a2

GEOLOGIC FRAMEWORK, HYDROGEOLOGY, AND GROUND-WATER
QUALITY OF THE POTOMAC GROUP AQUIFER SYSTEM,
NORTHWESTERN CHARLES COUNTY, MARYLAND

miﬁ?v

U.S. GEOLOGICAL SURVEY
Water-Resources Investigations Report 91-4059

Prepared in cooperation with the

TOWN OF INDIAN HEAD, MARYLAND and the
UNITED STATES NAVY, NAVAL ORDNANCE STATION






GEOLOGIC FRAMEWORK, HYDROGEOLOGY, AND GROUND-WATER
QUALITY OF THE POTOMAC GROUP AQUIFER SYSTEM,
'NORTHWESTERN CHARLES COUNTY, MARYLAND

By Steven N. Hiortdahl

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 91-4059

Prepared in cooperation with the

TOWN OF INDIAN HEAD, MARYLAND and the
UNITED STATES NAVY, NAVAL ORDNANCE STATION

Baltimore, Maryland
1997



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary
U.S. GEOLOGICAL SURVEY

Gordon P. Eaton, Director

The use of trade, product, or firm names in this report is for descriptive purposes only and does not imply
endorsement by the U.S. Geological Survey.

For additional information write to: Copies of this report can be purchased from:
District Chief U.S. Geological Survey

U.S. Geological Survey, WRD Branch of Information Services

8987 Yellow Brick Road Box 25286

Baltimore, MD 21237 : Denver, CO 80225-0286



CONTENTS

ADSIFACE ...ttt e ettt e st eaese e e e seaessasbesease st ses s e bestebese st sebenasaE s b ER b e b e s e e s h e s e E e s s b e e b e e R e et e aeRsean e resns 1
INEFOAUCHION ......ooiereiiieeec ettt et e et et ee e b st b s b s st s st s bt e b b sar e s an bR b s bt st s o s s s s se s s s Ra s b e e st e asbe b ansaneasaan 2
PUIPOSE ANA SCOPE. ...vviererierereeeinentierieeteeet sttt b bbb s bbb e s b e s n e b e e b e e s s e bens 3
Previous INVESTIZAIONS. . .....cccueiieeiereeeeeeeerteesesestesessesaeesnesestonessesstsssestsnessessessessessesarsssssssnsssessesassestens 3
Data-CoLECHION NMEEWOTK. ...ceovviivieeiiietieieeere e e et stee e sessresanssssess s sre st e b e besbesbena e sssasenssanebsereeseebes 6
Well-1dentifiCAtiON SYSTEIM. ......cevivererereerirerreseterieeseernrseeseetseesetssesesessestsesstasessosessssesrosseseresesennssssressansas 7
ACKINOWIEAZIMENLS. .....ovoeiieiiiiieeeicteeres et b ettt st se bbb s ae e s et e b e b a b e b b e s ennennanas 7
GeoloZiC framMEWOTK ...............oooiiiiiccce et et es et s b e n e an s 7
SHTALIGTAPNY. ....eeeveieeee ettt s s e n s e se s R e et e et e aea e b S re e et et e e seabrabs 7
Pre-Cretaceous basement COMPIEX ......coecvererrererrireererieresienmnssresereeesesessneressencssessesenseseesessesseseseesseneenee 9
Cretaceous Potomac GIOUDP DEPOSILS ........ccveveeeriiieieieerieeeeierrestesetenrassessassrnsesstsnesseessanseneessassets 11
Patuxent and Arundel FOIMALIONS ..........ccceuvveverreeernieecreirenreseceieteseseesesanersesesessesesessssensssaseens 12

PatapsSCO FOIMALION. .....cccuirieieiececeriee sttt cs e erae e ebesn e e e e s et e saesne s s srasseesanassassassrnssssessns 14

Tertiary and QUAternary dePOSILS. ........uecveeruereieriinrrerieiririeeenenarestesssesessessesesesesssssssescssssssesesssssenesnees 15
Erosional history of Potomac Group DEPOSILS .......c.c.ccvivreeerererereseesestesessesesneessesseseessressessessensesesesessesses 16
HYAEOGEOIOZY ......ovevviveeieereeieertee ettt este sttt et s e s b e b s st esaebssssesbsabessebessasessassasene bt e s essensessereseessessans 21
AQUITETS. .ottt ettt en ettt st ee e s e et ee et et e e s e snn e eaeaenens 21
EfTeCts Of PUIMPING. ...vveeieiricieiceinieeee sttt ettt s et s sns s ses st ebesassrseranenebesanens 22
HiStOTY Of PUINIPING. ....oveeriiieeeieieesseer e ee et steest e e besaesebesbesasseseebessbesesbessesessessstensessessesesesensensons 22
Ground-water 1evels and flOW. ..ottt e sas v e snens 23
Ground-water QUALIEY ........c.ccooviiiiiieictrt ettt et s r st enenne 31
Prepumping Water QUALILY. ....c.cc.eveueieririercecn et sseses e ersesssesssessesesesestesesessssensssesensasasosssassons 31
Changes in water quality SinCe deVelOPmENL ...............ccieeeririrerireereriieereereieeree e st e st seeenee 32
Effects of erosion of CONMANING UNILS...........ccoeverrirereeereieierieeeenreeererseiesesesssesesesssesssseressssossssssossssssensaes 43
Summary and COMCIUSIONS ............ccoiiciriuiiirnetereetrre ettt stete et et e e e e b s s essssssssesessesassssssssnsseneans 47
REFEIENCES CILEU ..........ooeririiciiciecrcite ettt s ettt ae st er s srae et esase st sassaseeneoseneans 49
Data tables, compiled by Daniel D. EGWArdSs............c.ccoouiveniiieinieiicceiseereeceeveeese et es e s 53

PLATES (in pocket)

1. Map showing locations of selected wells in the:
Indian Head quadrangle, Maryland
Port Tobacco quadrangle, Maryland
Mount Vernon quadrangle, Maryland

2. Map showing locations of hydrogeologic sections, wells, and auger holes
used for geologic control
3-4. Hydrogeologic sections:
3. CC
4. D-D

Potomac Group Aquifer System, Charles County, Maryland iii



FIGURES
1-4. Map showing:

1. Location of the StAY Area. ........cceeeriereerentrrineienieieeseee sttt essessessessanes 4
2. Location of 5-minute county qUAadrangles............ceceeeueererenieneereineiiieniecenesssseesisssseens 5
3. Location of water-quality-sampling and water-level-measurement
SIEES 1. revrvreuetertestesesseerete e eteneese st e basaeeaseata e e et e e e saese e b e se e Rttt a e s e e bt st se s b e e Rt e see e e 6
4. Potomac Group outcrop belt and physiographic provinces in the
Middle AANLIC SLALES. ......c.ecveveceeeereererererirertereeese e e rese et sreee e sesrssessessesessassasns 8
S. Diagram showing generalized stratigraphic and hydrogeologic framework
in the Indian Head area.............covoveveeeeeinieiceesec ettt et sse et eenee s 9
6. Map showing the approximate altitude and configuration of the top of the
pre-Cretaceous basement COMPLEX. ......c.eeeeruererrerrererieerierenseseeessesesesessessessressesassesesssenes 11
7. Map showing surficial geology in the Indian Head area. ..........cccocoveeeerieveceencniecencecnienceen 13
8. Map showing top of the Arundel-Patuxent Formations (undivided). .......cccevvveereenerererenennnes 14
9. Graph showing borehole-geophysical logs of well CH Bb 22...........ccccoovvrerecnenreereereenne. 16
10. Map showing the approximate altitude and configuration of the
top of the Patapsco Formation in the study area. ...........ccevevveeeeieeveenieceeeceeceeseeceeeeeeeennes 17
11. Generalized geologic map and section of Hybla Valley, Va. .......cccceveeecrmreeceeriecereeceeeenne 19

12-13. Maps showing:
12. Approximate margins of Potomac River paleochannel deposits

in the Indian Head @rea............coouiveeeerieeeeceieicce e eeees et st sseetessese s etesaesnesnens 20
13. Location of production wells in the Indian Head area and
average daily pumpage during 1988. ........cccoevreiineircerreeereenee e 24

14-15. Graphs showing:
14. Ground-water pumpage from the Potomac Group aquifer system at
Naval Ordnance Station, 1900-88, and pumpage in the

Indian Head area, 1980-88. ........cocvervuiviriieiiriiiriierereesiessressessasstesessesesressssssesnensans 25
15. Ground-water use in Charles County, Md., and percentage of each

type of use, 1950, 1960, 1970, and 1980.........ccoovvevverreirreererrireeeeeeeeesreseseessessns 25

16. Map showing regional pumping centers and ground-water withdrawals
in Charles County, Md., 1950, 1960, 1970, and 1980. ..........cooerivermrererrreererrerecerrereerennes 26

17-18. Hydrographs showing water-level altitudes in observation wells in the

Indian Head area:

17. Measured periodically, 1952-89. .......ccovuieverieeerereererereeeresrsesesesresesesesesesessenenens 27
18. Continuously recorded, 1988-89.........cvvvirrreririrerererrrreeeseneseseeessssessssssessesenes 28

19-20. Maps showing the altitude of the potentiometric surface of the

Potomac Group aquifer system in the Indian Head area:
1O, 1961-62. ...ttt et et ana b sne 29
200 1989 et ae b aeaen b bene 30

21. Graph showing daily mean streamflow of the Potomac River at
Washington D.C., and daily mean specific conductance of the
Potomac River at Indian Head, Md., 1978-81.........coooeriiiriieieeeereeeereciereeeesneeesnsnneens 34

iv Potomac Group Aquifer System, Charles County, Maryland



FIGURES--Continued

22-23. Maps showing:
22. Maximum concentrations of dissolved chloride in water

from wells sampled during 1970-75. ....cocevviereeenneiieeeeccecrieeeesnecesinees 35
23. Mean concentrations of dissolved chloride
in water from wells sampled during 1988. .......cccoveeievniiininiicene 36

24-25. Graphs showing:
24. Statistical distributions of concentrations of selected chemical
constituents and physical properties of water from 26 wells

in the Indian Head area, 1988. ..... 38
25. Chloride concentrations in water from selected wells in the
Indian Head area, 1938-88.......ccciiviiiirieiereecrirrecrreesreeseessseeesseesevossansesnes 40

26. Map showing mean concentration of total dissolved

solids in water from wells sampled during 1988............cccooeveerneircnerenneceeereeeene 42
27. Graph showing statistical distribution of concentrations of total organic

carbon in water from wells in the Indian Head area during 1988 and in

water from the Potomac River at Indian Head during 1975-88. .......ccooeevnvnencrnnnreens 43
28. Map showing mean concentration of total organic
carbon in water from wells sampled during 1988. ..o, 44
29. Graph showing tritium concentration in water from the
Potomac River at Point of Rocks, Md., 1961-84...........c.ccooevreinrrenreeeceeree e 45
TABLES
1. Stratigraphic relations and hydrologic character of geologic deposits in the
Indian Head area of Charles County, Maryland ...........ccoeoeeeinncecriennneennnceeeeeee e 10
2. Typical concentration range of selected chemical constituents in the
ground-water system and the POtomac RIVET. ...........cccovvievierenieceieereee e vesene s 33
3. Summary of information for selected wells in the Indian Head area, of
northwestern Charles County, Maryland ................c.oveeveiieeeeciniieeee e eeseeeesesse e 54
4. Summary of information for selected wells and auger holes
in Prince William and Fairfax Counties, VIirginia ...........c.ccccoeeereeeueveeeesiueinrerereseesessesenesenis 86
5. Lithologic description of continuous core from well CH Bb 22. ..........ccoovvvvrnirirciivcierereennen 88
6. Periodic water-level measurements at observation wells in
the Indian Head area, 1981-89. .......cocveviviririiiiiciineecesse e s sebenns 89
7. Summary of daily mean water-level depths at observation wells equipped with
iGItal TECOTARTS. ....vveeiereeeieieteictrereter et sttt et e aeba e n e e s ebens 91
8. Summary of selected chemical-quality analyses of ground-water samples collected in the
Indian Head area, northwestern Charles County, Maryland, 1937-87. .....cc.ccocevvevveceireneneene 94
9. Summary of selected chemical-quality analyses of water samples collected from the
Potomac River near Indian Head area, northwestern Charles County, Maryland, 1988......... 103
10. Summary of selected chemical-quality analyses of ground-water samples collected in the
Indian Head area, northwestern Charles County, Maryland, 1988............cccccocevevuvrennrneenens 104

Potomac Group Aquifer System, Charles County, Maryland v



CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain
inch (in.) 254 milliimeter
inch per year (in/yr) 254 millimeter per year
foot (ft) 0.3048 meter (m)
foot per second (ft/s) 0.3048 meter per second
foot per mile (ftmi) 0.1894 meter per kilometer
mile (mi) 1.609 kilometer
gallon per minute (gal/min) 0.06308 liter per second
gallon per minute per foot [(gal/min)/ft]) 0.2070 liter per second per minute
gallon per day per foot [(gal/d)/ft] 12.42 liter per day per meter
million gallons per day (Mgal/d) 0.04381] cubic meters per second
million gallons per year (Mgal/yr) 0.00379 cubic hectometer per year

Some data on sediment cores in meters (m) can be converted to feet by multiplying by 3.281.

Water temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by using the following
equation:

°F=1.8(°C) + 32

Sealevel: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a
geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada,
formerly called Sea Level Datum of 1929.

Abbreviated water-quality units used in report: Chemical concentration and specific conductance are given

in metric units. Chemical concentration is expressed in milligrams per liter (mg/L), or micrograms per liter (ug/L).
Specific conductance is expressed in microsiemens per centimeter at 25 degrees Celsius (uS/cm).
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GEOLOGIC FRAMEWORK, HYDROGEOLOGY, AND GROUND-WATER
QUALITY OF THE POTOMAC GROUP AQUIFER SYSTEM,
NORTHWESTERN CHARLES COUNTY, MARYLAND

By Steven N. Hiortdahl

ABSTRACT

This report presents the results of a study
conducted from 1988 to 1990 by the U.S.
Geological Survey, in cooperation with the
Town of Indian Head and the U.S. Navy,
Naval Ordnance Station (NOS), to assess the
hydrologic and hydrochemical conditions in
the Potomac Group aquifer system in
northwestern Charles County, Maryland.

Large-scale ground-water withdrawals
began in the Indian Head area around 1900.
Withdrawals are from multiscreen production
wells tapping unconsolidated, fluvial, sand
deposits of the Patapsco and Patuxent
Formations, which collectively comprise the
Lower Cretaceous Potomac Group aquifer
system. Continual pumping during this
century in the Indian Head area, combined
with recent pumping in the area to the
northeast, has resulted in a regional decline in
the potentiometric surface of the confined
Potomac Group aquifer system. In the
vicinity of Indian Head, the pumping has
changed the hydraulic gradient and reversed
the direction of ground-water flow in the
subcrop area of the confined aquifers under
the adjacent Potomac River.

Total pumpage in the Indian Head area
during the 1980’s ranged from about 1.5 to

2.0 million gallons per day. During 1988-90,
static water-level altitudes in observation
wells ranged from about 55 to 100 feet below
sea level. The prepumping heads in wells
screened in the confined aquifers at Indian
Head were above sea level; thus, it is likely
that ground water in the aquifer subcrop area
previously discharged to the Potomac River.
River water in this area can range from fresh
to brackish. Dissolved-solids concentration
varies considerably in response to substantial
changes in upstream flow conditions. In
1980, the average chloride concentration in
interstitial water from twelve 1-meter-long
cores of river-bottom sediment collected near
Indian Head was about 500 miliigrams per
liter.

A downward head gradient has probably
existed since about the 1920’s and has
resulted in river-water intrusion, or recharge
to the subcrop area of the confined aquifers.
The magnitude and extent of river-water
intrusion into the aquifer system is
controlled, in part, by the hydraulic gradient,
the depth and location of the present day
Potomac River channel, and relative
differences in the permeability of river-
bottom sediments. Significant changes in the
permeability of the river bottom could result
from scour associated with floods or from the

Potomac Group Aquifer System, Charles County, Maryland 1



dredging of shipping channels in shoal areas.
The hydraulic connection between the
modern Potomac River and Potomac River
paleochannel deposits, which are relatively
permeable sediments deposited in valleys
formed during periods of lowered sea level,
tends locally to intensify river-water
recharge. The magnitude and extent of river-
water intrusion in the Indian Head area is
greatest where the paleochannel deposits
intersect the Potomac River shoreline.

Because of pumping-induced water-
level declines and the proximity of the area to
the tidal Potomac River, previous
investigators acknowledged that intrusion of
brackish river water could impair the
chemical quality of the adjacent ground
water. Comparison of historical ground-
water-quality data with data collected in 1988
indicates that the chemical character of
ground water in a zone adjacent to the
Potomac River shoreline has gradually
changed from a native sodium bicarbonate
type with dissolved-solids concentration less
than 250 milligrams per liter to a sodium
chloride type with dissolved-solids
concentrations greater than 500 milligrams
per liter. In the zone of the aquifer most
affected by river-water intrusion,
concentrations of river-water indicator
constituents such as chloride, dissolved
solids, sodium, and total organic carbon are
elevated above background concentrations.
The maximum chloride concentration
observed in ground water in 1988 was
210 milligrams per liter. Chloride and
dissolved-solids concentrations have
increased gradually in a zone of the aquifer
adjacent to the river, and it has taken about
40-50 years for the comparatively higher
chloride river water to reach its present extent
and spatial distribution.

INTRODUCTION

Because of pumping-induced water-level
declines, and proximity to the tidal Potomac River,
river-water intrusion into confined-aquifer sedi-
ments hydraulically connected to the Potomac
River has long been recognized as a possible threat
to the ground-water quality of the Indian Head area,
northwestern Charles County, Md. (Fiedler and
Jacob, 1939; and Slaughter and Otton, 1968, p. 20).
Fluvial sand deposits of the Lower Cretaceous
Patuxent and Fatapsco Formations (Potomac
Group) have been tapped by all production wells in
the Indian Head area.

In the early 1980’s, increasing dissolved-
solids and chloride concentrations were noted in
water from several of the production wells in the
Indian Head area (Maryland Water Resources
Administration, 1984). In 1987, the U.S.
Geological Survey (USGS), in cooperation with the
Town of Indian Head and the U.S. Navy, Naval
Ordnance Station (NOS), began an investigation to
define the hydrogeology and assess changes in the
chemical quality of ground water in the Potomac
Group aquifer system in northwestern Charles
County.

The study area covers about 165 mi? in
Southern Maryland and Northern Virginia and is
approximately centered on the Indian Head
peninsula, which is about 20 mi south of Wash-
ington, D.C. (fig. 1) and is bounded by the eastern
shore of the Potomac River and the western shore of
Mattawoman Creek (fig. 2). Both the town of
Indian Head and NOS are on the peninsula (fig. 2).
The community of Potomac Heights is about 2.0 mi
cast of NOS. The NOS was originally known as the
Naval Powder Factory, was later known as the
Naval Propellant Plant, and is presently (1990)
referred to as “NOS.” Southern Maryland is in the
Atlantic Coastal Plain Physiographic Province.
The climate is humid, and temperate and mean
annual precipitation at the La Plata climatological
station (fig. 1) for 1951-80 was 42.6 in/yr (National
Oceanic and Atmospheric Administration, 1988).

The Indian Head area has been the location of
large ground-water withdrawals from the confined
aquifers of the Potomac Group since about 1900

2 Potomac Group Aquifer System, Charles County, Maryland
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Figure 1. Location of the study area.

(Fiedler and Jacob, 1939, p. 12). Ground-water
pumpage at NOS generally ranged from about 0.5
to 1.0 Mgal/d in the decades prior to World War II
(1920-40). Although the magnitude of pumpage
by NOS during World War II is uncertain, it could
have ranged from 2.0 to as much as 3.0 Mgal/d.
Pumpage at NOS averaged about 2.0 Mgal/d during
the Vietnam War (1965-75).

During the 1980’s, pumpage in the Indian
Head area (NOS and neighboring towns) ranged
from about 1.5 to 1.9 Mgal/d. Pumpage during the
1980’s along the Route 210 corridor, immediately

Potomac Group Aquifer System, Charles County, Maryland
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10 KILOMETERS

northeast of the Indian Head area (fig. 2), probably
ranged from about 0.3 to 0.5 Mgal/d (Wheeler and
Wilde, 1989, p. 59). The continual large scale
withdrawals in the Indian Head area, combined
with smaller withdrawals since about 1960, along
the Route 210 corridor, has substantially reduced
the head in the confined aquifers. In 1933, the static
water level in observation wells at NOS ranged
from 35 to about 100 ft below sea level (Fiedler and
others, 1937). In 1988-90, static water levels in
observation wells in the same area ranged from 55
to about 100 ft below sea level.
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Purpose and Scope

This report describes the geologic frame-
work, hydrogeology, and ground-water quality of
the Potomac Group aquifer system in the Indian
Head area of northwestern Charles County, Md. In
addition, this report presents historical and recent
hydrogeologic data, and describes changes in the
water quality of the Potomac Group aquifer system
at Indian Head. For the purposes of this report, the
Potomac Group aquifer system in the Indian Head
area is defined as a multiaquifer unit, which consists
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of separate confined aquifers in the Lower
Cretaceous Patapsco and Patuxent Formations.

Water levels were measured in 13 observation
wells during 1988-90 to assess changes in the
potentiometric surface in the area. One hundred
and three water samples were collected from 26
production and observation wells in the Indian
Head area and analyzed to characterize inorganic
ground-water quality during 1988-89. A
reconnaissance marine-seismic-reflection survey
was conducted in 1988 on the Potomac River and
Mattawoman Creek to help evaluate the geometry
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of the deposits beneath these estuaries.
Preliminary data from a 700-ft-long continuous
core that was drilled at NOS in 1989-90 are

presented.

Information on regional geology and
stratigraphy, well depths and locations, and ground-
water pumpage, levels, and quality was gathered
from a variety of published and unpublished
sources. Sources of unpublished data included
well-drillers’ logs and records, and files of the
USGS, Maryland Geological Survey, Maryland
Water Resources Administration, NOS, and the
Town of Indian Head. These data were compiled
and evaluated to construct regional hydrogeologic
sections, potentiometric-surface maps, preliminary
structure-contour maps of the Potomac Group
deposits, water-level hydrographs, and plots of
ground-water pumpage and water quality in the
Potomac Group aquifer system.

Previous Investigations

One of the first descriptions of the ground-
water resources of the unconsolidated sediments in
the Maryland part of the Atlantic Coastal Plain was
by Darton (1896), who used the previously
proposed term “Potomac Formation” to refer to the
nonmarine, basal Cretaceous deposits cropping out
near the inner edge of the Atlantic Coastal Plain
sequence. Clark and Bibbins (1897) renamed these
deposits the Potomac Group in Maryland, which
they subdivided into the Patuxent, Arundel,
Patapsco, and Raritan Formations. On the basis of
an analysis of pollen assemblages, the Raritan
Formation was determined to be Upper Cretaceous
and is no longer considered to be part of the Lower
Cretaceous Potomac Group in Maryland (Brenner,
1963, p. 3).

The USGS conducted a series of hydro-
geologic investigations in the Indian Head area
during the 1930’s. The data and interpretations
were published in two USGS Open-File Reports:
Fiedler, Cady, and Meinzer (1937) and Fiedler and
Jacob (1939). These investigations included
inventories of wells and pumpage during the early
1900’s, and measurements of water-level fluctu-
ations and well interference, water quality, and
aquifer characteristics based on tests from wells at
NOS.

Slaughter and Laughlin (1966) published
records of wells and springs, chemical analyses,
and selected well logs in Charles County. Slaughter
and Otton (1968) documented ground-water
conditions in Charles County and described the
hydrogeology of the Indian Head area in detail.
Hansen (1968) used borehole-geophysical and
lithologic data to construct a series of geologic
sections that provide regional correlation of the
Cretaceous and Tertiary Coastal Plain deposits in
southern Maryland. Glaser (1969) provided a
detailed description of the sedimentary history and
lithology of the Cretaceous deposits of the
Maryland Coastal Plain.

Contractors for the U.S. Navy conducted two
hydrologic investigations at NOS. These include a
test-drilling program conducted during 1970-71
(data on file at NOS) and an inventory of potable-
water supplies in the early 1980’s (Shoemake and
others, 1982).

From 1977 to 1981, the USGS conducted an
interdisciplinary investigation of the Potomac River
estuary (Callender and others, 1984), which in-
volved studies of the processes and dynamics con-
trolling water quality and flow in the river.
Samples of the water column, river-bed sediment,
flora, and fauna were collected to characterize the
water quality, flow, and aquatic biology. Shallow
cores and marine-surface-geophysical data also
were collected for palynological and chronostrati-
gr\aphic studies to interpret the hydrogeologic
framework and sedimentation patterns of the
Potomac River estuary. A flow through water-
quality monitor was operated on the Potomac River,
at the NOS, by the USGS from October 1977 to
September 1981. Data collection at this site
included hourly measurements of pH, water
temperature, dissolved-oxygen concentration, and
specific conductance. A tide gage was maintained
by the USGS at this site from 1977 to 1990.

A report by the Maryland Water Resources
Administration (1984) presents a comprehensive
water-resources development and management
plan for Charles County. This report includes a
chapter titled “Saline Water Intrusion at the Town
of Indian Head.” The report describes the available

Potomac Group Aquifer System, Charfes County, Maryland 5
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data and implications of brackish-water intrusion
from the tidal Potomac River into the aquifers of the
Potomac Group. Water-level, water-quality, and
ground-water-pumpage data were analyzed. The
water-quality data showed a trend toward increased
concentrations of total dissolved solids and chloride
in the water from several supply wells in the area.

A 4-year study of the ground-water resources
in the Waldorf area of north-central Charles County
was completed in 1989 (Fleck and Wilson, 1990).
Water-level, lithostratigraphic, and aquifer-
hydraulic data were used to establish the hydrogeo-
logic framework and to construct and calibrate a
ground-water-flow model. This model was used to

770 30!

simulate the changes in water levels resulting from
potential changes in pumpage in the Waldorf area

(fig. 1).
Data-Collection Network

Field data collected during 1988-90 for this
project included continuous (hourly) and periodic
water-level measurements in the wells shown in
figure 3. Four or five water-quality samples were
collected from each of the production wells. These
ground-water samples were analyzed to determine
concentrations of major inorganic constituents,
selected inorganic trace elements, total organic

carbon, and tritium. Two water samples also were |
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collected at each of three locations in the Potomac
River estuary (fig. 3) to characterize the quality of
the river water adjacent to Indian Head.

Well-Identification System

Since about 1950, water wells in Maryland
have been assigned a State permit number when a
drilling permit is issued. In this report, wells and
borings in Maryland are identified and located
using an identification system adopted from the
Maryland Geological Survey. The locations of
wells in Maryland that were inventoried for this
study are shown on plate 1. All wells in a
quadrangle have not been inventoried and new
wells are not included in the identification system
until they are inventoried. In this report, the wells
and test borings in Virginia have been assigned
arbitrary identifiers on maps and tables.

This system used in Maryland consists of two
pairs of letters followed by a number (for example,
CH Bc 72). The first pair of letters is the county
prefix (CH for Charles County), which, for
expediency, is omitted in most tables in this report.
The second two letters designate one of the
5-minute quadrangles of latitude and longitude into
which the county has been subdivided (fig. 2).
Each quadrangle within a county is-designated from
north to south by the first letter and from west to
east by the second letter. The wells that have been
inventoried in each quadrangle are sequentially
numbered as they are inventoried; thus, CH B¢ 72
is the 72d well inventoried in the B¢ 5-minute
quadrangle in Charles County.
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GEOLOGIC FRAMEWORK

The Indian Head peninsula lies about 8 to
10 mi downdip of the Fall Line (fig. 4), which
approximately marks the western extent of the
Atlantic Coastal Plain deposits. West of the Fall
Line, the crystalline rocks of the Piedmont are
exposed. The Atlantic Coastal Plain deposits form
a wedge of continental and marine sediments that
thickens from a few feet at the Fall Line to more
than 7,000 ft at the Maryland coastline of the
Atlantic Ocean (Hansen and Edwards, 1986, p. 11).

Stratigraphy

The generalized stratigraphic and hydro-
geologic framework of the Indian Head area is
shown in figure 5. The total thickness of the
Coastal Plain deposits at Indian Head ranges from
about 650 to 750 ft. These deposits rest un-
conformably on an eroded, subsiding crystalline
basement-rock surface (Obermeier, 1984). Table 1
shows the stratigraphic relations and generalized
hydrologic character of the geologic deposits in the
Indian Head area. Most of the Coastal Plain
deposits in this area consist primarily of
interbedded layers of unconsolidated clastic
sediments (Potomac Group), which were deposited
during the Early Cretaceous Epoch. The
depositional environment in the Maryland Coastal
Plain during Early Cretaceous time was primarily
fluvial, in riverine or deltaic settings (Glaser, 1969,
p-71). Inthe Indian Head area, the Potomac Group
consists of alternating and interbedded layers of
clay, silt, sand, and gravel, which thicken and dip
gently to the southeast.

The Tertiary deposits in the Indian Head area
consist of unconsolidated marine sediments that
rest unconformably on the eroded surface of the
Potomac Group deposits (Hansen, 1978, p. 17).
The Tertiary deposits are relatively thin (20-40 ft)
and pinch out or are absent on the Indian Head
peninsula. Tertiary deposits are absent in the low-
lands at Indian Head, where the Potomac Group
deposits also were deeply eroded, and the Potomac
Group is unconformably overlain by a complex of
late Miocene to Pleistocene fluvial and estuarine
sediments (palecchannel deposits) that sub-
sequently filled the eroded channels and valleys

(fig. 5).

Potomac Group Aquifer System, Charles County, Maryland 7
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The location of the hydrogeologic sections and
the identifiers and locations of wells and auger
holes used for geologic control are shown on plate
2. Table 3 (at end of report) lists additional inform-
ation on wells in Charles County that were used to
construct the sections, and table 4 (at end of report)
lists additional information on wells and auger
holes in Virginia that were used for control.

The hydrogeologic sections (pls. 3 and 4)
show the general configuration and stratigraphic
relations of the geologic deposits in the vicinity of
the Potomac River and Indian Head. The wedge of
Coastal Plain sediments thickens southeastward
from the outcrop at the Fall Line (fig. 4). The
individual Potomac Group formations increase in
thickness to the southeast; however, much of the
increase is from clay units, which thicken downdip.

Pre-Cretaceous Basement Complex

The Potomac Group deposits in the Indian
Head area lie unconformably over pre-Cretaceous
gneiss, schist, and gabbroic rocks, which in this

report are collectively referred to as the “basement
complex.” To the west, in the Piedmont of
Virginia, this rock complex crops out at the land
surface. To the east, in Charles and St. Marys
Counties, Md., several test holes have been drilled
into Triassic (?) or Jurassic (?) rocks beneath the
Potomac Group deposits. Presence of these rocks
indicates that in some areas, buried Mesozoic rift
basins underlie the Cretaceous deposits of the
Maryland Coastal Plain (Hansen and Edwards,
1986, p. 12).

The approximate altitude and configuration of
the top of the pre-Cretaceous basement complex in
the Indian Head area is shown in figure 6. Ona
regional scale, the basement-rock surface dips to
the east-southeast at about 80 to 100 ft/mi. The
contours were developed using a compilation of
dataand interpretations on basement depth and
structure in the Virginia Coastal Plain, as adapted
from Seiders and Mixon (1981) and Mixon and
others (1972). Lithologic data from deep holes in
northwestern Charles County, Md., were adapted

Potomac Group Aquifer System, Charles County, Maryland 9
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Figure 6. The approximate altitude and configuration of the top of the pre-Cretaceous basement complex.

from Wilson and Fleck (1990) and compiled from
the files of the USGS, Towson, Md., office.

The surface of the basement complex un-
derlying this region was extensively eroded before
deposition of the Lower Cretaceous deposits.
Mixon and others (1972) mapped the geology of the
Piedmont and Coastal Plain in the Quantico
quadrangle and noted a step-like steepening of the
basement-rock surface near the Fall Line (pls. 3 and
4). This offset is generally aligned with the axis of
the Stafford fault system. This fault consists of a
series of en echelon, northeast-trending, high-angle
reverse faults that parallel the Fall Line in Stafford
and Prince William Counties, Va. (Seiders and
Mixon, 1981). These observations indicate that
tectonism could have affected the regional paleo-

Potomac Group Aquifer System, Charles County, Maryland

drainage systems that distributed the Cretaceous
sediments on the surface of the basement complex
in this area. A northeast-striking, up-to-the-East
reverse fault, which is part of the Brandywine fault
system, trends through the Waldorf area of
northwestern Charles County. The basement com-
plex and the Lower Cretaceous units (Patuxent,
Arundel, and Patapsco Formations) are offset
across the fault, which has about 250 ft of throw in
the Waldorf area (Wilson and Fleck, 1990, p. 12 and
13).

Cretaceous Potomac Group Deposits

The Potomac Group is the oldest sedimentary
deposit cropping out in the inner belt of the Atlantic
Coastal Plain. Potomac Group deposits rest un-
conformably on the eastern, seaward-sloping

Lk



margin of the ancestral Piedmont and Appalachian
Mountain ranges. The Potomac Group is the pro-
duct of fluviodeltaic sedimentation during the Early
to Late Cretaceous Epochs (Glaser, 1969, p. 74).

In outcrop in the Maryland type area, the
Potomac Group is divided into three formations
(Brenner, 1963, p. 1): the basal Patuxent Forma-
tion, which is conformably overlain by the Arundel
Formation, which is unconformably overlain by the
Patapsco Formation (table 1). In the Potomac
River lowlands of the Virginia Coastal Plain,
deposits of the upper part of the Potomac Group
have traditionally been divided into a clay facies
and a sand facies because the Arundel Formation
lacks sufficient surface exposure and is difficult to
map and correlate. At Oak Grove, Va. about 30 mi
south of Indian Head (fig.4), Reinhardt and others
(1980) divided the Cretaceous deposits into a lower
(zone I) and an upper (zone II) Potomac Formation
on the basis of the stratigraphic palynological
studies by Brenner (1963) in the Coastal Plain of

Maryland. Brenner’s zone I included the Patuxent -

and Arundel Formations, and his zone II, which was
divided into three subzones, comprised the
Patapsco Formation.

Overall, on the basis of continuous cores

retrieved from well CH Bb 22 at Indian Head (fig.
5), the coarsest deposits of the Potomac Group,
representing the depositional environment of
highest energy, are in the basal Patuxent For-
mation. During Early Cretaceous time, terrigenous
sediments were shed from an uplifted Piedmont-
Blue Ridge Province and distributed seaward by
rivers (Glaser, 1969, p. 60). Sea-level rises shifted
the location of the nearshore and deltaic deposition
landward, whereas periods of falling sea levels
shifted the location of fluvial and deltaic deposition
seaward. Migration and lateral shifting of
paleodrainage systems resulted in facies changes
within contemporaneous depositional units. Thus,
major changes in the lithology of the Potomac
Group deposits at Indian Head reflect major
changes in depositional environments and sediment
loads.

Slaughter and Otton (1968), in an earlier report
about the hydrogeology of Charles County, Md.,
used the name “Patapsco-Raritan” to designate the
lithologic interval in the Potomac Group above the

Arundel Formation. In this report, the same
lithologic interval in the Indian Head area is called
the “Patapsco Formation.” Although deter-
mination of the presence or absence of Upper
Cretaceous deposits in this area was beyond the
scope of this study, all available geologic maps
indicate that Upper Cretaceous deposits are absent
along the Potomac River in northwestern Charles
County and adjacent areas in Virginia.

The generalized geology of the surficial
deposits in the Indian Head area is shown in figure
7 as adapted and genéralized from Seiders and
Mixon (1981), Mixon and others (1972), Froelich
and others (1978), Glaser (1978), and McCartan
(1989). In Fairfax and Prince William Counties,
Va., the Potomac Group crops out in a 4- to 6-mile-
wide belt between the Potomac River and the Fall
Line. In northwestern Charles County, the few
surface exposures of the Potomac Group are
primarily in the bluffs overlying the Maryland
shore of the Potomac River (fig 7).

Patuxent and Arundel Formations

The basal part of the Potomac Group in
Maryland has been divided into the Patuxent and
Arundel Formations. According to Glaser (1969),
in the type area, the Patuxent Formation is
composed primarily of medium-grained to coarse-
grained sand or pebbly sand and gravel interbed-
ded with relatively thin, pale-gray clays. The
Arundel Formation is predominantly a tough, dark-
gray to maroon, massive clay containing abundant
lignite and sideritic concretions. In the Indian Head
area, the clays of the Arundel Formation are useful
as a lithologic marker that separates the Patuxent
from the Patapsco Formations. The clay is very
dense and generally requires more time to penetrate
with a hydraulic rotary drill rig than do overlying
and underlying strata.

Although the sediment source for the Patuxent
and Arundel Formations was continental in origin,
the Patuxent sediments were generally deposited in
high-energy fluvial and deltaic environments.
According to Glaser (1969, p. 71), in the type area,
the general lack of silt and clay throughout the
lower part of the Patuxent Formation attests to the
predominance of bedload deposition. In the Indian
Head area, thick fine-grained layers generally

12 Potomac Group Aquifer System, Charles County, Maryland
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separate the major sand layers in the Patuxent
Formation (pls. 3 and 4).

The Arundel Formation was probably
deposited in a quiet, shallow, freshwater
environment (Glaser, 1969, p. 72). Deposits of the
Arundel Formation record a period of low-energy
fluvial deposition. Glaser (1969, p. 72) stated that
“The association of massive lignitic clays, logs and
rooted stumps, terrestrial reptile bones, and the
complete absence of marine fossils, points to
deposition in shallow, probably discontinuous,
backswamp basins maintained by ponded drainage
and slow sediment influx.”
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The approximate altitude and configuration of
the top of the Patuxent-Arundel Formations
(undivided) in the Indian Head area is shown in
figure 8. The regional dip of the Patuxent-Arundel
Formations is to the east-southeast and ranges from
about 80 to 100 ft/mi.

Patapsco Formation

The Patapsco Formation rests unconformably
on the undivided Patuxent-Arundel Formations
(Brenner, 1963, p. 38). Inthe Indian Head area, the
Patapsco Formation consists of layers of fine to
medium-grained sand and silt, separated by thick
clay layers (pls. 3 and 4). The lithologic character
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of the sediments in the type area indicates
deposition on a low deltaic plain by sluggish, low-
gradient, perhaps meandering rivers (Glaser, 1969,
p. 73). On the basis of continuous core samples
from well CH Bb 22 (fig. 5) at Indian Head, the
Patapsco Formation sand layers are generally finer-
grained than the Patuxent Formation sand units. In
addition, beds of lignitic plant remains are common
in some of the Patapsco Formation deposits at
Indian Head, and some of the upper sand layers are
well cemented.

The deposits of the Patapsco Formation at
Indian Head commonly grade upward from coarse-
grained to fine-grained clasts. The basal part of
these sequences typically consist of coarse-grained
sand and interbedded gravel-pebble zones that
represent the depositional environment of highest
energy in the sequence. The coarse deposits grade
upward to medium- or fine-grained sand and are
overlain by finer sand and silt. These grade upward
to silty, hard gray clay containing lignite and
carbonaceous plant remains. Several repetitions of
this coarse-to-fine upward-grading sedimentary
sequences were observed in the continuous core
from well CH Bb 22. The borehole-geophysical
logs from well CH Bb 22 are shown in figure 9, and
a condensed lithologic description of the core is
given in table S (at the end of report). The coarse-
to-fine sequences are also reflected in several of the
electric borehole-geophysical logs shown in figure
9 and plates 3 and 4.

The approximate altitude and configuration of
the top of the Patapsco Formation in the study area
is shown in figure 10. This surface has been eroded,
and in the lowland areas along the Potomac River
near Indian Head, it is unconformably overlain by
late Miocene to Quaternary fluvial and estuarine
deposits. On the isolated upland of the Indian Head
peninsula and throughout the inter-stream uplands
to the east, the Patapsco Formation is uncon-
formably overlain by the Tertiary Aquia Formation
(David Powars, U.S. Geological Survey, written
commun., 1989).

Tertiary and Quaternary Deposits

The principal focus of this report is the
hydrogeologic conditions in the Potomac Group
aquifer system. A brief discussion of the overlying

Tertiary and Quaternary deposits is relevant
because these deposits have modified the
hydrogeologic framework and thus can influence
recharge and ground-water flow in the underlying
confined aquifers of the Potomac Group.

The Tertiary deposits are marine sedimentary
units that unconformably overlie the eroded surface
of the Potomac Group in the Indian Head area (table
1). Most of the upper Tertiary units have been
eroded away except on the isolated upland at
Indian Head, where the Tertiary Aquia Formation
forms a veneer (20-30 ft thick) that overlies the
eroded surface of the Patapsco Formation. On a
regional scale, the Tertiary units generally thicken
and dip to the east (pls. 3 and 4). The western
extent of the upper Tertiary units, which are
stratigraphically above the Aquia Formation, is
several miles east of the Indian Head area (fig. 7).
Hansen (1978, p. 10) attributes the regional pinch-
out of Upper Cretaceous and Paleocene deposits in
this area of the Coastal Plain to tectonic activity and
antecedent basement-rock structure.

Deposits of the Aquia Formation are present in
the study area on the top of the bluffs along the
Maryland shore of the Potomac River and on
several isolated hilltops in northeastern Prince
William County, Va. (fig. 7). The Aquia Formation
ranges from olive-black to olive-gray micaceous,
glauconitic, fine- to coarse-grained quartz sand with
a few beds of olive-gray silty clay and very fine silty
sand (McCartan, 1989). These sediments are
marine in origin and were deposited in middle- to
shallow-shelf environments.

In the Indian Head area and throughout north-
western Charles County, the Tertiary Formations of
the interstream uplands are unconformably over-
lain by a fluvial-sedimentary unit, which is com-
posed of gravel, sand, and loam. Following Clark’s
usage, Hack (1955, p. 10) called these deposits the
Brandywine Formation and estimated that they
ranged in age from Miocene to Pliocene. Ona
regional scale, Bennett and Meyer (1952, p. 68)
referred to these surficial sediments as the “upland
deposits” of southern Maryland. Otton (1955,

p. 103) points out that, when saturated to a sufficient
thickness, these deposits are capable of yielding
large quantities of water to hand-dug wells and that
they constituted an important source of

Potomac Group Aquifer System, Charles County, Maryland 15
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Figure 9. Borehole-geophysical logs of well CH Bb 22.

ground-water supply in rural southern Maryland.
Mixon and Seiders (1981) mapped the location of
these “upland deposits” in the Quantico and
Occoquan quadrangles and proposed an age
ranging from late Tertiary to early Quaternary.
McCartan (1989) subdivided the Tertiary “upland
deposits” in Charles County into the Upland Gravel
4, Upland Gravel 3, and the Park Hall Formation,
which range in age from early to late Pliocene.

For this report, the surface outcrop area of the
Tertiary and Quaternary units (fig. 7) was modified
and generalized from the original maps. Except for
the Paleocene Aquia Formation designated “Ta” on
figure 7, all of the later Tertiary units have been
grouped together and mapped as a single unit
designated “T” on figure 7. Where distinguishable,
the individual Tertiary units at sites used for
geologic control are shown on plates 2 and 3. The
single Quaternary unit designated “Q” on figure 7
re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>