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INTRODUCTION Kwb Woodbury Formation — clay-silt, micaceous, with thin lenses of glauconite sand. ] ] ] ] _ ] — ] :
Iron oxides fill fractures and form thin layers; small siderite concretions occur ran- a /______/—/ ~ /\ _/f '\ v
The “Framework and Properties of Aquifers in the Coastal Plain of Mercer and Middlesex domly throughout the formation. Contains finely disseminated pyrite, carbonaceous ,fwi’ﬂ T T A / N = \ }
counties, New Jersey” is the final map in a series of maps characterizing aquifers of the New material, and lignite. Forms the upper part of the Merchantville-Woodbury confining £ Nl T \ N
Jersey Coastal Plain (NJCP) (fig. 1). Previous aquifer framework maps include Cumberland, unit. Campanian in age. N— AT,
Salem, Gloucester, and Camden counties (Sugarman and Monteverde, 2008), Monmouth ~ ~
and Ocean counties (Sugarman and others, 2013), Cape May County (Sugarman and oth- Ky Merchantville Formation — interbedded thick glauconite sands with thinner beds \,’\\’J“"’—" (
ers, 2016), Burlington County (Sugarman and others, 2018), and Atlantic County (Sugarman of micaceous, carbonaceous clay-silts that contain siderite concretions. Forms the ,_/r f
and others, 2020), The hydrostratigraphic frameworks illustrated on these maps were de- middle to lower, but not lowermost, part of the Merchantville-Woodbury confining / J
veloped by integrating bedrock geologic maps (e.g., Owens and others, 1998), geophysical unit. Lower Campanian in age. On mapped area, the Cheesequake Formation, a / {
logs (Zapecza, 1989; 1992) and stratigraphic test wells (e.g., Sugarman and others, 2010) micaceous clay silt unit below the Merchantville, is included in the Merchantville For- f Wi
to better define and delineate the aquifers within the NJCP. This map includes groundwater mation. Maximum thickness of the Merchantville-Woodbury confining unit is approx- 5 /
withdrawal information (figs. 3-4), pump test data (table 1), water quality data (tables 2 and 3), imately 200 feet (section EE’; fig. 10, Sheet 2) at the Middlesex-Monmouth County i /
and cross sections illustrating geologic formations and hydrostratigraghic units (Sheet 2, figs. border. Campanian to Santonian in age. ; /)
6-16), and a revised geologic map of Mercer and Middlesex counties (fig. 2) based on recent ‘i\
geologic quadrangle mapping of the Trenton West and East (Volkert and Stanford, 2018), Magothy Formation — fine- to coarse-grained light-colored quartz sand, crossbed- / \ Y
Allentown (Owens and Minard, 1966), Hightstown (Sugarman and others, 2015), Jamesburg Kmg ded, interbedded with thin- to thick, dark colored carbonaceous silt and clay beds. \ 5=
(Stanford and Sugarman, 2008), Freehold (Sugarman and Owens, 1996), Keyport (Sugarman The Magothy is divided into five (Owens and others, 1998) or six (Sugarman and S/
and others, 2014), Monmouth Junction (Beetle-Moorcroft and others, 2018), South Amboy others, 2021) informal members. Detailed description of these members is provided \
(Sugarman and others, 2005a), New Brunswick (Stanford and others, 1998), Perth Amboy in Sugarman and others (2021). The lower permeability upper members including N
(Volkert and others, 2017), and Princeton (Monteverde and others, 2012) quadrangles. Pre- the Cliffwood beds, Morgan beds, and Amboy Stoneware Clay are included in the \
vious framework studies of Mercer and Middlesex counties that established the hydrogeologic Merchantville-Woodbury confining unit by hydrogeologists, and form the base of it \\ =
framework in these areas included Widmer (1965), Vecchioli and Palmer (1962), Barksdale (Zapecza, 1989). The Magothy is a major aquifer in the study area, and the most N
and others (1943), Gronberg and others (1989, 1991), Zapecza (1989), and Farlekas (1979). productive sands are correlated with the lower part of the Magothy including the \
Old Bridge Sand Member, and the Sayreville Sand (Barksdale and others, 1943;
Mercer County (approximately 230 square miles; population 368,000 as of 2020) and Middle- Zapecza, 1989). The Sayreville Sand Member was previously assigned to the Rar- - ~/
sex County (approximately 323 square miles; population 825,000 as of 2020) are in central itan Formation but has subsequently been reassigned to the Magothy Formation
New Jersey and are bordered by the Delaware River to the southwest, and Raritan Bay and (Sugarman and others, 2021). The upper aquifer of the Potomac-Raritan-Magothy
Arthur Kill to the northeast. Large cities such as Trenton and New Brunswick are supplied aquifer system corresponds to the Magothy Formation and is termed the Magothy = -
mostly by surface water sources. These include the Delaware River for Trenton and the Del- aquifer in this study. It includes the Sayreville Sand and Old Bridge Sand members. $ S
aware and Raritan Canal and Farrington Lake for New Brunswick. Groundwater withdrawal Maximum thickness is 300 feet. The Magothy is upper Turonian (?) to Coniacian in k : e
trends show a steady decrease starting in the early 2000’s and then appear to remain variable age (Sugarman and others, 2021). 40°30N. S Krf . — 40°30N
but relatively stable over the more recent years depicted (fig. 3). The other water use groups \) ' ) ; -
show variable but relatively stable withdrawal trends for both the NJCP aquifers and bedrock Raritan Formation — consists of two members — the upper Woodbridge Clay and the f ;
aquifers of the Newark Basin (Note: only the NJCP aquifers are discussed and illustrated in lower Farrington Sand. Upper Cretaceous, upper Cenomanian to lower Turonian in age. / ®
this map). Finally, groundwater withdrawals in this study area are dominated by potable wa- // : & 50
ter needs, with small amounts withdrawn for agricultural and non-agricultural irrigation, and krw | Woodbridge Clay Member — dark clayey silt, thin- to thick bedded, with thin to thick Krf MIDDLESEX
commercial and industrial uses (fig. 4). interbeds of very fine- to fine quartz sand. Very micaceous and lignitic, with localized
bands of siderite concretions that contain casts of marine mollusks. Forms a con-
fining unit between the middle and upper aquifers in the Potomac-Raritan-Magothy
201D 1 aquifer system (Zapecza, 1989), and the Magothy aquifer and the Potomac aquifer
201 31 system in this study. Maximum thickness is approximately 150 feet in this study area.
201 7 e = In some areas, the Woodbridge Clay can contain roughly equal percentages of sand Cumberland
2001 6 and clay, reducing its effectiveness as a confining unit (e.g., wells 39-41 on section
201 AA'; fig. 6, Sheet 2), and allowing more interconnection between the upper and mid-
20 A —— dle aquifers. Maximum thickness is 150 feet. Barksdale and others (1943) give the
20T 3 —— maximum thickness as 90 feet. Cenomanian to Turonian in age. . 4
21012 12.5 25 Miles ,,_\/h\f .
3818 e —— Kif Farrington Sand Member — fine- to medium grained quartz sand, light colored, — — I / 74 J
2000  mm—— cross-bedded, and micaceous. Barksdale and others (1943) describes the lower 10
2008  EE————— to 20 feet of the Farrington in outcrop as a “...coarse, arkosic, light-gray or light-yel-
2007 E—————— low sand usually containing a considerable sprinkling of small pebbles.” and consid-
E 2006 S —————— ers the maximum thickness as 80 feet. Owens and others (1998) give the maximum Figure 1. County-wide aquifer maps categorized by publication date.
E P ————— thickness of the Farrington as approximately 34 feet and consider the Farrington as ’/,,\
200004 0 age equivalent with the Woodbridge Clay based on pollen (both assigned to Pollen = \
201003 0 Zone V). Stanford and others (1998) list the maximum thickness of the Farrington \/’/
U sand as approximately 100 feet but indicate that the lower part of the Farrington \
2000 may be time equivalent to the Potomac Formation, unit 3. These three studies offer \ \
20000 various thicknesses of the Farrington, in part due to the lack of outcrops, limited \ \ I
G — biostratigraphic data, and rapid facies changes in both the Farrington Sand member \ \ 2
1 I — and Potomac Formation in the map area.
1O 7 | \
1882 == In previous studies (e.g., Barksdale, 1943; Zapecza, 1989) the Farrington sand \ \
1994 member is the Farrington aquifer or middle aquifer in the Potomac-Raritan-Magothy \ \ /‘\\\
E =T T E— aquifer system. In this study, we recognize the Farrington Sand member as the upper _) \ , T
e I I————— part of the Potomac aquifer system and include sands within the Potomac Forma- e RN \ PR \\
1910 | s tion as the major component of this aquifer. In Mercer and Middlesex counties, this S, . o
1 Q'O includes Potomac unit 3 and to a lesser extent unit 2 sands. This approach is taken 40°22'30'N - V (D ) es—
based on pollen studies in outcrop and the shallow subsurface constraining the thick- \ T
0 5 10 15 20 ness and extent of sands assigned to pollen Zone IV. In downdip areas southeast of \ /
BILLION GALLONS Mercer and Middlesex counties, the Farrington sand becomes increasingly difficult to \ /
. ) . identify (Sugarman and others, 2021; Miller and others, 2006) due to a lack of sand \ (
m Undifferentiated PRM  ® Farrington Sand and/or Potomac ®Magothy = Unknown beds at the base of the Raritan that contain pollen assigned to Zone IV. \ '
Figure 3. Annua}I groundwater withdrawals by Coastal Plain aquifers within Mercer and Potomac Formation — light-colored fine- to coarse- gravelly sand, cross bedded, \ /
Middlesex counties. Data collected from 1990 to 2019. Datg sourced from the New Jersey Kp interbedded with various colored clays, including white, red, and yellow, and locally \ |
Water Transfer Data Model (NJWaTr) (Nevy Jersey Geological Survey, 2011), a database dark gray (with wood). Separated into units 3, 2, and 1 based on pollen in New ‘/‘__,_,_.f——* /
managgd by NJGWS (Ngw Jersey Geological and Water Survey) that contains measured Jersey (Owens and others, 1998), but only unit 3 (Upper Cretaceous, lower Ceno- — T
and estimated monthly withdrawals, use, and return volumes. manian) is found to outcrop in this study area. In the subsurface, the Potomac is s N 5 (\
not subdivided in this study, but unit 3 is the dominant component, with unit 2 pres- \
16.000 ent in deeper downdip wells closer to the border with Monmouth County (e.g., well z
’ 52, section II', Sheet 2). In contrast to previous studies (Farlekas, 1979; Zapecza, i o2 o ° 220 eoa
1989), we place the Farrington Sand in the Potomac aquifer system for reasons g0 00\0\0 /s
stated above. Where the Farrington sand is present, it forms the uppermost part of .
14,000 the Potomac aquifer system and is typically 30 to 40 feet thick. Maximum thickness 0
of Potomac aquifer, including the Farrington sand, is 250 feet (cross sections A-A
and B-B', Sheet 2). 7' N°
7 G'
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igure 4. Annual average of groundwater withdrawals by use type in Mercer and Middle- © 5 C te to within 500 feet
sex counties. Data collected from 2010 to 2019. Data sourced from the New Jersey Water — § 5 accurate to within eet
Transfer Data Model (NJWaTr) (New Jersey Geological Survey, 2011). i g o 7| Pensauken Formation - greater than 50 feet thick; shown
] %’ 2° 2l on map only where potentially an aquifer
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. . . . Lo 95 — ¢ § é .
An improved understanding of the hydrostratigraphy for Mercer and Middlesex counties is pre- K . 8 . . Kmt | Marshalltown Formation
4 . ) ; - < Farrington Sand | £ Middle aquifer £
sented here and based on integrating geophysical logs from some of the water wells shown in © S 03
table 4 (Sheet 2) with recent geologic maps of the study area as listed above. Additional well . g ' g % Ket | Englishtown Formation
information was taken from Gronberg and others (1989). Elevations of basement rock are from 45 & Confiningbed |25 A’
Volkert and others (1996) and well records on file at the New Jersey Geological and Water Sur- 4° FRmEE E : n?'“é_ Kwb | Woodbury Formation
vey (NJGWS). Topographic profiles on cross-sections are from NJDEP Digital Elevation Model &£ Lower aquifer ©
:)Er)ciggi;r?. rzit/earn?é; ?nTk?ete;r?;;?stsaaiﬁrs (;:fatsr:eocvet]?:r_gggfnrzaél:lc')rsgrst,i\éirsoef m:rgztl:)i;égl;al\r/g Figure 5. Generalized comparison of geologic formations, aquifers, and confining units in Kmv | Merchantville Formation
based on aquifer test data submitted to the NJGWS in support of Water Allocation Permit applica- the study area. Also shown is the hydrogeologic framework m.Od'f'f'd f’fom Zapecza (1989). - Magothy F .
tions. NJGWS evaluates this data based on 1) hydrogeology of the area, 2) screen lengths of the ?reakf in the collumn are due to nondepositional unconformities. "Ma” = million years ago; — Kmg agothy Formation
pumping and observation wells, 3) test duration, 4) number of pumping and observation wells, 5) Sant.” = Santonian. _ , ,
proximity of observation wells to the pumping wells, 6) influence of other pumping wells, and 7) Krw | Woodbridge Clay Member (Raritan Formation)
data reliability. Results of ten aquifer tests are summarized in table 1. Additional information for ) ) )
each test is in the NJGWS hydro database under the file numbers indicated in table 1 (Mennel POTOMAC-RARITAN-MAGOTHY (PRM) AQUIFER SYSTEM PROPERTIES Krf | Farrington Sand Member (Raritan Formation)
and Canace, 2002). The NJGWS Hydro database (http://www.state.nj.us/dep/njgs/geodata/dgs02-1.htm) in- Kp | Potomac Formation
Downhole geophysical logs have proven invaluable in the delineation and evaluation of Coastal cludes ten aquifer _teStS for the Coastal Pla!n port|on'of Mercer gnd' M|ddle§ex counties. -
Plain aquifers (Zapecza, 1989, 1992; Sugarman and others, 2005b, 2013, 2016; Sugarman and The database provides estimates of hydrgullc properties of the principal aqwfers used for \
Monteverde, 2008) by allowing correlation of sands (aquifers) and clays (confining units) over water supply. Three tests were performed in the Magothy aquifer and seven in the Potomac y 2
long distances. Of the many kinds of downhole geophysical logs, natural gamma and electric aquer system. Table 1 provides the.summary of thg aquifer test analyses anq the correl- T T T T T T
have proven to be the most effective in subsurface mapping and, used in combination with well ative hydraulic properties of the aquifers. Each aquifer test has a corresponding number 74°52'30"W 74°45'W 74°37'30"W 74°30W 74°22'30"W 74°15'W

records, are the significant tools in the identification of lithologies encountered in boreholes need-
ed to develop a hydrostratigraphic framework. Thorough discussions of the relationship between

and can be located on the map. The following descriptions separate aquifer tests by the
hydrogeologic conditions.

Figure 2. Coastal Plain bedrock geology and location of cross sections.

Base map produced from compilation of U.S. Geological Survey 1:100,000-scale topographic maps

borehole geophysical measurements and lithologies are in Keys (1990) and Rider (2002). 0 1 2 3 4 5 6 7 8 MILES
geopny 9 ys (1990) (2002) Two aquifer tests (100 and 201) were completed in unconfined aquifers in the outcrop area for Newark, NJ-NY, 1986 and Trenton, NJ-PA-NY, 1986. B s — e =SS =
iati - ; i ; of the Magothy Formation. Hydrogeologic data collected at these sites show that there are 1 0 1 2 3 4 5 6 7 8 9 10 KILOMETERS
The natural gamma tool measures gamma radiation from radioactive minerals in the surrounding Bedrock geology produced from compilation of 1:24,000-scale geologic maps published by the N.J. . : , : , : : : }

sediments and is especially useful because it can be measured through well casings. Elevat-
ed gamma readings generally correlate well with the clays of confining units due to the higher
concentration of potassium, uranium, and thorium in clays than in quartz sands (Keys and Mac-
Cary, 1971). Confirming the applicability of gamma logs to NJCP sediments, Lanci and others
(2002) showed that the radioactive signatures of the Coastal Plain clay and sand mixtures and,
where present, glauconite are consistent with those observed in gamma logs. Two different units
of measurement are used for gamma response: American Petroleum Institute (API) units and
counts per second (CPS). CPS units are more commonly used in local investigations where
curve matching allows unit identification and were used in this study.

Electric logs are commonly used in combination with natural gamma logs in groundwater studies
(Keys, 1990). Combining electrical and gamma data enables one to decipher the lithological
makeup and therefore differentiate between aquifers and confining units. The single-point re-
sistance logs shown on the cross sections (Sheet 2) measure the electrical potential drop be-

~

no continuous confining layers separating the aquifers from the land surface. These aqui-
fers are recharged by precipitation and are in direct connection with surface water. Analyses
of time-drawdown and recovery data confirm the hydrogeologic characterization.

Seven aquifer tests are located at/or near the outcrop areas of leaky-confined aquifers.
Time-drawdown and recovery data collected during these tests indicate a strong hydrau-
lic connection between the aquifer and shallow water table. The interbedded clays in
these aquifers are often thin-bedded and of limited areal extent, therefore unconfined to
leaky-confined aquifer response to pumping is consistent with the hydrogeology. Hydro-
geologic data from five Potomac aquifer system aquifer tests (i.e. 172, 222, 224, 252, and
393) indicate that the aquifers are recharged by significant leakage which likely is derived
from flow originating in the outcrop areas and flow through overlying semi-confining units.
Analyses of the time-drawdown and recovery data from these aquifer tests confirm this
leaky aquifer characterization. Furthermore, the hydraulic properties calculated from these

Geological and Water Survey. Geology shown on the bedrock geologic maps for the Hightstown and
Perth Amboy quadrangles was slightly modified. Surficial geology produced from 1:100,000-scale

surficial geologic map of New Jersey (New Jersey Geological Survey, 2007).
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tween two electrodes, one at the surface and the second within the tool. Results are measured aquifer tests agree with previously reported values for the PR,M aquifer (Pucci and others, Peter J . Sugarman Alexand ra R_ Carone Yelena Stroiteleva a nd Kent Ba rr V/
in millivolts and subsequently converted to ohms (Keys and MacCary, 1971; Keys, 1990). Values 1989; Farlekas, 1979; Mennel and Canace, 2002) elsewhere in New Jersey. ’ ! ! LOCATION IN
recorded by the single-point resistance probe correlate to a volume of borehole and rock material 2022 NEW JERSEY

that is five to ten times the diameter of the probes. Resistance values decrease as porosity and
formation water content increase. In contrast to natural gamma values, which are generally high-
er in clays, resistance values are generally lower in clays because the clays have higher overall
conductivity. Quantitative measurements of porosity and/or salinity, though, cannot be calculated
from single-point resistance probes because the current’s travel path parameters are not defined

One aquifer test (291) within the Upper PRM or Magothy aquifer was completed downdip,
approximately 2.7 miles from the outcrop area where it is separated from overlying aquifers
by more continuous, thick confining units. Analysis of the time-drawdown and recovery data
confirm the confined hydrogeologic characterization with calculated aquifer parameters
consistent with the hydrogeologic data.

Table 1. Summary of pumping tests and hydraulic properties of aquifers within the Coastal Plain part of Mercer and Middlesex counties. Test locations shown on figure 2 as orange trian-
gles. *Single well test; accurate storativity and leakance values cannot be estimated.
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bodies within the Englishtown aquifer, Magothy aquifer, and Potomac aquifer system (fig. 5). ough, the Amboys, and in Old Bridge Township. The most recent NJDEP data show chloride Keys, W.S., 1990, Borehole geophysics applied to ground-water investigations: National Water Open-File Map Series OFM 72, scale 1 to 24,000. chemistry of radium in water from principal drinking-water aquifer systems of the United
concentration of 2,880 mg/L and sodium of 1,264 mg/L in the Sayreville area (NJDEP, Water 393 Bordentown Twp., Potomac, leaky confined 26.6 17,777 41E-04 1 96E-04 . Well Association, Dublin, Ohio, 314 p. States: Applied Geochemistry, v. 27, p. 729-752.
Quaternary Deposits - includes estuarine deposits of Holocene age and underlying Supply Monitoring Report, 2021). Chlorides in the range of 31 mg/L to 91 mg/L are recorded for PW-5R Lower PRM Sugarman, P.J., Carone, AR, Stroiteleva, Yelena, and Pristas, R.S., Monteverde, D.H., Domber,
fluvial and glaciofluvial deposits of late Pleistocene age. Estuarine deposits as much Perth Amboy and Old Bridge townships (NJDEP Water Supply Monitoring report, 2021). The Hightstown Boro., Potomac, , Keys, W.S., and MacCary, L.M., 1971, Application of borehole geophysics to water-resource S.E., Filo, RM., Rea, FA., and Schagrin, Z.C., 2018, Framework and properties of aquifers U.S. EPA, 2018, Drinking Water Standards and Health Advisories, 2018 edition, https://www.epa.
as 100 feet thick and consist of brown to dark gray organic clay and silt with some peat NJDEP chloride and sodium results are not included in table 2 but provided here as an example 283 Well 3 Lower PRM leaky confined 25.1 9,632 3.99E-05 9.88E-06 - investigations, in Techniques of Water-Resource Investigations of the U.S. Geological Sur- in Burlington County, New Jersey: New Jersey Geological and Water Survey Geologic Map gov/system/files/documents/2022-01/dwtable2018.pdf.
and minor sand and shells. Fluvial and glaciofluvial deposits as much as 40 feet thick of persistent local water quality issues. ) vey: chapter E1, TWR12-E1A, 126 p. Series GMS 18-3, scale 1 to 100,000.
and consist of gray and brown sand and pebble gravel with minor cobble gravel. Sand is 224 Ha”wgl’r 11‘”'0" Lz\f’vfrmpaé,’w leaky confined 52.3 10,668 7.81E-04 5.36E-04 - U.S. Geological Survey, 2022, NWIS Site Information for New Jersey: Site Inventory, USGS- Site

chiefly quartz with some shale fragments and feldspar and minor glauconite and mica.
Gravel is chiefly quartz and quartzite with some red and gray mudstone and shale and
minor ironstone, chert, gneiss, and sandstone. Shown where generally greater than 25
feet thick on cross sections only since not an aquifer.

% o] Pensauken Formation - sand, minor silt and clay; yellow, reddish yellow; pebble gravel
[e]

Water from all the Magothy and Potomac aquifers has iron concentrations in the range from 0.01
to 110 mg/L with a median concentration of 0.5 mg/L. Manganese ranges from 0.002 to 3 mg/L
with a median concentration of 0.07 mg/L. From 75 water samples reviewed, water from about
50% of the wells exceeds the NJ Secondary Maximum Contaminant Level (SMCL) for iron of 0.3
mg/L and manganese of 0.05 mg/L. Additionally, water from about 12% of wells exceeds the USE-
PA (2018) Health Advisory limit for manganese of 0.3 mg/L. Iron and manganese concentrations

Table 2. Summary of major inorganic ion concentrations, iron, manganese, and physical parameters from wells completed in the Magothy and Potomac aquifers within the Coastal Plain part
of Mercer and Middlesex counties. Concentrations are in mg/L where applicable. *Results from a water sample collected in 1986 from an observation well in Sayreville, Middlesex County, NJ.

Number of samples=31

Magothy or Upper PRM aquifer

Lanci, L., Kent, D.V., and Miller, K.G., 2002, Detection of Late Cretaceous and Cenozoic se-
quence boundaries on the Atlantic Coastal Plain using core-log integration of magnetic
susceptibility and natural gamma ray measurements at Ancora, New Jersey: Journal of
Geophysical Research, v. 107, no. B10, 2216, doi:10.1029/2000JB000026.

Mennel, W.J., and Canace, Robert, 2002, New Jersey Geological Survey hydro database: N. J. Geo-

Sugarman, P.J., Johnson-Bowman, Mizane, Malerba, N.L., Stroiteleva, Yelena, Barr, Kent, Filo,
R.M,, Carone, A.R., Monteverde, D.H., Castelli, M.V., and Pristas, R.S., 2020, Framework
and properties of aquifers in Atlantic County, New Jersey: New Jersey Geological and Wa-
ter Survey Open-File Map Series OFM 130, scale 1 to 100,000.

Sugarman, P.J., Miller, K.G., Browning, J.V., Aubry, M.-P., Brenner, G.J., Bukry, D., Butari, B.,

Inventory for New Jersey, https://waterdata.usgs.gov/nj/nwis/inventory.

Vecchioli, John, and Palmer, M.M., 1962, Ground-water resources of Mercer County, N.J.: State
of NJ Department of Conservation and Economic Development, Division of Water Policy and
Supply Special Report 19, 71 p.

L% and minor cobble gravel, particularly at the base of the deposit. Sand is chiefly quartz above SMCL and Health advisory limits primarily occur in wells located in the outcrops or near . . - . - logical Survey Digital Geodata Series DGS 02-1, www.state.nj.us/dep/nigs/geodata/dgs02-1.zip. Feigenson, M.D., Kulpecz, A.A., McLaughlin, PP, Jr., Mizintseva, S., Monteverde, D.H., Volkert, RA., Drake, AA., Jr., and Sugarman, P.J., 1996, Geology, geochemistry, and tectonos-
with some weathered feldspar and minor glauconite and mica. Gravel is chiefly quartz outcrops of the Magothy, Raritan, and Potomac Formations in Mercer and Middlesex counties. el Magnesium Sl Potassium Sherde Gl Iron Manganese PH Hardness Olsson, R.K., Pusz, A.E., Tomlinson, J., Uptegrove, J., Rancan, H., and Velez, C.C., 2010, tratigraphic relations of the crystalline basement beneath the coastal plain of New Jersey and
and quartzite with some chert and ironstone, and minor amounts of deeply weathered Minimum 0.4 0.4 2.3 0.3 24 0.3 0.6 0.02 4.0 3 Miller, K.G., Sugarman, P.J., Browning, J.V., Aubry, Marie-Pierre, Brenner, G.J., Cobbs, Gene, Medford Site: in Miller, K.G., Sugarman, P.J., Browning, J.V., and others, eds., Proceedings contiguous areas: U.S. Geological Survey Professional Paper 1565-B, 48 p.
sandstone, mudstone, diabase, and gneiss. Locally iron-cemented. Locally includes Additionally, water from Magothy and Potomac aquifers locally exceeds the New Jersey MCL Maximum 120 43 330 14 990 110 110 24 70 478 IIl, de Romero, Linda, Feigenson, M.D., Harris, Ashley, Katz, M.E., Kulpecz, Andrew, Mc- of the Ocean Drilling Program, Initial reports, Volume 174AX (Suppl.): College Station, TX,
beds of dark gray to reddish yellow clay as much as 6 feet thick. Total thickness as much (Maximum Contaminant Level) for gross alpha and radium, especially in water samples collected _ ’ ' Laughlin, P.P., Jr., Misintseva, Svetlana, Monteverde, D.H., Olsson, R.K., Patrick, Lesley, Ocean Drilling Program, p. 1-93. Volkert, R.A., Monteverde, D.H., and Stanford, S.D., 2017, Bedrock geologic map of the Perth
as 140 feet. Shown on map only where potentially an aquifer and on cross sections from wells located in or near the outcrop areas. Available hydrogeologic data suggest a high de- Median 7.1 4 7.5 23 18 23 1.6 0.1 5.2 36 Pekar, S.J., and Uptegrove, Jane, 2006, Sea Girt Site: in Miller, K.G., Sugarman, P.J., Amboy and Arthur Kill quadrangles, Middlesex and Union Counties, New Jersey: New Jersey
where generally greater than 25 feet thick. Of Pliocene age. gree of connection between unconfined and underlying leaky confined aquifers. At these wells, Number of samples=44 Potomac or Middle PRM aquifer Browning, J.V. and others, eds., Proc. ODP, 174AX (Suppl.), College Station, TX (Ocean Sugarman, P.J., Miller, K.G., Browning, J.V., Kulpecz, A.A., McLaughlin, P.P., Jr., and Mon- Geological and Water Survey Open-File Map Series OFM 117, scale 1 to 24,000.
pH is acidic, in the range of 3.9 to 5.6. NJDEP and USGS studies (Szabo and others, 2011) indi- - : ; : ; Drilling Program), 104 p. teverde, D.H., 2005b, Hydrostratigraphy of the New Jersey Coastal Plain: Sequences and
K Wenonah and Marshalltown Formations — fine grained, locally medium, quartz cate that radium is likely bound to iron and manganese oxyhydroxides within the aquifer matrix. L oL L L Potasslum UL Sulfate Lzl Manganese pH LSS facies predict continuity of aquifers and confining units: Stratigraphy, v. 2, no. 3, p 259-275. Volkert, R.A., and Stanford, S.D., 2018, Bedrock geologic map of the New Jersey part of the Tren-
"1 sand, clayey and silty, with high percentages of glauconite in the basal part of the When oxidized and acidic waters recharge into the aquifer, iron and manganese are dissolved Minimum 05 0.4 0.5 0.3 2.3 0.2 0.01 0.002 4.3 5 Monteverde, D.H., Herman G.C., Volkert, R.A. and Stanford, S.D., 2012, Bedrock Geologic Map ton West and Trenton East quadrangles, Mercer and Burlington counties, New Jersey: New
Kmt | Marshalltown (Kmt), and high percentages of mica in the Wenonah (Kw). Deposited in from the aquifer material into groundwater. As a result, iron, manganese, and radium concen- Maximum 330* 180* 1 600 18* 3.200* 590* 59 3 78 1 570* of the Princeton quadrangle, Mercer and Middlesex counties, New Jersey: New Jersey Sugarman, P.J., Miller, K.G., Browning, J.V., McLaughlin, P.P., Jr., and Kulhanek, D., 2021, Late Jersey Geological and Water Survey Open-File Map Series OFM 122, scale 1 to 24,000.
shelf to near shore environments, these upper Cretaceous predominantly fine-grained trations increase in groundwater. Szabo and others (2011) state that elevated radium concen- aximu ’ ’ ' ’ Geological and Water Survey Open-File Map Series OFM 93, scale 1 to 24,000. Cretaceous (Turonian-Coniacian) sequence stratigraphy, sea level, and deltaic facies, Ma-
sediments form the Marshalltown-Wenonah confining unit. Only a few occurrences of trations occur in highly oxidized-low pH environments. There is an inverse correlation between Median 5.7 2.8 4.9 1.7 9.8 9.5 0.3 0.04 9.5 28 gothy Formation, U.S. Middle Atlantic Coastal Plain: Stratigraphy. v. 18 (1), p. 1-27. Widmer, Kemble, 1965, Geology of the ground water resources of Mercer County: New Jersey

these two formations are found in the southeastern border of Middlesex County with
Monmouth County. Campanian in age.

Englishtown Formation — fine- to medium-grained quartz sand, locally coarse, inter-

pH and radium concentration in this type of aquifer. The lower the pH, the higher the radium
concentrations will be. Examples include the Bordentown well field (aquifer test 393), Hamilton
Township well field (aquifer test 224), and the Monroe Township well field (aquifer tests 252, 222,
172). Uranium is not a water quality issue under these geochemical conditions. Table 3 provides

Table 3. Summary of data collected from wells completed in PRM aquifers at Bordentown and Monroe townshipsaq well fields. Gross alpha and radium locally exceed New Jersey’s
MCL (maximum contaminant level) for gross alpha of 15 pCi/L and total radium of 5 pCi/L. *N/T - Not Tested.

New Jersey Geological Survey, 2007, Surficial geology of New Jersey: New Jersey Geological
Survey Digital Geodata Series DGS 07-2, scale 1:100,000.

New Jersey Geological Survey, 2011, New Jersey water transfer model withdrawal, use, and

Sugarman, P.J. and Monteverde, D.H., 2008, Correlation of deep aquifers using coreholes
and geophysical logs in parts of Cumberland, Salem, Gloucester, and Camden counties,
New Jersey: New Jersey Geological Survey Geologic Map Series GMS 08-1, scale 1 to

Geological Survey Geologic Report Series No. 7, 115 p.

Zapecza, O.S., 1989, Hydrogeologic framework of the New Jersey Coastal Plain: U.S. Geological
Survey Professional Paper 1404-B, 49 p.

Kot | bedded with thin to thick dark clay beds. Functions as a single aquifer in Middlesex gross alpha and radium concentrations for Bordentown and Monroe townships well fields. Site pH Gross Alpha Final (pCilL) Radium224 (pCilL)  Radium226 (pCilL) Radium228 (pCilL) Total Radium (pCilL) return data summaries: New Jersey Geological Survey Digital Geodata Series, DGS 10-3, 100,000.
County (Nichols, 1977), but downdip in Monmouth and Ocean counties contains two ] . ] . B - www.state.nj.us/dep/njgs/geodata/dgs10-3.htm, last updated 02/2011. Zapecza, O.S., 1992, Hydrogeologic units in the Coastal Plain of New Jersey and their delineation
water bearing sands separated by a clay-silt unit (Nichols, 1977), and hence is termed In the confined portion of the Magothy and Potomac aquifers, the hydrogeochemical conditions Bordentown Well Field 5.4 12.5-23.7 2.5-5.6 1.3-2.4 2.2-3.3 6.0-11.2 Sugarman, P.J., Monteverde, D.H., Boyle, J.T., and Domber, S.E., 2013, Aquifer correlation map by borehole geophysical methods, in Gohn, G.S., ed., Proceedings of the 1988 U.S. Geo-
an aquifer system. Maximum thickness is 100 feet on section FF’ (fig. 11, Sheet 2) in are different, less acidic, and less oxidizing and when pH increases (6.0-7.5) there will be less Monroe Well Field 47 23.319 N/T* 0429 0556 09-85 Nichols, W.D., 1977, Geohydrology of the Englishtown Formation in the northern Coastal Plain of Monmouth and Ocean counties, New Jersey: New Jersey Geological and Water Survey logical Survey workshop on the geology and geohydrology of the Atlantic Coastal Plain: U.S.

Middlesex County. Campanian in age.

radium dissolved in groundwater.

of New Jersey: U.S. Geological Survey Water-Resources Investigations 76-123, 62 p.

Geologic Map GMS Series 13-1, scale 1 to 100,000.

Geological Survey Circular 1059, p. 45-52.
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Table 4. List of wells shown in Figure 2 (Sheet 1) as small blue circles. N/A = not available; *Depth correlated from nearby well record.
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| _ : | Figure 14. Geologic and hydrogeologic cross section II’ Figure 15. Geologic and hydrogeologic cross section JJ’. Well 74 has been clipped and actually extends to an elevation of -570 feet.
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Figure 12. Geologic and hydrogeologic cross section GG'. Figure 13. Geologic and hydrogeologic cross section HH’. Well 71 has been clipped and actually extends to an elevation of -604 feet.
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Figure 16. Geologic and hydrogeologic cross section KK'.
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