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Geology and Ground-Water Resources of the
Eastern Shore Peninsula, Virginia

by
Allen Sinnott and G. C. Tibbitts, Jr.

Abstract

The Eastern Shore lies in the northeastern part of the Virginia
Coastal Plain province. It is at the lower end of the peninsula
that extends southward from Maryland, the Delmarva Peninsula, that
forms the eastern shore of Chesapeake Bay. The Atlantic Ocean
borders the peninsula on the east. The area considered in this
report consists of two counties, Accomack on the north and
Northampton to the south.

Fieldwork for this investigation was carried out chiefly
during the summers of 1948, 1952, and 1953.

The area is largely rural in character with no large cities.
Among the largest towns are Kiptopeke, Cape Charles, Exmore,
Onancock, Accomac, and Chincoteague. The terminal of the old ferry
to Norfolk was located at Cape Charles. The Chesapeake Bay Bridge-
Tunnel reaches the Eastern Shore just south of Kiptopeke. The town
6f Tangier is an island community in Chesapeake Bayf?rThe principal
industries on the Eastern Shore peninsula are truck farming, lumber-
ing, fishing, and the canning of vegetable and fish products. There
is an Air Force base near Chincoteague, and the National Aeronautics

and Space Administration has facilities near Chincoteague, (Wallops

Island).



The region has a mild climate with a mean annual temperature
of 58%F;nd a mean annual precipitation of 43 inches. The entire
peninsula has low relief and is veneered by Pleistggene deposits,
largely sands and clays. The sandy aquifers supply water for most
domestic supplies. The Pleistocége deposits are immediately under-
lain by deposits of Mioceﬁé age which furnish water supplies for
the largest municipal and industrial installations. The still
deeper Eoceé;, Paleocegg)and Cretaéeous rocks have been penetrated
by very few wells. On the Eastern Shore of Virginia, théigggiéé;
wells in use are those on Tangier Island. These wells end in
Eoceﬁé sands and supply a number of domestic users with moderately
mineralized water. No wells reach basement rocks which presumably
lie about 3,000 feet below the surface.

Water in the shallow Pleistocége deposits is derived from local
precipitation. A substantial part of the water in the underlying
clayey and marly Mioceﬁg aquifers has also originated as local
precipitation. The chemical characteristics of water in very deep
Miocene/aquifers suggests that they are in hydrologic continuity
with the artesian water-bearing formations west of Chesapéake Bay.

Domestic water supplies are obtained largely from shallow wells
ending in Pleistoégne deposits. There are a few batteries of
shallow wells that supply larger quantities of water, as at

Chincoteague, where 140,000 gallons per day is pumped.

i



The larger ground-water supplies are ordinarily obtained from
wells reaching Mioceﬁé aquifers. One such deep well at Eﬁgore
yielded 746 gallons per minute with 37 feet of drawdown at the time
of its completion. A well at Cape Cﬂarles is pumped regularly at
a rate of 645 gpm.

Water from both Pleistocégé and Miocene deposits is generally
of good quality. Moderate hardness is common and a few waters are
high in iron. Fluoride is almost invariably very low or absent.

Very deep wells in the Mibceng’yield a high bicarbonate water with

a fairly high chloride content. A few shallow wells yield slightly
brackish water, due to contamination by salt spray or by intrusion

of ocean or bay waters.

There are as yet no areas where withdrawal is excessive and
there appears to be ample additional water available for immediately
foreseeable needs. An increase in use of ground water for irrigation
may eventually create problem areas. Somewhat highly mineralized
water from Eocene’;nd older beds will necessarily be limited to
special uses. Deep test drilling to date has been essentially
unrewarding but it is thought that where highly mineralized water
can be used, careful test drilling to considerable depths may be

worthwhile.
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GEOLOGY AND GROUND-WATER RESOURCES OF THE
EASTERN SHORE FENINSULA, VIRGINIA

by Allen Sinnott and G. Chase Tibbitts, Jr.
INTRODUCTION AND ACKNOWLEDGMENTS

This report presents the results of a study of the ground-water
resources of the Eastern Shore peninsula in Virginia, which was
made by the U. S. Geological Survey in cooperation with the Virginia
Department of Conservation and Economic Development, Division of
Mineral_Resources. The area comprises Accomack and Northampton
Counties, and is the Virginia pé;%;;;-of the so-called Delmarva

Peninsula: the latter extends south from Pennsylvania, and includes

R /+_;J

partions of the States of Delaware, Maryland, and Virginia, marking o /i

. Sk doicd
the eastern shore of Chesapeake Bay.'AThe investigation was eerried G e
' +he late
ovt under the general direction of,A. Nelson Sayre, former Chief of

A
U';u
the Branch of Ground Water of the ¥ederat Geological Survey, and the

It was Jussont 0 in 1457 oy
late William M. McGill, former State GeOIOgist.k The-work was resumed
in 1966 under the general direction of George E. Ferguson, Regional
Hydrologist, and J. Wyatt Gambrell, District Chief, Water Resources
Division, U. S. Geological Survey; and Marvin M. Sutherland, Direc-
tor, Virginia Division of Conservation and Economic Development, and
James L. Calver, State Geologist and Commissioner of the Virginia

Division of Mineral Resources.

The area ¢overed by this report is shown in Figure 1. Some

Figure l.--Map of the Virginia Coastal Plain, showing counties

included in this report and location of the geologic sections on Plate 1.

.
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information was collected in the field on several occasions from

1942 to 1946 by D. J. Cederstrom of the U. S. Geological Survey,
during work iﬁcidental to other cooperative ground-water studies in
the Virginia Coastal Plain. Most of the well records shown in Tables
8 and 14 were obtained by the junior author. Some were collected

during the summer of 1948 for an earlier draft of this report

prepared in 1951 by the senior author. Suﬁfsgggggly; additional
.

funds were made available in 1952, and ma;; adégg;;%e& wells were
cenvassed for information that summer, followed a year later by a
test-drilling program.,

Records of more than 300 wells have been obtained, and
comprehensive, partial and preliminary chemical analyses of the
water from more than 150 of these wells have been made in the Quality
of Water Laboratories of the Geological Survey. Logs of wells were
obtained whenever possible, and several sets of samples of drill
cuttings were collected for study.

The writers acknowledge the assistance of the following well
drillers and drilling contractors: Johﬁ Scott & Son, of Melfa;

William J. Porter, of Saxis; Shannahan Artesian Well Co., Inc.

‘St. Michaels, Md.; Paul Schweitzer, of Norfolk, formerly President

of the Layne-Atlantic Company; J. G. Perry, Virginia Machinery
and Well Co., Richmond; Garland S. Sydnor, Garland S, Sydnor, Jr.,
and Guy E. Webb, of Sydnor Hydroq%géigs, Inc., Richmond; James P.

Prine, formerly of Norfolk, Va.; and Edgar C. Cusick, of Church

Creek, Maryland. Information relating to irrigation in the area

.
was supplied by T. W. Edminster, then of Blacksburg, James Lillard, of



Blacksburg, both with the U.S. Soil Conservation Service; George Davis,
of the Department of Geography, University of Virginia, H. A. Stewart,
of the Virginia Truck Experiment Station in Norfolk, and Alfred C.
Walker, formerly Ground Water Geologist with the Virginia Geological
Survey. The late Henry Jander supplied information on the old flow-
ing well and other wells on Tangier Island, and collected samples

from wells on Smith Island, Md, Otis D. Marshall and his successor,
Leroy Jester, Jr., water superintendents of the town of Chincoteague,
furnished data on the water system of that town. William J. Gillespie,
Civil Engineer at what was then the Naval Aviation Ordnance Test
Station, Chincoteague, supplied data on the wells at the é&ation,

and W. G. Lewers has made periodic water-level measurements at the
Federal observation well at the S$ation since March 1948. (That
facility, since mid-1959, has been operated as Wallops Station, Main
Base, of the National Aeronautics and Space Administration.) Mr. Lewers
also assisted the writers in providing arrangements for a pumping

test in the spring of 1954.

The late Julia A. Gardner, of the Branch of Pale%tology and
Stratigraphy of the Federal Survey, identified megafossils in cuttings
from several wells, and Ruth Todd, I. G. Sohn, and F. Stearns MacNeil
identified Foraminifera, Ostracoda, and megafossils from drill cuttings
obtained during the 1953 test-drilling prdgram. The Virginia State

Chamber of Commerce furnished photographs for use in this report.



Many residents in the area freely furnished information on their wells
during the course of the field work.

For assistance in various ways during the initial stage of the
work, acknowledgment 1s here also made to John R. Drummond, of Nandua,
Ralph E. Long, of Capeville, Ralph Onley, of Modest Town, and Harold
Wescoat, of Eastville--all members of the Eastern Shore Board of
Soil Consgrvation District Supervisors; John Rogers and Roy Notting-
ham, County Agricultural Agents for Accomack and Northampton Counties,
respectively; and to John N. Selby,'of Accomac, fleld representative
of the U. S. Soll Conservation Service.

Purpose of the investigation

This investigation was undertaken to describe the occurrence

of ground water on the Eastern Shore peninsula, and its relation to

the sub-surface geology,-wie—TEITicular referenss—to—thre—guantity—
-apd_guality-ef-the-waten, so that this essential natural resource may

be utilized in the best manner by municipalities, industries, and by

domestic and irrigation users. From the data here presented, it is

hoped that these users may be able to anticipate to a reasonable degree

the avallability and the character of the ground water to be expected

at various places on the peninsula.

e
Methods of field work
(g
During the field phases of this investigation, factual data were
obtained on an adequate number of representative wells in the two
counties. The wells were chosen partly on the basis of geographical
distrivbution and partly for the purpose of obtaining typical wells

which tap aquifers from various stratigraphic horizons at different

e



depths. The majority of the larger yleld wells were visited in the
field; selected wells were also visited among the many shallow dug and
THAT

driven Wellgnsupplyiag individual users throughout the two counties.

Many well owners furnished certain information. A few were able
to furnish driller's logs, or could describe in a general way the
formations penetrated during the course of construction of thelr wells.
For the larger industrial or municipal wells, where relatively complete
data had been compiled, all available recorded information was obtained.
These records have been tabulated and are published in this report. (See

Tables 8 and 14,)



The samples of water from a representative number of wells on
the peninsula were collected for chemical analysis. Minimum
determinations on all samples included the determination of chloride
and fluoride content and the soap hardness. Samples from selected
wells were also taken for "partial" analysis, <wes which included, in
addition to the constituent's mentioned, determinations of bicarbonate,
sulfate, nitrate, and iron, Some of the most heavily pumped wells were
sampled for comprehensive analysis, Nearly all of these analyses are

listed in this report (Tables 11, 13, and 16).



IR
Because of the large *coatour interval on most maps available

when field work was in progresg/&nd the low relief in the area,
generally about 50 feet, an airplane altimeter was used during part
of the work to estimate the altitude of the land surface at some of
the wells, It 1s believed that the altitudes so determined are
probably more reliable than would have been determined by simple

+

inspection of cestour /maps.



Previous investigations

The Eastern Shore Peninsula has low relief and consequently
good exposures of deposits older than ﬁ;:i;;h;g; are scarce. Hence
the early (1912) report by Clark and Miller, (p. 189) is entirely
restricted to a description of the Pleiéiocene terrace cover. The
only extended published discussion of ground-water conditions in the
Eastern Shore counties is that by Sanford (1913) which is found in
Virginia Geological Survey Bulletin 5. In spite of the limited

information at his disposal Sanford wrote creditable sections on

the ground-water conditions in Accomack and Northampton 9ounties
“

e

in that early bulletin.

Some information developed during the present study was
published several years ago. Summaries of the geology and ground-
water conditions on the peninsula, descriptions of wells, and
stratigraphic correlations on selected wells were released in three
circulars prepared by the present writers (Sinnott and Tibbitts,
19541 19554:1957).

In the Coastal Plain west of Chesapeake Bay detailed studies
had been made on the subsurface geology by Cederstrom (1945a, 1945b,
l9h6a)and 1946b), and Richards (1948). Geophysical investigations
had been made by Ewing and others (1937). The ground-water work
referred to was carried out in counties west of Chesapeake Bay.
During the course of that work formation samples were obtained during

the drilling of deep wells for relatively large municipal and

industrial ground-water supplies. These
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samples have afforded an excellent opportunity for paleontologic
correlations, especially by means of microfossils.

Because very few wells deeper than about 300 feet have been con-
structed in the Eastern Shore counties, the characteristics of the
Eoceﬁe and Cre%aceous sediments must be largely inferred from their
shallower occurrence on the mainland countles west of Chesapeake Bay.
Practicglly all of the so-called deep wells on the Eastern Shore tap
strata of Miocedé age; consequently, most bf this report is concerned
with the occurrence of ground water in the Miocene aquifers and in
the more readily accessible Pleistocene depésits.

%% the mainland counties, where many well logs and drill cuttings

have been obtained, stratigraphic correlations can generally be |

carried out in some detail. On the Eastern Shore, however, such

interpretation has been limited because of the scarcity of subsurface
in Fhe Miseene Lormoxions

data. The exploratory test holes drilleéhduring 1s investigation

in 1953 have ylelded substantial additional information, particularly

in the relatively unknown depth range from 300 to 450 feet below the

surface. The correlations for the deeper Eastern Shore wells, shown

IR X0 v \0"3‘“
on the “eress' sections of Plate 1, have been based in part on the

—grom e Cr--é&»;m, MR well
test-hole information, including paleontoldgic studies,Aand-aiﬁe

in part on extrapolation of data on wells in the mainland Tidewater

counties near the western shore of Chesapeake Bay. Where-appropriase,

The microfauna contained in the subsurface samples obtained

during the drilling of the four exploratory test holes have been

18
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studied by-Eizéihi Geological Survey specialists. Significant data
also have been obtained from the published work of other investi=-
gators based on subsurface data on wells in Maryland near the
Virginia Eastern Shore.

Ruth Todd (1955) of the U. S. Geological Survey, determined the
Foraminifera from the exploratory holes, and discussed the probable
correlations and the environments of deposition; I.Gf Sohn (1955),
also of the Survey, studied the ostracodes. The late Julia A.
Gardner (1948) of the Survey studied shells from drill cuttings from
a well at Cheriton in Northampton County, and made tentative age
assignments to the subsurface material,

Doris S. Malkin (Mrs.Doris Malkin Curtis) made a preliminary

i

correlation of samples from a deep well drilled on Smith Island, Maryiand,
about 10 miles north of Tangier Island in Chesapeake Bay. Her
correlation (Malkin, 1947) is included in this report (Table 10) by
permission of Shell 0il Company. A paper by McLean (1950) contains
stratigraphic correlations of samples from a deep well at Crisfield,
Meimdbond, near the Virginia-Maryland boundar§;;>Wentworth (1930) discussed
the geomorphic history of the Eastern Shore. A brief article on the

J

Pleistocene terraces on the peninsula has been published by the writers

(Sinnott and Tibbitts, 1961).

Following a study of the megafossils of drill cuttings from the
exploratory test holes and certain other wells by F. Stearns MacNeil of

A
the U.S. Geological Survey Lperseé;i communication, 1955), a circular on

stratigraphic correlations on the Eastern Shore peninsula was published

by the wrlters (Sinnott and Tibbitts, 1957).

11



A preliminary sumnary of the results of this investigation, and
a report on factual information for selected wells in both counties,
were published by the writers several years ago (Sinnott and Tivbitts,

1954 and 1955, respectively).

12
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GEOGRAPHY

Area and population

The total land and water area of the Eastern Shore peninsula
of Virginla 1is 959 square miles. Table 1 shows the area and popu-
lation in 1940, 1950, 1960, and 1964 as given by the Virginia Division

of Planning (1965).

Table l.--Area and population of counties

on the Eastern Shore peninsula, Virginia

Area (square miles) Population
County Iand Water Total 1940 1950 1960 1964
Accomack 470 132 602 33,650 33,832 30,635 29,971
Northampton 226 131 357 17,597 17,300 16,966 17,340
Total 696 263 959 50,627 51,132 47,601 47,311
Industry

Of the total active civilian work force in 1965, agricultural
workers represented about 35 and 4O percent, respectively, in Accomack
and Northampton counties (Table 2). In addition to civilian workers,
there were more than 400 military personnel on the peninsula in 1965,
according to the Virginia Division of Planning (1967); these are
chiefly at the two Wallops Station facilities of the Natio%il Aero-
nautics and Space Adminiétration, near Chincoteague; Fort Custis, near

\s

Kiptopeke; Cape Charles Air Force Base; and CobbAf;land Coast Guard

-

Station.

' ! . ‘x}\,,,{f'%: 1 ?
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The Eastern Shore area has a moderate north temperate climate.
Because it is surrounded by bodies of water on all but the north
side, its temperature range is not extreme. The rate of precipi-
tation is well~suited to farming, although there is a drought hazard
that is gradually beilng lessened by inreased use of irrigation
facilitigs.

Tables 3 and 4 below show the mean monthly and mean annual
temperature and precipitation recorded at Onley and Pai;ter, in

Accomack County, and at Cheriton, in Northampton County, from pub-

lished summaries of the U.S. Weather Bureau.

pomsnd
L
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GEOMORPHOLOGY
The land forms of the Eastern Shore peninsula are subdued
and generally inconsplcuous--the total relief being only about
TO feet. - However, the character of the shoreline is of interesgx in +kaf
st two falrly well developed terraces and assoclated scarps can

be seen in southern Northampton County and locally)elsewhere.

) - (Provey,a32)
Certa}n other features--the so-called "Carolina bayszé-rarely
appear on maps and are not usually apparent to ground observers,
but many are readily discernible from the air and on aerial
photographs.

The following brief discussion of some of these land forms

is based largely on a section in an earlier report by the writers

(Sinnott and Tibbitts, 1954).

Terraces
Workers in the Atlantic Coastal Plain have long noted a

succession of broad plains or "terraces," each separated by a

more or less distinct scarp, marking a shoreline, along its

landward margin. The terraces are bellieved to have been

developed during PleisfSZQne time when the sea stood at higher

levels relative to the land than at present. Morphologic studies

of the Pleistocé;; terraces also entail stratigraphic problems,}

which are trea'béd briefl_y in a later section. (See under Quate;axy System,

Pleistocene Series )
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On the Eastern Shore peninsula, only the three youngest
terraces are believed to be represented. ~ (See Fig. 2,)

Stephenson/(1912) first described the Pamlico terrace,
whose shoreline is about 25 feet above sea level, in North Caro-
lina. In Virginia, Wentwortﬁ/(l930 p. 69), named the Dismal
Swamp terrace as its equivaleatl in Virginia. He also found
local.dévelopment of a distinct lower terrace, whose shoreline
is about 12 feet above sea level, which he named tkhe Princess
Anne terrace; it has been.conéidered correlative with the
videl;\?eveloped Silver Bluff terrace in Florida described by
Parker and Cooke/(l9hh) and others (Cookéf 1945; MacNeiij’19SO).
Tﬁe Princess Anne terrace is believed to be a later phase of
the Disral Swamp terrace.

Wentworth's Chowan Terrace~~probably the equivalent of
the Talbot terrace in Maryland as defined by Shattuégf(l906)--
lies above the Dismal Swamp terrace, and has been shown by the
writers {Sinnott and Tibbitts/, 1961) to extend the entire iength of
the peninsuia, flanked by remnants of the Dismal Swamp and
Princéss Anne terraces. Thbe latter are less obscured by

subaerial erosion along the bay side of the perinsula, in

/,
northern Accomack and southern.Northampton-sounties. (See Fig. 3.)
-,
<

Shorelines
The Chesapeake Bay area shows features typical of shore-

lines of submergence. It is evident that the base level of
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Figure 2,—diap of the Eastern Shore pepinsula showing Pleistocene shorel
and related surfaces. (After Sinnott and Tibbitts, 1961,
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erosion must have been at ore time considerably lower than at

present~--probably during the close of the Pleistocene epoch

Y Gleciatio,

v
at the time of the greatest expansion of the Wisconsin glaciel—
sbege. Subsequently, the region has been progressively sub-

\c\l‘*\

merged, as Qgeysea\gradually é?vgﬂééé)to its present position.

Carolina Bays

In Accomack County, and to a lesser extent in Northampton
County, many aerial photographs exhibit striking elliptical
surface features, here referred to the so-called "Carolina
bays" commonly prevalent in the Coastal Plain areas of the
Carolinas. These "bays" are broad, shallow, elliptical sand-
rimmed depressions, trending southeastward. Some of them are

truncated by other similar depressions. Smaller basins of

random orientation, occurring among the larger basins, have

been described for the Eastern Shore of Maryland by Rasmussen
and Slaughter (l95§j p. 26-28, pi. 3).

The method of development of these features has been a
matter of considerable geological controversy. Among the
many theories of origin may be mentioned showers of meteorites,
rotating currents, solution sinkholes, shoals of fish, stranded
icebergs, and complex’artesian-solution-lacustringfeolian proé

v -~
feases. (See Prouty, 1952, p.!©7; Rasmussen and Slaughter,

_-op. cit., p. 28.) Whatever their origin, they are of importance

in the occurrence of ground water because they serve as catch-

ment basins, assisting in the replenishment of the shallow ground-



water body, as pointed out by Rasmussen and Slaughter (op. cit.,
p. 27-28). They are most numerous in the Caroclinas, but occur
also from Florida to New Jersey (Prouty, op. cit., pl. 1). These
landforms probably developed after the present general features
of the Coastal Plain had already been formed--that is, during the

Holocene Epoch of geologic time,

Geomorphic history

Prior to late Pleistocene time little or no land existed in
the area of the Eastern Shore peninsula, according to Wentworth
(1930, p. 114). During the advance of the sea that formed the
Chowan terrace, 'the combined action of wave and shore currents
built spits and barriers across the shore reentrant from the
vicinity of Snow Hill, Maryland, to eastern Gates County, North
Carolina, thus forming an enclosed area of lagoons and marshes
similar to Pamlico and Albemarle Sounds." In post-Chowan time,
that is, after the retreat of the Chowan’sea, "this barrier was
sufficiently continuous to force the combined Potomac and Susque-
hanna drainage southward to its present outlet into the ocean.”
It was during this time that the principal features of the
Chesapeake Bay and its tributaries were formed. The higher part
of the Fastern Shore peninsula probably was modified also during
this period, and during Dismal Swamp and Princess Anne time, to

approximately its present form.

22



With the advance of the seza in Dismal Swamp time, the
deposition of sediments took place, and thefS;:mal Swamp
terrace was formed by the strand-line erosion against the
remnant sediments beneath the Chowan terrace. The Princess
Anne terrace, which is close to the present sea level, was
probably formed during a pause or minor readvance of the Dismal
Svamp sea during its retreat in late Pleistsz;ne time. The
Princéss Anne terrace in Virginia averages about 10 to 12 feet
above the present mean sea level, and the shoreline of the
Dismal Swamp terrace about 25 feet above sea level.

During Resit time the present shoreline has been developed

around the peninsula, and loose sgnd along the beaches has
(S‘jev!‘%/(ﬁjs.q i )
been locally gathered into dunesg "Longshore currents have

- formed small spits, some of which have grown to form baymouth

bars and assoclated lagoons. The "bays" or "basins" discussed
above were superimposed on the surface of the peninsula also

during this epoch.
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OCCURRENCE OF GROUND WATER

In the Virginia Coastal Plain, water enters the ground from the
surface, usually by infiltration from rainfall, streams, and lakes.
It is drawn downward by gravity, except a portion which adheres, by
molecular attraction, to the walls of the grains composing the soil
and rocks. Below a certain level the interstices of these rocks are
completely filled with water., This is known as the zone of saturation.
The top of this zone marks the approximate position of the water table.

The unsaturated rocks above the water table are in the zone of
aeration. Immediately above the water table but within the zone of
aeration is the capillary fringe, a zone where the finer interstices

are filled with water drawn up by capillarity from the water table.

This fringe may be Jﬁgﬁk;ﬁﬁﬂﬁ or two thick in coarse sediments but @ mush ag
10 focR8rfaas tﬁick in fine grained sediments. Where the land surface
intersects the water table the latter becomes visible in the form of

lakes or ponds (Fig. 5). V)/

Ground water has been defined specifically by Meinzer (1923, p. 22)
as the water in the zone of saturation, that is, water that can be
withdrawn from the ground by wells.

The occurrence and availability of ground water is dependent on a
source of supply for the water and on two Important characteristics of
the water-bearing portions of the rocks, porosity and permeability. The
porosity of a sedimentary formation--the amount of open space it
contaihs--depends to a larée extent on the degree of packing and on the
size distribution of the grains of which the formation is composed. It

is important to note that the size of the component grains, other things

being equal, has practically no effect on the porosity of the water-bearing

material; thus, silt and clay are about as porous as sand and gravel.

26



A high degree of porosity alone, however, is insufficient for a
sediment to be considered a good water-bearing formation (aquifer). A
more important attribute 1s the hydraulic permeability of the material,
or its capacity for transmitting water under gravity or pressure
(Meinzer, 1923, p. 44). The size of the grains bears a very definite
relationship to the permeability. Thms, a clay, which may have the
same porosity as a sand, is almost impermeable to water because the

openings are so small that the water is held in them by molecular attraction.

In some areas, a permeable formation may be overlain by a
relatively impermeable Jayer, called a confining layer or aquiclude,
and the water in the #mpermesble layer may be under artesian pressure.
This happens when the permeable rock is exposed at the surface at a
somewhat distant higher elevation. When tapped by wellg,water in
the confined formation will rise above the base of the overlying
impermeable bed. The level to which such water will rise 1s called
the piezometric surface rather than the water table. If it rises above
the land surface--as in certain low areas of the Eastern Shore~-the
wells tapping the formation will overflow. Where the land is higher
or the pressure is low, wells will have to be pumped. In either case

the well is artesian.

27



On the Eastern Shore, water in the very deep sedimentary
formationP{Z believed to be under sufficient artesian pressure so
that any wells drilled to them would be flowing wells. So far as
known, the only functioning deep wells reaching below the base of
the Miocene are those on Tangier Island in the middle of Chesapeake
Bay. Among these 1is the 860-foot flowing well (183) listed in Table 8.
This well was flowing in 1948 at which time it was sampled for chemical
analysis)/ (Table 11/),

Many of the 150- to 250-foot wells on low ground developed in
Miocé{; aquifers also flow., Some flow only at high tide; others flow
continuously but at an increased rate during high tide as the-compression
by tidal loading becomes effective, At least two other very deep wells
have been drilled on the Eastern shore. One (90, Table 14) in Cape
Charles was drilled in 1910 to a depth of 1,810 feet, the other at Cobbg§ -
Island (180) to a depth of 1,001 feet at the Coast Guard facility. The
height to which water would rise in these deep wells was not recorded.
Neither well was put in service; the one in Cape Charles did not yield

sufficient water, and the CobbSIsland well produced only brackish water.

28
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Water-Level Fluctuations

Through arrangement with the Navy Department, an observation well
was established in March 1948 at what was then the Naval Aviation Ordnance
Test Statibn near Chincotaegue. Subsequently, this well was designated
as Federal Observation Well Va,-US-2, one of six such wells in-eastern
Virginia which are part of a network of observation wells established
throughout the nation. This well is listed as number 8b in Table 8.
Since ;§::Zg9éhis‘facility has béen operated by the National Aeronautics
and Space Administration; it is designated as Wallops Station (Main Base);
Ground water in the vicinity of this/Séation occurs under water-table
conditions, although doubtless there are locally semi-perched water bodies.
(See logs, wells 8a, 84, 8h, and 8i, Table 9 .)

A recording gage was installed in well 8b in 1948 and operated for

about a year. Subsequently, measurements were made approximately weekly
y Hien

for several years, and,at somewhat less regular intervals to the presemt. time.

N
The recording gage did not operate satisfactorily, so that the better

part of the record ofrpheAwater level at Va.-US-2 is the period 1950
through 1958.; Figure é is a graph showing the fluctuations in the water
level at this well during the period of measurement from March 1948 to
Februaryl 1967. together with the ASESSE total annual precipitation at Onley

from 1948 through 1966.

29
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Although data on withdrawals at the station are not available,
the early decline in water level in this well, from 1949 through late
1951, is inferred as reflecting an increase in water use resulting
from greater activity during the Korean conflict. While water use
probably remained at a relatively constant level from 1953 though
1958, the increase in precipitation, also shown in Figure 6}based
on records farther south on the peninsula at Onley, is apparently
reflected by a corresponding rise of nearly 5 feet in water level
in the observation well. At about this time, the number of personnel
at the station was reduced as the Navy gradually brought its opera-
tions to a close during the late fifties. This may account for the
continued rise in water level in the observation well despite the
drop in precipitation beginning in 1959.

The effect of the Northeast Drought of 1961-1966, which did not
extend into Virginia until 1965, was apparently partly the cause of
the 2-foot decline in water level from mid-1965 into 1967. This
decline was probably augmented by increasing water use by the grow-
ing work force of the National Aeronautics and Space Administra-
tion's Wallops Station operations.

Owing to limitations and interruption of funds for this investi-
gation, systematic water-level measurements have not been made else-
where on the Eastern Shore peninsula. However, there are pfobably
not many areas where, to date, water levels have been markedly

affected by factors other than fluctuations in rainfall.
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Many wells of moderately high yield are pumped only for short
periods at certain seasons. Examples are wells 6a and 115 in Accomack
County, where the water is used for canning and irrigation. There
is thus ample time for replenishment of the ground-water reservoirs
during the periods when such wells are not pumping.

There are a number of flowing wells on the peninsula, which are
referred to in the county reports (Virginia Division of Planning,
l965a:;b and 1967). Some of these are equipped with pumps, and the
natural flow is shut off so that not all flowing wells are allowed
to run '"wild," and waste of water and consequent decline of artesian
pressure are probably minimgl,

The yield of some flowing wells shows a marked increase during
high tide--for example, the 385-foot well at Wachapreague (160,
Table 8, Fig. 7). Other wells flow only intermittently, ceasing
to flow altogether during ebb tide. The increase in flow with
rising tide is a mechanism known as "tidal loading," and is noted
also in many other flowing wells thréughout Tidewater Virginia.

It is caused by the compression of the artesian aquifers by the
weight of the advancing tidewater. This mechanism has two effects,
one being to increase the flow of ground water from flowing wells,
and the other to raise the piezometric or pressure surface, the
level to which water will rise, in nonflowing artesian wells. As

the tide recedes, the pressure is gradually released, and the flow from

32



Figure 7.--01d public flowing well at Wachapreague,
Accomack County. See well 160, Table 8.
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the wells diminishes#4g? the water level in non-flowing wells
A 4
declines.
The demand for water in the Eastern Shore counties thus far
has not been great and, in general, the water levels in places some

distance away from actively pumped areas do not appear to be significantly

different from the levels reported by Sanford in 1913,

34
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EXPLORATORY DRILLING

In the spring of 1953 a contract for test drilling was awarded for
exploratory holes to be drilled by the hydraulic rotary method on the
Eastern Shore peninsula. In collaboration with local officials, public
lands at several schools were selected as drilling sites. Owing to
limited funds, one of the holes, at the high school in Macﬁipongo,
was held to about 100 feet in total depth when good water-bearing
beds were encountered within that depth, in order:-that three other
holes could be finished at total depths exceeding 400 feet. Thus,
it was possible, within the funds available, to complete the test hole
at the elementary school in Capevgile, near the southern end of the
peninsula, a depth of 470 feet and to drill two other test holes,
at Central High School between Keller and Painter and at Atlantic
High School just south of 0Osk Hall, near the Virginia-Maryland State
line, to total depths of 450 and 451 feet, respectively.

-Schiumberger clectric logs were made on each of the four test
holes. These logs, in conjunction with the lithologic logs, were
useful in the geologic correlations and in the determination of the
water-bearing zones, and provided also some indication of the chemical
character of the ground water in the formations penetrated.

As brought out elsewhere in this report, through the years a

wealth of information had become available on relatively shallow

wells. As a result of tk test drilling referred to the first

35
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300 feet of section can ®ew be characterized as silty clay, clay

and silt interbedded with water-bearing sand and small gravel. There
are also numerous shell beds. Several apparently good water-bearing
beds 10 to 40 feet thick occur in the depth range of 100 to 300

feet: many wells on the peninsula are finished in this depth range.
However, below about 300 feet only thin beds of silty sand were
ordinarily found. The potential of these beds was unknown and, therefore,
it appeared desirable to test whether they might yield at least moderate
supplies of ground water. Accordingly, 5 feet of screen was set

in each of the three deep holes at piaces below 300 feet that seemed
most likely to yield some water.

In July 1954, each of the test holes was extensively back-washed
under high pressure in order to develop as fully as possible the
water-bearing zones at the screen settings. Fach hole was then test-
pumped by air 1ift, using at the well head a device which allowed
ready access to the well for measurement of water levels while pumping.
(See photograph, Fig. 8.)

Although the most promising material encountered among the
exploratory holes in the untested section below 300 feet was at
Capeville, where 22 feet of sandy material (some of it coarse)
was penetrated from 442 to 46L feet below the surface, even this well
ylelded less thégaglgg&ﬂjpn aSiEgutéjafter extensive development.

The other two deep holes, n;ar Keller and at Oask Hall, ylelded even

less than did the Capeville well.
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Figure 8.-~-Discharge head for pumping well by air lift,
Shorter pipe at top of head allows access to
well for measurement of water level.



On the other hand, the shallow test hole at Machipongo yielded
a moderate supply of 1é§§;§&ons~peawminnte)(Fig. 9) from an gquifer
in which a 5-foot screen was set at 60 - 65 feet below the surface.
A summary of the data pertaining to the four exploratory test holes
is given in Table 5.

The geologic information obtained in the test-drilling program
is incorporated elsewhere in this reporf--in the sgptions on the
occurrence and lithology of the Miocene and Plei;tocene rocks.
Sample descriptions based on laboratory examination of the drill

cuttings with a binocular microscope are given at the end of the

well-log tables for each cou@ﬁy (Tables 9 and 15).
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Hydrologic and physical properties of selected
samples from the test holes

From the drill cuttings collected during construction of the
four U.S. Geological Survey test holes, 23 samples were selected
as possible water-bearing materials. Quantitative analyses were
made of these samples at the Hydrologic Laboratory of the Ground
Water Branch, U.S. Geological Survey, in Denver, Colo. The analyses
included the determination of the coefficient of permeability in
Meinzer's units, and grain-size analysis of each of the samples.
Because the presence of fossils in some of the samples might
influence the results and interpretation, an estimate was made of
the percent by weight of fossils contained in each sample.

In Table 6, the results of the tests by the Hydrologic
Laboratory are given, together with certain statistical parameters
computed by the writers based on the cumulative weight-percent
frequency curves prepared by the Laboratory.

The results indicate a range in permeability from 5 to 1,300
gallons per day per square foot (Meinzer's units). The samples
from the relatively unexplored depths below about 300 feet, however,
are relatively low in permeability, ranging from 17 to 180 Meinzer's
units, as would be expected on inspection of the electric logs of

the test holes. (See Plate 5.)
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GENERAL GEOLOGY AND WATER-BEARING CHARACTER
OF THE ROCK FORMATIONS
The sedimentary rocks underlying the Eastern Shore peninsula

are nearly horizontal; correlations indicate that they dip gently

5
i

eastward at a rate of swewe 5 to 20 feet per mile. (See sections
A~A' and B-B', Plate 1.) These strata consist of unconsolidated

beds of sand, clay, and minor gravel lenses, which rest unconform-
ably on a broadly undulating surface of crystalline granitic and
mefamorphic basement rocks. The sediments become progressively thin-
ner westward on the mainland, and dzgﬁ;peégaaa a featheredge along
the eastern border of the Piedmont province called the Fall Zone.

In Virginia the Fall Zone extends through Fredericksburg, Richmond,
Petersburg, and Emporia.

Along the Eastern Shore peninsula, the crystalline basement
complex beneath the sediments lies at depths of several thousand
feet below the surface. Farther east beyond the peninsula the
sediments extend beneath the Atlantic Ocean for a distance of 60

to 70 miles to the edge of the continental shelf. According to

Ewing and his associates (l937),)<\geophysical evidence indicates el

‘hx L

that about 60 miles east of Cape Charles the Coastal Plain sedi-

ments may exceed 12,000 feet in thickness.
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In the sections that follow, each component of the geologic
column that occurs on the Eastern Shore peninsula of Virginia is
described, and its water-bearing properties discussed. It will be
helpful also to refer to the accompanying geologic columnar section

{
and table. (See Plate 2.)

BASEMENT COMPLEX
Occurrence and lithology

Beneath the sedimentary cover of the Coastal Plain sediments
the character of the basement complex has only been inferred on
the basis of the interpretation of geophysical studies by Miller
(Ewin;{and others, 1937). So far as known, no deep wells on the
Eastern Shore peninsula have penetrated bedrock. However, the
basement complex, presumably chiefly gneiss and schist, underlies
the entire Eastern Shore peninsula at a depth of probably more than
3,000 feet below sea level.

The basement rock slopes eastward at about 30 feet per mile,
as known from deep borings at Mathews and at<:;> Monroe. This is
in agreement with geophysical results which, according to Miiier
(op. cit., p. 809), show "a slope of about 30 feet per mile from the
Fall Line in the vicinity of Pgtersburg, to a point about 20 miles
east of Cape{ Henry." Spangl‘g:' and Peterson (1950, )?{g. 12, p. &)
and Anders;; (1951,,F§g. 124, p. 433) show contours on the base-
ment rocks ranging from about 3,000 feet below sea level at the

south end of the peninsula to more than 7,000 feet below sea level

at the north along the Virginia~Maryland boundary.
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Water-bearing properties

In this area, these rocks lie too deep to be considered as

economic sources of ground water.

v/

CRETACEOUS SYSTEM
PRI v -
Bgrdy Cretaceous 2wv'%=~

Occurrence and lithology

Sedimentary rocks of Cretacedus age immediately overlie the

© crystalline basement rocks beneath the entire Coastal Plain,

Their lithologic character and fossil fauna and flora indicate that
they were chiefly laid down as terrestrial, lacustrine and fluvia-
tile sediments (Clark and Miller, 1912, p. 62). These sediments
are mostly unconsolidated; clay, sand and gravel. West of
Chesapeake Bay these rocks have been penetrated in the drilling of
deep wells and have been subdivided into deposits of Late and
Farly Cretaceous age.

The Lower Cretaceous Potsgac_group has been subdivided into
the basal Patuxent Eprmation overlaih unconformably by the Patapsco

-

formation. North of Potomac River, in Maryland, the Arundel £9rma—

tion underlies the Patapsco. Spangler and Peterson (1950, p. 69)
consider the Patuxéét ;ormation to be of Early Cretaceous age and
In
I4
lequivalent to the lower part of the Tuscaloosa of North Carolina

and lower part of the Raritan of New Jersey."

L5-46



/
Water;Bearing #TOperties

v
Beds of the Potomac Group contain prolific water—-bearing
formations west of Chesapeake Bay. Presumably good aquifers, i.e.,
thick sandy to gravelly beds)may be present at depth beneath the

Eastern ;hore. However, the extremely meager data at hand do not

/e
/

provide a basis for any conclusions in this respect. Further, it
v

is altogether likely that beds of the Potomac Group will contain

brackish to saline water.

v 1
Cretaceous Scyvies

Occurrence and lithology

In the counties west of Chesapeake Bay in Virginia the lower

part of the Mattapgéi formation is considered to be of Late
-
Cretaceg;s age (Cederstrom, 1957, p. 17).

Foraminifera in cuttings from a well drilled for the town of
Crisfield, Md., 16 miles west of New Church and near the northwest
corner of Accomack County, have been studied by McLean (1950), who
assigned the pre-Paled%;ne beds to the Upper Cre€£:eous. (See log

of this well, Table 10.)
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According to MclLean, the Cretaceols-Paleocene contact is at
1,067 feet below the surface at a well at Crisfield, Md. Crisfield
lies 12 miles northégg of Tangier Island and 28 miles west of the
northernmmost part of the Eastern Shore Peninsula in Virginia. The
section from 1,067 to 1,302--the maximum depth penetrated in this
-well--is assigned to tﬁi\Mbnmouth ggrmation of Late ng;aceous age.
The rock is chiefly noqiﬁossiliferous sand, the lower part con-
sisting of 'vari-colored sandy clay with pink and red shades.!" The
sand from 1,125 to 1,142 feet in the Upper Cretaceous section is

the principal aquifer tapped by the well. (The other aquifers are

from 717 to 721 feet, and from 760 to 802 feet, according to the

[

driller; these are of Miocene and late Eoéene age, respectively.)
Doris S. Malkin has assigned the section from 800 to 840 feet
}w,ﬁ.(}

in a well drilled on Smith Island, Mﬁry&&nd)about 10 miles north

of Tangier Island in Chesapeake Bay)tentatively to the Upper
Cretacedus (table 10). Inasmich as the beds referred to are
unfossiliferous quartz sands occurring high in the section immediately
below beds assigned (by Malkin) to the ;AquingaleoEEﬁE) it may well

v | e
be that these sands are of Paleocene age rather than Late Cretaceous.
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The Cape Charles well (90, table 15) is believed to reach
rocks of Late Cretdégous age at a depth of about 1,000 feet.
Correlations are at best tentative and adequate samples from any

future test drilling will no doubt result in considerable revision.

Water-bearing properties

The municipal well at Crisfield, Md., referred to above, taps
water from sand at 1,125 to 1,142 feet below the surface, reported
by McLean (1927) to be of Late Cretacebfis age, in addition to
Eocene and Miocene aquifers at shallower depths. This well yielded
300 gpm with a drawdown of about 100 feet; when drilled, it was a
flowing well. Another well at Crisfield, completed in the spring of
1950, yielded about 200 gpm with a drawdown of about 50 feet, also
from sands of Late Cretace&ﬁ; age.

As shown by logs of the Crisfield wells (Egble 10) there are
apparently relatively few potentially good wate;;bearing zones in
the Cretacé%és part of the stratigraphic section near the Maryland
State Line.

Based on the meager information thus far made available, the
only assurance that can be made regarding Cretaceoﬁéxrocks is that
moderate supplies of ground-water--up to about 300 gaxions per
minuta\per well--of fairly satisfactory quality might be’ggveloped

&

from properly constructed wells finished in Late Cretaceous aquifers

near the northern part of Accomack County.
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As brought out elsewhere in this report, in the southern part
of Accomack County and in all of Northampton County, water from
the Cretacebus rocks is probably a high chloride water and there-

fore would be unsuitable for most ordinary purposes.

v
TERTIARY SYSTEM
v’

Paleocene Series

Occurrence and lithology

The presence of Paleocene beds in Virginia was postulated in
19SZ by Cederstrom who considered the beds beneath the typical

Aquia formation along Potomac River and elsewhere to be Paleoég;é

i,
L N

and Ypper Cretaceo&gfin age. These beds were named the Mattap%;;

Formation. Previously Bennett and Collins (1952) working in Maryland,

had shown that the Brightgg;t Formation)which underlies the Aqﬁg;,

is of Paleocexg age. jZ;ééyfecently Loeblich and Tappan (1957a, b)

determined that the overlying typical qukg itself is of Paleéz;ne
avrly

age rather than of Eocene age as had been accepted up to that

time.
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v
Whether or not the Brightseat geymation is in fact equivalent to

the upper part of the MattapBﬂi fprmation is yet to be established.

-2

To avoid lengthy discussion that would not be fruitful insofar as

g
this paper is concerned, the Virginia pre-Eocene section will be
v’

referred to simply, in descending order, as the Paleocgge Aqui
;£9rmationlas known from microfossils at Aquia Creek {Cushman, 19AAZ
and the Ma%i oni zgrmation of Paleocene to Late CretaCSZus age.
The quia<£9rmation, es seen in the type locality, appears to
thin out eastward from the Fall Zone (Cederstroéj 1957, p. 24) and
may not be present at depth beneath the Eastern Shore\qunties.
It is suggested that the Aquia of 5?lkin in the Smith Island well
may be somewhat older than the Aquia of the type locality and,
therefors:;Art of what is termed the Mattapéﬁi %;Tmation to the
west in Virginia,.

The Crisfield well apparently penetrates 207 feet of beds

assigned to the:Palegéene. It may be noted in the log (table 10)

-

that the Aquisa, as well as the higher Nanjem3§r£9rmation of Eocene
[

age, are absent insofar as McLeank findings are concerned.
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It thus appears quite likely that the stratigraphic equivalent
of the Mattapdhi.germation of Late Cretacésgs and Palégcene age,
is represented inizke subsurface of the Eastern Shore of Virginia.
In the égg;;zgzctionf/;late 1, the stratigraphic divisions are drawn
at Cape Charles and Cobbrisland much as given by McLean for the
Crisfield well. The contacts drawn seem to make a good fit with
the stratigraphy as presently understood in the lower York-James
Peninsula. However, the logs (90 and 180, Table 15) are not
sufficiently detailed to characterize the lithology properly or to

show where the contacts occur in the section.

Water-bearing properties

The Mattaponi ggrmation contains prolific water-bearing sands

west of Chesapeake Bay. Sufficient test drilling has not been accom-

plished to show that it is similar in make-up on the Eastern Shore.

Eocene Series

Occurrence and lithology

d
The Eocene deposits of Virginia were named the Pamunkey formation

by Darton (1891) before the turn of the century. Th%f/formation was

later subdivided by other investigators into the Aquia Formation

(Clark and Martin, 1901, p. 58) and Nanjemoy Formation (ibiQ;f p. 6h)./

.
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v arly V7
The Nanjemoy Formation is of‘N%ddle and izﬁér’Eocene age but,

as noted above, the quﬂd(has !-ll-iipreen assigned to the Paleocene.
In 1945 the presence of an \?pér Eocég; formation was described for
the first time in Virginia (Cushman/;nd Cederstrom, 1945; and
Cederstfém, 1957, p. 28).

The Nanjemd$¥ Formation %ggt-its easlly recognized foraminiferal
fauna is well developed not far east of the Fall Zone but appears
to thin and venish eagtward. The typical underlying quik/Formation
(Cushmanfil9h4) (now assigned to the Paleg:ene) also thins eastward
(Cederstromf 1957, Plate 1). The ‘?per Eoc;;e formation, the
Chickahominy, does not extend to the Fall Zone. It is present about
as far inland as'West Point but thickens from a few feet to more than
100 feet to the east. Mclean agsigns 100 feet of beds penetrated in the
Crisfield well to the Chickahgginy Formationfs , He considers the
Nanjemoy to be absent. In the Smith Island well that lies west of
the Crisfield well, Malkin notes the presence of at least 20 feet
of Chicahominy Formation and assigns 50 feet of underlying section
to the Nanjemoy. The writers accept Mclean's and Cederstrom's
thinking with reference to the Nanjem3§(and assume that th;r}ormation
is not present in the Eastern Shore counties. Smith Island 1s almost

directly east of the Northern Neck Peninsula of Virginia where good

faunal assemblages have been examined.
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It may be noted that with reference to the beds assigned to
the NanJemoy Fj;yation in the Smith Island well, Miss Shifflett
has stated (1948, p. 27) "there is no evidence of Wilcox or Claiborne

Eocene in the section.”

Water=wearing properties

/ -

The Chickahominy Formation, the only Eocene formation believed
to be present at depth on the Eastern Shore, is a predominantly
clayey formatlon in the York-James Peninsula but along the Potomac
it is somewhat sandy and yields water to some wells. In the Crisfileld
town well the Chickahominy Formétion consists of 42 feet of somewhst
glauconitic quartz sand. Hence, it is thought that in northern
Accomac County iete Eocg;e beds may be water-bearing but southward
into Northampton County they may become less permeable.v/ét Cape
Charles only clay 1is reported in the interval where Eocene beds would
be expected. However, from the appearance of the log, 1t seems likely
that fast drilling accounts for the "lack" of sandy beds rather than
any other reason. Sandy beds were reported in the Cobh island well

but the sands there are fine. _
Just across the State line in Maryland, the gfper Eocene rocks

in the Bradshaw well on Smith Island and the upper 42 feet of the
Efper Eocene rocks in the Crisfield municipal well are reported to

J
be sandy (Malkln 1947; McLean, 1950; see Table 10.)
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It might be expected that the beds lying deep beneath the
Eastern Shore Peninsula would contain only brackish water.
Cederstrom has delineated (l9£g b,/Piate 3) the area of brackish
artesian waters west of Chesapeake Bay but does not show what
might be expected in the more northerly part of the Eastern Shore.

In this light the data on the Tangier Island well is especially
significant. The well,~§2;SLfeet deep, is.;kggiggd to penetrate
about 100 feet of Chickagzginy deposits. A sample collected in
this investigation shows that the water contains only 115 ppm of
chloride. Presumably the boundary of the high-chloride zone
might now be drawn from Whitestone in southeastern Lancaster County
i or jst nigrth r6— :

throughATangier Island. In northernmost Accomac County water of
about the same quality might be expected from Eocene beds but
south from there the water obtained would become progressively

more brackish. The only other specific data at hand is the report

that the water from the CobbFf;land well, from Eoéé;; or)UﬁLermost

Paleocehe beds, was brackish.

Referring again to the water obtained from the Tangier Island
well, it may be pointed out that water containing 245 ppm supplied
the\E%ty of Williamsburg for many years and at<::> Fustis water

containing more than 330 ppm of chloride was also used for many

years. <ﬁu~j TJ

)
/
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Miocene Series

Subsidence of the Coastal Plain region at the beginning of
Miocene time was accompanied by an advance of the Miocene sea over
the older rocks. In the northern part of the Coastal Plain the
westward transgression of the seas apparently was not as great
as in the southern part, as pointed out by Clark and Miller (1912,
p. 213, 214).

The Miocene rocks of Maryland were first designated as the
Chesapeake Formation by Dartgh (1891), and shortly afterward extended
to include other associated deposits oi/Miocéﬁ; age in Virginia and
defined as the Chesapeake Group by Dall (1892). The group, as it
occurs in Maryland, was differentigted into the basal Calvert
Format}on, overlain by the Choptank and St. Maryé/formations by
Shatt:ck (1902), and later (Clark ar{d Miller, 1906, p. 19) extended
to include the overlying Yorktown Formation in Virginia,

The Chesapeake Group of formations is entirely covered by the

- A
Columbia Group of Pleistocene deposits in the Eastern Shore peninsula.
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Occurrence and lithology
e

Calvert Formation.--The Calvert‘fprmation overlies the FEocene
-~

beds. As shown in outcrops elsewhere in the region, this formation

is characteristically a light-colored, commonly greenish)marl that
contains much diatomaceous earth. Thus, it is notably different
lithologically from the glauconite-bearing sands of the underlying
Eoceﬁé beds. d/

Although the Calvert formation was penetrated by the deep wells
drilled at Cape Charles an;.at Cobbsisland, samples are not avail-
able for study, nor are they available from deep wells on Tangier
Island. None of the three deeper Geological Survey test holes

v
drilled during this investigation reached the Calvert formation.

-

Choptank Formation.--The Choptank ;ormation, in surface
exposures, was known with certainty onlyfnorth of the Potomac River,
in Maryland until fairly recently. In 1950, Span;ler and Peterson
(p. 78) described the Choptank at Nomini Cliffs, along the Potomac

in Westmoreland County, Va. where it has a thickness of 50 feet.

)

62



V1f24 (cond.) v/

553

The Choptank Formation is described by McLean (1950) from
the subsurface in the nearby Crisfield, Md., city well, assigning
to it the interval from 320 to 392 feet below the surface. In
the Bradshaw well west of Crisfield on Smith Island, Md., Mrs.
Curtis (Malkin, 1947) g¢orrelates the section fromfi?ﬂi}}) to 300 feet
tentatively as Choptank. 1

MacNeil lj states that the Choptanﬁ/is present in U.S.G.S.

l/Personal'communi-oa-t-iea., 1955

test hole no. 1 at Capeville, in southern Northampton County, from

about 425 feet below the surface to the bottom of_the hole at 470 &é. ﬁas

feet( b -3 Figwee , !O‘ 2), In test hole no. 3, near Keller, in %ol

southern Accomack County, he believes that the Choptank may have

Mr"'-
. ‘_‘ ™
-
i

been reached at 311-315 feet, extending thence through to the
bottom of the hole at 450. feet, 1In these two holes the Choptank

consists of sandy green clay, dark gray clay, coarse quartz sand,

thin beds of black chert, and scattered shells. In test hole no. 4

at Qak Hall in northern Accomack County, there is no certain evidence
that the Choptank was reached in the total depth of 451 feet to
which the well was drilled. (See log, end of Table 9.) MacNeil
(ibid.) suggests that the gravel in the bottom sample may mark the

base of the overlying St. Marys Formation.
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St. Marys Formation.-- The St. Marys Formation, in outcrop,

7 .
is described by Clark and Miller (1912, p. l4l1) as chiefly gray

I

to dark-blue clay,{;i%h ﬁinof layers of sand and shell marl, while
diatomaceous beds are lacking. A well drilled to 317 feet (6a, Table 9)
passed through coarse sand, with shell and clay layers. This

formation, like other pre-Pleistocene rocks, is not exposed at the

surface on the Eastern Shore of Virginia.




MacNeil (personal communtestion, 1955) found magafossil evidence
for the St. MAryélformation from 310 feet to about 425 feet below
the surface in U.S? Geological Survey test hole no. 1 at Capeville;
in test hole no. 3, between Koller and Painter, from 165 to about
310 feet; and in test hole no. 4, near Oak Hall, from about 175 feet
to the bottom of the hole at 451 feet below the surface. (See Fig.
10; also, Section D-D', Plate 1.) It will be noted that this cor-
relation is apparently at variance with the general lithologic pat-
tern indicated by the electric logs in Figure 10. Differences in
large part may be due to the inability to obtain truly representative
samples during certain phases of a drilling operationlparticularly
rotary drilling.

Yorktowr! Formation.--According to Clark and Miller (1912, p. 158-

159), the Yorkté/wn Formation consists largely of beds of shells and
shell fragments, in beds of sand and sandy clay. Like the other
Mioceﬂg formations, it is not exposed at the surface on the Eastern
Shore peninsula. McLean (1950, p. 134) assigns the zone from 174
to 320 feet to beds of Mioceﬁé age in the Crisfield well.

The late Julia A. Gardner (1948), of the Paleontology and
Stratigraphy Branch of the U.S. Geological Survey, studied the
‘Sggéafossils obtained from cuttings from a well (76) at Cheriton
in southern Northampton County, about 3 miles northeast of Cape

Charles and summarized her findings as follows:
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Depth, feet below

Geologic correlation the surface
JMiocene, undifferentiated 106-110
4 v
Yorktown Formation (Miocene) Y 122-125
,

“Yorktown Formation (Zone 1; Miocene) 158-164,
N . .,/

Yorktown (?) Formation (Miocene) 175-190
Probably St. Marys/z?) Formation 220

(middle Miocene)™
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MacNeil (personéi communication, 1955) found megafossil
evidence for a nearly typical Yorktown section from 55 to about
310 feet below the surface in U.S. Geologlcal Survey test hole
no. 1 at Cepeville. (Plate 2) This section is thicker than the
Yorktown in the type locallty and "its thilckness in the Capeville
well may be the greatest ever determined." At test hole no. 3,
between Keller and Painter, the Yorktown Formation was found from
120 to about 165 feet, and in test hole no. 4 at Oak Hall "some or
all of the interval between 105 and 175 feet may be York%é;n but
the fossils are poorly preserved and fragmentary." The possibility

Ca pevitia
that the apparent exceptional thickness at may be due to

v
Yorktown fossils washing down the hole at a greater depth than, say,

175 feet, should be considered.
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Water-bearing properties

Wells at many of the larger homes; on farms, and for muni-

63 [

cipalities and industries on the Eastern Shore peninsula tap
water from beds of Miocene age. They are generally about 100
to more than 250 feet deep, and are locally termed "deep" wells.
Most of them have been constructed by the Jjetting method.

When larger quantities of water are required, as for
municipal or industrial purposes,' wells 6 inches or more in
diameter drilled by the hydraulic-rotary or cable-tool method
are generally employe«i, and many such wells are also constructed
with a gravel envelope in order to obtain optimum development
of the well and insure maximum capacity.

The quantity of ground water available from beds of
Miocene age is moderate; under especially favorable conditions,
however, large yields may be developed. The maximum yield of
which there is record is 746 gpm (gallons per minute), made
during a test of a well 270 feet deep and 8 inches in diameter,
drilled some years ago by the Layne-Atlantic Company for the
town of Exmore in the northern part of Northampton County
( _2 , Table 14.) However, this is an unusually large yield
for a well in thig area., During this test, the drawdown was
37 feet, indicating a specific capacity of about 20 (gpm per
foot of drawdown; Meinzer, 1923, p. 62). The permanent pump
ingtallation at this well delivered about 310 gpm with a draw-

down of 13 feet (specific capacity, 24). The well is gravel packed, and
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The water is derived from coarse sand, and sand and gravel, in the

Yorkto\{lm formation, from 165 to 238 feet below the surface.

£

In northern Accomack County, another well, 259 feet deep, and
8 inches in diameter (6a, Table 8), was constructed in 1947 for the
Kelley cannery in New Church. It yielded on test 254 gpm with a
drawdown of 79 feet, having therefore a specific capacity of 3.2
gallons per foot of drawdown., The water-bearing sands, believed to
be the St. Marys iomation, are thus not nearly so permeable as the
sand and gravel oF the Yorkta{m at Exmore, but th ,‘M satis-—
factory -semsime- and the water is of good quality. A few years later,
a second well was drilled for this cannery with a comparable yield.

Each well is now pumped at about 180 gpm when the seasonal canning

operations are under way.
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QUATERyRY SYSTEM

Pleistocene Series

e

e

J J (Plate 2)
The Columbia Group of Pleistocene age  £EiFs=47, consists

Occurrence and 1i?hology
of a sucqgssion of nearly horizontal marine and estuarine
deposits that form a mantle over the older sedimentary rocks
of the Virginia Coastal Plai#. These unconsolid#ted rocks
are extensively developed on the mainland part of the Coastal
Plain.

On the Easterp Shore peninsula, some general mapping
shoreline

J
of the Pleistocene terraces and their 1anduardyescarpments~‘-<

vd
bas been accomplished (Sinnott and Tibbitts, 1961). In

much of the literature, each terrace bas been regarded as the

upper surface of a Pleistocene formation among the Columbia
Group; the name of each terrace has been used also for an
associated formation of the same name-;'::nce the term "terrace
formation."

In recent years, the ldea that each terrace is assoclated

with a separate formation bhas come under scrutiny. 1In

southeastern Virginia, Moore (1955“) fresented evidence

. that more than one terrace has been developed on a single

formation. Also in southeastern Virginia, investigations by
(1963. also, Coch, 1965, and Oaks, 1965)

resulted in developing this idea still further, aided by many
test borings and detailed examination of the lithology of the
post-Mlocene sediments. Mmmm
1p. thahilambiongoestul - Thain—for:.cxanploy TEEE Ty CoYquliournr-{3563kAn: Soutby. .-

Cgagkuuuman&d&w*~HEQQﬂﬂﬂ“&E%?)*mw@ovnghhw
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It is therefore evident that a great deal of study remains to
be done in order to determine details of the Cog;mbia Group. For
the present purpose, however, such work was neither feasible nor
necessary, and the formations of the Columbia Group have been treated
in a general manner.

The Columbia Group on the Eastern Shore peninsula is represented
by deposits consisting largely of unfossiliferous weathered clayey

sands and gravels (Fig. 11). Locally, the gravel is very coarse,

4

(b ,’"."\v\\u,\,‘.‘\,n’ 1w
s wp—to 6 inches long or more (Fig. 12). The sands are

V4
commonly distinctively yellow as compared with the grayer Miocene

with pebble

rocks which are likewise unconsolidated. The yellow color is
attributed to the oxidation and hydration of iron released from
ferromagnesian minerals in the sediments, which probably took place
largely during the littoral and shallow marine or estuarine condi-
tions under which the deposits were formed. The maximum range of
thickness of the Columbia Group on the peninsula is believed to be
from 60 to not much more than 100 feet, being thickest in areas of

’f/-f s o

higher elewetion.

Water-bearing properties

There are many hundreds of shallow dug or driven wells on the
Eastern Shore peninsula which tap the surface deposits of Pleistocene
(o 4 04 D

age. These wells yield small quantities of water--up to-sbeut iO gpm.

Among -
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Figure A .--Columbia Group of Pleistocene age. Lens
of fine gravel 4 inches thick (at handle of
pick), overlain by 10 inches of well-sorted
sand, in turn overlain by cross-bedded sand.
In cliff, half a mile southeast of old ferry
terminal, Kiptopeke Beach, Northampton County.

NN
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Figufetf‘.--Coarse gravel and boulders up to 6 inches
long in gravel pit 1 1/2 miles west of Hallwood,
Accomack County.



these wells, the shallowest generally yield water characteristically
high in iron, and many of these are likely also to be polluted with
organic wastes, as is suggested by high concentrations of nitrate.
There are a few extensive developments of water from the deeper
horizons of the Columbia Group. One of these is the municipal well
field supplying the Town of Chincoteague in northeastern Accomack
County. This well field is 3-1/2 miles west of the town, on the
peninsula proper. There 28 shallow wells 50 to 65 feet deep (9a,
Table 8) have a combined yield of about 140,000 gallons of water
per day. At the Main Base of Wallops Station, Naticnal Aeronautics
and Space Administration, 5 miles west of Chincoteague, several
8-inch wells 54 to 65 feet deep pump from 50 to 85 gpm from
Pleistocene aquifers (8a to 8i, Table 8). The quality of the water
from the deeper Pleistocene beds is hard, but is otherwise low in

dissolved mineral matter.

Holocene Series

Deposits of Holocene age on the Eastern Shore peninsula are
represented by alluvium in creek beds and lagoonal deposits, and
deposits forming dunes (Fig. 4), beaches, bars, and spits. Except
for some of the beaches, the lateral extent of these deposits is

limited and they are relatively thin.
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So far as kniyp, there are no wells in the area that tap ground
,‘,{ ,“.{'/.‘ LA ox

water in Rgeept deposits, although small supplies could probably

be developed in a few favorable places, particularly in the beach

deposits well above high tide level. In order to guard against
FaYragany

saline water, wells in the beach deposits should not be pumped long
4

enough to cause a decline of the water table below mean sea level.
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QUALITY OF GROUND WATER

During the course of the investigation, more than 150
ground-water samples were collected for chemical analysis,
includingl four samples collected from wells in th_e vicinity of
the town of Ewell on Saith Island in Somerset County, Maryland.
Among the analyses made of these samples, there are 18 compre-
hensive analyses and over 130 partial or preliminary analyses=-
most of them made in the laboratories of the Quality of Water
Branch of ‘the U. S. Geological Survey in Charlottesville, Va.

Ground water used in the Eastern Shore is generally withdrawn
from rocks of Miocene age~--from the so-called "deep" vells;-and

I

~




from rocks of Pleistocene age. The following general discussion
of the chemical quality of the ground water is given in greater
detail in the chapters on each county later in this report.

§

; 1%
Water from Cretaceaﬁg and Paleocene deposits

S0 far as known, the only well on Virginia's Eastern Shore
drilled deep enough to reach beds of Cretaceous age is the old
Cape Charles well (90, Northampton County). Late Cretac¥ous beds
were probably reached at about 1,000 feet below the surface, as
shown in Plate 1. An analyses of the water from this well is not
available., Water from the CobbsIsland well, presumably from
Paleocéé; beds, was 'brackish."

The well on Smith Island, Md., about 10 miles north of
Tangier Island, probably ends in Paleoc¥ne deposits. Several flow-
ing wells there, ranging in depth from 840 to 852 feet, yield a

high sodium\?icarbonate water., However, the chloride content is

very low in all these waters, 10 £g¥£e—permmi&&ion or less. Sulfate
Yotk

in the water from these wells ranges from 14 to 35 pértS‘pE?rEEIIion

and fluoride up to 4.4 £Z;¥§—§w¥»ﬂ&&&ien. (See Table 13.)

From the foregoing, it is clear that ground water of good
chemical quality--except for the relatively high fluoride content-—-

occurs in the Smith Island area. Hence, the zone of high-chloride

78



ground water, delineated by Cederstrom (1943, Plate 3), would be
expected to exclude Smith Island, but to include virtually the
entire Fastern Shore peninsula of Virginia. Until wells deeper
than about 850 feet are drilled on the Eastern Shore and tested,
it will be impossible to do more than:;xpress a conviction that
the deeper water-bearing horizons on the Eastern Shore peninsula
probably will yield high~chloride ground water.

The relatively high fluoride content is characteristic of
ground water from rocks of Cretaceous age elsewhere in the Coastal
Plain of Virginia (Sinnzft and Whetstone, 1962). It is therefore
thought that water from the pre-Eocéée deposits in Northampton

County and in Accomack County would be likely to have relatively

high fluoride and relatively high chloride concentrations.
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Water from Eocéﬂé deposits
v

As already noted, very few wells have reached the Eocene
deposits on the Eastern Shore Bi?insula; among these, the only
one whose water thus far has beeh sampled for chemical analysis is
the old fish factory well on Tangier Island, about 14 miles south-~
southwest of Crisfield, Md., in the middle of Chesapeake Bay.

This 860-foot well (183, Accomack County) yields a very soft
sodium\?icarbonate type wafer with a chloride concentration of
115 ppm, a sulfate concentration of 58 ppm, and a fluoride
concentration of 3.2 ppm/ 4See-eneiyeis, Table 11,). The concen-
tration of fluoride is about twice the maximum that is considered
suitable for drinking water by growing children under 10 years

of age. (See U.S. Public Health Service, 1962.)
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Water from Mioegge deposits

As already discussed, nearly all of the so-called '"deep" wells
on the Eastern Shore tap ground water from rocks of Miocgﬁe age.

The chemical quality of waterlfrom this part of the geologic column
is therefore of particular interest from the standpoint of the
economy of the Eastern Shore counties.

In Accomack County, waters from Miocene aquifers generally are
high in bicarbonate, averaging a little over 150 ppm (perts-per
miliiony., The chloride content is generally less than 25 ppm,
although there are a few well:waters showing higher concentrations.
Sulfate and fluoride concentrations ordinarily are low. Hardness
commonly ranges between 80 and 150 ﬁ%éé;;paa—méélion throughout the
county; a few well waters, however, ini%t::é a hardness of less than
50 ppm.

Bicarbonate concentrations in samples of water from wells tapping
Miocene beds in Northampton County range mostly from 100 to 200 ppm.
As in Accomack County, the chloride content is low with but few
exceptions, and concentrations of sulfate and fluoride also are low.

Water from Pleist;:;ne deposits

On the Eastern Shore peninsula of Virginia, Pleistocene rocks
probably extend from the surface down to a maximum of about 100
feet, depending on the altitude of the land surface. Many shallow
wells throughout the county tap these deposits, but in general the
wells that yield water from Pleistocene beds are not heavily pumped,
SrerPhras 0R439: 88l Wt ad-balown .

In Accomack County, the dissolved solids content in ground

water from the Pleistocene deposits ranges from about 100 to 250 ppm,

il =



although there are a few exceptions. Iron is present locally in
excessive amounts, but chloride concentrations are low to moderate
and fluoride is commonly absent. These waters are not generally as
hard as those from the underlying Miocéﬂe rocks. Nitrate concen~
trations may be high in some well waters, in part because of improper
well construction, especially in the case of dug wells. In some
instances natural filtration of waters flowing from polluted sur-
face waters to the aquifer may be incomplete. v/

In Northampton County, only a very few wells tapping Pleisto-
cene deposits yield water with a hardness exceeding 120 ppm. Sulfate
and bicarbonate concentrations are moderately low, and generally
less than 100 ppm. Fluoride is either absent, or present only in
concentrations of a few tenths of a part per million. Chloride is
generally moderately low, but locally, as in three wells (40, 48,
and 55) in the northern half of the county, may be as high as
80 ppm. As in Accomack County, nitrate may be high among certain
well waters, for the same reasons. Iron also may be high. It
ranges from less than 1 ppm to more than 5 ppm in the samples
enalyzed.

In e areas on the peninsula, however, water from the
Pleistocene deposits is regarded as more suitable than water from
deeper sources, For example, in a nursery operated until about
1966 by Mr. Harold Graham near Bobtown, about 5 miles south-southwest
of Onencock, 12 wells (138, Table 8) spaced about 4O feet apart

in two rows of six
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wells each, yielded a total of about 110 ga%éeng;perwminute from a
depth of 20 to 22 feet below the surface. The wells are 1 1/4-inch
drive points. According to Mr. Graham, water from AeeP wvells .s

too highly mineralized for ifrigation purposes, so that the shallow
well system was developed. This system has been very satisfactory,
and no lessening in yield was noted ii 2 rest of 3 -~ of contiﬁuous
pumping. In this locality, a test hole was first sunk .o 2 depth of
108 feet; but water from the sand and gravel between 70 feet and the
bottom was reported to be unsatisfactory.

According to Mr. Otis D. Marshall, former Water Superintendent of
the Xown of Chincoteague, the municipal shallow well system, developed
on the peninsula 3 1/2 miles west of the town, yields about 140,000
gallons per day of ground water, from a depth of about 65 feet. The
water is of excellent quality. (See analysis, well 9a, Table 11.) The
former Naval Aviation Ordnance Test Station near Chincoteague--now
Wallops Station, Main Base, of the National Aeronautics and Space
Administration-~had sunk about 10 wells to a similar depth., Water
of generally satisfactory quality has been obtained from theée wells,

as shown in analyses 8b, 8e, 8h, and 8i, Table 11,



Yt ol

‘., Suitability of ground water for irrigation

In addition to the anticipated gradual industrial and municipal

v eay
expansion on the Eastern Shore, 2a pieanbsing potentia%\use of ground

water is for so-called supplemental irrigation. Both Accomack and

3

Northampton Spunties are essentially farming communities, and irrigation

/"/

.

is becoming of increasiyg importaspe for the control of crops during

(Sae Figs- 13 and i4,).

dry periodi/)\ln times of prolonged drought it>is likely that without
irrigation from ground water many crops would be seriously damaged or
fail outright.

There is thus aﬂ active interest in irrigation among the farmers
o; the peninsula. However, according to Mr. H. A. Stewart some years
ago (ﬁééé;géi communication, 1950) it is impractical for many of the
farmers to impound small streams to collect surface runoff because of
the low relief on their farms, and they must therefore look to ground
water as a source for the neede@ water. Moreover, the smaller streams are
likely to cease flowing during dry periods. The suitability of the
available ground water with respect to its quality for irrigation

g ‘-., purposes thus becomes of immediate interest.

@
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More than 30 yeafs ago, Scofield (1933) devised a scheme of

classification of irrigation waters based on the percentage of
sodium among the cations in the water. Further work, however, showed
that not only the sodium percentage but also the total concentration
of dissolved constituents was important in such a clagsification.
Accordingly, a method of classification of waters was developed by
Wilcox (1948) which takes also into consideration the degree of
mineralization.

 In a repoft b; tgékU.é. Geéloé£;é1 éﬁivey.(l9323?)g refinement

of earlier methods, devised by the United States Salinity Laboratory

£
£

£

Staff of the Department of Agriculture, is summarizeqh
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The United States Salinity Laboratory Staff (1954) recently
released a classification that incorporates many of the desira-

1 ble features of the early classifications together with more re-

{ cent developments. :'Empirical equations are used in developing

i! a diagram for the classification of irrigation waters. Although

[ the classification embodies bothresearchand field observations,
,lt is tentative and should be used for general guidance only.

_7"‘}.

.

L

'l ' Waters are divided into four classes- low salinity, me="*

’dlum salinity, high salinity, and very high salinity, the dividing -

poxms between classes being 250, 750, and 2,250 micromhos per
centimeter., They range from w'ater that can be used‘for lrrxga- ol

il
t
\

r
¢
|

e g e

“The Salinity Laboratory introduces the term sodium-ad-""
\sorptxon ratio (SAR), which is the relative proportion of sodium

(,{,;‘l . .to other cations in an irrx\,atxon water andls defmed bythe equa- . |
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1leauwalents per liter (or equivalents per million for most 1rr1-" e
figation waters). It is reported that the sodium-adsorption ratio + . 7"
/l}s more significant for interpreting water quality than percent .

e

;jaodium because it relates more dxrectly to the adsorption of so-’ ‘j '
dlum by the soil. ’ ¢
" Waters are divided into four classes with respect to sodium'™ - -
.‘n zard, the dividing points being at SAR values of 10, 18, and 26.

Th»y range from low-sodxum water that canbe used for 1rr1gatlon

1‘ on almost 21l soils to very high sodxum water whxch ls generally g

iunsatis{a ory.oru'rwatxon. S o ‘ .
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For maximum usefulness and clarity, the '"salinity hazard" and
the '"sodium hazard'" referred to in the preceding paragraphs are
plotted on aiﬁgg;jg; shown in Figure 15.

In Table 7, representative wells on the Eastern Shore peninsule
have been listed, together with determinations of the conductivity,
the sodium-adsorption ratioff (SAR), and the classification symbols

of the ground water pumped from each. The classification symbols

were found from the positions of the plots oS=ShESE-Psmumsbers on
the classification cﬁaﬁ-wmw'y
Steffr (Ses Fig. 15,).

Two additional factors of classification are suggested by the
U.S. Salinity Laboratory Staff (1954), those for boron hazard and
for bicarbonate ion hazard. For the purposes of this report,
however, only the two most important elements, the sodium and
salinity hazards, are considered here. The Salinity Laboratory
Staff recommends that these be considered first, and that other
factors, such as drainage and management practices, be taken into

account when determining the applicability of a given classifica-

tion of irrigation water.

89



; f.,.;d:‘,

Returming now to the ahsbt (Fig. 15) on which msws@® the
samples of ground water from aquifers of Miod%ﬁe and Plefétocene
age in each county are plotted, it is seen that most of them fall
in the low sodium hazard (S1) and low to medium salinity (C1 - C2)
categories. Water from five selected irrigation ponds are low-
sodium and low-to medium-salinity types. These ponds were dug
deeply enough to intersect the water table, and thus they derive
water largely from the Columgia Group. However, some surface
runoff also is collected in them.,

Two well waters plotted outside the rectangular field of the

oy v
<chart¥ Water from well 183 on Tangier Island from the Chickahominy

formation, plotted above the top of the field with a classification
7
of about C3 - S4. On the other hand, water in the Columbié Group

from well 8i in Accomack County was of such low mineralization
that its position was beyond the lower left corner of the field;
its classification is Cl1 - Sl. The one sample of water from

the Choptaﬁﬂ formation, not plotted on the‘z;;;%%%Las a classifi~

£

¢
cation of C2 - S3 (well 160, Accomack County, Table 7).
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In Table 7, representative wells on the Eastern Shore peninsula
have been listed, together with determinations of the conductivity,
the sodium-adsorption ratigﬂ (SAR), and the classification symbols
of the ground water pumped from each. The classification symbols
were found from the positions of the plots of these parameters

A gy
on the classification chdgt (Fig. 15).
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__ Table

7 .~—Classification of water for irrigation, .. ..

for water pumped from selected wells in Accomack
~and Northampton ’gounties, Virginia

(Kx106, specific conductance in micromhos at 25° C; SAR, sodium- ;
-adsorption-ratios- see text -for-discussion of- classification symbols) ~——

Dsterisk (#) indicates SAR calculated from partial chemical analysis]

2] spprontmnte tocston [P0 [ Srsigranid oo g [Glappie
| , Accomack Cc/unt.,’
Z | Greenbockville 45 |WColombia Gr | (05 |x 0.41 | Ci=SI
43 | New Church 180 YorkTOanTLBz“?tﬁ‘fwo‘.;_‘) Ca- 5/___1,
' Y : W ol New Chureh (127 ‘L{or‘HOWH tnilz9 #% 7.9 | c2-52 '
Ga | New Chorch | 265 |5t Marys iy 5¢7] 2,50 | c2-51
Py | S’Lu 6 mi. W of C’hl;wcaTeague ¢s \lolmbia Gr 740 02 |{Cee |€xf.>.s;
e _'.‘9a Chineotenque 65 “éolumbné Gr |246 F_ﬁ.asr_gz-,s) |
] 272 'Je‘n“ﬁrfs Bridge lZBJYorkTown Fin|214% .8 C2-3I
28 Saxis N2 Wolumbra (JGr333 42| C2- S|
N ?;5__'NE- UF'TCH\PC’rQUCEt;t“C 174 [Yorktown (?)le 20| lx .35 ] ¢I-5I
- 47.'5 Hallwood 1bo |6t Marys Fn|199| .3§%| CI-5
] 47| Hallwood 250 |4t Marys Fmniz751 79| c2-5I
49 'Ha\\wwé 240 ST Marys Fmi 307 |. 18| C2- S|
56 |wsw oﬁc Hallwood 1190 | St Marys Fin|445 k 4,43 | C2- 5
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< The Salinity Laboratory Staff (1954, p. 79-8l) provides the
™~ ‘ . s .

following statements as to the significance and interpretation of

the classification ratings shown by the points plotted:on Figure {Er°

éa‘:g:’f \aY AQ_BG!‘@

Low-salinity water (Cl) can be used for irriga-
tion with most crops on most soils with little likelihood
e that soil salinity will develop. Some leaching is re-
quired, but this occurs under normal irrigation practices
except in goils of extremely low permeability.

Medium-salinity water (C2) can be used if a moderate
- amount of leaching occurs. Plants with moderate salt
tolerance can be grown in most cases without special prac-
tices for salinity control.

High-salinity water (C3) cannot be used on soils
with restricted drainage. Even with adequate drainage,
special management for salinity control may be required
and plants with good salt tolerance should be selected.

soprn H AZARD

g The classification of irrigation waters with respect
‘.' to SAR is based primarily on the effect of exchangeable
sodium on the physical condition of the soil, * * *

R Low-sodium water (S1) can be used for irrigation on
almost all soils with little danger of the development of
harmful levels of exchangeable sodium., * * *

Medium-sodium water (S2) will present an appreciable
sodium hazard in fine-textured soils having high cation-
exchange-capacity, especially under low-leaching conditions,
unless gypsum is present in the soil. This water may be
used on coarse-textured or organic soils with good perme-
ability.

High-sodium water (S3) may produce harmful levels of
exchangeable sodium in most soils and will require special
soil management-good drainage, high leaching, and organic
matter additions. * * *%

The extreme classes--C4 and S4--are not quoted here because

ground water on the Eastern Shore rarely reaches these levels.,

46
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It should be noted that many of the SAR determinations
listed in Table 7 are based on ca}culgtions from partial chemical
analyses. Among these partials, several lacked either the sulfate
concentration or the nitrate concentration. Nevertheless, a few of these
were retained for the SAR calculations, their selection Being warranted
by the likelihood that the sulfate or nitrate concentration would be

low and thus would not seriously affect the SAR calculation.

Because the soils of the Eastern Shore peninsula are commonly
sandy and relatively permeable, any possible adverse effect of
irrigation water of higher salinity or alkali characteristics would
be minimized. Thus, in summary, most waters yielded by existing wells

| .
on the Eastern Shore perinsula can be expected to be g:&hlé}iy suitable

for irrigation purposes.
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WELL CONSTRUCTION
Ground water is discharged aFtificially by means of
wells constructed so as to penetrate one or more water-bearing
formations., The water ié either pumped, or, in certain favorable
areas, flows naturally at the surface. The various me;hods
commonly used in well construction on the Eastern Shore peninsula
are discussed b;iefly in this section.

Shallow Wells

Most of the shallow wells described in this report obtain

. v, Y
water from deposits of the Columbia Group of Pleistocene age.
Dug wecdllg,to 35 feet in depth and from 2 to 6 feet in diameter,
are common throughout both counties. Owing to the unconsolidated
character of the Pleistocene deposits, dug wells aee usually+ - -
lined from top to bottom with some form of curbing such as wood,
brick, tile, or cement pipe/ (k F'ﬁ |%

Dug wells are manually excavated, preferably several feet

below the water table, and the curbing added as the digging progresses.

e}
o
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The cuttings are removed by means of a bucket, and any water
that collects is pumped off. Puddled clay is sometimes poured

into the space between the outside of the curbing and the wall

' bHaal ¥ .
of the hole in an effort to gmawoné.contamination from the
N

S

surface, €CIIIF iy i i §

——

In recent years the majority of shallow wells have been
constructed by driving small diameter pipe equipped with drive-
point strainers into the water-table aquifers. Driven wells are
generally deeper than dug wells, having a practical depth limit of
about 60 feet.

Some form of maul or simple triphammer is used to drive

of
the pipe to the desired depth. The maximum diameterﬁpipe that can
be msed in this type of construction is 2-inch, and that only if the
. about
formations penetrated are soft and the well does not exceed 30 feet
in depth. Smaller pipe, from 3/4 to 1 1/2 inches in diameter,

can be set at greater depths.

Tﬁe chief disadvantage of shallow wells is the likelihood of

(S
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contamination from sulf&se sources. Contamination is much more

likely in dug wells because of the difficulty of effectively
sealing the joints in the cﬁrbing. Driven wells are usually
tightly sealed, but may be contaminated by infiltration through
the shallow formations.

The Eastern Shore is an area of little relief and generally
unsuited to impoundment of surface water for irrigation. 1In
some places, however, large pits have been dug at topographically
low points, not only to collect surface runoff but also to
intersect the water table. Thus, these irrgation ponds are,
in effect, large dug wells (Fig. i?;. Although they are readily
subject to organic pollution, they are nevertheless well suited
as sources for irrigation supplies.

Water is drawn from dug wells by means of either bucket lifts or
hand-operated suction 1lift pumps. Likewise, most driven wells are
equipped also with hand pumps; where larger yields are desired
they may be equipped with shallow-well jet pumps. Where local
hydrogeologic conditions are favorable, batteries of driven wells

\

(da and 47a, Accomack County) are pumped as a unit to provide

municipal and irrigation supplies.
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k« : DEEP WﬁLLS

Wells more than about 60 feet in degﬂEQare e termed deep

. v
wells. ( g% he Eastern Shore‘these wells obtain water from Miocene

and lowermost Pleistocene depo;its; a few reach deposits of Eo!gne
age.
Yields of about 30 gpm (gallons per minute) are readily obtained
by jetted wells, 2 and 3 inches in diameter; larger yieids may be
achieved by constructing large-diameter wells by either the cable-tool
or rotary drilling methods. |
On the Eastern Shore, the Miocéée aquiférs commonly contain
rwconfined water under artesiﬂg pressure whichi}gnspme lqw-lying
areas is sufficlent to cause well;; tapping  them to flow above the 1land
L surface, On higher ground, ’the static levels of wells in these aguifers range
‘betwee:n. 5 and 20 feet below land surface and pumps are required., Shallow-well
p'{nlps can be used for small-diameter domestic wells wher{e;/h:ta.tic level is within 20 ¢o
30 feet of the land surface, Larger diasmeter wells, with .la.rger ylelds, however,
Mrequire deep-well pumps becauséiﬁhé drawdaﬁnwééﬁséﬁwby'pumping.uSually ;'

lowers the water level below the limit of suction 1lift of shallow-well

pumps~--roughly about 30 feet.

Deep wells are not as subject to contamination from surface
sources as shallow wells because of the greater depths to the
aquifers and the consequent filtering action of the intervening beds.
Moreover, the formation usually slumps tightly against the pipe after
the well is constructed, greatly’reducing the‘hazard of direct

contamination from—the—surfeee. a/a(tﬁ +hip outs de 46 4. Lastag.
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Jetting method

Most of the deep domestic wells on the Eastern Shore are
constructed by the jetting method. In this method, hole is made by
pumping water through a continuous line of hollow rods or "drill
pipe" to which a bit is attached. The water is forced through
constricted openings in the bit against the bottom and sides of
the hole. The line of rods is activated up and down by means of a
walking beam or eccentric arm and, at the same time, égg-given a
slight rotary motion by manually twisting the string of drill pipe.
The resulting hole is created largely by the force of the water and
to a lesser degree, by the cutting action of the bit.

In drilling water passes down the hole through the string of
pipes and returns to the surface in the annular space outside the
rods and then flows into a system of pits in which the cuttings
settle. The water is then picked up by the pump and recirculated.

As the hole deepens, the operation is stopped temporarily and more
pipe is added to the line of rods.

The casing is either advanced immediately behind the rods as the
well is deepened or is “washed in" after an exploratory hole has been
completed. The strainer or screen attached to the end of the casing
may be washﬁéa in at the same time. The screen also may be installed
after the pipe is in place. A lead seal extending above the top of

the screen is d‘g%gaged against the inside of the casing — - "
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in order to prevent sand from entering between the screen and the
casing and plugging the well.

Jetted wells are developed by surging and pumping with air.
Generally the surging or pumping action is gentle at first until
all the mud and most of the fine sand have been removed from the
aquifer around the screen, after which agitation is increased until
all of the fines have been removed.

Although most jetted wells on the Eastern Shore are between
2 and 4 inches in diameter and from 100 and 300 feet in depth, it
is possible to construct 6~inch wells to depths of 200 feet by this
method and also to drill 2-inch wells to nearly 1,000 feet. Jetted
wells are cheaply and quickly drilled and require only relatively
simple equipment. For example, Mr. C. R, Bull drilled a 154~foot
well (169, Northampton County) on his farm with a home~made rig.
Moreover, a number of shallow wells in both counties have been
'washed in" by pumping water through a small-diameter pipe and
simply allowing the pipe to sink by its own weight as the material
is loosened and washed out. The pipe used in this method of
Jetting is left in the hole and, therefore, serves as both drilling

rod and casing.

Cable-tool method

Some of the older large-diameter municipal and industrial wells

on the Eastern Shore probably were constructed by the cable-tool method.
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,woa Beaensc 1n areas of unconsolidated sediments this method is slower
than the Jet or rotary methods of drllllng,taost of the recent
large-diameter wells on the peninsula have been constructed with
rotary rigs.

In drilling by the cable~tool method, a heavy bit hung on a
flexible steel cable is repeatedly raised and dropped. The cable
passes over a pulley near the top of a tall mast and from there
back down to a walking beam activated by the engine. Owing to the
elasticity of the cable, the resulting blows have a whip-like
snap that largely accounts for the breaking up of the formation.

Water is added to the hole and forms a thin clayey mud in
combination with the cuttings. The mud and cuttings are removed
at intervals with a bailer. In loose material, the casing closely
follows or is driven slightly ahead of the hole, but in tight clay
the hole may be left uncased for several tens of feet.

In water-bearing formations enough open hole can sometimes
be made below the end of the casing in which to set the screen.
However, in sandy formations where the hole caves, the casing is

driven through the water-bearing stratum and the screen is set

in place; the casing is then Jacked back to expose the screen.
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Cable~tool wells are developed by intermittently surging and
pumping until the water pumped becomes clear. This process of
development removes the fine material and leaves a natural residual
envelope of coarse sand and gravel around the screen, This
effectively increases the permeability of the formation around
the screen permitting a greater inflow of water. In coarse
gravel formations a cable-~tool well may be completed without a
screen, or with slotted pipe instead of a screen; however, this
type of construction does not permit maximum development of the
formation and, particularly in open-end development, the well

eventually may become partly clogged.

Hydraulic-~rotary method

Most of the municipal and industrial wells on the Eastern
Shore have been drilled by the hydraulic-rotary method, as were the
four U.S. Geological Survey test holes. Rotary drilling is partic-
ularly adapted to rapid construction of larger-diameter wells in
areas of unconsolidated sediments. In such a hole electric logs
can be made after the hole is completed in order to assist in
determining the most favorable places at which to set the well
screens. The casing with one or more screens can then be made up
and installed in the well in one operation.

In the rotary method, hole is made by a bit attached to a

continuous string of rapidly rotating hollow drill rods. A suitable
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drilling mud, commonly consisting of bentonite clay mixed with water,
is pumped from a mixing pit down through the hollow rods, and out
through openings in the bit where the resulting washing action
contributes to the cutting of the formations being drilled. The
mud, with the suspended cuttings, then passes up the annular spsce
between the rods and the wall of the hole, and flows into another
pit where the cuttings settle out. From this pit, the mud returns
to the mixing pit through a shallow connecting ditch and is recir-
culated by the pump.

The uppermost drill rod is a keyed steel bar known as a
"kelly" which passes through the rotary table. The rotary table
is powered by the motor and spins the kelly and attached drill
rods, imparting the rotary motion for which the method is named.
Additional rods are added below the kelly as the hole deepens.

& a constant downward pressure can be maintained on the line

=

of rods by means of a hydraulic pulldown system. This pressure

may be increased or decreased as required by the characteristics

of the formation being penetrated.
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The circulating drilling mud plasters the walls of the hole
and prevents caving, usually allowing the entire hole to be drilled
without casing. When the desired depth is reached, the drill rods
are extracted and the casing, with appropriately spaced screens,
is lowered into the hole. The annular space around each screen
is sometimes filled with small gravel, forming a highly permeable
artificial envelope around the screen and effectively increasing
the yield of the well.

Rotary wells require more developing than wells constructed
by other methods because initially the mud used in drilling pene-
trates the aquifer and largely seals off the water. This drilling
mud in the aquifer around the screen must be removed in order to
allow water to enter the well. Removal is accomplished by
'"backwashing," during which water is alternately forced into the
well, and out through the screen into the aquifer, returning
through the screen when the pressure is released. This surging
action tends to clear the mud from water-bearing formation. The
well is then pumped intermittently ("rawhided") in order to
develop the aquifer. 1In recent years, detergents have been added
during backwashing to break down the drilling mud that has pene-
trated the aquifer.

Most rotary wells on the Eastern Shore are equipped with
electrically powered turbine pumps and are built to obtain the
maximum yield possible from the formations penetrated. The majority
tap several aquifers of Mioceﬁg age. An exception is the 63-foot
irrigation well (115, Accomack County) on the Van Kesteren farm

J
that yields 450 gpm from the Pleisﬁgcene Columbia Group.
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USES OF GROUND WATER
The Zastern Shore peninsula in Virginia is largely an agricul-
tural region with but little industrial development. Truck farming
. ié/yid§spread, and Irish potatoes and sweet potatoes are extensively
rai;gEZ?'Oigg; crops, including strawberries, cabbage, lima beans,
and string beans, are important in both Accomack and Northampton
counties. These agricultural products are preparéd for the market
by local canneries and frozen food establishments. Likewlse, sea-
foodfl iam% fishikeg and oystela, are of considerableffn:épgm;::e;
many of these products are canned or frozen on the peninsula.
Lumbering is alsé an important industry in both counties.
Ground water is used extensively in these pursuits, the
L canning industries requiring large amounts, as does the preparation
of fish and shell fish for the market or for canning or freezing.
In addition, irrigation is becoming of increasing importance. The
type of soil and the nature of the crops favor overhead sprinkling.
Some surface water creeks are ponded for use in the irrigation of
crops. However, the nature of the topography precludes extensive use of
this method of collecting irrigation water, so that several of these
ponds are filled by ground water bumped from wells. Moreover, at
least one farmer irrigates his crops directly from well water
without prior storage. Many of the farmers of the Eastern Shore
are interested in installing irrigation systems in order to
guarantee satisfactory production of many crops which would be
destroyed or seriously damaged by prolonged dry periods, as well as

to adjust the harvest time of the crops to labor conditions on the

o9
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peninsula. The effect of the quality of ground water used for
irrigation has been discussed previously in the section on '"Suita-
bility of ground water for irrigation."

The towns and villages of the Eastern Shore peninsula depend
entirely on ground water for their water supply. The supply systems
are, in the main, municipally owned and operated. Inhabitants of
the smaller communities that have no municipal system own gF}bperate
wells individually. Many of thése are shallow dug wells, with hand
pumps, bucket 1lifts, or windmills; some are driven ﬁells equipped
with hand pumps. Many of the wells from 1 to 4 inches in diameter
and 80 to 150 feet deep are equipped with electrically-driven pumps.

Tangier, in the middle of Chesapeake Bay, is an example of a
community which as yet has no central municipal system. In addition
to shallow wells, rain cisterns have been employed by many of the
townspeople. Recently, several deep wells have been constructed, each
serving nearby residents in the community.

In the town of Chincoteague, on Chincoteague Island on the ocean
side of Accomack County, use of privately}owned shallow wells and
ragin cisterns has, since 1927, been gradually discontinued in favor
of a municipal supply consisting of a group of 28 shallow jetted
wells and drive points, These wells are pumped as a unit, and the
water is carred by a pipeline from the well field 34 miles west of
town across the strait separating the island from the peninsula proper.

For domestic and farm supplies, most of the rural population

on the peninsula obtain water from privately*owned wells. Domestic
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supply wells are mostly of the type used in the smaller commnities--
shallow dug or driven wells. Many of these obtain water from the
Columbig/Group of Pleistagéne age. More elaborate installations
consist of wells jetted or driven into the Miocene rocks emé 4hat .cs
equipped with electric pumps and pressure tanks:“%urnishn. water

to the entire plumbing system of the larger households. A few of

the wells are naturslly flowing, and although most of these are
equipped with pumps, some have sufficient flow so that they could

serve without mechanical aid.
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COUNTY DESCRIPTIONS

Introduction

In each of fhe two county chapters following, general informa-
tion on Accomack and Northampton County is presented, followed by
brief régﬁmé; of the geology of each county based on the more
detailed treatment already presented in a previous section of this
report. Next, a detailed discussion of the ground-water resources
for each county is given, followed by tables describing factual
data on wells based on information obtained during the well canvass,
and material furnished by drillers, particularly drillers'! logs.

For selected wells for which drill cuttings were obtained, lithologic
sample descriptions are given. Tables of chemical analyses show

the quality of water available in the area and the formation from
which the water was taken.

The locations of the wells listed in the tables are shown on

the maps of Accomack and Northampton Sounties (Plates 3 and 4,

7

respectively).
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ACCOMACK COUNTY
LOCATION AND DEVELOPMENT

Accomack County lies in the northern part of the Eastern Shore
peninsula of Virginia. It is bounded on the north by the State of
Maryland, on the soutb by Northampton County, and on the east and
west by the Atlantic Ocean and Chesapeake Bay, respectively. 1Its
total land area is 470 square miles and the population in 1960,
according to the U. S. Census was 30,635--a decrease of 3,197 since
1950. This county received the name originally given to the entire
Eastern Shore by the Indians, meaning "the other side land."

The soil of the county is very pro@uctive, and it is one of
the most important counties for the production of Irish potatoes
and sweet potatoes. Lumbering is an important industry. Truck
farms are also prominent, canning factories are important, and
the poultry industry is increasing.

Freight Service . Tenn Central (Gormerly

Waanepemtaﬁioﬁkis furnished by tthPennsylvania)Bailroad
directly through the county from Maryland. The railway line is

u.s - Hoghwsy (3
roughly paralleled by U. S. Highway 13. Inmadditionndfhere are
several other important State highwayg; particularly 178, 316, and
175, the latter connecting the mainland with Chincoteague Island
off the northeastern shore.

Among the larger towns are Accomac, the county seat, Onancock,
Parksley, Wachapreague, Onley, Belle Haven, and Chincoteagﬁe.

Tangier, on a small island of the samé name 10 miles offshore
in the middle of Chesapeake Bay, is an isolated community galining
its livelihood chiefly from fish and shell fish products. Chinco-

teague 18 noted for oysters, and also for ite ponies, which are
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brought over from,A?ateague Island on the annual "pony penning day"
in July. (See Fiq. 19.)

DRAINAGE AND TOPOGRAPHY

Like Northampton County, Accomack County has no major streams.
Surface drainage is accomplished by many minor creeks flowing bayward
or seavard from the almost imperceptible divide that passes longi-
tudinally through the middle of the county. At the mouths of these
creeks, particularly along the ocean side of the county, longshore
currents have developed bay-mouth bars and lagoons. The aspect of
the shoreline on both sides 1s one of submergence, as 1s also true
of the Chesapeake Bay region as a whole.

Important creeks and tidal inlets on the Bay side are Deep Creek,
northwest of the town of Accomack; Chesconnessex and Onancock g/reeks R
west and northwest of Onancock; and Pungoteague, Nandua, and Cr:.d-
dock .Creeks, in the southwest part of the counf.y. Occahannock Creek
is at the extreme southwest, and forms part of the boundary between
Accomack and Northampton Counties. '

On the ocean side, barrier beaches and bay-mouth bars have
been developed opposite all the creeks. Chincoteague Bay is the
longest of these, extending northeastward into Maryland, and is
bounded on the east by Assateague and Chincoteague Islands. Among
the hg@ns lying southward from Chincoteague Bay are Bogues,
Netomkin )a.nd Burtons '9;3'5. Bradfords, Swash, Revel Island, and
Upshurs ’g/ays are four lagoons clustex;ed behind Parramore Island in

the southwest part of the county.
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A, Round-up of wild ponies at Chincoteague. B; Selling the ponies
at public auction, These ponies, thought to be descended from
horses which swam ashore from wrecked Spanish galleons, roam
wild on Assateapue Island across a channel from Chincoteague ‘
o~ Island, They are rounded up each July on Pony Perning Day. Ve
N Photographs courtesy Virginia State_Chamber of Commerce. g E

Unpublished records,
subject to revision
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Among the barriers enclosing the lagoons only Chincoteague
Island is extensively inhabited. However, on Wallops Island, there

is the Launch Area facility of the National Aeronautics and Space

"~ Administration, and there is a small settlement on Upshurs Neck at

the southeastern part of the county.

The total relief in Accomack County is about 60 feet, the

S oow .
o .
IR -

highest eievattons being in the vicinity of Melfa in the southern
third of fhe county.

Although the entire surface of the county is nearly level, minor
topographic features, including Pleist&ég;e‘f;rrace scarps and
Carolina‘hgys, mway be discerned from careful observation. These
features have been discussed in earlier sections of this report.

(See under Geomorphology; also, Quaternary System.)
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GEOLOGY

Bagsement complex

The so-called basement complex of igneous and metamorphic
rocks probably lies on the order of 4,500 to 7,500 feet below the
surface in Accomack County. (Spangle? and Peterson, 1950, Fig. 12.)
The nearest well in Virginla that reached these rocks is the oil
and gas test well drilled in 1929 at Mathews on the western shore.
(See Plate 1, section C-C'.)

v 4 Dabesys
Cretaceous and Paleocene -

As shown in the log (Table 10), McIean (1950) described the
Paleocé£; - late Cretacég;s section at the municipal well at nearby
Crisfield, Md., as being largely clayey. The higher (PalégZene)
beds are glauconitic and the deeper (Iate Cretaceous) beds include
varicolored clay. At Smith Island, Maryland, 10 miles north of
Tangier Island in Chesapeake Bay, the lowermost 4O feet of
unfossiliferous medium-grained white quartz sand is probably of

v
Paleocene age. (See Table 10.)
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Eocene Serles

/
With the exception of the early well on Tangier Island, (183, Clate 3 and

table é ,) rocks of Eocedé age have not been penetrated by wells
in Accomack County, so far as known. However, the character of
the lithology 1is described for the two Maryland wells Jjust discussed,
and is probably similar in a general way to the Eocex\{ gection
bex;eath at least the northern part of Accomack County.
. Y
McLean (1950, p. 136) places the Eocene between 760 and about
860 feet below the surface at Crisfield, Md., the rocks consisting
! \/
chiefly of glauconitic coarse to medium sands. The entire Eocene
y J
section in this well is assigned to \fte Eocene {Jaekeem)-age,
and therefore would be correlative with the Chickahominy Formation.
Mes—Curdisy %n her descriptions of samples from the well up-dip
/An\K(ﬂ x/
on Smith Island,l\places the Eocené between 590 and 800 feet, and

notes that the rocks are sand, shells, and glauconitic marl/

(Gwe table 40! DR B ,
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Miocene Series

Rocks of Miocene age in Accomack County do not crop out at the
surface, being everywhere overlain by deposits of the Columbi:. Group
of Pleistocene age. The several formations, designated as the
Chesapeake Group, extend from & little more than 100 to as much as

700 feet below the surface. Consequently, most of the so-called

v’
- "deep" wells in the county tap water from aquifers of Miocene age.

The character of the Miocex‘zé rocks is not uniform from place
to place, and aoesgx‘-%y I.'I‘..l.s are likely to show considerable variation
in the depth to water-yleldlng sandy beds.

The Chesapeake Group cbnaists of four formations which are,
from oldest to youngest, Calve\z/:t, Cﬁopt;ﬁk, St. Ma.;}s, and Yorkg;wn.
QL thess, no wells in Accomack County are known to have reached
deposits 'o; the C lve\x{t Formation.

The Choptank Formation begins at about 310 feet below the

surface in the U.S.G.S. test hole wmo. 3, extending through the

entire depth of the hole to 450 feet/ ( % Tables g and

@ qnd
“ K. 4 %Fig. | /)« The deposits consist of silty sand

and sandy cla.y with many shell fmgmentg. There are no good water=
bearing zones in this part of the Chop\{.ank at this locality.

The St. Marys Formation gxtends from about 175 feet below the
surface in Accomack County, and reaches 310 feet at U.S.G.S. /m/est
}(ole no. 3 near Keller, but apparently thickens northeastward to at
least 451 feet below the surface at /z(est }é)le no. 4 near Oak Hall.

Thus, as would be expected, more wells reach the St. Marys in the

northern part of the county. , 0y
. 'é)éc‘
.ﬂ\ u‘-”" e
NN,
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Typically the lithology of the St. Maryé,Formation 1s interbedded
blue sandy clay and silty sand é;%ﬁ-abundant shell fragments.

The Yorktown Formation everywhere underlies the Pleistocene
Columbia Group, and is thus more readily reached by wells deeper
than about 100 feet in the county. Its thickness, according to
MacNeil's study of the megafosslls from the U.S.G.S test holes
(Fig. 10), ranges from about 30 to 60 feet in Accomack County,
although it 1s sald to thicken to about 250 feet in southern Northampton
County. The character of the material is generally sand and blue,
black)or brown clay, 3g;g shells.

A relatively deep well drilled at Onancock (108a) in 1890
penetrated gravel, sand, and shells from 150 to 175 feet, fine sand
from 180 to 308 feet, "hard rock"--probably limestone--at 308 to 310
feet, and clay and sandy clay to 480 feet. Water was found at 90, 140
and 486 feet (Sanford,\‘\}?.\ 125). Although this well has been abandoned,
it is, to the writers' knowledge, the deepest for which there is any
lithologic data on record in this county; the lowest part of thi)section
probably approaches to within 100 to 200 feet of the Miocégé—Eocene
contact. Although the well thus evidently penetrated more than 150 feet
ig&;/the Choptdék Formation, water was finally developed from the
Yorktown Formation at 140 feet below the surface. Sanford #limee$ also
reports that another well was attempted at Onancock in 1895 and was

drilled to a depth of about 600 feet, but was unsatisfactory. There is no

record of the material penetrated.
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The character of the Yorktown Formation at the south end of
the Wallops Island, according to the log of well 61, consists of
clay and sand from 99 to 133 feet, u-nd-eﬁ-a-i:n—by sand and shells

to 145 feet)and 2 feet of gravel to about 147 feet.

Two well logs in the Harborton area in (he southwestern part
aﬂ\?\d‘b 3

of the county, (132’ 133, éable ) me a water-bearing sand

¢

\/ at o &c(ﬂh %

nedkmpbhersurfeee in the Pleistocene i-oaks"less than abaut 15 feetl

deep, some water-bearing sand near 50 feet, probably also in the

J

Pleistocene, and fairly good sand below about 125 feet in the
¢

J

Yorktown Formation. By contrast, tlie log of a well reaching the

’

St. Marys at Pungoteague (151, table g ), about 2 1/2 miles

to the south, indicates that almost the entire section is more or
less water~bearing with only 3 feet of blue mud from 110 to 113 feet.
These two sections demonstrate tlje variable character of the

J

subsurface lithology of the Miocene and Pleistocene.
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‘ Quaternary System
Pleistoceﬁ;ée;i;s

The deposits at or near the surface in Accomack County
constitute the Columbia ‘6roup of formations of Pleist%cene age.
Mﬂ explained earlier, the several formations are:\::uffer-
entiated in this report.

The Pleistocé{xe rocks in the Virginia Coastal Plain are
genefa.lly Yellowish or brownish in contrast to the usual white
or gray color of the underlying IorktomJFormtion of the Mio\c/ene
Chesapeake Group. Locally, the Yorktowh also may be yellowish,
and because fossils are rare it is di?icult to determine the
position the base of the Pleistocene. The total thickness of

the Columbia Group probably ranges from about 30 to about 125 feet

- in Accomack County, depending on the topographic situation arnd on

the pre-PleistB/cene erosion surface on the top of the Yorlgt/,ovn
on vhich the Columbia Group was laid down. The lithology of
the Pleistoce‘le ‘deposits consists of yellow sands, sandy clays,
and some gravel beds; the latter are not commonly of greé.t lateral
extent. Cross-stratification is widespread.

A brief petrographic study of samples across the biostrati-
graphic contact between the Miocene and Pleistocene section in

Uo SOGOSO test ho;.es 3 and ‘& N2

showed that heavy minerals also may be useful in determining the
contact (Sinnott, 1955). Pyrite, garnet, and altered grains are

more abundant in the Miocene, whereas zircon and kyanite are more




GROUND-WATER RESOURCES
v e
Water from Cretaceous and Paleocene deposits

The potential of this horizon as a water-bearing zone under
favorable conditions aé:rindicated by the performance of a well
drilled by the Layne~Atlantic Company for the,?éwn of Crisfield, Md.,
about 16 miles west of New Church, Va. Although this well taps
minor aquifers in the Mioc¥ne Cal%gft Formation and in beds of %?te
Eocene (Jackson) age, the chief water-bearing zone reported was ;ith—
in Upper Cretaceggs deposits. When completed, it was a flowing well,
with a water level 4 feet above the surface. It was test*pumped at
330 gpm with a drawdown of 104 feet. Water is obtained principally

from coarse to medium clear quartz sand at 1,125 to 1,142 feet.

According to a mechanical analysis of this sand, 1/ the median

1/ From basic data by James D. McLean, Jr., furnished by courtesy
of Layne-Atlantic Co.

diameter is 0.34 millimeter, and the coefficient of sorting is 1.35,
indicating that the material is moderately well%ported.

Several wells put down to depths of 840 fee£ or more on Smith
Island, Maryland, in Chesapeake Bay about 10 miles north of Tangier

Island, were all flowing wells with reported yields of up to 10
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- gallons per minute at the time of construction in the 1940's. These
wells probably develop water from a quartz sand in the(ppper)part of

v’
the Mattaponi‘ﬁormation which is considered to be of Paleocene age.
4

Water from Eockﬁé deposits
S0 far as known, the only wells in Accomack County that reach
deposits of Eocene age are those on Tangier Island. The old fish
factory well (183, Table 8) was still flowing in 1948. However,
there are several other wells of comparable depth that supply water

to small groups of individuals.
v

Water from Miocene deposits

Most of the larger ground-water supplies in Accomack County are
e
obtained from the two younger formations of the Chesapeake Group.

In general, properly developed wells 6 inches or more in .-
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( v
‘ diameter may be expected to have dependable ylelds of at least

S'- 100 gpm, whereas smaller diameter wells yleld between 10 and 20 gpm.

J t\ﬁ\ K3 : \\“ ‘/r )
\ Discussion of the several formations of the Chesapeake Group follows.

t\ b (\‘v /\—/y

O‘W(')(\“\' C&lvert and Choptank Formations

P
[

A@I The oldest formation of the Chesaﬂél;e Group is the Calvert;
there are no wells of record that were completed in this formation
in Apcomsck County.
Hovever, tﬁo wells of axgall Yield--about 5 gpm--tap water
from the overlying Choptank‘/lforhation (108a and 160). Of the two
U.S.G.S. test holes in the county, the one near Keller (no. 3, Table 9 )
penetrated nearly 150 feet of the Chopta%i:, but no good water-bearing
zones were found. -
Prom this meager amount of information, it appears that the
&' - Choptank Pormation holds little promise as a potential future

source of ground water in the county.

St. Marys Formation

Ac«-?2 - The St. Marys is believed to be t.a.i:ped by more than 50 wells
in Accomack County. Although not as widely qft.ilized as a source
of ground vater shas the overlying Yorktown\/rornntion, it never-
theless supplies several important installations.
Most of the wells are 2 inches in diameter; these have ylelds
2 " averaging between 15 and 20 gpm. Among those of larger diameter,
yields range from 115 gpm for two k-inch diameter wells (51b and

108¢), 140 gpm for a 6-inch diameter well (47a), to yields of

T oo

' Ac=23 | 191'} gpm and 254 gpm for 8-inch diameter wells (57b and 6a, respec-

tively).
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Ac-2k3 | . More than 60 wells for which data are available tap the
B Yorktycn Pormation for ground water in Accomack County. Of these,
more than 80 percent are 2 inches in diameter; their average
| yield'is about 16 gpm. Some of them, however, jield as much as
30 gpm (33, 83, and 91). Three wells are of larger diameter:
well 61, at the Wallops Island Launch Area, National Aeronautics
"and Space Administration; veil'87a, town of Parksley; and well 10§b,
town of Onancock. Ther yield# a’frespectively 30, 5(@ and 100 gpm.
‘ Many of the wells tapping Miocene beds are flowing wella,
: k— | albhough _:uch vells are necessarily msetwidtad iosthese at relatively |
low altit&des--generully less than 10 feet above sea level. The
largest flow reported was at well 160, which'ﬁas finished 1n’the
o e Choptaéﬂ Formation, owned by the Town of Wachapreague. This well
. is 385 feet deep, and is reported to flow at about Gitgzg;nn-per~
mifiute at high tide and 3 gstI;ﬂéﬁgzg:;tnnte at low tide. The
increase in flow is an effect known as “tidalrloading," and is
- noted also in many other flowing wells throughout Tidewater

Virginia. (See section entitled Water-level fluctuations earlier

" 4in this report.)
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OtherAwells tapping Miocene rocks ulisslSEEorepTuEmRnzEmwrG

fdowderp are well 56 (Table 8) west of Mearsville, which is 190
feet deep and flows 2 gpm (gallons per minute) from an aquifer
in the St. Marys Formation, and well 81 at Hopkins, 100 feet
deep, flowing 1 1/2 gpm from the Yorktown. A small flow from
the St. Maryyyis reported for well 88, northwest of Greenbush,
but this well is equipped with an electric pump for normal

operation. Another flowing well (128a), east of Onley, drilled

port e V el
barely into the uppermosFAYorktown, is at a very low elevation--

approximately at sea level--and is submerged at high tide. It
flows at about 1 gai%en@ﬁi}é}dnu;e, but required installation of
a pump for regular use, »We}l 166 at Craddockville in the
Yorkto&éﬁFormation was estimated to flow about 10 gettofis per

miflyte in 1948, supplying a farm and a small pond. -Beeewse

flowing wells mentioned here and entered in Table 8 may be

considered representative of many similar wells in the county.

’
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Water from Pleistocene deposits

Columbia Group

Among the wells canvassed for information in the county,
v v
nearly 60 obtain water from the qu§ﬂtocene Columbia Group, Most
of these are 1*}/4 to 2 inches in diameter, and their average yield
is about 17 gpm per well, Most are jetted or driven wells, constructed
to provide water from small farms and rural homes.
Besides the smaller diameter wells, there are several in-

o mruek 0
stallations utilizing wells of larger diameter, up—to 8 inches,
tapping these deposits, that-yield substantially more water. Among

oL
these ‘well 86, operated by the town of Parksley, which yields
150 gpm, and well 115, 2 miles east-southegst of Onancock, which is
w““\ 56 ?3“’* di_ &rawﬁaw&'
63 feet deep and yields 450 gpm, This well has the largest sustained

yield of any well in the county, and indeed on the entire peninsula,

for which data are available.

fagepg the well is used for-irrigation, the water being distributed

L)
<
®

directly on the crops by a sprinkler system.

SN
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Although some of the wells in the Pleistocena deposits have
poor yie).dq, for example, well 124 near Onancock, which is said
to require re\'l-grivingv frequently, the most common difficulty
concerns the chemical and posaibly.also the lbacteriological
Quality of the vater, wiliEmmime discussed in a later section.

At one locaut)j, southwest oi; Craddockville, the owner
repofted that a 128-foot well struck "quicksand" and filled,

necessitating abandonment in favor of a shallow driven well (1T1) ’

k .28 feet deep, which has proved satisfactory.

.

In favorable localities, several shallow vells may be

_ : h
utilized together for larger supplies. In &}; arrangement/,b’

they can be p\_mped geparately or they can be pumped together as

i

—la
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a single composite well. The latter method is employed at the
municipal water system plant (9a, Table ’éﬂ’) for the town of
Chincoteague. At this plant, 28 wells, some driven and some
Jetted, are pumped as a unit, and yield 140,000(gallons of water
per da%. The wells are on the peninsula proper, about 3-1/2
miles west of the town, and the water is piped across the straits,
vhich connect Chincoteague Bay with the Atlantic Ocean, to the

island communit_);:_ These wells are 50 to 65 feet deep, and obtain

| water chiefly from Pleistocene sand, gravel, and shells near the

bottom of the section penetrated. (See composite log, well 9a,
Table » B ») One of the vellg yields water from similar
vater-bearing material of Miocene age at a depth of 230 feet; the
wvater level in that .well is reported to be at about 7 feet above
gea level. F‘&' 2.0

Yormerly, residents in the town of Chincoteague /fbtained
water individually from privately-owned shallow wells or rain
cisterns. In 1948, Mr. Otis D. Marshall,:v?ater Superintendent,
estimated that less than balf a dozen shallow wells--12 to 15
feet deep--were still in use on the island. Water from the

island vells was commonly brackish, and aa the population of

the town increased it became necessary to establish a municipal
supply system. As of 1967, Mr, Leroy Jester, Jr., present Water
Superintendent, reported that to his knowledge virtually no wells
for individual use were in service on the island.

On Tangier Island there is no municipal supply as yet,
although one had been under consideration a few years ago. More

recently, several deep wells were drilled, privately financed,
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each supplying a small sub-community. These wells é@ﬁ#gﬂbﬁ?ﬂﬁg,
g were drilled more thag’9oo feet deep and probably reach
the equivalent of the Mattapoﬁé Formation of late Cretggeous and
Paleoceﬁé age. The old fish factory well in the Eocene deposits
(183, Table 8), 860 feet deep and flowing as of 1948, is located at
some distance from the main part of the town and is not used.

Prior to the construction of the deep wells, all residents of the
1sland obtained water from shallow wells about 10 to 15 feet deep in
the Plelstocene deposits, and from rain cisterns. A few of the

shallow wells were more satisfactory than some others, and were used

by several families more or less as common property.

QUALITY OF WATER\//

Water from Cretaceous and Focene deposits

On the basis of avallable information, there are no wellg in
Accomack County that reach deposits of Creta;eous age.
An analysils of water obtalned from Focene deposits at the old
fish factory well (183, Table 11) on Tangier Island shows that the
o
water 1s a soft sodium-dbicarbonate type with a dissolved solids
content of 857 ppm. The chloride content i1s moderately hig%1ﬂllS Q@::éwﬁ?
and the fluoride content, 3.2 ppm, 1s more than twice the génerally
permissible maximm of 1.5 ppm (U.S. Pubigc Health Service, 1962).
According to the map given in Bulletin 68 of the Virginia Geologlcal

survey (Cederstrom, 1946b, Fig. 1) the boundary of the zone of high-chloride



artesian ground water should pass close to Tangier Island and just
north of Accomack County. The chloride determination (183, Teble 11)
of 115 ppm 1n the water from the Tangier well wimile indlcates that
Tangler Island and northern Accomack County lie Just within the
high-chloride zone. As pointed out above, the deep well water at
Tangler Island is not of optimum quality but does have a wilde range
of usefulness. V//

It is likely that ground water from Eocene and older aquifers
in central and southern Accomack County contain much more than 115 ppm of
chlorid?)as a consequence of which it would probably be unfit for most
ordinary uses. \/

Water from deep wells tapping Gézgg%égé%&}ocks in Smith Island
(Table 13), like that from Tangier Island, is a soft sodiumxpicarbonate
type with high fluoride content. The chloride content, howe;er, 1ls only
about 10 ‘:\)g:rts per million)

The soft sodiumkeicarbonate type water from the deep wells on

Tangier and Smith Islands are similar to deep waters found elsewhere

in the eastern part of the Coastal Plain.

Water from Miocene deposits
In the northern and middle parts of Accomack County, water from
the Mioceﬁé aquifers is generally of the hard calcium*?icarbonate type.
They are similar to waters from the somewhat shallow, éharacteristically

limy Miocége formations elsewhere in Virginias (Cederstrom, 1946b, p. k3).
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Calvert and Choptank Formations

As dilscussed earlier, no wells recorded here reach the Calvert
Formatlon in the county, and only two wells obtain water from the
Chopta&(l Of these, the 385-foot Wachapreague well was sampled in
1948. The analysis (160, Table 11) shows that the water is a soft
sodium\bicarbonate type but which contains 93 ppm of chloride. This
water is similar to that from the Eocéﬁé and Cretaceous aﬁpifers elsewhere
in the mainland part of the Coastal Plain. The character of the
Wachapreague water suggests that deeper Miocéée beds, like the Eocene
and older aquifers, are recharged from the area west of Chesapeake Bay
in contrast to shallower beds that are probably recharged only by local
precipitation.

The other Choptank well, 108a in Onancock, was drilled in 189k
and soon abandonedG;fﬁ%}er was found at 486 feet, but was not developed,

possibly because of its undesirable chemical quality.

Y

St. Marys and Yorktown Formatlons

Inasmuch ag the chemical character of ground water from the two
younger formations of the Miocene Chesapeake Group are similar, it is
convenient to discuss them together. y

In the northern third of Accomack County, water fram the St. Marys
and Yorktoén Formations is generally of the hard calcium\Picarbonate
type (La, 6a, and 22, Table 11). Hardness of the water from these wells

renges from 81 to 168 ppm; chloride ranges from 11 parts in wells La
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and 22, to 93 parts in well 6a at New Church. The fluoride content

commonly 1s very low--less than 0.5 ppm.

Water from the T75-foot well (1, Table 11) at Franklin City is
fairly high in chloride, 158 ppm. The hardness is also fairly high,
168 ppm. Although this well probably reaches the ﬁ;;e igorktown
Formation, there evidently is hydraulic continuity with adjacent
Chincoteégue Bay, perhaps indirectly through Pleistogéne sands.
Contamination from salt water spray during storms may be possible.
(Ssee Hem, 1959, p. 107-110.) Chloride and hardness are both high
also--64 and 180 ;ig;;j respectively--in water from well 61 developed
in the Yorktown Formatlon at the Iaunch Ares on Wallops Island,
National Aeronautics and Space Administration. An even more highly
mineralized water is that from the unused well (13) on Chincoteague
Island. It is 102 feet deep and contains 693 ;3&:;~of chloride and
388 pggz% of hardness. The aquifer tapped by this well probably is in
the uppergg:£:?orktowg, but, again, hydraulic continuity with the
ovérlying Pleistocenéjdeposits and, in turn, with the brackish water
of Assateague Bay seems indicated.

In the middle third of the county, from Bloxom to Onley, including
Onancock and Accomac, the county seat, ground water from the Miocene
aquifers also is hard and high in bicarbonate. A complete analysis of

water from one of the municipal wells of Onancock (108c, Table 11) indicates

It
that the water 1s moderately mineralized;aad contains 203 ppm of dissolved
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solids and is moderately high in bicarbonate, 168 ppm. The chloride
content is 15 ppm and most of the other constituents are low.
Other analyses available from this part of the county show that
the water from the Mioc%e beds here ranges in hardness from 57 ppm,
Ahs¥ 20 ppm

in well 76@ 2 miles west-southwest of Bloxom, to 123 p&-te in well
Ao !

88, 3 miles northwest of Greenbush. Chloride is lovzmi' 25(&‘
A

except in wells 88 and 93 near Chesconnessex, which had 48 and 92 ppm,

respectively. The sulfate and fluoride concentrations are very low,

L)
the former averaging about 2 1&&1;6 , and the latter about 0.1 ppm.
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In the southern third of the county, a comprehensive analysis
of water from a deep well at Pungoteague (151) is available (Saﬁgord,
1913, p. 344-3L45). The well is 210 feet deep and ends in the St.V/
Marys Formation. The water is moderately mineralized. It is only r“eﬁsra*eﬁk
hard (108 ppm)but is high in bicarbonate (218 ppm) and moderate to
low in most of the other constituents. Also at Pungoteague, but
tapping the shallower Yorktxa; Formation, is a well (153) yielding
water of low mineralization. This well is 128 feet deep and yields
water having only 18 ppm of bicarbonate and 36 ppm of hardness.

Among other deep wells in the southern part of the county,
wells 166 at Craddockville and 177 at Belle Haven, yield waterfzgth
chloride concentrations of 15 and 1 ppm, respectively, and hardness
of 42 and 102 ppm. Both wells are believed to tap the YorktownV
Formation.

Even though the general character of ground water in the St.
Marys and Yorkggwn is similar, such a wide range of variation of

particular constituents among individual wells probably is evidence

of local hydraulic discontinuity between the two formations.
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In summary, wells in Accomack County that tap aquifers of
Miocéﬁe age yield water high in bicarbonate, averaging about 160
The chlerde. abouvt
ppm in that constituent, content is generally ewewwd 25 ppm, although
A
in a few well waters it may exceed 100 ppm. Sulfate and fluoride
are low--the latter averaging less that 0.3 ppm. Hardness ranges

between about 70 and 125 ppm in samples from the Miocene throughout

the county, with certain local exceptions.

11



Water from Pleistdé;ne deposits

Shallow wells in the northern part of Accomack County tap water
in e sand)g} the Pleistoceng/Columbia Group. A partial analysis
of water from one of these, well 2 (Table 11) at Greenbackville,
is low in all the constituents tested except iron, which is very
high, 4.9 ppm. The group of wells pumped as a unit for the munici-
pal supply for Chincoteague (9a) produces water of moderate mineral-
ization~--172 ppm of dissolved solids. The nitrate content is high,
18 ppm, suggesting organic pollution., Water fromzzé—foot well at
Hallwood (51c) is highly mineralized, having a specific conductance
of 1,020 micromhos. Total dissolved solids content should be,
therefore, about 700 ppm. However, the water is not hard (51 ppm)
and the chloride content is only 16 ppm. Fluoride is apparently
absent., Other constituents were not determined, although iron prob-
ably is rather high, as the owner reported an iron taste, and yellow
stains are deposited on laundry. At Mappsville, an analysis of the
water from a 21-foot well (60) shows 57 ppm of hardness and only
6 parts of chloride. Fluoride was not detected and the low specific

conductance of 166 micromhos indicates that the concentrations of

other constituents not determined are low.

12



In central Accomack County, two wells, each about 20 feet deep,
one west of Bloxom (64) and the other east (66) of that town, yield
a somewhat hard water of moderate mineralization. Water from a
4O-foot driven well at Hopeton (78), between Blowem and Parksley,
ig similiar. Well 99, north of Onancock, yields water that is
reported to have an iron taste. In addition, the water contains
48 ppm of chloride. Fluoride is absent. A partial analysis from
the 68-foot well at the County School at Accomac (102) shows that
water is relatively soft containing 57 ppm of hardness. It is low

in other constituents determined except iron. Iron is excessively

high, 7.5 ppm.
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In the southern part of the county, water fromlwellpégpping
Pleistoceﬁé beds have a chloride content that ranges from 18 to 130 ppm.
Hardness ranges from 45 to 108 ppm in the samples at hand. Fluoride was
not detected. (See analyses, Table 11, wells 124, 171, 163, and 182.)
Water from the well at Upshurs Neck (182) was reported "hard, with iron
and saline taste." The chloride content is 130 ppm. Water from well 12k,
nearly 3 miles southwest of Onancock has & higher concentration of
dissolved solids but the water is soft and the chloride content is only
18 ppm.

In summary, ground water from the Columbila Group in Accomack County
is commonly low in dissolved solids. Iron may be present in excessive
amounts but fluoride i1s characteristically low or absent and chloride
is low to moderate. The ground water 1s generally not as hard as that
from the underlylng Miocene aguifers. ILocally, however, nitrate may be
excesslve in water from open dug wells indicating pollution from surface

drainage.
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Summary of ground-water resources

Ground water of ample quantity is available from properly
constructed wells of shallow to moderate depth in Accomack County for
domestic, stock, and agricultural needs as well as for moderate-sized
municipalities and industrial plants. The individual aquifers are
camnonly lenticular in character and discontinuous laterally so that,
at least for the larger developments, inexpensivey test wells should
first be jetted down in order to determine the most favorable locations
for permanént wells. The chemical quality of the water is genersally
satisfactory.

Below about 300 feet lowermost Miocene and older formations will

yleld water that is mineralized to a greater or lesser degree.
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Ac-43
Ac/R-47

WELL RECORDS AND CHEMICAL ANALYSES

Records of wells in Accomack County, available logs of
wells, and chemical analyses of water samples are given in
Tables 8, 9 and 11 on the following pages. In addition, logs
of selected deep wells on the Eastern Shore of Mafyland near the
Virginia State line are given in Table 10, and analyses of
certain wells on Smith Island, Md., are given in Tablé 13.
Chemical analyses of water from three selected irrigation
,L ponds in Accomack County are given in Table 12.
The locations of the wells listed in Tables 8, 9, and 11

3

are shown on Plate " , in the pocket 8% the end of this report.
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Table&).--Logs of wells in Accomack County, Virginia

Well 3a, Greenbackville; Rhodes
(Generalized log by William J. Porter)

Altitude, 4 feet

Columb%g Group (Ple%gtocene):*‘
Soil; clay :
- Sand; ¢lay; gravels, coarse, mlxed
Sand, beach; clay
Chesapeaﬁg Group (Migéene): .
Yorktowﬂ/%ormation:
Shells; sand
Sand, blue, fine; possible water-bearing zone
“Clay, black;?gggq[*interbedded in streaks
Sapd; non-water-beﬁring
St. Mar%té Formation:
Clay, blue

Sand, coarse; water-bearing zone

159

Thickness
(feet)

10

20

32

10
21
T

22

18

Depth
(feet)

10

30
62

T2
93
170

192

210

217




' Table § .--Logs of wells in Accomack County, Virginia

Topsoil

Well 6a, New Church; H. E. Kelley & Company

(Log by Layne-Atlantic Co.)

Altitude, 25 feet

"

,.' s s
| Columbia’Group (Pleistocene):

Sand,

loose, coarse; water of poor quality

-

Chesapeake.Group (Miocene): )
.f-'——"/

, Yorktown Wﬁrmatiquj)

Sand,
, Clay
Sand,
Sand,
Ciay,

Clay,

coarse; clay; medium-hard drilling
hard; sand

coarse; clay, trace

coarse; hard drilling

coarse; shell, trace;‘soft drilling
coarse; clay, trace

shells; very hard drilling

coarse; shells, trace; medium~hard drilling

coarse; shells, trace
coarse; clay layers
blue; sand, trace

blue; sand; shells, trace

, Shells; sand; medium-soft drilling

St.¥Marys Formation:

| & Shells; clay

Sand,

fine; shells

160

Thickness
(feet)

2

36

36
31

12

11

Depth
(feet)

2

38

Th
105
111
113

122

216

219
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<:>‘-' Table (g.--Logs of wells in Accomack County, Virginia--Continued

Well 6a, New Church; H. BE. Kelley & Company--Continued

Thickness
/ (feet)
St. Mary:E'f%rmation--Continued

| Shells; sand; medium-hard drilling 3
Shells; sand; soft; fast drilling €

Shells; less sand; medium-fast drilling | 31

Shells; sand; clay, blue, increases with depth 14

Clay, blue; sand, thin streaks . ki

' (Well finished at 259 feet for permanent production.)

OoC

Depth
(feet)

222
228
259

- 273
317

e e o




!,‘ Table E‘.--Logs-of wells in Accomack County, Virginia--Continued:
Well 8a, Wallops Station (Main Base); Netkenaidrereonawbies—and

Y

Snane‘Adm&nua%rab*on,7yell A-LO

NASPN
(Log by Layne-Atlantic Company)

Altitude, 30 feet

.

Columbia Group (Pleistocene):

Clay,
' Sand,
Sand,
Sand,
Clay,
Sand,

a Sand,

»

red, hard, sandy

coarse; gravel; trace of white clay
Brown, medium coarse

coarse; trace of white clay

red, white streaks

coarse; gravel; water-bearing zone

gray, medium coarse

v v
Chesapeake Group (Miocene):
v

Yorktown Formation:

Clay,
Clay,
Clay,

Clay,

o

brown, hard, sandy
blue
blue; sand, coarse

blue; trace of shells

162

Thickness
(feet)

13
10

11

17

10

Depth
(feet)

18
28
39
L6

22
61

67
84
91
101




"

Table’g +.~-logs of wells in Accomack County, Virginia--Continued

ASA
Well 8d, Wallops Station (Main Base); ﬁ!;&oagﬁonyonautﬁoenaad

Spaee—Aantmtstretion,. vell B-49
(Log by Layne-Atlantic Co.)

Altitude, 30 feet

Thickness
(feet)
Columbia Group (Pleistocene):
. ‘Topsoil; clay, red, sandy L
Sand, coarse; trace of gravel 1k
Sand, brown, coarse 11
Sand, brown, éoarse; trace of graQel 6
Sand, brown, silty; clay ’ 9
Sipd, gray, coarse | 11
Chesapeake Group (Miocene):
Yorkégwn Formation:
Clay, brown, hard, sandy 8
Sand, fine, silty; clay, blue _ 22
Sand, medium-fine; clay; trace of shells - 5
Sand, medium-coarse; clay, blue; trace of shells 14

163

Depth
(feet)

18

35
Lk

25

63
85
90
104




\,}., Table §%.--Logs of wells in Accomack County, Virginia--Continued

Well 8h, Wallops Station (Main Base); N&izégga-Aewenanmiasmand ,

Space-AdmbiniebwettoRm. well D-39
' (Log by Layne-Atlantic Company)
Altitude, 33 feet

Thickness Depth

(feet) (feet)
Col&mbia Group (Pleistocene):
Clay, sandy 11 Ll
Sand, clean ‘ 22 33
Clay, white; trace of sand 2 35
Sand, bard | l 6 - b1
Clay . ' 2 L3
Sand 5 L8
(:I.' Chesageage Group (Miocene):-
- Yorktown Formation:

Clay, varicolored | 5 53
Clay, blue; trace of sand. | 19 T2

B,
e
[T




CEL,, Table {3.--Logs of wells in Accomack County, Virginia--Continued
Well 81, Wallops Station (Main Base); Naiigéjiﬁherun-uta.aua-d
Space—féminiesrrtrony well D-LO
(Log by Layne-Atlantic Company)
Altitude, 22 feet

Thickness Depth

(feet) (feet)
Columbia Group (Pleistocene):
Topsoil _ ‘ 6 6
 Clay, sandy _ 5 11
Sand, loose 9 20
Sand, coarse, loose 15 35
Clay, white o : 3 38
Sand, free; shells 10 L8
CL Chesape‘éker Group (Miocene): |
. Yorktown Formation:

Clay, blue . ' 17 65

Clay, blue; trace of sand and shells 12 T7



(:Shv _ Table ?).--Logs of wells in Accomack County, Virginia--Continued
£,
Well 83, Wallops Station (Main Base); e
Space AduinlsisavionywSL -2, .,
(Log by Layne-Atlantic Co.)
Altitude, 30 feet

Thickness Depth

V/‘. (feet) (fget)
Columbia Group (Pleistocene):

Toﬁsoil; sand; clay 22 22

Clay, sandy; pebbles ' 10 - 32

Sand, coarse; clay 10 L2

Clay, yellow; sand, fine 21 63
Chesa;gakiiGroup (Miocene): )

, Yorktg;n Formation: ’

6 Clay, blue; shells : ' 21 84
] Shells; clay, blue, sandy ' 40 12k

Clay, gray, sandy, soft 10 ‘ 134

Clay, gray, sandy; some shells; hard streak at
140 feet to 143 feet 30 164
Gravel, hard streaks; clay, sandy 10 174
St. Mé}ys Formation:

Clay, soft 10 184

Clay, gray, sandy ' 16 200

Sand, coarse . 15 215

Sand, coarse; éhells | 20 235

Sand; some shells ' 10 245

Sand, "salt and pepper;" fine 10 255

(:5., sand, "salt and pepper,” with shells 10 265
Sand, black, coarse; shells 10 275

166



<:i.' , Table g}.--Logs of wells in Accomack County, Virginie--Continued

! Well 83, WalloPS'Station (Main Base); Na AR
: f ;= #=COntinued

Thickness Depth
. (feet) (feet)
v
St. Marys Formation--Continued
Sand, gray; shells 10 285
Sand, gray, fine; shells, thin hard layers : 10 295
Send, gray, fine; shells, in streaks 51 346




Table $.--ILogs of wells in Accomack County, Virginia--Continued #z3i=Sa,

well ©3, Town of Chincoteague

Lormer
(Generalized log reported by Otis D. Marshall,ﬁyater Superintendent)

Altitude, 7 feet

Thickness , Depth
(feet) (feet)
v
Columbia Group (Pleistocene):
Clay _ 4 4
Sand, yellow ' - 36 40
Clay, white 2 42
Sand, coarse; gravel 8 . 50
v ‘
Chesapeake Group (Miocene):
V} -
- Yorktown formation
Clay, blue; shells 15 65

168




Table gg.--Logs of wells in Accomack County, Virginla--Continued

Well 15, Withams; B. Rantz

(Generalized log by William J. Porter)

Altitude, 15 feet

/

Columbia Group (Pleistocene):

Clay

Sand, white; water-bearing zone

Clay, blue; sand, fine
Sand, fine
v :
Chesapeake Group (Miocene):
L)
Yorktown Formation:
Clay, blue

Sand, fine; shells, coarse

Thickness Depth

(feet) (feet)
10 10
20 30
.50 80

5 85
51 136
L 140

169

—r—
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‘C:x‘, Table g;.--Logs of wells in Accomack County, Virginia--Continued

Well 28, Soxis; Saxis Elementary School

(Log by William J. Porter)

Columbia Grou%,(Pleistocene):
Sand, surface ,
Sand; water-bearing zone
Clay
Sand
Sand; water-bearing zone
Sand
& Sand; clay
Sand, fine
Sand; shells
Sand ,
v
Chesapeake Group {Miocene):
.Yorktownvformation:

Shells; sand

o6

Altitude, T feet

Thickness
(feet)

12
15
25

15

10

10

170

Depth
(feet)

12
20
35
60
75
80
90
97
98

108

115

e




C:‘-' . Table 3 .~=Logs of wells in Accomack Ccunty, Virginia--Continued
Well 29, Assateague Beach Coast Guard Station; U. S. Coast Guard
(Log by R. C. Scott) .
Altitude, 2 feet

Thickness Depth

, (feet) (feet)
V’ .
Columbia Group (Pleistocene):
Sand, beach, medium | 10 10
Sand, medium to coarse _ 15 25
Sand, fine; shell fragments 5 30
Sand; abundant shell fragments 12 L2
Chesa.peakg | ég}roup (Miocene) :
Yorktoﬁ% Formation:

& Shells, small; clay - | 15 57
Sand; clay 6 63
Sand, fine; abundant shells : 21 8L
Shells; sand; clay A 12 96 |
Clay, sandy 14 110
Sand; shells; clay 30 140
Clay, sandy | ' 20 160
Shells; abundant sand 5 165

St. Marxj? Formation:

Sand, fine; abundant shells 80 245
Sand, medium coarse; shells 10 255
Sand, medium coarse; gravel 9 26k

171

S

s Y e ey

P



Table {}.--Logs of wells in Accomack County, Virginia--Continued
ﬁell 30, Saxis; Vernon Drewer
(Generalized log by William J. Porter)
Altitude, 5 feet

Thickness Depth

(feet) (feet)
Columbia é}oup (Pleistocene):
Clay; soil 30 30
Sand, fine 25 55
Shells; water-bearing zone | 5 60
Sand, | blue 18 78
Sand, black;‘coarse; shells; water-bearing zone 6 84
Clay, blue 21 105
Sand, non-water-bearing 8 113
Chesapeake* Group (Miocene):
Yorktowh Formation:
Clay, blue 37 150
Sand, fine 15 165
Shells; sulfur water (2) 5 170
Shells; sand, black; gravel, white : 18 1%8
Sand; shells; good water-bearing zone 2 190




'<:>‘~' Table g}.--Logs of wells in Accomack County, Virginia--Continued

’ Well 38, Temperanceville, Reed Onley
(Generalized log by William J. Porter)

[ Altitude, 30 feet

Columbia Group (Pleistocene):
Clay; soil
Sand; gravel
Sand, fine; water-bearing zone
Clay, blue
Gravel, coarse; water~bearing zone
Chesapeaﬁb Group (Miocene):
<:>‘.' Yorktoﬁﬁ Formation:
| Sand, blue, fine
Sand; shells; water-bearing zone
Clay, blue
Sand, fine

Sand, coarse; shells, larger with depth

OC
173

Thickness
(feet)

14
14
29
13

ko

20

16
26

Depth
(feet)

17
31
60
13

113
133
138
154

180

e e e




(f ‘ Table g}.--Logs of wells in Accomack County, Virginia--Continued

Well 47b, Hallwood; Taylor Packing Co.
(Log by Charles Mitchell, Sydnor Hydrodynamics,
Altitude, 25 feet
V/
Columbia Group (Pleistocene):

' Clay; topsoil

Sand, blue; clay

Sand, white, coarse

Gravel, white, coarse

Sand; gravel, gray, coarse

Sand; clay, streaks, thin
& Clay, gray; sand, streaks

§and, gray, coarse

" Chesapeake Group (Miocene):
Yorktown Formation: |
Clay; sand streaks
Sand; gravel, gray, coarse
St;$Nhr¥:§ Formation:

Clay; sand; coarse, trace

Clay, gray
‘ . Clay; sand; streaks, thin
Sand; shells
Shells, hard (rock?)

Sand; shells; waler ~ bAe aring

: Sand; shells, hard streaks

Inc.)

Thickness
(feet)

17

P

¥e)

18

20

21

12

37

10

k5

Depth
(feet)

10

35
59
65
107

1é5

145
166

178
185
222
227
235
2bs

290

b S i —————
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Table §}.--Logs of wells in Accomack County, Virginia--Continued

Well 51° Hallwood; Jas. A. Hall

(Log by I. B. Clark, from Va. Geol. Survey Bulletin 5, page 129)

Altitude, 17 feet

v
Columbia Group (Pleistocene):

Soil

Clay, pipe; sand; gravel; water-bearing
below 10 feet

Sand, blue
Chesapeaﬁe;Group (Miocene):
Yorkto;; Formation:
Sand, blue; shells; small yleld of good water
St. Maryjs Formatidn::,

. Mud, blue

175

Thickness
(feet)

29
80

Lo

36

Depth
(feet)

30
110

150

186




, O
C:}(N'_ Table .? .~-Logs of wells in Accomack County, Virginia--Continued

Well 61, Wallops Station (Wallops Island Launch Area); National

Aeronautics and Space Administration

(Log by Virginia Machinery and Well Co., Inc.)

Altitude, 9 feet

Columbia\é;oup (Pleistoéene):'
Sand, beach
Sand, fine; clay, light
Mud; sand
Clay? green-gray, stiff
Chesapeake Group (Miocene):
’ Yorktowh Formation:
Q‘ Clay, dark, soft; vegetable matter
. Clay, green~-gray, stiff
Clay, green-gray; sand
Sand, gray, fine; clay
Sand, coarse; shells

Gravel, pea-size

Clay, green-gray at 147 feet

O

176

Thickness
(feet) -

12
18~

21

33

1k

12

Depth
(feet)

12
30
38
59

66
99
119
133
145
147




&

Fad

= 5 il a S A e e e
L3 a.°-LO",D of wells in Aeoonac:

(Beneralized lor by Villiam J. Porter)
Altitude, 2 Teet

Thickness
y (feet)

Colurhina group (Pleistocene):

Clay, blue 10

Sand, fine; clay 30

Sand; salt water- 32
A

ocene):

Yoriktovnr formation:

(@]

lay, blue 15

-~
¢

and, , wa
{

ter-bearing zone 6

98]

177

Dextr
(fecs)

A ey
2

-
4
-3

(o
N
AN



Table ?%.--Logs of wells in Accomack County, Virginia--Continued

Columbia
Clay,
Sand,
Sand,
Seand,
Sand,
Sand;
Sand,

Clay,

Well 86, Parksley; Town of Parksley

(Log by Sydnor Hydrodynamics, Inc.)

Altitude, sabout 30 feet

g

V .
Group (Pleistocene):

brown, sandy
hard

hard, fine
medium~coarse
coarse; gravel
gravel

dirty; gravel

blue, sandy, at 68 feet

Thickness
(feet)

11

Depth
(feet)

25
L2
L6
Sk
o7
68

o




O
C

Table ng:--Logs of wells in Accomack County, Virginia--Continued
Well 87a, Parksley; Town of Parksley
(Log by Sydnor Hydrodynamics, Inc.)
Altitude, about 30 feet

Thickness Depth

. (feet) (feet)
Columbig Group (Pleistocene):

Topsoll 2 2

Sand; gravel 67 69

Sand, blue; clay 25 ok

ChesapeakgiGroup (Miocene):
Yorktoén Formation:

Clay, gray; shells _ 33 127

(:)‘.' Shells; sand, fine 18 145

Sand | 25 170

Sand, blue “ 30 200

179



O
.

o¢

€,
e

“Table :8 .~~Logs of wells in Accomack County, Virginia--Continued

Well 87b, Parksley; Town of Parksley

(Log by Sydnor Hydrodynamics, Inc.)

Altitude, about 30 feet

4

Columbia Group (Pleistocene):
Sand, dark; clay
Sand, white, fine
Sand, white; gravel
Sand, fine
Sand, yellow, fine, soft
Gravel, coarse; sand, fine
Sand, fine, soft; gravel
Sand; gravel; clay, trace

Mud, soft; grit

180

Thickness
(feet)

21

10

10

13

Depth
(feet)



9

<:>‘ir' Table Eﬁ.--Logs of wells in Accomack County, Virginia--Continued

Well 9C. Deep Creek; Bailey EBEast

(Log by owner, from Va. Geol. Survey Bulletin 5, page 124)

Aititude, 5 feet

Columbia Group (Pleistocene):
Soil
Sand, yellow
Marsh mud, slate-colored
Sand, blulsh-gray; little water

Loam, yellow-gray-black and white; pebbles,
smooth; water-bearing zone at base

Saqd, bluish; water-bearing ione at base
Gravel, coarse, no large stones; water-bearing
. ChesapeakzlGroup (Miocene):
Yorktown Formation:

Sand, bluish; shells at 95-99 feet; water-
bearing zones at 57 and 100 feet

181

Thickness
(feet)

19
19

32

58

Depth
(feet)

20

39

Lo

L3
5
79

137



O " Table 9.--‘-Logs of wells in Accomack County, Virginia--Continued
Well 108a, Onancock
(Log by H. XK. Shannahan; after Bulletin 5, page 126)

Altitude, 15 feet

Thickness Depth
J (feet) (feet)
| Columbia g,:;oup (Pleis‘{ocene)
Und;scribed _ . 100 100
Chesapea‘ﬁ/é‘ group (Mioc{ne): l
! P
Yorktown Formation:
Undescribed | 50 150
St. Mar‘sr/s Formation:
‘ Shells in gravel and sand 25 175
‘ Undescribed ‘ . ” 108 283
. Pine sand; no water 25 308
Ch0pta.n'}<. Pormation: |
Hard "rock" and clay 2 310
Clay and sand _ 23 333
Clay and sandy clay | 147 480
l Undescribed ; water V | 6 486

oc ;
mR 182
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Table g.--Logs of wells in Accomack County, Virginia--Continued

Well 101, Greenbush; Earnest A. Coard

(John Scott, driller; sample descriptions by A. Sinnott)

Altitude, 30 feet

Columbig/éroup (Pleistocene):
Not sampled

Y Sand yellow, quartz

Chesg.‘{;{g‘%&% ﬁv’: Ueﬁ’ Miocene ).

STit, clayey; small shell fragments
Shesapeake—Group(Miocene-
Yonkbowa-rornabions—

Sand, fine, silty; shells, broken
chieflv
Sand, fine, well-sorted, quartz; scattered
shell fragments A

%gi Marxf$ Formation:

Clay, gravelly; shell fragments

| &

Not—sampred Undescribe d
J
Sand; gravel, clean; shell fragments

183

Thickness Depth

(feet)

50

30

k7

6k

30

12

(feet) |

50
70
100

147
210
230

260

272




S

Table %5.--Logs_of wells in Accomack County, Virginia--Contlaued

I+ 5
Well 115, 1-3/2 mi. east of Onancock; J. Van Kesteren

(Log by M. Ai Pentz)

Altitude, 20 feet

Thickness
(feet)
W v
Columbia Group (Pleistocene):

Sand, fine; soil . ' 19
Sand, coarse 9
Gravel 3
Sand, blue, fine i
Sand, medium 16
Gravel, coarse _ 12

184

Depth
(feet)

19
28

31

35

51
63

ey
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Table E;.--Logs of wells in Accomeck County, Virginla--Continued
Well 121, Onancock; L. F. Chandler
(Generalized log by William J. Porter)
Altitude, 23 feet

Thickness Depth

(feet) (feet)

Columbia Grghp (Pleistocene):
Clay;.soil 5 5
Sand, white 35 Lo
éravel 1 Lo
Sand, white L9 89
Gravel; water-bearing 1 90

185
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Tuble §}. Logs ol wells in Jccomuck County, Virginiu--Continued
Well 1498, Metomiin Inlet Stationy U. &, Coast Quard
(Log by Tidenuter well & Puomd CJ., Inc.) .

pmb'?w lecs thein & teet

Altitudeﬁgi—mfrt%t

Thickness

/ Gruop (Pleistocene): (sect
40

{ire; mud 10
mecdium hard , 6

‘ine, mud

e (M|066ﬂ¢>

ror) >a1lon

rocKk " 6
herd; sand i4
(2% nrs. drilling) 1
chelil; some medium zend 18
gray} mecium fine ‘24

fine to mediun 25

nediwn; shells v// g
3 Sf\aqii )hwmaﬁon:

Clcl', 3

S&nd,

Clay,
Clyy,

<Y ]
tnell

hard, gray : 21
medium; shells 3
medium; shells 4

s, seall (hard drilling) (possibicrvater-bearing 10

40uc}<~¢lt t watern)

e ernr

chells 3
herd, gray; chells, scattered &b
hard, gray; chells 11
roci, very hard : 5

186

Depth
(feot)

40

w n
O~ (@)

[
O

ILa)
.
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](:)‘hr Table 9 +==Logs of wells in Accomack County, Virginia--Continued

Well 132, Harborton; J. W. Adams

(Log by owner; from Va. Geol. Survey Bulletin 5, page 127)

Altitude, 8 feet

Columbia Group (Pleistocene):
Soil
Clay, red
Sand, yellowish-white; water at 12 feet
Creek mud, blue
Sand, gray; gravel; water
L
Chesapeake Group (Miocene):
\ v
‘ Yorktown Formation:
Clay, blue, tough

Sand, gray, fine at top, coarser below;
shells, hard streaks; water

187

Thickness
(feet)

11
2L

11

T4

15

Depth
(feet)

16
Lo

51

125

140

) oA e A g S Tt



Table g}.--Logs of wells in Accomack County, Virginia--Continued

Well 133, Boggs, near Harborton; H. Battail

(log by I. B. Clark; from Va. Geol. Survey Bulletin 5, page 127)

Altitude, 10 feet

Columbiavé;oup (Pleistocene):

Soil |

Clay, red

Sand, white; water of poor quality

Mud, Ddlue

Sand, blue; very little water
Cbesapeaki Group (Miocene):

Yorktoﬁngormation:
Mud, blue

Shells, bluish; "sand rock"

Marl, blue; shells; "sand rock";
(four layers of rock in all)

188

Thickness
(feet)

29

38

Depth
(feet)

10
L
k5

104
112

150

e ek e gl T R

oy s




(:)‘hv Table 3 .--Logs of wells in Accomack County, Virginia--Continued

Well 151, Pungoteague; S. W. Ames

(Log by I. B. Clark; from Va. Geol. Survey Bulletin 5, page 128)

Altitude, 18 feet

}

Columbia Group (Pleistocene):
Soil
Sand, yellow
Sand, blue, at 4O feet and 60 feet;
(slightly sandy, with a little water, at
60 feet)point)y shells

Chesapeake Group (Miocéne):

Yorktowsi Formation:

& Mud, blue

Yorktown“and St. Marys Formations, undifferentiated:
Sand, bluish; shells; wood

Sand; good water

189

Thickness
(feet)

15

ok

95

Depth
(feet)

16

110

113

208

210
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e
Table -7 .--Logs of wells in Accomack County, Virginia=-~Continued

Well 154, Nandua; John R. Drummond, Jr.
(Log by Fred Kellam)

Altitude, 4 feet

V/,
Columbia Group (Pleistocene):
Undeséribed
Mud

Clay, blue; sand

Sand; water-bearing zone

190

Thickness
(feet)

30
10
50
18

Depth
(feet)

30
Lo
90
108
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Table ?;.--Logs of wells in Accomack County, Virginia--Continued
Well 159, Wachapreague; Wachapreague School
(Generalized.log by William J. Porter)
Altitude, T feet

Thickness Depth

(feet) (feet)
v
Columbia Group (Pleistocene):
Soil; clay 10 10
Sand; water-bearing zone 15 25
Sand, blue; clay, blue 80 105
Sand, fine; water-bearing zone ' 8 113




Table q .~=-Logs of wells in Accomack County, Virginia--Continued
Well 181. Quinby; W. Mapp
(Generalized log by William J. Porter)
Altitude, 5 feet

Thickness Depth

(feet) (feet)
Columbié/&roup (Pleistocene):
Clay; soil 10 10
Sand ) 19 29
Gravel; water-bearing 1 30
Clay; sand 55 ‘85
Sand, fine and coarse 14 99
Chesapeake Group (Miocene):
‘ Yorkt{;wn Formation:
Clay; sand 101 200
Sand, whiﬁe, coarse; scattered shells;
water-bearing zone 10 210

o6
192

P
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Table ‘E) +—~Logs of wells in Accomack County, Virginia<~Continued

U, 8, Geological Survey test hols 3, Central High School,
1 mile northenorthesst of Painter ' o
Drilled by § Hydr 4 .
(Sample escrlpéio 7 Sydoor Bydrodynanmics, Inc.) ’ Co
by G, 2. Tidditts, Jr.; correlations by r. Steurns MacNeil) !

Altitude 30 fooﬁ

_— N ]
ey g Teg et e e e s o

Thickness :; Depth g
(feet) . (feet) :
Clay, gray, sandy; possibly fill from school ," o
excavation 00000000000 0000000 000080000000 0600us . 7 ' .‘, 1
Colimbia growp (Pleistocene):
Soil, black, organic; possibly topsoil under fill, 2 '7<‘_’ 9

Sand, iron-stained, quartz, fine to medium; black AR . .
sand; organic material; scattered small gravels e . :
from 25 feet; streaks of dark-gray clay from 30 o T '
feet; shell fragments from 46 feet; water-bearing -

LONG 0000000000000 00000000000 0000000000000 ‘51 ’ 60
" Clay, gray-green, soft; abundant shell fragments: sandy 10 78
Clay, dark-gray, very Rard ..eeecesecsscccssssnes 2B . Tt

Sand, white to gray, quartz, medium; scattered shell
fragments; black sand; water~bearing zone «.... 11-1/3 . 90

Clay, dark-gray, heavy, sandy, silty; abundant shell
fragments from 105 feet oscecevcccoccsscccssnnee - a7 . 117

Clay, dark-gray. heavy; interbedded with coarse quartz

Sand 00 000 000000000000 000000000000800000000s000 5 . 122 :

Chesapeake group (Miocene)?j
= .-
h/Yorktown formation:

Clay, dark-gray. soft; abundant small gravels. black -
sand; gravel in lenses; possible water-bearing zone 3 . 125

Sand, gray, quartz, fine; abundant shell fragments;

sllt 0000600000000 0000000000000000V s8R0 5 130

Clay, dark-gray, soft: abundant shell fragments'- - 135
Shells, white, fragments; silt; clay, water~bearing g -
zone O R R R 15 x . 150

Sand, gray- gréen, Quartz, very fine; abundant silt; .
shell frﬂgments, gray cla’ AR XXX RN X D ’ 10 160

\ St Marys formation
Sand, gray-green. quartz, very fine; abundent silt; .
shell fragment; gray clay; streak of mud at 164 ’ . .
feet3 orqanic lpeﬁkl from 160 feet 00000000000 ) '22 T 182

Clay, dark‘gr‘y, hard oooooooooooo.o-oootoooococo N 1 ’ 163

192l>



’ Table S).-—Logs of wells in Accomack County, Virginia~=Continued
~ U.‘S;“Geologieal Survey test bole 3, Central High School,
' 1 mile nortb-mortheast of Painter—~Continued

Chesapeake group (Miocene):-~Continued

St. Marys formation:--Continued ; ‘ ‘! "~ Thickness
= ‘ / (feet)
Sand, blue-gray, quartz, very fine; abundant clay; ) B
r shell fragment‘ ..'....'.'l...'..lll'.".O"ll.'l 7
i Shells, white, broken; 15 percent dark-gray clay: :
; possible "ater‘bearing ZONG cecvcoccvssscscccoe . 2l
~§ Sand, gray, quartz, very fine; abundant silt; clay; =
‘ abundant blaqk sand .'Il.l.l..l!l..ll..lll.lll‘ ' l‘ .
Shells, white, broken; trace clay and silt; organic . - -

specks; possible water-bearing zone cesceeccces © 21

Sand, gray-green, quartz, very fine; abundant shell “;.
b/ fragments; abundant silt and clay; marl streaks at <

246, 250, 260, 263, 266, and 270 feet ......... .65
Ghaptank formation:
A = | '
Chert, hlack' 'er’ hard R EEEEEEER RN R NN RN NN N L NN . l .

SQnd. ray, quartz; very abundant silt; shell frag-
mentg; zla;; 18 inches hard marl at 328 feet: 4-inch )
ltrcﬂk Shelll lt 349‘2/3 feet speeevsecsssoscssne 38 f: .
Clay, dark-gray, sticky; shell fragments ........ S

Sand, gray, quartz, very fine, silty, clay; scattered ' -
shell f'.gmeﬂt. ..'Ili.ll...lll.......il.l.ll.' 16 ‘

Clay, dark-gray, sticky; abundant silt; abundant sand;
scattered shell fragments from 395 feet ....... S L I

i e S S

Depth

190

211

225

246

3

312

(feet) "x _h

T

JURTY

350

360

aT6



Table O .—ILogs of wells in Accomack County, Virginia—sContinued
U. S, Geological Survey test hole 4, Atlantic High School, nesr Oak Eall

(Drilled by Sydmor Hydrodynamics, Ince)
(Sam&gd%}cﬁ?%.oﬁuuts, Jr.; correlations by ¥e Stearns llullo}l)

Altitude 35 feet
' Thickness - :Depth
(/, (feet) . (foot)

- Columbia group (Pleistocene):
Topsoil, light-yellow, fine sandy scceeescccansss T T

Sand, iron-stained and white; quartz, fine to
coarse; streaks of small gravels from 7 to
35 feet; black sand; scattered streaks of
gray silt; layer of heavy blue clay 27 to
28 feet; specks of brown clay from 35 feet; ,
Water-bearing ZONE coscvecocccvcscsscsssccsssosne . 46 . - .. 53

Clay, gray-green, soft; abundant fine sand;
abundant silt: black sand; scattered shell
fragments fr0m60feet 0000000000000 0000000000 20 ‘ 73‘

Clay, gray-green, soft; interbedded coarse -
Adron-stained sand; scattered shell _
.fragments CO SO OOOOOPPPPPIAPNONNNSINSIOIISOIBSOIENIBSISYS . 3 . 76

Clay, dark gray-green, solid; very fine quartz
sand; shell fragments; solid streaks of shells ' :
L; 104 feet 000000 00000000000000000000000600008000 . 29 " 105

Chesapeake g;oup (Miocene):

/Yorktown formation!

o Clay, dark gray-green, solid; very fine quartz

#h ' " sand; shell fragments; silty from 110 feet;

medium gravels from 115 feet: streak of large .

gravels at 129 to 130 feet, and 145 to 147 feet. =~ 43¢ 1504

b Sand, white, medium; abundant shell fragments; . )
i clay; Water-bearing ZONE svevcsososssscsscsstse . “ ’ l57

v . Clay, gray-green, soft; abundant sand; 3-inch

marl streak at 167 feet; scattered shell.

fragments from 175 feet; streaks of fine ) .
quartz sand from 150 to 175 feet ....v0000000ee . 18 . X £

ySt. Marys formation:
+3
Clay, gray-green, soft; ‘abundant sand; streaks of
fine quartz ‘sand from 175 to 195 feet; black : i
organic specks; abundant black send from 200 feet 3 - 205

1924
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Table S};-Logs of wells in Accomack County, Virginia——Continued
U. 8. Geological Survey test hole b, Atlantis High School—Continued

‘“'Thlcknell';“ -

J v/’ © O (feet)
Chesapeake g;oup (Miocene):~~Continued

fjgt + Marys formation:--Continued

Shells, white, broken; abundant clay and silt to
215 feet; abundant black sand; black organic
specks; 6-inch streak of marl at 227% feet;
possible water-bearing zZone seceevescasancacccs 35

Sand, gray-green, quartz, very fine; abundant silt
and sand; shell fragments .....ecococcoo0vv0snnse 58

Clay, gray-green, heavy; abundant sand; shell frag-
ments; interbedded sand and clay 300 to JO2 feet;
streak of mud at 326 feet; streak of marl at 356
feet; black 8and ...cceceecccarcconcornsscnccns 67 .

Sand, gray, quartz, very fine; clay; abundant shell

fragments; black sand; possible water-bearing zone ~ 29-2/3 .

Chert, black,veryAhprd teseeesascesenrsccascsanne 1/3

Sand, gray, quartz, very fine; clay; shell fragments;
streak of marl at 402 feet; sand coarser from 410 _
feet; appearance of gas bubbles at 350 feet ... 56

’F"“
Camed
Do
14

:Depth
(feet)

240

298

C 365

| 394-2/3
1395

451



CN Table lO .-=Logs of selected deep wells in Maryland near the
Maryland-Virginia boundary

Bradshaw well, Smith Island; Somerset County, Md.
s ‘
(Lithology and Foraminifera by Doris S, Mulking,January 23, 1947;
published by permission of Shell 0il Company)

Thickness  Depth
(feet) (feet)

. v
Recen‘{ and Plelstocene Series, undifferentiated:

Pine, medium, and coarse grained gray and buff
quartz sand with shell fragments and rare

Flphidium spp.
v
Chesapeake, Group (?) (Miocene):

A2

ey S )
Cohansey f?) Rormation (Yorktown,\equiva.lenbﬁ:

Very fine-grained brownish-gray sand; no fauna. 20 60

Chesapeak'e/Group (Miocene):
St. Ma.ry‘s/ FormatioW

N i A\ g
Gray galucongitic silty clay with shell fraguments
and rare foraminifera (Elphidium spp.) 110(?) 170(?)

ChOpta@ ) Formation:

Gray glauconitic silty clay, argillaceous silt, - 130(?) 300
and silty sand, with abundant shell fragments.
FPoraminifera rars in upper part, increasing below
240 ft., including Nonionella auris, Cibicides
americanus, C. concentricus, Nonion pizzarense;
abundant Nopion incisum and spp. at 240 ft.;
Textularia ¢f. agglutinans, Eponides cf. frigida
var. calida; 270-300 ft. Discorbis floridana,
D. candeiana, D. valvulata, etc., with Textularia
spp. and Bulimina gracilis.

Calvert Formation:

v
Glauconitic silty sand (Plum Point ﬁémber) to 470 ft.;
diatomaceous silt (Fairhalfemy 470-540 ft.; . 290 590
glauconitic silt with lignite, With rare L
fauna 540-590 ft.
Foraminiferal fauna abundant, including
Discorbis spp., Valvulineria floridana, Nonion
spp., Eponides cf. mansfieldi, Textularia mayeri,
T. spp., opiroplectammina sp., Cibicides concentricus;
abundant specimens of Textularia spp. 370-400 ft.;

193




O‘ Table. |0 .--Logs of selected deep wells in Maryland near the
' Maryland-Virginia boundary----Continued

Bradshaw well, Smith Island; Somerset County, Md.---Continued

Thickness  Depth
(feet) (teet)

Chesapeak%/Group (MLocene)--Continued
i
Calvert Formation--Continued

abundant Siphogenerina lamellata - transversa
4L00-540 ft. Diatoms abundant L70-5L0 ft.;
associlated with abundant fauna including
Siphogenerina and Uvigerina spp., etc.

[ﬁbte: The subdivisions of the Miocggg indicated above
are provisional, subject to revision after study
of surface samples and range charting. The validity
of micropaleontologic criteria for these subdivisions
has not yet been established£7

Upper Eocene Series, undifferentiated:

k Medium-grained gray sand with shell fragments and 20 610
' rare foraminifera: Discorbis assulata

!

v

Middle Eocene Series:
gy

W
Nanjemoy Formation:

Gray marly glauconitic sand and sandy marl. Marked 50 660 (Sii+y
increase In fauna; assemblage includes Cristellaria -
spp., Marginulina winniana, Alabamina obtusa,
Ceratobulimina c¢f. eximia, Siphonina cf. claiffy
bornensis, Discorbis forishi (?) Cibicides
mauricensis, C. cf. westi, C. spp., Nonion
planatum, Cyroidina cf. octocamerata, Bulimina
pupoides, Globorotalia inconspicua, etc.

[;é@stﬂﬁﬂczaewaﬁazPaledég;e Series, undifferentiated:
horension’™
AguiaVFormation:

Glauconite and highly glauconitic marl, with 140 800 2{-
fauna fairly abundant in most samples, in- »
cluding; Cibicides blanpiedi, C., hypoconoides,
C. burlingtonensis, Parrella sp., Lenticulina
degolyeri, Eponides cf. lotus, Gaudryina sp.,
Nodosaria affinis; below 710 ft. Vaginulinopsis

ON brantlyl, Cibicides neelyl, Globorotaila
wilcoxensis, etc. plus above. T40-800 ft.
Paleocene?

Fauna includes, in addition to above, very

large Cristellaria sp., Hemicristellarig cf. . 194




EZE!E Table 10.--1Logs of selected deep wells in Maryland near the
| Maryland-Virginia boundary--Continued

Bradshaw well, Smith Island; Somerset County, Md.--Continued

Thickness - Depth
| ’ (feet) (feet)
‘/ p
Paleocene Seriles, undifferentiated--Continued
L
l Aguia Formation--Continued
rancocasensis, Anomalina spp. Robulus
midwayensis, etc. -
g 3
Upper Cretaceous (%) Series:
4
Medium-grained white frosted sub*angular Lo 840

' guartz sand; no fauna observed.

1/ Compare with log of Crisfield well

2/ The typical quiavgf Aquia Creek is considered to be absent in
" this area
Soard &
é/ The sand here may be in the Paleocene poxtien of the Mattaponi Formation

195
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Table 10.--Logs of selected deep wells in Maryland near the
' - Maryland - Virginia boundary--Continued

Crisfield, Somerset County; Town of Crisfield

Log by Layne-At1antic Co., modified efter published correlation
and lithologiec notes by Mclean (1950, pages 133-136.)

Altitude, 10 feet

Columbia é§;;§ (Pleistocene), 0-174 feet
| %
Beach sand and gravel
Soft clay '
Medium hard clsy
Soft clay
L
Chesapeake gromp (Miocene), 174-760 feet
P /}//up( ,
Yorktown and St. Marys f;;mation§
Shells
Brown and gray clay
Sandy clay and silt
s fz
Choptank formation:
‘Sandy clgy, shells, and hard sand

e

Calvert 6rmat}onx
Clay
Hard clay
Coarse sand
Hard clay and sand
Upper Eoceﬁ€:’760—860 feet
Chic%@om@) formations
v

Glauconitic coarse to medium sand

Thiciness
(feet)

60

20
15

16
58
2

72

246

39

Depth
(feet)

)

95
174

190
2,8
320

392
638
717

721
760

802

196




, Table 10,--logs of selected deep wells in Maryland near the
. - Maryland - Virginia boundary —Contimued

Crisfield, Conti.nuad
Thickness
(feet)
Calcareous clay' : 58 -
Paleocene, 860-1,06'7 feet :
M!d'ng??izis;;;3i03~r7Wh4Q4*ﬁf'%afzwaj~ﬁ”V . a i Y.

Calcareous sandy glauconitic clay; glauconit:l.c
sand at base 207

Upper Cretgéeous, 1,067-1,302 feet
P-?onmout@?) fornations |
Clay o | 58

C : Fine white sand | - 17
Clay g 55
- Fine mucky sand 15

Hard blue and red clay - 90

Depth
(feet)

1,067

1,125

1,142

1,197

1,212
1,302

Remarks: McLean's (1950) correlation given here is followed in the
crogs sections on Plate 1, with the exception of the base
of the Pleistocene) which has been tentatively taken by

. the writersat 60 feet (about 50 feet below sea level).

n3

iy

C

.‘.v‘z—m*‘vwﬁ-mmwrww IR LT
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Table 10.~-Logs of selected deep wells in Maryla.nd near the

Maryland - Virginia boundary~-Continued

" Crisfield, Soherset"County; Packers Ice and 'Cold Storage Company

(Log by Norman M, Shannshan, Jr.)
Altitude, 10 feet

Golumbii group (Pleietoceue):
Shelle
Mud
Hard clay
Sand
Soft clay
-Free sand
. v -
Chesapeake E;oup (Mlocene):
Clay and shell
Clay and shells, 4 foot of rock at base
Clay
| "Rock"
Clay
"Rock®
Clay, crusty
Hard clay
Soft clay

Clay, crusty

 Thickness

(feet)

4 A R | G

50

7

o B

20

229
15

De

(feet)

pth

13

- 20

21

3

264,
334
375
377
398
400
420
484

728

198




‘ Table 10.--Logs of selected deep wells in Maryland near the

Miocene, upper Eocene, and Paleocene,

Maryland - Virginia boundary--Continued

~ Crisfield, Contimed

Thickness Depth
(feet) (feet)

undifferentiated
Clay . 192
Phlqocen;“‘

Sand

Tough clay

Clay

Sand
~ - Clay | 23
<2:-v Sandy clay 31

. Send ’ 32
Clay

,X Wm?w

i 720t tcee X

< W 0 N

920

922
930
935
942
965
996
1,028

1,042

N

7%/nA9 w”w,///

T

] ’r@" e

199
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NORTHAMPTON COUNTY

LOCATION AND DEVELOPMENT

Northampton County occupies the southern part of the Fastern
Shore peninsula in eastern Virginia. It is bounded by Accomack
County on the north and by the Atlantic Ocean and Chesapeake Bay
on the east and west, respectively. Its total land area is 226
square miles, and its population, according to the 1960 census,
was 16,966~-a decrease of 334 since 1950.

Its soil is very favorable for truck farming; Irish potatoes
and sweet potatoes are large industries. General farm crops,
strawberries, cabbage, lima beans, and snap beans are extensively
raised. These agricultural products, together with much of the
output of the important seafood industries, are prepared for the
market by local camneries at Cheriton, Machipongo, and Exmore.
Willis Wharf is a fishing and oystering center. The county seat
is Eastville, in the centyal part; the largest commnity is Cape
Charles.

Ferry service across Chesapeake Bay to Little Creek, near
Norfolk, and Old Point Comfort, formerly left the Eastern Shore at
Cape Charles. In about 1952, the ferry terminal on the peninsula
was moved to Kiptopeke at the southern extremity, where it re-
mained until the completion of the Chesapeake Bay Bridge-Tunnel
in 1964. The bridge-tunnel connects U.S. Highway 13 on the Eastern
Shore with the southerly continuation of that highway at Cape Henry
across the mouth of Chesapeake Bay. State Highway 183 and 186 also

216
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N
serve the county. Motor bus transportation is available along
Highway 13. Railway freight service is provided by the Penn
Central (formerly Pennsylvania) Railroad through the county as

far south as Kiptopeke, with a spur line into Cape Charles.
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- DRAINAGE AND TOPOGRAPHY

Northampton County, like Accomack, has no major streams. It
is drained by numerous small creeks which flow westward or eastward
from ‘;.h-e /]/.o;;c}:li;f\ divide« h&fch passes along the length of the
peninsula. Along the eastern shore of Chesapeake Bay are several
tidal inlets which mark the submerged mouths of the larger creeks

. PRVLLCN “*he {negs e ,i
draining the western part of the county: Athese are Occghannoc
Creeck at the north boundary, Nassawadbx Creek, Mattawoman Creek,f"ch
Cherrystone Inlet near Cape Charles, and-ebhrer—smryier—imtetos
Along the eastern &ide of the county are many marshy islands which
extend 9 miles east of the main shoreline. Both the eastern and
western sides of the county are typically drowned shorelines. A
few minor spits have been developed, which partly enclose the
Beveral "bays"—Hog Island Bay at the north, Cobb%ay, South Bay,

and Magothy Bay at the south.

218 UNPUBLISHED RECORDS
: SUBJECT TO REVISION
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The-zelief in Northampton County rangq’ from sea leve%/ on the
bay and ocean gides of the peninsula/ to nearly 50 feet on the
subdued Ja.giizif;gi ;iége along the middle axis of the county; a
maximumnof aboutﬂ;g f:é; is reached on the truncated cliffs between
Cheapside and Kiptopeke Beach at the south end of the peninsula.
Carolina,ﬁays, generally only visible from the air or on aerial
photographs, may be noted in several places on the neﬁer topographic
maps of 1l0-foot contour interval, especially between Eastville and
Cheriton, whefe their sand rims reach the 40-foot contour line, Minor
scarps, believed to mark the position of shorelines developed during
higher stands ofséa levél during the several stages of continental
glaciation in Pleistoceﬂé/;ime, may be noted particularly in the

southern part of the county. (See Fig. il ; also, Sinnott and

Tibbitts, 1961.)
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GEOLOGY
A
Northampton County 1s underlain at depth by &ke basement
complex of lgneous and metamorphic rocks, believed to be chiefly
of Precambriaﬁ/;ge. These rocks are overlain by successively
younger unconsolidated beds of sand, gravel, clay, and shell marl,
which are of Cretaceous, Paleccene, Eocene, Miocene, and Pleistocene

age. (See columnar section, Plate 2.)

Basement complex
No wells, so far as known, have ever reached the basement
complex in this county. The bedrock surface beneath the unconsolidated
sediments in NorthamptonsCounty probas}y lies at depth§fof from 2,800

to 4,200 feet below sea level (Spangler and Peterson, 1950, Fig. 12).

degmﬁﬁg
Cretaceous and Paleocene systemys.
) SR

As shown in thefgécéﬁhééction (Plate 1, section Efgi) and as given
in the log (90, Table 15) the 0ld well at Cape Charles is believed to
have penetrated the Potomaéfgroup of beds of Earlj:Z?) Cret;:eous age.
The line of separation of théﬂPotoma;/Group of formations from the
overlying Mattapdgz Formation of Paleagéne tQ Iate Creﬁgéeous age
cannot be made on the basis of data at handf The mottled clay reported
between 1331 and 1585 feet is characteristic of the Matta;;;i Formation
west of Chesapeake Bay. However, it is not possible to subdivide the
Mattaponidformation in the Cape Charles well into its component units.
"Green clay with black specks" noted at 890 to 950 feet might, insofar

as lithology is concerned, be assigned anywhere in the Eoc¥ne or in the
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&e Cretaceous part of the Mattaponi Formation. In view of the great

uncertainties concerning the deep formations here, the Cape Charles log
is subdivided as far as possible on the basis of Mclears correlation of
strata present in the Crisfield well, making reasonable allowances for

the fact that Cape Charles is a little upxdi? from Crisfield. However,
even with this assistance, the contact befween the Mattéggni Formation

and the Potomagﬁgroup remains conjectural. Further, it should also be

borne in mind th;t the assumption that Upper ng;aceous beds extend as

far down as about %ﬁoo feet 1s based on extremely meagre: data.

Presumably the Cobb:Island well (180, Table 15) reached beds near

the top of the Mattaponfvgormation. The log gives no lithologic detail.

CHerbisry-Systen
v
Eocene Series

The two deep wells Just mentioned, at Cape Charles and Cobb Island,

v

are throught to have penetrated 100 to 150 feet of beds of \ete Focene
B I PAV W' et

age. Eocene beds assigned to the Chickahominy (?) Formation are

reported by Mclean in the Crisfield well and there is a reasonable
Npper Vv
probability that e Focene beds are present in southern Northumberland

County.

fege 22|
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oo MIOCENE SERIES
N ' e
Rocks of the Chesape;EZ.Group, of Miocene age, do not crop
out at the surface anywhere in the county, being overlain by
L -
the younger Pleistocene sediments. The top of the Yorktown
Formation, which is the youngest of the group, lies at depths
of about 25 to 100 feet below the surface in the county.
Except in a few places where adequate drill cuttings are
available, it is difficult or impossible to differentiate among |
v
the several formations of the Chesapeake Group; most of what has
been done thus far has been based on a study of the fossils con-
tained in the deposits.
[
Although no wells tap the Calv&?% or Choptank Formations in
Northampton County, the two deepest test holes of record, wells
' ‘-' 90 and 180 at Cape Charles and Cobb-.Island, respectively, penetrate
these formations. Material tentatively ascribed to these formations,
according to the well logs (Table)8), are green and gray clay, mud,
I fine sand, miwh some shells. They show little promise as

possible aquifers, as indeed was borne out by the testPg;de at

the time of drilling.

™ S = 224
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In U.S5.G.S. test hole 1 at Capeville (Table 15), material
with the Chopta.nk\‘format ion
tinssmeras correlate%,by means of megafossils by MacNeil (personal
communieatien, 1955) consists of soft sandy gray-green clay with
scattered shell fragments, black chert, coarseAﬁand 22 feet thick,
and dark gray silty clay. The sand yielded virtually no water.

L

[/ [
St., Marys and Yorktown Formations

According to the drillers' logs which are available from wells
drilled in Northampton County, that part of the Chesaéz;ke group
penetrated by the wells--chiefly the Yorkt%;; Formation but including
also the upper part of the st. Mgé;s--con31sts generally of sand,
sandy clay, and shell marl with minor lenses of gravel. There are
usually several water-bearing beds separated by clayey layers.

For example, at Cheriton (well 76), the Yorkt&G; Formation
consists of shells and clay with some gravel; there are water-bearing

vOM\

beds from 122 to 125 feet, and 158 to 164 feet, each consisting of
A

shells and gravel.

In a 270-foot well at Exmore (2), the uppermost part of the
Miocené/;ection, in the Yortzown Formation, is lérgely clay. From
165 to 184 feet is a coarse sand, with 4 feet of "hard shell rock"

) A bed of
at the base, underlain by 26 feet of clay, =ﬁu-ﬂ.=agravel, sand
v’
and shellsbedl occurs from 210 to 238 feet, also in the Yorktown
Formation. The underlying 32-foot section, consisting of shells and

clay, down to the total depth of the well at 270 feet, is correlated

with the St. Mar}g Formation. Another well at Exmore (9) penetrated
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shells and clay of the Yorktown from 209 to 215 feet, and sand,

shells, and clay of the St. Marys from 277 to 288.

C’“’i?""
—QUATERNARY--SYSTRM -

[
PLEISTOCENE SERIES
L i
The Columbia Group of formations of Pleistocene age occurs as
a veneerl about 25 to 100 feet thick, upon the underlying Midegne
L
deposits in Northampton County. The unconsolidated Pleistocene rocks
are chiefly yellow sand, sandy clay, and minor lenses of gravel.
Cross-bedding 1s common in the sandy formations. In many wells it is
difficult to distinguish beds of the Columbtngroup from the underlying
Yorktown Formation except where fossil shells are present and where
o
there is & color change from yellowlsh in the Pleistocene to gray in
v Ve
the Yorktown. Because individual Pleistocene beds commonly interfinger

and are of limited areal extent, 1t is not usually possible to trace

them laterally for more than a few hundred feet.

Ground~Water Resources
v dehvS\TI
Weader 5rom ?%e-Miocene Fommetsicons-
The two deep wells In the county have failed to note the presence
of good water-bearing sands at depth. According to Sanford (1913, p. 246),
at Cafe Chnvles (90, Tokle | &
the driller "found no strongly water-bearing sand between 40 and 1,520 feet."
The well was never put into use. The Cobb; Island well (180) was abandoned
because when tested it produced only brackish water.
It is entirely likely that even if water in large quantity could be
produced from the pre-Milocene formations, that water would be brackish

and of very limited usefulness.
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Water from Miocene deposits

e

(e w
Calvert and Choptank Formations

(‘,0
The two oldest formations of the Chesapeake Group are the Calvert
v ,
and Choptank Formations. So far as the writers are aware, no wells in

Northampton County are known to tap these deposits.

St. Marys Formation

The canvass of representative wells in the county lists seven
wells that tap water-bearing materials in the St. MB%?S Formation. These
range in yield from 15 gpm (43, at Bayford, 2 inches in diameter) to
275 gpm (9, at Exmore, 8 lnches in dlameter). Substantial yields were
also cobtained from two of the other 6-inch wells; Li b, a public supply
well at Nassawadox, ylelds 150 gpm, and a school well at Machiponge (SM)
is pumped at a rate of 60 gpm. This may be substantially lower than
its potential capacity.

Comparatively smalld# yields--up to about 30 gpm--are obtained
from wells 2 inches in diameter (43, 68) and 3 inches in diameter (Lka).
In general, supplies of about 25 gpm can be expected from 2-inch diameter
wells from the St. Mary;/;;rmation in Northampton County, whereas some
assurance of maxlmum yields of over 100 gpm would be afforded by properly

developed wells 6 inches or more in diameter.

Yorktown Formation

More than 90 of the wells canvassed in Northampton County draw water
v

from aquifers in the Yorktown Formation. Most of these wells are 2 inches
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in diameter, and their yield averages from 15 to 25 gpm. Three wells
3 inches in diameter (3, 4, and 89) have yields that range up to 100
gpm, and 4-inch wells (13, 1k, 6k4) yield up to 200 gpm.

Well 93, a U-inch well 175 feet deep drilled in 1927 for the town
of Cape Charles, was reported to produce water "with some salt," and
was abandoned, although it had a substantial yield of 110 gpm.

Two 8-inch wells (2, 10) produce 310 and 200 gpm, respectively.

One of the town wells at Eastville (63) formerly pumped 75 gpm
from fine sand and shells in the Yorkf%;; Formation. However, although
it was reported to have a maximum yield of 200 gpm, it was abandoned some
years ago because sand was being drawn into the screen, perhaps because
it was pumped at a higher capacity than the capacity at which it was
developed initially. It seems likely that the well might have been
salvaged by installing a finer screen, followed by careful redevelopment
or perhaps by simple redevelopment.

o be
Well 31 at Willis Wharf, 1h2 feet deep, was reported.ga4flowing

at a rate of 28 gallans per-mimube in 1948. The effect of loading uﬁ~§j

v as
sme tldewater # apparent lamegg. in that the flow was less at low tide.

In 1946, well 83 b at Oyster flowed at a rate of about‘if?‘gazzgn per minute.
In a 271-foot well (76) at Cheriton, the driller noted water-bearing

beds of sand, shells, and gravel from 110 to 125 feet, shells and coarse

gravel from 158 to 164 feet, and shells and silty clay from 177 to 190

feet below the surface. The ylelds from each of these zones was not

recorded, but the mlddle zone was reported to be especially favorable.
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A
The 8-inchAwell at Exmore (QL{'

CERAeassbansdy nad the highest
tested yileld of record in the county and In the entire Virginia Fastern
Shore,f.;t the time it was drilled in 1950 Wﬂé yvielded Th6
grm with a drawdown of 37 feet at that time. The well draws water from
coarse sand and very hard "shell rock," in the Yorktown Formation, from

165 to 184 feet below the surface. Its present pump has &a capacity of

310 gpm.
'V
A much higher yield from the Yorktown Formation--645 gpm--is delivered
by well 92, one of the town wells of Cape Charles; thls well has the highest
operational yield (as distinct from tested yield) recorded during this

study for any well in elther county.

k~§ In summary, the Mioceggrdeposits, especially where they contain shells,
yield water copiocusly to wells in many areas. The wells are commonly less
than 200 feet deep but a few are deeper. As In Accomack County, however,
the lenticular character of the formations makeP{; inpracticable to predict
whether or not a new well at & particular site will provide an adequate
supply of water. It seems advisable, therefore, before planning large
developments, to jet down a few small-diameter test holes prior to drilling
permanent production wells, 1in order to select those sltes promising the
greatest yleld. Samples of ground water for chemical analysis also should
be collected to Insure agii?st tapping high-chloride water which is present
In some places in the Miocene.
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Most waters (except those few that are brackish) yiesd~water—thet-is

of excellent quality for irrigation as well as for most other domestic and

commercial uses.

Water from Pleistocene deposits
Many rural homes and farms obtain their water supply from shallow
dug or driven wells which tap water from the sands and gravels that
v

make up the Columbia Group of Pleistocene age. The wells are commonly

2 inches or less in diameter and most of them yield less than 5 gallons

per minute. b/, .4h“+

In the group of TO wells tapping the Pleistocene in the countxhwere
visited during the field canvass, four are pumped at 25 gpm or more (wells
33, 36, 128, and 177). Two are irrigation wells, one (177) is at the
Cape Charles Air Force Statton, and another (36) is & school well. The
latter has the highest reported yielq>{37 gpm;;from the Cold;;ia GrOub
in Northampton County.

Considering the availability of larger quantities of water from these
beds, there 1s little doubt that large=diameter wells equipped with pumps
of greater capacilty might yield 50 to 100 gpm, or more, where the water-
bearing material is coarse and there is a minimum of interference from nearby -
wells. It will be recalled, 1n the description of ground-water conditions
in Accomack County, that the highest recorded tested yleld for any well

in the entire peninsule is from & well in the Pleistocene deposits. (See

well 115, Accomack County, Table 8.)
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Locally, as in low places near the shore on the oceanasid of the
peninsula, prolonged heavy pumping may induce encroachment of the sea
water into the shallow ground-water reservolrs. Thils would occur when
the water table was lowered below sea level and the hydraulic gradient
(slope of the water table) reversed. With the water table sloplng towards,
rather than away from, the land the flow of water would be landward. So
far as known, the shallow Pleistoxgne beds are in hydraullc continuity

a‘\‘ w:&y
with the oceanawater offshore.

In order to prevent, so far as possible, the encroachment of saline
water into the shallow ground-water reservolrs, perhaps the most dependable
arrangement for relatively large withdrawals of water fram the Plelstocene
agyifers 1s a battery of small-diasmeter shallow wells so disposed as to

intercept the maximum natural ground water flow from the land to the sea,

1l.e., roughly parallel to the shoreline such wells could be =
L
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driven, jetted, or drilled, and should be spaced as widely apart

as possible consistent with the requirements for unit operation.

It is believed that under favorable conditions on the order of

a million gallons of water per day might be obtained by such a

system. Such an arrangement of wells is in opera-t':ion in forth-
N

eastern Accomack County for the town of Chincoteague, whish-is

discussed in the chapter for that county.

233



QUALITY OF WATER

v v
Water from Cretaceous, Paleocene and Eocene deposits

As stated previously, no wells produce water from deposits of
Cretaceous age in Northampton County. The only wells that obtain
water from the Eocéé; deposits are those on Tangier Island in
Accomack County.v/Ihe chemical quality of the ground water from the
Cretaceoﬁé and Eocene deposits would be similar to that obtained at
Tangier Island (183, Table 11) except the total dissolved solids
would be greater nearly everywhere. Water from that well is a soft
sodiumApicarbonate type somewhat high in chloride. The well at
Cobbh Island (180) Febie=24) yielded brackish water from Palegg;ne
deposits.

The high-chloride ground water in the deeper aquifers iy,the
eastern part of the Coastal Plain has been attributed by Sanford
(1913, P. 114) to the presence of residual ocean water, which sat-
urated the sediments during several post—Cretacéggs marine advances,
and which has since been only incompletely flushed out by the east-
ward migration of fresh artesian ground water from the recharge
areas along the Fall Zone.

The high sodium*chloride (and sodiumeicarbonate) content that
would be expected from the deep aquifers would therefore largely
restrict their use to cooling and to certain other specialized
applications. Use of the water for domestic purposes would be

precluded as well as use for irrigation.
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Deep somewhat saline ground water would be more economical to
careful o

desalinize than sea water. However, wgorcuo—end—nmb&hg;m develop-

ment of both shallow and moderately deep ground waters is at present
a f£¢¥ more practicable approach to increasing the total available

supply on the Eastern Shore than
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desalinization. Further, there is ample opportunity for increasing
ground water retention and availability by artificial recharge in this
low-lying province in which a sandy cover is everywhere present. Such
practices are already being carried out on a small scale by farmers who

have established the "irrigation ponds" mentioned above.

P

Water from Miocene deposits

v,

St. Marys® Formation-

Chemical analyses are available of waters from three of the seven
S,
wells recorded that tap the St. Marys Formation in Northampton County.
Well 9 at Exmore is 295 feet deep and yields water that is very

high in chloride, 69ot_g;;ts per million\). (More then half the sodium is
present?iodium chloride, the remainder as sodium bicarbonate. ILess

than half the blcarbonate is present as calcium and magnesium bicarbonate.)
The origin of the water is obscure. In chemical characteristics it 1is
similar to water in the Eocené/and Cretaceous beds elsewhere in the Coastal
Plain (Cederstrom, 1946:}). Thus it may have migrated eastward beneath

the ?ay through Miocéﬁ; beds or initially through older beds after which it
"leaked" upward into Miocene beds. Possible movement downward from surficial
beds seems somewhat less likely.

Well 29, 2L0 feet deep, at Willls Wharf, half a mile southeast of

Exmore, yields hard water with a chloride concentration of 101 ppm.
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A 200-foot well (43) at Bayford is reported to yield "salty

v
water" from fine dark gray sand in the St. Marys.

A comprehensive analysis was made of water from a well at the
Northampton~Accomack Memorial Hospital at Nassawadox. (See analysis,
well 4Ab, Table 16.) The well is screened in both the Yorﬁggwn
and St. Mary%fFormations; the generally excellent character of the
water suggests that it is derived principally from the Yorktown.v/
It is a moderately hard calciuﬂkbicarbonate water containing only

176 ppm of dissolved solids.

Yorktown Formation

v

Waters from wells 160 to 200 feet deep, tapping the Yorktown
Formation in the vicinity of Eamore (12, 13, 14, Table 16) in the
northern part of Northampton County, are moderately hard bicarbonate
waters. Bicarbonate is 120 and 194 ppm in wells 13 and 14. Chloride
is low, less than 20 ppm; nitrate, sulfate and fluoride are all low.

Well 39 near Nassawadox, also in the

f R ]
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northern part of the county, was jetted to 90 feet and yields
water with a chloride content of only 10 ppm and a hardness of
72 ppm. Although not determined, irom apparent}y is .a problem,
as staining of clothing is reported. Fluoridg/ alihevgir-trested,
was not debeeteds Qr“"\* in 4he Aauf‘-(c e TR
About 3 miles southwest of Bridgetown, well 51, 98 feet deep
andwbappingeehrevlorktovrPormaetbon, yields water with 205 ppm
of chloride.‘ Its location near Hung?rs Creek suggests that there may
be local hydraulic continuity between the aquifer and the brackish

water of Chesapeake Bay, and that this may contribute to the high

I

[
~
chloride content. The moderately high nitrate (4.1 QQLES) in

the water from this well might be from organic pollution, although
it is a driven well and pfesumably relatively safe from such pollution
from surface sources. This well is pumped at a rate of only 5 galloms
per minute.
At Eastville, near the middle of the county, an unused
ﬂﬁwva

146-foot well (63) in the Yorktown yields water with a“low

chloride concentra%ion of 17 ppm, and a dissolved solids content

of 145 m " '238



Two cannery wells (75 and 76) that obtain water from the
Yorktéan at Cheriton, near the town of Cape Charles, are 170 and
250 feet deep, respectively. Water samples from both were low in

Ppm, Ane StXEVY tn Wasgr
chloride (22 and L pasbm, respectively). 4Nitrateﬁ‘rom well 75 is
5.3 ppm, pointing to the possibility of organic pollution. About
2 miles east of Cheriton, &t Oyster, an old flowing well (83b),
reported to be about 150 feet deep, yields a moderately hard

calcium*?icarbonate water which is only moderately mineralized.

Dissolved solids are 177 ppm and the chloride concentration is

18 PP - A Y ﬁ'v’fd _ﬁ‘ jod VB

n CRF¥
17 C*F

Near the 8outh end of the county, a 65-foot well (31) at Fert-
Custis, near Kiptopeke, yielded water with 24 ppm of chloride.
Other constituents are low. Water of similar quality is obtained
from well 151, 91 feet deep, near Townsend, 3 miles north of

Kiptopeke.

Summary: Ground water from aquifers of Miocene age tapped by most

wells in Northampton County are commonly high in bicarbonate,

averaging ..

S N
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about 165 ppm. Chloride 1s generally low, less than 25 parts in water
v

from most wells, among wells tapping the St. Marys Formatlon. Most

samples from Mioceﬂé wells are only moderately mineralized.

v
Water from at least one very deep well in the Miocene in Northampton

County is rather highly mineralized.
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Water from Pleistocene deposits

In Northampton County, 35 shallow dug or driven wells tapping
aquifers in the Pleistoceneroluﬁgia Group were sampled for chemical
analysis. (See Table 16.) These wells range in depth from 12 to
82 feet and average about 30 feet in depth. In addition, two irri-
gation ponds obtaining water from these deposits were sampled
(Table 17).

In the northern part of the county, wells 1, 21, 40, 42, and
48 yield water ranging in chloride from 21 to 79 ppm with hardness
ranging from 42 to 165 ppm. Fluoride was not detected. Water from
well 21 at Wardtown was found to have an unusually high nitrate
content, 25 ppm, indicating that the well is probably polluted.

A1l waters except that from well 16 were reported high in iron by
the users. The moderately high chloride in these well waters and
in oiseee well waters elsewhere in the county noted below is believed
to be derived largely from contamination of the shallow ground-water

body by infiltration of salt spray from the ocean during storms.

(See discussion by Hem, 1959, p. 107-110.)
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Well 46 near Nassawadox was jetted to 82 feet, and yields a hard
calcium\?icarbonate water with a chloride concentration of 24 ppm and
a hardness of 140 ppm (Table 16).

s
At the north of Fastville, seven wells tapping the Columbila Group

(50a, 52, 55, 57, 58, 60 and 66) were found to yield water éé%%%g?chloride
content ranging from 11 to 63 ppm. Fluoride in these waters averages

less than 0.1 ppm. In two of these wells (55 and 60), determinations for
nitrate and sulfate were made and found to be low. Hardness ranges from

ol ppm at well 60, in Kendall Grove, to 138 ppm at well 58 near Eastville,
although the hardness for the other shallow well samples near Fastville (66)
was only 60 ppm.

Iron 1s very high In some waters from Plelstocene aquifers. Water from
wells 21 and 55 contaln, respectively, 5.5 and 5.7 ppm.

High nitrate, 36 ppm, strongly indicating organic pollution, was found
in the sample from a 22-foot driven well (70) 3 miles northeast of Cheriton.
(See Table 16.) Another driven well (82) yielding water with high nitrate,
37 ppm, is at Oyster; sulfate also is relatively high, with 46 ppm. Wells 97
and 111, near Seaview, yleld water similar in quality, with moderately low
hardness, and a chloride content of about 10 ppm. For one of these wells
(111) sulfate and nitrate were determined and found to be 48 and 6 parts
respectively. The high nitrate strongly suggests organic pollution.
Bicarbonate in the sample from well 111 was very low, only 17 ppm. A 25-foot
well near Townsend (136) . yilelds water with 96 ppm of hardness and 37 ﬂgﬁgz

of chloride. Fluorilide was not detected.

2he



The two irrigation ponds sampled were found to contaln water of

moderately low mineralization. (See Table 17.)

glkheummﬁayy_g@out one-third of the shallow wells in Northampton
County, tapping deposits of the Pleistogéne Cofi;bia Group, are likely
to yileld water with more than 30 ppm of chloride which probably originates
from infiltration of salt spray from the ocean blown inland during storms.
In general, the chlorilde concentration camnnot be predicted with any

-

certainty before a well is constructed. Some waters are iisgf. klﬂk In Iroh .

Iocally, nitrate may be a problem, and unusually high concentrations

were found in water from several wells tapping the Columbia Group.

Summary of ground water resources

in Northampton County

Ample supplles of ground water are avallable for the present and
immediate future in Northampton County from properly constructed
wells. A few wells ending in Miocg;e formations yield over 250 gpm and
one well in the Pleistoceﬂé ylelds 200 gpm. For all ordinary uses the
chemical quality of the water is generally excellent but hardness, 1ron and
chloride are obJectionably high in 5&5@‘%:11 waters. Water from wells
deeper than about 300 feet may be excessively high in chloride. Drilling
of test wells should be considered before large permanent wells are

constructed.
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WELL RECORDS AND CHEMICAL ANALYSES

Records of wells in Northampton County, available logs of
wells, and chemical analyses of water samples are given in
Tables f&, 15, and i% on the pages that follow., Chemical
analyses of water from two selected irrigation ponds in
Northampton County are given in Table 17. For locations
of wells listed in Tables 14 through 16 see the map of

Northampton County, Plate 4, in the pocket at the end of this

report,

2u# —245



. *1sanad o5 o3 pus - - - .
ot WeaZ W *THR0N I Sesneq 3 ..ﬂ&.ﬁ., al et L - { wnrel eascod 2 651 £ [1] el op Juot vav xvld - i .
. Jing g *3 -
3 s STaval wary Syt “eswoy § -.3&8. al st e - wx GAOLYI0K saeoonid 2 19 £ (14 o6t V3005 2RO o - -
. o8 °¥ *iPod FuyTIed aedisd *ag i
¥ A002, TE A08 Puje) Umgenl ‘eTsATeov seg T gt a= | - afueam sascohd ¥ | sLt| @ s¢ L \]
\ ol ceysiie uu.n_ . ryuad *¥ % *o) FuyTrieg w100 WO *og 1 S
CT| TIoR JSTTUTS 00UV whwmopenl ‘sjsiiwas I{ o» = \v\\\. UROAAIOL Ll B 9T a s¢ otel 23 ) i w
- 3 wooord 9 oz "¢ sz oost *d10p efuaoas misrens P !
b T : o i .s». ™ P 2 asuany ©v30] Jeurng *3 °r| sxmay Jo sy goo| TX T
T STosy STTNWOO 20y a (=) | duof® syawne0| suwoorsteldl 1 | 9T-ZT 4 [ et | :
cwdl dund e souI ‘*0D Tiem !
O£z o POTTIX 002 Vv Puy Soq 92 ) . Gwieegdy TwwIuegS| ] °sg KA1 |
OI} <mJv WWpARIP JO *4J 61 *~""wywg ‘For 1] ox [+ - ﬁt unoy 304 ;eoond 69T | vol [ [+ uw
SgoT3EETINIUO0 MITTES Juitverduy JO SSRRONY v N . o 0 , :
Q.ewﬂn% N-Hhﬂuu ﬂumh-!hﬁﬁm mwoml w| sz - Q shewy 3§ wsoond & £62 a s2 2v6l | Tion Y dwnd ) *sg 7 ;
*ouI “*e0 TIMM . :
*paxowd (easxd *wdl ooz Puydend *say , aeFeeply WBTVUISE L] < 7
8] vz T Cnopraap 20 *3J G Wmageng ‘et 1] om & En.;:::qu {1)swostord OT-91| oL ¢ s2 ‘ﬂﬁ T —_— |
) - |
i w Lawieg °y amer *oq L
[ I| ost - @gﬂ wevony -9 | o€2 a 3. 6l | TIen ¥ dand oup<s| L 1 , “
.I.sa.ﬂl- 891 £ €2 orel [ ] Athwg A o [ ] :
o pae Taavad woag Inw O[T wem § oyl af Pt w | "g.xkh 2900 2 :
o o s sataod "1 *« s -
§["wdd of Purdund *saq p JNAJe wpARIp 30 AF Y| Q) <91 ree . iaﬂﬂkv - ¥ason 2 89t Iy s2 ool - .
Slaanal 0600 Wiy Jeywt STIM ' ones - Y .
¥| oon ex03e exo pUW seIn0q oAl °*3Jos peraodeyl | o 2= P i WnOINL04 ,meond ¢ 1 £ [T orst op a0qI0H
tasnal woal amw . #3005 Uyo[] UTRSTOH i .
€] *¥0f AOMS saowax 04 2561 U ouil dumd perrad] G o€ | _ h TARRL0L PRl 3 691 N Iy [+ oret Lot oy o
STACDNRIP 30 °V} L€ TN WX gy - .
g stont easss wraaot ot wos| si| om | vem T .D."ELS_, seeond @ | oz| @] 6| 61| ®e0 owueTav-eutry s10m 30wl | UL AG sy ok ST T
2%33 €U °33 08T-091 *we 7 =T
sqaep! sxeey *H qdesos Haun proogad P W L0 X .
1| *1 99 **duny *congeng Ysisirwre sesl @ =) 7 nﬂmb:nl:a - weoossteld  JT A4 ag L ore6t wmies 3 4
| =
R - > » m % > ]
[ 7| §|Ef HAESERE I e
" ; =N F] 2 .3 J3)jube e o b4 Yy
! / x ~R powwe 2o s s L m N}
2| F | &R yun oy | o | 2| s M
8| 5 |8gg | cmdulpeng 2 2 E & sma Juvoe 20 uNQ | -
bt ) v R i| = e : m
K mmm = | 2 m i i
~ 4
m, ﬂﬂ. au0z Jupwaq-inea jsdpuuyg w. . = . i
| -i| g
e \-\V\ﬂl\\C\Qﬁ-\t\‘\aﬂllu\\.\\“ - a«.s. 7 v »;.ﬁu - ‘.‘.. %

P . ﬂm.muwbhwmpo “npo u.monovd.mﬁm.mh.ww.ﬂwwwww unmm

: . . H TaIT *IIT [RTIZFSTLUT :
nuw@dﬂhﬁhwuoohwwwwlnﬂwwmmmmwdwwdm.mumm 84 foopamEfrEIT vomumm ip unwb.m.ﬂm AT ‘POTTIXP °C
. | T

ermSay ‘Ayimoy) uoldweyjuoy W sjpEM Jo mmr_oooﬁl...ﬁ\ 1 2L

.no.ﬂudaumw ‘uy t309TM JO 9B

nh.nm.mnm, ogrqund i gl 8

0




e

simBm ‘Ajuno) :3.&5647.02 Y S[[3M JO SPI0IIY— ° % [ IqeL,

a ¢c0?

OoC

> .
g le p
65 [STTVIE  °4 (19 ‘cdwal “Twreel ‘sisaniuv o0 § v (=) k k unoINI0L " wascom| 1 o8 r o et %3005 uger ey *g uqsl xopwavsswt Jo il *w 2| es
USIINOO] ST -
% 39 STTOR IVTIWIE sATd Saqeek Py 005 1| @ ot~ \cjmocereterd| 2 o £ w » r\w.wa,\W we3ets ‘g wt
- ) ;
[13 al s1 4 od NN UROIAIOL U 1 T 4] Iy oz 161 ae330d °L *u qusef Jmis o M *tw LY L8
= .
L Sijos yemaedey; o4 | g 2T~ | 7 duoad wiqampeg | suscojsyend] (12 r s2 wet 00§ ayur Toouos samaxy 3o § .1* [
" “1gos puaduil 5 @ (=) -~ l W3Rl - . smeceny, 2. | 29 r o2 esel IR peud I0TPEVE T °A sTitasowss Jo AS *Tw 5o of
*Tavs? wouy Jmea °3J 1T Jo s|iep c .
€E| 3% *WOTITOOT ST AV S[ISR MTTu(s JeUye ON) 1 (=4 t4 ol ~ dnogP wiqmnyed 20003 ST 3 - £ $2 0561 $300§ uUQos *soag Jsaism] ssomxy 39 § *mm 5°N £E
- .
-4 ~A—egend ‘Jor ve5 0 &1 €= . l wnoaRIek o WO 2 o2 £ t w6t |- annd °f *uw saeey sonag JIeg STTIIA J@ § °W n.g %1
« .
u OPTL AOT A% SeeT TPIOTL A0S pesusdeii I sl eeoU | W wosnaek | . csmecomil §2 | 2t ) et frsng ea =
[ SITTONW pav PUVE 06Iw00 WOXF JNWM| T | €2 | o (i1)smpoorsyerd| 2 s6 r ot os6T 300§ ayor D) °1 °T *sq [ 3
62 eeBlIanl ‘sysitesw segi I p .\m\ shaw °3§ i - emecold] 2 o2 r 9 ocel L3200 o *oq [~}
| I| <€t ©@ . m‘ WNOARIDL 7 eoueoenl] 2 09t r 9 1939 o *s0ag paIeIIvd *eq <
. *pres s8xvoe ) - -
wol} Jmysn  Sumopawtp STIITT K cdesy c . -
921 33 €8 WOTIWOCT STR 4V TIA J[VWIE Jemaowy| @ ST [ 7 deod® eyqenyed | -smecoysyerd| 2 1] r 4 6 or6l op souTryd %) °d L [
2 *wdP g2 Purdund *ay 1 Xe3jv weoprep Jo W1} G| €2 - u\ THOIRI0L © smeoon] 2 [749 r 2t et op I %4 *sq -]
sy weay ) : ! . ’
92 9% *POTI®] WOTIWOOT STM 3¢ [Ish mOTTSIE| G| #l 9= (s)sasonisterd 2 66 £ 8 el L] suteod °§ °f (4 *”2
ks i
[~ *sesuoy oom sefrddngl  a| deT [ (msocrsiesns 2 s6 Iy ot [+ 74 L] STTA0U STTTO Jrvm STITIA | &2
e N
z *3jos pryandsl| 10 eTn e~ : .u\..:suh» Lo WeOBL 2 o9t r o€ 6T 33005 wwos [UgfIN)) o Pemerres—e X0OTPYR 3¥ eowxy Jo § (T |22
- - N
w *4 o»9 ‘odmag “emgen] ‘srsireav osesi a4 v it= | . dnad wyqempen " w0yt <1 [-4 ag €2 erel STUDIWIS WUTTTIA| stfams *B AxvE STn0IPIW 4% ‘esemr] Je A W E | TR
oz cTaanad Jo *33 6 3o @sIsu0S IasTubY| G 91 re- - m\ RROVAIL ool 2 91 £ s2 6v61 %3005 Tyor wnpanl Lasen *eq [ ]
- P
*wip ot Peydund R E_ ’ 3008 .
6t 20Je TOpRID Jo 4F y  Ssesmoq 2 setpddag  a| @9t - . k "A0AxI0% - W00 2 (42 r [+ Qv6T | UWOL PAw wWOsImY °n uen0 LT *sN AU &\W scomy 6T
=|_ > | FS =] -3 » 7]
v § |EE AESEEE I r-
e 3 .d )mbe ale m = s d .4
n M - a - e "
s | §F 335 T x| T8E| & N
£l 2|3 L yun a}Bopoan . . 1 I |
s 5 't ANydulneng & £ 2| s8 i
N b abia ] = - ”NA n = H . m g JIRUS} 0 s -mpeey e
s -~ L3
£ |3 - =2 3F
~ | % F |- t:
- | n_ru- w0z Buuwaq-aajea [edpuniy a = .
¥ -8 2
- -
. ]
ety Nﬁ&.\%&@x § '



ﬁ,:a., O SO

Ce

e

G

O6& |

~ z ] -
3 og UL ‘edwel "Vmwryeg ‘sysfpves oogf | gt (=) | 74nosB wiqumied |/ susoorsyend| §1 2 £ 52 o *aq =
“J 61 1
3¢ 300 poa dand ") TOE=162 W ‘0p2=kI . -
L3 f02Z-01Z ¥¢ o8 uesD§ ‘Por e, S| 09 = - l shrwl g / WOy 9 43 a sz (334 L] 10008 *oq *®
DSH -.8 .
© *vg T18n 107 eToq ys8] VUL Poy seg -~ N\ Lo E RN 7/ oW o a &2 €S6T | Tiom ¥ dand Joupkg oToH ySe} Joupkg oJacdyony | 567
g % : " odaon
-3 FEerer ‘stadpene sesll g o~ dnoad wiqmnye) | vaeooysyeld| 1 *T | AT w Asesary rytauelyy VRITE Jo I8 ‘T ST |26
® "4 oTY ‘tdmal A—Twpeul ‘eysdTenw eo5is fa| s {-) - w\ uno3RIOL < susootd| ¥U | ©6 * Lest $uo I °T A esnTomm v uncrePyiad Je s Wt | B
(1 3 *sesnoy 2 .o.S.E:m a [ - \VN wroIRIe% L, WeOR e ar’| ¢ s2 0a6l ae3a8g *L Sy L2 WwmIpIE JA 6
1z
- 4 (59 *tdmel Femerqed ‘syeipvay vos| {=) | —doodF exaumyen  meonansld| ¥t L3 ag € 8r6l IFORTL PLOTd °§ PIVIOTY oy ofeLg | eag
‘pavs 99Ie00 WOUZ Jnywy  *wmd) . . ) LR B
6y} ST Butdumd *8xq g I03j Gnopaeap JO ‘33 Gwae§ Q| €T 2= - K UROIRIOX < meooTHl 2 8et Iy 0k 661 83005 ugor PIOA ) | weTie] Jves ‘xepwnesswi 3o ASS ‘TR 2 | e»
4 %d 489 ‘dwal Wwmagasl ‘sTsLTvav 005§ ‘g 4 L= L tres VIQER[oD | mooo3sTALd| §L a Ag oz 6£61 TIg ya0q108 I03mny *°3 woayy sAoyxaeal Jo K5 ‘T ST |ov
4
tr SPovs esrvoc-wodg JedwA| G| ST - l wnoiRaok | jemeoomdl 2 | oL | I 6 ovet | 33008 wyor wolrvg °1 3 ¢ ounoywRay Jo § T T lLe
. TN = .
ov| ToS pues woal Jaaw Acewspeal ‘sTsdTEUR seg b 4 - dnos3 wyqumyoeo | / suecoystend 1 4 2e £ [+ 3 w6l 03 Jequr] woydweyson xopues Sy | o0
s¥| *wi¥ ¢ Putrdund °eaq ¢ J03Jv UnopATIP JO A Fy| O 0T - (i)ouscossyerd| 2 w r [+ 3 61 3%00§ URoL S15am35 °f *xM *ag unoyssd |y
\ ‘
BN wwwmmom
PTTI "33 00 BUY 37 09T userdoq susars ~ 5 . . - Aoew e !
.. 2 ok
@v xif “wamgpaal *97sATErS Senafonl o1 weg| sS4 [ 1 = \v:@”&uﬁf-r&;&«ﬁ / ®weooRl! 98T ¥0E a [+ 3 61 90 OTITTIV vl l.doumsdﬂkoh
wy “esn WY 30T ‘eT0q 386l agial ‘Pt eeg “t Ll jomeoomd ¢ [ go2l I oe w6l op E&\\ xwpenvsrw oy /!
*pues Lvaf xJep Y7 WO Joyws  *pedmnd . - |
[ &Tpaweq wonn puss sdung  Csayles pepaedsd| G| sl 2= - w\ shawl *3§ Jmeconwd 2 o002 Iy L 6l 33008 wyes ssuop 9730 Mo | o
Y “f SO ‘cdwel “emupgusd ‘STS{Twry 305 Q| ¢ st \aan.\:aﬂna oU00STIUL. 11 81 | au o rE61 TISTI T *T xoTY pro)ied jo i YW £%0 |20
(1.2 *3J08 pegaodsy| @ =) | - oo einmed |, smcosrend 1 or ag 8 V6L | wemdiesd °r %D smuled °L % Nowe5 JMTIS 30 § *W %0 AW
Iy Spaes WMIPON WOXJ J03WM  *SUTY®O L seladng al et fe 3 e l UMOIRA0N s WeooW| 2 (414 £ 8 661 23005 ugoL wrees oW %@ qowed JUTTS W
I+ g ey ‘ST5ATETS S0F [ X \nso.% sjqQumyog | 4 eudooysteld’ T 12 Fi4d ™wel BELLWOS °C sewss souxy 30 S *TE 2 [O»
= » {F2> ] | = = o]
t| § |EE3 AR I .
e | 2 a3 aa)inbe B -] sd H
= % R aIve 30 aze -3 e .
= 5 P ® e £ “ (e |
21E BT s | e |2 5|2 (HE] :
Y > s | dwndeasy ES [
oN syrvmay s <8 “ P -] = m.ru m pEq JoTue) 20 Jusg o) -y
Ey TEs 2 a 3 .
2| F | S [y |
3 u_,m. w0z Bupuwq-aea jedpurg -3 <%
i -l 3
< -
g goew by Ayt
[ -
5 sraidaip ‘Ajanon) :otﬁmstoz Ul S[[9M JO SPI0IY— * % [ aqelL,



. ) .8
'3 mnael ‘slsiTvae oog I o \M UMOYRI0) uvooTH| YWl at a oz Jutouw) degsqep *7 °D *og Ao
" SPmppess ‘e10iTeEe o0t @ . n-!@ sjamnieo | eweoorsterd! It €1 ag ot el J0T101 *7 oog ‘ "
(73 SeyIeqt YOV YIRS W) Wi e Q| O (33 ls...ax.s» Lol I 00€ Iy o€ | . et op LoTTo¥ °4 *og «w
*uiP 497 ofvdund :
2L Tvaoy (UOTRIWOOT STWA §W STlan JIFITAS J0ie 2 I: &1 [ xu UAOLNIOL 4 000 TH| H [+ ] B 3 [ 3 ovet op ~ -l senef acsasd s | 24
i morn_: wesdesd 1
paes
W Kead AuPTT wuys woay aeua cweseoq ¢ seyrddng! gl gt - 2 worazey Jwecomdl z | ve2| £ 52| evet Woos B gp LOAL 0% L0 Jo M W 0| U
[} wpmcugftey ‘sysdyvas oof| @ 8T~ | ,._.a% sjqungo) y susooyserd’ ¥ 2z | "aa oz £ 439 *4s ‘esin D PLOITH s $qq00 3o * b K o G
) EROTE], ‘staitwre 605 @ <dnof syqungen |  euvoorejend! 1 ©” ag o 200 SITHASYI Jo § *W= §°T | &0
o9 *33 (OE 0% POTTIMI  “aofQUg ‘JoT o05| Q| €2 6= Ve ‘u‘ vhowd s | Vaioad < IENE 4 20¢ z ot d03a0d °L *wy TrwIRa 00H oITIANW Jo § ‘WD | @9
4 Spute TITYPM W) woxy xewal A vl €= PR Ainia S / wmeooT 2 681 I3 [ 3 w6t 23005 wYos syl geg oTTIANS | L9
*sTIsu«an Fupyoso .
99 (SuTWAS °d - SL ‘sl  Swe,AIAAE ‘sTSATwUE s05| @ - \es% sjqQunye0 |, suscoasterd| 14 ag [ 3 Lr6l Geenw] WETITIA wseg SIATIN J° 3 W= 570 | 99
Swopnssp Jo *y3/wld
1] 6°1T *Aytondeo oyjjoeds mwmemymml ‘Foy oof| &4 6T~ - W anR0% ool 9 m a o€ op op *sg [2 ]
STUROpHEIP JO 3] . .
(4] §°2 “Lyyovdo oYJTo0dS ohumpbgenl ‘Joy 98| &4 OO = % BAOYRIOL , el v £39 q o€ 61 op L ] *oq [
*vavs miIn FUTTTTS Gosuoy . . ‘
€9| tesm ot 30u oy Tron "weaeg ‘sysirme sef| £3| ot [ - % WOIRIOL . SueooR 9 o [{ 3 oveT xiued ‘v W oTTTAI8Ed jO unol NTasee] | C0
29 *puvs oemo0 WOy 2e3wWiS ‘T ET €= “-s wAORAIOX ;eoonl 2 341 Iy ot z61 33005 ugof| srea ueg OTlIAIe] Jo n *Im §%0 | 29
*3070 OTVEI0 AWETTS °f & i !
10| dwel Smaagevy ‘sjalivue TRwegAsT .!m e I R L * S u RAOINIOL , SRl §T el r 2 aniIed °f *w JFuov W QN&NS»N\AS& SEALIA JO D °W %0 | 19/
. A0RD
[ mESerYey ‘syskiwre 05 @ ;- dwodf) viqmion | swcomerers Mt L3 ag 61 sl UOWIVH waIep *SI{[ TISPRUX 3% ‘OTITAISVI Jo INT °Te £°2 {09
|
[- worShmyas) *s1aiTwae oS %0 (=) - k untXI0X s ®asooml 2 €6 L oz sIoqiozg #3TRN woysuces *d °r STTHASYI J» W W 6°T [ &
. ot
[ o4 o609 **dunl Tl ‘sieiiwes segis ‘Q 1= ag.w wiqamya; | / emsoosterd  F1 ] ag [ svol ™ojpeag efaces oTeawg °L W IR Jo i "W 2 i@
%5 *d 19 ‘*dua] whousgaui ‘sTeiTwre sef [ 2 (=) - 95.% wiqen]o) |, eusoosIOLd 1 [+ ag -4 Ly61 wopdml °d *i| wuwmoqmoD °F D ‘s cPuodiuowd Jo n ‘W G2 {46
*13 oy ¥E 9y jo smdep
95 W TOTIVOOT ST 3I® ST(MA JUTTEYS Qe oAl| I Q2 st | /S &5% wiqunyon |, enecoysyerd| 2 [ L sz [+ 3.3 43008 uURor|  esnogmoumsys *¥ WM oBuodiwond | 65
= »
v € |EE§ ey 2183 § =
2| 2 |g32 ‘aabe e B E L H § i
» - pamwu 20 -
= s~ » e =
, i 8 | Fis yun amooeny | 3| S| g 3] m a3
3 R g5 Jyduadpeag -3 - 2 T T
N HTmYy . x| Sgs M = 2 M g 2g JuTu9] 0 J2UMQ wopwe] -y
® 3i= a 2
E s = | it
) T | ouoz Jupwequarwa [udpupg M ~ 2
- 3 -8
] - -

s_.._.w.: A .h:ro.U woyd WeyLJoN ur sjam ‘uo SpI0aYy— * % 1 aqu],

N.w %02

o



L. SZET ‘esn U OTIOA 00 XY &4 o wmnana|  oewond 2| | | | we ” " v
13 £rT Pujdend oTTIn unopanIp 43 OTT Juve
€6 o SIS S8 MuINEc) TmmtRwL ‘el | [ / u‘ unoAxaal ; saveo [ $LT (1] 251 ” ” *eg [ ]
*wif cpp Jupdwnd ) .
26 OTION *8J £ WAOLARIITUIYNL 50T 005 5|  Gve (33 Fi m\ wtRIesL S wawoo R otz| " $2 861 ” ” *eg »
T6)  Orel YUIW! PAITINE Tien ~>~W{RW Doy ool 4| o0 o= £ \u‘ VHOANIOL 900 sot a sz 1261 | *0) onamvIiv=walw)l SerIWD odw 3o wnol *eg »
08|  cpewm smaeu foToN 1965 * mapru POy eof Q¥ ( £ dnoap Sies —o8% ¢ oz| ott ” *0g o8
. : 18" . . .
Sorz ofvd ‘Aasnmg / me r%iu . oy, *00 Wi N1ejen
66 °Tos2 *wa K TRINTING Bl FUWINNL ‘Jor ees  qv| 00T [ o Vi \‘dtﬁln . I3 o8 N ] 0061 ww W %W T ‘srudiepeTingd ‘LM setav oduwo | g9
eFTTous WOIJ xeuA *33 0f £ 3320 ‘43 . : ’ '
68/ 00C 0% LTISVSA of iswsseony Tor seg 1 %a| 1 - ’ k E.uoxuoh 7 wasd0op 2 Q0% L ot ) Ul epaoen setaw odw) o ;M *tu so0| o8
h-j TPIVE 04IW00 W3 INW @ (314 [} o , W anxI0x y meoey] 2 set I 3 13600 zyer prerreg 2000 Jury jo P ‘xuvd x | LB
TN v
PUS PUVS wodg <ewp  *Jegaed Ly perTTap
W0 "33 ¢ET TOQ ‘uoyymooy STMm 4w ST L p
% JRTQS oMo ol W ‘sysireae o5 1) w3 | meely| \w‘ oL # meoony 2 o1} ° s oret $300§ ¥, Teenrs U *eq [
(] preq posaedey| Q| (=) P w‘ —AOIRIOL s ®meoond 2 $oT 4 s Jopaod °f *wy el "1 g *eq -
*STIOTE PUY TUVS WoQ MW *VF 5OT . . -
TOR *HOTITOOT STTA 4V STIA JeTTWIS TITO - u-ttlL .
ve| el o eTqwl. .5..»11 t G Py e 1 ®mot3 a\ TAOYRI0L 7 ewmeon] 2 $6T I ] Or6L | °f *wn TUw sRnd Qs °v °d *eg ”
. .
gi doep 43 €51 .&J m&ﬁli § | ey ug moyxzel » Swmoey T Ka)ose $ . . o200 lecg
L8 TISA JNTIETH DMy Seweiqwl ‘sjedTwe sos| Il o *] o woanaoy ;- 2 set £ s orel amang o5 v Apvsooy eTTIAIRID Lo [ve
28| veigesl ‘sTeiTeay s % 2= n!% FIUATOD | . SUO0ISYY u [ ag fad Srel a0TANg *L WVITTIA 2o Jo A "I C%0 | 28
*opTy Y £q pesssco TTeM_ *opRY
T8, . AOT 4% 9007 SPIOTA Lawtwpel ‘sTeiTwe [\ [ L uu TROYXI0L / 3800 2 28T | (4)8 ) (d)ovaoqou 04|
os STI¥S T} WOLT ey q I~ W UnOIRI0L e a.ii 2 62 I -] wet A0LIND *D *og [ J
[73 SSTIORY PUV PUNS MOIT g a » (=) ‘ weoya0l oo 2 662 £ [+ ] seuep *eq [ 3
o *3jos pmaodey @ © (=) - l TAOARI0L / !oo.L 2 |- 20 £ oz el IMa0d O ‘wn uosyey Tond *eq n
Ll sz *d g uloTIng woxy cznqe] ‘ot eesi§ (=) | . .?.& IQWMIoD |, W0 2 €9 ag oz sasqyoud J, sremyog N *og F’ 3
*ouy “*0) TieM ¥ e
[ L - [ 4 1 (=) 7 l THORRIOL ) W00 u2 a o2 or6Y | Azeugyomy wimiBai| Pupuuw) aejsqem *1 °D wATIeD L oL
=] > | 3 =] Y e U
AR L] | A AR IR 13
- Fryit .
e be =
= 3 M\r“ powwe Jo s s e . hd
] ] "+“ Mun 2 & u m 2
. M H »T JjBoj0en ° P .
3| 5 [3gs| cwaidneng 2 2|2 |gs] ¥ _
N bt - nuu.u . m.n = : L M g JUTuS) 30 INAQD wopyewr] -l
’ ¥ Ny -~= ) . . . ;
£ A B2 (TF
3 |_,w| W0z Buusvag-aajea edpuug e
] S K
- . -
R |
p !
]
t .

amﬂ.m.-_ A ‘Ayanon) co.lEmeoZ Ul S[[9M JO SPI0dIYY— * ¥ 1 219=L

02

[y



[P P

[,

s .oty ‘sysdTeve [ [ = | .!...%.2.38 Bhmastadie 119 oz ag o neted pavied fneted Py wpiodeeD 30 X *wm go| cTT
Pe syes pogaod q] - ; Asfﬂ QU0 | | suecopste $1 L2 ag o [ 439 300§ °3 *Y) STIIASAW 3o it *pu 51| 01T
L3 Jemyjes Inyw .-JU a es.% amyeo | / !83.1& " 2 A0 o - 739 vy cu suosIed *§ *D| *og (444
I *ervek 3 Lrese sarpes oy Lives a ] / 9nadd wviqumto,| femcoeystend §T | o6 | a0 o 26t waogog wy “aogog BRI oTTReID o ek *tm 5ot| 212
haad O LL0 ‘*dway Acuwaganl ‘erslivm seg @ B gz...% VIQWRToD | ; w8003 TN 13 [A9 g e | oot WOPTIA YO ™e'a 7 el oTTtaodw) 3o DI *w ¢°1| TIT
*poq TTeT L
woa3 xeywp  *pue uedo iuesius ey *puod wety z
OT S Tast Ttvee sotrding ™rwwgumg ‘sysd(eoe oog *ag L ¢ / w} wnoyRrog ; 0o F] 194 NI 4 14 &6t [ ] L] *eq o
*poq TIoRe - ’
w3y as3wn  *pe uvedo fuessns of °pucd woTy =
SOTPeRTaS] TTvs sopddng ““.cxumpqel ‘sysdiwue seg & oz | U F W unoIR0x { easoo H o1 3 4 w6t L] . %eq [
*13 SET 0\ POTTI. 33 e Z - Ae8D wITAMATL PO
90y 09 Vv Peq ()00  °CTTI~60Y #% JeJiube swng Q| 9 L o / w unoyxaog / w0 2 s2t fy w 61 30330 °f *w suweIed °{ *D| o Wnow Jeeu ‘eptedved F5 Ml *wm 2| WOT
. “#. .
nj Swwmgen) ‘sysiremv oog  q ;- duodf wiemngoo| , sascoysy | o | 4 oz| orél - oz Thogg PR T 7o ux e 57 LK
[ 8)¢ SPINE WOXJ Ieuy emuegal ‘sTsATEaY sog § ‘0| @9 | (hvem m‘ SMOINI0L 7 a0 H [« 4 Iy -] Z6t uojyjjon Jedusy STTH® 3o Ml *y= 2| 90T
“) :
$0o1 0330 satIpex Of E-¢ [ dwod§ wiquntog | omeooaste n > ag o Aqusy] 33005 °Q AWV oTTrAsdw) 8 il *Tm (°2| 60T
. - - . . .
O] SPITE P ITTOE MLy ey [ o[ 2~ < aneyrany 7 W00 2 STt Iy oz €561 04304 °f “wq 13008 aspaves J» JNT *Pm £°0] ¥OT
[ L ST ! WoNT0L ’ % 2z sot r oz ool L) op *oq (7
spaod soyrddng &xI| 21 = - mo wo3R0x| # 84000 2 (24 fy -4 6T L] L] *eq T
0T ST 3w sroog 2 Jutdund 203)v wopasxp Jo *43 a 49 = |~ A unoraaos / waece 2 5 Iy 02 [ 18 33008 U, Fuo] wdey astaves Jo § “ym %0 TOT
*esnoy ATddns ey 7z
ATm v pedwnd omy fwrey o STTeA JETTM(S a4 @ dnoa3 wyquni| ; $AEOOIST 19 9T ag -~ 9.2 woft3zon °r °A uoldg;300 °r °n| notanes Jo nS *we 2| 00T
% . eI RTINSV PID I
SWaTE MTYR KIS WAZ UM %3 jos Ppagaodey a o viquuo) | /S eTe00LETe k19 1 3 ag s 6T sTAvy °Y ° saval *v *E| aueq I wo serIvyp o 30 35 WL @8
P .
*2 59 *tdual Seesetaul ‘sTaiTwv Jef § 0 L7 ._sow Q)| 4 |00 T .h i w2 aq 61 sl 7 wOPPSID T °H RoTARTRS W ‘AoTaves o A “TE ET| 88
o i N
%% 469 *cdwel Swemamanl ‘sTsiTwun e @ = dnod etamion| s wmeonsE It [44 g 44 SP6T ae3InQ A °L W sea i
a 81| €= . S uensesl oo ¢ | sox| 1 et ) ab0 OTHO asjaves o 2 v £°0| 96
*poq Tloxe woxj J;yw @ oz F4 o B u LR » waeoe H SOt c| 6761 43005 WO Jupanog *g °d nataves Jo K *m %0 | 58
=| » | E8 W R E) s > ]
£ 3 |38 — E M m g3 ) =
1B ERE| emmw | oo 2 2 a [ REf g =
: £k w.H.u. ayevidgeng | 2|z m %
o - -
- - R $| 2|7 |ig| B ] vma | vmmmo s e
5 = S =
£ .nhmm = 3 M W
- -
3 ﬂw. oz Buuway-aayes [edpuug m. <
1] -t J

wimdap ‘Kjuno) :otiuxtoz uy S[[oM JO SpPa0ddy— % I a|qel

»

\
—

- 9032



e St e

i - L
L 3 sy ‘sysdyere Ln 9 2~ | # 4nod? wigmyw \ 8004 9T n 62 ag oz 86T AImlav % wearey *g Lm meswnag 7o n *m 3| ot
L]
6T retpanidianl ‘sT8ATwRS 005 § % (4)e- :PI\Z:..# teavnd 2| g | ¢ 0z sxced woy T % v avedeg 3o HsE “tm 9%0] Boy
"t *wotl 30 T L&xp ﬁi s ?E%.S.SB | susonsye 1 w aq [+ W6t ’ P el o g (3
[134 Slaawaf pae pave Ivhu S0y st (4 o p N\ UROARIOL oo F] 00T T oz .61 43005 Yo, FIOTTIT 2omny yaesuna;, 30 & *tm g%0) g6
*Tien neatap Jo3 doep »ﬂa.ib *0e6t .
XX WY pesonsepiTon  *0Z6T I FuInols pepacd av pencls Ve N\ UAO3NI0L / euascc it 0t &g oz 026t L4 ‘og L
R34 pavy pasodey; @ Vd es%:pl&oo / !88:-L it > ag @ et Jopaty 3008 °0 L pssunol Jo N *W §°0] TEX
OEY|  ®we3jo satayss oy Aussevomy *3jos pagaod [} \n.s.@ Mo |/ meonnsieid 4T o€ ag - 111 S«S: ”ox{( Sunj oTTIasdw) 30 iS *w £°0] OSY
62t *ueyzo adyd aeywn couldex oy Kives (] \,&s% siRunTe0 L we0cd ST §1 | ac 02 (1134 STATIA *d A Tt | a2t
«y z s2 o \._E.% viqm1o) \,sSouzoL 2 [39 Iy ® sU0S §IMTIO *D oTITASAY) Jo M *Tm 1°0] 8T
[24¢ *  eraw ‘syshTwun ces | g - “* woyxaok| - e 2 10t & [ 261 Apand °f “my uoSPIWEOTE °H| oTTHAIW jo K *T= £°0] L2
[ 10 veq TTONP WoJg Je3wh a 34 15 o u RNOANIOL - *ae0oTH 2 ot L o wot | 43005 ugoy] suosJed uwzg oITIAMW 3o AR T §%0] 62T
- & . . -
. *sIIeYs ®) puw
CZTLPUWS XoUTQ Wadg aeyun CTFRRRNY Csisipene oog @ (10 - \u\ unARI0% PR I 1 rol £ oz et anaed °L .J sTORING “up spisdve Jo TK YR 2°0) £2X
*vq TIOQ8 Wl ’ ) , . . ;
P ity O %Qﬂﬂ ‘sTeiTay | vepqel ‘ot & (] P \l VAOLRIOA SCSL 2 el I 4 -] -TAGE 3005 wyor]  LelTod °v Lrwl *sg sTTHMW 70 MK *W ¢*0} #21
(741 *-rmerqel ..a-bl.oL a \\‘Eﬁxuﬂ weooT] 2 . 4 02 wel sy TRN] W A oTrHasdn jo M ‘W @%0) EX
*Jarpnbe ;o 3red Jeddm ) .
22T[SSRTITO 396 9IS LrT TIew 30 *AJ (C TTRIM  G)  <ET]| feT= - w\ Un03AI0% Pl B 313 r oz €6t L) L o ceq =t
=y o a (19 (4 3 - u\ wnoyya0k - eusooRd 2 €rl £ [+ 2561 $300§ U, Buer] way SITIANdY) Jo 1 W T| TEL
&1 *3jos pryaodey § - & wyquntoy e0003 s30Td 3T [ 3 ag az ) uoxTg Svng pIsdse Jo R * 9°0| GT
" b
‘sTiew . '
STL PO pust WoUJ Imw el ‘sTsiteue eeg I g o= u WWIRI0L L meoon 2 vl I 4 [*] wol e} coL *0) Jsqun] eTTEASIY; sTTHedwL Jo 1 *W T | 6T
-
Axp ) | -
I WOl I *Iswds Oy seo) cotywoey :
STU 01T 49 TTon MOTIVEE  *pemlhilBt ‘sTRATORW 80 @ I3 - -\\\ WROIRA0K| o awoRd I ot Iy [ 661 | an3od °F .J 90o1ed Aasavy oTIAMW Jo i ‘T ET] OTT
Ly opavY pegseded @ - ._3% ST@me) / wmonstd I [+-4 ag o2 [1731 nored !Aj o1 WEIN opredvep Jo i W Il LTT
[ *1jes peyaeded @ — n!m‘:e_aae ) mwoersieud 813 o€ ag 0z 133 sy °H °V| ymg °} Y STIWMNW 3o nii *W T 0L
- > S =] 8 > ]
7| §|IH ‘ AR SR AR 1N 3
e § (228 iy aze a | 7 g |38 Lo
£ ¥ | 257 Lty ] 2 > | m a3
= } &Ik Hium o0 % -
}| 5 [3g5 | wmdntuens Sl i elwss| ®
N syvmey < | = T < 1 = m.m ..P. g uvEI} a0 Joum() wopLvy g -
25 = = = x .
|3y = | 2 i
- <
-] |_,m. U0z BJupiesq-dates jedpupsd W <8
3 -l [ )
- A4
A\‘\R / .
4

.a::w.: TA wD::oU S#&Enstoz 1 m——uk Jo mm...ogumll @ M ajqe],

& L02

3



ST . Z i
oot ajos poasdew| g } dwed viemen .,.888-...2 n 22 | (-] et sreny o sreay 7 esg smyadenda jo 23 *wm % | omx
Brary 1oy PUTACLERS wOTIIST 1T V8 »
! GOTYS.. 1 D8 WOTYwOST ® ] 7 .
BT |PTIMN SOTTIS J0T® € ° oWl ‘STEATwWS seg! axg (t)ee= .ap\w TIQETW | suscoyeterd|  §T o I3 (] 6t amaed °f *wn wigey °2 qoveg syedordil Jo X *Tw £°0 | €GT
®t : _ousipml ‘stisilwaw 00| @ . .?cb\ stnteo pascorstetrd| §T " aq [ WO ¥ %D b =t
r N
*IeJnbe aaeQqe ) .
SCT| vrm RONIR JE ¥ 6T °  Siawk ‘sysipvim sog| @ ) o P Ao ! wmeoml 2 ot £ 02 oret or BT o weed wyedordyy Jo MY VR COT| 6T
S THONTCO WITF 207 poAN °  epmmi ‘sTed puv cep or- \k unogR0) jomwondl 7 | w8 | .1 | wet %005 ugos PO Aewe) °§ passunol 3o MG *TH 5%0 | 961
£51°P0% TIOUS Woag Jmysn ©  opamd ‘sjsiywun oeg| g + 3 wernanz peasoeny 2| eol| oz orsl ' Lol e vuesuNel Jo § VR 5O | €61
=X * VW ‘sjulpetn vog| q LR nl%:f.ﬁoo ;mocorstendl 2 | g¢ | ag ¢ oz61 *woay yuwquy odog 1 °L waertneg 3o IS8 °TE ¢°9 &L
P .
V3 16-50 STIoWE — ,
POVCLUES Wod) Jnun  *desp %3 96 BOTIROOT +—— T aneyy
TT| 6T AVITeA JOROTY S aqesl ‘erelTv sesiT g | .8_ veoue | gf weoanzx Jemwomdl 2 | 16 £ ° ereT asgaod °f *up e 0 "1 vesmAol Je 35 W T | ST
GT[°Peq TIOUS W0y SMun °  ATAAL ‘sTSATwe ves| @ Iﬁ.\\l s N\ w20k / wooonil 2 | o8 £ & | et 3800 utog wvon W vassmnol o § VR 5% [T
.. ‘orn .
G| ~oToles uy aom TTon *  dyqu ‘sysl{wn ses! @ ‘o= | 7 twBvremien | - meoneren| 2 [ o | a0 o | owst 0GTAT L¥DD swRE LD wesInal 30 § W £°0 {1
w1 cesenoy 2 seTTddeg ¢ egasy ‘sysirwwe eog| g s B unnnmox| 4 eweomil 2 | o8 r e =6t 400§ uqor S0upLAE &xeL vaerunol 3o 155 ¥R €°0 |G
w1 * waaml ‘stelrww ves| @ - 4o wiqmnten | weooistens) 3T | o | a0 | o2 Lowng mouex ey vasTunal 7o § TR £°0 |01
s1eansp . )
»t TOoms woap Jegen * VPG ‘sTelmwaw eeg| I o RN 3 s wmwonyl 2 | r ® a6t Sl Wy v o0 o
o + viva seteirw veg| I = ducdy/ viqmyeo | Jeusoorsrond| $1 | > | aa v | met wpems °r 1 vasrmnol 3o 3 TR @%0 lEaT b
RS * -83qL syedrewe eog| @ - tvouf) wqunta |, ewacoysterd! 2 | se | aq oz | occet unaeg sosoy d.a.u vaeruney Jo I *m g0 |t
ol *pogzodes e3sey JATE| G . nﬂ% iqeyon | smecnisield  $T 2 ag (-] W mosTed 6 metmnal ;o81
SSTIOW I VS WOSJ SnEA  SImwn U ) .
WOy WwpuUNgE Jo q P pUqQe 11 T \ )
6LT[ STTY 3% TIon AOTTVE  * ~WIEEL ‘sysiTwce oo5| @ o= -~ N\ wopxaes | emeoemt; 2 m Iy (-] =6t 33005 Uver STRTIA 0 Lrwd pustmRol Jo 4 VR £°0 {861
puvs .
U] g amw Spov perodey Scet w% A amen| G o= | es% wjawmien | Awscorsterd| T | 2 ag oz proymtINcg sog L 34
*$s pov paws woag Jerwa *T1eA roTTVYS Kiog :
LET! =0ws97338Tn Soou[dey Sw—apqel ‘sySLTvaN 805 P - u weoynaex / smecony| 2 LIt r [+*] %61 33005 agor Baol *X *0 *sd puosanel Jo A T (0 KT
=| > | EBZ> g | ¥ 2|2 = g
T § |£%% : = 3|5 |83 Y
o 3 a3 aajnbe B - 3 3 £ e
Sk | EaE | puwmw are e & ~3
. 3| ¥ | 3tE yun sy | 3| 2| | BT <
: 3| 5 | 358 | owdupuns S1:i| & s .
N xprvmoy < )M. s | = Mn. z omq juvea) a0 ssusQ o] -
= s
® » m = = ]
AE |2 it
-~
) TF | ouoz Juuweqasem jedpupg ) ~ 2
m\ -2 m\

cs
A
d

Y

—

S

&Eﬁ. y

‘ eraifarp ‘Kijuno) S._.Lmetoz ul S[[Mm Jo m_u..ooom.-l . d .—‘. JqelL

o



~
*Ived sue yREqw '
¥y WoaIDE [18m oy STTTJ WOITW UV BT . Z . :
wLL| ajj ST WOTIwOO] STM U J8JTube moqives oxi g [ o 7 dnalxly wyqune0 i o0 sTeld ¢ T «2 g ® 16l PTwaiaD °n *§ op *oq [ 2
7 .
leaamog ‘%33 :..Qu- sTIeNs e .
oavad J03)v peisaunocas Jdogirde off ) 662 Z :
€LT| ®8 TOTLIJP 10U 3ae] S5 ‘sjedywiw sog(s g #(§) w3 pnornang \ WeOTH; 2 (13 £ 0z sl 33005 wROL wox g Aooq sxede3dyl Jeo § T §°0 | LT
. "M 2v o) ouimme
ZLT|wo33 aT1eUs 4n peqsuy »eOwSeMal ‘STSATRUR 955 %0 = \._!..\-%-ai.nou \ "« o00y s} 8Td 2 o s ot o6l GOXT( SumH U °m °M sxedoydyi Jo N °m g0 | 2LX
b A0 4T osuyosy : ) .
LT |T6T U pousdesp TR © ‘sysiiwre segip g o= | al«u@ﬂo’uou v |00y STOTd 2 o r oz "ol Tox§] euny oxedesdyr 3o MmN T %0 | UT
**uory suvpEqe ’
30 o5uw0oaq LIOJ0¥JITITEED SWA ueTIvLOT ST e
OLT 38 Jojun TTOR MOTTVYS S wopqe] *STSAlwe oeg 1 - m anoyRI0x B TR F3 e r oz 6T 33008 uyor| woxyg ATTvs W Lowg sxedosdyI Jo X °Ye ¢°0 | QII
*udl ¢z Puidund *sJq @ J93Jw IDNEXP JB .
691133 41 "Onsmgmiy ‘sisiywiv & TPWEL oy sesis ‘Q 2 = V4 &\ WHORAIOR < emeconll v (19 Iy oz Svet T %y se1IvD Ty selavyp aedoydi jo M °TE 2 | 69X
et *pawy ppandeyls ‘g - nﬂ% QAT | - eeooysyerd 2 " ag g2 ’ T % °s *s *oq "t
vy £yTo e :
B} peIesTnoous L3THOTSITP STqeImpY - ‘
L91| =|0D °PINIL PRMITHT] AMwwIRul ‘sTwi{wie s5|s ‘g ot [F o - w.* WROIAION B i . [ > r 2 [ 134 3005 ugos Apeds °g °H oqedordyl Jo X *TE E°T { 49T
*33 OF o3 BC wcl, sTAAEP 4% TS w00 ST . .
g5T| 4% STTaN PIO Teioav§ *Pamagaeg ‘sisiTwie segiE g - ..u.n% TIQRTED | | wesoysTOId| T €5 r 2 wet JouTyv] °R °0 e qosed sedoydyX Jo 35 “v= 9°0 | 99T
Ty 190 W) 110 Qs
POITITETLLUOO UOTIVOOT STTY 3% [TeA AOTTIOS - .
SOT| Slassad W) amwn *  e[un] ‘sjsipwe segis % - ux ano3Ndex < eaeooll 2 13 Iy s st Joupiv] °F °f wee; eedordii o I8 V= £°0 (60T
wopneap Je *3 )/ wll N ’ ooty
9T 6°2 “Aatondeo oysvroeds “"wmangal ‘Foy weg|gd‘I ® [F o P u‘ a0yl . euecoy] 991l 6LT [} o2 6T | °0s ojameTIv-vuiwiresodion Auisd wITTEIIA qowey sqedodil { vet
*ToT3woo] STy 4v doep _ . o
€91 *3J OvTY®M JeROQY © ‘spriqwre seg(s 0 - E wNEquETe) | suasooysTOTd - 4T o9 £ a2 wet do320d °f *up FmosIRd JeyTeA govey sqedoadyX Jo 3 °T™ £°0 | &9T
*s308 peysodeyd v
29T, MO sarpex oy Lrvseomi PTGl PIStAS ‘U &= |7 a.s% wiqunye0 | - eweoosterd ¥ st ag oz ™61 suosIeg up qoseg sederdtr 3o 3 °VE £°0 | 20X
91 o8 popaodey| @ I'd &ub% wiqmyen | eqecorwretd;  §T 2t ag | el peaRaIIRn Cegl yowey sqedosdyl je INT TS 6°0 | T6T
- > "> . [
¥ 3 | €83 mm 13188 1 ¥
° - a2 sajmbe =3 H (Yge)
S~ & | EaR powva 2o - e e | & e
g ¥ 3| Pm wesy | 3| 2| T |3E| § aJ
8§ & |3gs | Cldelpws S b 2 | x% -3 :
“oN sy < nn.n N = s L M g U} I8 JNAQ wofyser] 1 e
=< -~ [
‘ £ | 25§ ST af
- | =% m ) = = m *
3 ﬂm. auoz Buusig-aajem rediauplgy m. Kad
- -

g oy Sy

ermBanA Aume]) uodweyiioN m S[PM Jo spioday— * ¥, M. JquL

On



Léw JU? (z an.mumnmw
*q00 » -
© oruss tepedree § udzans BSY ees |veed| 91 | 4re- Cqwrio) 1 °stold| ¢ [ | @ | sz | csex o 1501000 €oym3E POy TR oovs g ofuofypoui
*sidep morreqe . ) (1 exoq sseg
. u . Leammg 10 Lreyueeety
wuunmmn- Snﬁhmﬁm.ugdﬂui umnu = 4V~ m.\.&NSO Uquo_ ,Z < mw.v a 7] (S61 ®oymwniporplH neuu“.a Fi¥oToen se3wap pesTun | eT1Taadw) yv oTTIAsdw) Jo B 1™ ("0
. . . da® _ : .
oot | T, i e T O oty cey ausiea| |y T | . pownd yomcg *5 0 e w0
. ue .
“ . .
(239 . *q trea wopamg | @ & A 7~ « | ® 3 é 096t soxof x1y *g ‘0 [eaesy !ﬂom-m?nmﬂn.uﬂu}uﬁ
’ ’ ) RoTARIE e8I0L ITY SHTIVD)
LA e, ‘Sjsireae t WOl ‘Fey L4 WL WMoaxIel | WSO T | =1 ot et o ‘o ot
¢
. ‘uld -oend . .
172 oTTus im?ﬁwu muw“a«n .ﬁm!.mmﬁ *foy oeg | @ 114 [ dnos) wiquaton | emo0ysyeTd 1 g ot w6t L] L] o &0
. L~
g ud¥ Sridend oyymm l.ail“u ucu i ' . -
(VA4 aM“ ¥ orevewd ajalivee’ | meerens mwou *eg | @ o - W] ™ovRsL | 7 eTesom £9 0 ot ¥6t L] L coq k)
. . ] Jund .
[734 Vnﬂ“uunwwuwmu 1 .\..hhfu .nw“d.. [ & i~ =i weoyxrox "\ smsooTt (1] L ¢ ot 4561 | *0D op3uwyv-emler e330g XIY *8 *0 ®OTywAE e3Iof ITY selavy o
il g - AEAERE{ I : e
o ] ag 12)mbe 23w 5 H s g Lo
= = m)n. paurvu 3o 5 ° S |28
s B |atk yun asoey | 3| S| o | B _ ol
syrewy 8 s |3 gs Amdeitieag s N 2 s ¥ JURTBI} 20 JIMD ey 1] el
. 3 | 558 i) 2 ip| 2 __,_ ‘
L A it
3 -5 auoz Buiieaq-1ajem [vdpuuyg Lol -
| 9 H
i 4 i

rmm8ap ‘Ajuno) :o._LE‘mJ._LoZ ul F[[3M JO SpI0dAY— ° ¢ Ho—au.—.



Table ].5.--Logs of wells in Northampton County, Virginia--Continued

Well 2, Exmore; Town of Exmore
(Log by Layne-Atlantic Co.)

Altitude, 38 feet

v’ v/
Columbia Group (Pleistocene):

Topsoil; sand

Sand, coarse; gravel

Sand; shells, spattered
Chesapeake éroup (Migcene):

YorktOWnV%ormation:

Clay

Sand, bard, and clay, soft; interbedded

Sand; clay, mixed

Sand, coarse, tight

"Shellrock”, very hard

Clay

Shell bed, tight

Shells; gravel; clay; sand, fine

‘1 [
St. Marys Formation:

Cléy, soft; shells

Thickness
(feet)

25

20

15

70
20
15
15

26
12
16

32

Depth
(feet)

25
b5
60

130
150
165 °
180
184
210
222

238

270




a Table 15 .--Logs of wells in Northampton County, Virginia--Continued
Well 8, Exmore; John H. Dulany & Son, Inc.
(Log by Shannahan Artesian Well Co., Inc.)

Altitude, 25 feet

Thickness Depth
Y (feet) (feet)

Columbia Group (Pleistocene):
Sand, fine, loose | 20 20
Sand, gray ' 15 35
Sand, loose, scattered gravel 17 52
Sand, loose; ?ay, streaks 19 TL

Chesapeaké/ Group (Miocene):

Yorktown Formation:

Clay 4 b 15

Sand, white, loose; wood fragments 5 80

Clay, blue 10 90

297




Table lfi.--Logs of wells in Northampton County, Virginia--Continued

Well 9, Zxmore; John H. Dulany & Son, Inc.

(Log by Sydnor Hydrodynamies, Inc.)

Altitude, 25 feet

ColumbfélGroup (Pleistocene):
Undescribed
Chesapeaké/éroup (Mlocene):
Yorktowﬂ/%ormation:
Undescribed
Shells; clay
Undescribed
St. Maryg/Formation:L/
Undescribed
Sand; shell; clay

Undescribed

1/Approximate position of
formation break based
on other well logs.

208

Thickness
(feet)

T0

139
22

37

11

Depth
(feet)

70

209
215

2ko

277
288

295




& Table ] 5.--Logs of wells in Northampton County, Virginia--Continued
Well 10, Exmore; John H. Dulany & Son, Inc.
(Log by Shannahan Artesian Well Co., Inc.)
Altitude, 25 feet

Thickness Depth

(feet) (feet)
Columbié/aroup (Pleistocene):
Sand; water-bearing zone | 61 61
Sand; clay streaks 2L 85
Chesapeaké/;roup (Miocene):
Yorktowﬁ/;ormation:
Clay, blue, tough 35 120
Clay; shells; hard bed at base 21 141
CS.' Sand, tight; clay L 145
Sand; clay streaks 13 158
) Sand, coarse; gravel 2 160
Sand, coarse; scatteréd gravel 15 175
Clay, sandy; shells 8 183
Sand; shells 17 200
Sand, tight; shells 5 205
Sand; shells 6 211
Sand; tough clay at 230 feet 19 230

299



<::‘hv Tabléli).--Logs of wells in Northampton County, Virginia--Continued

Well 32, Willis Wharf; Bruce Mears

(Generalized log by William J. Porter)

Altitude, 7 feet

/

Columbia’ Group (Pleistocene):
Clay; soil
Sand; water-bearing zone
Sand; little water
Chesapeake Group (Miocene):
Yorktown Formation:
Clay, blue; sand
Sand, fine; non-water—‘t;earing
Clay; sand, interbedded; mud
Shells; silt, interbedded

Shells; sand; gravel; water-bearing

260

Thickness
(feet)

10
10
40

20
80
18

12

Depth
(feet)

10

60

80
100
180
198

210

vy

AT e o s

oAy A T g v e 5 e Y



-

Table]‘D.--Logs of wells in Northampton County, Virginia--Continued

Well 38, Silver Beach; Mr. Siebam
(Generalized log by William J. Porter)

Altitude, 15 feet

Thickness
(feet)
Columbiavéroup (Pleistocene):
Clay; soil 10
Sand; water-bearing 8
Sand, fine 22
Gravel 20

261

Depth
(feet)

10
18
Lo
60

ey e et

A e g v .



Table 1.3.--Logs of wells in Northampton County, Virginia--Continued

Well 4ba, Nassawado}; Hospital

(Log by John Scott)

Altitude, 30 feet

v

Columbie Group (Pleistocene):
Shells; sand
Chesapeaké/Group (Miocene):
Yorktown&ébrmation:
Shells; sand
Shells; water-bearing
Sand, coarse; water-bearing
St. Maryg Formation:

Mud; sand

262

Thickness
(feet)

80

85
20
4o

40

Depth
(feet)

80

165

185

225

265

PR
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Table ].D.--Logs of wells in Northampton County, Virginia--Contin
Well 44b, Nassawadox; Northampton-Accomack Memorial Hospital
(Log by Layne-Atlantic Co.)

Altitude, 30 feet

Thickness
(feet)
Columbié/Group (Plg;stocene):
Topsoil; sand, coarse ' L2
Sand, gray, fine; shells 11
Clay, gray, soft; shells : 7
Sand, coarse 16
Chesapeake Group (Miocene):
Yorktown Formation::
Shellrock, gray, hard 1
Sand, gray; shells | 6
Shells; clay, gray | Ly
Sand, gray, fine, muddy 21
Sand, gray, loose; shells 20
Shells; clay, gray;'medium-hard drilling 17
Sand, gray, coarse : 5
Clay, gray; shells 26
Shells; sand, gray, fine 14
St. Maryé/Formation:

Shells, gray, fine, muddy 20
Sand, gray, fine; shells 23
Shells; sand, gray, fine 10
Sand, gray; shells ' 5
Sand, gray, fine; shells 24
Shells; sand, gray, fine 12

263

ued

Depth
(feet)

42
53
60
76

7

83
124
145
165
182
187
213

227

247
270
280
285
309
321

mem——
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(:3‘_' Table ]l]--Logs of wells in Northampton County, Virginia--Continued

Well 53 , Machipongo; Machipongo High School (Sydnor test

hole, 100 feet from U.S.G.S. test hole 2)

(Drilled by Sydnor Hydrodynamics, Inc.)

(Sample descriptions by G. C. Tibbitts, Jr.; correlations by

F. Stearns MacNeil)

Altitude, 25 feect

Columbie éi;up (Pleistocene):
Topsoil, reddish, fine, sandy
Sand, 1ron-stained, quartz, fine to coarse;
streak of brown clay at 25 feet; streak of

dark-gray clay at 56 feet, water-bearing zone

Clay, dark-gray; interbedded with coarse quartz
sand streaks; black organic specks

Chesapeaké/ Group (Mi\c/acene ):

Yorktown Formation:

Clay, dark-gray, solid; scattered shell fragments

from 90 feet

Cléy, gray, solid; interbedded coarse sand and
shells

Shells, white, broken; traces of clay and fine
sand; water-bearing zone

Clay, dark-gray, solid, silty, sandy; shell
fragments

Yorktow%(?) Formation:
Clay, dark-gray, solid, silty, sandy; shell
fragments; trace of hard chert gravels at
190 feet

Sand, gray, very fine, clayey; streaks of shell
fragments

964

Thickness
(feet)

62

11

50

10

13

10

Depth
(feet)

69

80

130

140

167

180

200

210




(:l;' Table]ﬂﬁ.--Logs of wells in Northampton County, Virginis--Continued

Well 54, Machipongo; Machipongo School Well

(Log by Sydnor Hydrodynamics, Inc.)
Altitude, 25 feet

2t
Q

Columbia ‘Group (Plei%%ocene):
Undescribed
\/ .
Chesapeake Group (Miocene):
Yorktown Formation:
Undescribed
Sand, gray, fine; shells
Sand, gray, fine; clay layer

Sand, gray; shells

Clay, blue
" St. Marysd%ormation:

Shells; clay, blue

Shells; sand, fine; clay layer

Sand, gray, fine; shells

Clay; shells

"Shellrock", soft

"Shellrock", hard

Clay; shells

Sand, gray, fine; clay interbedded

Clay, blue; shells, interbedded

265

Thickness
(feet)

69

96

22

23

1k

11

10

11

10
64

Depth
(feet)

69

165
187
210
219

226

240
249
260
265
275
260
291
301

365
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Table ] J.--Logs of wells in Northampton County, Virginia-~Continued

Well 61, Eastville; M. Acuff

(Generalized log by William J. Porter)

Altitude, 2 feet

v v
Columbia Group (Pleistocene):
Sand
Chesapeake Group (Miocene):
Yorktowﬁ:z?) Fo¥;ation:
Mud; sand, blue; clay, blue

Shells; sand, fine; water-bearing

Thickness
(feet)

35

85
13

Depth
(feet)

35

120

133




{0\
&‘hr Table ],5.--Logs of wells in Northampton County, Virginia--Continued

Well 64, Eastville; Town of Eastville

(Log by M. A. Pentz)

Altitude, feet

7
Columbia Group (Pleistocene):

Soil; sand, white
Sand, gray, fing
Chesapeakéjaroup (Mfé;éne):
Yorktowﬂ/Formation:
Clay, soft; sand

Sand, fine

<3E.' Sand

267

Thickness
(feet)

32
k2

16
3l
17

Depth
(feet)

32
Th

90
121

138



Tablelii.--Logs of wells in Northaupton County, Virginia--Continued
Well 65, Eastville; Town of Eastville
(Log by M. A. Pehtz)
Altitude, 30 feet

Thickness Depth

(feet) (feet)
Columbfé Group (Pleistocene):
Soil; sand | 21 21
Mud, blue, soft 23 Lhy
Clay, blue 17 61
Sand ‘ 10 7L
Chesapeakevéroup (ﬁiocene):
Yorktown'Formation:
Clay, blue : 9 80
Sand,‘fine 12 92
Sand, medium-coarse; water-bearing;
(underlain by fine sand at 11l ft.) 19 111

268



{ ‘ Table 153.--Logs of wells in Northampton County, Virginia--Continued

Well 68, Eastville; Mr. Hoovermale
(Generalized log by William J. Porter)

Altitude, 30 feet

Columbig/Group (Pié;stocene):
Clay; sand -
Sand; gravel, small; water-bearing
Sand; little water
Gravel, coarse; water contains iron
Chesapeake Group (Miocene):

vV

YorktownYFormation:
Clay, blue; sand

Sand, fine
Shells; sand; gravel; little water
Sand, fine; clay
Sand; little water
Sand, black, fine
Sand; clay; interbedded

St. Marys Formation:

Shells; water-bearing

269

Thickness
(feet)

25

10

50
50
Lo
35
15
50

12

Depth
(feet)

15
Lo

50

100
150
160
225
2Lo
290
295

307




v

Well 76, Cheriton; G. L. Webster Canning Co.

(Log by Virginia Machinery & Well Co., Inc.)

Altitude, 20 feet

v i/
Columbia Group (Pleistocene):

Sand, yellowish-brown, fine

Sand, white, fine

Sand, yellow (slightly coarser than sand

from 20 to IO feet)

Sand, ,light yellow, fine

Chesapeake Group (Miocene):

Yorktowﬂ/;ormation:

Marl, blue

Marl, blue, silty

Sand, blue, medium; pebbles, small; small

scattered shells
Sand, fine; clay streaks; water-bearing

Gravel, blue to gray; shells, sand;
water-bearing

Clay, blue, silty
Sand, blue, clayey; gravel
Shells; gravel, coarse; water-bearing

Sand, yellowish-brown, medium to fine;
few shells

Shells; clay, silty; water-bearing zone
Shells, coarse; clay; some water

Clay, gray, sandy

Shell bed; clay; sand; black sand

270

Thickness
(feet)

8

10

15

36

12

25

13
13
10

Table 1&5.--Logs of wells in Northampton County, Virginia--Continued

Depth
(feet)

20

40

50
65

70

106

110

122

125
150
158
164

177
190
200
205

210

iy
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Table ]_5.-—Logs of wells in Northampton County, Virginia--Continued

Well 76, Cheriton; G. L. Webster Canning Co.--Continued

Chesapeaké/Group (Miocene)--Continued

Yorktown/%ormation--Continued

Sand; shells

Sand, medium to coarse; shells, small

Sand, blue; scattered shells

Sand, fine, loose
Shells; sand

Sand, fine, loose
Snells; sand

Shell bed

Shells; sand

Sand; shells, fine
Sand, gray, fine, loose
Clay, blue

Sand, fine; some shells

271

Thickness
(feet)

=

@ O &=

Depth
(feet)

21k
218
220
22k
230
238
240
245
248
250
269
270
271




(:)‘.' Table ]_5.--Logs of wells in Northampton County, Virginia--Continued
Well 77, Cheriton; Huff Brothers
(Log by Owners; from Va. Geol. Survey Bulletin 5, page 245)
Altitude, 20 feet |

Thickness Depth

(feet) (feet)
Columbia G¥oup (Pleistocene):
Soil ‘ 1 1
Sand, yellow and gray; water-bearing zones 29 30
at 14, 16, and 29 feet
Mud, marsh; blue 32 62
Sand, shells; water ol poor quality « 1 63

OC

ou
272

ety o



C:l.' Table ]fﬁ.--Logs of wells in Northampton County, Virginia--Ccntinued
Well 84, Oyster; H. A. Smith
(Generalized log by William J. Porter)
Altitude, 5 feet

Thickness Depth
p (feet) (feet)

Columbié/ Group (Ple{s/tocene):

Clay ' | ‘ > >

Sand . 15 20
Sand; mud; clay; interbedded 30 50

fixoup (izob
Chesapeake ‘Group (Mlocene):

VA

Yorktown’ Formation:

Mud; clay; sand, fine; interbedded 103 173
Sand, white and black; abundant fine shell
) fragments; water-bearing 12 185

ON
273
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Table'lfi.-—Logs of wells in Northampton County, Virginia--Continued

Well 88, near Cape Charles; George Tinkham
(Log by John Scott)

Altitude, 10 feet

Vv

Columbia éébup (Pleistocene):
Undescribed
Shells; sand, white; some glauconite
Chesapeakevbroup (M{ocene):
YorktowﬁfFormation:
Shells, broken
Shells, broken; some sand
Send, white, quartz; abundant shell fragments
Sand, gray-white, quartz; large shell fragments
Sand, white; abundant shell fragments
Clay, gray, glauconitic; sand; shell fragments

Sand, "salt and pepper" (dark black glauconite
and quartz); shell fragments

Sand, white, quartz; shells

Sand, gray-white, medium; some shell
fragments; water-bearing

Shells, large fragments

274

Thickness
(feet)

80

10

10

10

10
10

25

12

18
16

Depth
(feet)

80

90

100
110
120
130
1k0

165

171

183

201

al7
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Table 1:).--Logs of wells in Northampton County, Virginia--Contianued

Well 89, Cape Charles; former New York, Philadelphia, and
Norfolk Railroad Co.

(From Va. Geol. Survey Bulletin 5, page 2L6)

about Ae

Altitude,

Columbig/éroup (Pleistocene):
Soil
Clay, buff, sandy

Sand, yellow; water-bearing

Sand, white, very loose; possibly water-bearing

Gravel, white, red and black
Chesapeake’Group (Miocene):
Yorktéwﬁ/Formation:
Marl, light green
Mud, black; wood fragments

Shells; sand; water~bearing

AN

feet

275

Thickness
(feet)

10

17
25

Depth
(feet)

15 -
Lo

k3

53
70
95

v s e

p—



OC

fo e - it
| . v

- .
. . - s 7
, J\/; : . / ) // Iy
; , P A ;
PAAS Lm0 doone .
N Pt !

Tablélsi.--Logs of wells in Northampton County, Virginia--Continued

Well G0, Cape Charles; former New York, Philadelphia, and

Norfolk Railroad Co.; test hole drilled in 1910

Penn Central

(Log from files of Pemmsyrvesris Railroad)

Altitude, 20 feet

Columbid/Group (Pleistocene):

Clay,
Sand,

Sand,

Chesapeakg/

yellow, sandy
yellow; water-bearing zone
dark gray; clay

Group (Miocene):

Yorktown Formation:

Marl, greenish; shells; sand
Sand, dark gray, fine; shells
Clay, blue
Marl, green
Sand, gray; shells
Clay, gray
Sand, loose; black specks; yields 5 gpm
Sand, very fine; black specks
Clay, green; abundant shells
"Shellrock" |

St. Ma.ry%/ Formation:
Send, gray, loose; water (5 gpm)
Clay, dark gray
Sand, dark gray
Clay,

dark gray; boulders at 324, 337, 340, and 365 feet

276

Thickness
(feet)

3

5k
b5
17
13
12

15
18
16

39
3
29

70

Depth
(feet)

Lo

100
145
162
175
187
189
20k
222
238

239

278
281

310

380

¢ Ay T S ¢ g -
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Table 15.--Logs of wells

Well 90, Cape Charles--Continued

Chesapea%é Group (Miocene )--Continued

in Northampton County, Virginia--Continued

Thickness
(feet)

Chopfénﬁ/c?) and Calvééf/z?) Formations, undifferentiated:

Clay,
Clay,

light green sticky

dark green; sand, fine

Undifferentiated
dark green, somewhat tough; boulder at 502 feet 395

Clay,
Clay,
Clay,
Clay,
Clay,
Clay,
Clay,
Sand,
Rock,
Sand,
Clay,
Sand,
Sand;
Clay,
Clay,
Clay,
Clay,
Clay,

green; black specks

light green; boulder at 980 feet

light green

gray

gray, soft

gray, harder than above
greenlsh, compact

gray, compact

gray, compact; gravel
brown and gray,sandy
greenish, hard

gravel; clay, mixed
mottled; gravel; sand
greenish, compact, sandy
pale-pink, sandy

dark gray; crusts of sandstone

reddish-brown, sticky

277

95
20

60
150
32
1
15
17
65
7
13
20
49
12
25l
22
73
60

70

Depth
{feet)

k75
495

890

950
1,100
1,132
1,133
1,148
1,165
1,230
1,237
1,250
1,270
1,319
1,331
1,585
1,607
1,680
1,740
1,810



' Table lS---Logs of wells in Northampton County, Virginia--Continued
Well 91, Cape Charles; Town of Cape Charles
(Log by Layne-Atlantic Co.)
Altitude, 25 feet

Thickness Depth

) (feet) (feet)

Columbia Group (Pleistocene):
Soil; clay | 40 4o
Sand y : 15 55

Chesapeake Group (ﬁiocene):
Yorktowd/;ormation:

Clay, sandy L7 102
Sand, blue 20 ‘ 122
$- sand, yellow ' | 30 152
Sand, hard, silty ' T 159
) Sand, blue; shells 26 185
Sand; shells 5 190
Clay, sandy ' 5 195

278




e

Tablejlfa.--Logs of wells in Northampton County, Virginia--Continued

Well 92, Cape Charles; Town of Cape Charles

(Log by Layne-Atlantic Co.)

Altitude, 25 feet

Columbia Group (PlZistocene):

Topsoil

Clay, red

Sand; shells _
Chesapeakehéroup (Miocene):

Yorktowﬂjgormatidn:

Clay

Sand; shells

Clay

Sand, fine

Clay

Sand, "salt and pepper"

Thickness
(feet)

Lo

Ly

27
21
29
38

Depth
(feet)

88
95
122
143
172

210




3(]&, Table 15.--Logs of wells in Northampton County, Virginia--Continued
Well 93, Cape Charles; Town of Cape Charles
(Log by Layhe-Atlantic Co.)
Altitude, 25 feet

Thickness Depth

| y// (feet) (feet)
Columbia Group (Pleistocene):
Fill | | b b
Sand, fine // 38 - ke
Chesapeake“éfoup (Miocene):
Yorktown Formation:
Sand; clay 28 70
Sand, fine, hard 30 100
CL Sand , , 10 110
Sand, streaks; clay; shells 15 125
’ Sand 20 145
Sand; clay; shell streaks 30 175

280




Table } Eh--Logs of wells in Northampton County, Virginia--Continued

Well 16k, Kiptopeke; formerly, Virginia Ferry Corporation

(Log by Layne-Atlantic Co.)

Altitude, 20 feet

Columbia Group (Pleistocene):
Clay, sandy
Sand, coarse; some gravel
Sand, medium
Gravel; some shells
Shells; sand, coarse
Sand; gravel; shells; clay
Chesapeake Group (Miééene):
Yorktown Formation:
Shells; sand, medium
Shells; sand, fine; mud
Shells; sand, fine; clay
Shells; clay
Clay, blue
Shells; sand, coarse; water-bearing

Clay, blue

281

Thickness
(feet)

10

20

10

10

18

12
50
e3

Depth
(feet)

10

30

L5
55
€0

67
85
91
103
153
176
179




(:i" Table ]AS.--Logs of wells in Northampton County, Virginia--Continued
Well 169, Townsend; Charles R. Bull
(Generalized log by owner)
Altitude, 20 feet

Thickness Depth

(feet) (feet)
Columbia Group (Pleistocene):
Clay : | 6 6
Sand; gravel 34 Lo
Sand; wood fragments 6 L6
Sand; gravel | 12 58

Y

Chesapeake’ Group (Miocene):
Yorktowﬂ/formation:

C:].. Shell bed 20 78

Mud, blue; (4-inch layer of white sand near
bottom of blue mud) 60 138

Shell marl, hard 16 154
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Table ],5 .~-Logs of wells in Northampton County, Virginia--Contlnued
Well 175, Cape Charles Station, U. S. Air Force
(Log by Layne-Atlantic Co.)

Altitude, 10 feet

Thickness Depth
’ (feet) (feet)
ColumbiK/Group (Pfé;stocene):
Topsoll | 5 5
Sand, fine ‘ 13 18
Sand, medium 8 26
Clay, blue; gravel; shells : 29 55
Gravel; shells ' 5 60
Chesapeakg,Group (Miocéne):
Yorktowndformation:
Clay, blue; shells 20 80
Clay, blue 5 85
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( z Table ],fi.--Logs of wells in Northampton County, Virglinla--Continued
Well 176, Cape Charles Station, U. S. Air Force
(Log by Layne-Atlantic Co.).

Altitude, 10 feet

Thickness Depth
(feet) (feet)
Columbié/&roup (ﬁi;istécene):
Topsoil | p >
Sand, medium | 15 20
Gravel; shells L 2L
Shells; clay 15 39
Sand, medium 5 Ly
Send, coarse 1k 58
(Zi.' Chesapeaké/éroup (Miécene):
Yorktowanormation:
) Clay, blue,isoft 9 67

284
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Table ]5 .==Logs of wells in Northampton County, Virginia--Continued
Well 177, Cape Charles Station, U. S. Air Force
(Log by Layne-Atlantic Co.)

Altitude, 10 feet

Thickness Depth
(feet) (feet)
Columbi4 Group ‘(Iyleistocene):

Sand, yellow; clay | 5 >
Sand; gravel; shells 21 26
Shells; sand, medium A T 33
Sand, fine 7 Lo
Sand, medium | 18 - 58

285



< g Table 1,_) «-=Logs of wells in Northampton County, Virginia--Continued

Well 178, Cape Charles Station, U. S. Air Force

(Log by D. J. Cederstrom)

Altitude, 10 feet

Columbii/Group (Pléfétocene):
Topsoil
Sand, brown, medium coarse; gravel streaks

Sand, blue, clayey; clay streaks; (rock at
36 feet)

Sand, very light gray; soft
Sand, very light gray; hard

Sand, white, coarser at base; clay,

& thin streaks

Chesapeaké/Group (M%gcene):
Yorktoan%ormation:

Sand, bluish-gray, clayey, hard, fine;
vater-bearing

280

Thickness
(feet)

28

16

Depth
(feet)

32

23

56

65

Th




Table li).--Logs of wells in Kortaampion County, Virglnia--Continued

::;? Badbyis Do LRdRXstion;. tepiative correlations-pythe
n;ha;gneL&am%aMBeu%hefﬁmﬂew%hamp%anﬁeen;§y4~w
Altitude, about 9 feet
Thickness Depth
(feet) (teet)
Columbié/éroup (Pféistocene):
Mud 30 30
Mud; sand, fine | 5 35
Mud 34 69
Mud; §and, fine 2 7L
Chesapeakévéroup (Mig;ene):
Yorktown \Wormation:
Mud; shells; small grit 11 82
<::§.' - Clay, bluish-gray hg 131
A Mud, soft; sand, fine 178 309
€% St. Marys Formation:
Shells, broken ) 1 © 310
Shells; mud; sand, fine ’ a3 333
Sand, fine; mud « 97 430
Mud; shells | 55 L85
onontanf .
VChoptank (?) Pormation:
Mud;Ashells | 11 kg6

Well 180, Cobb Islend Station, U. S. Coast Guard

| 5 A
“Choptark (%) and Calvg;t/i?) Formations, undifferentiated:

Clay, gray : 153 649
lay; sand; shells 120 T69

N dufrerentiag |
Clay; sand, fine 131 900

Clay, sand, fine 101 1,C01

ey s =
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e - | IR fe
\ \ T.'blol_s.—logs of wells in Northampton County, Virginia

U. 8, Geological Survey test hole 1, Caperille Elementary School,
at Caperille

(Prilled by Sydnor Hydrodynamics, Incs)
(Sample descriptions by G.ﬁ't Ti'b'b:.tt% Jf" cor.rela.tions by F. Stearns MacNeil)

Thickness  Depth
(foot) - - (foet)

ColumbYa a growp (Pleﬂi/;cene) ‘ ' ’ R P

Topsoil, reddish; traces of fine sand; silt; lbundlnt

clay $ 0060000000 0000000060006000600000000000000000 7 L 7 I et i

Sand, iron-stained, brown to white, coarse to medium, - - -
quartz; black sand from 35 to 53 feet; 18-inch to = .
%-~inch iron-stained quartz gravels throughout; L AR

ater-bear\}ng ZON@ sccocvosovvonvoscscsvancssene : ' ‘6 : 53

Chesapeake group (Miocene):
\/'Yorktown formation:
=

Clay, medium-gray, sticky, silty; scattered shell T
fragments; rough limestone Chips ..cecvceeccens 9. . . 62

Clay and shells, gray and white, silty; abundant mica; <
quartz pebbles from 70 to 90 feet; shark teeth . 2 E 9

Shells, white, fragments; traces of clay and silt; hard
chert chips from 110 to 130 feet; varicolored quartz .
pebbles from 115 to 125 feet; clear quartz pebbles o L
from 125 to 130 feet; greenstone pebbles up to 1/8-inch ' =~ e ,
in diameter, from 125 to 130 feet; water-bearing zone 40 130

Clay, gray-green, soft; very abundant shell fragments,
interbedded (shells posslbly 50%); sandy, hard clay - , .
bed from 137 to 138 feet: silty; iron-stained qulrtlm A
pebble' .t 145 feet 00 0000000000000 000000000009 v 30

Silt, gray-green, clayey; scattered shell fragments 1oﬁ$

. Shells, white, broken; trace of clay and silt; quarts ’?
sand at 180 feet' water-bearing zone ...cccceee 35

Clay, gray-green, soft; very abundant shell fraqmentl:i310

Sand, gray, quartz, very silty;'lcattered shell fraqé?é;»‘;
ments; scattered quartz pebblel; black sand; clay w.p“25,y

Clay, dark-gray, heavy glauconitic; scattered quarts -

pebbles DDD.DDD.D..DIl.....‘.ll.l..l.ll...l.l.l i

Sand, black, fine; abundant shell fraqmentl; elay;;f
- scattered quartz pebbles; possible water-bearing |

zdne ocoo-ouooooooou-o----o-vo-oou-coaoo--oo-co,,; ;

Clay, gray-green, heavy; scattered shells; black .:'f‘aw
“sand; sand lens from 306-300 feet; 6-inch marl -
.tr... at 310 ‘“t 200000000000 0000000000000000 : _ lo

2¢87b




~
Table } J,—Iogs of wells in Nortbampton County, Virginia—Continued
U. 8, Geological Survey test hols 1, Capeville Klementary School, &b CipevilleeContinued

Ghosapoa.k‘{ Group (Miocene)—~Continued Thickness Depth !
i (feet) (f°°t) S0 R
I Vﬁt. Marys formation: : e o ‘

" Sand, gray, quartz. fine; abundant clay; abundant lholl
fragments; marl streaks at 311 and 314 feet ,., |

; Send, dirty white, quartsz, very fine, glauconitlc-
| trace of clay; abundant shell fragments: possible -
g.,. . 'ater-bearing zone [(EE RN NN NN ENNNNENNNNNNNNENNENNNN]

I
N
,-
i

' L

!
oo Clay, gray- green. soft, very sandy; scattered shell
!‘. 5 fragments; wood chips; streak of merl at 376 feet}

| A * beds of very hard marl from 405-400 feet ......
B Vé;ptank gormation:

Clay, gray-green, soft, very sandy; scattered lhellg
. fragments; wood chips; very hard marl from 435"

439 teet -ooo-o--oo-ooo000000000000'0000'000000

Chert, black, 'er"hlrd ..000000.0.0000.0..0.!.!0}.

, . Send, iron-stained, quartz, coarse; trace of clay; *' o
{ scattered shell trugmanta. possible water-beering .-
E . 2@ <464

'
zone -o..oooooooo.uoo.-oo-ooooooooooo-ooooosooo

i‘iv.“ RN |
P - .Clay, dark-gray, heavy, silty; scattered shell . '
1 y gray Ye yi e 10

‘r‘g.elt. ooooooooooooooooooooooooooooooooooloo

- 287c
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*\v Table 153.--Logs of wells in Northampton County, Virginia--Continued
Well (U.S.G.S. test hole 2); Machipongo; Machipongo High School
(Drilled by Sydnor Hydrodynamics, Inc.)

(Sample descriptions by G. C. Tibbitts, Jr.; correlations by
F. Stearns MacNeil)

Altitude, 25 feet

Thickness Depth

(feet) (feet)
Columbiﬁ/group (Pleiftocene):
Topsoil, reddish; fine sand; clay; silt 6 6
Sand, white and iron-stained; quartz; fine to
medium coarse; 1/16-inch diameter iron-stained
gravels from 20 to 67 feet; accessory black chert
fragments from 10 feet; appearance of glauconitic
sand at 55 feet; very abundant gray silt from
60 to 67 feet; water-bearing zone 61 67
g Clay, dark-gray, hard » 1/2 67-1/2
Sand, gray, fine, glauconitic; abundant silt - 10-1/2 78
v Marl, green, hard | 1/3 78-1/3
Sand, light-gray, fine, glauconitic; abundant silt 4-2/3 83
Clay, dark-gray, soft, sandy; silt; scattered
small gravels; shell fragments from 90 feet;
harder drilling from 90 feet 17 100
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