





Cliffwood beds represent distributary channels with a signifi-
cant marine influence.

In summary, many terms have been used to characterize
the paleogeomorphic features and depositional environments of
the Potomac and Magothy formations in and near Delaware. The
scale of the features identified and the precision of termino-
logy has varied. "Delta" has been persistantly used to des-
cribe the general environment of deposition of the Potomac.
Because of the predominance of fluvial, continental features
in the Potomac of Delaware, "delta," which connotes deposition
into a body of water, is somewhat misleading. It is suggested
that the general paleoenvironment represented by the Potomac
in Delaware is an alluvial plain, or more precisely, an
aggrading coastal plain in the sense that term is used by
Galloway (1982).

The transition from nonmarine to marine deposition to
the east must have been an irregular boundary that shifted
through time. "Marine" beds in the sediment complex have
been reported, mostly from wells. The faunas are indicative
of shallow, and even brackish, marine conditions and probably
relate to marginal deltaic and estuarine environments.

AGES

Most age information on the nonmarine Cretaceous rocks
is determined from paleobotanical studies. The earliest of
these emphasized plant fragments and later efforts have
employed palynology. Reducing conditions favor preservation
of woody materials, pollen, and spores, so studies tend to
concentrate on the darker units. However, small lenses of
dark clay seem to be present in sufficient quantities throughout
the section and area to permit general study of the entire
sequence.

The paleobotanical investigations by Berry (1911), Dorf
(1952), Groot and Penny (1960), Groot, Penny, and Groot (1961),
Brenner (1963), Doyle (1969, 1977), Wolfe and Pakiser (1971,
and Doyle and Robbins (1977) are the bases for this discussion
of the ages of the several units. These authors are in agree-
ment that the time interval represented by the rocks from the
basal Potomac through the Magothy straddles the Early/Late
Cretaceous time division. Unfortunately, age assignment to
Early or Late Cretaceous has been used by some to differentiate
between "formations," especially the Arundel and Patapsco and
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the Patapsco and Raritan, a practice that is no longer
acceptable,

The paleobotanists agree that the Potomac Formation
(or group) ranges from Barremian through Albian. Doyle (1969)
suggests that the basal beds may not be older than Aptian and,
together with Groot and Penny (1960), would extend the
sequence into the Cenomanian.

Where the Potomac is subdivisible in Maryland, the
Patuxent Formation is taken by Berry (1911), Dorf (1952),
and Brenner (1963) to be restricted to the Neocomian, although
Doyle finds it somewhat younger, mostly Aptian.

The Arundel was included in the late Neocomian by Berry
and in the Aptian by Dorf. Brenner considers it Barremian-
Aptian and Doyle, Aptian-Albian.

The authors generally agree on an Albian age for the
Patapsco, with Doyle (1969, 1977) indicating it as a bit
younger than the others and extending into the Cenomanian.

The Raritan Formation is considered to be Cenomanian to
Early Turonian.

There appears to be less agreement on the age of the
Magothy than on the other units. Berry (1911) and Richards
(1967) cited as Late Cenomanian-Early Turonian. At the other
extreme, Doyle (1969, 1977) considers it to be Santonian.
Dorf (1952) gives a Coniacian age and Groot, Penny, and Groot
(1961) Late Turonian to Early Coniacian.

All of the units may be considered facies in a single
depositional sequence and, as such, may be expected to be time
transgressive. Not only may ages vary with location, but
the difficulty or inability to distinguish lithologic units
in sampling (Groot and Penny, 1960) adds to the spread in
these age determinations.

A major unconformity lies between the basal Potomac beds
and the crystalline basement of Precambrian or Early Paleozoic
age. At the extreme northern and southern ends of the study
area the "basement" rocks are Triassic red beds (Spangler and
Peterson, 1950; USGS, 1967). The major basal unconformity of
the Atlantic Coastal Plain sequence corresponds to the Fall
Zone peneplain of Appalachian terminology (D. W. Johnson,
1931).
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The Patuxent-Arundel contact is described by Clark and
Bibbins (1897) in a manner suggesting an erosional uncon-
formity; however, the paleobotanical evidence cited above
emphasizes the similarity of the Patuxent and Arundel floras
and none of the paleobotanists has suggested a significant
unconformity.

Berry (1911) indicated a hiatus equivalent to the Aptian
occurring between the Arundel and Patapsco formations.
Brenner (1963) found that the unconformity between the Arundel
and Patapsco is relatively minor. Other paleobotanists have
felt that no break exists or that it is of insignificant
magnitude.

Only Dorf favored an unconformity between the Patapsco
and Raritan formations. However, it is not clear in all
cases whether the writers were dealing with the Raritan that
has been extended through New Jersey, Delaware, and Maryland
or only with the Raritan of northernmost New Jersey. As
explained above the "Raritan" of Maryland is now included with
the Patapsco Formation and must be considered a continuous
unit. The Raritan in the restricted sense appears to be
significantly younger than that of Maryland and lies uncon-
formably on the uppermost Potomac of New Jersey (Doyle, 1969;
Owens and Sohl, 1969).

An unconformity between the Magothy Formation as a tradi-
tional transgressive marine unit and the underlying Raritan
or Potomac Formations is to be expected (Jordan, 1962).
Dorf and Doyle both consider this break to be a hiatus of
considerable length. On the other hand, Groot, Penny, and
Groot (1961) state that it is a minor unconformity.

In the Atlantic Coastal Plain Correlation Chart prepared
for the COSUNA project of AAPG (Jordan and Smith, 1983), the
"Potomac Group (undifferentiated)" of New Jersey and "Potomac
Formation" of Delaware, in outcrop areas, are shown as mid-
Aptian to Lower Cenomanian. In the outcrop areas of Maryland
the Potomac is presented as Barremian to Albian or Cenomanian.
Unconformities are shown at all contacts.

On the same chart, the Raritan Formation of New Jersey
is considered to range from Early Cenomanian to mid-Turonian.
It is not considered to be present in the inner Coastal Plain
of Delaware or Maryland.

The COSUNA chart shows the Magothy of New Jersey ranging
through the Santonian to the lowermost Campanian. In the
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outcrop area of Delaware it is considered restricted to the
uppermost Santonian. In the type area of Maryland it is shown
as mid-Santonian to mid-Campanian. The authors of the COSUNA
chart indicate that the Magothy approximately retains its age
downdip, except that it may be as young as lowermost CAmpanian
in coastal New Jersey. In the deep subsurface of southeastern
New Jersey and coastal Delaware and Maryland the base of the
Potomac is considered to lie in the Jurassic.

SUBDIVISIONS AND CORRELATIONS

The subdivision of the Potomac Formation into the
Patuxent, Arundel, and Patapsco formations in a part of
Maryland has been described, as have the components of the
Raritan and Magothy formations found near Raritan Bay, New
Jersey. The ability to distinguish subdivisions in these
localities is enhanced by exposure and relatively dense well
control. In Delaware, the thick Potomac Formation with its
various sand and clay beds begs subdivision, which would be
advantageous to geologic study, especially to applied hydro-
logy, in order to correlate within the Potomac on a valid and
consistent basis. The great number and similarity of indivi-
dual lenses of sand and clay have, thus far, generally pre-
cluded the identification of units and impeded the correla-
tion of single beds between even closely spaced wells in
Delaware. The basic problems of correlation internal to the
Potomac Formation have been discussed by Spoljaric (1967),
Jordan (1968), and Hansen (1969a, b). Referring to north-
eastern Maryland, Owens (1969, p. 91) found "...There is no
compelling evidence to support a tripartite division within
the Potomac Group."

Spoljaric (1967) studied a small part of New Castle County,
Delaware having comparatively good well control. He constructed
lithofacies maps for seven "slices," based on statistical con-
siderations, of an approximately 900-foot thick Potomac sec-
tion. He concluded that deposition was continuous throughout
Potomac time; that the geometry of the sands is channel-like
and their trends persistent through time; that basement con-
figuration strongly influenced initial deposition; and that
erosion has removed the uppermost Potomac deposits. If ade-
quate control can be provided, this method seems promising
for following specific lithologies within the heterogeneous
sedimentary package.

In Maryland, Hansen (1969a) was able to extend and
correlate subdivisions of the Patapsco Formation by relating
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subsurface geometry to a perspective point based on a method
described by Haites (1963). Both this and Hansen's (1969b)
subsurface correlations of the Potomac Group in southern
Maryland based on interpretations of facies generated by
environmental controls are substantiated by hydrologic data.

Jordan (1968) and Sundstrom et al. (1967) plotted the
occurrences of sand and clay within the Potomac in New Castle
County, Delaware relative to basement datum. Zones of high
and low sand/shale ratios were defined by graphing the per-
centages of wells having sand or clay at a given interval
above basement. Sandy and clayey zones so defined provide
correlation and agree with empirical hydrologic testing of
the aquifers.

At least within northern Delaware, where the Potomac is
heavily used for ground-water supplies, correlation of indi-
vidual bodies of sand or silt for even short distances between
wells is difficult. Marker horizons that might indicate the
internal geometry of the rock mass have not been found. Many
sands of similar lithology are imbedded in a complex, poorly
understood, three-dimensional pattern within a matrix of
rather uniform variegated silt. It is likely that the ori-
ginal architecture of the mass has been modified by compaction,
which should have been differential depending on the sand/clay
ratios of specific columns.

The relationships of the lithostratigraphic units dis-
cussed, as currently understood, is shown in Figure 3. It
does not seem that additional formal lithostratigraphic sub-
division of the Potomac Formation in northern Delaware is
liekly or warranted. However, definition of lithologic zones,
trends, and aquifers through statistical and geometric appli-
cations may be accomplished. It is also probably that greater
age control can be achieved through palynology and that signi-
ficant advances will be made in the interpretation of paleo-
environment.

Care should be exercised, however, to avoid comparison
between formal lithostratigraphic nomenclature and other means
of stratigraphic subdivision.

This study has been restricted to the inner margin of
the Coastal Plain where the stratigraphic terminology has
originated historically from investigations of outcrops and
shallow wells. The rocks identified there as Potomac and
Magothy formations extend far to the east into the deep
subsurface of the Coastal Plain and have equivalents in its
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offshore extension, the Baltimore Canyon Trough. Information
from offshore is adding markedly to knowledge of the strati-
graphy of the entire region. The gap of 200 miles from the
outcrop belt to the sites of recent petroleum exploration is
incompletely bridged with seismic profiles and sparse well
control. Interpretation of information across that gap,

which should be possible because of apparent continuity of
some strata and the genetic relationships of others, offers
promise for development of a regional stratigraphic framework.
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