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The tra ce of the ances tral Susquehanna River 8Cf088 the modern coast line has been displaced over 40
km sout hward since the middle Pleistocene. High -resolut ion seism ic reflect ion data (rom the inner shelf
suggest that sub merged-channel fill is respons ible for at least three "ti me-lagged" cban nelshift ing events
during regressive parte of Pleistocene eustatic cycles.

Tradit ionsJ models for tidsJ -inlet shift are dependent on migrating spit platfo rms that progressively
till a port ion of th e updrift side of a channel and directly force excavation of an equ ivalent portion of
material from th e downdr ift side . Chan nel migration results in 8 continuous broad chan nel-scar repre
senting the integrated posit ions of chan nels at t ime scsJes of 10' to 10' yean.

Seismic data adjacent to the southern Delmarva Peninsula illustrate four separate Plei stocen e lowstan d
pathwsys for th e ancestral Suaquehanna River. Although regional spi ts have migra ted between th ese
pathways, th ere is no evidence of continuous chan nel migrati on between the channe l traces. T he mech
an ism for chan nel shift ing was glacio-euataticelly cont rolled, and occur red at time intervals of ICY' years .
Chan nel sh ift ing was operative during early regression when fluvial channels were not confined to the ir
previous anteced ent lowstand channe ls and jumped laterally to new locat ions.

Time-lagged chan nel sbifts are indire ctly forced by spit growth during major highstand events and
widespread regional600ding. During these events, the ancestral Susq uehanna River was no longer confined
to its fluvisJ valley but apr..d into broad ancestral Cbesa peake Baya formed in th e drowned Chesa peak e
Baain. Est uar ine sedi ments. migrating spit pla tforms, and bay-entrance shosJs filled the drowned fluvial
chann els in th e s..ward parts of the ancestrsJ bays. Dur ing eubeequent regressions. th e hays shrunk and
th e flow of th e ancestrsJ Suaquebanna River jum ped to adjacent t idal- flushed pathw ays and subseq uently
drained to the shelf edge.

Durin g late Pliocene and ear ly Pleistocene lowstan ds, at least sis major rivers drained across the
Chesa peake B..sin,Time -lagged channe lshifts and stre am captu res have progressively reduced th e num ber
of dra inways leaving the basin. Dur ing the most recent Stag e 2 lowstan d. only two or possibly three
drainways may have crossed the entrance of the Chesa pea ke Basin .

ADDITIONAL INDEX WORDS: Paleochanne l.. Quat erTUJry st ratigraphy, seismic st rat igraphy . Ches
ap eak e Bay, Susquehanna River, chanMI migra tion.

INTRODUCTION

The Chesapeake Basin

The Chesapeake Basin is an informal geograph
ic name given to a broad depression associated
with the modern Chesapeake Bay and the lower
reaches of the watersheds that drain into th e bay
(Figure 1). The modern Susquehanna River en
ters the basin at the northern end , has the largest
watershed of the six rivers emptying into the basin
( ~ 70,000 km": MIXON, 1985), and supplies the
greatest volume of river runoff to the system. Ma
jor rivers draining into the western side of the
basin include the Patuxent, Potomac, Rappahan
nock, York and James. The eastern side of the
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basin is fed by smaller watersheds on the Del
marva Peninsula. The drainage divide on the Del
marva Peninsula is offset to the northeast side of
th e penin sula. Consequently, over 70% of the sur
face drainage is southwestward toward the axis
of the Chesapeake Basin (see OERTEL and KRAFT,
1994). The major river s draining southwestward
from th e Delmarva Peninsula are the Chester ,
Choptank, Nanticoke, Wicomico and the Poco
moke.

During the Pliocene, an early Chesapeake Basin
was located in the Salisbury Embayment (WARD,
1985) of th e subsiding Baltimore Canyon Trough.
The northeastern boundary of the basin was
formed by deltas of the an cestral Susquehanna
and Delaware Rivers (Figure 1; RAMSEY, 1992).
Deltaic lobes of these rivers spread across the
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Figure 1. Map of the middle Atlantic region illustrating the location of the late Pliocene to early Pleistocene Chesapeake Basin.
The Chesapeake Basin is located within the broader confines of the Cenozoic/Mesozoic Salisbury Embayment. The boundaries of
the Chesapeake Basin are defined by the Fall Line to the west, and by Pliocene deltaic depocenters (idealized in figure) to the
northeast and southwest.

northern part of the Salisbury Embayment and
extended into Delaware and southern Maryland
forming the core of the northern Delmarva Pen
insula (RAMSEY, 1992). MIXON (1985) suggested
that the Tunnels Mill Member of the Yorktown
Formation may have been the pro-delta and del
ta-front deposits of these highstand facies. The
southern margin of the basin was offset further
to the west and formed by Pliocene fluvial deltaic

systems southwest of the James River. During
several Plio-Pleistocene highstand events, the
Chesapeake Basin was repeatedly flooded forming
broad embayments that had relatively wide open
ings to Pliocene and Pleistocene seas.

Although highstand deltaic deposits and re
gional uplift helped define the margins ofthe early
Chesapeake Basin, the present basin is mainly an
erosional feature (MIXON, 1985). During the Pleis-
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tocene, transgressions deposited coastal and shal
low-marine deposits that were subaerially altered
during intervening regressive events. Lowstand
exposures of the Chesapeake Basin during the
Pliocene and Pleistocene caused reduction in the
elevation of the basin surface through the mat
uration and development of the numerous water
sheds.

The Pleistocene evolution of the southern Del
marva Peninsula illustrates how alternating gla
cio-eustatically controlled transgressions and re
gressions affected stratigraphy and drainage
evolution within the basin. The southern Del
marva Peninsula is the narrow southern part of
the peninsula primarily located south of the
Maryland-Virginia state line . MIXON (1985) de
scribed how highstand erosion of deltaic/marine
deposits (possibly Beaverdam Formation?; GROOT
et al., 1990) at .the northern part of the peninsula
resulted in southward spit growth that built the
southern part of the peninsula. Mixon 's findings
were based on an extensive set of drill logs from
the Delmarva Peninsula. High-resolution seismic
data from the Chesapeake Bay allowed COLMAN
and HOBBS (1987), COLMAN et al. (1988), COLMAN
and HALKA (1989), and COLMAN et al . (1990) to
reconstruct Pleistocene fluvial drainage patterns
beneath the Chesapeake Bay floor. MIXON (1985)
and COLMAN and MIXON (1988) indicated that the
highstand spits which formed the core of the
southern Delmarva Peninsula may have altered
the courses of the Susquehanna River during sub
sequent lowstands.

Susquehanna Drainage History

COLMAN and MIXON (1988) provided the ground
work for our investigation by tracking buried flu
vial channels beneath the axis of the Chesapeake
Bay and correlating them with buried channels
interpreted from drill logs of the southern Del
marva Peninsula. They suggested that traces of
three buried channel systems correlated with two
buried channels under the southern Delmarva
Peninsula and with one partially filled channel
beneath the northern side of the Chesapeake Bay
mouth (Figure 2). The channels were all believed
to be ancestral channels of the Susquehanna Riv
er that had been displaced southward during suc
cessive Pleistocene glacio-eustatic cycles. In the
COLMAN and MIXON (1988) model, the Exmore
paleochannel was the northernmost channel in
cised during Stage 8 or 12 (Figure 2a). During
highstand Stage 7 or 11, the channel was subse-

quently capped by the "Accomack spit" (Figure
2b). This left the Stage 6 lowstand drainage of
the Susquehanna to be diverted southward around
the distal end of the Accomack spit forming the
Eastville paleochannel (Figure 2c). The following
Stage 5e highstand produced the Nassawadox spit
(MIXON, 1985) which forced subsequent lowstand
drainage (Stage 2) of the Susquehanna River to
flow through the Cape Charles paleochannel at
the northern end of the modern Chesapeake Bay
mouth (Figure 2d and 2e). During the late Ho
locene, spit growth at the southern tip of the
southern Delmarva Peninsula (Figure 2f) is be
lieved to have displaced the modern tidal-flushed
Chesapeake Channel from its original location
above the axis of the Cape Charles paleochannel
to a location 12 km southward (COLMAN and
MIXON, 1988; COLMAN et al., 1988; COLMAN et al.,
1992). This latter mechanism of tidal-channel dis
placement within a flooding paleovalley is similar
to traditional mechanisms of continuous spit forc
ing formerly described by GILBERT (1885) and
SHEPARD (1960).

Mechanics of Channel Shift by Spit Forcing

The COLMAN and MIXON (1988) and COLMAN
et al. (1988) model for the southward shift of the
Susquehanna River paleovalleys during Pleisto
cene highstand events is dependent on the south
ward progradation of the Accomack and Nassa
wadox spits. They believed that the southward
progradation of the barrier-spit system was the
result of nearshore sand transport in a strong
southward littoral system that flowed along the
east coast of the Delmarva Peninsula (COLMAN et
al., 1988). COLMAN and MIXON (1988) and COLMAN
et al. (1988) also suggested that during the present
highstand, a strong littoral drift system caused
the upper tidal part of the Cape Charles paleo
channel to be displaced 12 km south to the mod
ern Chesapeake Channel. During the two previous
highstands, channel shifting by spit forcing was
not an important mechanism.

The "traditional" mechanism of inlet-channel
shift by prograding spits (at time scales of l()O
102 years) has been known for over a century (GIL
BERT, 1885). SHEPARD (1960) illustrated how long
shore sediment drift caused the accumulation of
sediment on the updrift side of an inlet which
produced spits that prograded into the inlet.
Large-scale spit progradation is dependent on high
rates of longshore sediment transport that are
rapidly reduced at zones of decreased transport
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Figure 2, COLMAN-MIXON MODEL for the geologic evolution of the southern Delmarva Peninsula and migration of the Sus 
quehanna River (modified from MIXON, 1985; COLMAN and MIXON, 1988; COLMAN et al., 1990). (a) Stage 12 lowstand drainage path
of the Susquehanna River along the northern margin of the Chesapeake Bay and through the Exmore paleochannel in the southern
Delmarva area . (b) Stage 11 highstand development of the Accomack spit across the northern part of the entrance to the Chesapeake
seaway. (c) Stage 6 lowstand drainage path of the Susquehanna River along the central axis of the Chesapeake Basin and through
the Eastville paleochannel in the southern Delmarva area . (d) Stage 5e highstand development of the Nassawadox spit across the
central entrance area of the Chesapeake seaway. (e) Stage 4-2 lowstand drainage of the Susquehanna River through the Cape Charles
paleochannel in the south central entrance area of the Chesapeake Basin. (f) Modern tidal drainage of the Chesapeake Bay.

Figure 3. Spit-fill model for channel migration modified after
GILBERT (1885) and SHEPARD (1960). Spit fill on the updrift
side of a tidal or fluvial channel directly forces downdrift chan 
nel migration to maintain equilibrium erose-sectional area .

competence, at estuarine embayments and coastal
inlets. As spit platforms fill the updrift side of an
inlet channel, the cross-sectional area of the inlet
channel is initially reduced, but ultimately an
equilibrium cross-sectional area is maintained as
the inlet throat migrates downdrift (Figure 3),
The cross-sectional trace of the filled channel is
always wider than the actual width of the active
inlet channel (HOYT and HENRY, 1967; MOSLOW
and TYE, 1985; OERTEL et al., 1991). The spit
forcing mechanism operates at short time scales
(10°-10 2 years) when fluctuations in sea level are
relatively minor. However, it requires a relatively
continuous and large supply of littoral sediment,
often from major headlands.

MIXON (1985) and COLMAN and MIXON (1988)
illustrated that the Accomack and Nassawadox
spits overlie the Exmore and the Eastville paleo-

Scour wall of
active channel Scour weU 0'

original channel
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channels, respectively, beneath two separate ar
eas of the southern Delmarva Peninsula (Figure
2). MIXON (1985) illustrated that the channels
were primarily filled with fluvial and estuarine
deposits and that paleospit sands were deposited
above the filled paleochannels. Therefore, the
COLMAN and MIXON (1988) stratigraphic model
requires a mechanism for channel migration which
produces fluvial-estuarine-spit channel fill prior
to capping by spit facies.

Mechanics of Channel Shift by Coastal
Inundation

The time-lagged mechanism for channel shift
ing operates at much larger time scales (10" years,
during the Plio-Pleistocene), than the spit-forcing
mechanism (100 to 102 years). The mechanics of
shift are controlled by glacially induced sea-level
fluctuation , not sediment supply per se, as in the
traditional spit-forcing model.

Glacio -eustatic changes serve to drastically
modify sediment supply and provenance and the
timing of erosional and depositional processes.
During lowstand, fluvial-channel entrenchment
occurs in response to base-level lowering and
channel infill is minimal to absent. During trans
gression, fluvial and estuarine sediments initially
accumulate in the channel. Small-scale spits at
estuary-entrance margins move sediment from in
terfluves into shoaling estuary entrances where
tidal channels migrate or fill. When interfluve ar
eas are flooded, tidal flow through estuary en
trances is no longer confined to the antecedent
fluvial channels and forcing by marginal spits
ceases. If sediment from a major headland source
ii.e., an eroding deltaic headland) is available dur
ing highstand, then a regional spit may cap the
fluvial-estuarine channel fill facies and force a
much shallower tidal channel to migrate over the
interfluve. MIXON (1985) has illustrated that this
has occur red at the Eastville and Exmore paleo
channels beneath the southern Delmarva Penin
sula . COLMAN and MIXON (1988) used the spit
clinoforms in the upper part of the Cape Charles
paleovalley to illustrate recent tidal channel forc
ing at the Chesapeake Bay mouth. During sub
sequent regression, renewed fluvial entrenchment
of the tidal channel provides a pathway for cap 
tured drainage.

The purpose of this research was to investigate
the seaward side of the southern Delmarva Pen
insula and determine how the seismic record of
channel distribution and fill could be used to in-
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Figure 4. Location of geophy sical survey lines on the shoreface
and inner shelf seaward of the southern Delmarva Pen insula .
Data collected by S H IDI;L ER et al. (1984) are indicated by dashed
lines. Lagoonal marshes indicated by stippled pattern. Barrier
islands on the seaward side of the lagoons indicated by solid
black pattern . Bars labell ed A, B, and C refer to seismic reflec
tion profiles shown in Figure s 6, 7, and 8, respectively.

terpret mechanics of channel shift related to sed
imentary and morphodynamic processes.

METHODS

The Quaternary record east of the Delmarva
Peninsula was primarily developed from high-res
olution, seismic-reflection profiles (Figure 4) , The
seismic data were collected using a GeopulseS
boomer system generally run at 175 J, fired at
0.25 s intervals and band-pass filtered between
750 and 2000 Hz. Loran C with first-order cor
rections was used for navigation during the sur
veys. Approximately 1,000 kilometers of track were
surveyed adjacent to the southern Delmarva Pen
insula. In addition, approximately 90 km of sin-
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RESULTS

The Quaternary stratigraphy beneath the floor
of the coastal barrier lagoons and inner continen
tal shelf illustrates two major filled-channel sys
tems and associated buried interfluve surfaces.
MIXON (1985) described a buried channel that
crossed t he southern Delmarva Peninsula near
Eastville, Virginia, as the "Eastv ille paleo chan
nel". Our seismic profiles illustrate a large buried
paleochannel (Pel; Pleistocene Eastville lowstand
unconformity) located seaward of the Eastville
paleochannel which we believe to be the seaward
extension of the Eastville drainage system. This
portion of the Eastville paleochannel appears be
neath the floor of the coastal barrier lagoon just
north of the town of Oyster and can be traced in
an east-southeast direction crossing the outer bar
rier coastline beneath Wreck and Myrtle Islands,
and then out beneath the continental shelf (Fig
ure 5; FOYLEand OERTEL, 1992). Under the coast
al lagoon and inner continental shelf, the paleo
channel trace becomes sinuous with four gentle
meanders. Seaward of Myrtle Island, the paleo 
channel trace abruptly changes trend and heads
eastward. The paleochannel has an average width
of approximately 3 km and has an axial depth
which ranges from 55 to 62 m (below present msl
datum). The relief of the pale ochannel (between
its relict interfluve surface and thalweg) averages
30 m. Reflectors within the paleochannel cross 
section occasionally indicate a seismically noisy
(high-amplitude and discontinuous reflections)
lower fluvial unit (Seismic Facies I). Generally,
however , an estuarine facies (Seismic Facies II;
Figure 6) is present, overlain by an upper unit
containing inclined reflectors indicating a pro
grading-fill sequence from south to north (Seismic
Facies III ; Figure 6). A major ravinement (P,,;
Pleistocene transgressive ravinement) lies direct 
ly above the fill sequence of the Eastville paleo
valley and has been traced laterally throughout
the study area.

MIXON (1985) also described a buried channel
that crossed the southern Delmarva Peninsula
further north near Exmore, Virginia, as the "Ex
more paleochannel". Seismic profile data from our
study indicate that the Exmore paleochannel ap 
pears below the floor of the coastal barrier lagoon
near the northern part of Upshur Neck and ex
tends in a southeast direction, crossing the outer
barrier coastline beneath northern Hog Island
(Figure 5). Under the seaward part of the coastal
lagoon and inner continental shelf, the paleo -
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gle-channel seismic-reflect ion data collected by
SHIDELER et al. (1984) were reinterpreted in this
study. In the shore-normal direction, the study
area extended from the landward margin of the
coastal barrier lagoon (approximately 12 km wide),
to approximately 26 km seaward of the outer
coastline formed by the barrier islands. In the
shore-parallel direction, the study area was from
Middle Ground Shoal in the northern Chesapeake
Bay entrance to Quinby Inle t at the north end of
Hog Island, Virginia. Water depth above the inner
continental shelf along the outer part of the study
area reached approximately 20 m. In the labo 
ratory, major reflectors were mapped over the
study area and relative ages were determined by
the relationships of truncated beds at unconfor
mities.

Figure 5. Map showing the locations of the Exmore (Ex), Belle
Haven (BH), Eastvill e (Ev) and Cape Charles (CC) paleochannel
tra cts as ident ified in this study. Exmore and Easville paleo
channel locations benea th the axis of th e southern Delmarva
Peninsula based on MIXON (1985) and COLMAN et al. (1990).
Geographic features referred to in text are: Inner Middle Ground
Shoal (IMGS), Middl e Ground Shoal (MGS), North Chan nel
(NC), Nautilus Shoal (NS). Accomack and Nassawadox high
stan d spits indicated by scarp-bounded units (1) and (2), re
spectively. Lagoonal marshes are not shown.
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Figure 6. Uninterpreted (A) and interpreted (B) versions of seismic-reflection profile A, from South Bay,landward of Wreck Island.
Figure s show the Eastville paleochannel, containing Seismic Facies II (estuarine deposits ) and overlying Seismic Facies III (estuary
entrance spit fill). Pel = Plei stocene Eastville lowstand erosional surface; Ptr = Pleistocene transgressive ravinement surface; Hb
= late Wisconsinan lowstand erosional surface (basal Holocene reflector ). Seismic Facies I (fluvial fill) was not preserved. Location
of profile shown in Figure 4.

channel trace is sinuous with three broad mean
ders. The seawardmost part of the paleochannel
trace heads off in an east-northeast direction. The
paleochannel has an average width of 4.5 km and
the thalweg depth (below present msl-datum)
ranges from 50 to 70 m and relief averages 25 m.

Incl ined reflectors within the valley fill show a
dominantly south-to-north fill pattern that over
lies a subhorizontal-parallel reflector pattern
(Seismic Facies III and II, respectively; Figure 7).
The seismic reflectors repre sentin g the Exmore
surface and paleochannel (Pxl; Pleistocene Ex-

J ournal of Coastal Research , Vol. 11, No. 3, 1995
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Figure 7. Uninterpreted (A) and interpreted (B) versions of seismic reflection profile R. from the inner shelf seaward of Cohb
Island . Figures show the Exmore paleochannel . contain ing Seism ic Facies II (estuarine deposits) and overlying Seism ic Facies III
(estuary-entrance spit fill). Pxl = Pleistocene Exmore lowstand erosional surface; Pel = Ple istocene Eastville lowstand erosion al
surfa ce; Ptr = Pleistocene transgressive ravinement surface; Hb = late Wisconsinan lowstand erosional surface; Hr = Holocene
ravinement surface; MI = seabed first -order multiple. M2 = seabed second-order multiple . Seismic Facies I (fluvial fill) was not
preserved . Location of profile shown in Figure 4.
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more lowstand), and channel-fill succession, have
been extensively truncated by the overlying East
ville unconformity surface (p.l ) .

Our seismic profiles have also revealed a paleo
channel (here named the Belle Haven paleochan
nel) that has not been described previously. Geo
graphically, it is located between the Exmore and
Eastville paleochannels. This paleochannel runs
diagonally from the southern part of Upshur Neck,
south-southeast across the lagoon and crosses the
barrier coastline at the north end of Cobb Island
(Figure 5). Below the inner shelf, the paleochan
nel continues southeastward and is truncated by
(and enters) the Eastville paleovalley approxi
mately 10 km seaward of Wreck Island. The pa
leochannel has an average width of 4 km and the
thalweg depth (below present msl-datum) ranges
from 36 to 55 m. The paleochannel relief averages
20 m. Beneath Hog Island Bay, inclined reflectors
within the channel fill show a south-to-north fill
pattern (Seismic Facies III). We feel that the Belle
Haven paleochannel provides a key piece of in
formation needed to understand the mechanics
of stream transfer between the Exmore and East
ville drainage systems.

Seismic profiles also reveal a fourth paleochan
nel, the Cape Charles paleochannel (COLMAN and
Mrxox, 1988; COLMAN et ai. 1990), at the Ches
apeake Bay entrance. The trace of the paleo
channel runs southeastward along the west side
of the southern Delmarva Peninsula in a large arc
that bends gently eastward and then northeast
ward below the seabed to the south and east of
Fishermans Island (Figure 5). At the seawardmost
side of the study area, the channel trends north
northeast at a bearing that would produce an in
tersection with the Eastville paleochannel about
40 kilometers seaward of Wreck Island. The basal
Holocene reflector (Hj}, representing the floor of
the filled channel and its associated interfluve
surface, truncates both the regional Pleistocene
ravinement (P,,) and the Eastville lowstand sur
face (P .I) (Figure 8). Within the baymouth, the
southern flank of the Cape Charles paleochannel
slopes upward to an interfluve about 13 m above
the channel floor. This interfluve was probably
originally at a higher elevation prior to tidal scour
ing during Holocene marine flooding . The channel
has a width in excess of 6 krn, and the thalweg
depth (below present msl-datum) ranges from 38
to 50 m, Paleochannel relief (compared with
northern interfluve elevation) averages 25 m. Seis
mic facies in the buried channel consist of poorly

preserved lower fluvial facies (Seismic Facies I),
and an estuarine succession (Seismic Facies II),
which have filled the channel to within 6 m of the
interfluvial surface. Seismic Facies II is discon
formably overlain by clinoforms of estuary-en
trance spits (Seismic Facies III) , whose reflectors
dip southward and bayward. This unit has filled
the remaining upper 13.5 m of the channel and
has migrated across the interfluvial surface to the
south (also see MEISBURGER, 1972; COLMAN et al.,
1988). An uppermost unit (Seismic Facies IV; not
seen in the Exmore, Belle Haven, and Eastville
paleochannels), varies in thickness from 0 to 11
m and is believed to represent deposition at mod
ern estuary-entrance shoals (e.g., Nautilus Shoals
and Middle Ground Shoals). Seismic Facies IV
appears best developed downdrift of Nautilus and
Smith Island Shoals, and is more discontinuous
offshore due to shoreface scour. To the west, in
the Chesapeake Bay mouth just seaward of North
Channel, Seismic Facies IV is truncated locally
by tidal scour, and Seismic Facies III crops out
on the Chesapeake Bay floor.

A fifth paleochannel (tentatively named the
Middle Ground Shoal paleochannel) is a minor
fluvial channel located between the Cape Charles
paleochannel and the modern Chesapeake Chan
nel. This paleochannel is approximately 1 km wide
and correlates with "Channel B" illustrated in
MEISBURGER (1972), and has also been identified
by COLMAN and HOBBS (1987). The Middle Ground
Shoal (MGS) paleochannel has fill facies similar
to those described above for the Cape Charles
paleochannel. Seismic Facies IV is represented by
a discontinuous (locally scoured by tidal currents)
3 to 6 m thick sequence of the modern Middle
Ground Shoal complex that caps the Middle
Ground Shoal paleochannel and extends south
ward to the margin of the modern Chesapeake
Channel.

INTERPRETATIONS

The development of the Accomack and Nas
sawadox spits has had a major influence on the
pathways of fluvial systems draining from the
Chesapeake Basin. However, sea-level elevations
during the respective highstand events may have
had an equally important impact on the mechan
ics of channel fill and migration.

Interpretations of our seismic profiles from the
seaward side of the southern Delmarva Peninsula
concur with those of COLMAN and MIXON (1988),
in that the Exmore, Eastville and Cape Charles
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Figure 8. Uninterpreted (A) and interpreted (B) versions of seismic reflection profile C, from th e inner shelf seaward of the
Chesapeake Bay mouth. Figures show the Cape Charles paleochannel, conta ining Seismic Facies III (estuary -ent rance spit fill). Pel
= Pleistocene Eastville lowstand erosional surface; Ptr = Pl eisto cene transgressive ravinement surface; Hb = late Wisconsinan
lowstand erosional surface; Ml = seabed first -order multiple. M2 = seabed second-order multiple. Seismic Facies I (fluvial fill) and
II (estuar ine deposits) were obscured by gas. Location of profile shown in Figure 4.

paleochannels were discrete fluvial valleys. How
ever, east of the axis of the southern Delmarva
Peninsula, the direction of tidal-channel migra
tion within the Eastville, Belle Haven , and Ex
more paleochannels (based on apparent dips in

Seismic Facies III) was from south to north. The
only evidence of southward channel migration was
in the upper "t idal" section of the Cape Charles
paleochannel beneath the modern Chesapeake Bay
entrance. Inclined reflectors of Seismic Facies III
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in the Cape Charles paleochannel originate on the
northern margin of the paleochannel, near Nau
tilus and Smith Island Shoals, and record a south
ward lateral migration over estuarine deposits of
Seismic Facies II. These clinoforms do not reach
the modern seabed, but are capped by low-angle
beds of Seismic Facies IV. Using the maximum
elevation of Seismic Facies III (-12.6 m), and a
Holocene sea-level curve for the Chesapeake Bay
(COLMAN et al., 1992), we calculated that the spit
prograded over the bay-mouth interfluve about
6,500 BP when sea level was at about -10 m
(relative to modern sea level). Thus, during initial
stages of paleochannel fill by Seismic Facies III,
the paleocoastline was approximately 15 km off
shore and coincident with the present location of
Smith Island Shoals (Figure 5). The clinoforms
of Seismic Facies III were probably not formed
by local spits at the margins of the Cape Charles
paleochannel since they forced the paleochannel
to migrate 2 to 3 km southward before filling.
Seismic Facies III probably resulted from a large
continuous supply of sediment from the Smith
Island Shoal shoreline. The channel was subse
quently filled and abandoned, and the spit mi
grated southward across the interfluvial surface
where it also capped the MGS paleochannel. The
filled part of the Cape Charles paleochannel lies
under the shoreface east and south of Fishermans
Island. Bayward of Fishermans Island, the chan
nel is still open, and is designated as North Chan
nel on modern navigation charts (e.g., NOAA chart
12221). The North Channel is an active conduit
for inlet tidal currents.

Our ideas for the origin and evolution of the
three paleochannels beneath the southern Del
marva Peninsula involve limited forcing by small
spits on channel margins during transgression,
followed by continued sea-level rise causing in
terfluve submergence. The submerged channels
and interfluves are subsequently capped by re
gional spits (with large headland sources) that
migrate over both surfaces during highstand. A
subsequent regression causes fluvial drainage to
follow the topographically low areas downdrift of
the regional spit. The mechanism requires rela
tively large fluctuations in sea level which are as
sociated with glacio-eustatic events, hence the term
"time-lagged" channel-jumps. The model's ap
plication to the southern Delmarva Peninsula is
dependent on the involvement and concurrent
maturation of all of the major fluvial -channel sys
tems in the Chesapeake Basin since the Pliocene.

The Susquehanna System

During late Pliocene and early Pleistocene
highstand events, the Chesapeake Basin was re
peatedly flooded forming broad seaways. The
mouths of the seaways were not yet restricted by
the southern Delmarva Peninsula, and the ex
change of water between the seaway and the ocean
was relatively unrestricted for about 200-250 km
between headlands formed by the Pliocene deltas
to the north and southwest (see Figure 2 in
KRANTZ, 1991; RAMSEY, 1992). During lowstand
events, watersheds on the eastern and western
sides of the basin matured as they drained sea
ward through the broad basin mouth (Figure 9a).

The Susquehanna River has existed since at
least the Pliocene, when highstand deltaic-marine
lobes formed the primordial core of the Delmarva
Peninsula (RAMSEY, 1992). At that time, the low
stand path of the Susquehanna River may have
passed through the Salisbury, Maryland, region ,
where HANSEN (1966) described a 61 m deep pa
leochannel. Subsequent drainways of the Sus
quehanna River are suggested from buried chan
nels farther to the south. MIXON (1985) illustrated
a depression on the top of the Tertiary near Hall
wood, Virginia that may have been an ancient
drainway for the Susquehanna River. HARRISON'S
(1972) analysis of crystalline gravels on Metomp
kin Island, Virginia led him to infer that a buried
paleochannel (from the Susquehanna or Potomac
Rivers) passed beneath the Delmarva Peninsula
in that area. Thus, prior to the time when the
Susquehanna River occupied the Exmore paleo
channel (generally accepted as having occurred
during the oxygen isotope Stage 12 lowstand; Fig
ure 2a), it probably followed paths north of the
southern Delmarva Peninsula. The suggestion by
COLMAN and MIXON (1988) that the Susquehanna
River flowed through the Exmore paleochannel
during Stage 12 does not preclude the possibility
that the Exmore Channel was occupied prior to
Stage 12 by one of the other rivers (possibly the
Potomac River) that drained across the basin dur
ing earlier lowstand events. We believe that the
Exmore paleochannel was probably already active
prior to Stage 12 and was providing drainage to
the Potomac watershed during lowstand events
(Figure 9a).

The Potomac-Exmore System

The modern Potomac River has the second
largest watershed (:::: 30,000 km-: MIXON, 1985)
of the numerous Piedmont rivers that flowthrough
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the Chesapeake Basin. This system drains into
the central part of the Chesapeake Bay approx
imately 175 km south of the point where the Sus
quehanna River enters the bay. The modern trend
of the Potomac estuary is on a direct line-of-in
tersection with the Exmore paleochannel on the
southern Delmarva Peninsula. It is probable that
the Pliocene-Pleistocene lowstand drainage paths
of the Potomac River passed beneath the south
ern Delmarva area, prior to the formation of the
latter (Figure 5). Seismic evidence shown by
COLMAN and MIXON (1988) may support this idea.
They illustrated a line of buried paleochannels
below the floor of the Chesapeake Bay that could
be interpreted to link the Potomac River and the
Exmore paleochannel (see Figure 7 in COLMAN
and MIXON 1988). COLMAN et al. (1990) suggested
that the mouth of the present Potomac River has
been re-occupied during Exmore (Stage 12 or 14),
Eastville (Stage 6) and Cape Charles (Stage 2)
time. Thus, the Exmore paleochannel may be con
sidered a local section of the Potomac paleochan
nel system. If this is the case, then the Potomac
Exmore drainway was probably an independent
system before capturing the lower part of the Sus
quehanna River during a more recent lowstand
(Stage 12?). Alternatively, prior to Stage 12, the
Potomac-Exmore drainway may have been a trib
utary of a pre-Stage 12 Susquehanna drainway
located to the north.

It is difficult to assign a date to the Susque
hanna capture event (by the Potomac-Exmore
drainway), since it must be based on the age and

superposition of spit deposits that prograded over
the buried channel. The dating of overlying ma
rine spits can only be used to suggest that the
fluvial channel was present prior to the highstand
spit fill. Although MIXON (1985) and SZABO (1985)
suggest that the Accomack spit may have been
deposited during a Stage 7 highstand, COLMAN
and MIXON (1988) appear to favor an age that
corresponds with oxygen-isotope stage 11. This
would make the Potomac-Exmore drainway Stage
12 or older. WEHMILLER et al. (1988) suggested
that the Shirley Formation on the western side
of the Chesapeake Bay (which is believed to be
correlative with the Accomack barrier spit of the
Omar Formation) was a Stage 13 marine deposit.
However, DEMAREST and LEATHERMAN (1985)
suggest that deposits of the Accomack barrier spit
may be older than Stage 15 (> 600,000 BP). This
would require that the Potomac-Exmore drain
way was open during or prior to Stage 14. We
suggest that the Potomac-Exmore paleochannel
drained the Potomac River exclusively prior to
Stage 13. Then the Susquehanna River was di
verted into the Potomac-Exmore drainway during
oxygen-isotope Stage 12, following a Stage 13 ini
tial progradation of the Accomack spit (Figure
9b). Thus, by isotope Stage 12, the Exmore pa
leochannel on the eastern side of the southern
Delmarva Peninsula was receiving flow from both
the Susquehanna and Potomac watersheds (Fig
ure 9b). A second stage of Accomack spit devel
opment during Stage 11 resulted in the final aban
donment of the Exmore paleochannel beneath and

----+
Figure 9. Revised model for the geologic evolution of the southern Delmarva Peninsula and time-lagged channel diversion and
shifting of the Susquehanna River. (a) Depiction of late Pliocene lowstand drainage pattern of the primordial Chesapeake Basin
showingfive northeast-to-southwest drainways flowing through a broad basin mouth. (b) Depiction of an early Pleistocene lowstand
(Stage 12 or 14) following initial spit development from Pliocene deltaic deposits of the northern Delmarva Peninsula. The spit has
diverted the Susquehanna drainage south to join the Potomac-Exmore drainway. The Rappahannock River flowed through the
Eastville paleochannel. The York River may have joined the Rappahannock-Eastville system offshore. The James River exited the
basin in the southern entrance area. (c) Stage 11 highstand development of the Accomack spit across the northern part of the
entrance to the Chesapeake seaway. (d) Stage 10 lowstand drainage of the Chesapeake Basin illustrating southward shift of the
Susquehanna River, and flow of the Susquehanna and Potomac systems through the Belle Haven paleochannel and then into the
Rappahannock-Eastville paleochannel. The Exmore paleochannel was filled with sediment and was no longer active. The York River
joined the Rappahannock-Eastville system offshore. The James River exited the basin in the southern entrance area. (e) Stage 7/9?
highstand development of the initial Nassawadox spit (Nas 1) across the central part of the Chesapeake seaway. (f) Stage 6 lowstand
development of the Chesapeake Basin illustrating the filled Belle Haven paleochannel and diversion of flow from the Susquehanna
and Potomac along the west side of Nas 1 to the Rappahannock-Eastville drainway. (g) Stage 5e highstand development of the
Nassawadoxspit (Nas 2) across the south-central entrance of the Chesapeake seaway. (h) Stage 2 lowstand drainage of the Chesapeake
Basin illustrating closure of the Eastville section of the Rappahannock system forcing all drainage north of the York River to be
diverted into the Cape Charles paleochannel before returning to the Eastville trend offshore. The James River exited the basin in
the southern entrance area.
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seaward of the southern Delmarva Peninsula
(Figure 9c and 9d) .

While a Stage 11 highstand progradation of the
Accomack spit contributed to filling of the Ex
more paleochannel (based on peninsula well-log
data; MIXON, 1985; COLMAN and MIXON, 1988),
the large-scale spit which capped the paleochan
nels is not apparent farther seaward, beneath the
lagoon and inner shelf (Figure 7). In these areas,
much ofthe channel fill shows south-to-north dip
ping beds produced by estuary-entrance shoals
and estuary-entrance spits that migrated in from
the margins of the paleochannel.

The Belle Haven Paleochannel

The Belle Haven paleochannel, located be
tween the Exmore and Eastville paleochannels
runs northwest-southeast under the coastal la
goon. It extends southeast from the Exmore pa
leochannel, near Belle Haven, Virginia and ter
minates beneath the shoreface where it joins the
Eastville paleochannel seaward of Wreck Island
(Figure 5). Channel fill and capping of the Exmore
paleochannel by the Accomack spit during Stage
11 made the Belle Haven paleochannel a more
efficient pathway for the subsequent lowstand
drainage of the Potomac and Susquehanna Rivers
(Figure 9d). The Belle Haven paleochannel was
closed by an early phase of development of the
Nassawadox spit (prior to Stage 5e) which pro
graded southward to Eastville, Virginia sometime
between Stage 10 and Stage 6 (Figure ge). This
interpretation suggests that the Nassawadox spit,
generally accepted as being of oxygen isotope Stage
5e age, may have an older northern section, and
therefore be multicyclic. The early Nasssawadox
spit migrated over the filled Belle Haven paleo
channel and across its southern interfluve (com
posed of Tertiary marine deposits) between Belle
Haven and Eastville, Virginia (see Figure 9 in
MIXON, 1985). Sea level was sufficiently high dur
ing the highstand event to totally submerge the
interfluve on the south side of the Belle Haven
paleochannel and the low-lying area of the Ches
apeake Basin to the south. The inundation of thi s
part of the Chesapeake Basin allowed for a free
exchange of water in the Chesapeake seaway (an
ancestral Chesapeake Bay) without putting hy
draulic pressure on the downdrift side of the Belle
Haven channel. Thus, only minor channel migra
tion was necessary to maintain dynamic equilib
rium with the upper tidal section of the active
Belle Haven Channel.

The Rappahannock-Eastville System

We believe that the Eastville paleochannel orig
inally may have been an extension of the Rap
pahannock River and was in existence prior to its
generally accepted Stage 6 incision date. A re
gional overview of the Chesapeake Basin reveals
that the orientation of the Rappahannock River
is on a line -of-intersection with the Eastville pa
leovalley. Buried paleochannel orientations
(COLMAN and MIXON, 1988; COLMAN et al., 1990)
allow a partial reconstruction of the channel trace
between the Rappahannock estuary and the East
ville paleochannel. If so, the Eastville paleochan
nel may be considered a local section of the Pleis
tocene Rappahannock drainway and not just a
Stage 6 channel opened by the diverted Susque
hanna River as suggested by COLMAN and MIXON
(1988). Our interpretation is that the Eastville
section of the Rappahannock drainage may have
been active since at least the Stage 12 lowstand
(Potomac-Exmore time). This would indicate that
the Eastville pale ovalley was then reoccupied dur
ing Stage 6 and potentially during intervening
lowstands also.

During the Stage 6 lowstand, the combined flow
of the Susquehanna and Potomac Rivers likely
drained along the western side of the southern
Delmarva Peninsula and was captured by the
Rappahannock-Eastville system just south of
Eastville, Virginia (Figure 9f). The addition of
discharge from the Potomac and Susquehanna
drainage systems thus increased the rate of chan
nel scour removing earlier (pte-Stage 6) records
of the more diminutive Rappahannock drainage.

During the Stage 5e highstand, the Eastville
paleochannel was filled by fluvial and estuarine
sediments and capped by a second phase of de
velopment of the Nassawadox spit (see cross sec
tions in MIXON, 1985; COLMAN et al., 1990). The
Stage 5e development of the Nasssawadox spit
migrated over the filled channel , across the in
terfluve (composed of Tertiary marine deposits)
and extended southward to the modern entrance
to the Chesapeake Bay (Figure 9g). This high 
stand also re-submerged the main drainways and
interfluves of the York and James Rivers on the
south side of the Chesapeake Seaway.

During the subsequent lowstand (Stages 4-2),
the drainage of the northern watersheds was di
verted along the western side of the Nassawadox
spit, and around the tip of the southern Delmarva
Peninsula where it was captured by the York-
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Cape Charles drainage system (Figure 9h). On the
south side of the Bay entrance, the paleochannel
of the James River headed southeast below Cape
Henry, Virginia (HARRISON et al., 1965; MEISBUR
GER, 1972; SWIFT et al., 1972) and onto the south
ern Virginia inner shelf (Virginia Beach Shelf Val
ley; SWIFT et al., 1977).

The York-Cape Charles System

A regional overview of the Chesapeake Basin
shows that the trend of the York River is on a
line-of-intersection with the modern tidal-flushed
North Channel and the Stage 2 Cape Charles pa
leochannel. COLMAN and MIXON (1988) and
COLMAN et al. (1990) illustrate that during oxygen
isotope Stage 2 the York River extended eastward
under the floor of the Chesapeake Bay and con
nected with the Cape Charles paleochannel south
of the town of Cape Charles on the southern Del
marva Peninsula. Our data in the entrance to the
Chesapeake Bay show that the Cape Charles pa
leochannel continues to run eastward and then
east-northeastward beneath the inner shelf. Pro
jection of the course would produce an intersec
tion with the Eastville paleochannel approxi
mately 50-60 kilometers east of the present York
River mouth (Figure 5; FOYLE and OERTEL, 1992).
This suggests that during previous Pleistocene
lowstands (Stages 6 and 8, and possibly Stage 10)
the York River was a tributary of the Eastville
system (Figure 9). To support this interpretation,
a tributary of the Eastville paleovalley has been
observed to run along and beneath the northern
flank of the York-Cape Charles paleochannel.

As described above, the Cape Charles system
captured the drainage from the Eastville paleo
channel (with its combined flows from the Rap
pahannock, Potomac, and Susquehanna Rivers)
during the Stage 4-2 lowstand when water receded
back into the channels on the floor of the Ches
apeake Basin. The combined drainage of these
systems joined the York River tributary near Cape
Charles, Virginia and then continued seaward to
probably reoccupy remnants of the Eastville pa
leochannel on the outer shelf.

The York-Chesapeake System

The Holocene transgression has produced the
present sea -level highstand that has flooded much
of the Chesapeake Basin producing the modern
Chesapeake Bay (the most recent in the series of
Chesapeake seaways). With each Quaternary
highstand event, the Chesapeake seaway has be-

come more restricted because of the progressive
extension of the southern Delmarva Peninsula.
The present highstand inundation has left three
channels submerged on the floor of the Chesa
peake Bay entrance. From north to south they are
the North Channel, the Chesapeake Channel and
the Thimble Shoals Channel. Thimble Shoals
Channel is associated with the submerged Holo
cene valley of the James River (HARRISON et al.,
1965; COLMAN and HOBBS, 1987) and tidally ex
changes James River water with the Atlantic
Ocean. The Chesapeake Channel is the principal
conduit exchanging the Chesapeake Bay water
with the Atlantic Ocean (OERTEL and WADE, 1981).
The "tidal front" forming the northern side of the
bay-mouth plume is generally found between
Middle Ground Shoal and the northern side of
the Chesapeake Channel. Salinity gradients across
this front are often 4 ppt per 50 m (OERTEL and
WADE, 1981). The North Channel is a major con
duit receiving well-mixed oceanic water. It con
nects with Beach Channel and other relict Sus
quehanna River channels on the Chesapeake Bay
floor to form a continuous path to the modern
Susquehanna River mouth at the head of the
Chesapeake Bay (COLMAN et al., 1992). Just east
of the Chesapeake Bay entrance the North Chan
nel ramps upward onto bay-entrance shoals and
loses its bathymetric expression on the shoreface.
The connection between the North Channel and
the York River also has been filled during the
recent highstand by shoal migration in the lower
bay-entrance area (COLMAN et al., 1988).

Modern Processes

Open regions of broad estuary entrances lack
the surf-wave dynamics needed to drive strong
littoral-drift systems. As a result, spit prograda
tion processes are inhibited away from the bay
margins, and channel filling is related to entrance
shoal development. Sediment transport dynamics
at estuary entrance shoals is much more complex
than spit progradation. Aggradation of shoals in
volves mutually evasive tidal flow and sediment
transport patterns (LUDWICK, 1972; 1974; 1975).
Bathymetric shielding and shoal expansion is of
ten controlled by strong bi-polar tidal currents
that are oblique to the trend of the coastline.

The "chevron-shaped" shoal systems in the
modern Chesapeake Bay entrance reflect the pre
ferred flood path of sediment up the axis of the
shoal and the preferred ebb path along the shoal
margins (LUDWICK, 1972; 1974; 1975). Inner Mid-
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dIe Ground Shoal is a "chevron-shaped" shoal
responsible for the blockage of the submerged val
ley of the York River on the bay floor inside of
the Chesapeake Bay entrance. The landward mi
gration of the shoal axis has filled a section of the
York Channel that previously connected the York
River with the North Channel (COLMAN et al .,
1988). The blockage has caused the modern tidal
exchange of the York River to take a more south
erly route, through the centrally located Chesa
peake Channel in the Bay entrance.

The modern barrier island coastline of the
southern Delmarva Peninsula terminates at Fish
ermans Island. This island was not present on
early charts of this area but was described as a
series of shoals known as the "The Issacs". The
Issacs shoals were part of a spit platform which
extended from the southernmost end of the Del
marva Peninsula. Emergence of the shoals pro
duced Fishermans Island. This spit platform be
low Fishermans Island and the Isaacs shoals
represents the most recent stage in the sequential
progradation of the southern Delmarva Penin
sula. The spit platform is relatively short, and
landscape evidence for continuous spit progra
dation (i.e., sequential sets of beach ridges) is only
apparent as far north as the middle of Smith Is
land. North of Smith Island, most of the barrier
islands are tide-dominated systems (OERTEL and
KRAFT, 1994) and as such do not transmit a large
volume of sediment across the deep tidal gorges.
Thus, under the present hypsometric conditions,
a large source of littoral sediments from a "re
gional" spit is not available to produce spit forcing
and channel migration at the southern end of the
Delmarva Peninsula. Modern spit progradation
in the vicinity of Smith and Fishermans Islands
is driven by a local estuary-margin spit. On the
south side of the Chesapeake Bay entrance, Cape
Henry was formed by the development of similar
estuary-margin spits.

The Smith-Fisherman Island spit has filled the
uppermost part of the Cape Charles paleochannel
adjacent to the southern tip of the lower Delmarva
Peninsula (Seismic Facies III). Our data show that
the Cape Charles paleochannel was 25% filled
with fluvial sediments (Seismic Facies I) and es
tuarine sediments (Seismic Facies II) prior to es
tuary-entrance spit filling (Seismic Facies III).
Thus, the spit capped the fluvial paleochannel
rather than forcing it laterally. Continued south
erly spit migration across the bay mouth created
thinning deposits to cap the Middle Grounds Shoal

paleochannel. Spit clinoforms now define the
northern margin of the modern Chesapeake
Channel. The migration of the spit midway across
the bay entrance is believed to have begun ap
proximately 6500 BP, when sea level was about
10 m lower than present and a wave-dominated
oceanic shoreline was located in the vicinity of the
Smith Island Shoals. The present highstand has
submerged the spit to depths of 12 m in the en
trance of the Chesapeake Bay and on the northern
half of the entrance area the spit clinoforms (Seis
mic Facies III) are capped by a sand-shoal facies
(Seismic Facies IV) that is about 5 m thick. The
two units are separated by a bay ravinement.

In summary, migration of the Cape Charles pa
leochannel by spit forcing in the Chesapeake Bay
mouth area was probably only active during the
early stages of spit progradation (about 6,500 yrs
BP), associated with the Smith Island Shoal
shoreline (15 km seaward of the modern coast
line). When sea level rose above the southern mar
gin of the Cape Charles paleochannel, the lower
part of the paleochannel filled, and only the upper
section continued to migrate southward (Figure
10). This mechanism may also explain why the
buried Susquehanna River channel did not force
the paleochannels laterally beneath the entire
length of the southern Delmarva Peninsula.

The Next Regression

Assuming that the rhythmic cycle of transgres
sive and regressive events will continue, then on
a geologic time scale, sea level is expected to fall
in the future. As sea level falls during the next
regression, water depths in the Chesapeake Bay
will get progressively shallower, eventually caus 
ing river systems to drain through linear depres
sions of relict channels on the bay floor. The pres
ent bathymetry of the Chesapeake Bay still has
the imprint of the previous, Stage 2, subaerial
drainage (COLMAN and HOBBS, 1987; COLMAN and
HALKA, 1989; COLMAN et al., 1992). The main
trunk-channel of the Stage 2 system may be traced
along the Chesapeake Bay floor from the bay head
near Havre de Grace, Maryland to the Cape
Charles paleochannel near Cape Charles, Virginia
as a series of scars on the bay floor.

Modern channel fill of the Cape Charles paleo
channel in the Chesapeake Bay entrance will alter
the future lowstand drainage (see the section on
the York-Chesapeake above and COLMAN and
MIXON, 1988) . The partial blockage of North
Channel in the Chesapeake Bay entrance will cause
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Figure 10. Idealized cross-section of the Chesapeake Bay entrance illustrating the effects of sea-level rise on sp it migration, channel
shifting, and channel filling. (a) Depiction of lowstand drainage of the Chesapeake Basin with multiple rivers crossing the entrance
area. (b) Depict ion of highstand submergence of channels and interftuves forming an ancestral Chesapeake Seaway. Estuarine
paleochannel A filled upward with fluvial facies (Seismic Facies I), transgressive estuarine facies (Seismic Facies II), estu ary entrance
spits (Seismic Facies III), and then capped by a large regional spit (Seismic Facies III) and estuary-entrance shoals (Seismic Facies
IV). Pliocene deltas provided an abundant source of sediment for the regional spit which prograded over the paleochannel A and
onto the interfluve . (c) Diversion of channel A flow into channel B when sea level falls below interfluve depths.
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the next lowstand drainage to seek an alternative
path to the south. As sea level falls below the
elevation of the estuary-entrance shoals, the main
trunk drainage of the Chesapeake Basin will shift
to the south side of the chevron-shaped Middle
Ground Shoal and drain through the evolving
Chesapeake Channel. Here it will capture the flow
of the York River, thus reconnecting the York as
a tributary of the Susquehanna system.

CONCLUSIONS

Spits prograding into channels with subaerially
exposed margins cause the channels to shift lat
erally. This spit forcing mechanism is necessary
to maintain a dynamic equilibrium between chan
nel size and channel flow. The rate of channel
migration is related to the hydraulic instability
caused by channel constriction. When longshore
sediment drift causes a spit to prograde into the
updrift side of a channel, the accelerated flow
caused by the channel constriction increases the
rate of sediment removal from the downdrift side
of the channel. In a stratigraphic framework, the
lateral migration path of the channel can be de
termined by tracking the scar and the overlying
channel-fill facies . The fill sequence is recognized
by large inclined beds that dip normal to the chan
nel axis.

Channel shift by the spit-forcing mechanism is
primarily controlled by the wave-driven longshore
drift of sediment. Measurable lateral shifts can
be made in 10°-102 years and, therefore, the ver
tical changes in sea level produced by transgres
sions or regressions are minor. The buried record
of channel migration is confined to relatively thin
vertical intervals which are approximately equal
to the relief of the migrating channel.

In the time framework of transgressive-regres
sive cycles (10"-105 years), sea-level rise often ex
ceeds the relief of a channel and water floods the
adjacent interfluve areas. When this occurs, con
tinuous channel migration is no longer necessary
to maintain dynamic equilibrium of channel cross
sectional area and channels may be preferentially
filled and abandoned. Ultimately, the channels
may be capped by a down-drift migrating spit
which, if transgression continues, will be partly
removed by erosive shoreface retreat.

During Pleistocene highstands, the southern
Delmarva Peninsula developed as a series of spits
that progressively migrated across the outer part
of a broad Chesapeake Seaway. During lowstands
prior to the extension of the Delmarva Peninsula,

the basin was a pathway for the Susquehanna,
Patuxent, Potomac, Rappahannock, York, and
James Rivers. Transgressions associated with ox
ygen-isotope Stages 13, 11, 9, 7 and 5e drowned
the channels of these river systems forming es
tuaries on the floor of the Chesapeake Basin. Fine
grained estuarine sediments fill most of the lower
portions of the Eastville and Exmore paleochan
nels and were also recognized in the Cape Charles
paleochannel (MIXON, 1985). Subsequent high
stands eventually flooded the paleo-interfluves
between all of the river systems in the Chesapeake
Basin, thus forming broad ancestral Chesapeake
Seaways. As the southern Delmarva Peninsula ad
vanced southward during each highstand event,
the ancestral seaways became progressively more
em bayed and protected. Many of the larger fluvial
channels remained partially open on the floor of
the ancestral Chesapeake Bays, because filling by
fine-grained estuarine sediments was slower than
filling by spits and shoals in entrance areas. Chan
nel fill was most rapid in bay-entrance areas where
coarse-grained sediments from spits, shoals and
the inner shoreface spilled into the open depres
sions. During the initial stages of transgression in
the area, channel margins were still subaerial or
near sea level , and spits of the prograding Del
marva Peninsula may have forced limited south
ward channel migration. Continued sea-level rise
submerged the channel margins, relieving some
of the hydraulic pressure on the south sides of the
channels. Continued sea-level rise caused flooding
of ancestral Chesapeake Bays and drowning of
fluvial channels on the floors of ancestral Ches
apeake seaways. Once bays formed, channels were
no longer forced laterally but began to fill with
estuarine and spit-platform deposits. On the south
side of the ancestral bays, submerged channels
appear to have been more effectively flushed by
inlet currents. During subsequent regressions,
falling sea levels re-exposed interfluve areas on
the Chesapeake Bay floor and rivers were forced
to flow seaward through the unfilled, tidally
flushed bay-floor depressions (time-lagged chan
nel shift). The time-lagged channel-shift mecha
nism is comprised of transgressive paleochannel
fill, interfluve submergence, tidal-channel dis
placement and lowstand river diversion. The
mechanism requires complete transgressive-re
gressive cycles that occur at frequencies of 10' to
105 years.

An important implication of this model is that
the seismic stratigraphic record beneath the
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Chesapeake Bay is considerably more complex
than has been proposed to date and the strati
graphic evolution of the southern Delmarva Pe
ninsula involved more than two highstand spit
progradational events. The early Chesapeake Ba
sins had up to six major fluvial systems draining
through a broad entrance area. Progressive stream
capture following highstand events has constrict
ed the outer part of the basin producing progres
sively fewer drainways.
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