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STRATIGRAPHY AND DEPOSITIONAL HISTORY OF THE
POST-CHOPTANK CHESAPEAKE GROUP

ABSTRACT

Onshore and offshore geological and geophysical data were
used to investigate the lithostratigraphy, seismic stratigraphy,
and depositional history of the late Tertiary age post-Choptank
Chesapeake Group rocks in Sussex County, Delaware and adjacent
counties in Maryland. The results of this investigation suggest
that the St. Marys(?) Formation and the sandy interval of which
the Manokin aquifer is a part, are distinct lithostratigraphic
units, The Manokin formation is proposed as an informal
lithostratigraphic unit that refers to the sandy interval of
which the Manokin aquifer is a part. On a regional scale, the
section containing the Ocean City and Pocomoke agquifers and
adjacent and intervening confining beds is best treated as a
single undifferentiated lithostratigraphic unit, The Bethany
formation is proposed as an informal lithostratigraphic unit that
refers to this section.

The seismic data suggest that the post-Choptank Chesapeake
Group consists of at least two depositional sequences that are
separate from the underlying older Chesapeake Group and overlying
depositional sequences., The complex internal structure of the
seismic sequences demonstrates that, in Delaware, the
lithostratigraphy of the post-St. Marys{?) Chesapeake Group is
not correlative with its seismic stratigraphy.

The post-Choptank Chesapeake Group was deposited as a wave
and fluvial energy-dominated delta complex. The delta complex
was deposited in three phases. During the first two phases the
delta advanced as two separate lobes onto a shallow marine shelf.
During the third phase, a small basin that formed north of the
first two lobes was filled. The Manokin formation was deposited
in a delta front to lower delta plain setting, probably as wave
reworked distributary channel sands and distributary mouth bars
The Bethany formation was deposited in a locally variable
setting, ranging from delta plain to delta front.



INTRODUCTION
Purpose and Scope

This report documents the results of an investigation of the
post-Choptank Chesapeake Group, defined herein as the 5t.
Marys(?) Formation, and the overlying Upper Miocene Aquifer
Complex as described by Hansen (1981). The Aquifer Complex has
traditionally been subdivided intc the Manokin, Ocean City, and
Pocomoke aquifers, and intervening fine-grained agquitards (see
Table 1). The Aquifer Complex currently supplies water to many
of the coastal communities and is the probable source of water
for future development. An understanding of the geologic
framework will aid future hydrogeologic investigations by more
clearly defining the relationships between aquifers and confining
beds and by identifying potential hyvdrologic boundaries. A map
of the study area with well and seismic line locations is shown
in Figure 1.

Onshore and offshore geologic and geophysical data were used
to investigate the lithostratigraphy, seismic stratigraphy, and
depositional history of the late Tertiary age post-Choptank
Chesapeake Group in Sussex County, Delaware and adjacent counties
in Maryland. The data include three 24-fold common depth point
(CDP) stacked seismic reflection profiles collected for the
Delaware, Maryland, and U. 5. Geological surveys, drill-hole
geophysical and lithologic logs, and published outcrop and
paleontologic evaluations. The combination of seismic and well-
log data provides a perspective of the subsurface not available
from either data set alone.

Previous Investigations

Previous work has largely been water resources oriented and
has focused on the occurrence and availability of fresh ground
water (e.g., Rasmussen and Slaughter, 1955; Sundstrom and
Pickett, 1969; Miller, 1971; Cushing et al., 1973; Weigle and
Achmad, 1982; Hodges, 1984). Geologic data were usually obtained
as a by-product of water resources investigations. As a result
of this emphasis on hydrogeclogy, the core samples necessary for
completing detailed geologic evaluations have not been available,
and much of the geologic knowledge is limited to interpretations
of the distribution of the fresh water-bearing aquifers. This
approcach has evolved a confusing hybrid stratigraphy, in which
units are defined according to hydrologic and lithologic
criteria.



Epoch

Geologic Units
(used in this report)

Hydrologic Units
(Weigle and Achmad,1982)

Unnamed beds of

o
%g marine, estugrine, and
TO continental origin
o I TTTTTTITTITTITTTT]
= s
® | 2| Omar Formation
S| E3
n J .
® go Beaverdam Formation Pleistocene aquifer
C T IITI T I1-——— — — — — — — —
Upper confining bed
Pocomoke aquifer
Bethany formation Lower confining bed
Ocean City aquifer
Lower confining bed
L
S Manokin formation Manokin aquifer
o
[ =
S| St Marys(?) Formation

TITITITIT T ?2CITITTITIT
Choptank Formation

e — S — — — — — — — —

Calvert Formation

O IITT1111TD 7 O11T]
Frederica aquifer

p— ——— — — —— — — — —— — —

Table

1. Geologic and hydrologic

units.



‘deit UOTIEDOT
d¥N NOILYIO01
ANIT JIWSI3S ANV 113M ') 3uneld

DUTT OTWSTaS pue TISM | 2aInbtg

NOILD3S SS0MJZ 40 ANIM yi—iv
ANYANNOE 3JALVIE —--—

£2q Wop

| ]
g2 %q wog
YIANON LNIOJLOHS FOOI
AONY 3NIT JINSIas
002
[ ]
HIANON ONNOE/TITIM 1-uik 09 Paiom ¢ bguos
JNIOd vwivd =
SlBE4  0280%M Sla8g 4
NOILVNY 1dX3 00.5L \ SbeSl
. y mN'va_.,
J »
EFLEYLHS 129400,
e .
U 1M . o sopdim
bom  gailiom
s1ny iom
. INVIANYN
uﬁ;«._uall--'--l.--l..J
i
__ _.__o._n.on
osz 0 T ]
e 22600 i
008 Z-2P o0 __
38NV Te !
oS ‘
-€b 9d
[ ] 1
NYIIO [1e]e]] E-G#od .—
JHLNY TLY 100594 #l-g32d __
NMO138H039 "
1-22P0 _
s ® 2RO !
8 P2 PC m
- | 4 st.8¢
reie vese
. - (4
L1-2 N T PEIN 2-EtroN
N QOOMNZ3N0w
]
P
S3TN G ol s 0 .
[ 2=—aaas = om »-220H

Jamr 130

[
82-51 ¥H




Several recent interpretations of the geoclogy of the
Chesapeake Group are presented in Owens and Denny (1979), Hansen
(1981), Newell and Rader (1982), Kidwell (1984), Ward (1984), and
Mixon (1985}. Woodruff (1977) presents preliminary
interpretations of the seismic reflection data used in this
report. One interpreted marine multichannel seismic reflection
profile used in this report is presented in Weigle and Achmad
(1982). Field (1979) presents the results of a single channel
sparker and acoustipulse seismic reflection investigation.
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METHODS OF INVESTIGATION
General

The principles and procedures of sedimentary basin analysis
presented in Miall {(1984) and Galloway and Hobday (1983) were
used to evaluate the bedding geometry and spatial relationships
within and among lithologic units of the post-Choptank Chesapeake
Group. The approach generates information that can be used to
predict the subsurface distribution and gross textural
characteristics of sand bodies. This information is useful in
ground-water exploration.

Well Log Analysis

Lithostratigraphic units were defined based on the
occurrence of similar geophysical log characteristics and
lithologies both in individual drill holes and on a regional
scale. There was no chronostratigraphic intent in the
designation of the lithostratigraphic units.



Semi-guantitative measurements of shale percentage were
calculated for natural gamma logs from the equations and graph in
Asquith and Gibson (1982, p. 91-95). The 10 percent shale value
was used for separating clean sands from muddy sand. Gamma logs
were checked against lithologic and electric logs to account for
the effects of glauconite, "organic" material, and potassium
feldspar. Sand thickness and sand percentage were calculated for
each log and a sand percentage contour map was constructed for a
selected stratigraphic interwval.

Well log facies were identified as aggradational, erosicnal,
mixed, or progradational using the methods described in Galloway
and Hobday (1983). Idealized examples of log facies are shown in
Figure 2. Log facies are indicative of depositional energy
conditions (Galloway and Hobday, 1983).

Structure contour, isopachous, and sand percentage maps,
cross ections, and well log facies were used to evaluate the
depositional framework of the post-Choptank Chesapeake Group.

Natural gamma radiation logs were the primary sources of well
log data, because the gamma tool is not affected by changes in
water quality as electric logs are; and, they show more detail
than lithologic logs constructed from ditch samples. Hansen
(1981) reports that the St. Marys(?) Formation is a distinct
lithostratigraphic unit, recognizable by a distinctive gamma log
signature and its clayey lithology. Hansen (1981} uses the base
of the St. Marys(?) as a marker horizon because it is one of the
few markers recognizable on a regional scale. For these reasons,
wells with gamma logs that penetrate to the base of the St.
Marys(?) were evaluated first, then shallower wells and wells
with other types of logs (lithologic, electric} were compared to
them, Available core and ditch samples from Delaware were
analyzed for gross textural and lithologic content.

Seismic Stratigraphy

The seismic stratigraphy of the post-Choptank Chesapeake
Group and overlying deposits was based on the analysis of 24-fold
CDP stacked high-resolution seismic reflection data.

Depositional sequences and seguence boundary types were
identified according to the principles and procedures of seismic
stratigraphy outlined by Mitchum et al. (1977b) and Mitchum and
Vvail (1877).
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Figure 2. Idealized well log facies.



Seismic facies were defined for each segquence, interwval
velocities were calculated at several points per line by using
root mean square stacking velocity plots and the Dix equation
(Dix, 1955) and time-to-depth conversions were calculated. The
calculated depths were then used to correlate sequence
boundaries, reflectors and seismic facies with lithologic changes
and formation boundaries in onshore borings. Additionally,
Weigle and Achmad's (1982) picks of formation and aquifer
boundaries on lines GD1 and GD2 were traced northward along line
DS5 and the DGS series lines, and compared with this study.

Seismic Facies Analysis

Information regarding depositional environments and lithology
can usually be inferred from the geometry of reflection packages
and the character of the reflections (Mitchum et al., 1977a}).
Identification of seismic facies and interpretations of deposi-
tional environments are based on the procedures presented in
Sangree and Widmier {1977) and Brown and Fisher (1980).
Lithofacies penetrated in onshore borings compare favorably with
offshore seismic facies, suggesting that there are no major
changes in lithologies and sedimentary facies between the coast
and nearby offshore locations. This allows a comparison of the
two data sets and provides a view of the subsurface not available
from either data source alone.

Reflection amplitude and continuity were subjectively
designated poor, moderate, or high. Amplitude ratings were
judged relative to the range of amplitudes observed in the data.
Continuity ratings were based on the distance a reflection event
can be traced. In this report they were defined as: poor,
continuity less than 2,500 feet (approximately 760 meters});
moderate, continuity between 2,500 and 10,000 feet (approximately
760-3050 meters); and, high, continuity greater than 10,000 feet.

ONSHORE DATA

Stratigraphy and Lithology

Geclogic and hydrologic units are shown in Table 1.
Figures 3, 4, and 5 are cross sections showing the distribution
of the units. It should be noted that, on the Delmarva
Penninsula, the name St. Marys Formation is not acceptable in
strict stratigraphic terms because correlation with the St.
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Marys Formation at its type locality (west of Chesapeake Bay) can
not be rigorously demonstrated., For this reason, Rasmussen and
Slaughter (1957} and Hansen (1981) have defined the fine-grained
beds overlying the Choptank Formation on the Delmarva Peninsula
as the St. Marys(?) Formation.

The name Yorktown and Cohansey Formations(?) has previously
been used for the predominately sandy section between the 35t.
Marys Formation and the Columbia Group (Rasmussen and Slaughter,
1955). Recent work questioned the age equivalency of the
Yorktown Formation and the Cohansey Formation (Owens and Denny,
1979), and appears to show that the Yorktown and Cohansey
Formations(?) is older than, and stratigraphically distinct from,
the Yorktown Formation {Mixon, 1985). For these reasons and
because of new data, the Yorktown and Cochansey Formations(?) is
revised in favor of two new lithostratigraphic units, the Manokin
formation and the Bethany formation. These are considered
informal units pending the availability of a completely cored
section.

In Delaware, the basal lithostratigraphic unit of the post-
Choptank Chesapeake Group is the St, Marys(?) Formation.
Available biostratigraphic data suggest that the St. Marys(?) is
late Miocene in age and is younger than the type St. Marys,
perhaps coeval to the Claremont Manor Member of the Eastover
Formation (Hansen, 1981). At the type locality, the St. Marys
Formation is middle to late Miocene in age (Ward, 1984).

As noted in Maryland by Hansen (1981), the base of the St.
Marys(?) Formation in Delaware is usually characterized on gamma
logs by a sharp clay on sand "kick" (see figures 3-5). The
"kick" is less distinct, but still recognizable close to the
subcrop area (wells Mh41-6, Nc43-2, 0Oel13-1, 0f34-2). Evidence of
a thin phosphatic zone, noted in two Maryland wells by Hansen
{1981), was not observed on any of the Delaware logs.

At the outcrop area, both the Choptank-St. Marys and
Choptank-Eastover contacts have been identified as
disconformities (Gernant et al., 1971; Kidwell, 1984; Ward,
1984). In Delaware, there is no definitive evidence for a
disconformity between the Choptank and St. Marys(?) although this
may be due to the less detailed coverage of well log data.
Alternatively, Newell and Rader {1982) suggest that the
Choptank-St. Marys contact is transitional, and that the St.
Marys is part of the depositional sequence that includes the
Calvert and Choptank formations. It may be that the nature of
the Choptank-St. Marys contact varies within the basin,

12



In onshore borings, the St. Marys(?) consists of fossili-
ferous, glauconitic, and lignitic, gray, olive-gray, and blue-
gray clay, silt, fine sand, and silty and sandy c¢lay. The St.
Marys{?)} appears to contain more sandy beds in updip areas.
Generally, well log facies are characterized by low energy
aggradational facies. Some logs show small scale erosiocnal
and/or progradational facies (mixed facies). Gypsum{?) crystals
have been found in core samples from well 0g31-1. Paleontologic
data suggest that the St. Marys(?) was deposited on a shoaling
marine shelf (water depths of 265 to less than 100 feet, 81 to 30
meters) (Hansen, 1981).

The top of the St. Marys(?) is a 10 to 50 foot (3 to 15
meters) thick coarsening upward (progradational) section that
appears to grade into the Manokin, suggesting that the St.
Marys{?) and Manckin were deposited as part of the same
depositional sequence (see Figures 3-5). In a few wells,
especially in the high sand percentage areas, the transition is
replaced by a sharp sand on clay break, indicating an erosive
contact. The top of the St. Marys(?) is arbitrarily set at the
point in the progradational or erosive section where the
lithology is 50 percent clay/silt, 50 percent sand.

Previous workers have recognized that the Manokin aguifer is
the first major sand unit above the St. Marys(?) Formation
(Rasmussen and Slaughter, 1955; Miller, 1971). A lithostrati-
graphic eguivalent of the Manckin aquifer has not been receognized
west of Chesapeake Bay; however, time equivalents of the Manokin
probably are present west of Chesapeake Bay (Mixon, 1985).
Present information indicates a late middle to early late Miocene
age (Hansen, 1981).

Of the three aquifer units, the Manokin appears to be the
only areally persistent and lithologically distinct unit. The
term Manckin formation is proposed as an informal
lithostratigraphic unit that refers to the sandy interval of
which the Manokin aquifer is a part. The name Manokin formation
is used because the Manokin formation corresponds to the
lithologic section previously defined as the Manokin agquifer by
Rasmussen and Slaughter (1955).

In Delaware, the Manckin formation is predominately gray to
olive-gray, fine to coarse sand, and silty and clayey sand, with
some beds of gravel, and local clay/silt, lignitic, shelly beds.
The Manckin generally consists of a lower progradational section
and an upper aggradational or mixed section. High energy
aggradational facies are more common in updip areas. Low energy

13



aggradational facies become more common in downdip areas.
Paleontologic data indicates that deposition took place in middle
neritic to marginal marine environments (Hansen, 1981).

At most locations, the top of the Manokin formation is placed
at the base of a 5 to 30 foot (1.5 to 9 meters) thick clay/silt
unit. The contact usually is sharp. In a few drill holes
(especially in high sand percentage areas) this clay/silt unit is
absent, and it is difficult to distinguish between the Manckin
and overlying units,

The Ocean City and Pocomoke aquifers occur within a section
of lithologically complex lensing sandy and clayey units which
lie stratigraphically above the Manocokin formation {see Figures
3-5). The Pocomoke aquifer lies stratigraphically above the
Ocean City aquifer {(Hansen, 1981), and has been dated late
Miocene by Owens and Denny (1979). More recent work by Mixon
{1985) in the Accomack County, Virginia-Somerset County, Maryland
area suggests that the Pocomoke aguifer may correlate in part
with the late Miocene Eastover Formation and Pliocene Yorktown
Formation, units he dated on the basis of molluscan assemblages.

As noted in Maryland by Hansen {1981), the Pocomoke and Ocean
City aquifers in Delaware are part of a complex of lensing sandy
and clayey units, and are not discrete sand bodies that can be
regionally correlated. Not only do the sandy units pinch out,
but the number of sandy units is not consistent from drill hole
to drill hole. It is not surprising that there is considerable
confusion in the literature regarding the distribution of the
"Pocomoke and Ocean City aquifers. To avoid this problem, the
Bethany formation is proposed as an informal lithostratigraphic
unit that refers to the rocks containing the Ocean City and
Pocomoke aguifers, and the basal, intervening, and overlying
clay/silt (confining) beds. The name Bethany formation is taken
from its occurrence in the Bethany Beach 7.5 minute topographic
sheet, in well Qj32-14, 125 to 320 feet (38 to 97 meters) below
land surface.

The Bethany formation is a lithologically complex section
characterized by beds of predominately gray blue-gray, or olive-
gray, fine to very coarse sand, interlayered with beds of
predominately gray, olive-gray and blue-gray clay/silt.
Lignitic, glauconitic, oxidized, gravelly or shelly beds are
common. Carbonate (siderite?) concretions are found in many of
the clay/silt beds. The Bethany shows mixed well log facies,
although individual logs may have a greater thickness of
progradational or aggradational facies. 1In general, the Bethany

14



formation contains more clay/silt than the Manokin formation,
indicating overall lower energy conditions. Individual sand or
clay/silt sections range from less than 1 to nearly 40 feet (0.3
to 12 meters) thick, and gamma logs show a characteristic
"sawtooth” pattern indicating frequent changes in energy
conditions. For example, in some drill holes, clay/silt and
gravel are interbedded. Paleontologic evidence indicates that
deposition took place in middle neritic to marginal marine
environments (Hansen, 1981).

The top of the Bethany formation is placed at the base of the
Columbia Group. On gamma logs the contact usually is a sharp
sand on clay trace shift., It is lithologically marked by a
change from the olive-gray or gray, fossiliferous clayey or silty
Pocomoke to the brown non-fossiliferous, poorly sorted sands and
gravels of the Columbia Group. The contact is more difficult to
pick where the upper part of the Bethany is non-fossiliferous,
sandy, or oxidized, or where the basal part of the Columbia is
gray in color and/or fine-grained.

The stratigraphic relationship between the Manokin and
Bethany formations and the overlying Columbia Group is the
subject of considerable debate. Jordan (1974) and Hansen (1981}
argue that the overlying Columbia Group unconformably overlies
the Manokin and Bethany formations. Owens and Denny (1979) argue
that the "Manockin" and "Pocomoke" beds are the marine equivalents
of the Pensauken Formation (equivalent to the fluvial Columbia
Formation). Although conclusive paleontologic evidence is
lacking, the structural and stratigraphic arguments presented by
Hansen (1981) demonstrate that the Columbia Group is younger than
the Manokin formation and the basal clay/silt bed of the Bethany
formation. However, the stratigraphic relationship between the
Columbia Group and the remainder of the Bethany is not as
conclusively demonstrated by Hansen {1981). Similarly, in
Delaware, well log data does not conclusively demonstrate the
stratigraphic relationship between the Bethany and Columbia.

Depositional Framework

Figure 6 is a structure contour map of the elevation of the
base of the St. Marys(?) Formation, Seismic reflection data were
used to extend the structure contours offshore. Figure 7 is an
isopachous map of the St. Marys(?). In general, the St. Marys(?)
is a southeasterly thickening wedge resting on a southeasterly
sloping surface. The increased slope and thickness near Rehoboth
Beach indicate that there are structural complications in this

15
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area. The decreased thickness trend in central Delaware is
accompanied by a thickening of the overlying Manokin and is
suggestive of post-depositional erosion or a facies change at the
top of the St. Marys{?}.

Figure 8 is a structure contour map of the base of the
Manokin. Figure 9 is an isopachous (thickness) map of the
combined Mancokin and Bethany formations. 1In general, the Manokin
and Bethany formations form a southeasterly thickening wedge
resting on a southeasterly sloping surface. The thickness map is
complicated by post-depcsitional erosion. In general, the amount
of missing section is greater along Delaware Bay. An anomolously
thick section trends northwest-southeast from drill hole Nf34-2
to drill hole 0g31-1 and corresponds to a thin area in the
underlying St. Marys(?).

A sand percentage map (see Figure 10) for the combined
Manokin and Bethany interval shows several distinct sand-prone
trends. One is parallel to strike and follows the subcrop of the
Manokin aquifer as mapped by Pickett (1976} and Hansen (1981).
Two dip-oriented "lobes" appear to originate near drill hole
0Oel13-1 and radiate scutheastward and southward. The sand
percentage generally decreases in a downdip direction.
Comparison of Figures 8 through 10 seems to show a .
fluvial/distributary channel system and associated shallow shelf
environments. The lobate pattern is indicative of a wave
energy-dominated delta complex (Galloway and Hobday, 1983}.
Additional well coverage is needed to refine the shape of the
sand prone trends.

QFFSHORE SEISMIC STRATIGRAPHY
AND CORRELATIONS WITH ONSHORE CONTROL

External Form and Gross Correlations

Time-to-depth conversion of seismic reflection data and
projection of the base of St. Marys(?) structure contours to
offshore locations indicates that the base of the 5t. Marys(?)
{i.e., St. Marys(?)-Choptank contact) is represented on the
seismic reflection profiles by a strong areally continuous
positive reflector. This reflector truncates several underlying
reflectors and appears to be a boundary between the underlying
relatively continuous reflectors and overlying generally
discontinuous reflectors. As such, the reflector correlated with

18
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the base of the St. Marys(?) is a depositional seguence boundary.
The nature of the St. Marys(?)-Choptank contact is not apparent.

The gross geometry of the post-Choptank Formation section is
a southward and eastward thickening wedge unconformably overlain
by a complex sheet that thickens toward the north, east, and
south. There are at least three depcsitional sequences within
the section studied (numbered 1-3 in Figqgure 11)., A minimum of
two depositional sequences are present in the post-Choptank
Chesapeake Group. Three subsequences (2a-2c) have been
identified in the upper sequence of the post-Choptank Chesapeake
Group. Additional seismic coverage is needed to determine the
continuity of these subsequences.

Sequence 1, the basal sequence, is thickest in the northern
part of the study area. It thins rapidly at SP 320-400, Line
DGS1, in the vicinity of Indian River Inlet, where the slope of
the upper bounding reflector becomes steeper. The sequence
thickens again to the south and east by divergence of reflectors.
The top of the sequence is well defined in the southern part of
the study area by a moderate to strong positive reflector. In
the area north of Indian River Inlet, the reflector marking the
upper boundary fades in and out, suggesting frequent facies
changes either above or below the boundary. The upper boundary
appears to be concordant except near Indian River Inlet.

Sequence 2 is a southward and eastward thickening wedge. The
boundaries of the subsequences are usually discordant with Figure
11 truncation, toplap- and lapout- (onlap and downlap) type
boundaries (as defined in Mitchum et al., 1977b) present. At
several locations the reflectors bounding the subsequences fade
in and out, suggesting frequent facies changes either above or
below the boundaries.

The base of Sequence 3 truncates underlying reflectors of
Sequences 1 and 2, and marks the upper boundary of the post-
Choptank Chesapeake Group. This surface appears to represent an
unconformity and may correlate with one of the post-Chesapeake
Group age, low sea level stands when drainage extended out onto
the present continental shelf.

Internal Form and Correlations

Time-to-depth conversions of seismic reflection data and
projection of onshore data indicate that Sequence 1 includes the
St. Marys(?) Formation and, in northern areas, the St. Marys(?)-
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Manokin transition. In northern areas, Sequence 2 includes the
upper part of the Manokin and the Bethany formations. 1In
southern and eastern areas, Sequence 2 includes the Manokin and
Bethany and the upper part of the St. Marys(?). Correlations
with onshore well logs and comparison with the structure contour
maps of the base of the Columbia Group in Field (Figure 15, 197%)
and Sundstrom and Pickett (Figure 9, 1969} indicate that Sequence
3 includes the Columbia Group (as defined by Jordan, 1974} and
younger sediments. Sequence 3 appears to truncate the underlying
Chesapeake Group. This indicates that in the coastal area, the
Columbia Group is not the time equivalent of the post-St.
Marys(?) Chesapeake Group as suggested by Owens and Denny (1979},
but rather unconformably overlies the Chesapeake Group.

Data are not detailed enough to distinguish between the
individual units of the Columbia Group and the younger sediments.
Considering the complex post-Chesapeake Group depositional
history of the area, Sequence 3, as recognized here, should
consist of several depositicnal sequences. For example, Field
{1979} recognized four areally continuous reflectors within the
post-Chesapeake section that are not evident in the records
studied for this report.

The complex internal structure of Sequence 2 indicates that
the traditional (hydrologic¢) subdivisions and the
lithostratigraphy of the Aquifer Complex are inadequate for
describing its seismic stratigraphy. Figure 11 shows that the
three subsequences within Sequence 2 (2a, 2b, 2c¢) do not
correlate with the lithostratigraphic units. In fact, the
subsequences can include parts of one, or both of the
lithostratigraphic units and/or parts of the underlying St.
Marys(?) Formation. Additionally, individual subsequences are
not continuous on the regional scale over which the lithologic or
aguifer units have been mapped. For example, Subseguence 2c,
which includes part of the Manokin and Bethany in northern areas,
pinches out to the south. Subsequence 2b, which includes only
about 20 feet (6 meters) of the Manokin at Shotpoint (SP) 380,
Line DGS1, thickens to the south and includes part of the St.
Marys{?) and all of the post-St. Marys(?) Chesapeake Group
section.

Structures

In general, few structures are evident in the post-Choptank
Chesapeake Group. Evidence for normal faults (or warping) is
present on lines DGS2, SP320-360 and 120-150, and DG83, SP101-140
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{one example is shown in Figure 12). These possible faults occur
in the area where structure contour maps indicate structural
complications (see Figure 7}. In general, these possible faults
do not truncate or offset reflectors. It may be that the offset
is beyond the resolution cof the data. These faults appear to
terminate within the post-Choptank Chesapeake Group and
apparently persist down to the pre-Mesozoic basement as mapped by
Benson (1984), suggesting that older basement structures were
active and influenced the location of deposition during the
middle to late Miocene.

Another possible normal fault is shown on Figure 4, This
fault apparently has a greater displacement than those cffshore.
Additional borehole control and paleontologic evaluation is
needed to confirm the existence of this fault and other possible
faults. Coincidently, a linear feature was mapped in this area
on LANDSAT imagery by Spoljaric (1979).

Seismic Facies

There are two seismic facies in Sequence 1 (see Figure
13): variable continuity (high to low), transparent to high
amplitude, and parallel (Type 1-1}); and, variable continuity
{moderate to high), moderate to high amplitude, and parallel to
hummocky (Type 1-2). The hummocky reflectors appear to be thin
progradational sequences. Facies type 1-1 is common in the lower
third of the sequence to the north of the clinoform and
throughout the sequence toc the south of the clinoform. There is
a gradational change between facies located at DGS2, SP101-140,
in the area just north of the c¢linoform.

There appear to be three seismic facies within Sequence 2
(see Figure 13). The dominant type (Type 2-1} exhibits wvariable
continuity (poor to moderate), variable amplitude (poor to
moderate), and hummocky to parallel reflectors. Many of the
hummocky reflectors appear to be cut-and-fill features, while the
remainder appear tc be thin prograding sequences. The second
(Type 2-2) exhibits variable continuity (poor to high), moderate
to high amplitude, and parallel reflectors. Type 2-2 most
commonly occurs in the sections that correlate with the St.
Mary(?) Formation, and on line GD 1 SP 100-200. The third facies
(Type 2-3) is present only on lines GD1 and GD2, SP 200-275 and
150-100 (a distance of approximately 1.5 miles, 2.4 kilometers)
respectively. Weilgle and Achmad (1982) tentatively identify the
feature as a relict island. The feature extends from
approximately 0.125 seconds (within subsequence 2b) to the
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surface, where it forms a bathymetric high. Lateral boundary
types are both concordant and discordant. Discordant boundary
types exhibit toplap, baselap, and onlap. Laterally bounding
facies are Type 2-1 to the west and Types 2-1 and 2-2 to the
east. The base of the feature appears to be discordant, and
could be an erosional surface. Internal reflection
configurations include both high amplitude and parallel, and
moderate amplitude and hummocky. Many of the hummocky reflectors
appear to be cut and fill structures.

The subsequencde gecmetries and complex interfingering of
seismic facies are indicative of a complicated depositional
system that has characteristics of both deltaic and shelf
systems. The interpretation of the data is included in a later
section.

DEPOSITIONAL HISTORY

Well-log and seismic reflection data associated with seismic
Sequence 1 indicate that:

1. The base of the St. Marys(?) (base of Sequence 1) is a
depositional sequence boundary and may represent a non-
depositional hiatus.

2. In general, higher but variable energy, shallower water
(inner neritic}) environments (seismic facies 1-1) were
present in the northern part of the St. Marys(?) basin,
whereas lower, uniform energy, deeper water (middle
neritic) environments (seismic facies 1-2) were present
in the southern part. The St. Marys(?)-Manokin
transition marks the southward progradation of higher
energy deltaic environments over the low energy copen
shelf environments. The section that includes the top
of the St. Marys(?) and basal part of the Manokin was
deposited as part of a time transgressive, continuous
depositional event that becomes younger in a downdip
direction. The St. Marys({?}-Manokin transition occurs
within Sequence 2 in southern areas.

3. Deposition took place in open shelf and prodelta to
delta front (middle to inner neritic) environments.
Sandy sections are probably wave-and current-deposited
sand bodies.
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Well-log and seismic reflection data associated with seismic
Sequence 2 indicate that:

1.

The traditional (hydrologic) subdivisions and the
lithostratigraphy of the post-St. Marys(?) Chesapeake
Group are inadequate for describing its seismic
stratigraphy. It appears that the sandy interval of
which the Manokin aquifer is a part, may be retained as
a lithostratigraphic unit, the Manokin formation. The
lithologically complex section that includes the Ocean
City and Pocomoke aquifers is best treated as a single
undifferentiated lithostratigraphic unit, the Bethany
formation.

In the ccastal area, an unconformity separates the
post-Choptank Chesapeake Group from the overlying
Columbia Group.

Depositional environments varied locally, within a trend
of a southward and eastward increasing water depth. The
subsequence geometries and distribution of well log
facies indicate a complex depositiconal history which
Hansen (1981) referred to as, "complex stratigraphy
suggestive of a locally shifting shoreline" (p. 131).

Deposition apparently took place in wave-energy
dominated delta plain to prodelta {marginal marine to
middle neritic) environments. Sandy sections were
deposited in a wide range of environments that include
distributary channel, shore zone, crevasse splay,
distributary mouth bar, and tidal delta. Seismic facies
2-1 probably is indicative of variable energy inner
neritic to marginal marine delta plain environments,
Seismic facies 2-2 probably is indicative of relatively
lower energy inner to middle neritic delta front to
prodelta environments. The log facies and lithologies
within the Manckin formation that correlate with the
large clinoforms present in Sequences 1 and 2 are
indicative of a wave energy dominated delita front
environment. The areal continuity of the Manokin
indicates reworking by waves and/or currents,

The position of seismic facies 2-3 within Sequence 2
suggests that it was not an island as suggested by
Weigle and Achmad (1982). Internal reflector
configurations indicate fluvial/marginal marine and
marine processes were active throughout deposition. The
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probable depositional environment is a delta lobe that
has been modified by marine processes. This delta lobe
occurs within Subsequence 2b.

4. The deposition of sandy sediments and the locations of
depocenters shifted with time, from the northern Fenwick
Island area (Subsequence Z2a, oldest), to the central
Ocean City area (Subsequence 2b), to the north-central
Delaware Coast (Subsequence 2c¢, youngest). The offshore
projections of the two southernmost sand prone trends
appear to correspond with the thicker parts of
Subsequences 2a and 2b, suggesting that the sand prone
sections extend off-shore. A model of the evolution of
the post-Choptank depositional basin is summarized in
Figures 14a-14¢. During deposition of Subsequences 2a
and 2b the delta advanced southeastward onto a shallow
marine shelf. Maximum advance occurred during
deposition of Subsequence 2b., This event created a
local basin north of the axis of greatest sand
accumulation. Subsidence of this area due to faulting
may have contributed to the development of the basin.
The basin was filled during deposition of Subsegquence
2C.

Table 2 lists the seismic facies associated with the
depositional sequences.

CONCLUSIONS

This report presents the results of an integrated study of
the post-Choptank Chesapeake Group. The combination of onshore
geophysical and lithologic well logs and nearshore multichannel
common-depth-point seismic reflection data provide a view of the
subsurface not available from either data set alone.

The results of this investigation suggest that the St.
Marys(?) Formation and the sandy section that includes the
Manokin aquifer may be retained as lithostratigraphic units. The
Manokin formation is proposed as an informal lithostratigraphic
unit that refers to the sandy interval of which the Manokin
aquifer is a part. The section that includes the Ocean City and
Pocomoke aquifers and adjacent and intervening confining beds is
best treated as a single undifferentiated lithostratigraphic unit
for regional studies., The Bethany formation is proposed as an
informal lithostratigraphic unit.
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Table 2. Sequences, Seismic Facies, and Depositional Environments.
Sequence Unit Seismic Facies Depositional
Environment
1 St.Marys(?) 1-1. Transparent to Low energy,
high amplitude, prodelta, delta
paraliel, front, mid- to
inner-shelf,
St.Marys(?)- 1-2. Variable con- Variable energy
Manokin tinuity, moderate inner shelf to
transition to low amplitude marginal marine
parallel to hum- - delta front to
mocky. delta plain,
2 Manokin and 2-1. Variable contin- Variable energy
Bethany uity, low to mod- mid-shelf to
formations erate amplitude, marginal marine

2-2.

2-3.

parallel to hum-
mocky.

Variable con-
tinuity, medium to
high amplitude,
parallel,

Mounded.
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The interpretation of seismic data shows that the post-
Choptank Chesapeake Group consists of at least two depositional
sequences which are separate from the underlying (older
Chesapeake Group) and overlying (Columbia Group) sequences. The
complex internal structure of the upper sequence demonstrates
that the lithostratigraphy of the post-St. Marys(?) Chesapeake
Group is not correlative with its seismic stratigraphy.

The integrated interpretation of onshore and offshore data in
the context of depositional history and envirconments suggests
that the post-Choptank Chesapeake Group was deposited as a wave
and fluvial energy-dominated delita complex. The delta complex
was deposited in three phases. During the first two phases the
delta advanced onto a shallow marine shelf, During the third
phase a small basin, which formed north of the first twc lobes,
was filled. The Manokin formation was deposited in a delta front
to lower delta plain setting, probably as wave reworked
distributary channel sands and distributary mouth bars. The
Bethany formation was deposited in a locally variable setting
ranging from delta plain to delta front.

The results of this investigation are applicable to other
projects in Sussex County. They will have direct application to
water resources exploration and planning. Additionally, the
depositional model can be a starting point in the geological
evaluation of the Columbia Group.

Before the stratigraphy and depositional history of the
post-Choptank Chesapeake Group can be fully understood, further
work, especially biostratigraphic investigation, is needed to
refine the ages and range of depositional environments present.
Additional seismic coverage is needed to further define sequence
geometries and boundary types, and to define the seismic
stratigraphy of the post-Chesapeake Group sediments.
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