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INTRODUCTION

Bedrock of the Salem and Delaware City quadrangles includes unconsolidated
Coastal Plain formations that consist of sand, clay, and glauconite clay laid
down in coastal, nearshore-marine, and continental-shelf settings between 120
and 10 million years ago (Ma). The lithology and age of the formations are
provided in the Description of Map Units. Age relations are also summarized in
the Correlation of Map Units. Cross sections AA' and BB' show the subsurface
geometry of the formations aong the line of section. Further detail on the
regional stratigraphy of the Coastal Plain formations is provided by Owens and
others (1998). Surficial deposits of late Miocene, Pliocene, and Quaternary age
overlie the bedrock formations in most of the map area. The surficial deposits

only, covered by Kirkwood Formation. Inferred from well logs. Described by
drillers as brown, gray, or green clay, or marl. Early Eocene in age, based on
calcareous nannofossils (Owens and others, 1998). Unconformably overlies the
Vincentown Formation.

VINCENTOWN FORMATION--Glauconitic clayey quartz sand, medium-
grained. Locally calcareous and fossiliferous, with shells and bryozoan detritus.
Glauconite occurs primarily in soft grains of medium sand size. Yellowish-
brown, olive, light gray. As much as 100 feet thick. Described by drillers as
cora sand, limestone, lime rock, cement sand, and black-and-white sand. Late

feet thick. Described by drillers as shell marl or black marl and shells.
Glauconite occurs primarily in soft grains of medium-to-coarse-sand size.
Quartz sand, medium-grained, is the principal accessory. Pyrite, mica, and
phosphatic material are minor constituents. The basal few feet of the Navesink
contain a glauconitic quartz sand with granules and black phosphate pebbles.
Late Cretaceous (Maastrichtian) in age based on foraminifera (Olsson, 1964).
Strontium stable-isotope age estimates range from 69 to 67 Ma (Sugarman and
others, 1995). Unconformably overlies the Mount Laurel Formation. The
unconformity is marked by a sharp positive gamma-ray response on geophysical
logs.

MOUNT LAUREL FORMATION--Quartz sand, slightly glauconitic (5-10

thin beds of clay and silt. Sand is white, yellow, and light gray where
weathered, gray where unweathered. Silt and clay are light gray to brown where
weathered, dark gray to black where unwesthered. Between 20 and 30 feet
thick. Sand contains some lignite and mica, and minor glauconite; silt and clay
contain some mica and lignite. Late Cretaceous (early Campanian) in age, based
on pollen (Wolfe, 1976). Grades downward into the Woodbury Formation.

WOODBURY FORMATION--Clay with minor thin beds of very fine quartz
sand. Dark gray and black where unweathered, yellowish-brown to brown
where weathered. Between 30 and 40 feet thick. Clay is micaceous, with some

MAGOTHY FORMATION--Quartz sand, fine- to very coarse-grained, and clay
and silt, thin-bedded. Sand is white, yellow, light gray where weathered, gray
where unweathered. Clay and silt are white, yellow, brown, rarely reddish-
yellow where weathered, gray to black where unweathered. Gray colors
dominate. Sand includes some lignite, pyrite, and minor feldspar and mica. Silt
and clay beds include abundant mica and lignite. Between 30 and 50 feet thick.
In subsurface only. Late Cretaceous (Turonian-Coniacian) in age based on
pollen (Christopher, 1979, 1982; Miller and others, 2004). In the Fort Mott core
hole (well 30-14904), pollen from the Magothy Formation at a depth of 137 feet
indicates a late Turonian age (Sugarman and others, 2004). Unconformably
overlies the Potomac Formation. Contact with Potomac Formation placed at

mapped based on a regionally traceable 30-to-50-foot-thick sand at the base of
unit 3, as identified in geophysical and lithologic well logs (McKenna and
others, 2004; Sugarman and others, 2004). Unit 2 is of Early Cretaceous
(Albian) age. Unit 1 is mapped based on a similar sand at the base of unit 2.
Unit 1 is of Early Cretaceous (Aptian) age. The Potomac Formation
unconformably overlies Late Proterozoic and early Paleozoic bedrock.
Weathered schist of the Wissahickon Formation was penetrated from a depth of
1376 to 1440 feet in the Salem test well (Johnson, 1961). Depth to metamorphic
basement bedrock ranges from about 800 feet in the northwest corner of the map
areato about 1600 feet in the southeast corner (Volkert and others, 1996).

in drillers’ descriptions. Map units are not listed for wells shown on sections.
Identifiers of the form 33-xxx are U. S. Geological Survey Ground Water Site
Inventory numbers. Identifiers of the form 30-xxxx or 34-xxxx are New Jersey
Department of Environmental Protection well permit numbers. Identifiers of the
form SL-xx and DC-xx are auger borings drilled by D. S. Powars and J. P.
Owens of the U. S. Geological Survey. Identifiers of the form Dcxx-xx and
Ddxx-xx are from Talley (1985). Well 19 in Salem City is from Johnson (1961).
Unit "OCZu" shown for this log indicates weathered schist of the Wissahickon
Formation of late Proterozoic and early Paleozoic age.

WEell or boring, location accurate to within 500 feet--Identifiers and symbols as
above.

Miocene age in New Jersey, in Subitzky, S., ed., Geology of selected areas in
New Jersey and eastern Pennsylvania and guidebook of excursions. New
Brunswick, N. J., Rutgers University Press, p. 7-13.

Johnson, M. E., 1961, Thirty-one selected deep wells, logs and map: N. J.
Geological Survey Geologic Report Series 2, 110 p.

Kennedy, W. J., and Cobban, W. A., 1994, Ammonite fauna from the Wenonah
Formation (Upper Cretaceous) of New Jersey: Journal of Paleontology, v. 68,
no. 1, p. 95-110.

Olsson, R. K., 1964, Late Cretaceous planktonic foraminifera from New Jersey
and Delaware: Micropaleontology, v. 10, no. 2, p. 157-188.

Olsson, R. K., and Wise, S. W., Jr., 1987, Upper Maestrichtian to middle Eocene
stratigraphy of the New Jersey slope and coastal plain: Initial reports of the
Deep Sea Drilling Project, volume XCII, Washington, D. C., p. 1343-1365.

Owens, J.P, Sohl, N.F,, and Minard, J.P, 1977, A field guide to Cretaceous and
lower Tertiary beds of the Raritan and Salisbury embayments, New Jersey,
Delaware, and Maryland: American Association of Petroleum Geologists and
Society of Economic Paleontologists and Mineral ogists, 113 p.

Strontium isotope and sequence stratigraphy of the Miocene Kirkwood
Formation, southern New Jersey: Geological Society of America Bulletin, v.
105, no. 4, p. 423-436.

Talley, J. H., 1985, Geologic cross-section of Delaware River, Red Lion Creek
to Kilcohook National Wildlife Refuge: Delaware Geological Survey
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BEDROCK GEOLOGY OF THE SALEM
AND DELAWARE CITY QUADRANGLES

were mapped by Stanford (2009). Kml percent by volume), medium-grained. Yellowish-brown to reddish-yellow where change from predominantly gray clay and silt in Magothy Formation to red clay
weathered, gray where unweathered. Between 80 and 90 feet thick. Contains in the Potomac, as reported in well or boring logs, or at increased gamma-ray Owens, J. P, Sugarman, P. J,, Sohl, N. F, Parker, R. A., Houghton, H. F, SALEM COUNTY. NEW JERSEY
DESCRIPTION OF MAPUNITS traces of feldspar, mica, and phosphate pebbles. The upper several feet consists intensity on geophysical logs, recording the thicker clays in the Potomac. The Gamma-ray log--On sections. Intensity increases to right. Volkert, R. A., Drake, A. A., Jr., Orndorff, R. C., 1998, Bedrock geologic map of !
of coarse sand containing granules and pebbles; this interval also contains upper 10-15 feet of the Magothy Formation, as mapped here, may include the central and southern New Jersey: U. S. Geological Survey Miscellaneous
COHANSEY FORMATION--Fine-to-coarse sand, some very coarse sand and glauconite from the overlying Navesink Formation concentrated in burrows, Cheesequake Formation, which is identified in the Fort Mott core hole Investigations Series Map 1-2540-B, scale 1:100,000. b
el very fine to fine pebbles. White, very pale brown, yellow, brownish-yellow Described by drillers as pepper sand, salt-and-pepper sand, and black-and-white (Sugarman and others, 2004). The Cheesequake, as a largely non-glauconitic Surficial deposits--On sections. y
reddish-yellow, light gray. Massive to cross-bedded. Sand consists of quartz' sand.  Late Cretaceous (late Campanian) in age based on ~ nannoplankton silt, it cannot be distinguished ithically from the Magothy in the map area based Stanford, S. D., 2009, Surficial geology of the Salem and Delaware City Scott D. Stanford and Peter J. Sugarman
with a trace of weathered chert. Pebbles consist of subangular to subrounded (Sugarman and others, 1995). Grades downward into the Wenonah Formation. on the available outcrop and well data. guadrangles, Salem County, New Jersey: N. J. Geological Survey Open-File 2009
quartz and minor weathered chert. As much as 70 feet thick. Middle Miocene in . . R ) . REFERENCES Map OFM 76, scale 1:24,000.
age, based on pollen (Owens and others, 1998). Unconformably overlies the R VENONAH FORMATION--Quartz sand, micaceous, slightly glauconitic, fine- Kp3 POTOMAC FORMATION--Quartz sand, fine- to very coarse-grained, and clay . ) . .
Kirkwood Formation. to very fine-grained. Yellow to very pale brown where weathered, gray to pale- and silt, thin- to thick-bedded; minor pebble-to-cobble gravel. Sand is white, Christopher, R.A., 1979, Normapolles and triporate pollen assemblages from the Sugarman, P. J., Miller, K. G., Burky, D., and Feigenson, M. D., 1995,
olive where unwesathered. Between 60 and 70 feet thick. Late Cretaceous (late yellow, light gray where weathered, gray where unweathered. Clay and silt are Raritan and Magothy Formations (Upper Cretaceous) of New Jersey: Uppermost Campanian-Maestrichtian strontium isotopic, biostratigraphic, and
KIRKWOOD FORMATION--Silty clay, clay, minor silty very fine sand. Campanian) in age based on pollen (Wolfe, 1976)'and ammonite fossils Kp2 white, yellow, brown, reddish-yellow, red where weathered, gray where Palynology, v. 3, p. 73-121. sequence stratigl_’aphicfra_mework of the New Jersey Coastal Plain: Geological
TR Vellow brownish-yellow, white, gray, very pale brown, reddish-yellow. As (Kennedy and Cobban, 1994). Grades downward into the Marshalltown - unweathered. White and red colors dominate. Clay beds are as much as 10 feet Society of AmericaBulletin, v. 107, p. 19-37.
much as 90 feet thick. Th’e Kirkv;/ 0od édi ments in the m ap area are within the Formation. thick, sand beds are as much as 50 feet thick. Clay beds are more abundant than Christopher, R. A., 192_32, The occurrence of the Complexiopollis-Atlantopollis _ _ _ SCALE 1:24 000
informal lower member of the Kirkwood Formation (Owens and others, 1998), N _ sand beds. Total thickness of formation is more than 700 feet in map area. May Zone (paynomorphs) in the Eagle Ford Group (Upper Cretaceous) of Texas: Sugarman, P. J., Miller, K. G., McLaughlin, P. P, Jr., Browning, J. V., " O' LMILE
also known as the Alloway Clay in outcrop in the Salem region (Isphording and - MARSHAL!_TOWN_ FORMATION--Glauconitic clayey quartz &and fine- to beasn"_luch gleOO feet thick, based on the lithologic log of a City of Salem test Journal of Paleontology, v. 25, p. 525-541. Hernandez, J., Monteverde, D., Uptegrove, J., Baxter, S. J, McKenna, T. E,, — — y
Lodding, 1969). The lower member is of early Miocene age (22-21 Ma) based medium-grained. Olive to dark gray where unweqthered, brown to ollve-b_rown well drilled in 1935 (well 19 of Johnson, 1961). In subsurface only.The Potomac _ _ _ Andres, A. S., Benson, R. N., Ramsey, K. W., Feigenson_, M._D., leson, R. K., 1000 2000 3000 4000 5000 6000 70|00 FEET
on strontium stable-isotope ratios (Sugarman and others, 1993). Unconformably where V\_/eath_ered. Between 15 and 25 feet thick. Late Cretaceous (middlie Formation in the map area is divided into three informal subunits (Kp3, Kp2, Doyle, JA., and Robb_ms, E.l, 1977, Anglosper_m pollen zonation qf the Brenner, G., and Cobt_)s, G., Ill, 2004, Fort Mott site, in Miller, K. G., 5 0 1 KILOMETER
overlies the Manasguan, Vincentown, and Hornerstown formations. Campanian) in age, _based on r_1annop|ankton (Sugarman and others, 1995). Kpl) based on analyses of pollen from clays sampled in the Fort Mott corehole Cretaceous of the Atlantic Coastal Plain and its application to deep wellsin the Sugarman, P. J.,, Browning, J. V., and others, eds., Proceedings of the Ocean === = ’
Unconformably overliesthe EngllShtOWn Formation. (Sugarman and Others’ 2004) usi ng the p()“en zonations of Doyle and Robbins Sallsbury embayment Palyn0|ogy, v.l, p. 43-78. Drllllng Program, Initial Reports, v. 174AX, P. 1-50. CONTOUR INTERVAL 10 FEET (SALEM QUADRANGLE),
» ; ; (2977). It is not known if the boundaries between the units are unconformities. 5 FEET (DELAWARE CITY QUADRANGLE)
Tmg ('\)/IliczﬁrievlriAAl\g rqucu)ShMaéTﬁl(? fN eethlr?(J: ion:t;glpayﬂ;c; (szt?%;;y) |?] “;/Jef,gil:fe:cné ket | ENGLISHTOWN FORMATION--Quartz sand, fine- to medium-grained, with Unit 3 (Kp3) is of Late Cretaceous (early Cenomanian) age. Unit 2 (Kp2) is Isphording, W. C., and Lodding, W., 1969, Facies changes in sediments of Sugarman, P. J., Miller, K. G., Owens, J. P, and Feigenson, M. D., 1993, NATIONAL GEODETIC VERTICAL DATUM OF 1929

HLYON 3INdL

APPROXIMATE MEAN LOCATION IN

ELEVATION (feet)

VERTICAL EXAGGERATION 10X

Paleocene in age, based on foraminifera (Olsson and Wise, 1987). pyrite and lignite, and traces of glauconite. Late Cretaceous (early Campanian) Coastal Plain of New Jersey and contiguous areas. U. S. Geological Survey DECLINATION, 1993 NEW JERSEY
Unconformably overlies the Hornerstown Formation. ' in age based on pollen (Wolfe, 1976). Grades downward into the Merchantville McKenna, T. E., McLaughlin, P. P, and Benson, R. N., 2004, Characterization Professional Paper 1565-B, 48 p.
Formation. Minard (1965) includes this clay in the Merchantville or MAPSYMBOLS of the Potomac aquifer, an extremely heterogeneous fluvial system in the
HORNERSTOWN FORMATION--Glauconite clay. Olive, green, black where Englishtown formations in the adjacent Woodstown quadrangle, as did Owens Atlantic coastal plain of Delaware: Delaware Geological Survey Open File Wolfe, J. A., 1976, Stratigraphic distribution of some pollen types from the
Tt | unweathered. olive-brown with brown to reddish-brown mottles where and others (1998) regionally. It is mapped separately here because the general Y Contact--Approximately located. Triangle indicates contact observed in outcrop. Report 45, 1 p., 3 pls. Campanian and lower Maestrichtian rocks (upper Cretaceous) of the Middle
westhered. Glauconite occurs primarily in soft grains of fine-to-medium-sand absence of sand beds distinguishes it from the overlying Englisntown Formation Atlantic States: U.S. Geological Survey Professional Paper 977, 18 p., 4 pls.
size, with botryoidal and accordion shapes. Quartz, mica, feldspar, and and the absence of glauconite distinguishes it from the underlying Merchantville TVt Subcrop contact--Contact of Manasquan and Vincentown Formations beneath Miller, K. W., Sugarman, P. J., Browning, J. V., Kominz, M. A., Olsson, R. K.,
phosphatic material also occur as minor constituents. Between 20 and 25 feet Formation. Tma - Kirkwood Formation. Approximately located. Feigenson, M. D., and Hernandez, J. C., 2004, Upper Cretaceous sequences and
thick. Described by drillers as black marl, green marl, or green clay. Early o _ _ _ _ sea-level history, New Jersey Coastal Plain: Geological Society of America
Paleocene in age based on foraminifera (Olsson and Wise, 1987). - MERCHANTVILLE FORMATION--Glauconitic fine-sandy silty clay to clayey e Formation observed in outcrop, excavation, or hand-auger hole. Bulletin, v. 116, no. 3-4, p. 368-393.
Unconformably overlies the Navesink Formation ' silt. Olive, dark gray, black where unweathered, olive-brown to yellowish-
' brown where weathered. Between 15 and 35 feet thick. Glauconite occurs 20.7520®  Well or boring, location accurate to within 200 feet--Number followed by map- Minard, J. P, 1965, Geologic map of the Woodstown quadrangle, Gloucester 9(
NAVESINK FORMATION--Glauconite clay to sandy clay. Localy primarily as soft grains of fine-to-medium-sand size. Sand fraction is chiefly % s unit symbol is depth, in feet below land surface, of base of unit (or total depth of and Salem counties, New Jersey: U. S. Geological Survey Geologic Quadrangle S
fossiliferous, with calcareous shell beds. Olive, green, black where quartz; feldspar, mica, and pyrite are minor constituents. Iron cementation is womvtwell, if last number) as inferred from driller's log or gamma-ray log (indicated = Z a
unweathered; olive-brown to olive-yellow where weathered. Between 15 and 20 common. Late Cretaceous (early Campanian) in age based on ammonite fossils by "G"). Depths may differ from those on map and sections owing to variations o) = oz S
; (Owens and others, 1977). Unconformably overlies the Magothy Formation. 5a s = g g
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