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Errata Sheet

Groundwater of the Middle Peninsula, Virginia

Page 19, 20, 53 The vertical scale is incorrectly numbered and
should begin \,rith 200 on the top of the scale and
end with 1200 at the bottom. Also, the elevatj-on
of 157-13 should be 5 ft. MSL.

Page 55, Plate 14b: The eastern most potentiometric l-ine should be
labeled 20 instead of i0.

Page 59, Line 2: Aqui.fers.

Page 60, Line 13: Values are generally less than those of the
principal artesian aquifer.

Page 77, Lines 16, L7z In Chapter VIII

Page 79, Line 4: Sites

Page 86, Line 3: Stations

o



b
P'late No.

2

3

4

5

6

LIST OF PLATES

Groundvrater^ Avai 1 abi 1 i ty

Location of the Middle Peninsula of
Virginia

Structure of the Top of Pre-Cretaceous
Bas ement

Geo'logic Map of the Middle Penjnsula

Location of Geologic Cross-Sections

Aquifer Systems - Geologic Cross-Section A-A'

Depositional Environment of the Cretaceous
Sediments and Their Effect on the
Hydro'logy Cross-Section A-Al

Aquifer Systems : Geologic Cross-Section B-B'

Depositional Environmental of the Cretaceous
Sediments and Thei r Effects on the
Hydrology Cross-Section B-B'

Aqu'ifer Systems
Geologic Cross-Sections B-E
Geol og'i c Cross.Secti ons D- D'
Geologic Cross-Sections C-C'
Geologic Cross-Sections' B' -A'

Specific Capacity Di stribution
A - Yorktown Aquifer"
B - Upper Artesian
C - Principal Artesian

Groundwater Use

Transmissivity Values - Principal Artes'ian
Aqu i fer

Wel'l Location Map

Potenti ometri c Surface
A - Principa] Artesian Aquifer - 1913
B - Pri nci pa'l Artes'ian Aqui fer - 1945- 1950
C - Pnincipal Artesian Aquifer - 1975

Page

Fronti spi ece

13

l5

17

t9

20

21

22

23

7

8

3310

11

L2

39

49

13

14

53

55



o
Pl ate

15

16

Page

57

6l

No.

OJ

64

71

t7

18

LIST 0F PLATES (continued)

hlel 1 Hydrographs

Chloride Di stribution
Yorktown Aquifer - 1975
Principal Artesian Aquifer - 1945-1950
Chloride Distribution - 1975

Quality of Groundwater - Chloride (PPM)
Cross-Section A-Al

Quality of Groundwater - Chloride (PPM)
Cross-Section B-Bl

Zones of Hazard with Respect to Waste
Di s posal

Groundwater Zones and Potent'ial for
Further Development

Monitoring System

Virginia State Water Control Board Offices

19

?0

ZL

75

87

Endfl ap



o
LIST OF TABLES

Paqe

Table No.

1 Population and Land Area of the Middle 5
Peni nsul a

2 Temperature and Rainfall of the Middle B
Peni ns ul a

3 Comparison of Stratigraphic Unr'ts 25

4 Geologic Units and Their l^later- 26
Beari ng Characteristics

5 Characteristics of Aquifers in the Middle 35
Peni nsul a

6 Mean Groundwater Quality Data for Major 65
Aqui fers

7 Historic Trends of Chlorides in the 68
Eastern Zone of the Artesian Aquifers

8 Estimated Groundwater Avai l abi 'l i ty 78



v
ACKNOtlJLEDGEMENTS

The Tidewater Regional 0ff'lce of the State l,later Control Board

would like to express its gratitude to the following agencies and

companies which provided data to make this report possible: Fetterholf

Brothers; Douglas-Drilling Company; R. L. Magette; Brown's l,lell Drilling

Company; Sydnor Hydrodynamics; Layre-At]antic Company; Chesapeake

Corporation of Virginia; Virginia Division of Mineral Resources; United

States Geological Survey; the Division of State P'lanning and Community

Affairs; Middle Peninsula Planning District Conrmission; Virginia

Department of Health; and the many industries, towns, businesses,

and private wel'l owners on the Middle Peninsula of Virginia.

This report was prepared by E. A. Siudyla, Senior Geologist of

the Tidewater Regiona'l 0ffice, with the assistance of T. D.'Berglund,

Specialist, Virginia Newton, Geologist, L. S. McBride, Director,

Tidewater Regional 0ffice, and J. A. Brown, Director, Division of Water

Control Management. This report was a joint effort of the Tidewater

Regional 0ffice and the Bureau of tlater Control Management, State

Water Control Board: D. F. Jones, Director, Bureau of Water Control

Ma'nagerent; E. l,|. Ramseyo Director, Hydrologic Division; T. L.

Swearingen, Principal Geoiogist; and M. A. Saint-Pe', Geo'logist.



o
GROUNDWATER OF THE MIDDLE PENINSULA, VIRGINIA

by

Berg'lund, and V'irginia P. NewtonEugene A. Siudyla, Terry D.

ABSTRACT

The Middle Peninsula of Virginia, a port'ion of the Atlantic

Coastal Plain, is situated in the east-central portion of the State,

bounded on the north by the Rappahannock River and on the south by

the Pamunkey and York Rivers, Land area of the Peninsula includes

1837 square miles and has a population of 61,534. Precipitation

in the area averages 43 inches annua11y.

Groundwater in the Middle Peninsula is found predominate'ly in

the unconsolidated sediments of the Middle Mesozoic, Tertiary and

Quarternary Age. These sediments have been deposited on a basement

rock complex of Pre-Cretaceous Age. Sediments of the Patuxent

Formation of Cretaceous Age, wh'ich-range in thickness from 20 feet

in the west to 1700 feet in the east, have been deposited on the

basement rock complex by fluvial and deltaic depositional processes.

0ver'lying the Patuxent Format'ion from oldest to youngest are the

Mattaponi n the Nanjemoy, the Calvert. and the Yorktown Formations, and

the Columbia Group, The Mattaponi, Nanjemoy, Ca'lvert. and Yorktown

aquifers are composed of marine sediments where as the Columbia Group

contains both marine and non-marine sediments.

Groundwater in the Middle Peninsula is found in the water^table

aquifers, the upper artesian aquifer system, and the principal aquifer

system. The most important water-table aquifer, the Yorktown aquifer,

x'l



found in the eastern part of-the study area, is a r.elatively reliable

source for domestic, institutional and light municipa'l use. The

upper artesian aquifer system, made up of sands of the Nanjemoy

Fonnation and the basal sands of the Calvert Formationn is a reliable

source for. domestic, light municipa'l; agricultural, and institutional

use. The principal aquifer system is composed of the Patuxent and

basal Mattaponi Formations. Throughout most of its extent, the principal

aquifer is capable of supporting high yie'ld wells or well fields,

but some locations are more favorable than others

Historic potentiometric surface maps show that deve'lopment of the

principal aquifer system at l^|est Point and east of Urbanna has caused

a'lowering of water levels in the area. The maximum decline of about

140 feet is found at West Po'int. Cunrent water level trends show

water levels continuing to decrease in response to increases in pumpage

in West Point and Urbanna. However, water levels would probably

stabi'lize if pumpages in the West Point and Urbanna areas were kept

rel a t'i vely constant.

Transmissivities were estimated from specific capacities for the

major aquifers. Transmissivities v,rere found to average as follows:

5,000 to 50,000 gpd/ft for the principal aquifer;3,000 to 10,000

gpd/ft for the upper artesian system and about 1,000 gpd/ft for the

Yorktown aquifer.

A high chloride groundwater zone of natural origin was delineated

within the eastern part of the Study Area. In the Town of Gloucester

area no detectable movement of the high chlot'ide zone toward the major

pumping centers has occurred in the last 30 years. Lack of deep

x11



well control north and south of Gloucester make it impossible to

assess whether the high chloride zone has moved or is moving toward

the punping centers in these areas.

The major variables limiting groundwater supply in the area

inciude the presence and potential movement of the highly mineralized

zone in the eastern part of the Study Area, the water-bearing

characteristics of the major aquifers, and major water level declines

in the principal aquifer associated with the major water withdr.awals.

Taking the above factors into account, it is estimated that a

considerable quantity of groundwater is available for further develop-

ment in the west central part of the Middle Peninsula with smaller

quantities available in other partsq

Eight research stations were reconmended in order to determine

the best areas for future development in the Yorktown, upper artesian

and principa'l aquifers, to monitor movement of the high ch'loride zone

in the artesian aquifers, and to extend the present water level monitoring

network.

xiii
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CHAPTER I

INTRODUCTION

Purpose and Scope

This report will present an expanded, up-to-date evaluation

of current groundwater conditions in the Middle Peninsula Study Area.

since future economic growth in this area depends upon development

of an abundant source of inexpensive fresh water, it is anticipated

that this report will be used as an effective aid to assist in future

p]anning, development, and maintenance of the area's invaluable ground-

water resources.

Study Area Description

The Middle Peninsula of Virginia is situated in the east-central

portion of the State, bounded on the north by the Rappahannock River

and on the south by the Pamunkey and York Rivers. Nestern caroline

County, the western limits of the Study Area, is approximately 86 miles

from the chesapeake Bay, which forrns the eastern boundary. The width

of the Study Area is near'ly uniform, grading from 22 miles wide along

a line between Gloucester Point and Gwynn Island in the east to about

30 miles wide along Caroline County's eastern border (p1ate 1).

There are seven counties included within the Middle Peninsula

study Area. From east to west they are Mathews, Gloucester, Middlesex,

King and Queen, King l^lilliam, Essex and caroline. Mathews, G'loucestern

Urbanna, West Point, Tappahannock, Bovling Green and Port Royal are

the major tovrns in the study Area. In addition, portions of three



major river basins, the Rappahannock, the York and the Small Coastal

River Basins, are within the Middle Peninsula Study Area.

The population figures for.the Study Area presented in Table 1

show the breakdown, by county, of the 61,534 total population.

According to the 1970 census, population varied by county from a low

of 5,491 in King and Queen County to a high of 14,059 in Gloucester

County. King and Queen County is the least densely populated county

with an average of 17.3 persons per square mile, while Mathews county,

although smaller in size and total popuiation than Gloucester, is the

most densely populated, with an average of 80.8 persons per square

mi'le (Table 1).

Previous Investi gations

Four previously developed investigations deal primari'ly with the

groundwater resources of the.Middle Peninsula'of virginia: Sanford

(1913) discussed the groundwater resources of the coastal Plain of

virginia including a.county-by-county description of the groundwater

resources of the M'iddle Peninsula; Sinnott (tgsS) presented an abbre-

viated sketch of groundwater occurrence in the Tappahannock area;

cederstrom (tg6a), in an unpublished report, discussed the groundwater

resources of the Middle Peninsula; and, the State Water Control Board

(tgzg) covered the groundwater cond'itions of King l.lilliam county in

Ground Water of the York-James Peninsula

Other invest'igations relating to the groundwater conditions of

the Middle Peninsula of virginia include cederstrom's (1943, 1946)

anaiysis of the groundwater quality distribution in the v'irginia

coastal Pla'in, Back's (t900) determination of saltwater-freshwater
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TABLE i
POPULATION AND LAND AREA OF THE

MIDDLE PENINSULA

Total
Population

County (1970 Census)

Area S'ize Popul ation
(square nri I es ) Dens i ty

Land Water Total (per/sq/mi )

Carol ine

Essex

Gl oucester

King l.lilliam

Mathews

Mi ddl esex

King and Queen 5,491

545 4 549

250 13.8 263.8

225 32 257

318.1 8.9 327

278.1 7.9 286

88.7 13.3 r02

132 138

13,925

7 ,0gg

i4 ,059

7 ,497

7,168

6,295

25.6

28.4

62.5

i7. 3

27 .0

80.8

47 .7

Tota I

Source: DSPCA Data

61 ,534 1,836.9 85.9 1922.8 4i.3 (avg)

Summary for each respective county.



boundaries and estimated regional flowpatterns for aquifers in the Northern

Atlantic coastal Plain, Teifke's (tgz:) stratigraphy of the coastal

Plain of virginia, Brown's et. al. (1973) study of the structural
geology, stratigraphyr drd relative permeability of strata in the

North Atlantic coastal Plain, and 0nuschak,s (1973) environmental

geologic maps of geomorphic features and general geologic processes

in the area.

Method of Investigation

Numerous publications dealing with the groundwater resources of

the Middle Peninsula were consulted in order to establish the geologic

framework fon evaluating the groundwater resources of the Middle

Peninsula. static water level measurements, for example, were

obtained from both State Water control Board observation wells

and we]ls owned by various entities (i.e. private, municipal,

industrial, and agricultural). pump test data, as well as driller's
notes qnd]ogs were obtained from the files of area drillers. pumpage

records submitted to the State Water Control Board by specific large

w'ithdrawers were also examined and subsequent'ly incclrporated into the

study. water quality data from wells was used to determine the

chemical distribution within the major aquifers and to indicate

changes in chemical parameters over a period of time. The most

iecent quaiity information presented in this study was obtained from

the virginia state Department of Health and virginia state water

Control Board.
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CHAPTER II

PHYSICAL SETTING

Climate and Meteorology

The Middle Peninsula's climate is determined by latitude, topo-

graphy' prevailing winds and proximity to the chesapeake Bay and

Atlantic Ocean. The peninsula lies in the temperate climatic zone,

situated in or near the mean path of winter storm tracks. The

average annual temperature of the Midd]e Peninsula, based on a

U. S. Governmental Survey for the years 1930 to 1960, was 58o F

with an average January temperature of 37o F, and an average Ju'ly

temperature of 77o F (Tabl e 2). Evaporation averages 38 to 39

inches.from April to 0ctober, based upon i^ecords for the period

1951 to 1963 for Charlottesville, Virginia.

The long range mean annual precipitation in the study Area is

44 incheso_varying from a low of 42 inches in the northern section

of Essex county to a high of 46 inches over the central portion of

the Peninsula. However, large year-to-year variations in rainfall

occur with annual totals frequently ranging from jess than 38 inches

to more than 53 inches" Average seasonal snowfalf is approxi.mately

13 inches, with January and February, averaging 3.4 to 3.9'inches,

respectively.

The Middle Peninsula has experienced several meteorological drought

periods, the most notable of whicfi occurred in the years 1930-32.

The drought of 1930 was the most severe for the eastern United States



Average
Annual

County Temperature

TABLE 2

TEMPERATURE AND RAINFALL
OF THE MIDDLT PENINSULA

Average
Ju1 y

Temperrature

Average Average
January Annual

Temoerature Rainfal I

Carol i ne

Essex

Gl oucester

Ki ng and Queen

King [.|illiam

Mathews

Mi ddl esex

59

56. 6

58. I

56, 6

56.6

58. 1

58. 1

78

76.7

77 .6

76.7

76.7

77.6

77 .6

81

35. 5

37 .9

35. 5

35.5

37.9

37 .9

43"

40"

41"

42"

43"

46"

43"

Total

Source: DSPCA Data

57 .6 77 .3 37 .3

Summary for each nespective county.

43"



o as wel I as the Peni nsul a . At that tinre rai nfal'l i n the Mi ddl e

Peninsula averaged 18 inches below normal, and eight consecutive

months were classified as."extreme" by the Palmer Index for the

classification of rreteorological drought'

Physiography

The Middle Peninsula is located almost ent'ireiy withjn the

Coastal Pla'in Physiographic Province. Qnly the western th'ird of

Caroline County lies west of the Fall Line in the Piedmont Province.

The Coastal Plain Prov'ince is charactepized by the fo11owing

geomorphic (Iand form) features:

1) broad, gently dipping terraces formed by ancestra'l sea

I evel stands;

steep ancestral beach ridge escarpments separating the

terraces (Two noted Tidewater scarps are the Surry. Scarp

whjch passes through Signpine and l,loods Crossing (100 feet

above M.S.L-) and the Suffolk Scarp which passes through

the Gloucester Courthouse Area (50 feet above M.5-1.)):

broad flood plains characterized by rneander loops and

depositiorral features (This type of stream morphology

is characterized by the stream expending most of its.

energy 'in lateral erosion rather than vertical down-

cutting, i,e. the Pamunkey and Mattaponi R'ivers); and

tfre formation of fluv'ial -estuarine systems (drowned river

va1'leys) as river flood plains and channels engulfed

by an jncrease in sea level (i.e.the York,'lower Rappahannock

Rivers, and Mobiack Bay areas).

2).

3)

4)



Overall average relief of the Study Area is approximately

300 feet, ranging from the rolling slopes in western caroline County

to sea level in Mathews and Gloucester Counties.

Land Use

Farming and forestry, land practices which exemplify the rural

agricultural type economy that has historically dominated this area,

are the two major land uses.

Although urban and industrial acreages are a minor fraction

of the total land area, there is increasing pressure for industrial

development, particularly environmentally clean industry. These

industries are pni.mari'ly for expansion of local economy and conununity

tax base and are, for the most part, light industries which do not

place large demands on the water or se$rage systerm in the towns where

they are located

o
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CHAPTER I I I

GEOLOGY

Geologic Settinq

The Middle Peninsula of Virginia lies within the embayed section

of the Atlantic Coastal Plain Province. Crustal movements a'long the

Atlantic continental margin have produced a seaward s'lope on the

crystalljne-rock basement surface (plate 2). Areas west of the

Fall L'ine were uplifted during these movements 430 to 280 milljon

years ago and unden,lent erosion, whole areas east of the Fall Line

were depressed and became centers of deposition. The sediments

enoded from uplifted areas ff lled these depos'it'ional basins to the east.

These unconsolidated sediments dip gently seaward and rest upon

a basement comp'lex of sedimentary, igneous and netamorphic rocks

older than cretaceous Age. The unconsolidated sediments are of
a

cretaceous (about 63-135 million years old), paleocene (about 5g-63

million years o1d), Eocene (about 36-58 miilion years o1d), Miocene

(about L3-25 million years o1d), and post Miocene Age (recent - about

13 million years o]d), and consist of a series of alternating marine

and non-marine c1ay, silt, sand, and gravei. In west central caroline

County, iust east of the Fall Line, unconsolidated sediments are thin

and bedrock has been reached in several wells. West of the Fall Line

the Coastal Plain sediments have been removed by erosion and bedrock

is exposed at the surface. East of the Fall Line the basement rock

lies at progressively greater depths. Near the eastern extreme of the

il



Study Area in ltathews County, the thickness of unconsolidated sedirents

is approximately 2,600 feet.

The formational boundaries presented in this report are based

mainly on lithostratigraphic correlations and interpretations of

geophysical logsn and well cuttlngs from selected areas with

additional information from prevlous publications. The formation

found inmediately below the land surface is indicated in Plate 3,

and distribution of the formations is found in Plates 4, 5,7, and 9.

Plates 6 and 8 show the probable geologic facies changes within the

Cnetaceous Age sediment"

Geologic Units

flp{etaceous. The Cretaceous-Recent sedimentary sequence is

underlain generally by igneous, metamorphic and consolidated sedinen-

tary rocks. These lithologic types constitute the "basement complexi'

upon which the Lower Cretaceous PatUxent Formation was non-uniformally

deposited. At most places along the Fal'l Line, Patuxent strata are in

contact with granitic rocks at elevations ranging from about 100 feet

above rnean sea level to 400 feet below mean sea level. For the most

part, the "basement" along the Fall Line consists of granite or its
weathered component that is readily correlatable with the Petersburg

Granite exposed inrnediately to the west in the piedmont (plate 3).

Triassic sediment "basement" has been encountered at two sites

in Caroline County. Sandstone strata found in Eowling Green and, Moss

Neck appear to be the northern extension of a narrow north-south

trending bandofapparently infaulted Triassic sediments which aru

found to the south in Hanover and Henrico counties (virginia state

12
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Water Control Board, 1973). Also, further east in l^lest Point,

Triassic sandstones were found to form the basement at approximately

L,255 feet below sea level. The Triassic sediment may be part of a

trough which extends south into James City County and may be the

hingeline of a fault block (Graben) along which active crustal

deformation has occurred from Triassic through. Miocene Ages (Brown'

L972). The hingeline may have controlled subsequent deposition in

the West Point area.

Cretaceous. In older previous reports of the Middle Peninsula,

the Cretaceous has been subdivided into the Lower Cretaceous Potomac

group and the Upper Cretaceous Mattaponi Formation. However, in a

recent report by Teifke (1973), the Lower Cretaceous was defined to

include the lower non-marine sequence of the Mattaponi Formation,

referred to as the Patuxent Formation. The Patuxent Formation, as

defined by Teifke (1973), is analogous to the Cretaceous Units H, G,

and F as defined by Brovn (L972). Teifke's newer classification of the

Patuxent Formation and subsequent younger units will be used in this

report (Table 3). Geologic classification and a general description

of the fonnations is given in Table 4.

The Cretaceous sediments of the Middle Peninsula were deposited

in a fluvial-del.taic environment (Cederstrom, 1945). The facies which

have been preserved are the neandering channel facies of the fluvial

environment and the deltaic environment (Plates 6 and 8). Character-

istic of all these facies are discontinuous sand bodies interbedded

with silts and clays

The s 1 i ghtly meanderi ng channel faci es (Vi rgi nia State l,later

o
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o
TABLE 3

COMPARISON OF THE STRATIGRAPHIC UNITS

Age Richards (1967) Present Report

Clg
L
o
+)
L
C'

i
C'

P
L
(l,
F

?

tn
5o(l,
I
G'
+)
(u
!(-)

P'li ocene-Hol Columbia Group

Mi ocene

Yorktown Formation
Yorktown Formation
(possibly Pliocene
in part)

St. Marys Formation

Choptank Formation

Calvert Formation
Calvert Formation

Eocehe

Chickahominy and
Piney Point fms.

Nanjemoy Formation Nanjemoy Formation

Aquia Formation

Mattaponi FormatioPal eocene:! ?

Upper (?)
Mattaponi Formation

Lower

Raritan Formation

"transitional bedsPatapsco Formation

Arunde] Formation

Patuxent Forrnation Patuxent Formation

Source: Teifke,1973.

25



9Z

PJeo€ loJluo] Jalen alelS e!u!6r!A :alJnos

(t,
oc-to
(D

{
rD

{r
7r
tD

(0
(,

C)mo
c)
6)
C)

=
(tl

z,o
-l
Irl
v -.1

= (rr

-{ rfl
m
F5
@
rrt
F
z.c,
c)

7
C)
-ltrln
v1{
(-)
(t,

o-o
ooo

o.Ja
o
o

io
a

;'
a

o
a
0-

o

-
€o-

I
c t'r!!lo
oto: l'.3

tO.Jtf
:o
l.{

o
o

=
o
o

o-
o

o
o

a!

do

a=
AF
oo
-!

5r.

-z

oo
d=r.oo<

aJ

=,<oo
d: =l-or.€

AO

--
do

=

a

o

=

@>!
<aa
do:o@o
= -.-.OE

co
r.=

.o>c<-E6-!
6rD 0qoa

o

r.= .q 1=<oo
@ q-
droooa

JE

oonEdoOr. a
d:

o

0rO

I

o N N

N
I

^=tn J.t
oo:o -cd5 >J(D -6=

ft

OE H
o oio
odo6-O
d<co6
oooo:5. oo

J.o
Adgg
(Do
oa
V=
=J.00
ooo5

3OoH
o a -51J.e d
d.€ r< .D
5 J.o a

.oo
0 na
o9a.Do o ra.=c

o<@r.O
do >
'JA
lge

3 aooJ,
a oJ6|D€

= 
d.00

JJ.O
o=o

5€ 5 J.
J.5 A@
r.O o J
53J<. @go<@

=61o.. o
oo ooa {r=

:o d9: -.
oao.Dorioo.D=oao.5:ocl|D.

= 
d-.

ooJ
ad40 0
=@'o

o f c
atDo

= 
r.

oh

o o-!@g

I'o cd= =gO.
::a

o
=c

dooo
oDoo5-J<

3o
odo@o9:@

o!
l(<
JJ

oo

=-o-J.oE
J OJocs
oo-do9!>oo d=
-.' d

qo(
o '-Eq-O<.

doJ.o!
oo!
. cc:'o

=z.:
f,

3:o
acr. (l

av

o<co-o o =E J.Jq

O J.O -oOnJ
. no

EO@<a
aqu
iJ9 :ooo
r.=ego

o
Go o
o ak

ooq

o

o
5oo
oI

o
f

=

-o @
o nc

!16t
ad

NO J.

==olD 
qo
€5oadoo1ao
d(D

oesoo

:r.oo
-

OJ.E Co:-lI
E O Oto aE oto |D cosa-
J.o do oc

so
E !:r.o -
J=:

5k|D--o, n
QCoo 5l

Or5=

o

o r61<oo@<.=
-o ooaa
=0o4ak

EO

:o
J.C

EJi
9d
J9 -oa

r.O
t=onaJ,

=

-t o -Jo.<o a r.r.o J
E O(a'O 

= Or.O 35O -a. O*@O@d
-, t6ctDikCr iD r*C Iooo0qJ+a r*c o<.o:9JO 9o a.6,6

iF oJ.=f!.r<d
O=J.o E@€
E J.=E J.Op=o50d
=o o! > o|O a dor :oo q
*o !o o ro@0oJo. o r.. o.a

@oc>r.oE O9=!d
= oo o

agr' osag6CaJ.E +Oao|Doa@oa d r.o
o=@o5A

6 A=
otoS
=tD-@.o

c3c

o-a- 5no(Do
-adgoodI o5oo

aJo<0o a -.sa doEd(D !E
oqor
oo€on= o o
-= 6@JO a 5od o

JdcoopS
o=o€.o

do -
o o1
o !G

aD roA J€
=<

ok !
doEJE
fO-
ogo
0i
a o@oa-:oo. dEo:

og
-doo
J-

=-o€c
J

-
1

o
o

o

o



o Control Board , tgll and Fisher and McGowen , tg67) found in

Caroline, western King ldilliam, and Essex counties, is character.ized

by channel sand bodies which are coarse-grained at the base and become

;insp-grained upward. Geoloqic cornelations made for

this report indicate that the channel sands are 50 to 70 feet thick.

In the York-James Peninsula these sand bodies have been reported to

be one to three miles wide, and up to 10 miles rong. In addition

finer-grained sands resulting from crevasse deposits, overbank spills
and tributary stream channels are found. The fluvia] sands are

generally subordinate to coarse and fine inter-channel silt.
The sands of the highly rnandering channer facies (Fisher and

McGowen, t967 and virginia state water contror Board, 1973)

found in eastern King t,filliam, eastern King and Queen, and Middlesex

counties, are medium to coarse grained, moderately we]l sorted,

and have an average thickness of about 100 feet. sand bodies are

discontinuous as shown in the geologic correlation in the West Point

area (Plates 5 and 7). Finer sands associated with'crevasse deposits

and overbank spills are found, with overbank silts and clays subordinate

to sands in thirs facies. The dominant thick sands of. this facies form

generally good aquifers.

The delta distributary facies and delta front, found in the eastern

part of the Study Area, are characterized by nedium-grained, moderately

well-sorted sands, about 50-200 feet thick, and exhibit somewhat

linear trends (Plates 6 and 8, Mathews county). In certain parts of

the delta distributary facies, interchannel swamp deposits, consisting

of dark-colored silts and clays with sand stringers, are found.
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Paleocene. The Mattaponi Formation of Paleocene Age lies

directly upon the Patuxent Formation throughout the Middle Peninsula

(Plates 5,7, and 9) and is overlain by the Nanjemoy Formation. Thus

defined, the Mattaponi interval of marine origin, including rocks

neferred to as the Aquia For.mation in Cederstrom (1968), is comprised

of beds of quartz-glauconite sand, drab-colored glauconite-bearing clay,

shell beds,.and an occasional bed or beds of indurated calcitic rock

(Teifke, 1973). Basal gravel and sandy dolomitic siltstone are sub-

ordinate lithologic types of nelatively local occurrence, Abundant auto-

chthonous glauconite is the principal lithologic criterion used to

identify the unit.

The,Mattaponi Formation is found over'lying the Patuxent throughout

the Middle Peninsula except;inthoseareas near the Fall Zone in western

Caroline County where they have been removed by erosion. The thickness

of the Mattaponi fluctuates between 20 and 160 feet (Teifke, 1973). In

the western part of the Middle Peninsula, the ttlattaponi consists of fine

to medium sands interbedded with silts.and c'lays (P'lates 5, 7, and 9) and

the central part consiSts of fine grained quartz sand with 10 to 75 percent

glauconite and numerous clay stringers. The Mattaponi in the eastern

Middle Peninsula consists of alternating silts and clays.

Eocene. The Nanjemoy Formation is comprised of sediments generally

considered to be of early to late Eocene Age. The Nanjemoy as defined

by Teifke is equivalent to sediments of Claiborne Age as described by ,

Brown (1972). The formation is an alternating succession of sandsn

clays, and calcitic units (P'lates r 5,7, and 9). The sands are miner-

alogical'ly simple, consisting mainly of yarying propontions of quartz

o
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o and glauconite which range ftom brorn clayey sands in which glauconite

is a minor consti;tuent to clean "greensand" in which glauconite may

constitute as much as 90 percent of the grains (Teifke, 1973) .

The Nanjemoy varies considerably in thickness west to east from

20 fee-t in Ca.r"oli,na County to over 100 feet in eastern counties,

It outcrrops in a thi,n band al.ong the Matta River ln Caroline, King l'Jilliam

and King and Queen Counties (Plate 3).

Mioceng,. The Cal,verrt For:mation includes all strata between the

toB of the Escene Age Na,njemoy Fsrrmation and the base of the Yorktown,

a,nd the b.ase of the Pliocene-Holocene Age Columbia Group in the absence

of the Yorktown For.rnation (Plates. 5 and 7). The Calvert Formation

can,generally be di,vided into three parts: the basal sand member,

the diatom.tceous. membern and the upper member. The basa'l sand member

consists predominately of, sands. w,ith minor clay beds or lenses with

traces of gJaueon.ite. The diatornaceous beds are pale brown to buff

and.un'iform in texturel they contain. very little sand or silt, The

upper un:it consi'sts main.]y of greenish-gray to brownish-gray silty

clay and in,terbedded. accumuiatioos of nrol lusk shel ls.

The Calvert. Formation outcrops in Caroline, western Essex,

weste,rn King and Queen, and western King lllil'liam Counties (Plate 3).

Thi.ckness varies, f,rom apprnoximately 50'feet in the outcrop areas

to over 200 feet in Matherus County.

Sediments between the top of the Calvert Formation and the base

of the COlurnbia Group are.refenred to as the Yorktown Formation

(Plates 5, 7, and 9). They are distinguished from the Calvert

by their more abundant and markedly coarser sand and gravel units' byo
29



more abundant and thicker shell beds, and, to a lesser extent, by the

prevalence of gray,'light grily, and bluish-gray colors of the Yorktown

strata.

The Yorktown Formation constitutes the 'land surface over a wide

part of the Study Area (see Plate 3) and, where present, averages

about 60-100 feet thick.

All sedirnents overlylng recognizable Yorktown or Calvert strata

are refered to as the Colunbia Group (Table 4). These younger deposits,

marine and non-marlne, Pliocene through Recent in age, cover most of

the Yorktown and older rocks in the Study Area and can be as much as

L22 feet thick. They consist malnly of oxidized clays, silts, sands,

and some gravel. In most places the sedirents of the Columbia Group

contrast sharply with any marine formation which they overlie.

o
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o
CHAPTER IV

OCCURRENCE AND USE OF GROUNDWATER

Groundwater of the Middle peninsura occurs in three major

aquifer systems (Table 4). The uppermost aquifer system, the water-table

aquifer, is found throughout the Peninsula. It consists of unconsoli-

dated deposits of rertiary and Quaternary Age (primarily the columbia

Group; the Yorktown Fonnations and the Calvert Formations) except

in southwestern caroline csunty where consolidated bedrock of pre-

Cretaceous Age is found. This unconsolidated aquifer is a re]iable
s'ource of domestic groundwater supply in most of the study Area, but

seasona'l fluctuations and lack of sufficient storage make it impractical

for maior industrial or municipal supplies. The second aquifer system

of the Middle Peninsula is the upper artesian aquifer system, formed

from sediments of Miocene and Eocene Age (Nanjemoy and the Lower

Cal vert Formations ) . The thi rd aqui fer system, the .pri nci pa'l aqui fer
system' comprised of Paleocene'and cretaceous Age (patuxent and

Mattaponi Formations) is found throughout the entire peninsula

specific capacity, defined as gal lons per minute of discharge per

foot of drawdown (gpm/ft) is the most reliable hydrogeologic

information available for most of the wells in the Middle peninsula.

Therefore, specific capacity is used in this report as an indicator
of aquifer potential. It should be noted that variations in well

construction will have pronounced effects on the specific capacity

of a well, but in those areas where specific capacities are reported
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