian zones into the
water table aquifer and seep into the stream. In this illustration the
flow of water would be along the lines of the dashed arrows. This is a
highly generalized section of the conditions found in Martin County
where there are numerous recharge and discharge areas and several major

artesian aquifers.
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Artesian aquifers

There are seven principal aquifers in Martin‘County, numbered 1
through 7. Aquifers lnthrough 6 ére artesian. The aquifers are numbered
‘Tor ease-of reference because some aquifers include parts of more than
ane..geologic formation, and some formations include more:than one aquifer,
.Theﬁaquifers are numbered consecutively from basement rock upward. Thus,
Aquiferil is the first aquifer above basement rock and Aquifer 7 the top-
must ‘aguifer in the county. The aduifers are described in the following
‘sections and are shown diagrammatically and in section on figures 5 and
9. The artesian aquifers, except Aquifer 1, pinch out along the highly
'perﬁeable basal Yorktown unit. Therefore, water percolating through the
Yorktown clay layers may readily move toward and into the upper aquifers.
Because of this interconnection of aquifers, one piezometric map is
satigsfactory in depicting artesian head for the zone between depths of

about 100 to 300 feet below the surface.

Aquifer 1

Aquifer 1 occurs near the middle of the Tuscaloosa Formation. It
strikes N. 51° E. and dips to the southeast at approximately 16 feet per
mile. The thickness of Aquifer 1 ranges from about 25 feet in the
" eastern part of the county to about 30 feet in the western part of the
county. Its top is about 400 feet below land surface in the western
part of the county and about 850 feet below land surface in the eastern
part. '

Aquifer 1 is composed of two sand beds and an intervening clay
layer that thickens and thins across the county and.may not be con-
tinuous throughout the cbunty. The upper sand bed contains white, very
fine to fine, subangulér; poorly sorted quartz sand. The lower sand bed
"is composed of white, very fine to fine, subangular to subrounded, pgor-
ly sorted quartz sand. The optimum screen openings for naturally
developed screened wells tapping Aquifer 1 is from 7/1000 to 10/1000 of
an inch (slot size 7-10). The specific capacity of properly constructed,
naturally developed (See p. 44), 2-inch diameter wells tapping Aquifer 1

is calculated as 0.6 galions per foot of drawdown at the end of one day
of pumping. Throughout most of the county, the water from Aquifer 1
contains high concentrations of,cﬁloride which makes it undesirable for

most uses.
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Aguifer 2

| Aquifef 2 includes the base of the Black Creek Formation in the
westeTh part of the county, and the upper part of the Tuscalposa Forma-
tion.in the eastern part. |

Aguifer 2 strikes N, 49° E. and dips at about 14 feet per mile to
the southeast. Aquifer 2 is about 60 feet thick in the western part of
the county and about 45 feet thick in the eastern part. Its top is
about 350 feet below land surface in the western part of the county and
about 675 feet below land surface in the eastern part.

Aquifer 2, a sand bed containing a few thin clay stringers, is com-
posed of white, very fine to medium, subrounded to subangular, poorly
sorted quartz sand. The sand includes a small percentage of muscovite
flakes and fine-grained marcasite crystals. -The optimum screen openings
for naturally developed screened wells tapping Aquifer 2 should be about
12/1000 inch (slot size 12). The specific capacity of properly-constructed,
‘naturally developed, 2-inch diameter wells tapping Aquifer 2 is calculated
as 0.7 gallons per foot of drawdown at the end of one day of pumping.
“Agnifer 2 is tapped by few wells because the water contains concentrations
of chloride in excess of 400 parts per million throughout most of the

county.

Aquifer 3

. Aquifer 3 is perhaps the most productive and widely used aquifer
-in Martin County. Figuré 5 shows that this aquifer in the central and
western sections of the county is in part of the Black Creek Formation,
and in the eastern section; is in the upper part of the Tuscaloosa
Formation.

Aquifer 3 strikes N, 50° E. and dips toward the southeast at
about 14 feet per mile. Aquifer 3 is about 80 feet thick in the western
and. central parts of the county. From the'central paft to the eastern
part of the county, this zone thickens and reaches a thickness of about
150 feet along the eastern edge of the county. A map, figure 10, has
been prepared to show the depths, below land surface, of the tops and
"bottoms of the principal aquifers. The top of Aquifer 3 crops out
albhg the Roanoke River in the northwestern part of the county and is

about 550 feet below land surface in the southeastern part.
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. Aquifer 3 is composed of thick sand beds containing numerous thin
clay layers. The sand in the top 50 feet of the aquifer is white,‘medium
to coarse grained, angular to.subangular, poorly sorted, quartz sand con-
taining a:trace of muscovite flakes, marcasite crjstals and lignitized
wood fragments. The lowef part of the aquifer is composed of the same
matéfial“except that the sand grains are smaller and range from medium
to very fine grained. The optimum screen openings for naturally develop-
‘ed screened wells tapping the uppef part of Aquifer 3 should be 20/1000
imch (glot size 20). The screen openings for the lower part of Aquifer
3 shonld be about 12/1000 inch (slot size 12). The specific capacity of
a properly-constructed, naturally developed, 2-inch diameter well tapping
Aquifer 3 is calculated as 6.0 gallons per foot of drawdown at the end
ef one day of pumping.

The chemical quality of water from Ajquifer 3 generally is accept-

~able for most uses in the western and central parts of the county. In
the eastern part of the coﬁnty, water from this aquifer usually contains
concentrations of chloride in excess of %00 parts per million and is not

desirable for most uses.

Aquifer 4

Aquifer 4 occurs along the Black Creek-Peedee Formation contact.
In the-eastern part of the county, the upper part of Aquifer 4 is in
the base of the Peedee Formation but in the remainder of the county
Aquifer 4 is in the Black Creek Formation. The strike averages about
N. 50° E. and dip of Aquifer 4 to the southeast ;verages about 1% feet
per mile. Aquifef 4 rénges in thickness from about 40 feet in the
western part—of the coﬁnty fo-abbutv60 feet in the eastern part. The
top of Aquifer 4 ﬁinches out along the base of the Yorktown Formation,
just west of Oak City, in the western part of the county. In the east-
.ern part, the top of the aguifer is about 400 feet below land surface.
The depths of the top and bottom of Aquifer 4, below land surface, are
given in figure 10.

‘The aquifer is composed of a thick sand bed, overlain and under-
lain by massive clay beds. The sand in this aquifer is white, very
fine to coarse, angular to subangular, poorly sorted guartz sand con-

taining a trace of phosphatic and glauconitic sand, pyrite crystals
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.and muscovite flakes. The optimum screen openings for naturally developed,

.screened wells tapping this aquifer is about 16/1000 inch (slot size 16).

The specific capacity of properly-constructed, naturally developed, 2-inch

diameter wells tapping Aquifer 4 is calculated as 1.5 gallons per foot of

‘drawdown after one day of pumping. The chemical quality of water from

Aquifer 4 generally is acceptable for most uses.

Aguifér 5

Aquifer 5 occurs in and includes most of the Beaufort Formation.

"Phe  aquifer ranges in thickness from less than a foot along the basal

pinchout to approximately 100 feet in the eastern part of the county.

.The aquifer strikes approximately N. 40° E. and dips at about 20 feet

per mile to the southeast. The base of the aquifer pinches out along

.an updulating, north-south line which passes through Everetts, in the
“ceﬁtral part of the county. The top of the aquifer pinches out along

-a .line, roughly parallel to the strike, which passes approximately half
‘way between Williamston and Jamesville. The depth of the top and bottom

of Aquifer 5 below land surface is shown in figure 10.

Aquifer 5 is composed of about 60 percent, silt-sized to medium-

grained, green to black, glauconite sand and about 40 percent, silt-size

“to. fine-grained, clear quartz sand. The sands are poorly sorted. The

proper screen openings for naturally developed, screened wells tapping
Aquifer 5 is about 8/1000 inch (slot size 8). The specific capacity of

a properly constructed, naturally developed, 2-inch diameter well tapping

—_

‘Aquifer 5 at its greatest thickness, is calculated as 0.4 gallons per

foot of drawdewn after one day of pumping. The chemical quality of the

~water generally is acceptable for most uses.

“Aquifer 6

Aquifer 6 occurs in and includes most of the Castle Hayne Limestone,
and, where the Castle Hayne is overlain by the Yorktown Formation, it also
includes a basal shell bed in the Yorktown Formation. The base of Aquifer
6 pinches out along an undulating, north-south line which passes just east
of Williamston. The thickness of the aquifer ranges from less than a foot
along the pinchout to about 40 feet along the eastern edge of the county.
The top of Aquifer 6 strikes approximately N. 45° E. and dips toward the
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goutheast at about 18 feet per mile. The depths of the top and bottom of
Aquifer 6 below land surface is shown in figure 10.

Aquifer 6 is composed of shell and shell limestone beds. The lime-
stone is.sufficienfly indufated so that open-end wells may be constructed.
The specific capééity of open-end, 2-inch diameter wells, where Aquifer 6
is 10 feet thibk, is celculated as 3.0 gallons per foot of drawdown
after one day of pumping. The water from Aquifer 6 generally is hard to
very hard, otherwise it is of acceptable chemical quality for most uses.
Aquifer 6 is the uppermost of the artesian aquifers in Martin County.
Overlying thése artesian aquifers are confining layers consisting of
massive.clay beds of the Yorktown Formation. The Yorktown Formation is
overlain by sediments of post-Miocene age that are the non-artesian -

aquifer.
Non-artesian (water-table) Aguifer

Aquifer 7

Aquifer 7, the non-artesian aquifer, is composed of sand, #ilt,
and clay of post-Miocene age. The aquifer extends from land surface to
depths ranging from 5 to 70 feet in the county. Sand and silt beds
predominate, but there are numerous clay lenses and clay is disseminated
through the sand beds. |

| The sand beds in Aquifer 7 are composed of very fine to coarse-
grained, well-rounded to angular, quartz sand that is frequently stained
by iroh oxides. The sand beds are heterogeneous and lack continuity;
thérefore, it is not practical to determine a standard screen size for
wells tapping this aquifer. The optimum screen size should be deterﬁined,
individﬁaily, for each well constructed. ‘

Many 2-inch wells have a specific capacity of less than 0.1 gallon
per foot of drawdown and none had a specific capacity of more than 0.3
gallon per"foot of drawdown after one day of pumping. Therefore, the
use of Aquifer 7 is limited to small diameter wells having small yields
or large diameter wells that have a large reservoir storage capacity.
Most farm ponds in thé area that have no surface inflow or outflow,

are essentially large diameter wells developed in Aquifer 7.
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Aquifer 7 contains water having two objectionable characteristics.
The water may have hlgh concentrations of dissolved iron. This results
in the staining of laundry, plumbing f1xtures, and cooking utensils.
The second objectionable characteristic is that water from Aquifer 7
is easily polluted by organic and inorganic sources such as septic tanks

or chemical fertilizers.

Quantitative Studies

The quantitative studies of ground water in Martin Coonty were
divided into two major phases. The first phase, which included pumping
tests to determine the water transmitting and water storage characteris-
tics of various aquifers, ras designed to determine the availability of
ground water and the best method for developing water supplies. The
second phase, using data obtained from the first phase and piezometric
maps; was designed to calculate the areas and amounts of recharge and
discharge within the county. The result is a calculation of how much
ground‘&ater is available to both the individual supply well and to the

..area as a whole.

~ Water Storage and Water Transmitting Capacities of Aquifers

.The water—transmitting capacity (coefficient of transmissibility)
and the water—storage capacity (coefficient of storage) for the principal
aqulfers 1n Mart1n County were calculated from pumping and recovery tests.
.The coeff1c1ent of transm1551b111ty is the quantity of water, in gallons
per day, that w111 move through a vertical section of the aquifer one
foot w1de and extendlng the full saturated thickness under a hydrologic
gradlent of one foot per foot at the prevailing temperature of the water.
The coeff1c1ent of storage is defined by the Geological Survey as the
volume of water the aquifer releases from or takes into storage per unit
surface area of the aqulfer per unit change in the component of head
normal to that surface Determlnatlon of the transmissibility and "
storage coefflclents for an aquifer may be used to calculate the water
y1e1d1ng capa01ty of individual wells tapping the aquifer for any rea-
sonable perlod of pumping and the effect of drawdown in relation to
d1stance from the pumped well.

The withdrawal of water from an aquifer causes water levels to

‘decline in the vicinity of the pumped well. As a result of this
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decline, the water table or piezometric surface assumes the approximate
shape of an inverted cone having its apex at the center of withdrawal
(fig. 11). - The shape, size, and rate of growth of this "cone of depress-
ion" depends upon several factors. Among these are: (1) the transmissi-
bility and storage coefficients of the aquifer; (2) the rate of pumping;
(3) the duration of pumping; and (4) the natural discharge salvaged by
increased recharge resulting from the decline in water levels near re-
charge areas. The vertical distance that water levels are lowered at
any point by pumping is the "drawdown". The specific capacity of a well
is the amount of water in gallons per minute that the well will yield

for each foot of drawdown in the well for a specified period of pumping.
As amount of drawdown is approximately proportional to the pumping rate,
a well may be evaluated according to its specific capacity. The theo-
retical specific capacity of a well is the amount of water in gallons

per minute that the well should yield for each foot of drawdown within
the well, for a specified period of pumping if there are no well losses
(B fig. 11). The specific capacity of a well is usually somewhat less
than the theoretical specific capacity of the well due to head losses
caused by turbulent flow through the well screens or poor well develop-

ment or construction (C fig. 11).

Aquifer Studies

Pumping tests were conducted using wells tapping each aquifer in
Martin County. The pumping tests ranged from elaborate, long-term tests
to simple measurements of yield and drawdown during the construction of
domestic wells. Table 2 gives the average hydrologic properties obtain-
ed from the tests, for each aquifer in the county except Aquifer 7, the
water-table aquifer, for which the maximum rather than average properties
are given. The table lists values for the theoretical specific capacities
for 2-inch diameter wells and 36-inch gravel pack wells, assuming no well
losses. These diameters were selected because most.domestic wells are
between 1%-inches and 3-inches in diameter and most municipal or indus-
trial wells are gravel packed to approximately 36 inches.

The theoretical specific capacities of wells tapping more than
one zone may be determined by adding the capacities of the zones tapped.
For example, a 2-inch diameter well tapping Aquifers 5 and 6 should have
a theoretical specific capacity of 3.4 gallons per foot of drawdown
(table 2).

-



ONIdWNd 9NIdNA
G3IWHO4 NOISS3IHd3AA 40 INOD ONIMOHS WVHOVIA

=




39

TABLE 2. Average Quantitive Values for Aquifers in Martin County

(Assuming no well losses)

Theoretical
Aquifer Specific Capacity
Thickness 2" diameter 36" diameter
Aquifer T (feet) Pf well well
1 1,400 30 47 0.6 -1.1
2 1,600 50 32 0.7 1.2
3 18,000 . 105 171 6.0 10
LY 4,000 42 95 1.5 1.9
5 1,200 .40 30 0.4 0.6
6 .10,000 9 1,100 3.0 4.0
7* 700 26 27 0.3 0.5

¥ Maximum measurement
T - Transmissibility

PF - Field Permeability
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The table may be used to compare the head losses of a well al-
ready constructed to a theoretically perfect well or it may be used
to determine what zones to tap in constructing a new well. One may
compare the losses of a well already constructed with a theoretically
perfectly constructed well by measuring the drawdown and discharge of
the well for a few hours to one day and calculating the specific capa-
eity of the well. The specific capacity may be determined by dividing
the discharge, in gallons per minute, of the well by the drawdown, in
feet, in the well. If the specific capacity is much lower, due to

'1osses, than the theoretical specific capacity listed for an aquifer,
frequently, additional well development by the driller will consider-
ably improve the yield of the well.

The quantitative studies in Martin County were designed to
determine the average daily recharge to and discharge from the artes-
ian aquifers between 100 feet and 300 feet below land surface in the
county. The recharge or discharge for an area may be calculated by
determining the size, shape, and transmissibility of the aquifers and
the differences in head within the aquifers. In Martin County the
size and shape of the aquifers were determined by geologic studies,
the transmissibility was determined for the aquifers by conducting
pumping tests and the head differences were determined by constructing
a piezometric map of the county during a period when water levels were
approximately average.

| The piezometric ﬁap (fig. 12) was constructed by measuring and
referring the water levels in wells to a common datum plane, mean sea
level. As may be seen in figure 12, there are areas in the county
Whereahighwlevel contours close partially in Martin County and partially
in”adjacent counties. These areas of high piezometric surface are re-
charge areas where water is percolating downward into the artesian
aquifers. The areas of low piezometric surface are discharge areas
where water .is leaking upward into swamps and streams. In the aquifers
water. flows .from piezometric highs to piezometric lows as a result of
the force of gravity.

The average daily recharge is calculated by determining the
amount of water moving away from recharge areas within the county. The

average daily recharge in Martin County was calculated on the basis of
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differences of piezometric head shown on figure 12 and the distribution

of areas of recharge shown on figure 13. The figure calculated for

recharge to aquifers between 100 feet and 300 feet below land surface

in Martin County is 22 million gallons per day (mgd). This figure

represents only recharge from precipitation and probably is conserva-—

tive at that. It does not include
nonartesian aquifer which could be
tional development of the artesian

The average daily discharge
by'&étermining the amount of water
county is 21 mgd. The figures for
approximately equal if there is no

other areas. From the piezometric

the volume of water in the overlying
induced to move downward by addi-
aquifers. )

for the same aquifers, calculated
moving into discharge areas in the
recharge and discharge should be
outflow through the aquifer to

map there appears to be one area

near Parmele where there is outflow through the aquifer into Pitt

“Counity. The outflow and water use probably accounts for the discharge

rate calculated being slightly less than the recharge rate calculated.

Comparison of average daily recharge to the aquifers between

“100”and 300 feet below land surface datum and the volume of precipita-

tion on the recharge areas (fig. 13) indicates that at least one quarter
of the precipitation on the recharge areas is recharged to the 100 to
300 foot zonme. In areas of discharge and transmission (fig. 13) little

or no precipitation reaches the artesian aquifers; rather, any precipi-

"tation  that reaches the zone of saturation moves through the water-table

aquifer to points of discharge.

- The protection of recharge areas is vital to the development of
ground-water supplies in the county. FExtensive drainage in these areas
would affect substantially the total amount of ground water available

for;development. Also, long-lived contaminants should not be introduced

into."the recharge areas. For example, if soluble contaminants were in-

troduced in area "E" (fig. 13), they could reach the Williamston munici-
pal well field, located about 3 miles northeast of area "E", in approx-
imately 80.years under present hydrologic conditions.

The drainage of areas hetween the recharge and discharge areas
would probably result in the salvage of some of the runoff in recharge
areas. The drainage of discharge areas would increase the flow from

recharge to discharge areas by increasing the head differences, and,
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very likely, drainage would be difficult if not nearly impossible.
For example, Sweet Water Swamp, Area '"M" in figure 13, could be drain-
ed only with the greatest difficulty. The drainage of this area would
require a system of ditches capable of handling about 6 mgd of base
flow in addition to the total average daily rainfall for that area.
Generally, in Martin County it is more desirable to develop
wells or well fields in the discharge areas. By developing in dis—
charge areas a part of the normal leakage from the aquifer is
utilized. Also, groﬁnd water in the discharge areas is usually of
more desirable chemical quality than the water from recharge areas;
“this apparently anomalous relationship is discussed in sections on

"Tron" and "Hardness".
Wells

Domestic, municipal, and industrial wells were the source of
most of the hydrologic and geochemical data collected in Martin County.
Approximately 420 wells were.inventoriéd. They are located in figure
14, The data from these wells are given in tables 3 and 4. Table 3
contains the physical data and table 4 contains the results of chemi-
cal analysis of water samples from the wells.

_ Generally, the wells are numbered from west to east across the
county for the convenience of the reader in locating them on the map
(fig. 14). Approximately 70 percent of the artesian wells in the
' county were inventoried, and the inventory network was designed to
give comprehensive coverage, both areal, and with depth. A study of
the data frdm the well inventory indicates some of the reasons why
prOblems are encountered in obtaining wells capable of yielding ade-
quate quantities of water of good chemical quality. Frequently,
wells have a low specific capacity because of inadequate construction
':or'development methods even though they tap very productive aquifers.
Also, wells may produce water of undesirable chemical quality because
they tap the least desirable of several aquifers in a given area.

The following section on well construction is included to help mini~

mize some of these problems.
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Well construction

The types of wells constructed are governed by the relationship-
between the requirements of well owner and the cost of the well. The
requirements of the owner include both quantity and quality of water

required. Generally, there is no place in Martin County where an ade-

-quate;wEll,_yielding water of desirable quality, for most purposes can-

not be developed. Since the individual must determine what his re-
quirements are, the following section will describe the various methods
of well construction along with advantages and disadvantages of each.
For the purpose of this discussion, the following classifications are
useﬂ1 Cost: low - $10.00 to $250.00; medium - $250.00 to $1,000.00;
high - move than $1,000.00. Yield: low -~ 1 to 10 gpm; medium - 10 to
40 gpm; high - more than 40 gpm. Quality: good — does not require

‘treatment for most domestic use; poer — requires some type of treat-

ment for most domestic uses.

The types of wells generally constructed in Martin County are.
shown in figure 15. These wells fall into three general categories;
dﬁg or bored wells, driven wells, and drilled wells. In figure 15
the'Well on the left is a dug or bored well, the next well is a driven
well, and the remainder of the wells in the illustration are drilled
wells.

Dug or bored wells are constructed by digging or boring a large
diameter hole, casing the hole with lengths of concrete or tile casing,
grouting around the outside of the casing, and installing a pump.

These wells range in depth from 10 to about 50 feet in Martin County.
Usnally they are 24, 30, or 36 inches in diameter. The price of these
is low, the yield is generally low, and the quality of water is usually
poor. Dug wells are usually constructed where high yield and good
quality of water may be sacrificed for economy.

Driven wells are constructed by equipping a length of steel well
casing with.a special pointed drive screen which is driven down into a
sandy water-bearing zone, surged to clear the fine sandy material from
the screen, and then equipped with a pump. Driven wells in Martin
Coﬁnty are usually 13 to 2 inches in diameter and range from 10 to 50

feet in depth. These are low cost wells, usually having a low yield

andipoor quality of water. Driven wells, like dug wells, are usually
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constructed. where high yield and good quality of water may be sacri-
ficed for economy.

‘Dfilled wells are constructed by several methods in Martin County.
Among these methods are: 1. the open-end method, 2. the single-screen
natural-development method, 3. the multiple-screen natural-development
method, and 4. the multiple-screen gravel-pack method. The type of
well resulting from these methods of construction are shown in figure
15. Single-screen wells may also be gravel packed but none of this
type were inventoried.

Well. "C" in figure 15 illustrates the open-end type of well
construction used in Martin County. In this method of construction,
a hole is drilled from land surface into consolidated rock, such as
limestone, a steel casing is set to the top of the consolidated rock
and grouted in place, and the well is cleaned by pumping. This type
of construction is restricted to areas which are underlain by sedi-
mefits consolidated sufficiently that the hole will remain open below
the bottom of the casing. Only the eastern one-third of Martin County
is’ uniderlain by this type of formation. Here the Castle Hayne Lime-
stone (Aquifer 6) underlies the area and numerous open-end wells tap
this formation. The open-end wells are medium cost wells, usually
of medium to high yield and the water is generally of poor quality.
Water from open-end wells in the county is generally hard to very
Vthard. The open-end wells are usually constructed in the eastern
paftlof the. county where medium to high yield is required and where
hardness of water is relatively unimportant or is remedied by use of
water ‘softeners.

The single-screen naturally developed well is illustrated by
Well D" in- figure 15. In this method of construction a hole is drill-
ed from land surface down through a sandy aquifer, a steel casing with
a screen on the lower end is set in the hole so that the screen is in
the sandy aquifer, and the well is developed to wash fine sand and
claj?Out of the aquifer around the screen. In this method of construc-
tion it is important that the screen openings are large enough to allow
ébout 50 percent to 80 percent of the fine sand in the aquifer to wash
into ‘the well. By developing the well with pumping and surging, the

fine material of the aquifer is washed out of the well and formation,
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leaving coarse, more permeable material packed around the screen. This
type of construction should produce a well of medium coét, usually of
medium yield, producing water of good chemical quality, if properly
constructed. The common problems in the construction of this type of
well usually include: 1. poor well development due to improper screen
gize or insufficient surging and pumping, 2. setting the screen so
that part ef the screen openings are blocked by clay layers, 3. screen
set in aquifer containing water of poor chemical quality.

Most of the single-screen, naturally-developed wells in Martin
County are.2 inches in diameter and range from 125 feet to 350 feet
in depth.

Multiple~screen naturally developed wells are constructed in
the same manner as single-screen naturally developed wells except that
screens are placed in the casing to tap more than one aquifer (see
Well "E", figure 15). This type of construction sheuld produce wells
of medium cost, high yield and good chemical quality of water in
Martin County.  The problems of this type of construction are same as
these of constructing single—screen naturally developed wells. Wells
of this type in Martin County are usually 2 inches to 6 inches in dia-
meter and range from 150 feet to 450 feet in depth.

Multiple-screen gravel-packed wells are illustrated by Well "F"
in figure 15. This type of well is constructed by drilling a hole from
1and;$urface through several aquifers, reaming or washing a large dia-—
metef hole in each aquifer to be screened, setting a casing with screens
spaced in the casing at each reamed aquifer, pumping gravel into the
large diameter holes outside of the screens and developing the well to
reiove drilling clay and fine material from the graveled zones. The
gravel packing effectively increases the radius of the well in each
aquifer which, in turn, increases the specific capacity of the well.
The cost of constructing this type of well is high but the yield of
the wells is high and the chemical quality of water is usually good.
Generally, only high yield municipal or industrial wells are construct-
ed in this manner because of the cost. In Martin County, this type of
well ‘is usually 6 inches to 12 inches in diameter, 300 feet to.450 feet
deep, and yiélds 400 to 600 gpm of water of good chemical quality.
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GEOCHEMIiSTRY

All. of the ground water in Martin County contains some dissolved
matter which imparts certain chemical characteristics to the water.
The .amount. and type of dissolved matter in a water sample is determined
by chemical analysis of the water. The information obtained from ap-
proximately 400 chemical analyses of water, from the different aqui-
fers, at various places within an area, may be related to the chemical
compoéition of the aquifers and to the rate and direction of movement
‘of water through the aquifers. The study which relates water chemistry
ito-geology~and hydrology is termed geochemistry.

A study of geochemistry in Martin County is important because
it allows the development of aquifers in which water has the most
desirable chemical characteristics and because it helps in tracing the

movement of ground water within the county.

Quality of Water

Rainfall over the recﬁarge areas of Martin County is relatively
free of dissolved solids but does contain absorbed gasses, such as
barbon dioxide and oxygen, which makes the water slightly acid or
corrosive.. The slightly acid water is capable of dissolving certain
solids from the host rock through which it flows.

The salts of the common metals make up a large percentage of
the dissolved solids in ground water. The chemical analysis of a water

sample measures the individual constituents present in the solution.

~ The proportionate amounts and chemical relationships of the ions in

the solution determines such reported factors as hardness, specific
corniductance, and hydrogen-ion concentration. The following discussion
concerns the more important chemical constituents in ground water in

Martin Couhity, as normally reported in water analyses.
Iron (Fe)

Iroﬁ compounds are common in the surficial sands in the county
and iron is readily dissolved by the slightly acid water in the water
table. Water containing less than 0.3 ppm of iron ‘is generally
acceptable for most uses. Concentrations of iron in excess of 0.3

ppm will ustally stain laundry, food, utensils, and plumbing fixtures.
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The iron stain, a reddish-brown deposit, forms when the water contain-
ing iron salt is exposed to the air. The dissolved iron may usually be
removed from domestic supplies by using commercial type filters in the
pumping system.

In Martin County the water-table aquifer yields water with ob-
jectionable amounts of dissolved iron. Almost all water-table wells
yield water with iron concentrations ranging from 0.5 to 10 ppm.
Thereéfore,. this is the greatest objection to using dug or driven water-
table wells. H

" The.concentration of dissolved iron in water from aquifers be-
tween 100 feet and 300 feet below land surface is shown in figure 16,
The water having greatest concentrations of dissolved iron occurs
immediately under recharge areas (fig. 13). This is because water
from the water-table aquifer, containing high concentrations of dis-
solved iron, is moving downward in these areas to recharge the
artesian aquifers. In the downward and outward movement from the re-
charge areas, fhe water dissolves calcareous material from the aqui-~
fers and becomes more alkaline. As the water becomes basic, the iron
is'precipitated in the aquifers and the concentration of dissolved
iron. in the water becomes very low. In the discharge areas (fig. 13)
the concentrations of dissolved iron are less than 0.1 ppm (fig. 16).
Wells tapping aquifers at depths greater than 300 feet below land
surface generally produce water with concentrations less than those
ih“ﬁigure 16, at any given location in the county. The concentrations:
of'QiSSolved iron in water samples collected from all aquifers in Mar-

tin County are given in table 4.
Calcium and magnesium (Ca and Mg)

Compounds ef calcium and magnesium are common in the limestone,

shell beds, and calcareous sands and clays in Martin County. Ground

water, especially water of low pH, passing through these sediments
will dissolve calcium and magnesium. Most of the calcium and mag-—
nesium goes into selution as a bicarbonate salt. The salts of calcium
and magnesium are responsible for most of the hardness effect in.

ground water. Hardness of water is discussed in a separate section.

.Thefbalcium;and magnesium content of water from wells in Martin

County is given in table 4.
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Bicarbonate and carbonste (HCO and 003)

3
L#boratory analyses of water from wells in Martin County fre-
quently report both the bicarbonate and the carbonate content of
water. Field analyses, however, indicate that the bicarbonate type
is dominant and the carbonates reported in laboratory analyses gen-
erally result from an alteration of the bicarbenates when the water
sample is subjected to aeration or to changes in temperature and
pressure. .The bicarbonate water contains principally cations of
calecium and magnesium or of sodium and potassium. Where the cations
are calcium and magnesium, the water is usually considered hard but
where the cations are principally sodium and potassium the water is
very soft. Bicarbonate has little effect on the domestic utilization
of water, it may cause boiler foaming or scale deposits in some in-
dustrial uses. Zeolite softeners are frequently used on domestic
supplies to change calcium and magnesium bicarbonate waters to
sodium bicarbonate waters, thus changing hard water to soft water.
The bicarbbnate content of ﬁéter from wells in Martin County is

given in table k.

Sulfate (S0,)

Minerals containing sulfate are frequently present in shell
apd limestone beds. These minerals, commonly including calcium and
nagngsium sulfate, are soluble in ground water and are probably the
méin s0urce.0f sulfate ions in the water from artesian wells in Mar-~
tin County. . The sulfate concentrations in water in the county was
not'high encugh to be objectionable for most uses. However, sulfate
ions may be reduced by bacterial action to produce hydrogen sulfide
and sulfur. Hydrogen sulfide, a gas, has a disagreeable odor &nd-
when disselved in water forms a weak acid which'may make the water
corrosive.

In the Williamston water system, bacterial action reduces sul-
fates to sulfides during summer months. The water has a disagreeable
odor and cerrodes the water system, dissoclving some ¢f the iron from
iron pipeg. This situation could be remedied by the chlorination of

the waters to prevent bacterial growth,
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Chloride (C1)

More than 90 percent of the dissolved solids in ocean water
are chloride salts. The concentration of chloride ions in sea water
aVeréges between 19,000 ppm and 20,000 ppm. In ground water in Martin
County the chloride content of the water ranges from about 5 ppm to
about 1,400 ppm. Most of the chloride is probably derived from the sea
water in which the sedimentary formations in the county were deposited.
After deposition, the formations were flushed by fiesh water to depths
of 350 feet to 450 feet below land surface. Generally, all of the
aquifers above a depth of 400 feet contain water with less than 250
ppm of chloride. A few water—-table wells yield wéter having concen-
trations of chloride greater than 250 ppm, indicating that the water

has been contaminated by surface pollution. .There is no evidence of -

‘either lateral or vertical encroachment of salt water into fresh water

aquifers in Martin County. There is no economically feasible method of
removing chloride from water for domestic purposes. The concentration

of chlorides in water from wells is shown in table %4.
Fluoride (F)

Fluoride in ground water is due to the solution of fluoride-
bearing minerals such as the apatites, the fluorapatites, the phosphates,
the5miéés, and the hornblendes, and organic matter such as shells., Of
these, the micas, the phosphates, and the shells are most prevalent in
the sediments in this area, and are thought to account for most of the
fluoride in the ground water.

Fluoride in concentrations between 1.0 and 1.5 ppm in drinking

-water aids in reducing tooth decay in children. Fluoride in concentra-

tions in excess of 1.5 ppm may cause permanent mottling of the teeth
(dental fluorosis) when used by children (Maier, 1950, p. 1120-1132).
The higher concentrations of fluoride in water in Martin County
seem to be restricted to certain geologic formations (see fig. 17).
A1l of the water samples having concentrations of fluoride greater
than 1.5 ppm were from aquifers in the Black Creek Formation or along

the Black Creek-Peedee Formation contact (see table 4).
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Hardness

Hardness. of water is usually recognized by the increased amount
of soép necessary to form and maintain a lather. Hard water is objec-
tionable not only because of its soap-consuming properties but also
because it forms scale in boilers and, to a lesser degree, encrustations
in cooking utensils. The principal chemical constituents that produce
hardness in ground waters are calcium and magnesium. The following

classification of water hardness is used by the U. S. Geological Sur-

vey:
Hardness as CaCO3 Classification
¢ppm)
0-60 Soft water
61-120 Moderately hard water
121-200 Hard water
200+ Very hard water

Figure 18 is a map showing the concentrations of hardness in
water from wells tapping aquifers from 100 feet to 300 feet below land
" surface in Martin County. Wells in discharge areas or tapping zones
below 300 feet generally produce water of the sodium bicarbonate (soft)
type rather than the calcium and magnesium bicarbonate type and do not
require treatment for hardness. The hardness of water from samples in

Martin County is given in table 4.
Hydrogen-ion concentration (pH)

"The hydrogen-ion concentration, expressed as the pH, is a measure
of the degree of acidity or alkalinity of the water. The pH of a solu-
tion is represented by a number which is the negative logarithm of the
concentration of hydrogen ions in moles per liter. Numerically, the
pH secale extends from 0-14., A water having a pH value of 7 is assumed
to be neutral and the conceﬁtration of hydrogen ions is equal to the
concentration of the hydroxyl ions. A water with a pH value less than
7 is said te be acid (the concentration of H+ ions is greater than the
concentration of OH- iens), and the acidity increases as the numerical
pH value decreases toward 0. A water with a pH value greater than 7 is
said to be basic (the concentration of OH- ions is greater than the
concentration of H+ ions) and the basicity increases as the numerical

pH value increases toward 14. Inasmuch as the pH values are the
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numerical change to the logarithmic base, a water with a pH of 3 is ten
times as acid as water with a pH of 4, and conversely a water with a
PH of 9 is ten times as basic as a water with a pH of 8.

4=The pH values given for ground waters are important as an indica-
tion of their corrosive potential. Gehérally speaking, acid waters have
a mucﬁ greater corrosive potential than do the basic waters.

) In Martin Couﬂty water from the water-table aquifer generally
has a pH value less than 7.0. The lbwest pH measured was 3.4, from
a water-table well in an area where the aquifer was contaminated by
acid fertilizers. Generally, water from artesian aquifers had a pH

value greater than 7.0. The pH of water from wells in Martin County

is given in table 4.
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CONCLUS I DNS

Martin County is underlain by sediments ranging in age from
Cretaceous to Recent. The geologic formations from oldest to youngest
are the Tuscaleosa, Black Creek, and Peedee Formations of Cretaceoué'
age, the Beaufort Formation of Paleocene age, the Castle Hayne Lime—.
‘stone of middle and late Eocene age, the Yorktown Formation of late
Miocene age and the undifferentiated sediments of.post Miocene age.

Ground water occurs in seven major aquifers, six of which are
artesian and one non-artesian. Massive clay beds of the Yorktown
Formation constitute the principal aquiclude in the county. The sedi-
ments. which underlie the Yorktown Formatien contain six major aquifers
composed of continuous sand, shell, or limestone beds. The artesian
aquifers are separated by clay or silt beds that retard, but do not
prohibit, the movement of water from aquifer to aquifer. Aquifers 2
through 6 pinch out along a basal shell bed in the Yorktown Formation
which .hydrologically interconnects the pinched out ends of the aquifers.

.1Quantitative studies ihdicate that most recharge is from precipi-
tation that seeps into the water-table aquifer and, where the water
table is higher than the piezometric surface, percolates through the
confining layers into the artesian aquifers. Average daily recharge to
the artesian aquifers 100 feet to 300 feet deep is calculated to be
abouf'22 million gallons per day, under present hydrologic conditions.
The "average daily discharge, natural and artificial, is computed to be
éboﬁt 2] million gallons per day. Individual wells will yield 5 to 500
gallons per-minute, depending on well construction, well size, and the
aquifers tapped by the wells.,

Most wells in Martin County could be greatly improved by the use
of screen sizes which are designed for use in specific aquifers and by
better development of the wells. Municipal and industrial wells should
be of the multiple-screen, gravel-pack type to assure high well effi-
ciency and. high yield.

. Obtaining ground water of good chemical quality may be a frequent
proBLem in Martin County. Generally, wells tapping the water-table
aquifer yield water containing concentrations of dissolved iron in
excess of 0.5 ppm. Except in recharge areas, artesian water generally

has less than 0.3 ppm of dissolved iron. Wells greater than 450 to 500
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feet in depth usually produce water with chloride concentrations greater
than 250 ppm. Artesian wells less than about 400 feet deep usually pro-
duce water with concentrations of chloride ranging from 25 to 50 ppm.
The hardness of water from wells tapping shell or limestone aquifers
usually exceeds 200 ppm. Generally wells greater than 300 feet deep
produce water with hardness of less than 150 ppm. ’

' “Wells capable of producing 350 to 450 gallons per minute of water
of acceptable chemical quality for most uses may be obtained anywhere in

Martin County, if the wells are properly constructed.
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