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Figure 1l.--Map showing location of the Middle Peninsula and
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Geology and Ground-Water Resources of the

Middle Peninsula, Virginis

By

D. J. Cederstrom
Abstract

The Middle Peninsula of eagftern Virginia is part of the Coastal
Plain province. It extends from the Fall Line to Chesapeake Bay
and lies between the Rappshannock River on the north and York and
Mattaponi Rivers on the south. Caroline, Fssex, Middlesex, King and
Queen, Gloucester)and Mathews Counties are included in the~£é§§;£.
Fiel@iyork in the area wag carried out by several individuals and
this report is a synthesis of various data gathered over a pericd
of time. HRecords of large yield wells drilled in the last several
years do ﬁuch to update the report. The geology is based largely
on the writer’'s interpretation of drillers' logs and well records.
Comparison with betfer controlled geology to the north and south
hag been helpful in arriving at some degree of accuracy in drawing
of gtratigraphic boundaries.

The area consisvs largely of farms and woodlands with scattered
gmall villages and a few large towns. The largest town units are
Port Royal, Tappahannock, snd Urbanna on the Rappahannock River.

Bowling Green lieg inland,and Mathews lies off Chesapeake Bay.

)

Manufacturing ls not gweestdy Important in the areas and is in

good part based on lumber products. 3Sport and commerﬁﬁpl fishing



are important locally.\‘EErm crops range widely 1n economic value
from county to county. Commercial production of flowers and bulbs,
particularly daffodils, is a unique featurs of the Virginia Coastal
TPlain. A wvery large duck farm is located below Urbanna. Consilderable
development cf the more desirable river front acrcage has been taking
place In the last decade, in part as "suburbs" of Urbanna and
Tappahannock and in much greater part as summer homes of regidents
of Richmond, Fredericksburg, and elsewhere. A development consisting
of manmade lakes, home sites, camping sites and recreational
facilities 1= being established in Caroline County. A large military
reservation, A. P. Hill, ig also in Caroline Ccunty. The recreation
industry is significant, therefore, in the more easterly part of
the Middle Peningula, and will probably increase in importance.
Crystalline rocks crop out in wegternmost Caroline Countxgbut
east of the Fall Line, crystalline rocks and Triassic sandstone lie
at progresaively greater depthsi;z Mathews County they are reached
at 2,300 feet beneath the cover of Coastal Plain gediments.

N -

Unconsolidated sediments of the Potomac group of Farly [and
- -

”

lﬁte}CretéEeous age rest upon the basement rock. They do not crop

/

cut in the area bhut have been penetrated by wells in central and

eagtern Caroline County. The deep well in Mathews County penetrates
e

the full section of Potomac sediments. There the Potomac gection

may be gbout 900 feet thick and consists of alternating gand and

clay bedsz.

Mo



The Mgttaponi Formation of lLate Cretacecus to Paleccene age
congists of alternating sands and clays. The sands are glauconitic
or glauvconite sands and in many places the clays are highly colored.
The maximum thickness rmay be greater than 500 feet downdip. It s
believed to extend nearly wo the Fall Zone in Carcline County. The
Aquié/formation ig a highly glavconitic series of beds of Palez;ene
age. It is well developed in the Fall Zone area but thins out
downdip. N

The Nanjémoy Formaticn of,E&werﬂmmiéﬁﬁﬁle‘Eoceno age ig
relatively thin in the Fall Zone area but thickens to about 100 feet
eacstward. However, like the Aqﬁia/it alsc 1s Truncated eastward oy
an overlyling Tormation, t<he Chickahbminy, ot %%te Focene s -
age. It may atiain a thickness of more thanJIZS feet In the eastern

the .

part of/Middle Peninsula. The Eoceﬂ% formations are characteristically
glauconitic sands and merls. Thin beds of limestone, commonly
cemented shell beds alfernating with thin fine glauccnitic sand stratq,
are common. The Paleccene Aqﬁia and Eccene Nanjemoy Formaticns are
exposed alcng Rappahanncck and Mattaponi Rivers but the overlying

v
Chickahominy Formaticn is known only at depth.

4 o

The Iate Cretaceous 1o Bocene beds are transected by the
Chesapeéke group of marly formatlions of Miodene age. In central
Caroline County the base of the Miccene lies about 100 feet above

(9
gea level but in the counties adjacent to the bay the Miocene may

extend to more than L00 feet below sea level.
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The Columbis group of fermaticns consistpgf g thin veneer of
noes ¥ &
generally sandy terraces overﬂthe exbire Coastal Plain.

Few wells develop water from consolidated bedrock beneath the
Coastal Plain sediments.

East of the Fall Line water in the Cretaceéﬁs to Eocgﬁe beds
occurs under artesian conditicns. Many flowing wells have been
congtructed along the large riversg and their tributaries as a reszsult
cf which artesian head ieg now low and many wells that once flowed
must now be pumped. Indugirial pumpling initiated in more recent
years has undcubtedly contributed to the logs of head.

JQ-—-BG"' [ .

Iarge quantities cf water,A: 5503 Mi_LiJ’%guLthS &, iaxlare
available fromyMattapcni and;PctcmébrFeygations scmewhat east of the
Fall 7one. However, eagt of a line drawn from Burhans Wharf cn the
Rappahanncck in lower IMiddlesex County and scuthward through western
Gloucegter Countvy, artesian water is brackish to a greater or legszer
degree.

The Nanjemc} and Chickahominy Formaticns are excellent sources
of supply for domesgstic needg in many places. The Aqu{é Formation
appears to be a very pocr aaquifer. Miccgne gandsg are developed Dby
wells in those areas adjacent to Chesapeaxe Bayg&fiﬂ/most instances
only small supplies are available. Tervace s=ands yield domestic
supplies to thougands of dug welle throughout the Middle Peninszule.

Optimum developrent of ground-water resources 1s discussed

from the point of view cf develooment cof maximum hydraulic gradient



toward heavily pumring wells thus inducing maximum eastward flow

of artesian water and maximm roof leakage. The reservolir capacity
of Coastal FPlain sediments can be utilized in many places by
recharging those sediments when and where excess surface water g
avallable. GStorage of fresh water in brackish water sediments iz
also possible. Recovery of the great volume of recharge received
(and now lost to the sea) by terrace formations may be practicable
by drainage through recharge wells. DPumping of brackish artesian
water for special uses 1s suggested as a means of diminishing any
tendency of the salt water frout to move updip.

Deep well water in the easterrmmost part of the area 1s some-
what hard but downdip the water is softened by base exchange and
a soft sodium bicarbonate water is characteristic of much of the
Middle Peninsula. To the east, ag noted, this water hecomes
brackish. In some wells ending in the shellower artesian formations,
water ig harder than might be otherwise expected, thus suggesting
that local recharge through the roof is taking place. Water from
Micecene formations iz neariy always racvher hard whereas dug wells
ending in terrace sands is soft.

Caroline County lies along the Fall Zone. 3Bedrock crops out
in the westermmost part of the county. Deep sands are fine in the
central area, as at Bowling Green}and gome difficuliy has been
experienced in developing larger supplics. In the eagtern part of
the county Coastal Plain sands are thickﬂénd conditions are favor-

able for developing large supplies. Port Royal and Powling Green

have municipal well water supplies and A. P. Hill Miliftary Reservation

ia supplied by wells.



There are many domestic artesian wells along the Rappahannock
in Essex County (as in Carcline County). Tappahannock hag two
municipal wells. One yields 200 gpm with 18 feet of drawdown.
Several housing developments, a hespital, and & food processing
plant are also supplied by wells.

larger yielé;iu@>to 1,100 gallons a minute with 50 feet of

! e lis .ouﬁ"j
drawdown}have been drilled at Urbanns, #er the municipality, 5% a
large duck farm downstream and # & Tew other establishments.
Below Burhans Wharf, artesian water is brackish and small supplies
Lhelow wwater o ble weils t‘:h.i.."ns in
are obtained frogﬂMioceneband PleistoceneVestrata.

o large well water gupplies have been developed in King and
Queen County but at West Point, adjacent to lower King and Gueen,
perhaps as much as 30 miliion galloﬁéEﬁf'water,a dax)haﬁg been
developed for an industrial supply.

In much of Gloucester County, artesian water is somewhat
brackish. Gloucester has a municipal ground-water supply in which
chloride is 355 milligrams per liter.

Artesisn water in Mathews County 1g brackish and only small

[
supplies are available Iron Miogéne and Pleistocene strata.



Introduction and Acknowledgments

The purpose of this report is to make avallable information
on the ground-water supplies in the Middle Peningula. The data
rregented pertair largely to The depths of wellg and the strats
froem which water is obtained. the quantities available and the
chemical quality of the water. Where ground water is limited in
quantity or galine in chemical character, effort is made to show
the practicability of amelicrating potential sherftages by artificial
recharge.

The investigation of the ground-water resources of the Middle
Peninsula in Virginia was begun in the early 1940's as a cooperative
project of the Division of Geology of the Virginia Department ol
Conservation and Economic Development and the U.S5. Geological Survey.

Work continued intermittently until 1957 and was completed in 1968.

Ta



Work was performed initvially undef direction of the late
0. E Meinzer, geologist-in-charge of the Ground Water Branch,
U.B. Geological Survey end subsequently under the late A. N. Sayre
who succceded O. E. Meinzer. The work in 1968 was carried out
under the general direction of G. E. Ferguson, Regional Hydrologist,
Atlantic Coast g&?ﬁi%ﬁ, anajiryatt'cambren, District Chief, of the
U.8. Geologlcal Burvey. Virginie cooperating officials duwring the
earlier years were the late Arthur Bevan and the late William MeGill,
State Geologists. In 1968, Jomes I.. Calver, State Geologlst and

‘H‘-: P RTE TS "“:.'
Commisgloner of Mineral Eesources was the cooperating official.

Some field work in the iiddle Peninsula wasg accomplished‘by
the writer during World Wer IX although at that timo the greater
anmount of his work was carried out in the York-James Peninsula.
Additlonal data were collected in the Middle Peningsula countieg in
succeeding years by Allen Sinnott, who succeeded the writer as
geologiat-in-charge of cooperative ground water Investigations 1n

Virginie, and by his assistant, G. Chase Tibbitis, Jr. The field

was briefly visited again by the writer in 1968 at which timo a
nurber of slgnificant wells yere located and edditional water

sanples vere collected.



A little of the information obtained in this study has already
been published. Revrint 6 and Circular 3 (Cederstrom, 1943b, 1945h)
of the Virginia Geclogical Survey contain information on several of
the deep wells in the Middle Peninsulsas, although in the present
report siratigraphic boundaries have been changed. Bulletins 58
and 68 of the Virginia Geological Survey (Cederstrom, 1943a and
19h6a} and a paper publiched in Economic Geology (Cederstrom, 1946b)
deal with the chemical character cf typlical ground waters in the
Middle Peninsula. Deata given by Sanford who surveyed the Coastal
Plain arcund 1906 (Bulletin 5 of the Virginia Geological Survey)

h&s been drawn upon to the fullest exwent posgible.

Data pertaining to a number of wells drilled in{#ﬁﬁ&n%aye&fs:
in the Middle Peninsula, records of which are filed with the Virginia
Division of Mineral Resources, are included in this report and do
much tc update the material presented.

This repcrt thus documents and discusses a large number of
renresencative wells in the Middle Peninsula. A fair number or
abandeoned wellgs nentioned by Sanford are included because those
records confirm the once widespread uce of relatively shallow
artesian water in some areas cor show clearly the precsence of brackish
water in other areas. Conversely a considerable number of domestic
wells drilled in recent years are not included because their
records would add liftle te what is known from the various data at

hand.



Most of the analyses of wcll waters collected during this
invegtigation were analyzed in the laborazories of the U.5.
Geological Survey but some few analyses Irom other sources are
alzo included.

Well drilling ﬁﬁ;ms in and adjacent To the area have furnished
well data, either directly to the individuals making Investigations
or to the Virginie Divieion of HMineral Resources. In largest part
thece are Sydnor Hydrodynamics (formerly Sydnor Pump & Well Co.)
of Richmond, W. 3. and L. R. Reynolds and Bruce Norman of Walkerton,
Douglag and Dickenson, Inc., of Warsaw, and Layne Atlantic Co. of
Horfolk. Tharnks are also due various public officials and many

private well owners who have freely given important information.
T ¥



GEOLOGY

The area included in the Middle Peninsula (fig. 1) is under-
lain by uncensclidated beds that dip gently seaward and rest upcn
consclidated bedrock, either Triagsic sandstones and shales or
granitic rocks. The unconsolidated sediments are of Cretaceous,
Paleocene, Locene, Miocene and Pleistocene age, and consist of a
series of alternating sand, clay and marl beds (pl. 1). At Guinea
and Ruther Glen, in west-central Caroline County, Jjust east of the
Fall Line, unconsclidated gediments are thin and bedrock has been
reached in several wells. West of the Fall Line the Coastal Flain
sediments have been removed by erosion and bedrock is exposed at
the surface but east of the Fall Line the basement rock lies at
progressively greater derths and near Mathews the thickness of uncon-

solidated sediments is 2,300 feet.

Pre-Cretaceous Basement Rock
Trizssic System

Bedrock is exposed at the surface in westernmost Caroline County
and hag been reached by several wells in the west-central part of
the county (table l). It is of particular interest to note that at
Bowling Green and Moss Neck (wells 16 and 41, table 2) bedrock is
Triassic sandstone rather than granitic rock. A wedge of Trigssic
strata is shown on the Geologic iMav of Virginia near Doswell,
Hanover County, 5 miles south of Ruther Glen. Presumably, infaulted
Triaésic beds may continue northward from there as a narrow band.

However, "rock” penetrated at a depth of
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1,264 feet at West Peint, Immediately adjacent tc lower King and
Gueen County, iz here tentatively assigned to the Triaééic. It
cannot be assumed that the Triaséic underlies most of the Middle
Peninsula. More likely, Triaséic beds ceccur as a series of somewhat
narrow north-gouth trending bands bhetween irregular areas of

crystalline rocks.

Water-Bearing Properties

Congolidated rocks ordinarily yield much smaller quantities of
water to wells than those developed in unconsolidated Ceastal Plain
gsediments and will be dealt with briefly here. The average yield
ol domestic wells in either granitic rocks or sandstonesg is in the
nature of a few gallons a minute. It hag been found, however, that
in industrialized areas like Richmond, where a maximum effort has bheen
made to develop water from hard rock, some very high yields have been
obtained. As much ag 300 gpm per well has been cbtained from deep
welleg in granitic rock in the Richmond area (Sanford, 1913, p. 85)
where a congsiderable drawdown has been used, perhaps in excess of
200 feet of drawdown. Several cut and cut failures are alsgc reported.

In westernmost Caroline County Coastal Plain sedimente are thin
or absent altogether. Here i£ may be desirable, when more than
minimum quantities of water are needed, to drill at several somewhat

widely spaced locations in an atstempt to develop water in =zome

H
kel



quantity. Developers should avall theﬁselves of technical advice

in order that wells be located in what appears to be the more
favorable sites. Where multiple wells LOO feet deep or more are
drilled, en average yleld per well of up to 90 gm might be cbtained

trom granitie rocks and up to 150 gmm from sandstones.

Cretaceous System - Potomac Group

Bediments of the Potomac Gfouﬁ of Early an& Late Cretaceous
&ge crop out in the Richmond area south of the Middle Peninsula and'
in the Fredericksburg erea to the north. These sediments consist
of alternating lenticuler clay and arkosic sand deposits of
continental origin. Farther to the east the Potomac sedimeﬁts are
buried beneath a cover of ybunger gediments and in the Middle
Peninsuls area have been reached by very few wells. - At West Point,
adjacent to lower King and Cueen County 1t 1is belleved that Potomac

beds were reached at & depth of 800 feet.

Water Bearing properties

Wells developed in Potomac sediments near the Fall Zone have
not been conspicuously successful in yielding large quantitles of
wvater but some miles east of the Fall Zone 1in the York-James
Peninsula (Cederstrom, 1957) and south of James River (Cederstrom,
1945) the Potomac beds have proved to be excellent aquifers. In
the Middle Peninmula the few wells that develop large quentities
of water, as at Tappahannock, Urbanns, and Walkerton, end in the
overlying lattaponl Formation and little can be saild of thedr

! Qo‘\'ﬁt\&:‘. \o&s
potentia%?in thet?rea. However, at West Point a well drilled in

Ml Q‘L“*Sd\;&
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abnd+ 00 W0y anew )
1961 develoved a million xallons of water a'déEZa% 118 feet of

drawdown from Potomac beds. It is presumed that Potégéc strata of
similar water-bearing votential underlie much of the Middle Peninsuia
{rom which comparable quantities of water might be cbtained from
deep wells. However, in most of Gloucester, all of Mathews and in
lower Middlesex County, water from Potomée beds is brackish and not
sultable for some uses. Near the Fall Line Potomac beds are thin

and may pinch out entirely.
p
Cretacecus to Tertiary Systems
\.‘ i
Upper Crebaceouq w4 Paleocene Series - Mattapconl Formation

The Mattaponi Formation was establisned in eastern Virginia
on the basis of lithology and micrqﬂfossil study of well cuttings
from wells at Colonial Beach and Washington's Birthplace
(Zederstron, 1957, . 17-21), both of which are lcecated at about
10 miles north of the Middle Peninsula. The beds are described as

somewhat glauconitic clays and subordinate gands in the upper

e

portton and highly colered or mottled clays and subordinate sands
P

in the lower pdxiion. The highly colored clays may or may not be

glaaconitie.

Beds of similar appearance have been logged as far wesT as
Bowling Green. It was noted (p. 20) in the report cited in the
preceding paragraph that Foraminifera similar to those found at a
depth of 600 feet at Kilmsrnock were found in cuttings from the

Mosg Neck Manor well (41, Téble 2. ), almost as far west as

Bowling Green.



AT and near Bowling Green the Mattaﬁggi Formation, as tenta-
tively identified by the presence of motiled clays but inecluding
underlying sandg, exitends from a little below sea level to about
125 feet below sea level. Bedrock at Bowling Green ig at about 260
Teet below gea level. Adopting thie interprefation, a thin gection
of Potomac heds underlies the Mattapdﬁi Formation in western Carcline
County and, furthsr, the Mattapdéi does extend Tc the Fall Line area
but at such a depth that it should not be expected to be exposed at
the surface. Rather, the Mattaponi and underlying Potomac beds lap
up against the slope of the bedrock surface and are truncated by
the Miccene overlap a very few miles west of Bowling Green.

Mottled claye cr highly colored clays marking the Mattaggni
Formation have been reported in logs of wells in the Bowling Green
area, as already stated, at Walkerton and West Point along the
Pamunkey, and at Port Royal, Taprahannock, and Urbanna along the
Rappahannock. Glauconitic sands logged at considerable depth in
wells at Gloucester and Severn likewise should be assigned to the
Mattapa;i Formation rather vhan to the POtom;c group.

I

Drillers' logs at hand are not detailed encugh to permit
v
reasonakly accurate stratigraphic separation of the Mattaponi

jav]

Formation from the overlying and underlying formations in the more
eagterly part of the area. AL Wegt Point motiled clays extend to

about &0 feet helow sea level. If — = T

15



the underiying 200 fcot =zandy section is also congldered fo be part
N
of the Mattaponi, then that formation there is about 640 feet thick.
As shown in cross sections A- A and B- B ,F%gﬁr

upper boundary of the Mat apon1 Formation cannot be determined from

avalilable data in the eastern part of the area.
Water-Bearing Properties

Sands in the Mattaﬁgﬁi Iormation have been penetrated by many
wells throughout the six counties covered by this report. However,
water in some quantity has been developed from them only in the
Bowling Green, Tappahannock, Urbanna, Walkerton, and Gloucester areas.
Judging from the glof size of the gereens insgtalled, listed in the
tableg of well recorde following each county discussion, the sands
penetrated are not coarser than medium grain size in most places.

Iogs also suggest that some of the gands developed are slightly
clayey.

A yield of 253 gpm was developed in a well ending in sands of
the MattaponifFormatiOn av Walkerton. At Tappahannock two wells
have yields of 200 gpm with drawdown of 28 and 18 feet respectively.
Cbvicusly higher yields could be obtalned from thosc wells by
increaging the drawdown. In Urbanna a yield from one well is recorded
as 1,100 gpm with 50 feet of drawdown; yields of 857, 752, 430, and
205 gpm are algce rceported in the Urbanna ares.

It gseems likely that yields of a millicn gallons a day (about

700 gpm) might te developed in many places in eastern Carolink

;:g



County, in all of King and Queen and Essex Counties, and the westerly
portions of Gloucester and Middlegex Countles from wells no deewper
than 600 feet by installing larger diameter casings (to accommodate
large turbine columns) and ample screen, and by utilizing 5C feet

or more of the available drawdown. In cenftral Caroline County, the
section of Coastal Plain formations is limited and gocd water-
bearing sands are few. In eastern Gloucester and Middlesex Countieg
and in all of Mathews County, Mattaponi agquifers yield brackish
water.

It seems likely that the zone of ccarse basal sands of the
Mattaﬁoni Formation seen at West Point (pl. 1, B—Bl) has not been
reached by any wellgs east of Port Royal. Hence, even larger
quantities of water may be available from properly screened and
developed wells along muich of the Rappahannock and, of course, in
King William and western Gloucester Counties along the York and
Mattaponi Rivers from wells about 200 feet deeper than the present
wellg there. Water from such deeper wellsgs would not be expected
to have a chloride content appreciably higher than that characterigtic

of water from existing wells.

Tertiafy System

Paleocene Series - Agquia Formation

Bennett and Collins (1952) showed that the Brightseat Formation
in Maryland which underlieg the Aquia is of Paleocene age. Loeblich

and Tzppan (1957 a,b) determined that the overlying typical Aquia

17



ltegelf is of Paleocene agg

Whether or not the Brightseat Formation is in fact equivalent
©o the upper vart of the Mattaponi Permaticn is yelt to he established.

To avoid lengthy discusslon that would not be frultful inscofar as
—
this paper is concerned, the Virginia pre-Focene section will be

£ Lo
referred to simply, in degcending order, as the Paleocene Aquia

Formation, az known from microfossils at Aguia Creek (Cushman, 194L),
L—’ — [
and the Mattaponi Formavion of Paleocene to late Cretaceous age.



v

The Aquia PFormation, as defined at Agquia Creek, appears to
thin out eagtward from the Fall Zone ag 1t doeg in the York-James
Peningula (Cederstrom, 1957, p. 28) and may not be present east of
Tappahannock. Downdip the upper hundred feet or so of generally
glauconitic pre—Miocehe gediments become Increasingly sandy and con-
tain more and more thin "rock' (shell limestone) strata as the
Aqﬁia thing and the overlying Nanjemoy increases in thickness. The
lower more marly bedes in such sections probably represent the Aqﬁia

Formation.
Water-Bearing Properties

As far ag can be determined, the Aquia Formation is generally
marly and a basal sand iz very poorly developed or absent. Hence,
the Aquiz appears to be eggentially nomwater-bearing in the Middle

Peninsula area.
Eccene Series - Nanjemoy and Chickshominy Foermations

The Nanjémoy Formaticn of Bocene age with its easily recognized
foraminiferal fauna is well developed not far east of the Fall Zone
but appears to thin and vanish eastward. As noted akbove, the typical
underlying Aquia Formation (Cushman, 19&#) also thins eastward

(Cederstrom, 1957, pl. 1).
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The uprer Eocene Chiclkahominy Formation, the type locality of
which is at Yorktown (Cushman and Cederstrom, 1945, and Cederstrom,
1957, p. 28), does not extend to the Fall Zone. It ig present
gbout as far inland as West Point (adjacent to lower King and Queen
County) and Tappahannock and thickens to the east from a few feet
to more than 100 feet. Melean asssigns 100 feet of beds penetrated
in the Crisfield well on the Eastern Shore (Sinnott and Tibbitts,
1968, p. 16) to the Chickahominy Formation and considers the
Nanjemoy to bhe abgent.

The boundaries of the formations, particularly the Chickghominy-
Nanjemoy-Aguia contacts, are tentative and based in large part on
interpretations of well logs and comparison with better known
geology in the Worthern Neck and York-James Peninsula. In the
eastern part of the Middle Peninsuls, the Chickahominy-Mattaponi
contact cannot be determined from existing data.

The lithology of the Nanjemoy and Chickahominy Formaticns is

similar, as far as may be determined from well logs. Both formations
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are highly glauconitic - sands may be largely glauconite sand or,

less commonly, quariz sande containing some glanconite. A feature

of the Eocene beds 1= the presence of thin limegtone beds alternating
wlth glauconitic =ands. The limestone is a shelly formation in

which much secondary depositicn of lime has taken place. No regu-
larity in the occurrence of these bteds can be discerned. Clays

(or marl) strata are vresent from pilace to place. These are ordinarily

somewhat glauconitlc.
Water-bearing properties

The Nanjemé} and Chigkahominy beds were developed by a great
many small diameter flowing wells along the Rappahannock River
around tho turn of the century. BSome few of these are gtill in use
and in more recent vears other wells have been drilled to these
strata, largely in Middlesex and Besex Counties. There are a numhber
of older wells around King and Queen in the ccounty of that name
that obtain water from the Nanjeﬁé& as do a few along upper Gloucester
County con York River. BSome cof these relatively shallow jetted wells
supplied canneries along the Rappahannock with their recduirements
and several small commercial establishments at Tappahannock utilizefR
such wells tosay. The town of Saluda obtaing its municipal supply

from Chickahominy beds as do a few schools. However, in largest part,

i
welles tapping the Focene formations supply water for domegtic usze.
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Miccene Seriegz - Chesapeake Group
Lithologic Character
- I - I"(. . . .
The Chesapeake group oi Milcocene formations consigt of a series
I - . =) - \/’ ‘
of marl beds with minor interbedded sands. Miocene gtrata are
exposed throughout the area where strceams have eroded the overlying

terrace formations. In the western part of the area, the bage of
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the Miocgg; rizeg above sea level, older beds are exposed along
the Rappahannock and Pamunkey Rivers and the Miocgne strata are
expogsed only at the higher elevations alcong ftributary streams.
(Downstream the Miocghe iz exposed also along the two large rivers
mentioned. )
Water-bearing proverties
2

Drillers do not rerort the presence of subordinate sandy beds
in the Mioceﬁé in most loge of wells in the central and wesfern
rart of the area. In Gloucegter County wells ending in Miocene
sand or zand and shell Tbeds range from 50 to 100 feet in depth.

In Mathews County there are many wells ranging generally from 110
to 160 feet in depth. In easternmost Middlesex County where some
ol the land areas are partially surrounded by bay waters and inter-
rupted by tidal streams, water from Miccene beds at 80, 120, and
195 feet is revortedly brackish. This condition is probably also
characteristic of some areas in Mathews County that ars more or

3
leze surrounded by brackish waters. Sanford (;i é22) reporte that
a 110-foot well a% Fitchetts (northwest of Mathews) found water that
was too salvy to use.

Very small yields have been developed from most wells ending
in Miocene strata although at one locality, Ark, in Gloucester
County, a yield of 30 gom was reported and 20 fo 30 gpm is reporied
for several wells in Mathewz. The very high yield, 200 gpm, reported

at Gwynn Island Coast (Guard cfation, is unique insofar as water from

=
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wells In the Micecene ie concerned. It zcems clear that from place

to place guantities of walter somewhat greater than that obtained

-
-~

L~
for domestic use can be developed from Miccene strata in the easterly

part of the peninsula. The reader is referred to the log of the
well at New Point Comfort, Gloucester County)as an illustration of
a favorable Miocéne section. Here the water-bearing formations are
relatively thick but =zome Trouble was encountered with the fine
sand. The first well constructed was sand free at a discharge of
about 1% gpm but at higher rates of pumping much sand was discharged
and the well tended to c¢log. Such wells could probably be stabilized
by insztallations of an artificial cand pack, as wag done with the
second well at Hew Point Comfortc, but the volume of water avallable
would be somewhat limited. Pumping an opven-end or conventionally
gereened well wivh air into a zysien enbodying a sand trap might
work successTully but there would be the danger of ground collapse
if considerable fine sand were removed from the ground by long
continued pumping.

The data at hand also indicate that there is the danger of
galt-water Intrusion in somewhat challow wells loecated near brackigh
water bodleg if comewhat large quantities, say a very few hundred
gallons a minute, were pumped over a long period of time. Recharge
TO Mioééne gtrata is in large part local by slow seepage down

through roof material of generally low permeability. TFurther, the



water-hearing sztrata are probably discontinucus and may not be at
any one place of great lateral extent. Hence, upon long continued
heavy pumping the limited =ztorage in the fresh water beds will tend
to be depleted and ifs place taken by water from Chesapeake Bay or
from brackizh water inlets. However, sucn danger probably exists
only in or near the shore ir localities where pumping 1= moderately
heavy and continucus. TIf such wells did become contaminated by
brackish water, they would probably freshen again affter a period of

regt and moderate to heavy rainfall.



Quaternary System
v !

Pleiscocene Series - Columbia Group

Iitholeogic Character
v

The Quaternary cystem in the Virginia Coastal Plain is repre-
sented chiefly by deposits of sand and clay that_mantle the colder
formations to a helight of zbout 270 feet above sea level, where
they have not been removed by erosicn. These deposits are collec-
tively called the Columgga group. According to Wentworth (1930),

7
the Pleistocend deposits below an altitude of 100 feet are chiefly
marine, whereas thoge above 100 feet are chiefly alluvial, having
been deposited as deltas and flood plains of rivers. Cooke (1931)
thinks they werelformed in the ocean and estuaries when the szea
stocd at varicus heighte abocve its present level. He has recopgnized
marine shorelines at altitudes of about 270, 215, 170, 110, 70, 42,
and 25 feet and cuspects that there are others that have not yet
been detected.

According to Cooke's classification, the deposits that
accumulated during these seven stages of high sea level are theoreti-
cally divielble Into four warts. These four divislions of the
Coluﬁbia group are separated from one another and from the Revoit
and pre-Pleistoéene depogits by unconformities representing erosion
intervals during which sea level sgstood lower than during the next

succeeding stage. It iz gupposed that the five erosion intervals



e
correspond to glacial stages of the Fleigtocene, and that the four

divisions of the Columidia group accumulated during interglacial
-

-

stages (Cooke, 1935).

The oldest divigion is the Brandy;ine formation, corresponding
to a sea level of 270 feet. The next oldest division includegs the
Cohégie formation (choreline 215 feet above present sea level) and
the Sunderland formation (shoreline 170 feet). The third division
includes the Wicomico formation (shorcline 100 feet), the Penhgioway
formation (shoreline 70 feet), and the Tal;gt formation (shoreline
42 feet). These three formations preswmably are conformable, having
been deposited at succesgively lower stages of sea level. The fourth
and youngest divisicn contains the Pamlféo formation, whose shoreline
gtood 25 feet above sea level. The Sundefiand, Wicomico, and Pamiico
are the most widely distributed formations of the Colugﬁia group in
eggtern Virginia. The Brand?%ine and Cohagie form narrow bands along

L

the western border of the Coastal Plain; most of the Penholoway and

o
Talbot cccupy estuarine reentrants within the older terraces.
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The terrace deposits yield water to thousands of challow dug
or, legs commonly, driven wells. TIn the lower part of the peninsulia
these deposits and Miocég; beds are almost the only water-bearing
units drawn upon because the deeper formations yield brackish
water.

Inastallations supplying more than domestic needs are almost
entirely lacking on the Middle Peninsula, in contrast to the area
Juet east of Richmond where ceveral daries and schools do develop
more than minimum supplies. About 4 cor 5égéllons”é;minute appears
to be available to pummpE operating several hours or longer each
day (Cederstrom, 1957, p. 64). One well east of Richmond drilled
in the gravelly terrace beds characteristic of the higher westerly
part of the Coastal Plain, has the unusually high yield of 36 gpm.
Such results could only be expected where conditions are especially
Tavorable; a coarse =zand or gravelly water-bearing stratum of wide
extent which hclds & rather large volume of water in storage and
which is eagily susceptible To recharge. Shallow wells penetrating
fine grained =sediments, either with small catchment areas or located
near deeply incised streams or rivers that permit lateral drainage
ag zprings and seevg will yleld vcorly except in pericds of high
rainfall.

The volume of water that might be drawn from gshallow wells
in wide unbroken terraceuéeveral gquare miles in extent iz large.

Unfortunately the development of this water would require installa-

tion of muliiple wells spaced over a wide area and a considerable

E



Invesciment in pumps and connecting pipeline to bring the water to
points of use. Infiliration galleries, either open or as intake
pipe buried as many feet as practicable below the water fable might
also bhe considered. However, cxcept in the eastern end of Middle
Peninsula where artesian water is brackish, demands for more than

minimum supplies can best he met by drilling deep wells.



Quality of Water

Analyses of samvles of water collected from representative
deep wells in the Middle Peninsula ghow that those waters are
similar to those present in cther parts of the Coastal Plain.
These have been dgscribed in szome detall In Virginia Geclogical
Survey Bulletin 68 and are discussed still further in the litera-
ture (Cederstrom, lQhG\p).

Briefly, watersg falling upcon the earth along and for a few
miles east of the Fall Zone percolate;downward to the artesian
beds and then move ‘downdip towards the continental shelf. These
waters are slightly acidic due to carbon dioxide Ebsorbed from
the air and from diszsolved nlant acids. Upon entering the ground,

Alne weater pEreelatiuy

Bai@Wa¢Sms\and,ﬁﬂQH@ﬂLLvaﬂd\rivééi&h%hﬁl@w&n&-eastwarﬂ FremimTe
T Qo AITEES dissolvekfgﬁy minerals in the earth material and the
water commonly becomes hard within a few miles of the ocuterop area
although the total amount of mineral matter in solution 1is quite
low.

In very short disztances, however, these hard calcium bicar-
bonate waters come in contact with glauconitic (black) sands or
other earth material having the capacity to adsorﬁ.the caleium
and magnesium content of hard water and liberate sodium tc the
water in exchange. The water thereby becomes a scft sodic water

although 1ts total mineral content 1z the same, or even somewhat

higher than it wag originally.



Examples of the hard water of low mineralization have been
collected in and:ﬁééé;;égéﬁﬂeeh*;n Caroline County. However, by
the time the underground waters recach Port Royal, the process of
base exchange referred To above has hecome operative and at Port
Royal the artesian waters have become goft godium bicarbonate waters.
Still farther eastward the waters become progressively higher in
godium bicarbonate content.

Although contained in a closed artesian system and shut off
from a source of atmoepheric carbon dioxide and plant acids, either
of which are necesgsary to dissolve carbonate material and generate
bicarbonate iong, the bicarbonate nevertheless increases steadily
downdip. ©On the other hand the sulfate concentraticn, 20 mg/l
(milligram per liter) at Bowling Creen, decreases and remaing
negliginle.

Tt wasz proposed {Cederstrom, 1046 b} that the interaction of
the sulfate ion with crganic material in the artesian beds generates
free carbon dioxide, which then (as carbonic acid) acts upon limy
material in the sediments to produce calcium bicarbonate which
immediately became converted by base exchange to sodium bicarbonate.
The relative absence of sulfate and the presence of very high
bicarbonate ig thus acccunted for in waters from artesian wells
some digtance east of the Fall Zcne.

Tn eastern Carcline, King and Queen and Essex Counties some

of the shallower artesian waters are distincetly harder than the



deeper artesian waters, lower in bicarbonate and higher in gulfate.
These appear To reflect recharge directly downward Through the
slightly permeable marly roof rocks. Having moved laterally only
short distances through the artesian formations, base exchange has
nct been fully effective and the breakdown of the sulfate and
conzequent increase in bicarbonate hes algo lagged.

S5till farther downdip deep well walers become brackish. In
eagtermmoszst Middlesex County, in central and easfern Gloucester
County and in all of Mathews County the chloride content of deep
well waters is higher than the 5 to 15 mg/l characteristic of the
waters to the west. 1In easternmcst Gloucester County the chloride
content of one deep well water is 2,027 mg/l and in castermmcst
Middlesex County as much as 1,820 mg/1.

The sgline waters In the Virginia Coasgtal Plain are not derived
from present day esituarine or bay waters. Rather, ag first pro-

1913,
rosed by Sanford (p.ilh), they are the residue of galine waters
with which the =zedimenis were once gaturated. Up-dip, fresh waters
entering at or near the Fall Zone have flushed the formaticns
thoroughly but ©To the east the Tlusching process has been incomplete
and the waters there are brackish to a greater or lesgser dogree.

Shallower wells yield water that reflect the charscter of the
formation in which they are found or have pasged through. The
dug wells develcped in the terrace formations throughout the area
commonly yield softf water of very low mineral content but if the

wells reach The underlying marly beds the water is usually somewhat

;-
A



e

e
hard. Jetted wells ending inLgand% the Miocenelunderlying the
terrace formaticng yield water ranging from soft fo slightly hard
(more than 80 mg/3 total hardnecs). Where the shallow wells are

contaminated by brackish bay waters, they may yield very hard water.
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TArtesian Water

The Coagtal Plain Province of Virginia is the one area in
the sfate where ground water 1in moderate to large quantity can be
cbtalned with ease almost everywhere. In the Middle Peninsula,
as elsewhere in the Coastal Flain, conly moderate quantities of
water can be developed near the Fall Zone. Turther, in the lower
portion of the Peninsula only brackish water is available from
artesian Tormations. Illeverthelessz, in an area from Fort Royal %o
Urbanna on the Rappahannock and to the south of that reach, wells
may be constructed that will yield 1 mgd (% million gallons a day)
or more preactically everywhere.

Uze of large dquantities of arftesian water for industrial use
for almost three decades at Franklin and West Point suggests that
equally large gquencities might be develcped in the Middle Feninsula
or Horthern Neck area where total drafft 1s at present rather small.
This indeed may be a practicable and inexpensive source of a large
water supply. On the other hand, it is not to be thought that the
available water in the Coastal Plain is limitless. Defermination
of the amount of water entering Coastal Plain formations is a
problem that cannot be completely zolved for several reasons. TYet
reasonable approaches to the problem do afford an excellent idea of

Tnvolved S Aivn g o
the magnitudes vhas-should be considered 1T af ! development of
artesian water is to be considered. Such developments might be very

large locel industrial demands (which seem unlikely at the moment),



development of large quantities of water for low flow augmentation
of Rappahannock or Mattaponi Rivers, or as supplementary supplies
for nearby or more distant cities.

Following the methods used by Mack (1966, p. 34; also,
Ferris, 1949, p. 236} in Maryland, George Tarver of the 1.S.
Geological Survey has calculated (written communication, 1969)
that roughly 140 mgd could be obtained from artesian formations
from a series of closely spaced wells in the area 12 miles =ast
of the Fall Zone from Predgzcksburg to Petersburg utilizing a
drawdown to the base of the Miocene formations. The Middle
Peninsula "share™ of this wvolume would be about 20 to 25 mgd.

Such a determination should be thought of as only helpful
rather than absolute. First, the method necessarily assumes that
almost all the water flowing eastward in the artesian beds under
the assumed hydraulic head can be captured. Because this is
mechanically impossible, the figure given would be somewhat high.
Second, data on the water-transmitting properties of the artssian
beds are only rough approximations. The average transmissibility
may be greater than the assumed value of 25,000 gp ft day--it
could hardly be smaller. Third, and probably most important, it
is not known how much extra water would be transmitted straight
downward through the less permeable roof formations when artesian
water levels are lowered by heavy pumping. This amount would be
large where the roof formation is sandy and smaller where it is

marly.



A great deal of detailed data would be necessary before any kind
of an answer to the gquestion of roof leakapge could be made.

Lastly, it must be borne in mind that in the Coastal Plain
where formations are rmore or lessz continucus, or at least inter-
connectaed, over very wide areas, a decp cone of depression around
a heavy pumped well or group of wells will spread widely and draw
in water from great distances. If a heavily pumped unit were
established &t Port Royal, for instance, water would flow to it
from Intakes to the northwest, west, and southwest and a discharge
zould be sustained that igs much grester than might cotherwise be ex-
pected.

In brief, the problem, generally speaking, 1s insoluble from
the point of view of the tremendous amount of detalled data needed
on the highly wvariable compeogition of the geological formations, both
the artesian water carriers as well ag the overlying roof formations.

Another approach is to congider what is happening in the
Virginia Coastal Plain teday. Total withdrawal of §£§5§§}water
might be as much as ¥5 ngd, yet as far as 1s known, no great in-
crease in the hydraulic gradient from the Fall Zcne to centers of
heavy pumping has taken place. This suggests that the rmsschmwes
development of artecsian water might be several 1times greater than
the present pumpage rather than only twice as much.

ipdoubtedly the most worthwhille

and eritical chservation to be made is te sgee what happens to water



levels between centers of high discharge and the Fall Zene. On the
basgis of these observations, reascnably valid conclusions may be
drawn to the effect thait the great artegian water resource is
approaching a certain limit or, conversely, that the Limit still
lies two or more dimensions beyond pregent total discharse.

The 20 to 25 mgd figure arrived at above has a validity only

in showing we are not dealing with &' inexhaustible resocurce.

(Brackich Water) —— =

Ae mentioned above and ag discussed in detalil In chapters on
Middlesex, Mathews, and Gloucester Countiesg, artesian beds in the
lower Middle Peninsula yield brackish water. The presence of this
water not only precludes the possibility of chtaining bounteocus
gupplies of fresh water very cheaply but is a source of danger to
hegvy pumpersz Iin the adjacent fresh water area. Where heavy con-
tinuous fresh water discharge g maintained near the boundary area
between the two water tyves, a cone of depression ig created that

ez Y fan
will spread sowscdistemce casivard @4 e lomg digtance westwardy
anéxﬁiil'tend to‘mo%e inland and contaminate the fresgh water welis.
The spread of a cone ftending to induce westward movement of brackish
water will devend, among other things, upon the long term sufficiency
of fresh water moving in from the Fall Zone area %o the wellsg. With

ample fresh water moving eagtward, there will be little or no

danger of brackish water moving updip.

G



Two thoughtsz relative to the brackish water area seem worth-
while. Firest, brackish water is not valuelegs for all purposes.

It may be used in certain cooling cperations or, conversely, its
heat may be extracted. Industry may find such cheap water ideal
for certain purposes. VFor example, in Newport News, a gas plant
useg brackish water for scrubbing gas. Maintenance of fish, shell-
fish, or wild duck habitat might be considered through addition of
brackigh artesian water where such areas are endangered by pollu-
tants or excessive drought. Pure brackish artesian water would he
ideal for filling swimming pools that will be constructed in the
lower Peninsula area, & section given over in good part to the
recreation industry.

Pumping brackish water in quantity would have the effect of
lowering the normal hydraulic gradient from the brackish water ares
Toward inland centers of pumcing and would thus inhitbit the movement
of brackish water in that direction. Utilization of brackish water
might therefore be encouraged as a means of promoting a modest
economic development of the area as well ag a step in inhibiting

the wegtward movement of bhrackicsh water inland.

Recharge of Brackish Water Strata

An experiment carried out at Camp Peary, near Williamsburg,
“¥a., showed that it is possible to store fresh water in brackish

water artesian beds (Cederstrom, 1957, p. 46). Seventeen million



gallons of water from a2 surface szupply were recharged through a
deep well. After a brief interval the well was pumped and it was
found that the firsgt half of the recharged water was fresh. With
continued pumping the water discharged gradvpally ssss T0OK on more
and more the character cf the formational water.

The practicability of storing very large gquantities of fresh
water in brackish water formations is being tried out under care-

fully controlled conditiong at llorfolk &t this time of writing.

gtk

In the lowerﬂMiddlerPeninsula it may be worthwhile to consider
the desirability of similarly storing fresh water in the brackish
water artesian heds. TFresh water in modest quantities is generally
available there from ghallow wells. Small guantities might be
injected continucusly during, =zay, 9 monthes of the year to provide
g larger supply to be pumped back during the three summer months
of much higher demand. It ghould be pointed out
that there are technical provlems in the functioning of such a
device and it would be best to seek specilalized professicnal advice
before carrying ocut any recharge operation.

In providing larger gquantitiesz of water than are now available
in the lower peninsula, the alternatives fto a deep well recharge
operaticon in the lower peninsula avppear to be (l) small surface
water reservoirs subject to high evavoration and pollution, in
many instances requiring long pipelines to point of use and
liable to failure in %imes of drought, (2) patteries of ghallow
wells reguiring much flat land as well fields, relatively high

maintenance costs and, in most instances, considerable investment
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in pipe hockups and pipeline o point of use or, (3) a trunk line
bringing water 30 or L0 miles down the peninsula from = surface

or ground-water source gerving a number of communities. If the last
mentioned arrangement is congidered, it would seem that an artesian
water source would be the more desirable and by far the most
economical in that pure water could be obtained at very low cost

at the source and filtration would not te required. At the present
atage of technology z2nd anticipated needs of the lower peninsula
area 1n mind, & desalinization rlant could hardly be congidered in
that an acceptable cost to the average consumer could be achieved

only where extremely large quantities of water are producead.

Artecian Water Rights and Hydrologic Concepts

The attitude has been taken in some parts of the Coastal Plain
that a political gubdivision owng the water that lies in the
artesian formations beneath that subdivision, presumably bhased on
the concept that artesian water 1s a sgtatic resource not easily
replenishable.

¥nowing that much water enters the artesian beds along the
Fall Zone and thet an indeterminate quantity enters by roof leakage,
where the challow waiter table is higher than the artesian head, and
knowing also that water levels decline from west to east,?ﬁgy con-
clude that water in the artesgian beds 1s in transit. Water
enters the artesian beds in the wastern part of the Ceastal Flain,
moves slowly eastward and is discharged by wells, by slow upward
leakage through the roof where artesian head 1s higher than the

shallow water table
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and perhaps moves on out toward the Continental Shelf. A continuous
replacement of discharged water is going on.

Darcy's Law shows that the volume of movement eastward depends
on (1) the cheracter of the formatione, (2) their thickness and,
(3) the slope of the water table. The latter factor may be thought
of as the pressure head. The first two factors are fixed but the
slope of the water tahble is variable.

Under natural conditiong, that is, before the drilling of
many wells beginning about 1890, the slope of the water table was
very gentle and hence the amount of water moving eastward in the
Coagtal Plain formations was small. Discharge was peebebly out
to gea or upward through the roof.

With the construction of many hundreds of flowing wells on
low ground, artegsian water levels were lowered sharply in the
vieinity of those well flelds. The pressure system was tapped at
low levels by these wells(é;é1; ;;ﬁéslan head may have been 30
feet above sea level and the well outlets at 5 or 10 feet above
sea level) and wabter flowed to these wells from adjacent areas
of higher pressure. The combined effect of pregsure lowering
extended many miles back and in the Fall Zone area water levels
may have declined a few incheg or more.

Ly 192C, the totel movement of water eastward through the
artesian beds was undoubtedly greater than it had been in 1850.

Not only do we visualize the discharge of many hundreds of wells,

some of which had flows ranging up to 50 to 100 gpm, but we see
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also from the point of wview of hydraulies that the slope of the
water table is somewhagt steever; very slightly steeper all along
the wesgtern Coastal Plain and somewhat more gteep in the general
area of whe flowing wells.

By using more water and increazing the zlope of the artesian
water levels, an increase in the rate of movement of artesian water
had taken place. The glight lowering of water levels in the Fall
Zone area had also created that much more space to absorb rain
waters falling upon the surface in that area. By this time un-
restricted development of flowing wells on low ground had diminished
artesian pressurcs in many areas Lo the exfent that gsome wells on
higher ground nc longer flowed. ?Beltt.noted, however, that the
artesian beds remained Just as fuil of wacer i 1920 ag they were
in 1800.

A further large gain in eastward flow of artesian water was
accomplished in the period from about 1%20 to the present with the
conctruction of many municipal and a few industrial wells. Water
levels were lowered locally, sometimes sharply in the immediate
vicinity of heavily pumped wclls, cones of depression spread widely
and the general eastward zslope of artesian water levels was increased.
With the decline of artesian water levels near heavily pumping wells,
many flowing wells ceazed to flow, although ample wafter continued to

be available from them by vurpz. Regardless of the salvage of water

formerly wagted by flowing wellg (few of them were equipped with

— —

shut-off valves)’ S S S o



it is apparent that a very much greater volume of water is being
discharged av present than was True in 1920. PBriefly, more water
was made available by drawing from lower levels {some pump intakes
draw water from 50 feet or more below the surface). Only by
uging more waiter, accanrrclished by deprecsing artesian water levels
loecally and increasing the eastward artesian pressure slope, was
1t possible To gain more water.

At present the artesian formaticns are still as full of water

as they were in 189C. W, the concert that arteslan water

beneath the land 1s as static as the land iteelf 1Is utterly with-
out foundation. The concevt that the supply is Llimited is wvalid
only when we think of total discnarge several vimes greater than
the present discharge. Cerualnly a cone of depression develops
arcund & small flowing well or a group of heavily pumped municipal
or industrial welles but this "cost” of lowered head 1s cne of the
prices of acqu}ring additional water.

TI'rom a long terr point of view, it will be Impogsible for any
individual or political subdivision to "protect" what they consider
their own supply. Punmping in adjacent or even somewhat distant
areas will slowly draw in arteslan water from wherever pressures
are high, following the accepted vrincinle that water flows down-
hill or, in this case,‘tﬁé pressure zlope.

Tn an Atlantic Coas® gtate a‘iuiing was recently made that no

new well could be discharged where water levels in any preexisting

t@-



well would be affected. Obviously, since an incresase in gradient
1s required to bring in additional water, no new wells can be
congtructed 1n the Coastal Plzin of that State if the ruling is
adhered to.

In conclusion, it i1z suggested that it is a proper function
of the atate to address itsgelf to the problem of management of
ground water in the Coastal Plain. Much more water 1g available by
depressing water levels locally. The effect of lower water levels
in individual property owhers' wells created by municipal and
industrial pumping and the interference of wmunicipal and industrial
wells upon each cther is presently degserving of much deliberate
thought and eventual conclusicns based upon the hydrologic, economic,

and szocial factors involved.

Shallow Water

Much of the Middle Peninsula, in fact much of the entire Coastal
Plain, is covered by sandy terraces, some of which are a mile or two
in length and perhaps & mile or more wide. Such esgszentially flat
sandy areas are subject to rapid recharge and may abscrb, on the
average, as much as a million gallong of water a day per square mile.
The terrace deposits are not very thick, 30 feet being the maximum
thickness in most places, and during periods of low rainfall they
drain laterally into adjacent streams. Hence, the amount of watler
available at any one vplace is rather small and aot too great s
reliance may be placed on their capacity to supply adegquate water

in times of drought.

L



Connecting up a ceries of cghallow wells and delivering the
water pumped to some distant peint of use would be very expensive
and the volume of water delivered would vary greatly from seascon
to seasgon. However, when we consider that the Coastal Flain is
roughly 16,000 square miles in area and that a goodly portion of
it 1g covered by terrace formation, perhaps 10,000 square miles,
we are dealing with a recharge of lO,Qgé:égngGO gallons a day,

a volume that is much too large to be ilgnored in long range planning.
As stated, capture of this water, in small or large part
would be expensive by conventional means. Storage of the capbured

water would also be a problem.

It seems entirely nossible that terrace water could be
drained down into the huge artesian water reservoir by means of

(§on 2 )
suitably constructed recharge Wella, thus eliminating both the
cost of a complex small yield well systen and storage facilities.
Such proposed. recharge wells would consist of two elements; a
6- or E-inch diameter "shallow' collector well extending to the
bottom of the Terrace formatior , with two or three feet of screen
near the bottom]and an inner 2-inch diameter injection well. The
inner nipe would rise Just above the level of the top of the screen
of the outer larger diameter well and would extend down to an
appropriate artegian formation where it would terminate in a short
gcreen. Thus, where differences in head exist, water would drain

from the terrace sands down into the artesian formation. With the
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top of the injectvicn well extending slightly above the top of the
collector well screen, the water level in the terrace formation
could net fall helow the screen level, unless influenced by other
factors.

.

Such a device was constructed in Anchorage, Alacks (Cederstrom
s W AL 2

apa Trainervlp. 64). The experience showed that it will be
necessary to worx ouv economlical construction and develorment
techniques by experimentation bhut there is no reason to doubt that
this can be done.

The water recharged into the zriesian beds would help restore
artegian pressure head locally, thus lowering costs of pumping
from deep wells. In substituting injected terrace water for
artesian water moving in from long distances, an addition to the
total deep well supply would be gained.

As inferred in the paragraph above, the recharge water would,
in effect, be picked up again by a nearby artesian well and used
lecally or pived to some distant point of use. To be gquantita-
tively significant, multiple recharge wells would be nececsary.

In many places extra recharge to the terrace formations in which
injection wells are sited could be gained by leading spring or
stream water flowing from higher terraces across the lower terrace.
Assuming the ground was avalilable, normal overland dralnage from
the terrace in which the well field is located might be inhibited

by small earth embanimientg or by ditching.

I3



The terrace water, under nearly all circumstances, would be an
crganically pure water in that the formaticn itself functions as
a filter sand. Lixkewise, upon discharge from the injection well
and in migracing to the pickup well, still further filtration of the
water would take place. HNaturally, in such a proposed scheme, pro-
tection of the sysiem from pollutants of all types gshould he
rigorovsly enforced.

Irn conclugion, the device could be used simply to maintain
artesian head to a greater or lesser degreec where head has bheen
lowered by somewhat distant heavy pumping or it could be implemented
on & much larger scale for the purpose of adding significantly to
the total supply, particularly near centerg of heavy pumping.

The device as gkewched oul above will not Tunction particularly
well in Introducing fresh water inte brackish artesian formaticns
in much of the eastern Middle Peninsula area. A great deal of the
land there is low, artesian levels may be as high as the land
surface and sufficient head differential is lacking. On high ground
drilling 2-inch injection wells to the depth redquired, 700 feet or
more might be both difficult and overly expensive relative to the

improvement in quality of water that might be expected.

F/
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Togs of Wells

Fellowing each county discussion a mumber of well logs are
given. These are, with few exceptions, drillers' records of
formations penewrated and are the basis for mogt of the discussions
of the geology and, with the well records, the basis for conclugicnsz
regarding the hydrology. lany of the logs were obtained dircetly
Tfrom the driller, others were rcconstructed from suites of samples
furniched by the driller. Secveral logs were obtained from files of
the Virginia Diviegion of Mineral Resources and a very few were
taken Trom Samuel Sanford's report on the ground-water resources of
the Virginia Coastal FPlain.

All designations of the geological age of Tormations penstrated
were drawn by the writer. Boundaries were generally drawn on the
basis of lithology but in a very few ingtances were based on study
of microfogssils in gamples at hand. In many instances, a comparison
wlth the better known geclogy toe the north and south of Middle
Peninsula wag helpful.

Economic Data

Economic data pertaining to the various counties have been taken

from a series of economic data summaries published by the Division of

Planning, Office of Administration, Governor's Office, Richmond, Va.



Caroline County

Caroline is a middle Virginia county lying just southeast of
Fredericksburg. The Rappahannock River forms~@§ajﬁ;dn&ary énd the
Horth Anna-Pagaunkey Rivers <he s;;%Eé%%#Jboundary. The area ig
529 square miles. The povulation was 13,381 in 1960 but as of 1948
an inereasze to about 14,000 seems probable. The largest towns are
Rowling Green, with a populasion of 528 in 1960 and Port Royal with
128 in 1960.

The population was about half rural in 1950 buat is estimated
to be only 19 percent rural in 1960. This shift is due more to
nonagricultural employment outside the county rather than to a
ma jor develcpment of indugtry in the county. Manufacturing of wood
producte in the county iz carried on 1n several locaticns of the
county and an aluminum product company 1s located at Millord.

Over L0 percent of farm income was derived from field crops,
burley tobacco, soybeans, corn and wheat, about 20 percent esach
from liveatock and dairy o»roductg and 10 percent each from poultry
and forest producte.

A, P, Hill Military Reservaticn, 120 squarc miles In area, is
located just east of Bowling Green and adds In some meesure to the
economic activity within the county.

7.5, Highway No. 1 and Interstate 95 crocss the western part of
the county. U.S5. 301 cconnects Bowling Green with Richmond to the
south and passes noriheasiward to Port Royal, across Rappahannock
River and on to Maryland. State Route 2 connects Bowling Green

with Fredericksburg.



The Richriond, Fredricksburg and Potomac Raillway passes through
central Caroline County. Paszenger traffic iz handled by both

Greyhound and Trailways systems.
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Caroline County is the westernmost of the Middle Peninsula
group of counties. Here uncongolidated Coastal Plain sediments lap
up upcn the older crystalline rockg making up the Pledmont Province.
The crystallines are expcsed in the westernmost part of the county.

The CGeologic Map of Virginia shows that the oldest sediments

v’
exposed are thoze of the Acuia Formation’ nep—cLnsidered-to be of

\’I
Paleocene age. Thege crop out along Rappahannock River in the

vicinity of Moss Neck and along twhe upper Mattaponi in the vieinity

g

of Milford. Sediments of Eocene age, the Nanjemoy Formation,
overlie the Agula Formation and are exposed along the Rappahannock

and whe Mattaroni. However, throughout the greater part of the

>
county, Miocene marls overlie and masgx the older formations and

they in turn are cobscured to a large degree by & veneer of candy

L
terrace Tormations of Pleistocene age.

- -
>
The Mattaponi Formation of Paleocene and Tate Cretaceous age
[P
is present below the Aruia Formation in central and eastern Carcline

County but is not exposed anywhere in the county. The still older

Potomad group of sedimerts undoubtedly sxe present at depth in

vy
o]

central and eastern Caroline County bul little iz known of tﬁgg.

Pre-Crevaceous Basement Rock

-

Triassic Syszem

Basement rocks have been penetrated by several wells in western
’ . Taple o M\F .5—-3" J
Carcline Coanty (1-6., 8, 16, 41). Records do not show what type of
A
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rock was present in these deep wells. AT FTadysmith and Ruther Glen 7I-

consolidated rock was reached at, respectively, 140 and 115 feet
above sea level, ALl Tadysmith the rock was mogt likely crystallines
of the fype exposed at the surface in immediately adjacent western-
mogt Caroline County bas ;ﬁ and around Ruther Glcn, the rock is

< v

more likely &# sandstone and shale of Triassic age. 'Hard clay"

struck at 84 feet in well 6 at Carcline Pines Development, ;vfew
miles south-southeast of Ruther Gleq,is interpreted to be soft
Triassgé shales. '"Rock" reported at 270 feet, if accepted, would
place bedrock at more than 200 feet below its position at Ruther
Glen. This seems uniikely. Triaséic rock was penetrated in a

deep well &t Doswell which lies a short distance uouth of Ruther
Glen in Hanover County &t about 150 feet above sea level
(Cederstrom,'i957, p. 78).

Triagégé rocks were reached at a depth of 477 feet, 260 feot
below sea level, in the old municipal well at Bowling Green. There
they consist of a series of allcrnaling sandstones and shales,
éenerally red or brown in color. Granite was encountered in the
same well at 1,160 feet, 945 feet below sea level.

The occurrence of bedrock in well 41 at Moss Neck Manor is of
more than usuval interest in that at least 200 feet of Triaggic beds
was penetrated by a jet drill. The highly colored "eclay" reported
by the driller above a depth of 560 feet cannot be definitely

v
assigned to either Triagesic or younger Coastal Plain Tormaticns cn

[
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[
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the basis of the degeription at hand (see lo% 4, table 2 ).
Hence 1t is possible that the bedrock surface lies higher af Moss
. b re
Neck than as shown in fMwwre { , section A-A'. llowever, as shown,

the bedrock zurface lies gbout 350 feet below sea level at Moss

Neck Mancr, that is, 90 feet lower vhan it is at Bowling Green.

Cretaceous System - Potomac Group

7

Alternating sands and clays of the Potoﬁac group are well
exposed north of Fredericksburg but ccecur only a%éepth in Carcline
County. The ghite clays and sands listed in the drillers' log of
the deep well (1€) at Bowling Green between 365 and 477 feet are

tentatively aszigned —o the Pofomac Group. However, the boundary

between these beds and%bﬁerlying more highly cclored sediments

I .
-

that are assigned to the Mattaponi Formation cannot be drawn
accurately.

The log of the deer well (L1) at Moss Neck indicates only
that somewhat highly colored clays lie between (probable) bedrock
and fairly characteristic Eocené/and Palegéene beds. However, it
seems likely that beds ol the Potomac Group were penetrated in
that well. At Sales Corner, the deepest beds penetrated in well L6
are assigned to the Potoﬁéc Grouw. Here they are simply referred
to by the driller as "clay" or "alternating sand and clay."

It can hardly be Qquessioned that the Potoméc Grouvp of sediments
thicken eastward and agg geveral hundred feet thick in eastern

Caroline County.



s
Cretaceous to Terwiary Systems

I
v

Upper Cretaceous znd Paleocene Series - Mattaponi Formation

1 ° -

The Mattaﬁﬁni Formation of Paleocene Lo Ypper Cretaééous age,
characterized by highly colored mottled clays and glauconitic in places,
is believed to be present as far west as Bowling Green. "Mottled blue
and red clay" is reported at 15 to 46 feet below sea level im well 22
in the US0 well/aﬁdth;éd?:Blue, and yellow clay" is reported at much
the same depth in the old CCC camp well (23) l%'miles easlt of Bowling
Green.

"Yellow sticky clay,”ﬁfeported in the deep town well ez
(16, Table 2 ) from 9 to 70 feet below sea level. It may be noted
that at Ok Grove, Westmoreland County, fossiLferous glauconitic yellow
clay of;Aéuié_g?) (Paleoééne) age was encountered in a well at about
200 feet below sea level, Yellow and yellow brown clsys, with older
indeterminate fossils (Cederstrom, 1045, p. 17, 1957, p. 19 and
Sinnott, 1967), continue thexe-to about 500 feet below ses level.
Returning to consideration of the Bowlirg Green well, yellow clay is
reported as deep as 150 feet below sea level, thus suggesting that the
Maﬁﬁépgéi Formation is at least 140 feet thick.

At Moss Neck Manor (well 41)’which is less than 2 miles east of
Bowling Creen, "mixed tan andlwhite clay" at 130 feet below sea level

y s

should be part of the Mattaponi sequence.

[
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In the blue clay stratum (289 to 335 foot depth range) immediately
above the "mixed tan and white clay" a meager foraminiferal fauna
was found that appears ©o be similar to the assemblage found at

600 feet near Kilmarnock. Hence the top of the Matta;;ni is placed
at the base of the "stone" (probably thin limestone and sand strata)
at a depth of 289 feet which is ZL feet below sea level.

At sales Corner, near Rappahannock Academy (well 46), the
formation is less distinctive. Blue clay reached at 106 feet below
sea level probably reopresents the Mattapo;£ Formation.

At Port Royal (well 53) vlue clay penetrated at 159 feet below
sea level probably marks the top of the Mattaggni Formaticn. Red
clay, penetrated at nearly 200 feet below sea level iz certainly
Méttapoﬁgp The thickness cannot be assessed on the basis of well
logs alone but certainly the "limestone” and underlying white sand
iz part of the seduence, the minimum thickness then being 121 feet.
Inspection of the cross section A-Al, ﬁié;;% I suggests that the
formaticn is muach thicker.

"Pough clay granules of mixed colors, gray, blue, red, rust,
white, and brown" is reported (32, Tzble 2) at Acois Corner, 3%
miles east of EBowling Green, at about 200 feet below sea level.

Presumably overlying lithologically less distinctive strata that

are reached by the drill at zbout 86 feet below sea level should



+

glzo be ageigned to the Mattaponi. Similar beds were also reported
at Fish Hook Lake (well 35) and Acois Corner (well 32).

The Mattapbni Formation appears Tto be absgent at ladysmith
(well 1). Between Bowling Green and Ladysmith those beds lap up
against a bedrock surface that risesg somevhat sgharply in a west-
ward direction. Whether or not the Mattaponi Formation crops out
Just above gea level along the Rappahannock in easternmogst
Spotsylvania County is yet to be determined.

The yellow clay penetrated in a well at Penocla (28, table 2)

at 195 feet is prcebebly at cr near the top of the Mattaponi section.

Tertiary System

Paleocene and Eocene Series - Nanjemoy and Aquia Formations

It is known that the lower unit, the Aguia Formation, 1s fairly
thick along the Fall Zone but thins out downdip (Cederstrom, 1957,
p. 24). The overlying Nanjemoy is relatively thin or absent along
the Fall Zone but thickens downdip (see cross sechion A—Al, ol. 1).

The advancing Nanjemcy

58



=S
o

L g
s ;o ¥ L~
gea eroded the seavard perwiorn of the Aunia beds more deeply than

A

™

it did where that sea arprosched its shoreline somewhere west of
To dhet s v
the Fall 7Zone. Relatively thicx Nanjemoy beds were Sy deposited
A . P .
upon the Paleocené (Mattaponi—Aquia) gurface. In succeeding Miocene
ro. . - \/
time ancther advancing cea Transected the Wanjemny beds (and any
ks W

}gte Eccene beds that may tave cverlain the Nanjemoy in Carcline

G{_‘ v/\'\“u_‘;
County ) but cut more and more deerly as it advanced westward dme

ot

to a previcus slight ceaward tiliing of the Coagtal Plain as a
whole.

The bace of the Aovis Formation can be estimated with a Tair

degree of guccess from weil logs at hand but the stratigraphic top

L

of the Nanjéﬁoy (baee of the Mioéene) 1z more difficult in this
county than elsewhere due to ercz’on of the higher beds and rather
meager degcripticns 2 the formations in some of the well logs at
hand. Ag indicated above, no attempt is made to define the contact
between the Nanjemoy and Aquia Formaticns.

AlonéLﬁhappahanHOCK River, the Nanjeﬁf& and Aquié Formations
crop ovs the full length of the counity. However, at higher elevations
back from the river the Nanjemoy is overlain by beds of Miocengdage.

W

At Port Royal the tor of tThe Nanjemoy Formabion may extend to
about 50 feet above gea level and hence is not determinable from
logs of wells there because they are situated on lowyf sround .

The hasze of the A1pia ig considered to be the thin sand penetrated

at 193 feet (159 feet below sea level), thus making the combined

Nanjemoy@ﬁguia thickness a little over 200 feet thick. These

K



combined formations @ihewmld_Eamunkey~Group)‘are at ghout their
maximum thickness here. The game thickness relationships have
been shown to cccur in the York-James Peningula (Cederstrom, 1957,
[JPlate 1).
~~
At Sales Corner’a mile wegt of Hﬂappahannock Academy, & well 4
first encountered glauconitic beds at about 60 feet above ses
level. The serieg of glauconitic beds and bagal sands continue
) e -
to gbout 106 feet below sea level. The combined lanjemoy and Acuia Fooiotgeona
are thus about 164 feet thick. This corresgponds reasonably well
with findings at Dogue, a few milegs to The northwest in King George
P

County (Sinnott, 1967) where ingpection of micro fossile helped xo

S

establish the section with reasonable accuracy.

At Moss Heck Manor (well L1, Table 2 ) slightly west of the

L L - :

Salesz Corner locglity, the Miocene-Focene contact is arbibrarily
placed at £0 feet sbove =zea level. On that basis The combined

Vi e
Nanjemoy and Aquia Formations are about 160 feet thick.

Elsewhere in the county top of the Eocene ig somewhat d4ifficult
to recognize from logs at hand. AT Bowling Green a stratigraphic

break is recorded in the log of well 22 at &0 feet zbove gea level.

: - L .
Thiz ig probably the contact between the Eocehe and overlying

-
- -

Miocéne beds. The Aquit, and possibly thin overlying Wanjemoy
beds, appear to be 95 feet thicx here, extending to 15 feel below
sea level. Prestmably 17 ig at about that level in wells at
Fowards Corner (33), Acors Corner (32}, Eubank Corner (34), and

Figh Hook Lake (35).



Carcline

v

The base of the Aguia is marked by a '"fine black sand" stratum
that extends to 76 feet below sea level at Howards Corner. A
gsimilar stratum is present at Eubank Corner extends to 56 feet below
sea level and at Acors Corner to 62 feet below sea level. In the
latter two localities the glauconitic stratum is 89 and 110 feet
thick.

v
At Grace Church (3€) the base of the Agquia may be at 5 feet

below sea level at the base of "plue clay." At Guinea which is

nerth and about 5 miles west of Bowling Green the base of the Aq;;;
is about 30 feet above zea level. The 31 feet of strata azbove this
level may be czafely assigned to the Aqﬁéa and it 1z likely thatb/
most or all the overlying 61 feet "tough blue clay” is also Aquia
in age. The top of the Aguia, or Nanje;;y if present)should e at
about 120 feet above zea level here. V/;

Penola 1s south and slightly west of Bowling Green. The Aguia
Formatiocon, if present, cannot te separated from the 125 Toot stratum
of "olue marl” recorded in the log of well 28.

At Ruther Glen (6) "blue mud" extends to about 8C feet above
sca level below which "hard sandy clay” is thought to represent

weathered bedrock. Again, differentiation of the "blue mud" cannot

be made on the basis cf the data at hand.
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Bazement Rock

L

Triasfic System

Five of fthe wells that end in basement rock in Carocline County

yield from 7 fo 35 gpm. 1t is thought probable that these wells

e . ——
end in the Newarz Fosmetion of Triassic age. The two wells yielding
about 35 gpm (l, 6, table J ) are around 300 feet deep. Tt is
pesgible that zomewhat larger ylelds might have been obtained from
these-wells and from the other wells ending in bedrock 1if fthey had
been continued to depths of 350 to LS50 feet.

The deep well at Bowling Green developed only a little water
from the Tria§g£c beds and underlying graniftic rocks. AL Moss Neck,
the Triasé{E gection may not have been adeduately ftesfed -- or not
tested at all -- inasmuch as there the jet driller was seeking an
uncengolidated sand formation.

L v
Cretacecus System - Potomac Group

v v
As discussed akove, the Potomac Group of sediments of Karly

Cretacedis age haye been penetrated by few wells in Caroline County
gnd little can be sald of their water-bearing potential except thatl
in the central part of the county, as at Bowling Green, they do¢ not
appear to be highly productive. )
L
In eastern Caroline County, several hundred feet of Potomac

sediments are almost certainly present. At Port Royal the Powers well
(53) ig believed to penetrate over 300 feet of PotoméG‘beds. The

contact between

as



v v
the Potomac beds and the overlying Mattaponi Formation is placed at

314 feet, below a section of colored clays and a thin limestone
atratum. In the Potom;; gecvion, acg chown in the log, =and is fairly
prominent. I3 seems likely fthaiv installation of multiple screens
followed by the chorough development pcoesible in a larger diameter

well would result in a fairly high yield well. Further, additicnal

cands may be present at even greater depth.

A
Crevac€ons 1o Pertiary Systems

v S ~ vy
Upper Cretaceous to Paleocene Series - Mattaponi Formation

On A. P. Hill Military Regervation, north and east of the
Bowling Green area, several wells (32-35) ending in the lower part
of the Mattaéghi Formation obtain from 40 to 50 gmm with drawdowns
ranging Irom 32 to 116 feet. The screens in these wells sre all
20-zlot and it is possible that greater yields might have been
obtained there if the sands venevrated were, In fact, medium to
coarze sands and screens with wider slots had been useds Several
wells in and arocund Bowling Green (18—20, 22, 23) develop sands
higher in the M tta%éni section. One of the town wells (18) vields
TS5 gpm but the yields of the others E:Lhot known.

A number of wells in the Moss Neck-Port Royal area along

Rappahannock River end in sands in the Mattapohi Formaticn. Several

wells are around'lTO feet deep and are thought to end in the upper

.
part of the Mattaponi Formatvicon but others develop a sand that lies

more than 100 feet deeper (see log of wells 46 and 53).

oS
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The USGS test well (37) at Moss Neck was jetted to about the
same depth below zea level as well 46 at Sales Corner. The 92 feet
off Mattaponl zection, as showrn in the log in Table 2 was sandy
to gravelly in largest part -- perhaps 60 feet of material could
have been developed in & preduction well. The well was located at
an elevation of about 20 feet above sea level and had a flow of
140 gpm. Casing was 3 inches in dlameter and extended to 48 feet
below the surface. The flow therefore represents the combined yleld
of all aquifers penetrated.

An 01d 3-inch well (38) in the Moss Neck area developed 70 gum
at the time it was drilled but it prezumably developed water from

"
cne stratum only, about two—thirdsd%he way down the Mattaponl section.



Paleocene Seriez - Aguia Formation

It is not certain that any wells in Caroline Ccunty cbtain
—
water from the Aguia Formation.

¥
B

Pleistocé;e Serieg - Coluggia Fowmertion

A great many rural inhabitants obtain their water supply from
dug wells ranging from 25 4o 40 feet in depth. The amount of water
used is génerally very small. In some places numercus head of
cattle are also supplied from shallow wells.

At Milford an ice plant (26) obtains its water from a dug well
25 feet deep. The draft iz szaid to be as much as 20 gpm. At FPenola
a dug well (31) supplies a zmall cannery and pickle plant. Here
reject brines have salinized the supply in the immediate vicinity

of the plant.

Quality of Water

11b
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Water in Coastal Plain formations enters those beds in the
central and western part of The county but at [lrst has only little
opportunity to gain in dissclved mineral content. The entering
rainwater and snow melt ig slightly acidic due to its carbon dioxide
content and, heing acidic, Takes limy material intc golution as it
travels cagstward and becomes hard. Hardness ig present as calcium
(and less magnesium) bicarbonate.

s the artegian wazers percolate gtill farther eastward they
come in contact with sediments having the capacity to exchange
godium for calcium, 8z a result of which the hard waters become

softened although the total mineral content is essentially unchanged.

an exemple of such a water. This change from hard to

soft water is seen 1n the difference between samples taken from the
area of recharge (9, 13, 3b, Table 3 ) and the zample from Port
Royal (52). Those near the area of recharge are somewhat hard and,
as geen from the high bicarbonate, have already undergone some baze
exchange. These waters, then, are sodiwn%calcium bicarbonate waters.
At Port Royal deep Coasgval Plain waier is extremely soft but some-
what high in godium ticarbonate. Ag 1z characteristic of water from
arteslian aquiferes in the Coastal Plain south of Middle Peninszulsa,

the concentratlion of sulfate does not increase much due to break- )
down of that constituent by biochenmical action {Cederstrom, 194?;.2ﬁ3.

Waters from wells Ll and 48 at Rappahannock Academy are most

unusual. Water from artesian squifers that is both very hard and
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high in culfaue;fl62 pﬁé\ the Oamole from well th are urknown in
the York-James Peninsula and in the Coastal Plain zouth of Jameg
River. A sample from Fairview Beach (Sinnott, 1967) from & rela-
tively shallow artesian well ig ¢f this type, however, and containsg

85 g;z?of gsulfate and 270 gﬁgtjf hardness.

It is thought that the hard high sulfate artesian waters may
have been derived from local recharge near Rappahannock and Potomae
Rivers. In passing throogh the fairly permeable Eocgge beds That
crop out for some distence downstream from the Fall Zone, these waters
gain more dissoclved mineral content than those waters entering clder
artesian aquifers along the Fall Zone. Having traveled a much shorte:l
digtance, they have not had much time to hecome softened by base
exchange nor has the sulfate & Leﬂ%roken down by bilochemical action.

Mogt of the waters from deer wells are only moderately mineral-
ized and are exce_lent for domestic purposes. The harder waters
ghould be quite suitable for irrigation but the very soft sodium-
bicarbonate waterg precernt in the lower part of the county are con-
gidered quite unguitable for that purpose. The very hard waters
found at Rappehannock Acadery are somewhat troublescme in domestic
ugage.

Only one sample 1s at hand from a well that obtains water from
hedrock (3, dﬁble-B Y. It is a somewhat hard bicarbonate water.
Hardness iz 99 ?TEJL

Some par-ial aralyses of waters from wells dug in the terrace
Foermations are at hand, but are not given in Table 3 . They range

7

. | rafl
in hardness from 18 to 78 B8 g lthough only two out of 9 samples

LS
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have more than 50 mg/l hardness. Bicarbonate ranges from 9 to 86 mg/l
in samples at hand although it is more commonly less than 50 mg/l.
ther constituents are low. A few samples contain as much as 17 mg/l
of nitrate, suggesting that organic pollution may be present.
A sample from a well (31, Table ¥ ) contaminated by waste brines
from a pickle plant near Pencla contained 1,500 mg/l of chloride and

had a hardness of 216 mg/l.
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Table 2 .--Logs of wells in Caroline County, Va. ﬁéy?ﬁfy

Well 16, Municipality, Bowling Green
(log Ly Sydnor Pump and Well Co.)

Altitude 215 feet

Thickneges Depth
(feet) (feet)
Net described 209 209
Aqﬁgéff}) Formation (Palégcene)
Sand; water b 213
Mud, Dblue & 3 216
s .o
Mattaponi Formation (Pzleccenc o o -
Upper Cretacej%i)
Clay, white 8 2ok
Clay, yellow 2 206
Clay, gray 6 232
Clay, yellow 53 285
Clay, white 17 302
Sandstone; a little water 6 308
Clay, white and yellow interbedded 57 365
Rﬁ&mQjﬁ)Gnmp(merCmﬁaéom)
Hardpan 2 367
Sand, water 7 374
Clay, white 1 375
Sand 16 391
Clay, white 3 39k

Sand, 17 11



g

Well 16, Municipality, Bowling Creen (cont.)

Clay, white

o i :

Newark Fewmewion (Trias

Sandstone
Clay, white
Sand
Clay, white
Bandstone, brown
Sand, red
Sandstone, brown

Clay ("shale')

Sandatone, brown

Clay ("shale") and interbedded

sandstone

/7

sic)

Clay ("shale'), red

Soapstone

sandgtone, brown

Clay ('"shale"), red

Sandscone, gray and red

Clay ("chale"), =andy

Sandstone, brown

Sandstone, white, water

Mud

Sandstone, brown, white and gray

Thicknesgs

(feet)

56

20

2>
15

12

295

31

38

(ke

8h

Devth
(feet)

W77



Well 16, Municipality, Bowling Green {cont.)

Mud
Sandstone, brown

Clay ("shele"), sandstone,
red and brown, interbedded

N -
PrelCambrian (?)
e 5

—"

Granite, much less "sandstone";
"mid"" layers at intervals %o
1,402 feet. A dry crevice reported
at 1,480 feet and a crevice with

some water at 1,509 feet.

Thicknesgs
(feet)

41

30

390

Devth
(feet)

1,089

1,130

1,160

1,550



Table 2 .--logs of wells in Carcline County, Va

Well 22, US0 House, Bowling Green
Altitude 200 feet

Thickness
(feet)
g -
Columbia Group (Pleistocene)
Clay and sand, yellcw TC
Chesapedke Group (Mioéene)
Marl, blue 70
Aquia Formation (Paleocene)
Marl, blue, shells 85
. Lok, rd
Mattaponi Formapionf(Pele0cene)g§
- Upper Cretaceodug "
Clay, mottled blue and red 31
Clay 19
Silt 30

Sand, medium texture; water kg

. (cont.)

Depth
(feeﬁ)

70

140

235

266
285
315
352



Table 2 .-- Logs of wells in Caroline County, Va. {(cont.)
o A* Buerus
Well 20, IInewwk—c==3%], Penola
(Iog from Va. Dept. Mineral Resources files)

Altitude 202 feet

Thickness Depth
{feet) (Teet)
7/ :
Columbia Group (Pleistocene)
Sand 25 25
; i
Chesapeake Group (Miccene)
Clay, yellow h5 70
Undifferentiated
¥arl, blue 125 195
/
. ‘
Mattapeoni Formation (Taleocene b@(Upper S N }
Cretacsons -
Clay, vellow 41 236
Clay, brown 29 265
Sand, clay, brown 32 207

Sand, coarse and clay, sandy 11 308



Table 2. .--Toge of wells in Caroline County, Va. (cont.)
Well 32, A, P. Hill Military Reservation, Acois Corner

Altisude 225 feet

Thickness Depth
(feet) (feet)
Undescribed 61 61
/ /
Chesapeake Group (Mioccene)
Clay, blue-gray 81 142
; 7
Aguia Formation (Paleocene)
Sand, glaucconite, fine, ghell
fragments, clayey 110 252
Sand, fine to medium; water? 11 263
S
Mattaponi TFormation {Paleocend wo(Upper - ~1. .u avo¥
(reteceonny o
Clay, tough granules, gray, blue,
red, rust, white, and brown 58 321
Undescribed 87 Lo8

Sand, water ne 430



Table 2 .--Iogs of wells in Caroline County, Va. (cont.)

Well 33, A. P. Hill HMilitary Reservation, Howards Corner

{Iog from Va. Div. Mineral Resources files)

Altitude 203 feet

Columbig Grouw (Pleﬁstocene)
Sand, fine
Send, medium, some clay
Chesapeéke Group (Miocene)
Clay, blue-gray

Nanjemoy (Rocene) and Aqﬁia (Paleocene )
Formations

Clay, blue-gray
Sand, blacx, fine
K
Mattaponi Formation (Paleocene‘tO(Upper
Cretacecus )

Clay, grey, toagh

Sand, clayey

Clay, granules, gray, blue, red, rust,

white, brown
Sand, water

Cley, gray

Thickness
(feet)

12

68

Depth
(feet)

12

50

254

315

357
L2g

el
523
527



Table 2 .--Iogs of wells in Caroline County, Va. (cont.)

Well 35, A. P. Hilu Military Reservation, Fish Hook lake

Altitude 228 feet

Columbisa é;oup (Pleistocene)
Clay, candy
Sand, coarse and pea gravel
Chesapeake Group (Miocene)
Clay, blue-gray

Nanjemoy and Aquia Formations
(Eocene and Paleocene)

Clay, blue-gray

Pl

Mattaponi Formation (Paleocené“ﬁo(Upper AR

Oretaceons)
Clay, tough, granules, various colors
Sand, medium, clayey

Clay, gray

Thickness
(feet)

26

61

ek v /)

207

102

Depth
(feet)

2L3



Tabhle .--Logs of wells in Caroline County, Va. (cont.)

Well 3%, Fugene Cagtles, Grace Church

Altitude 190 feet

Columbia Group (Pleistocene)
Soil
Sand, yellow

Chesapeake Group (Miocene)
Clay, blue

Aguia Formation (Paleocens)
Clay, blue

Mattaponi Formation (?gleocene“%e(Upper

Clay, hard, and gravel
Clay, blue

Clay, brown

Clay énd sand

Sand and gravel; water

Thicknesasg
(feet)

32

15

22

Depth
(feet)

30
L1

220

ot



Table .--Logs of wells in Caroline County, Va. (cont.)
Well 41, T. V. Houser, Moss Neck Manor

Altitude 205 feet

Thickness Depth
(Leet) (feet)
Columbia Group (Pleistocene)
Clay, yellow 32 32
Chesapeake Group (Miocene)
Clay, blue 3 125
Hanjemoy and Acula Formations
{Eocene and Peleocene)
Clay, blue 35 160
Send and shells 5 165
Clay, blue 97 262
Stone f 27 289
Mattaponi Formation (Paleocene\ts
Upper Cretaceous)
Cley, hlmed tan and white 10 385
Clay, mixed tan and white 10 345
Clay, brown to red 27 372
Undifferentiated
Clay, hard, tan to red 118 490
Clay, hard, sandy, tan to white 3 535
Clay, red 25 560
Newark ,F;ﬁi&ea (Triassic)
Clay, hard, ten to yellow 4o 600

Stone L 604



Well 41, T. V. Houser, Moss Neck Manor (cont.)

Hard formation, tan

Stone, moderstely hard
Soapstone (hard clay?, shale?)
Hard formation, white

Stone

fard formation, tan

Sandstone, hard

Stone, moderately hard to hard

Thickness
(feet)

3k
14
10

3
20
30
10

28

Derth
{feet)

638
652
662
£65
685
71D
725
753



Table 2. .--Iogs of wells in Caroline County, Va. (cont.)

Well 46, A. P. Hill Military Reservation, Sales Corner
(Ing by D. J. Cederstrom and L. W. Youngquist)

| aos
Altitude R feet

Thicknegs Depth
7 {(feet) (feet)
/ o
Columbia Group (Pleistocene)
Clay and =and 21 31
Chesapeake Group (Miscene)
Clay, blue , 101 132
Nanjemoy and Aquia Formations
w(Bocene and Paleocene)
Marl, sandy, gleuconitic,
ABceant pyrite, charks teeth, and
vhosphatic pebbles 15 147
Shelle _i_l; 114-'_(%
Clay, blue, trace of glazconite 2 154
Clay, glauconitic L 158
Clay, hard = 158%
Clay, blue, trace of glauconite,
a few chells 315 190
Clay, blue, slightly glauccnitic 10 200
Clay, blue, trace of glauconiue,
a few shells 90 290
Clay, blue, glauconitic 3 293

Sand, quartz, coarse 3 296



Well b6, A. P. 11411 Military Reservation, Sales Corner (cont.)

/r' ra

Mattaponi Formation (Paleoccene to Upper
Cretacecus)

Clay, hblue, trace of glauconite
Gravel, medium texture, water
Clay, =ilty, gray

Clay, =ilty, gray to red

Sand, quartz, fine, water

Sand, quartz, medium, water
. 2 2 2

, )
Potomag (7) Group (Lower Cretaceous)

Clay

Clay and sand, alternating

Thickness
(feet)

15
23
37
18
37

10

°8

D
(

cpt
Tee

311

Liho
450

h
t)



Table .--Logs of wells in Caroline County, Va. {cont.)
Well 53, W. T. Powers, Port Royal

Lltitude 20 feet

Thickness Depth
(feet ) {feet)
Columbia Group (Pleistocene)
Soll 30 20
Nanjemoy Formation (Eocene)
Clay, blue ("rock" reported at
51 and at 63 feet in an
adjacent well) 70 100
Sand, glauconite i 1002
Aquia Formation (Paleccene)
Clay, blue {A thick bed of hard chells o
i54% to 174 feet and a glauconite bed
at 107 feet is reworted in adjacent
wellg.) 924 193
Sand, white L 1935
Matiaponi Formation (Paleocene)t®
(Joper Cretaceous
Clay, blue L6 240
Clay, red, crumbly 5 ohs
Clay, brown 24 269
Sand, white b 273
Clay, compact, sandy 22 295
Limestone L 299

Sand, white 15 31k



Well 53, W. T. Powers, Port Royal (cont.)

rd Thickness Depth

Vo loinoc Gracepidowes '\;\fc-::c\('<<-o;‘;.-_> (feet) (feet)
Clay, nard 31 345
Clay, eray, and sand 65 k10
Sand, white, and nmud 17 4n7
Clay, brown, grading to red 103 530
Sand, white 15 545
Clay, hard 85 630

Mud, gray, sand, white, gravel o3 653



Table 3.

(Analyses in milligrams per liter.
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Essex County

Esgex County lies along the szouth bank of Rappahanncck River
southeast of Caroline County and wholly within the Coastal Plain
Province. Tt has an area of 258 square miles and a population of
7,776 of whom 1,086 reside in Tappahannock.

Rural farm population declined from Y45 percent to 26 percent
in the 1950-67 decade and in 1960 agricultural employment accounted
for only about 15 percent of the total employment. There are 2k
manufacturing establishments in the county, most of which are small
and produce lumber or wood products but two rather large fabric
plants are located in Tappgshannock. Almost two-thirds of the farm
income is cbtained from sale of Tield crops, chief'ly soybeans, corn
and wheat and almost one-third from livestock. The value of stand-
ing timber and poultry producte gold is about 10 percent of the
total farm income.

A number of points of historical interest, largely pertaining
to colonial Virginia are found in Esscx County, as a result of
which there 1g gome tourist trade.

U.5. Highway 17 traverses the county parallel to Rappahannock
River connecting Tappahannock with Fredericksburg and U.S. 360 leads
into Tappahanncck from Richrmond and acrogs the bridge at Tappahannock.
to the Northern Nzck counties. No railroads serve the county but
bus zervice is available. Tappahannock is and has been since early
colonial time a river port and the Rappahannock River still serves

as an important transportation route for bulk shipping.
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A municipal airport is locaited at Tappahannock.
An accrediced college prevaratory school for girls is located

at Tappshannock.
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Geology

Ezgex County 1= underlain by unconsolidated deposits of
{retaceous, Paleocene, Eocéne, Mioccene, and Pleistocene age that
. L)
rest upon a granitic‘basement rock. MNo wells in the county have
reached bedrock but, estimating from depths to bedrock in Caroline
County and at West Poirt, it may be as little as 600 feet below

sea level in the upper end of the county and about 1,200 feet in

the lower part of the county.
P
Cretaceous System - Potocmac CGroup

7
Alternating zand and clay beds of the Fotcmac group of Early

Cretaceous age rest upon bedrock but do not crop cut and probably

have not been reached by any wells in the county.

v -
Oretaceous to Tertlary Systems

\/
Mattaponi Formation - Near Tappahanncck, highly cclored clays

and subcrdinate zands are encountered/(logs of wells 10, 15, 24, and
So3 |

28, table 5;)) at about 200 feet below sea level. These are tenta-
N L

tively assigned to the Mattaponi Formation of late Cretaceocus to

v
Paleocene age.
The late Mr. H. ILyons of Tappahannock stated (oral communication,
1940) that water bearing eclauconite ("black') sands arc present at
10

W70 te 500 feet at Tappahannock. However, the sand in well ¥ at

520 to 540 feet is described as "white sand." If glauconitic beds
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are present as noted by ¥r. Lyons, then all of the section from 300

1
to 550 feet at Tappahannock, as noted in the log of well ¥, is
v
probably correctly agsigned to the Mattaponl Formation rather than to
v
beds of the Potcmac Group.

Y 2.
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A%lack and iz reicr=ed To extend to about 370 feet below =ea

Tt

-

level In the Clanton well (20) at Tappahannock, more than 250 feet
below the Mioceﬁe—Eocé;e convact. The lower portion ol this stratum
{oe—veponted-by-the dritker) should most likely be assigned to the
Mattaponi.

?he brown or red clay penetrated
at aboul 240 feet below sea level (about 150 feet below the Miodghe

contact) in welle 10, 13, 15, 35, and 36 in and around Tappahannock/

57

appears to be toc low in Tae gection to be the Marlboro eday,
- )

the Dazal memcer of the Nanjemoy Formaticon. Tn any event the
- “,- - . . . I
Marlboro edey-in ite Typical development is pink rather than brown
or red. lHence, 1t scemg moee likely that this clay marks the top
of the Mattaponi Formaticn and probably correlative (to the extent
that correlations are poscible in Ceastal Plain sediments) with the
first cclored clays venetrated at Port Royal upsiream.

Downgtirear from Taprahannock tan and red clays are first pene-

240 2o ]
trated at ghout 30 feet below the gurface in well at Dunnsville.

- o
‘/ o . -
Aguia Tormation ~ The Aguia Formation

i

m

-
of Paleccenz age. However,

.

- . . . . - « - . . .
Aauid gtrata containing Tossils similar to the oatcroppings on

L
Aquia Creek, although of Paleocene age)can be differentiated from

Lo o L. .
the underlying Mattavconi Formaticr. Studles elsewhere (Cederstrom,
1957) show that the typical Aouia of the cutcrop zone thinz out

downdip. Thus it would be exrected that at Tappehannock +at the

s

Aguia Tormation would not be very thick, perhaps only 10 feet or so,
but thicker in the upper part of the county and probably absenc a

a few miles downgtrean.
s}
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Tertiary System

Eocene Series

Nanjemoy Formation - As shown on the logs, table 5, glauccnitic

H#
sand (black sand) and clay and intercalated thin rock gtrata makgyp

I
the Nanjemd§ Formation of Lower-and Middle Hocene age. These beds

arc as much gs 125 feet thick at Tappahanncck. Differentiation
g
of thege beds from underlying Adquia beds in upper Esgssex County is
1

difficult. Below Tappahannock the Nanjeﬁéy probably thins: 1t may

not extend as far eastward as Urbanna.
J“ ¥

phickahominy Formatiocn - The Chickahoﬁiny Formaticn is of‘;ate
F

Eoceﬁe age. In this area foraminifers defining this formation were
recognized at a depth of 120 feef below seg level in 2 well at Cat
Point Creek, Richmend County, a few miles north-northwest of
Tappahannock. The formation thins out updip and dees not approach
the Fall Zone and it rrobably is not present in the upper part of
the county. The thickness of the Chickaﬁéminy in and arcund
Tappahannock is assumed to be 10 or 15 feet. The Chickahg;iny
Formatign is certalnly present at Wares Wharf and Bowlers Wharf
where "black sands” and "black and white sands" are reported
immediately below nondescript Miocéﬁé marls. It is, therefore,
assumed that the Chickahominy Formation is about ag thick there as
it is in comparsble areas in the York-James Peninsula. Thus in

p]
lower Essex County, the Chickahominy may be less than 50 feet thick.

9k



/
Miocene Series
.:/
s S -
~The Chesapeake Group of Miocene age overlies the Bocene deposits

and crops out in many places in Essex County. Along the Rappahannock
River it 1s very thin in the upper end of the county but is about
170 feet thick at the lower end of the county. BDBeneath hizh ground
back from the river, the Miocéﬁo rises much higher above sea level
and at Millers jﬁvern iz provably about 300 feet thick.

The Mioceﬁ; formations are composed largely of blue clay and

shell marl and subordinate fine zands.

i
F

Quaternary Sysiem - Pleistocene Series

The entire county 5 covered by the Columbia sroup of terrace
e .
depogits of Pleistocens age. The maximum thickness of these zand
and clay beds ig abouat 30 feet. The terrace deposits are Important

in that they furnish water to a great many shallow dug wells.

Water-Bearing Formatlons
rd /‘
Cretacéous to Tertiary Systems

. f"
Upper Crefaceous and Paleccene Series

Mattapé;i Formawion - Wells deeper than about 300 feet in the
vicinity of Tappahannocex tap walter-bearing sands 1n the Mattégoni
Formation. Wells 14 to 17 end in a sandy section about 370 Teet
below sea level. A 2%—inch dilameter well that furnished water o
the town of Tappahanncck previous to 1950 is 360 feet deep. The

Tumpkin Garage well (2&) Just sgouth of Tappahanncck ends in the same



sand stratum high in the Mattéggni Formation as the 360-Toot town
wellyas does the Markan well (28) at Brayszs Fork two miles southeast
of Tappahannocx.

»-

At Lobern Acres (25), 2 miles eouth of Tappahannock, water is
obtained from strata a little more than 400 feet below seca level.
The came sirata are tapped upstream at Laurel Park (ll) and Maryfield
(13) housing developments.

In well 10 only clay is reported at moderate depths and water
ig developed from a sand stratum reached at 510 feet below cea level.
The newer large diameter ~own wells (19§20) develcp strata at about
that depth ag does one of the old 3-inch diameter town wells (18)
at Tappahannock. The Tidewater Memorial Hospital, 2& mileg south
southwest of Tappahannock also obiains water (well 30) Trom these
deep sands. y

Sands high in the lMattaponi seduence, scmewhat more than LOO
feet below zea level, arc developed in the John Moncure School well
(43) at Millers Tavern. These are aleo tapped in well 32§/at
Dunnsville.

Water will rise to 12 feel or zo above gea lcvel in the deeper
wells in the vicinizy of Tappahannock which is much as what might
be expected along a rajor river where artesian pressures have been
reduced for more than half a century through unrcstricted flow of

many wells on low ground. 'JDUaiﬂff

Al though the-heigat~Lo whichwaler~ishrise Inthe-deeper -

_artesiamrwells near Paprehanuock g irthe -mture ™l 12 feet-ahova. ™

f



wea—keval, zome moderately good flows were obtained from small
diameter wellz in the middle 1940's. Well 14 developed a flow of
20 grm and well 9, also near Tappahannock, obtained a flow of 15 gpm.
The latter well is at gbout 9 fecet above gea level. Both wells are
a litile less than 400 feet deep. Well 10, which develops water at
520 to 5Lh0 feet obtained a flow of only 5 gpm, perhaps because it

iz on slightly higher ground. However, it secms likely that to a
largn degree, the rate of flow from wells located con low ground here
(and elsewhere) and from various depths depends greatly upon the
character of the formation from which the well obtains water, the
degree to which The formazion iz developed, whether or not a gcreen
wag installed and, in thce casze of old wells, the degree of sand
clogging that has taken place through the years.

Some fairly gcod yields to pumps have been developed in recent
vears from wells of larger diameter finished with screeng. The
municipal wells at Tappahannock (19, 20) are revorted to yield 200
gpm with, respectively, 1£ and 28 Feet of drawdown. OCbviously the
yield of these wells might be Increased considerably by installation
of high capacity rumpsz That would utilize more of the avallable
drawdown. At Loubern Acres (25), a yield of 100 gpm waz cobtalned
from a well equivped with 20 feet of 3-inch diameter screen. Draw-
down in thig instance was 51 feet. At Maryfiseld housing development
(13), a yield of 100 gpm with 3k feei{ of drawdown is reported from
a H6-inch well fitted with a 3-inch zereen. At the Tidewsater Hogpital

(27) the yield and drawdown were much the same.

6



A few domestic wells drilled in the last two decades have been
equipped with zcreenc and develcop =mall quantifties of water.
Utilizing greater drawdown, szomewhat higher yields could be developed.
However, the voiential of guch wellg iz ceverely limited by their
small diameter in that on low ground they are restricted to the
amcunt of suction 1ift available to them and on high ground the
yvield ie¢ even more 1imited by the capacity of the high 1ift pump

that can be inctalled.
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The upper secticn of the Mattagéni Formation in the Tappahannock
area does not contain as thick or as ccarse waler-bearing cands as
at West Point which lieg directly south of the lower end of Essex
County. However, the most vrolific sands at West Point are {irst
renetrated ahout 350 feet below the top of the Mattapéhi Formation.
At Tappahannock it would appear that the deepest wells only begin
to reach the zone where thick gravelly beds might be expected. It
iz likely deeper drilling in the county would penetrate additiocnal
permeable sands from which yields up to a million gallons a day
(TOO gpm) of high auality water per well could be developed.

A number of wells in and near Tappehannock listed by Sanford
VAVD
(p. 30L-T7) at the time of his survey in 1906 are 270 to 280 feet
F
deep. Apparently these end in glsuconite sands that are present
Jjust below the red or brown clay sitratum ddcchssed—erore that is
thought te mark the top of the Mattapéni Formaticn here. None of
these wells had large flows although many were located on very low
ground. Sanford noteg (g. 166) that in one guch well the flow was
52 gpm but it was =aid to have been 12 gpm initially. Presumably e {14
unrestricted flow of many wells up and down the river had already
reduced the artesian head. Tn a 272-fooc well 1 mile upstream Ifrom
Tappahanncek artesian head was said to be as much as 30 feet ahove
high tide level in 1906. A great many of these wells have fallen

into disuse and very few are listed in Table £

rffg_



/

Agquia Formation - It is possible that some wells in the upper

end of thefcounty have obuvained water from the Aquia/formation.
The Aguia thins out downdip and it 1z not certain that the forma-
ticn extends as far eastward as Tappahannock. Inasmuch as the
question iz somewhat academic, and fosszil evidence to determine
stratigraphic boundaries is lacking, all the drilled and jetted
wells oﬁ mederate depth are congidered here to eond in the
Nanjemoy Formation,
v
Eocene Series

¢

Nanjemoy Formasion - A few wells ranging in depth from 150 to

250 feet deep develop water {rom the glaucconitic zands in the
Nanjemoy Formation cof Heriy—ernd-bdéddte Eocéﬁe age.
Qpa_cf\she—ohinwella {35y Misteda by. Barfordzis Lthat-etoa
vagking pladi/ sy BowlefsOibanfs Fhoie 165-Iset~desp-and.iq reposted
to kavre-tad alow of 49 epme In &amsﬂhai;glg§§;mzcen¢ years, =evera.
wells supplying businege establishments at Tappahannock have been
constructed that draw water from the Nanjeﬁgy Formation. The 6-inch
diameter well (21) at the Virginia Tece and Coal Zo. is reported to
have yielded 824 grm when pumped at the time of its completion in
1930. It was finiched with 15 feet of 30-slot brass screen placed
between 138 and 15C feet. The permanent pump had a capacity of
60 gpm. The old Wright Lumber Co. well (22) and the well at the
former Dr. Pepper t-3tling plant (23), are of comparable depth and

v

end in the Nanjemcy.



The well supplying Center Crogs School (40) and the defuncs
N.:.n'ernoj
Mosely Cannery at Millers Tavern (44) aleco obtain water from

beds az do a number cof domestic welle.

Chickahominy Formation - Tt is thought that several rather

challow wells at Tappahannock and in the lower end of Essex County
may end in the Chickahéﬁiny Formation cf %ate Eocéhe age. Samples
with diagnostic foraminifera are not available, however.
In a well (36) drilled in 1946 at Bowlers Whart, "blue' marl
iz =zaid to extend to 140 feet below the zurface, below which is
12 feet of "white sand and sheil." This is probably sand in the
4

Chickshominy Formation. Twenty Tive feet of "rock” lies below this

[
sand and from 177 to 210 feet "black and white sand” of the Nanjemoy (?)

AV

Formation was penetrated. The rock stratum from 149 to 167 feet, at
v

Bowlers Wharf, presumed to be the Chickahominy Formation, 1s desgcribed

1943
by Sanford (r. 168) as "strata of rock 1 to 9 inches thick and

Il

6 inches to 4 inches apart; blue mud and shells, gray and red sand,

and gravel between rocks; Increased flow with cach sand bed penetrated.”
The well described by Sanford (not listed in table ¢ ) was

sltuated at the Garrett and Hunt oyster hcuse on the end of the

wharf. It had a flow of BO:gaé%enaqugtﬂﬂte at an elevation of =sbout

5 feet above high tide and a head of over 15 feet. The nearby

Claybrook and Neal well (35) of about the same depth had a flow of

49 grm at 12 feet above high tide level.



Mioccene Series

It is not apparenc that Miccene formations include water
bearing sande in Esgex County.
p

Guaternary System

Pleigtocene Series

Shallow wells from 10 to 40 feet deep, mostly dug wells cbtain

y

3 . - 1 ‘J,
water from the sandy terrace formations of Pleistocene age. A few

are deeper. Tn a grealt many placeg the wells are equlipped with

electric powered pumpsjbut hand pumps and bucket 1ift 1sg still used

from place o place. The shallow wells furnish water for domestic

use in homes and In a few small business establishments such as

illing stations.



tuality cf Water

v .
Water from Mattaponi and Eocene Formationg

Water from deep welle in Hesex County may be classed as soft
sodium bicarbonate waters aithough there is some real differences
in bicarbonate ccnient and total hardness. Those waters with the
highest bicarbonate content, 400 to 500 mg/l (1, 2, 18, hla,

Table {, ) are invariably very coft with a hardness of less than

20 mg/l. Those waters that have a bicarbonate content ranging from

around 120 ©o 300 mg/l are ééségtgally soft watersaalthough hardness
LA i

ranges from about 30 to S0 mg/l. ;The sﬁmple from the municipal

U_,—.d:ﬁ"

well at Tappahannock (19) has a low bicarbonatehand is almost

completiely without hardness. In;waters described chloride and

sulfate are low.

The low bicarbonate somewhat hard waters'ére ordinarily thosze
from the shallower wells presumably ending in the Eoceﬂé,ﬁbrmations
whereag the zofter but more highly mineralized waters are from the
deeper wellg ending in the Mattaﬁgni Formation. The sane relation-
ship is noted in King and @ueen County. Here, it seems likely that
some recharge is taking vplace downward through the "impermeable”
marl overlying the uppermost artesian beds. Water from the deeper
beds hag moved in laterally from the west, has a higher mineral
consent and has been almost completely softened by base exchange.

The soft artegian waters in Bssgex County are excellent for

domestic uge but may nct be satisfactory for scme industrial purposes

1T
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in that they tend to fcam in boilers. the very soft high bicar-

bonate waters are particularly unsuitable for irrigation. The

somewhat harder lower bicarbonate waters should be used with care.
Water from Miccene and Plelstocene Formations

A few zamples on hand from shallow wells show that water from
these wells iz generglly a goft or fairly soft bicarbonate water.
In the examples given in Table ¢ , hardness ranges from very low,
16 mg/1 in water from well 46, to moderately hard, 161 ppm in water
from well 48 at Supply. Bicarbonate in the softer water is only

R R . hﬁ"’(&\: Ly
5 mg/1 but iz 11h mz/. in the second. However, the range of hardness

Wy
in water from most wellg developed in the Pleistocene terrace
formations is between 5 and 60 mg/l and in mogt insgtances the hardness

of over 20 of the samples taken is generally around 30 to 4O mg/l.

The excesslive hardness and high bicarbonate of water from the
R
well at supply is undoubtedly due to the fact that the wellieither
=

g g

penetrates sand beds in the underlying Miccene formations or the
glightly acidic shallow water in Pleistocé%e beds comes in contact
with limy beds that characterize the underlying Miocéﬁé formations.
(The pH of the water from well 48 is 5.8 and from well 46 it is 4.9.)
The well at Supply is 48 feet deep and rrobably penetrates Mioéene

marl in its lower porticn and is hard on that account.
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age o
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Iand surface (feet)
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Table & .--logs of wells in Essex County, Va.

well ') , B. E. Bennett, 1-3/k miles south-goutheast of

Jenkins Ianding
(Iog by W. S. Reynolds) :

Altitude 113 feet

Thickness Depth
. K (feet) (teet)
Colw:xgia Group (Pleistocene)
Sand, clayey 13 13
Chesapeé_ke Group (Miocene)
Clay, blue ' 78 95
Hanjemoy Formation (Eocene)
Marl, eandy, 'whitg/' thin rock
stratum ot base 28 123
Sand, black and white 2 125
Clay with rock streaks : 25 150
Ao;ui‘a\ /(?) Formation (Paleociane)
Clay, hard | 55 205
}httapgﬁi Fo;r")uation (Paleoc;ne) to Upper
Clay, hard Ls 250
Clay, red—b-/ 22 aTe
Bard, clayey, gray - 30 302
Rock ¥ 3023
Clay, hard, blue 50% 353
Clay, light t5 dark dbrown 62 515
Clay, white t5 yellow €5 480



Ry

Table 5 .--Iogs of wells in Essex County, Va. (cont.)

Well /&, B. E. Bennett, l-3/h miles south-gsoutheast of
Jerkine Tanding (cont.)

VAP P 3\ Redoglaa)

Thickness Depth
4 (feet) (feet)
L r
Mattaponi Formation (?aleocen@)*c Upper 7+ t»
v Cretaceous) '
Clay, hard 25 505
Clay, red toc brown i5 520
Sand, white; water 20 540
Clay 10 550

17
a/ One-half foot of black sand is reported at 97 feet in well 387

E/ Soft brown clay is repcrited at 231 to 265 feet in well ?6 and
is underlain by l% Teet of glauconite sand. Pive feetz of
ned-alagy Ao rvaperter a2t faot_in weld 15 qverd ying-S5-Lfeet
Gblack stnd-



o

Table 5 .~-logs of wellg in Kgsex County, Va.

Well 15 , Overton Brooks, Tappahannock

(Ing by Leonard Reynolds)

Altitude 5§ feet

Thickness Depth
(feet) {feet)
Columbia Group (Pleistﬁcene)
Clay, candy 18 18
Chesapeake Group (Mioéene)
Clay, blue 67 &5
Chickahominxq(?) Formation (Eocene)
Shells and gray sand oL 87%
Clay, blue 115 99
- Shells and sand 15 1005
Eanjemoy Formation(rﬁfccthGB
Clay and rock 195 120
Sand, black and gray % 121%
sand, white,and limestone L 125%
Clay, compact 18% 1hlh
Limestone % 1hh
Clay, hard 185 163
Limestone i 1635
Aquia (?7) Tormation (?a( eo\ce_ ne)
Clay, compact 263 190

Sand, black 2 192

T



Table 5 .--Logs of wells in Essex County, Va. (cont.)

Well ;5', Overton Brooks, Tappahannock (cont.)

(Log by Leonard Reynolds)

Altitude 5 feet

Mattaponi Formation QEale;;ene>%o
Upper Cretacenre¥ wiv
Clay, compact
Clay, red ;
Sand, black "
Clay, hard

Limestone, wvery hard

Alternating clay and white zand

Thicknessg
(feet)

58

52

81

Depth
(feet)

255
310
315
316

397



Impe of Welle in Kine and Coecen County

Well 18&, Tayloy and Calidwell Cunnery, Walkerton
(_)Qc:\ n-j de‘(‘l’iﬁ\ T&Mj\ ‘-1“1-‘1 UJK“ CCJ

g 10 Lt Thickness Depih
a tl (feet) (fcct)

Colvwbiz Group (Pleistoecic)
Topsoil L i

Sand and gravel 14 18

’.
/

Chesapeake Group (Hioccug)
Clay, lizht browe L6 6k
; i
- ‘ .
Nan jeroy Formaticn (Eocene}

Cilay, shells, sandy 56 120

s
L=
@]

Clay, dark brooun : 20
i B
Aquis (?) forration (IHIQOCEne)
"y

Clay, dark grey

\n
[A®]
!_l

D
no

i / .
Matcaponi Foroztion (Paleoceﬂe)tofUpper AN
A g

Sand, hlack, maddy 57 2hg
Clay, gray L3 292

Sand, white; water 3 295

93]
—
N=
-y
w
=
[AS]

Clay, mixcd color
Sand end gravel ; waler i) b6
o

Mud, ecand, gravel, coleored clay 10 356

=

Sand and gravel; waler 5 361
Sand and gravel, clayoy; waler 16 37

Sand; water 13 390



Table & - Logs of Wells in Essex County&?bnt)
Well 33, Lumpkins Garage, Tappahannock
B

2t

Altitude 25 feet

‘ Thickness Depth
’ (feet) (feet)
Columbia Group (Pleistocene)
Soil 30 30
F
Chesapeake Group (Miocene)
Clay, blue ) i 1C0 130
;
Chickahominy Formation (Eocene)
Shells and sand_ 1 131
Clay, blue 10 1h1
Rock 5 1h1s
Nanjemoy Formation (Eocene)
Clay. =of% 3 145
Sand and rock 5 150
Clay, hard -9 159
Sand, white 2 161
Rock 29 180
[ /'
Aquia_(?) Formation (Paleccene)
Clay 35 215
Sand, black < 216
Mattaponi Formation (Faleocene)ib’Upper v e
v
<X § ,.
Clay, red— . 375 o5l
Clay, blue 19 273
Roek % 273%
Sand, black .%%& 1 275
Clay, hard to medium¥y . 120 395
Sand, white 3 398
Clay 16 L1k

(2 Bed-Sriwn_ dlay repoxbed @21 to RZALeetUin el $6L
“( BA_Pioe\biaci\sand_ raported Xo wAll 24 Zxon \285_so\380-faet.



. ——— & X |
Jmh“‘f S - “)'U'f\i‘ g e by v J.‘S_Strli ch"'*‘j(‘()“t,

Wwell 26, G. Clanton, Tappzhannock
(Log from Va. Div. Mineral Rescurces files)

Altitude 20 feet

Thickness Depth
, (feet ) (feet)
Colurbia Group (Pleistocene)
Sand, fine 27 27
Chesapeake Group (Miccene)
Marl, blue / G4 126
I
Chickahominy Formation (Eocene)
Rock, hard Ly 130
Marl, blue 3 133
Rock, soft 12 145
Nanjemoy Formation (Eocene)
‘ Sand, black, Tine L 10 155
1 “',-t
Undifferentiated (Eocéﬁ%}i@(Upper Cretaceou;)
Mud, blue, gummy 130 285
Sand, black 101 386

Sand, white 17 Lo3



Table § .--Logs of wells in Essex County, Va.
Well 2%, Brays Fork, R. A. Markan, (Triangle Tnn)
(Log ty Ieconard Reynolds)

Altitude 4O feet

Thickness Depth
(feet) (feet)
Columbia Group (Pleistoc;ne)
Sand and clay 32 30
Chegapeake Group (Miocene)
Clay, blue 8o 114
Sand, white, Tine i 1144
Clay, blue 235 138
Chickahominy Formation (Eocene)
Limestone 5 1385
Clay, blue 1hs 153
Nagjemoy Formation (Eocene)
Sand, black and white ) 1533
Clay 1% 155
Limzestore 1 156
Clay 10 166
Clay, very hard & 17k
A Limestone i 1 175
A B @atst enc) |
Clay, hard 32 207

Sand, black 2 209



Table & .--Inge of wells in Bssex County, Va. (cont.)

Well 2% , Brays Fork, R. A. Markan, (Triangle Inn) (cont.)

(Log by Ieonard Reynolds)

Altitude 4O feet

Thickness D=pth
(feet) (feet)
4 4 p
Mattaponi Formation (Ealeocene‘totppper S la s av s ¥ )
e =]
Clay, blue 63 270
Clay, red brown T 277
Limestone 1 278
Sand, black Si 332
Limestone L 336
Clay, hard 41 377
Sand, white 1 378
Clay, hard 10 388

Sand, greenish, muddy 2L W12



_—TQH( 5—-’ ,aLc‘(‘s ‘f' Wells 1w rssey Q""’“""'B(i‘.e-\'t;)
Well 32a, Nathan Parker, Dunnsville

(Log from Va. Div. Mineral Resources files)

Altitude 65 feet

Thlckness Depth
(feet)} (feet)

Colurbia Group (Pleistocene)

Sand 30 30
Chegapeake Group (Miocene)

Clay, blue, and brown 140 170
Chickahominx\ﬁ}) Formation (Bccene)

Shells and white sand 6 176

Clay, blue 10 186

Stone. hard 2 188

{lay, blue 6 194

Stone, hard 16 210

Sand, black 20 230
Nanjemoy Formation (Eocene)

Clay, blue 70 300
Mattaponi Formation (?aleoceneESD(hpper O R ve s b ?)
v Cretaceons) ‘

Clay, tan 50 350

Clay, red 50 Loo

Sand, white, ccmewhat clayey 25 Losg

Clsy, white 25 L5o

Clay, red 50 500

Sand, white 15 515

Cley, yellow 35 550

Sand, white 35 585



Table :5’.——Logs of wells in Fessex County, Va.

Well 2L , Bowlers Wharf; R. A. Pitts
f.]osg oy Leonark R-.jmn&s)
Altitude, T feet

Thickness Depth
(feet) (feet)
Coluﬂ;bia Grour (Ple ist;cene)
Sand, yellow ; 20 20
Chesapeake Group (Miocene)
Marl, blus 120 1L
Chickahominy Formetion (Focene)
Sand, white, and chell 12 152
Rock 25 L7y

Nanjemoy (?) Formation (Eocene)

Sand, black and white; water 33 210



~Tal fo & — -3-":3; \f SLER Fssex (33”"*“3((*"-*;3 EEEer-

T
Well %, School, Center Crose

(Log from Va. Div. Mineral Resources fTiles)

25
Thicknegs Depth
(feet) {feet)
Undescribed 90 90
/
Chesapeake Group (Miocene)
Clay, blue ; 157 oL
Chickahominy Formaticn (Eocene)
Stone, soft 1 248
Shell and white sand 2 250
Stone, hard 1 251
Sand, gray L 255
Clay, brown 5 260
Shells and white sand 5 265
0 275

. Btone, soft . 1

Nanjemoy Formation (Eocene)

Sand, black 5 280
Stone and sand layers 60 340
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Middlesex County

Middlegex County lies along the south bank of Rappahannock
River and, at ite eastern end, projects into Chesapeake Bay. The
land area Is 132 square miles. The population in 1960 was 6,319 of
which 512 lived in Urbanna.

Although esseatiardy a rural countyjonly about 15 percent of
the working force was employed irn agriculture. The number of
people employed in manufacturing i1s nes large. However, processing
of fresh and frozen seafood is an important industry in and around

Ur b anna;. boatbuilding empicoye a nurber of individuzals in the

-

eagtern end of the county, and lumber 1z cut in several localities.

Wearly half the total farm income is derived from sale of
poultry, chiefly ducks and turkeys, a third of the income from field
cropse - soybeans, corn, and wheat, the remainder from dairy products
and livestock.

An dmportant activisy ig catering o gummer visitors who come
to enjoy bathing, boating, and fishing, particularly in the more
eagterly part of The county.

U.8. Highway 17 leads into Middlesex County from Newport News
and passes through Saluda and Urbanna and connects this section
with Fredricksburg and other arterial highways. There are no rail-

roads in the county but bus zervice is available. Bulk freignt can
be shipped in shallow dfﬁught vessels ogygappahannock River. A
small alrport is located at Grey\s Point, seven miles northeast of

Saludsa .



Geology

The county is underlain by unconsolidated sedimentg of
Cretaceoué, Paleocéne, Eocene, Miocéne, and Pleis%ocene age. It
is believed that the Potohéc group of Irmeer Cre%aceous sediments

/
has not been reached by any wells in the county. The Mattéboni
Formation of Late Cretacééus to Paleocgne age is well developed
bt the overlying Aquié Formation of Paleoéene age 1s presumed to
be absent. The Nan emoy Formation of Lewer-apd Middle Eoceﬂe age
is pregent and thins eastward but the Chickahom{ﬁy Formation of

p
Upper- Eocene age thickens to about lhO(?) feet in the eastern part

of the county (pl. 1, section A-2').
Bedmeck

Depth to bedrock in Middlesex County iz not known'but reason-

ing from data at West Point and fewrPodintideamfomdy Mothews GCommmdy
it may be about 1,400 feet in the uppermost end of the county and

2,300 feet in the lowermoszt part of the county.

122



S )
Cretacecus x¢ Tertiary Systems

Mattaponl Formation - The Mattaponi Formation of nyer

Cretaceaus to Paleccene age is penetrated by several deep wells in
and around Urbanng. The higher beds of the Mattapogi Formation are
characteristically glauconitic and hence difficult te distinguish
from cverlying Eocene beds that are glauconitic everywhere. The
lower beds in the formation are characterized by highly colored ciays
and glauconite may or may not be present.

In a well {19} drilled in 1906 for the town of Urbanna (Sanford, q,3

g

p. 224}, it was reported that clay as "red as paint” was penetrated
between 522 and 540 feet below the surface. This stratum is under-
lain by 7 feet of pink and brownish clay. BSuch beds are typical
of the lower part of the Mattaponi Formation. The log of the more
recently drilled municipal well 08) indicates that highly colored
clays extend to at least 662 feet below the surface.

(tablte @ ond g 5 )

Acceording to the log of well 9A the higher beds in the
Mattapoﬁi Formation are highly glauconitic. However, the writer
feels that perhaps much of the glauconite reported waz washed down
from higher horizons. WNevertheless, it i1s likely that the higher
bede are glauccnitic tc some degree, occurring as somevwhat glauco-
nitic blue clays and a subordinate glauconitic Quartz sands. In
the Shannon well {20) the deeper strata are reported to be rather

nondescript.
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s
Tertiary System
Eocene Series

3

Nanjemoy Formation - It 1s thought that the Nanjemdy Formation

of Eower and Middde Eocéﬁe age may be thin, perhaps 10 to 30 feet
thick at Urbanna but thicker upstream and thinner downstream. In
any event, it cannot be differentiated from the overlying
Chickahomiﬁy Formation beds on the basis of logs at hand.

I 1
Chickahominy Formation - Foraminifera of ﬁate BEocene age have

been identified in gampleg from several wells in Tancaster County
(sinnott, 1967) which lies on she north side of the Rappahannock
River. Hence, there is reascn to expect that this formation is
present at depth throughout the easterly county.

The Eocene gection is characterized by nondescript marl,
glaucenitic =zands and layers of limegtone with included thin sandy
beds. The Eocene section at Urbanna is thought fto be about 120
feet thick, of which the greater part is assigned to the Chicﬁg;
hominy Formation. Updip at the Middlesex-lisgex County linc the
Chickahoﬁiny ig thinner and the Nanjeﬁg& thicker but the total
Eoceng thicknege is rrobtakly much the same as at Urbanna.

The lithology of the sections at Wilton Point (41) and Stove
Point (hO) nearer the lower end of the county are not very helpful
in establighing formaticnal ccntacts. The base of the Eoceﬁe is
drawn at the base of a stratum highly characteristic of the Eoééne
gsection. The Mioééne—Eocg;e contact was drawn by projection from

the arca to the west.



Migddiesex

Water-Bearing Formations

ot R
Cretacecus to Tertiary Systems

Upper Cretacebus amd Paleodene Series

;

' /"
Mattapdni Formation - The old town well (16} at Urbanna

described by Sanford was drilled o & depth of 589 feet and de-
veloped water initially in a loose sand stratum, 42 feet thick,
that was penetrated at 547 feet. This sand lies bvelow the hieghly
colored clays characteristiq of the lower partc of the Mﬁtﬁg£oni
Forﬁétion. The lower ﬁgytién of the hole caved but g flow from a
sand at 492 to 500 feet continued. The shallower horizon reached
in this well was also reached in the G. W. Hurley well (14), the
Urbanna Iodge well (17) at the wharf and the Walter Sams well (9).
The deepest wells in and arcund Urbanna, however, are the Shannon
well (20) which reached a depth of 650 feet, the 1963 town well
(18) €20 feet deep and the Brill Duck Farm wells (21, 22) which
are gbout 650 feet deed.

Upstream at Remlik the zeveral wells alt the ILcrd Mott Canning
Co. (11-13) end in the Mattapdni Formation.

SanTord reports k;?‘318) that the free flow of the old town
well (14), combined with the flow of a shallower well, was T5 gm
in 1906. The Walter Jams well (9) near Remlik, i4-inches in diameter,
iz said to have had a flow of 72 gpm in 1940.

The 1963 town well (18) iz reported to have been pumped at a
rate of 430 gom with only 30 feet of drawdown, having therefore a

specific capacity of 14.2 (gallons per foot of drawdown). The

Shannon well (20) was pumped at a rate of 205 gpm with 39 feet of

drawdown and has a specific capacity of 5.2{

{ “ l{.



AT the Brill Duck Farm, twe wellg just east of Urbanna (21, 22)
and & third well near Burhans Wharf (23), are three of the highest
yield wells in the county. Yields are given as 752, 857, and 1100
gpm. When drawdown is taken Into account, the efficiencies are,
regpectively 11.6, 7.7, and 22 gallons per foot of drawdown. The
efficilency and maximum ylelds are a function of the character and
thickness of sands penetrated and the amount of screens used. The
Shannon well which has a relatively low efficiency has only 25 feet
of screen. On the other hand the well of highest yield at Brill
Duck Farm (23) does not have as much screen as the well with the
lowest efficiency (22). Here, of course, the permeability of the
particular sands penetrated rather than their total thickness is
the critical factor.

The deep wells at Wilton Point and Stove Point end in the
Mattaﬁggi‘Formation (Section B-B!, pl. l).

N
Wanjemoy Formation - A few wells in upper Middlesex Couniy, as

at Bayport (1 and 2), develop water in a series of thin limestone
strata alternating with glauconitic quartz sand penetrated at about
250 to 300 feet below the surface. These sands are thought to be
part cof the Nanjeﬁoy Formation. In 1906 water would rise as much
as 26 feet sbove sea level in wells of this depth in the upper part

of the county (Sanford, 1913, p. 318). No large flows were reported.

127



Middlesex

Chickshdhiny Formation - A few wells at Remlik (10), Urbanna

(15) and Saluda (25) obtain water from wells 200 to 250 feet below
cea level. Theege preobably end in the Chickaﬁéﬁiny Formation. A€
Waterview the formation iz described as "sand and shell." Sanford
reports that ftwo l-inch diameter wells 227 feet deep alt Urbanna
-were pumped with a ccmbined yield of 105 gpm.

Wells of moderate depth in the somewhat easterly part of the
counvy may develop water from the Eoceﬁe Tormations. At Greys
Pcint on the Ravpahannock the II. 1. Jones welijié 357 feet deep.
In Gloucester County on the south side of the Prankatank River two

{45, tunie 13)
wellsﬂat I'reeport, opposite Healys Mili, are about 330 feet deep.
The deeper wells menticned may cond in the Mattaﬁghi Formation hut
the well at Greys Point and the wellg mentioned in Gloucester County
are almest certainly developed in the Eoééne.

\s

Waves from llocenc Deposies

Chesapeake CGroup of formetdems - In the lower end of the
Tivte 7
county. as at Deltaville (3&-3§)/are many wells that obtain small
N

v
gupplies of water from thin sandy strata of Miocene age. Such wells

msy be ag little as 75 feet deep or, less commonly, as much as 300
feet deep.

Tn the easternmost part of the county at Stingray Peint, six
gandy beds arc present between 60 and 195 feet but all yield saline

water, according to ¥Mr. A. W. Ruark who has drilled many wells in



that area. In 1056, Ir. Bruce Norman of Walkerton developed water

(31) 3%
at 180 feet that was too salty to use and further efforta to a
q

depth of over 70O feet were equally fruitless.



Middlese®

Veter from ° cistocene Depeaits -

Water in quantities sufficient for hougehold use ig obtalned

from shallow wells throughout the county.

!
Ky

4t Stingray Polnt where Miocene and older foermations yield only

! v -4 y .
D AT CILAY b A

brackish or saline water, larger quantitieé4than “at yielded by

cne shallow well might be developed by pumping several shallow wells
as a unlt, skimming off frech water from calty water below. The
practicability of an infiltration gallery - a permeable tile or other
collecting device laid jusv below the water tablg/would be determined
by costs involved and greound available. Such a system might yield

a few tens ol gallons a minute as ovposed te the very small yields

available to a gingle dug or driven well.

GJuality of Water

Water Irom the Mattaponi Formation

Water from deep wells in upper and central Middlesex County iz
a goft godium bicarbonate type with a very low chloride content.
Tn Remlik ( il' Table 7 ) and Urbanna ( (,+7,20 ) the bicarbonate _

/ o ol §0 aC
content of the welle reaching the Mattaponi FormatioQﬂ;anges—frﬁm ’
<4
o556 prw but other constituents are low. Fluoride, however,
s "n i

ranges from 2 to 2.5 4 slightly more <han the 1.5 wa tonsidered

degirable for public supplies. Tt 1g particularly noteworthy that

the chloride content of water from the deepest wells is very low.



Middtagex

This type of water ig highly eatigfactory for domestic and most
industrial purrozes. Foaming might be troublesome where the water
is used for boiler feed. However, because of its high sodium con-
tent, i1t is not sultable for irrigation. _

L

In eagtern Middlegex County wells reaching the Mattaponi beds
yield a high—chloridelhigh sodium-bicarbonate ¥pe-vyatery, ag shown
by the analysis (39, table 7 ). A sample taken in 1918 from the
well at Amburg contained l,BEOfgﬁﬁ‘bf chloride and l,OBI'iﬁﬁhof
bicarbonate. The high hicarbonate content of the Amburg well water
can perhaps be accounted Tor by =zolution from the soft glass con-
tainer upon standing, perhaps for several months.

In 1964, a deep well (40) was drilled at Stove Point Neck in
an attempt to find a supply of potable artegian water. Water at a
depth of 13 feet, occurring under water table conditions, contained
87 mg/l of chioride. At 51 feet chloride was 710 mg/l and 120 feet
3,905 mg/l. These waters are probably a mixture of present bay
watere and infiltrating rainwater. The first artesian stratum was
'struck at about 436 feet. Here the water contained 1,395 mg/l of
chloride. At 628 feet the water contained 1,847 mg/l of chloride,
almost the identical concentration reported in water from the
Amburg well.

Tt may be noted that at Greys Point (29, fig. § ) brackish
water was present in a 700 foot well whereas at Burhans Wharf,
about 3 miles to the east, water from well 23 contains only 11 mg/l

of chloride. On the Peank@tank, water from well L2 near Fairfield

&



Midd lesex:

Tanding has a chloride content of 29M_mg/l and a challower well
near Freeport in Gloucester County just upstream has a chloride
content of conly 30 mg/l. The boundary of the high chloride artesian

water zene thus seems well defined.
Yvater from Focene {?7) Deposits

Wells of intermediate depth, about 300 feet, may yileld some-
what mineralized but notable water in the Greys Point - Witton Point
area. However, tvhere are not sufficient data at hand to be more
specific in this resard.

The highly mineralized waters from Stove Point Neck and Amburg
represent a mixture of fresh water that has migrated down dip from
the Fall Zone with old sea water not completely flushed from the
formation. RBecauce they were once zaturated with gea water the
sediments are loaded with exchangeable sodium and waters migrating
down dip have exchanged their calcium content for sodium--hence,
both the high chloride waters described and the essentially chloride-

free waters from zround Urbanna are goft sodium bicarbonate waters.
\_1/,,\
Water from Miccéne Deposits

Water from three wells at Deltaville (34-36, table 4 ) that
obtain water from #Miocene deposits is somewhat hard, with hardness
ranging from 1l tc 264 mg/l. Hardness is present as calcium

bicarbonate. Chloride is low, as much as 56 mg/l on one sanple,

but only 7 mg/l in another.

e}



Middlesex

Although somewhat hard, these waterg are entirely acceptable
for domestic use and, becauce of their high calcium and low godium

content, they are excellent for Iirrigation purposes.
Water from Pleistocene Deposits

Water from shallow dug or driven wells haz a low hardness and
mineralizaticn but where such wells bottom in Mioceﬁé marls the
soft water derived in largegt vart or entirely from the terrace
formations may become hard. Shallow water characteristically is

slightly acidic and where such water comes in contact with limy

sediments, calcium bicarbonate iz preduced.

ke



Midddemex. County

In low lying areas on the Chesapeake Pay where the only water
available 1g from shallow wells, means of providing larger, more
dependahble and =zafer suppliesz should be consgidered in view of present
heavy summer populaticns and vrobable increase in demands.

A trunkline bringing artesian water from a distant source up
the peninsula offers an obvious and expensive goluticen. However,
before such a trunkline is Justified and constructed, much might be
done cn a smaller scale through artificial recharge.

Where a central cupply point for several villages is to be
established, itT may be vracticable to recharge the deep brackish
water artesian formationg with Tresh water from ghallow wells. Much
of the recharged fregh water could be pumped back as needed, uncon-
taminated by the brackish water)as explained in the general part of
this report.

Shallow wellg in the terrace formations can furnish & modegt
volume of water but reliance or that water in times of peax demand
and low recharge would be both rigky and expensive. However, where
adequate storage iz provided, as in the deep formations, the discharge
cbtained during long colder month seasons might easily satisfy the
peak summer demand. IT 1t be assumed that as little as 50 gpm were
pumped freom one or btwo challow wells continuously and injected in
a deep well for 9 months, 150 gom could be pumped back in the Tollow-
ing summer season, a volume sufficient for at least 1,500 peorle.

Actually, since some mixing would take place, the return ratioc



B R

would not be as favorable as stated. The efficiency to be expected
after injection ig not determinable at present but there is every
reason to hellieve the device sugsested is worth considering.
Obviously, a recharge rate of in excess of a hundred gallons a
minute would be hoped for. A very few properly congtructed

shallow wells might supply the amount of water required with ease,
most of the time. TEconomies in operation might be eflfected by
recharging only at Times when off peak power rates are avelilable.
Tnasmuch as recharging would have Lo be done under some pressure
(the artegian head ig probably almost as hich as the shallow water
t&ble), the most efficient operation would require that a maximm
recharge rate at minimumn head (power cost) be established. On the
other hand, slightly higher costs might be accepted in order to
recharge a greater volume of water. Since lifting water from a
well and pumping to an overhead tank for recharging, might inveolve
as little ag 50 feet of vumping head, the power cost would be low--

i
/ycent
about 258 per thousand gallons at 1¢ per kilowatt hour.

In some areas, water from the Miozene formationg 1g also avail-
able. Az ncted above, where thig is a very hard water, 1t may not
be as desirable for recharging as the softer water Irom the Terrace
formgtions. The compatability of injected water with reference to
the deep formations and possible clogging is one of the several
aspects of artificial recharging about which little is known.

Lssuming that a recharge well was constructed and overated as

sketched out above, there is no reason why water from the shallow



wells, ending either in the terrace formations or in Mioccensz beds
or both, should not be used in conjunction with water from the
recharge well during the pesk demand seagson. The shallow water
supply might vary considerably according to recharge received from
local rainfall but whether large or small, it could be utilized to
?&iwéﬁﬁﬁ%uéﬁg"éeé£é$gil recharged water utilized as makeup.

With respect to artificial recharge, the state of the art ig
such that specific recommendations cannct be made at this time.
The purpose of the digcussicon given above is to point cut the
pogelbilities Inherent in this device and the great savings that
might be made by providing water locally rather than by trunkline
from some dlstant szource. The regults of further work in the field
of artificial recharge through deep wells will be awaited with

interest.
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Teble & .==Logs of wells In Middlesex County, Va.

Well3 , W. E. Abb

Altitude

Columbia Group (Pleistocene)
Sand, yellow, clayey
Chesapeake Group {Miccene)
Mud, blue
Chickahominy Formation {Eocene)
Sand, chells, mud
Mud, blue
Clay, eandy
Sand, black
Sand, grey
Sand, coarse ‘ A .
S
Mattaponi Formaticn (Ialeoceneﬁtb
Upper Cretsceous) ! ‘

Clay, yellow

4o

-
by ]

ott, Waterview

vt

feet

Thickness
(feet)

38

5h

12

Lo
L1

1

10

Depth
{Teet)

38

192

204

311



Teble % .--Logs of wells in Middlesex County, Virginia (Rod.\

Well &, Mrs. Hazel Glenn, Waterview
{Iog by 0. C. Brennemzn)
Altitude ¢ feet
Thickness Depth
(feet) (feet)
/ ‘
Columbia Group (Pleistocene)
- Sand, yellow 30 30
Chezgapeake Group (Miocene)
Clay, blue, =sandy, . 170 200
Chickahcminy Formation (Eocene)
Shell and sand; water Lo 240
Wanjemoy Formation {Eocene)
Shell rock formation and black
and white sand 55 295

2



T

Table .--Logs of wells in Middlesex County, Va
Well * , J. E. Jackson, Samos
R i [ e .

Altitude 10 feet

Thickness

(feet)
s
Columbia Group (Pleistocene)
Cilay, yellow 20
Sand, coarse 30
Chesapeake Group (Miocene)
Clay, darx . 102
Sand, Fine _l 8
Clay, dii? Jempes ' 56
Chickahominy4F:rmation:(Eoeene)
Sand and shell:; water 20
Rock and shell &
Sand, clay and cshell 15
Sand and shell; water 37
Rock ' N
Sand and shell | 13
Mattaponl Formation QPaleoeena %%
tg Toper Cretaeeouej Coa
\Clay 156
sand . 50

. (cont.)

Depth
(feat)

302
306

319
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Table .--Logs of wellzs in Middlesex County, Virginia (cont.)
Well 7, J. ¥W. Ferguson, Remlik

Altitude 10 feet

Thickness Depth
(feet) (feet)
Columbla Groun (Pleisiocene)
Subsoil 30 30
Chesapeake Group (Miocene)
Clay, blue 145 175
Clay, tan, and mmd ) 25 200
Chickahominy angd Nanjemo; Formations
(Eocene)
Rock and mud 10 210
Clay, blue to brown 25 235
Continued stone, water“(?) L8 283
Sand white; water T 290

I



Table % .--Logs of welis in Middlesex County, Virginia (cont.)

Well-Zf, Walter Sams, Urbanna

Altitude, 7 feet

Thicknesgs Depth
(feet) (feet)
Undescribed Lo Lo
Chesapeéie Group (Miocene)
Clay, black, and chell 5 L5
Clay, blue 125 170
Clay, blue, chell at bace Lo 210
Chicﬁahominy Formation (Eocege)
Sand and shell 2 212
Sand and clay 8 220
Rock 2 222
Sand; water 23 2hs
Sand and rock, aliernating 18 263
Sand and shell 5 268
Rock and sand, alternating 16 285
Nanjemox_ﬁf) Formation (Eocene}
Sand, black and white 15 300
; Sand, black 4o 340
Mattaponi Formation (?aleocené\ap(ppper.;u-- ‘ 1”_)
; - b
Sand, Rlack €0 100
Sand, black, minor clay 20 L0
Sand, black and white 5h LTl
Sand and gravel, white 13 LET7

Note: Much of black sand below 340 feet may have washed down
from above.

/44



Table §

Welll8, MuaverPabr¥yy, Urhaady —Remiik-

(Iog from Va. Div. Mineral Resources files)

Altitude 2R feet

Thickness
(feet)
Columbia Group (Preistocene)
Sand, fine L3
Chedapeake Group {Miocene)
Clay, green, with chells 37
Clay, gray y 1hy
Chickahominy and Nanjemcy Formations (Eocene)
Shell rock, shells, gray and
black sand and clay in streaks 73
Nanjemoy and Mattagoni Formations (BEocene ' -
#0 Upper Cretaceoueﬁ
Clay, eray, hard 145
Clay and black sand, in streaks iz
Clay, gray and pink 2l
Sand, gray 16
Clay, mixed colors 34
Clay, hard, tough 29
Sand, eray, some black 18
Clay 7
Sand, gray 16
Clay 3
Sand, gray, coarse 23
Clay, red, grey and brown 38

Note:

.--Logs of wells in Middlesex County, Virginia (cont.)

Depth
(feet)

43

80

ool

297

Lo

598
601

6oL
GE2

In well ﬂg hard red clay "red as paint” was reported at

522-540 feet below which 7 feet ﬁf softer pink an
clay was present Sanford, p. 22

Cederstrom,

19

ﬁ5 Ownégﬁ

-._d



Table ¥ .--Logs of wells in Middlesex County, Va. (conv.)

Well 7, Mrs. S. L. Shannon, Urbanna
(foS ernm Voer Dy Miweradl A edsones 5-«‘1-1-)

Altisude 1§ feet

Columbia Grouvp (Pleist;cene)
Sand and gravel
Cheéépaake Groun (Miocene)
‘ Clay, gray
Chickahominy Formation (Eocene)
Shell and clay, in streaks
Rock and rock, in streaks

Clay, green, sand streaks

Mattaponi Fermation (Paleocené}to
Upper Cretaceougji‘1~}

[y

B 7

ot describead

Clay, gray

Sand, gray and brown, and zhells
Clay, gray

Sand

Clayg/
Sand
Clay
Sand

Clay

Sand, gray, madium To coarse; water

Thickness
(feet)

21

207

23
56

22

22
68
11

16

19

39
10
13

12

Depth
(feet)

21

227

2hs

303
325



Table %

Well 20 , lUre. S. L. Shannon, Urbanna (cont.)

PR

I |
E k3 - = aw aw A

]

Mattaponi Formation {Paleocane ko
Upper Cretacecus) (cont.)

Clay,
sand,
Band,
Clay,
Sand ;

Clay,

A Bink _apl.grax olay ab- this-depth 4 nwedt~18"

gray
gray, clay streaks; waier
gray
sandy
water

sandy;: water

Thickness

(feet)

10

10

15

g/ "Mixed cclored clay” at this depth in well 18.

.--Logs of wells in Middlesex County, Va. (cont.)

Depth
(feet)

585

600

650



Table B .--Logs of wells ia Middlesex County, Virginia (cont.)

Well 25, Town of Saluda, Virginia
(Tog by Sydnor Pump & Well Co.)

Altitude 98 feet

Thickness
(feet)
Columbia Group (Pleistocene)
Clay, yellow 30
Sand, white 18
Chesapeake CGroup (Miocene)
Clay, candy, yellow 12
Sand, hard, fine 10
Clay, yellcw, sandy 4
Sand, hard, fine 23
Clay, gray, and ghells 2
Band, hard, fine, and shells 25
Clay, gray ' 130
Clay, gummy, green 2l
Cley, gray 19
Rock, Dbrown 1
Clay, gray, and shellﬁ- 1
Chickaﬂominy Formation (Eoéene)
Sand, fairly coarse 16
Sand, fine, hard 9
Clay, soft, green 6

Depth
(feet)

30
L8

60
70
Th

e
O

12k
254
278
297
298

299



Table § .--Iogs of welle in Middlesex County, Virginia (cont.)
Well -© .--R. R. Perritt, Burhans Wharf

(lo'd From Voo DiV. Minersl Resouries 4uley
Altitude 32 feet yrlen

Thickness De2pth
' (feet ) (feat)
Columbi; Group (Pleistoééne)
Sand, brown to white 60 £0
Chesapeake Group (Miocene)
Sand, blue, fine; water 30 g0
Sand, yellow 5 95
Marl, biae ; 133 228
Chickanominy Group -
Clay, gray 8o 308
, Shell, sand, muddy, hard streaks Ll 352
: /
Mattaponi Formation t%ﬁlec:énzlte
[ Upper Cretaceouq) '
Sand, black 13 365
Shell rock 2 36T
Sand, black and shell ' 5 37P
Shell rock 3 375
Sand, black and shell 18 393
~
Cla;, gray and black sand 50 h3
Clay, gray éo 505
Sand, gray; water & 513
Shkell rock T 520
Sand, gray; water L 524
Rock 3 527

-



Table 8.--Togs of Wells in Middlesex County, Va. {cont.)

Well LO, Stove Point Neck Development
(Iog by Sydnor Hydrodynamics, Inc.)

Altitude 5 feet

Columbia CGroup (Pleistééene)
Sand, white: water
Sand and shells; water
Chesapeake Group (Miocené)
Clay, blue
Clay, blue and ghelis
Shells, cocarze

Sand and shells:

: watler
Sand, gray and green, Tine; water
Sand, green, sgilvy and clayey
Clay, gray
Sand, gray, silty and clayey
Clay, gray
Clay and shells

1 Clay, green to gray, silty

Chickahominy {?) Fermation (Boceng)

Clay, green, eilty

Clay, green

Sand, black, some shells and
clay, sharks *teeth; water

Mattaponi (?) Formation (Paleocdens to
Upver Cretaceouf} -

Clay, green

Glay, gray, scue shells

Thicknessg
(feet)

18

31

15

36
2l
64
15
16

65

k3
15

Depth
(feet)

22

23
60

500 250
oL



Table §.--Loge of Welle in Middlesex County, Va. (cont.)

Well 40, Stove Point Neck Development (cont.)

Yed Afererntinted”

Clay,

gray,

Sand (7)

Clay,

gray

tough

Gray sand, hard, some clay; water

Gray sand, hard, with mica; water

Sand,
Sand,
Sand,
Clay,
Sand,
Sand,
Sand,

Clay,

gray,
gray,
gray,
gray
Eray,
gray .,
clayey

gray

coarse; water
fine, some clay

coarse; water

hard; water

sof<; water

hard

e
R U

Thickness
(feet)

81

no

)

Lo

Depth
(feet)



Teble 4 .--Logs of wells In Middlesex County, Virginia (cont.)
Well 41, C. Huff, Twiggs Ferry, Wilton Point
(Log frcm Va. Div. Mineral Rescurces Tiles)

Altitude 10 feet

Thickness Depth
(feet) (feet)
Columbia Group (Pleistdbene)
Subsoil 16 16
Chesépeake croup (Miocene)
Clay, blue 9 25
Sand and shells 2 27
Clay, blue 18 45
Sand, green, and clay 18 63
Clay, light blue 10 70
Shells 5 75
Stone, soft 15 G0
Blue to tan to blue formation 165 255
Soapstone (hard clay) G I
Undifferentiated
Clay, green 151 k15
Undescribed 8 hes
Stone; some water at 460 feet 37 TSYe
Undeseribed; hrown clay at 700 feet 240 700

o oy
S,
Tt
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King and Queen County

Introduction

King and tuveen County is one of the more inland counties of
the Coastal Plain. It lies directly south of Middlesex County.

The scuthern boundary is formed by the Mattaponi River and, at the
wegternmost extent of the county, by Beverly Bun. The land area is
230 gquare miles. The population in 1964 was 5,617.

The population isg entirely rural. About one-fourth of the
employed persons are engaged in agriculture, forestry, and fishing
and about as many are employed in manufacturing. Many of the latter
group are employed at West Point in adjacent King William County.
With the abandonment of the former cannery at Walkerton, the manu-
facturing establishments in the county deal exclusively in lumber
and bagic lumber products.

U.S. Highway 360, conneciing Richmond with Tappahannock and
Maryland crosases upper King and guéen County. State Highway 14
rung the length of the county and provides access tc highways north
to Freaericksburg and Washington and coutheastward to Newport News

via Gloucester County and the bridge wo Yorktown.

oy



Geology

Basement Rock

Congolidated rock considered here to be basement rock, has been
reached in a well at West Point (fig. 6), at the eastern end of
adjacent King William County, at a depth of 1,284 feet, that is,
gbout 1,260 feet below sea level. At Bowling Green it was reached
at about 260 feet below sea level. Hence, as shown in Section B—B',
plate 1, basement should be perhaps ss little ag 500 feet below sea
level in upper King and Queen County and more than 1,300 feet below
sea level at the lower end of the county.

The rock reached in the 1,284 foot well at West Point may be
Triasgic sandstone although it is possible that the 'rock” is a
congolidated Cretaceous stratum. However, the rock reported at West
Point will fall almest exactly on a line drawn from basement at
Bowling Green to basement at Mathews. Hiseoeerr) Basement rocks under-
lying the Tidewater area are more likely largely granite, schist and

other mevamorphic rocks.

Fd
Cretaceous System -

- Potomac Group

A considerable thicknezs of sediments of the Potomac Group of
FBarly Cretaéeous age wasg penetrated in the deep well at West Point
in adjacent King William County. These consist of alternating sand
and clay beds. As seen in the cross section, the boundary between
the overlying MattapSﬁi Forration and the Potomac Group is conjectursl.

It seems 1lk61y that the thick =zands sbove 4 - . .. ~ -~ = ™ = ~
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KQ

v/

depth of 800 feei are basali sands of the Mattaponi Formaticn )
\/’ v ryenefeatel
rather than Potomac sands. If so, the Potomac sectionﬁis about
: VoL
AR,
00 feet thick, of which the lower 200 feet is ver: gandy. The
5 » N Y-,
. A
< o A .
Potomac group underlie”all of King and Queen County . they hawe W
i ‘
not been reached by any wells, as far as can be determined.

Cretacefus o Tertiary Systems

Upper Cretaceous to Paleccene Series

s : Lat €
Mattaponi Formation: The Mattaponi Formation 1g of Upper

Cretaceoﬁé and Peleccene age. It is characterized in its ubpper
portion by glauconitic zands and clays that are not greatly
different from overlying Eocene beds in many placeg. The lower
part of the formation is characterized by highly colored, wvariegated
or mottled clays., sometbimes termed "rainbow clays” by the driller.
These beds are nogfglauconitic or only slightly glauconitic. Thick
sands occur at the base of the formstion at West Point  where the
Mattapon; cection 1g congidered to be about 500 feet thick.nghe
higher beds in the Mattap&%i Formation)a?e nondescript clays alter-
nating with glauconitic and quartez sanéj Thase—teaa and the
underlying mottled clays have been penetrated in wells in the
Stephensvillez Walkerton - 5t. Stephens Church area in King and}
GQueen County_buz—wells_ihere—fené%§§£guBﬁly the uppermost £éf;ieﬂ

]
of—whaw—is considered to be the basal sand sectionj Moo e Gxﬂﬁtﬁjlﬁ



i L
Aquia Formation: The A.uia Formation is—ef—deteorerm-ape

hud~at the type locality on Aquia Creek and for some miles east-

ward is characterized by a foraminiferal fauna that is different

v

from that of the underlying Ralecuane-strata. Studies in the
(C—ql&tf e SRR L T" 26) i/
York-James Peninsulaﬂshow that the Agquia Formation thins to a

vanishing point downdip. It is thought that in King and Gueen
County 1t does not extend much farther downstream than Walkerton.

The Aouia is made up of blue clays and minor sand and is

r

highly glauccnitiec, as are the overlying beds of the Nanjemocy

Formation.

- l,_,-s‘;'
' e
. Eocene Series
l/ - J

L -(f{"‘f
Nanjemoy Formation: The NaenJemoy Formation of Power and

\H&ddle Eocene age 1g made up of highly glauconitic sand and msrl
beds. It ig exposed along the Mattaponi River upstream from
Aylett but is reached at a depth of about 200 feet below sgea level

in the eastern end of the counsy. It is more sandy than the under-

Fd

lying Adquia and commonly hag intercalated thin limestone strata. 4, VRIS

]
- RETE ,
2A cead AT e wely

The-hasal wenber-of—theHanjemey-ds 8 pink to brown clay, The

]

. A n‘\Er»‘,\v\.\‘

H

brown clay reported in the log of well 18a (Table_ [ ) at Walkerton
at 120 to 140 feet below the surface is considered to be that
distinctive stratum.

The maximum thickness of the Nanjeﬁoy is about 110 feet in

this county. In the upper end of the county it may be thinner

‘o A
due to the overlap of the Miocene formaticns. In the lower end

of the county it ig transected by the overlying Chickahominy

Tormation and there it beging Lo diminish in thickness.

3 M

Ll



Chickshominy Formation: Bede of late Hocene age, named the

Chickshominy Formation in Virginia, are present only in the

eagternmost rart of the county. Dentaling bevani, a highly diag-

nostic foraminifer, has been recognized in cuttings from West Point.
However, the formation is undoubtedly very thin at Wegt Point and
it is not chown in publicshed logs of wellg there (Cederstrom, 1957,
p. 101-103). "Dirty sand and stone” and "sand and mud" from 243
20 248 feet penetrated in a well at Shackelfords Fork may possibly
represent the Chickahominy.

Miocene Series

Chesapeake Group: The Chesapeake Group of formationg consistes

of gray to blue marls and clays and subordinate fine sand beds.
Their maximum thickness, benecath high ground, is in the nature of
200 feet. However, on low ground along the Mattaponi River sgbove
Aylett, the Miocene strata have been removed by erosion and under-

lying Eocene beds are exposed at the surface.

Quaternary Systen

Pleistocene Series

Columbia Group of formaticns of Pleistocene age occur as terraces
capping the older formations (almost entirely Mlocene formations)
throughout the county. Along streams and rivers erosion has cut
through them ard conly the underlying Miocene beds are present.

The terrace formations are made up of varying degrees of

generally yellow clays and duartz sands.
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Water Bearing Formaticns

- v
Lower Cretaceous Series - Potomac Group

Pasal sands and gravels of the Potggac §;Oup of formations
have been penetrated in a well at West Point-gn adjacent King
William County from which TO8 gpm was obtained with 118 feet of draw-
down. In one well 100 feet of zcreens were placed from 1,051 to
1,277 feet beloy the gurface, thus indicating an unusually thick
section of water-bearing material.

-

The basal sands and gravels of the Potomac group have not been
penetrated in King and Queen County and, in fact, may have been
reached by only a few wells anywhere in the Coastal Plain of

Qvery
Virginia north of James River. However, there is“reaSOH to believs
that such beds de=F underlie all of King and Queen County. At the
upper end of the county they may be thinner but should be ag coarse
grained. At the lower end of the county they should be thicker
although possitly finer grained than at West Polnt.

It should be noted that the deepest well at West Point yielded
water that contained 212 mg/l of chloride in sharp contrast to wells
less than 450 feet deep from which the water contained not more then
12 mg/l of chloride. HNearer the upper end of King and Hueen County
water from wells tapring basal Potoméé beds should e low in chloride

wherecas at the extreme lower end cf the county, the deep water will

probably be more highly mineralirzed than at West Point.



-

w Lo -
Upprer Cretaceous de Paleocene Syshems

Mattapdnl Formation: About 200 feet of sands and gravels

and subordinate clayey beds are congidered to mark the base of
the Mattaponi Formation at West Point. One well 699 feet deep
yields 900 gpm with 75 feet of drawdown (Cederstrom, 1957, p. 97).

In King and Queen County wells more than 350 feet deep near
Aylett (1), Walkerton (22, 18, 19, and 21) and Stevensville (L)
and at Roane below West Point (52) penetrate the upper portion of
the basal Mattagéni sands referred to above.

The largest flow from any deep well in the county (11, Table 10)
was 35 gpm as cof about 1906 (Sanford,mEJ 203). well 18b &t
Welkerton, drilled in 1926, had a flow of 45 gpm and well 18ec,
drilled in 1939, flowed 30 gom and yielded 150 gmm to a suction
pump. Both wells 18 and 18c are 3 inches in diameter and are
equipped with screens, the latter having had 10 feet of #4O slot
gereen installed. However, it may be noted that a 3-inch well
drilled in 1927 near Aylett in adjacent King William County is
reported to have had a flow of 200 gpm at sabout 10 feet above sea
level at the time it was drilled and another 3I-inch well drilled
nearby in 1939, also tapping basal Mattapé;i sandsg, had a flow of

)
150 gom (Cederstrom, 1957, . 96).

J

-
.
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The pumped well of highest yield in the county (18d) is that
drilled for the now defunct cannery at Walkerton. This well is
equipped with 40 feet of screen and yielded 253 gpm with 139 feet
of drawdown. The slot sizes of the screen installed (25- and 30-
slot) suggests that the water bearing sand is a medium-grained

sand.

Aa

s noted, very high yields have been obtained at West Point
and initial flows of small diameter artesian wells of limited
depth in upper King and Queen and King William Counties are fairly
impressive. Therefore, it ssems obvious that large yields should
be available from properly\constructed and developed deep wells
penetrating the Mattapggi:Zﬁd Potomac Fé!mavimns throughout

i

practically all of King and Queen County.

PRt
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At the time of Sanford's survey, around 1906, the height to
which water in the deep artegian beds would rise was 35 feet or =o
above high tide lewvel, in the central part of the county. In 1943 it
roge 15 feet sbove sea level at Walkerton.

4 larger number of wells (23, 12-16, and 6-10) and in quartsz
or dquartz and glsuconite sands higher in the Mattsponi section at
depths generally ranging from 225 to 285 feet. These are located
along the Mattaponi River frem Aylett To Walkerton.

No large flows have been reported from these wells. The
maximum revorted (well 16) was 20 gpm but most of the wells had
a much smaller flow. The artesian head in wells in this depth
range appears Lo be about the same az In the deeper wells. FPre-
sumably good yields, say in the nature of 100 gpm, could be obtained
from gome or many of these wells were they of somewhat larger
diameter than 2 incheg and equipped with screens.

Tertiary System
Paleocene Series

Agquia Formation: It is nobt certain that any wells in the

1
county end in the Aquia Formation. (See Section B-B™, pl. 1).
Eccene Seriles

Nanjemoy Formation: Twelve wells (32, L2, 29, 30, 34-41) at

King and Queen Qourt House and at leact cne at Mantapeke (25) and
at Little Plymouth {43} end in sande of the Nanjemoy Formation at
sz depth of about 150 feet below zea level. The sandg are glauco-
nitic to some degrse or, in places, all glauconite, sand, fine

in texture and commonly thin. The artesian head was never as
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high ag Hees in deeper wells, only about 23 feet above river level,
and flows were generally small. Sanford mentions an old well at
King and wueen Court House (38, Tavle |o )) 216 feet deep::g;illed

in 1889Jthat had a2 small flow at an elevation of 23 feet above

high tide but which, in 1906, had lost head to the extent that it
had to be pumped. The greatest flow reported in 1943 from
Nanjembﬁ‘beds was 12 gpm (well 32) but well L16 was said to have
been pumped at a rate of 20 gpm. Because of the low head, sands

in the Nanjéﬂ5y are nct developed by wells in many places. However,
the formation appears to be an excellent and economical source of

water for domegzic use and could probably be developed in other

parts of The county.

]
H

Chickahominy Formation: Many of the old wells mentioned by

Sanford (.._%. p. 210) 110 to 120 feet deep at West Point end

-

w
Juegt about where thin beds of the Chickahominy Formation would be

expected tc be found. The well (50) at Gressitt, according to
Sanford (p. 310))ends in rock at 206 feet. This appears to be the
thin limestone and sand cegquence characteristic of the Chickahéﬁiny

elsewhere. The old wells at Roane (53) and Belleview {51} are oy

much the game depth.

Miocene Series

No wells are known tc end In Miocene formations in King and
Gueen County, nor in the adjacent more highly developed Wect

Point area.

~
[
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Pleistocene Series

-
Throughout the county are many wells upete about 40O feet deep
i

that obtain water from the fterrace sands. Only quantities sufficient

for domestic use have been developed as far as is known.
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Guality of Water

. X y/_
Water from the llatiaponi Formation

Water from jetted and drilled wells in King and Queen County
are zoft sodium-bicarbonate waters. Two samples tfrom deep wells in
L.-"/ Ltawe 12)
the Mattaponi Formatlon, 18c4at Walkerton and at 3t. Stephens Church(5)
have & rather low bicarbonate, respectivele 215 and 163 mg/l.
However, Jjust upstream from Walkerton, water from wells ending in
the uppermost part of thai formation (11, 16), have around 400 mg/1

-

LI"I
of bicarbonate. ﬁThe well av the Fish Hatchery (h) that developed

the wate? "
deep Mattaponi sande also has a low bicarbonate content, QELfrﬂﬂ/Lh
Y ~

L .
Water from the Nanjemoy and Chickahominy (?) Formations

Wells 29, Lo, 44, end in the Nanjemé& Formation or (possibly)
the Chickahomfny Formation. These are fairly soft scdium bicar-
bonate waters in which bicarbonate ranges from 190 to 241 mg/1.
Althcugh congidered fairly soft, the hardnegs of these waters l1g in
digtinet contrast to waters from the Mﬁttapdgi Formation and ranges
from 56 to 93 mg/l in those samples. The water from well 47 in the
easternmost part of the county, has a hardness of only 18 mg/l and a
somewhat higher bicarbonate than the other three. The relationship
suggests a not too distant source of recharge. Samples from the

first three wells mentioned have undergone less base exchange than

samples from greater depth and have gained only moderately in bicar-

bonate. The waber from well 47 has traveled farther, is softer and

has gained somewhat in bilcarbonate.

£ fE
[y
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i
Water Tfrom Pleistocene Deposits

Partial analysis of 23 zamples of water from shallow wells
[ 7 o]
shows that hardness ranges from T to 103 mg/l.although mast samples the
-
range4iﬂ-ha¥éﬁess from 20 to 45 mg/l. Most shallow well water 1is,
therefore, falrly soft. The hardness is present as blcarbonate;
other constituents are low. The analysis of water from well 35
ig typical.
Where cshallow wells penetrate marl beneath the sandy terrace

Tormations, very slightly acidic shallow water may react with Lime

in the marl and become fairly hard.



Table jo .—Records of wells in K‘“‘é ald Queen Cbunty, 'Virginia

No. Location Owner or tenant
;\/ &
% mides morthesstl ¢ & - |
l fg = Ayletr T P. Cross
2. | &t S‘rc?ké.u: c&\uroh £ s5E B"-“‘s""& "iﬁ:‘w_
3 1 o miles gas+— P C.Co Ca;vn"\\

o
H
12
13
S
| 15

S+ st e“)

Stevensville

5
i mile wooth of

“Joaes 5«-\1\3\“3 v
5 Tﬂ\'t5 n l*ii“’:" 1_,\/0/ 1

WaiKerton A
5 miles novkdwests :

Fish ﬂa"\'c\m\-_\j
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Table 12 .--Logs of Wells in King and Queen County, Va.

Well 3, Civilian Conservation Corps, St. Stephens Church

(Log from files of Va. Div. Mineral Resources)

Altitode 192 {?) feet

Thickness Depth
(feet) (feet)
Not deseribed 65 65
Chesapeéﬁg Group (Miocene)
Marl, blue 165 230
Nanjemoy Formation (Eocéne)
Rock 10 2h0
Marl, some fine sand 15 255
Marl, blue 15 270
Rock 5 275
Undifferentiated (Eoceﬁe 2 Paiccene)
Marl, blue 67 3h2
Sand, pepper and salt 6 348
Rock, eshelily, not hard 3 351
Sand, black, and rock sorata 10 361



Table j2 .--Logs of Wells in King and Queen County, Va. (cont.)

Well U, Fish Hatchery, Stevensville
.-
Alsitude TO feet

Thicknegs Depth
(feet) (feet)
/ /
Columbia Group (Pleistocene)
/Subsoil . 7 17
Chesapeake CGroup (Miocene)
Clay, blue 103 120
Clay, green 20 1L0o
Nanjemoy Formation {Eocene)
Sand, white 2 142
Stone ctrate 23 175
Sand, black 5 180
Sand, gray . 2 152
Clay, blue , 13 195
Aqu{ahﬁ?) Formation (Paleogene)
Stone 2 Lo7
Clay, blue . 13 210
Mud, black 20 230
Clay, blue p 35 265
Mattapoﬁg Formation {Paleccene to Upper
Cretacentz )
Clay, red 5 275
Clay, blue - 15 290
Clay, hard, green 5 295
Clay, gray, glauconibtic 40 335
Stone, shelly 3 338

e
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Thicknegs
{feet)
;
Mattaponi Formation {cont’'d.)
Clay, blue, soft 12
Sand, white, clayey 14
Clay, red, soft 6
Clay, mottled 60
Sand, white 35

Depth
(feet)

350
364
370
430
465



—Tokle 12,~ Logs of Wells in King and Queen County { Luat.)

Well 84, Taylor and Caldwell Cannery, Walkerton
{ ic‘:) nj -Ji\.‘-ﬂv-‘ ?gm? % the 23 (_..c)

:&:L\&t\-“db\‘ \C t—kf'

Columbia Group (Pleistoééne)
Topzoil
?and and gravel
Ches;peake Group (Miocene)
Clay, light brown
Nanjgmoy Formation (Eocéhe)
Clay, chellg, sandy
Clay, darx brown
Aquia (%) Formation (Palegcene)
.Clay, dark gray
Matt;poni Formation (Paleocene be-Upper
K/Cretaceous)
Sand, black, muddy
Clay, gray
Sand, white; water
Clay, mixed colors
Sand and gravel; water
Mud, =and, gravel, colored clay
Sand and gravel; water
Sand and gravel, clayey; water

Sand; water

-

i d

Thickness
(feet)

1h

L6

20

50

o7
L3

L

1.0

A

16

13

Depth
(feet)

18

ol

120

140

102

361

37T



Teble 12 .--Logs of wells in King and wueen County, Vva. (cont.)

Well 31, King and Queen Court House; King and Queen

County School Board

(Iecg by W. S. Reynolde)
Altitude, 25 feet

Thickness Depth
// ) (feet) (feet)
Columbia Group (Plei;£ocene)
Top soil, clay, and sand 50 50
Chesapeaké Group (Mioéene}
Clay, blue _ 60 110
Nanjeﬁ;y Formation (Focene) and s
quuia\ﬁﬁ) Formation (Paleocene)
Clay, brown 15 125
Sand and shells 5 130
Clay, hard 1 131
Clay, brown 12 143
Clay, harg 1 ki
Shells 6 150
Gray sand 5 155
Clay, hard 60 215

Mattapon{'Formation {Paleocens)

Black sand (water) 10 225



e

Teble 12 .--Logs of wellg in King and 'ueen County, Va.

Well 4&, E. R. Rilee, Shackelfords Fork
(Tog by Reynolds & Norman)

Altitude, 100 feet

Thickness
{feet)
. /
ARy

Columbia Groupa(Pleistocene) - T )

Send and shells 100
Chesapeake Croup (Miocene)

Clay, blue 143
Chickahominy Formation (Eocene)

Sand and stone, dirty 2

Sand and mud 13

bt Nanjemoy Formation (Eocene)
Clay, blue 17
Continued etone 31

Clay, blue and sand, glauconitic 14

(cont.)

Depth
(feet)

100
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Gloucesgter County

Gloucester County lies between York River on the scouth and
the Plankatank on the norsh. The southeagtern é;;g;é; of the county
borders on Mcobjack Bay which ovens directly into Chesapeake Bay.

The land area is 225 square miles. The population in 1965 was
13,082. Gloucester has been the only heavily populatedﬂgé%gﬁbut in
recent years marked Increases 1n population have taken place in the
Gloucester Point area.

Although a rural county, only about 8 percent of the work force
was employed in agriculture. The processing of fresh or frozen
seafood l1s an important industry, as 1s lumbering. Fiberglass boats
are manufactured at Gloucester and some boatbullding is carried on
elsevhere.

Over half the farm income is derived from sale of field crops,
chiefly soybeang and corn, a fifth from sale of hogs. About 13
percent of the farm income was obtained largely from zale of daffodils,
both plants and bulbs. Poultry products accounted for about 10
percent of the farm income and dairy products about 2% percent of
the total.

T addition to the commercial activities mentioned, Gloucester
County also enjoyve a modest trade catering to summer vacationers,
fishermen and tourists visiting points of historical interest.

U.3. Highway 17 passes through the county and connects

Gloucester with Newport Wews Lo the south via the George P. Ccleman

Memorial Bridege to Yorktown and with Fredericksburg tc the northwest.

[/ " ,",—.',‘ 'L



There are no railroads in the county but bus service is available
to Wasghington, Norfolk, and Richmond.

There is no large port in Gloucegter County but at West Point,
32 wileg distant from Gloucester, is & port that serves ocean-going

vegsels as well as 8 railroad.
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5% Table i ant §:5 7
The well at Gloucester C. H. 095 doeg not penetrate the full
A
gsection of the Mattapoﬁg Formation and in any event, the boundary

/ ‘
between the Mattapona and overlying Chiekaﬁgminy Formation ig highly
uncertain. The deeper strata there are largely dark glaucconitice
clays and subordinate glauconitic sands. The well iz finished din

e guartz sand and gravel lying a {ew feet below a gquartz-glauconitic
sand .

The log of the well at Severn (26, Table ¥ ) was given to
Samuel Sanford g;{EEBO) in 1907 from memory by the cwner several
years after construction of that well. This log is almost value-
legs for stratigravhic correlation purposes although the mention of
35 feet of pea-sized gravel at 575 to 610 feet, fairly high in the
Mattaponi szection, is of particular interest.

Av Hewpcort Newes, directly south of Severn in Gloucegter County,
mottled clays are reported at a depth of 951 to 955 feet, below which
the sequence is sandy to a depth of 1,082 feet (Cederstrom, 1957,

. 212). The base of *he Mattagéni may be at much the same devpth in
Severn. However, the highly colcred clays typical of the Mattgg;ni
have not been reported in the few logs at hand of deep wells in
Gloucester County. Well 18 irn Gloucester County at Roaneg, a bit
west of Severn, reached the "principal aquifer” at 850 feet and was
continued to a depth of 981 feet (Sanfdrd,wg?'308). This suggests,
8t least, the sandy zone that is present in the basal part cf the

/
Mattaponl at West Point.
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“retcenter

s
Eccene Series
/' v .
Nanjemoy Formetion: The Nanjemcy Formation of %emeer and
e
h@ddle Bocene age iz probably present in western Gloucester
County but thins eastward and may be absent east of Capahosic.
u/"
The Nanjemoy is made uap of highly glauconitic clays and sands
with occasional very thin limestone gtrata.

w
Chickahoﬁgny Yormaticn: A few feet of }ate Eocene gediments

are present at West Point. The formation thickens eastward and
probably make up most of the Eocéﬁe gection in central and eastern
Gloucester County. Reagoning from data available on the York-
James Peninguis to the south, it seems likely that the Chickaﬁg;iny
Formation iz 100 to 120 feet thick in central and eastern Gloucester
County. The well (Mi} at Capahosic penetrates 60 feet of pre-
Mioceﬁé sediments. These are all agsipgned to the Chickahéﬁiny.
They consist of alternating clays and sands, in pert glauconitic.

A "hard bed of ghells" near the base of the section may be ccquina,
ordinarily termed "limestone" in other logs. 'The yellow clay
reported is unusual. One of the other rare reports of yellow clay
is at Newport News where "sand and yellow mud"” is logged at 450

to 500 feet and "yellow clay’ at 500 to 525 feet (Cederstrom, 1957,
p. 229). There the vellow cediments occur in the lower part of

the Eocene section and in the immediately underlying Mattaponi{?)

K
Formation.

Wells 4 and S5 at Freeport on the Piankatank may also develop

-
water from the Chickahominy Formation.

b

o



/

The contact between the Miocene formations and the underlying
Eocené/formation would appear to be at 387 feet (317 feet below sea
level) at Gloucester C. H., but projecticn of the probable contact
from the west suggests, rather, that the contact ghould be higher,
perhaps much higher. A sgimilar difficulity is seen in trying to use
the Severn log for stratigraphic correlaticn. Hence, 1t seems
better to leave the stratigraphy of this area an open duestion at

this time.
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Water Bearing Formations

s
Cretaceous System

7

Lower Cretaceous Series - Potomac Group

The Potomaé/Group of clays and prolific water—hbearing sands
) Ada
éﬁg rresent beneath Gloucester County at depth but awe not reached
by any wells. However, water from the Potomaé/éroup may be expected

to range from brackish to galine Inasmuch as water from basal

YAy
Potomac heds updip at West Point containsg 212 ppérof chloride.

K

Cretaceous to Tertiary Systems

Upper Cretaceous to Paleocene Series

Mattaponi Formation: A rather large number of wells in
o
Gloucesgter County have been drilled to aquifers in the Mattaponi

I3

Formaéion. However, only two ever approached the base of the forma-

tion. These were drilled in 1505 at Bagle Point Plantation to 981
(or 900) and 1,00k feet, respectively (Sanford, 1913, p. 179, 308)
but failed to get either a strcong flow or fresh water. The well of
lesser depth (18) is listed in fable 13 .

The well at Gloucester C. H. (55) penetrated 14 feet of coarse
sand and gravel at T30 feet below sea level, well down in the
Mattapo;i gection. A thick gstratum of fine glauconite gand is
pregent a few feet above the coarse sand. The old well at Gloucester
Point (58), 694 feet deep, and one at Naxera {19), 716 feet deep,

end in much the same horizon.
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A somewhat persistent stratum appears to be present & little

higher in the section. It was reached in well 26 at Severn at a
Curfer Creett

depth of 575 feet. Wells 35 at4(011ver Landing), 25a end 26 near
Achilles end 21 at Glass mry all end in the same stretum, Wells
somewhat deeper than 400 feet (24, 34, 36, 37, 44) may end in another
water-bearing sand high in the Mattapoﬁi‘seQuence.

| The largest flow reported is from well 36 at Claybank, 460 feet
deep, which had a £low of 35 grm in 1918. Well 19 &t Roanes, T16
feet deep had a flow of 52 gpm in 1906 and 10 grm in 1941,

The arteslan head in wells ending in the Mattapon;’Formation
vas a maxinum of about 35 feet above sea level at the time of Sanford's
canvass in 1906. In 1945 water would rise to only about 3 feet sbove
sea level at Claybank in a well (37) 4O feet deep.

Az inferred above, no lerge quantities of water have been
developed from the Mattapoﬁi/Formation end lecking deta on the thick-
ness and grain size of the aquifers, no reasonable estimate can be
made of how much water might be developed in a single well anywhere.
It seems likely that acuifers comparable to those at West Point
should be present in the western part of the county end where such
aquifers are present &re properly screened and developed, several
hundreds of gallons & mirute should be available. In the eastemrn

part of the county the deep formations yleld water too mineralized

for most uses.

P



Gloucester

Miocene Series

al
Chegsapeaks Group ofFepmaddiens: Due to the depth at which

artegian beds lie and the infericr quality of water to be obtained
from them in the central and eagtern parts cf the county, many
homeowners have had somewhat ghallow wells drilled for their supply.
These wells are commonly 2 incheg in diameter and range from 50 to
110 Teet deep. Water is developed Trom fine sand or a mixture of
fine sand and shells. OCrdinarily nct more than a few gallons a nminute,
ample for a hougehcold, hag been developed from most wells in the
Miocen€ strata but near Ark, northeast of Gloucegter, a well (48)
80 feet deep is reported to yield about 30 gpm. At Bena a 6-inch
(23)
wel%, screened at 54 to 65 feet and from 70 to 80 feet vields 23 gpm
with 26 feect of drawdown. Thig ic about as much as may be expected
from wells ending in Miocgﬁe beds and, in fact, many wells, even
though properly screencd and developed, yileld much lesg, roughly
from 3 to 10 gpm.

The well near Roanes (17) is of particular interest in that
water is obtaired from a depth of 265 feet, well down in the Migg;ne
section. Further, 1t was reported to have had a small flow. The
shallower wellg in Miocggé beds all ceecur under water table rather
than arteslan conditicns.

The reader is referred to the general section of this report
Tfor a fuller discussicn of the water-bearing potential of the Migg;ne

formations.



(tloucester

pd

e
Pleistocene Series

Columbia Group: Throughout the county are a large number of

dug wells and fewer driven wells ranging in depth from ag little as
10 to about 35 feet. Thesge obiain housechold supplies from the
surficial terrace deposits. -
(51} ot
An lce plant\near Gloucester €-H. obtainz about 9 gpm from a

battery of 7 shallow driver wells 15 to 15 to 16 feet deep. Water

ig obtained from a white sand stratum lying beneath a marl bed.

oo



Quality of Water
~
Water from laAttaponi and Chickahominy Formations

Water from deep wells

in Gloucester County 1s generally rather
fQ”mo N ok

highly mineralized. Wells

along York River at

Capahcesic (MO, 41, Table 7 ), yield water containing only from 50

o 70 mg/l of chloride hut a short distance downstream, +two others

(34, 36, 38) at Claybanx and Olivers landing yicld wabter containing &as

much as 440 and L70 mg/l chioride. All these waters are soft sodium-

_'DI:' o
bicarbonate waters in which the bicarbonate ranges from 432 to 541 ppm.

Yo } N

Sulfate is fairly low, 12 tc 58 pph.

The wells yielding water with the lower chloride are upstream!

but they are also gomewhat shallower than the downstream wells
It i1s likely that any attempt te develor larger supplies should be

made at as shallow a depth as possible along the whole reach of

Gloucester County alorng York River. It seems probable that the deeper

the well and the farther downgstream, the greater will be the likelihoocd

of developing & highly mineralized water.



At Freeport on the Piankatank the water from the 330-foot well
that

(h) ia of much the same character as these 8long upper York River.
Chloride in the Freeport well water is only around 30 mg/l although
bicarbonate 1s somewhat higher, around 700 mg/l. An adjacent well
(5) yvields water that iz almogr identical in chemical character and
is thought to be of about the same depth although it was reported to
be much deeper. It may be noted that directly across the Piankatank,
a 500 (?) foot well at Woodstock Farm yields water containing 294 mg/l
of chloride (L2, table ¢ and fig. § ).

Aoble 157
The municipal well (55) at Gloucester C. H. extends to 74O feet

i
below sea level and taps a deeper aguifer than the wells mentioned
above. Chloride is 355 mg/l, somewhat less than in water from wells
34 and 36 at Claybank but bicarbonate is higher, T7h2 mg/l. This is
the most mineralized water used for public supply in the Middie
Peninsula and probably in all of Tidewater Virginia.

The old 694-foot well (58) at Gloucester Point, yields water
in which chloride is about the came concentration as at Claytank,
about 430 mg/l, but bicarbonate is higher, around 800 mg/l. At
Waxera {northwest of Selden) the chloride content is much higher;
1,700 mg/l in water from a Ti6-Toot well (19) and 1,090 mg/l
(Sanford,:;?'353) in water from a 981-foot well (18). Bicarbonate
ig not as high as in waters as might be expected but sulfate ranges
up to 155 ppm. This suggests that the high bicarbonate ground water

has been "diluted"” with a little of the sea water with which the

sediments were once saturated.

- r\.‘J
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A 615-foot well (25a) alzo in eastern Gloucester County,at
Achilleg, yields water in which chloride content is 1,350 prm and a
450-foot well (24) there (Sanford, p. 304) yielded water with _
1,540 mg/l of chloride. Offhand, it might be thought that a;ﬁéll_eél
this--depsh would yield a somewhat less highly mineralized water.

The highest chloride content found in deep well water in the county,
2,500 mg/1, is from z 610-foot well (26) at Severn (Sanford, p. 351).
It is a hard water, as contrasted with cther deep well waters already

discussed. Here, too, sgulfate ie high but bicarbonate is only

moderately high.



Soft waters of moderately low chloride and high blcarbonate
content are zatisfactory for most domestic uses but unsuitable for
gome indugtrial uses, particularly boiler feed. High.chloride
waters are useful for only special purposes or as a source of water
for desalinization devices. A=z such, they would be more economical
to treat than more saline waters from the adjaceni bay.

Although the low-chleride waters are excellent for domestic
use and many industrial uses they, like higher chloride waters from
deeper wells, are undesirable for irrigation use on account of their

low calcium and high sodium content.
Water from lMiocene Deposits

Water from Miocéne deposits (14, 16, 17, 20, 28, 49, 53a) is
characteristically scmewhat hard. Total hardness in samples at hand
ranges from 200 1o 400 mg/l and is present as calclum blcarbonate.

Tn the sample colliected from the well at Maryus (28, table 15 )
sulfate ig fairly high, 110 mg/ljbut in other samples sulfate is
generally less than 20 mg/l. Chloride is low in samples analyzed
with the exception of a water from Naxera (20) in which the concen-
tration of that consiituent is 316 mg/l. Thigs well is near the shore

and may e contaminated by bay waters.



Lecauge the concentration of calcium ig high relative to
godium, water from Miocene aquifers is excellent for irrigation.
The problem in using such water for that purpose i1z the development

of gufficient quantities rather than the gquality of the water itself.
Water from Plelistocene Deposits

Water from shallow wells ranges from soft (2, 9, 25b) to Tairly
hard (27, 57), the hardness being present largely as calcium bhicar-
honate. The chloride content ranges 20 to 60 ppm in most samples.
Tnasmuch ag total minersiization is low in most instances, most
departures from that norm may be due in largest part to a slight
contamination by scdium chloride, originating as salt spray carried
over the land.

The sample from Mé&us (27) may show the effect of contamination
by salt spray, but inasmuch as nitrate is 87 mg/l the high chloride
content may perhaps be due to contamination by crganic material
rather than by salt spray.

Most waters from shallow wells are gsusceptible to contamina-
tion by organic material and in the other three samples taken,

nitrate ranges from 10 to 28 mg/l.



Gloucester County

Inasmich as the artesian water at Gloucester Cﬁaénd Gloucester
Point 1g relatively high in chloride, it would be desirable to
point out some method of improving the gquality of that water if it
were poscible. The only solution that suggests 1tself, aside from
bringing in water some distance by trunkline from the é&é%, is
blending with properly vroiected shallow water suprlies, injection
of shallow water intc deep wells, or both.

Shallow well water can be made avallable only in modest quantity
in the area of Gloucester C.H. g bank of shallow wells in the
Gloucester C.H. - Arx area might vroduce enough water to be worth
pumping to Gloucegter C.H. and blending with the water from the
present city supply. Utilizing methods cutlined in the general partu
of this report and recharging the deep formation by small diameter
wellg in a shallow well field on the high ground northwegt of the
city might be done but the principal gain would be in a slightly
higher pressure head. Recharged water would move go glowly in the
artesian beds from the recharge point to the clty well under the
existing low hydraulic gradient, that it would probably be many
years before any of that water had a dilution effect on the forma-
tional water now drawn upon. The better use of any shallow ground
water that might be developed would be, az stated above, to blend
it with the cresently used sunply. Were larger quantities of
shalloy water available it might be worthwhile to consider recharg-
ing the somewhat brackish water formation through an injection well

in the immediate vicinity of the supply well.
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The subject of artificial recharge of brackish water wells is
( dlscusged in some detall In the chapter on Mathews County.

The gituation at Gloucester Point i1s much the same ag at

Floucester C.H. Deep wellg there yield & high chloride wabter and

\
|
\ shallow water supplies are available in reasonable quantity only at

gome distance from

o

the point of greatest demand.

—
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Table )} .--Logs of wells in Gloucester County

Well 9, Dr. Stanley Grey, Hell Neckl/
(Log from Bull. V, Va. Geol. Survey)

Altitude 10 feet

Columbia Group (Pleist6€;ne)
Sand; water
Clay
Sand

/

Chesapeake Group (Miocene)

Marl, sandy, blue; water at 42 to L6 ft.

Sand;‘small flow of water
Undifferentiated
Marl

Rock, soft; + gpm water at 415 ft.

1/ R. J. Bristow well of Sanford (p. 179)

Thickness
(feet)

15
15

201

148
30

Depth
(feet)

15
30
3L

235
237

385
415



Table --TIoge of wells in Gloucester County, Virginia

Well 23, Theodore Pratt, Bena

Clog Puy Sydnes dudidyanmies Toe)
Alcitude 10 feet
Thickness Depth
(feet) (feet)
Columbia Group (Pléistocene)
Topsoil . 1 L
Clay, yellow 3 i
Sand, yellow, fine 12 i6
Sand and clay 3 19
Chesapeake Group (ifiocene)
Clay, blue, few shells 9 28
Mud, blue and cshells 15 L3
Clay, blue 11 5k
Shells, hard T 61
Sand, muddy, and shells 31 gz

Clay, blue 13 105



Table 4 .--Iogs of wells in Gloucester County, Virginia (cont.)

Well 26, J. M. Shackelford, Severn
SR xP : '

" Altitude 8 feet

[ He -~ . - Ty '
(R yi TN

~

Thicknegs Depth
(feet) (feet)
Columb{; Group (Pleist;cene)
Clay 1 1
Sand, white 6
~ Sand, yellow to red; water 1 8
Cheéapeake Group (Miocene)
Marl, shells 10 18
Sand, gray; water & ol
Marl, sandy L6 70
Indifferentiated
Marl, blue, a few shells ) 355 hos
N
Sand, black; water under loYPead 15 450
Mud, dark or green cast 135 575
Sand, black, in hard layers; water
under low head 55 610

Gravel, pebbles the girze of wheat
grains; water under strong head 7 ?



Table /4 .--Logs of wells in Gloucester County, Virginia (cont.)

Well 42, Mre. M. D. Nunnally, Capahosic
(Log by Sydnor Pump & Well Compary)
Altitude 2§ feet

Thickness Depth
(feet) (feet)
&
/ N !
Cpit)"“ e (> .~;,\\‘J { .\;\E vy to.;,:.r\:',‘)
Clay, yellow 8 8
Clay, yellow =andy and white sand T 15
Sand and gravel, coarse 10 25
, Sand, fine,white F; 27 52
£ Che s pesks e-ro,"l LMrovens)

Sand, black’and mud, few shellsg 51 103
Clay, dark blue 35 138
Clay, blue 38 176

Sand, fine, white, few shells and
brown rock ) 180
Clay, dark green / 35 215

s
“Chickahominy Formation (Bocene)

Sand, fine 9 ook
Sand, medium coarse 10 23h
Sand and shells 3 237
Mud, yellcw 2 239
Sand, muddy and shells T 246
Mud, pray i 250
Mud, gray and fine black sand 4 o5k
Shells, hard bed 13 267

Clay, black =and and fine beach zand 8 275



Tahle M .--logs of wells in Gloucester County, Virginia (cont.)

Well 46, R. C. Coleman, Signpine
{(hoy Jrum BN, Vo

[_:‘—'i‘('l. (S.J"u :‘JS
Altitude 3 feet

Thickness Depth
| | (feet) (feet)
Columﬂia Group (Pleistélene)

Sand, yvellow 33 33

Chesapeake Group (Miocene)

Marl, blue 155 188
Ch;ckahominy Tormation (Bocene)

Sand; water 9 2083

Shell rock, hard 1% 210

Sand; water 1
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Mathews County

Introduction

Methews County lies con Chesapeakg Bay with the Egankatank
River forming the norihern boundaré;w;th Mobjack Bay and North
End Branch forming most of fthe western boundary. The area is
87 square miles. The population in 1964k was 6,836.

Agriculture is engaged in largely as a parb-time activity in
Mathews Ccunty, but wood lot cubttings add appreciably to the farm
inccme. Commercial fishing provides employment for the greatest
number of Mathews men and gport Tishing by visiting fishermen
bringeadditional income to the county. There is some local
employment in seafood packing establishments and a few pergons

Tind work in sawmills.



Mathews

Geology

Consideration of the geology of Mathews County hinges upon
the log of the deep well at Mathews Court House (39, table 17 and
fig. 8). That well penetrated the complete section of Coastal
Plain sediments and entered bedrock at a depth of 2,307 feet.
This is the only record showing the thickness and character of
the Ere—Miocgge formations in Mathews County. Unfortunately, few
samples are available and the description of the formations is
not sufficiently detailed to define the limits of the various
geologic units.

. v

Sediments of the Potomac Group of Early Cretaceous age aiinu

penetrated in this well, extending perhaps from a depth ofﬂfjé?O

feet to basement rock at 2,307 feet. The boundary is drawn on the

Dasis



Figure (E .~=Iocation of wells in Mathews County.
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of a possible correlation between basal Mattaponi sands at West
Point and a thick sand at Mathews. The section is made up of alter-
rating sand and clay bedz, with clay predominating.

The sediments from 1,670 feet uv to as much as Fur feet are munt be
assigned to the Mattaggni Formation of ILate Cretacééus and Paleocene
age and to the Chickalominy Formation of iete Eocéﬁe age. These beds
conglst of sands, glauconitic in part, alternating with clay. Mottled
highly colored clays characteristic of the Mattaﬁé;i Formation are
not reported but may be vresent. A record of "shale" (actually clay)
without further qualification neither confirms nor denys the presence

of those characteristic heds.

e

"
The upper partc of the gection rust be assigned to the Chesapeake

Group of marly foermations of Miocg;e age. Reports of a thick sand
bed within the Mioééne (at 100 ©toc 200 feet) is not guite believable.
Summing up, this well was drilled by the rotary method and
bears all the earmarks of a careless job of logging. Some of the
thick sands reported may reflect much washing out of loose sands and,
in general, little confidence can be placed in the detailed nctations
made .

The 306/(?) feet of Miocene beds, overlain by 30 to 40 feet of
sandy terrace formations of Pleistogéne age, are seemingly more sandy

than in the area to the west where the Miocehe is ordinarily logged

as "marl” or "blue clay."



Water Bearing Formations
W ot
Cretaceous to Tertiary System

‘

, N . .
Upper Cretacecus to Eccene Series

"Salt water and sand” iz revorted at 1,910 and 1,945 feet in

Goener ——
the log of well 39 atn Mathewsvj The 817-foot well at Mathews (38),
- A

" sampled. in 1918 yielded water in which the chloride content Was

156 mg/1.! Water from the Billups well (28) which is only 596 feet
deep contained 550 mg/l of chloride when sampled in 1918 and 1941,
This anomaly might be explained as due to greater permeability and,

hence)better circulaticn in the deeper stratum. However, it is

possible that the relatively low chloride water is leaking from a

ALl maun rom T

stratum up in the Mioé;ne rather %Hé%& /r'deﬁth. As brought out in
Virginia Ceclogical Survey Bulletins 58 and 68, Mathews County lies
in the zone of brackish artesian water and there is no reason to
expect that fresh water will be obtained from wells ending in pre-
Miocegé formations.

it ig pointed out that there is every reascon to believe that
large quantities of brackish water are available from deep-lying
sandy beds in Mathews County. Brackish water is useful for some

industrial purpcses and other speclalized needs as brought out in the

introductery chapter of thig report.

Miocene Beriesg

That porticn cf Chesapeake Group of Miccene formations within

reach of relatively shallcow jetted or driven wellg congists of alter-

nating beds of marl, and silt or =zand in which shells are commonly

rresent.



v

The Miocene sandy beds yield water readily to wells most of which
range from 50 to 150 feet in depth. Yields of up to 25 gpm have been
reported from place to place.

Much of the sandy material is fine grained (silty) and “rouble
has been experienced where attempis have heen made to develop more
than & modegt yield. At the New Point Comfort Army installation,
the firat well constructed (ha) Initially yielded about 15 gpm of
sand-free water tut at a later date when a valve was Inadvertently
opened to a higher discharge, the well zanded up. The second well
(kb) was gravel packed (more likely, sand packed) and yvielded 25 gpm
of sand-Ifree water.

Reports of yields of 25 gpm from 2-inch unscreened wells seem
somewhat optimistic. It seems likely, in view of the experience at
New Point Comfori, that many open-end, 2-inch wells would be liable
to rapid sand clogging 1f pumped at that rate for even a short time.

The well (37) at the Coast Guard Station on Gwynn Izland is of
particular interest in that it has a reported yield of 200 gpm with
49 feet of drawdown. There is no reason to believe that yields of
this nature might not be developed in Mathews County where the
aquifer is gravel. Gravel, as oppogsed to sand and silt, 1g thought
to be present in only a few places in the county, although coarse

sand may be more widely distributed.



v

Pleistocene Series

There are a great many very shallow dug or driven wellz in the
county that supply rural inhabitanvs with water. Not much can be
said about them excent that they are reported to be relisble sources
of water even in times of drought.

Guality of Water

Y
i

Water from Pre-Miocene Deposits

There ig Justification Tor discussing the quality of water
from deep wellsg in Mathews County from the point of view that zuch
water might conceivable be developed for some special purpose, as
noted in the introductory section cof this repcrt. Further, there
are no fregh water zireams in the county that might bhe developed to
supply large demands and i large supplies were to be developed by
treatment of locally available water, brackish water would he more
economical to treat than adjacent saline bay waters.

The sample taken from the 817-foot well (38, tabie [¥ ) at

{ Ri§qenbuead (4 E)
Mathews 1s a glightly hard sodium.bicarbonateﬁwater in"which the
chloride content is 156 mg/l. The chloride content is surprisingly
low and it is possible that under steady pumping conditions, the
chloride content of the water would increase. At Yorktown, Virginia,
a deep well (Cederstrom, 19A%Z . 16), upon pumping at a rate of

A
118 mé#i, vielded water initially containing only 248 mg/l. After

a short time, however, the chloride content rose to 4LO mg/ 1.



After a period of rest the chloride content reverted to 1ts former
lower concentration. The Mathews well might respond similarly under
pumping conditiong if the water is entering the well at a depth of
about 000 feet rather than leaking in from a stratum low in the
Miocene section.

The sample faken from “he Billups well (28) at North, 568 feet
deep, is very much the type that would be expected from deep wellg
ending in R?e—Mio;;ne aguifers in lathews County. It is a very
glightly hard sodium-bicarbonate water in which the chloride content
ig 55C ppm. The high chloride content of deep well waters repregents
a residuum of =ea water with which the sediments were once gaturated
that have not been completely flushed ouf.

Recguge of the high sodium and low calclum contenl and high
total dissolved colids, waters from deep wellg in Mathews County are

unsuitable for irrigation use.



Water from Mio;gne Devnosits

Water from Mioce;e devosits ic characterigtically a hard
calcium bicarbonate type in which the chloride content is low or
Tairly low. The hardness of four samnles taken from wells ending
in Miocéé; beds (La, 16, LO, 41) ranges from 136 to 279 gééfbut
water from a £ifth well {10) contained only 27 ppm of hardness.
Comparison of the analyses of the soft water (lO) with an cther-
wige similar hard water (16) shows that the softer water has been
sofiened by natural base exchange. The sample from well 41 is a
hard water containing 268 g%ﬁ“of hardness. In this water the
bicarbonate (in equivalents per millicn) is a little greater than
the total hardness and, therefore, it has also been softened to
some degree by base exchange.

v o

The chloride in water from Miccene beds ranges Trom 10 pg in
well ha to 136 %ggfrin well 40. The water containing 136 g;é?of
chloride is alsc high in bicarbonate, &40 5%%, and on that account
may not be ag pleazant tasting as water ¢f lesser mineral content.

The chloride ccntent of Miocene waters may be sea water
remaining in thoge marine beds that has not been completely flushed
out by infiltrating rain and cnow melt. On the other hand, Mathews
County is bordered by sgaline bay waters and there is every reason
to believe that salt spray has added much or all of the sodium

V4 A4
chloride present in Miccene (and Pleistocene) well waters.



The hardness of nmost waters from Miccéne beds will result in
high seap consumption where the water iz used for washing purposes
and the high bicarbonate content of zome of the waters may render
it unsatisfactory for boliler feed. Hard calcium bicarbonate waters
are highly suitable for irrigation purposes. As pointed out, not
all water from wells ending in the Mioégne yield water of this tyope.
The Hudgins well water (10) has a high sodium-bicarbonate content
relative to the calcium bicarbonate present and would be congidered
undesirable for irrigation usey, although)being soft, 1t would be
highly satigfactory for domestic uszes.

K

Water from Pleistdcene Deposits

The four samples of water from shallow wells have a rather
low mineral content. Water from well 43 is hard, the total
hardness being 210 mg/l, water from well 25 1g moderately hard, and
at Susan (3) the well water is soft and containg only 30 mg/l of
hardness. TIn all three instances bhardness is present largely as
bicarbonate hardness. Hardness is likely a function of the
relative presence or absence of shell material in the surficial
sediments. Chloride is 196 mg/l in water from well.%;on Gwynn Island

and undoubtedly originated as =alt spray blown over the land.
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Taple 17 .--Logs of wells in Mathews County, Virginia &gﬁﬁ@&}
Well ba, U.S. Army, New Point Comfort
(log by D. J. Cederstrom)

Altitude, 3 feet

Thicknesgs Depth
{feet) (feet)
p
Colunbia Group (Pleistocens)
Top soll 1 1
Sand and clay, hard 3 L
5 .
Chesapeake Group (Mioceﬁe)
Clay, soft blue sandy 59 63
Clay, hard blue gilty, with
gome shells T TO
Sand and clay. hard blue silty,
with =zome shelils 5 75
Sand and clay, softer, blue silty & 83
Sand, green silty 7 90
Sand, gray silty 30 120
Sand, gray silty, few shells 16 136
Sand and shell, hard 14 150
Shell rock 20 170

Sand, gray silty 5 175



Table IT'.—-LGgs of wells in Mathews County, Virginia(:{vmrj
i
Well .7, Dr. J. H. Scherer, Dutchman's Point&*&k&&}
{Tog by Sydnor Pump & Well Company)

-
Altitude 9 feet

Thickness Depth
y (feet) (feet)
,/
C él\u;v\\Jiu. G “5‘\\ & ?\t‘;‘sf\’o‘; ““-')
Clay, sandy / 15 15
{‘C {ﬂc gqﬁ\c:«k’.-— G~v‘_‘~’.\ ( }-\'l\lﬁc‘*‘.‘-‘\r)

Marl, blue 50 65
Shells with sand 35 100
Marl, blue 50 150
Shells with sand 15 165

Sand with shell 10 175



Teble V7 .--Logs of wells in Mathews County, Virginia (cont)
Well 59, Elkins ©il and Gas Co., Mathews

Altitude T feet

) Thickness Depth
/ (feet) (feet)
/ .
Columbila Groupt_@“eiswoc;nc§
Sand surface soil 5 5
;  Sand 8
/ n / 7 83
Chesapeake Croup { Miecene)
sand end shell 16 99
Shell 1 100
Sand and shell 100 200
shalel 10 210
Sana 20 230
Undifferentiated
Shale, gummy 170 hoo
Shale, sticky 90 490
Driller reporis sand; cored sample
ig gray shell marl containing
minor glauconite, fish bonss and
ryrite 10 500
Sand and gravel 60 560
Sand, shell, and boulders 30 590
Shale, sandy 5 595
Gumbo 205 800
Shale 10 810

Shale, gummy 55 865



Teble 7 .--logs of wells in Mathews County, Virginia (cont.)

Well M, Elkins 0il and Gag Co., Mathews (cont.)

Thickness Derth
(feet) (feet)

Sand, green glauconitic-quartez T a2
Sand, hard, and vyrites 1 873
Sand, green 5 878
Sand 3 881
Gumb o 14 8e5
Sand, coarse glauconitic-guartz T Q02
Sand 8 910
Gumtbo T 917
Sand 118 1035
Shele 15 1050
Sand 35 1085
Shale 5 1090
Shale and sand 20 13110
Driller reports sand; core is light

green glauconite in limdy matrix 12 1102
Gunibo - 38 1160
Sand 15 L175
(umbo Lo 1215
Shell and blacx =zand 5 1220
Shale, sandy, and shell 60 1280
Gumbo 54 1334
Sand 1 1335

Sand, trace of glauconite 75 1410



Table ;7 .--Iogs of wells in Mathews County, Virginia (cont.)
37
Well ¥% | Blxins 0il and Gas Co., Mathews (cont.)

Thickness Devpth
(feet) (feet)
Shale T8 1488
Sand 2 1490
Gumbo, red 62 1552
Sand 118 1670
Shale, red, sticky 10 1680
Sand 125 1805
Shale 65 1870
Sand; salt water Lo 1910
sand 20 1930
Shale 15 1945
Sand; salt water 5 1950
Sand 75 2025
Shale Lo PO65
Sand 20 2085
Sand and gravel Q0 2175
Sand 35 2210
Chalk, sandy 16 2036
Sand and shale I 2240
sand and gravel &7 2307
e ET A S A
Rock 6 2313
Red and green rock 5 2318
Broken rock and shale 2 2320

QPF@«WCJ$wNms&uq-LZ)
Granite 5 2325
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