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ABSTRACT 

Three generations of the ancestral Susque-
hanna River system have been mapped be-
neath Chesapeake Bay and the southern 
Delmarva Peninsula. Closely spaced seismic 
reflection profiles in the bay and boreholes in 
the bay and on the southern Delmarva Penin-
sula allow detailed reconstruction of each pa-
leochannel system. The channel systems were 
formed during glacial low sea-level stands, 
and each contains a channel-fill sequence that 
records the subsequent transgression. The 
trunk channels of each system are 2 to 4 km 
wide and are incised 30 to SO m into underly-
ing strata; they have irregular longitudinal 
profiles and very low gradients within the 
Chesapeake Bay area. 

The three main-stem channels diverge from 
the head of the bay toward the southeast. The 
channels are rarely coincident, although they 
commonly intersect. All three main channels 
pass beneath the southern Delmarva Penin-
sula, forming an age progression from north 
(oldest) to south (youngest) beneath the Pe-
ninsula, and from east (oldest) to west 
(youngest) beneath Chesapeake Bay. South-
ward progradation of the tip of the Delmarva 
Peninsula during interglacial high sea-level 
stands caused southward migration of the 
mouth of the bay, so that the next generation 
of channels were incised progressively furth-
er towards the southwest. 

The youngest paleochannel is clearly of late 
Wisconsinan age, about 18 ka, and the inter-
mediate one appears to be late Illinoian in 
age, or about 150 ka. The age of the oldest 
paleochannel is not well constrained, but it is 
in the range of about 200 to 400 ka. The three 
paleochannel systems imply a dynamic 
coastal-plain environment and at least two 
previous generations of the Chesapeake Bay. 

Both the Chesapeake Bay and the southern 
Delmarva Peninsula have changed consider-
ably in the past half million years. 

INTRODUCTION 

The Chesapeake Bay is the largest estuary in 
the United States. It is a classic coastal-plain 
estuary, carved during periods of low relative 
sea level by fluvial erosion of gently dipping 
coastal-plain strata; the resulting river valley was 
drowned during periods of high relative sea 
level, forming an estuary. The morphology of 
the Chesapeake Bay, both its coastline and its 
bathymetry, clearly reflect its origin as a 
drowned river valley (Fig. 1), at least to a first 
approximation (Colman and others, 1988). 

During the last major glaciation and low sea-
level stand, about 18 to 20 ka, sea level dropped 
to at least -85 m on the mid-Atlantic continental 
shelf (Dillon and Oldale, 1978; Bloom, 1983). 
During this time, the area occupied by the Ches-
apeake Bay was subaerially exposed, and a 
narrow, steep-walled valley was incised into the 
Coastal Plain strata by the Susquehanna River 
system and its major tributary, the Potomac 
River. As sea level rose during the late Pleisto-
cene and Holocene, the fluvial valley was trans-
formed first into a restricted river estuary and 
then into the modern open-bay estuary (Colman 
and Hobbs, 1987, 1988; Colman and Halka, 
1989a, 1989b). This transgression is continuing 
today and has partially filled the former fluvial 
channel with estuarine sediments. Because the 
advance and retreat of continental ice sheets 
(and hence sea-level rise and fall) have been 
cyclic for the past 0.75 m.y. or so (Hays and 
others, 1976), with a first-order period of about 
100,000 yr, the Susquehanna River system 
should have carved multiple generations of 
channels beneath Chesapeake Bay. 

The history of the last cycle of sea level in the 

Chesapeake Bay area is relatively well under-
stood and, because it is only partly filled, the 
location of the late Pleistocene fluvial channel is 
known in much of the bay (Ryan, 1953; Hack, 
1957; Harrison and others, 1965). In addition, 
several scattered segments of paleochannels have 
previously been identified beneath the Chesa-
peake Bay and the Delmarva Peninsula, most 
recently by Mixon (1985). Prior to our study, 
however, the main part of the Chesapeake Bay 
had not been completely surveyed using seismic 
reflection methods. Consequently, relatively lit-
tle was known about the regional geographic 
and temporal pattern of the paleochannels that 
were the precursors to the late Pleistocene fluvial 
channels in the bay. In a previous paper, we 
identified three generations of fluvial channels 
beneath the bay and the Delmarva Peninsula 
(Colman and Mixon, 1988); here we synthesize 
their geographic pattern, discuss their origin and 
preservation, summarize what is known about 
their ages, and discuss the implications of these 
data for both the long-term evolution of the bay 
and for its future. 

PREVIOUS WORK 

The morphology and bathymetry of Chesa-
peake Bay, especially its intricate, dendritic trib-
utary pattern and its prominent central channel, 
have long suggested that a relict fluvial drainage 
system exists buried beneath the sediments of the 
bay. The fact that sea level was considerably 
lower than present during Pleistocene glacia-
tions supports this speculation. Ryan (1953) first 
documented a major fluvial channel beneath the 
bay, on the basis of the borings taken across the 
main part of the bay for the Annapolis-Kent 
Island Bridge (Fig. 2), where the channel bottom 
occurs at a depth of about -61 m (-200 ft). In 
addition to the detailed cross section of the 
channel reconstructed from the borings, Ryan 
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Figure 1. Map of the Chesapeake Bay showing tracklines of 
seismic reflection profiles and locations of profiles shown in Figures 
3-7 (thick, numbered sections). Line of profile for Figure 10 is shown 
as a dashed line. Areas with water depths greater than 18.3 m (60 ft) 
are shaded. 
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Figure 2. Map of the Chesapeake Bay showing geographic names 
mentioned in the text and the locations of previously identified or 
inferred paleochannels, referenced by number: 1, Ryan, 1953, Hack, 
1957; 2, Harrison and others, 1965, Meisburger, 1972; 3, Harrison, 
1972; 4, Hansen, 1966, Weigle, 1972; 5, Mixon, 1985; 6, Schubel and 
Zabawa, 1973; 7, Kehrin and others, 1980; 8, Carron, 1979; 9, 
Shideler and others, 1984. 
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(1953) projected the longitudinal profile of the 
channel for the length of the bay, and he calcu-
lated the degree to which the ancient valley was 
filled, using the projected channel for the base of 
the fill. According to his projection, the fluvial 
channel was predicted to be at a depth of about 
-91 m (-300 ft) at the bay mouth. Hack (1957) 
used the logs for the Kent Island Bridge and for 
bridges over tributary drainages to describe the 
fluvial and estuarine fills of the buried valleys. 
He was the first to suggest the existence of more 
than one generation of fill, and, therefore, more 
than one age of fluvial channel. He also attempt-
ed to reconstruct the profiles of the fluvial 
system downstream from the Annapolis-Kent 
Island Bridge and estimated that the base of the 
main fluvial channel at the bay mouth should be 
at a depth of about -112 m (-370 ft). 

Harrison and others (1965) described the con-
figuration of the bay-mouth area based on the 
borings for the Chesapeake Bay Bridge-Tunnel 
(Fig. 2) and on some of the first seismic reflec-
tion profiles obtained in the bay. The deepest 
fluvial channel found in either the Bridge-
Tunnel borings or in the seismic reflection pro-
files was at a depth of about -49 m (-160 ft). 
Harrison and others (1965) proposed that a min-
imum of 12 m (40 ft) of uplift had occurred in 

the bay-mouth area since the fluvial channel was 
formed in late Wisconsinan (latest Pleistocene) 
time to account for the difference between the 
depth of the channel at the Annapolis-Kent Is-
land Bridge (-61 m, -200 ft) and that at the bay 
mouth (-49 m, -160 ft), assuming no gradient. 
Using Hack's (1957) projected channel gradient, 
Harrison and others (1965) suggested a min-
imum of 52 m (170 ft) of uplift. 

Harrison and others (1965) argued against the 
possibility that the late Wisconsinan channel of 
the Susquehanna River crossed the Delmarva 
Peninsula north of the bay mouth. Harrison 
(1972), however, suggested that an ancestral 
channel of the Potomac or the combined 
Potomac-Susquehanna system, possibly of late 
Wisconsinan age, crossed the Delmarva Penin-
sula near Metomkin Island (Fig. 2), on the basis 
of the distribution of reworked crystalline gravel 
along the modern beach. 

Wells drilled on the Delmarva Peninsula have 
revealed a deep (-61 m; -200 ft) channel just 
south of the southwest corner of Delaware, 
called the "Naylor Mill" or "Salisbury" channel 
(Fig. 2). Hansen (1966) first described this 
channel, and suggested that it was a fluvial 
channel cut during the low sea-level stand of the 
Illinoian Glaciation. The extent of the channel, 

however, is problematic. Although the thalweg 
of the channel has been traced over a length of 
about 33 km (20 mi), efforts to define its full 
extent have been difficult. The base of the chan-
nel rises abruptly east of Salisbury (Weigle, 
1972). It rises more gently to the west, but it is at 
an altitude greater than -24 m (-80 ft) just west 
of the Nanticoke River (Fig. 2). 

On the southern Delmarva Peninsula, Mixon 
(1985) used geologic mapping and borehole 
data to identify two major paleochannels (Fig. 
2) and to describe the stratigraphic relations be-
tween the fluvial-estuarine fills of the channels 
and the overlying barrier-spit complexes. The 
southern channel, near the town of Eastville, 
reaches depths of at least -61 m (-200 ft), 
whereas the northern channel, near the town of 
Exmore, was thought to reach depths of only 
-21 m (-70 ft). Later drilling showed that the 
northern channel also reached depths of about 
-61 m (-200 ft) (R. B. Mixon and D. S. Powars, 
1986, unpub. data; Colman and Mixon, 1988). 
Both channels clearly cross from the bay be-
neath the Delmarva Peninsula and head ocean-
ward beneath the continental shelf. 

A number of studies have identified segments 
of paleochannels in the Chesapeake Bay area 
using seismic reflection methods. Schubel and 

Figure 3. Seismic reflection profile and interpretive cross section of the Cape Charles paleochannel. Location shown in Figure 1. Depth scale 
assumes a speed of sound in water and sediments of 1.5 km/s. M, multiple reflection; G, reflections obscured by gas in sediments; Tm, late 
Tertiary marine sediments; Qcl and Qc2, basal and upper units of the fill of the Cape Charles paleochannel. 
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Figure 4. Seismic reflection profile and interpretive cross section of the Eastville paleochannel. Location shown in Figure 1. Depth scale 
assumes a speed of sound in water and sediments of 1.5 km/s. M, multiple reflection; G, reflections obscured by gas in sediments; Tm, late 
Tertiary marine sediments; Qc, undifferentiated sediments correlative with the fill of the Cape Charles paleochannel; Qel and Qe2, basal and 
upper units of the fill of the Eastville paleochannel; Qx, undifferentiated sediments correlative with the fill of the Exmore paleochannel. 

Zabawa (1973) identified a paleochannel in the 
lower reaches of the Chester, Miles, and Chop-
tank Rivers (Fig. 2). They suggested that the 
channel was of Illinoian age and that it turned 
eastward through the lower Choptank, possibly 
crossing the Nanticoke River and connecting 
with the Salisbury paleochannel. Kehrin and 
others (1980) traced a paleochannel (Fig. 2) 
from the mouth of Eastern Bay, through the 
Poplar Island area in the main part of Chesa-
peake Bay, and into the Taylor Island area. They 
suggested that this channel (Poplar Island chan-
nel) was the same as the one Schubel and Zab-
awa (1973) identified, and they connected it 
with one they recognized in Tangier Sound 
(Tangier Sound channel, Fig. 2). Kehrin and 
others (1980) agreed with Schubel and Zaba-
wa's (1973) assignment of an Illinoian age for 
the paleochannel, but they argued that it did not 
cross the Delmarva Peninsula but instead ex-
tended through Tangier Sound and down the 
eastern side of the main bay. 

Carron (1979) collected shallow-penetration, 
seismic reflection profiles in the Virginia part of 
the Chesapeake Bay in an attempt to reconstruct 
the late Wisconsinan drainage system (Fig. 2). 
He suggested that the combined Rappahannock-

York drainage flowed southward along the west 
side of the bay, exited the bay area through a 
paleochannel just northeast of Cape Henry, and 
joined the Susquehanna system, which flowed 
down the east side of the bay, out onto the con-
tinental shelf. Colman and Hobbs (1987), how-
ever, disputed this interpretation and showed 
that the York River must have flowed eastward 
from its present mouth to join the Susquehanna 
well within the area of the present bay. 

Shideler and others (1984) identified a major 
paleochannel beneath the marshes and tidal 
channels on the east side of the southern Del-
marva Peninsula (Fig. 2) using seismic reflection 
methods. The trend of this channel and the one 
identified by Mixon (1985) near Eastville ap-
pear to be coincident. 

DATA AND METHODS 

The Quaternary stratigraphic record in the 
Chesapeake Bay and the Delmarva Peninsula 
area comes primarily from three basic types of 
data: (1) a grid of almost 2,600 km of shallow-
penetration, high-resolution, seismic reflection 
profiles in the main part of the Chesapeake Bay 
(Fig. 1); (2) onshore geologic mapping; and 

(3) a series of boreholes drilled both onshore 
and in the bay for engineering work, water 
wells, and stratigraphic studies. 

The seismic reflection data were collected 
using both boomer-type systems and 3.5- to 5-
kHz systems (Colman and Hobbs, 1987, 1988; 
Colman and Halka, 1989a, 1989b). Except as 
noted, the data shown here were all collected 
using the boomer system, run at 280 joules and 
fired at 0.25- to 0.5-s intervals. The seismic sig-
nals were filtered between 300 Hz and 5 kHz 
and recorded at a 0.25-s sweep rate. Loran-C 
was used for navigation during the seismic re-
flection surveys. 

Results of recent detailed surficial geologic 
mapping and descriptions of boreholes for the 
southern Delmarva Peninsula have been pub-
lished by Mixon (1985). Additional unpublished 
core data were used to refine the locations and 
depths of the ancient channels of the Susque-
hanna River beneath the Delmarva Peninsula 
(Colman and Mixon, 1988). Borehole data for 
the bay itself are concentrated along the bridge 
and tunnel crossings (Ryan, 1953; Hack, 1957; 
Harrison and others, 1965) and in locations near 
the bay mouth (Meisburger, 1972; Colman and 
Hobbs, 1987). 
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Figure 5. Seismic reflection profile and interpretive cross section of the Exmore paleochannel. Location shown in Figure 1. Depth scale 
assumes a speed of sound in water and sediments of 1.5 km/s. M, multiple reflection; Tm, late Tertiary marine sediments; Qc, undifferentiated 
sediments correlative with the fill of the Cape Charles paleochannel; Qe, undifferentiated sediments correlative with the fill of the Eastville, 
paleochannel; Qxl and Qx2, basal and upper units of the fill of the Exmore paleochannel. 

STRATIGRAPHY AND MAPPING 
OF THE PALEOCHANNELS 

The Quaternary stratigraphy beneath the 
Chesapeake Bay is dominated by paleochannels 
that were cut by the Susquehanna River and its 
tributaries into the underlying Tertiary marine 

deposits, and by the sediments that fill those 
channels (Figs. 3, 4, and 5). We have identified 
three distinct generations of these paleochannel 
systems, which we informally call the "Cape 
Charles," the "Eastville," and the "Exmore" pa-
leochannels, in order of increasing age. All three 
channels cross beneath the southern Delmarva 

Peninsula, and each is named for a geographic 
feature on the peninsula. 

Seismic reflection and borehole stratigraphic 
data clearly show that the three paleochannel 
systems are of different ages and that the sedi-
ments that fill them are separated by significant 
unconformities. The courses of the paleochan-

JhMrt 
WfJWilt»»," « w * M 

r ^ 

J L 

Figure 6. Seismic reflection profiles (upper, boomer; lower, 5 kHz) and interpretive line drawing of the boomer profile. Profiles show the 
main stem of the Eastville paleochannel (fill = Qe) adjacent to that of the Cape Charles paleochannel, whose fill (Qc) is obscured by biogenic gas. 
A clear unconformity separates the fill of the Eastville paleochannel from overlying deposits equivalent to the fill of the Cape Charles 
paleochannel. Location shown in Figure 1. Depth scale for boomer profile assumes a speed of sound in water and sediments of 1.5 km/s; vertical 
scale of the 5-kHz profile is half that of the boomer profile. M, multiple reflection; G, biogenic gas; Tm, late Tertiary marine sediments. 
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Figure 7. Seismic reflection profile and interpretive line drawing of a cross section showing the main stem of the Eastville paleochannel (fill = 
Qe) truncating that of the Exmore paleochannel (fill = Qx). Overlying both of these are thin sediments equivalent to the fill of the Cape Charles 
paleochannel (Qc). Location shown in Figure 1. Depth scale assumes a speed of sound in water and sediments of 1.5 km/s. M, multiple 
reflection; Tm, late Tertiary marine sediments. 

nels are rarely coincident, although they com-
monly intersect. Their relative ages can be 
determined by map patterns and by crosscutting 
relationships seen on seismic reflection profiles 
(Figs. 6, 7). The geometries and fill stratig-
raphies of the three systems are similar, but 
projection of their courses across multiple, 
closely spaced profiles usually allows identifica-
tion of individual channels in the profiles. The 
three paleochannel systems have been mapped 
throughout the bay; their courses projected from 
the seismic reflection data align with their 
known positions onshore (Fig. 8). 

The paleochannel-fill sequences seen in seis-
mic reflection profiles have been divided into 
two units whose seismic reflection attributes are 
distinctly different. The lower unit of each fill is 
characterized by relatively strong, irregular, dis-
continuous reflections, whereas the upper unit of 
each fill is characterized by relatively weak, 
long, smooth, continuous, gently dipping reflec-
tions (Figs. 3,4, and 5). These seismic character-
istics, together with lithologie and paléontologie 
data from relatively deep boreholes (Harrison 
and others, 1965; Mixon, 1985), indicate that 
the lower channel-fill unit of each paleochannel 
is a fluvial deposit, typically consisting of coarse 
sand and fine gravel. The upper unit of each 
paleochannel fill, in contrast, was deposited in 
river-estuary to open-bay environments or in 
nearshore-marine environments at the bay 
mouth. These units are finer grained than the 
lower, fluvial units, and the lithologies are 
commonly complex, consisting of interbedded 

muddy sand, silt, and peat, especially near the 
bay mouth. The estuarine units become finer 
grained both landward and toward the tops of 
the units. 

Where the paleochannels underlie present 
land areas, their structure and fill lithology are 
known from well logs and stratigraphic bore-
holes. The Eastville paleochannel is especially 
well documented where it crosses beneath the 
Delmarva Peninsula (Fig. 9). Mixon (1985) di-
vided the channel fill into several units based on 
lithology and texture and showed that on the 
Delmarva Peninsula the paleochannel is over-
lain by a barrier-spit complex. The channel 
geometry and the fill stratigraphy derived from 
the borehole data are both remarkably similar to 
those derived from adjacent seismic reflection 
profiles in the bay. 

The channel systems show progressively less 
relationship to the present configuration of the 
Chesapeake Bay with age. The Cape Charles 
paleochannel (the youngest) is confined to the 
main part of the bay, and for most of its length, 
underlies the modern bathymetric channel of the 
bay (Fig. 8). In a few areas inside the bay where 
Holocene progradation of spits has occurred, 
however, the modern bathymetric channel is 
offset from the Cape Charles paleochannel, for 
example, south of the mouth of the Potomac 
River (Colman and Hobbs, 1988; Colman and 
Halka, 1989a). In other areas, Holocene sedi-
mentation rates have been high enough to com-
pletely fill the Cape Charles paleochannel with 
estuarine sediments. An example occurs off the 

mouth of the Rappahannock River, where there 
is little bathymetric expression of the location of 
the former fluvial channel (Fig. 1). More dra-
matic recent changes have occurred at the 
mouth of the bay, where progradation of the 
Delmarva Peninsula and a shoal complex across 
the mouth of the bay have caused the axial 
channel of the bay to migrate as much as 12 km 
south of its former position above the Cape 
Charles paleochannel, which passes beneath 
Fishermans Island (Fig. 2) at the southern tip of 
the Delmarva Peninsula (Colman and others, 
1988). This displaced axial channel of the bay at 
its mouth is the likely location for incision of the 
Susquehanna River during the next sea-level 
fall. 

The Eastville paleochannel (the intermediate-
age channel) is generally located along the east-
ern margin of the main part of the Chesapeake 
Bay, although it deviates from this position in 
several places (Fig. 8). This paleochannel crosses 
the mouth of the Chester River and passes be-
neath Kent Island (Fig. 2). It then swings west-
ward, and off the Calvert Cliffs, crosses the 
younger Cape Charles paleochannel—the only 
case of an older main-stem channel crossing 
west of a younger one. The Eastville channel 
almost directly underlies the Cape Charles 
channel off the Patuxent River before swinging 
to the eastern side of the main part of the bay. It 
makes a sharp eastward turn off the mouth of 
the Potomac River before turning southward 
again off Tangier Island. Finally, it turns south-
eastward and passes beneath the Delmarva 
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Figure 8. Map of the three major 
Quaternary paleochannel systems of 
the Susquehanna River beneath the 
Chesapeake Bay and the Delmarva 
Peninsula. The channel margins cor-
respond to the -30 m depth contour on 
the fluvial unconformities that define 
the paleochannels. Data compiled from 
contour maps in Colman and Hobbs 
(1987, 1988); Colman and Halka 
(1989a, 1989b); Mixon (1985); and 
Shideler and others (1984). 
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Figure 9. Interpretive cross section, de-
rived from borehole data, of the Eastville pa-
leochannel where it crosses the Delmarva 
Peninsula. Channel is filled with the fluvial-
estuarine Stumptown Member of the Nassa-
wadox Formation and is overlain by the 
barrier-spit sands of the Butlers Bluff Mem-
ber of the Nassawadox. Modified from 
Mixon (1985). 

Peninsula near the town of Eastville (Mixon, 
1985) and emerges beneath the marshes on the 
eastern side of the peninsula (Shideler and oth-
ers, 1984). 

The Exmore paleochannel (the oldest chan-
nel) is everywhere east of the Eastville channel, 
and for the vast majority of its length, exists 
entirely outside the main part of Chesapeake 
Bay (Fig. 8). It crosses the lower part of the 
Chester River and passes beneath the eastern 
side of Kent Island (Fig. 2). It then crosses the 
mouth of Eastern Bay and extends southward 
beneath the Poplar Island area. Crossing the 
mouth of the Choptank River, it passes beneath 
the Taylor Island area and re-emerges beneath 
the Honga River, following the course of that 
river southward, eventually entering the upper 
part of Tangier Sound. It follows the western 
margin of Tangier Sound before turning south-
east and crossing beneath the Delmarva Penin-
sula near the town of Exmore. 

The channels are relatively close together in 
the northern part of the Chesapeake Bay, but 
diverge significantly toward the southeast; all 
three cross beneath the present Delmarva Penin-
sula. Where they cross the peninsula, the major 
paleochannels are progressively younger toward 
the south. The reason for this systematic diver-
gence and southward age progression is dis-
cussed in a section below. 

CHANNEL DIMENSIONS AND 
GRADIENTS 

Both the geometry and the stratigraphy of the 
paleochannel systems indicate that the channels 
were formed during periods of low sea level 
when the mouth of the Susquehanna River was 
far out on the continental shelf. The dimensions 
of each of the paleochannel systems are similar: 
the main trunk channel of each system is about 2 
to 4 km wide; each is incised about 30 to 50 m 
into the underlying Tertiary strata, to depths of 
-50 to -70 m (Figs. 3-7). The widths of the 
channels vary but tend to increase slightly 
downstream (Fig. 8). Longitudinal profiles of 
the paleochannels derived from seismic reflec-
tion profiles and borehole data are irregular 
(Fig. 10). The over-all gradients of the three 

channel systems beneath the bay are similar, but 
are all unexpectedly low (Fig. 10). 

The location of the Cape Charles paleochan-
nel is the best known because of its bathymetric 
expression and from analysis of seismic reflec-
tion data and closely spaced borehole transects 
that cross it at the mouth of the Susquehanna 
River, at Kent Island, and at the mouth of the 
bay. The base of this paleochannel is obscured 
on some of the seismic reflection profiles by bio-
genic gas in the channel-fill sediments (Fig. 6; 
minimum values in Fig. 10A), especially in the 
middle and upper bay (Halka and others, 1988), 
so that in these areas the longitudinal profile is 
not known with certainty. A linear regression of 
the known basal altitudes of the channel (Fig. 
10A) suggests a slight over-all seaward slope of 
0.0024 m/km. 

The longitudinal profiles of the Eastville and 
Exmore paleochannels are well defined by the 
seismic reflection profiles (Figs. 10B and 10C) 
because biogenic gas does not occur in the sedi-
ments that fill those channels (Halka and others, 
1988). The main stems of both channels have 
irregular profiles that contain closed basins with 
as much as 10 m of relief. Linear regressions of 
the profiles suggest a slightly seaward over-all 
slope (0.038 m/km) for the Eastville channel 
(Fig. 10B) and a slightly landward over-all slope 
for the Exmore channel (Fig. 10C), although the 
latter gradient is probably not significantly dif-
ferent from zero. 

The reason for the low channel gradients is 
not known with certainty. Recent tectonic uplift 
at the mouth of the bay has been suggested 
(Harrison and others, 1965), but for reasons that 
are detailed below, significant uplift now seems 
unlikely. The range in measurements derived 
from seismic reflection profiles for the depth to 
the bases of the channels are similar for the three 
generations of paleochannels; when plotted to-
gether (Fig. 11), they form an overlapping enve-

lope of points that define the degree of 
irregularity in the profiles. The only major 
source of uncertainty in these measurements is 
uncertainty in the estimate of sound velocity in 
the sediments. The velocities used (1,500-1,800 
m/s; Colman and Halka, 1989a, 1989b) yield 
good correlations with borehole data (Fig. 11) 
and are probably good to within 10 percent. 
Three measurements of the depth to the base of 
the Cape Charles paleochannel are incontrovert-
ible (Fig. 11): (1) -43 m at the U.S. 40 bridge at 
the mouth of the Susquehanna River (Hack, 
1957); (2) -61 m at the Kent Island Bridge 
(Hack, 1957); and (3) -49 m at the Chesapeake 
Bay Bridge-Tunnel crossing at the mouth of the 
bay (Harrison and others, 1965). Two other 
borehole points, one for the Exmore and one for 
the Eastville paleochannel, are thought to be at 
or near the base of these paleochannels (Mixon, 
1985). Hack (1957), without the benefit of the 
data from the Bridge-Tunnel surveys, suggested 
a relatively steep fluvial profile in the bay, on the 
basis of the two upstream bridge crossings. Our 
data show that this profile is much too steep. 
Even though the base of the Cape Charles pa-
leochannel is 12 m deeper at the Kent Island 
Bridge than it is at the mouth of the bay, 220 km 
downstream, the two values appear to be within 
the range of variation in an irregular bottom 
profile with a very low average slope (Fig. 11). 
The water surface above the channel presuma-
bly sloped continuously seaward. 

During the last major low-sea-level stand, 
about 18 ka, sea level was perhaps at -85 m on 
the mid-Atlantic continental shelf (Dillon and 
Oldale, 1978). Near the mouth of the bay, the 
base of the Cape Charles paleochannel is at 
about -50 m, and it presumably grades to the 
lowstand shoreline on the outer continental 
shelf. If sea level during the last glaciation was at 
-85 m and the mouth of the Susquehanna River 
was at the edge of the continental shelf, and if 
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Figure 10. Longitudinal profiles of the Cape Charles (A), Eastville 
(B), and Exmore (C) paleochannels. Squares, depths (below mean sea 
level) measured from seismic reflection profiles; letter v depicts min-
imum depths. Distance is measured from the present mouth of the 
Susquehanna River; line of section is shown in Figure 1. Depth of 
modern channel in the bay shown by solid line in A. Abbreviations: 
AB, Annapolis-Kent Island Bridge; CR, Choptank River; PX, Patux-
ent River; PR, Potomac River; SB, Maryland-Virginia state boundary; 
TS, mouth of Tangier Sound; PS, mouth of Pocomoke Sound; RR, 
Rappahannock River; YR, York River; and BT, Chesapeake Bay 
Bridge-Tunnel. 
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the river was 20 m deep at its mouth (the depth 
at its present mouth), then the base of the Cape 
Charles channel was at about -105 m at the 
shelf edge (Fig. 11). This value implies a consid-
erable steepening of the gradient of the fluvial 
profile between the mouth of the present Chesa-
peake Bay and the edge of the continental shelf: 
an average gradient of about 0.5 m/km. 

High-resolution seismic reflection profiles 
have been collected on the shelf off the mouth of 
the Chesapeake Bay and the Delmarva Penin-
sula (Field and Duane, 1976; Dillon and Oldale, 
1978), but the hard-packed surficial sand on the 
shelf hinders penetration by the high-resolution 
acoustic signals. As a result, no former channels 
of the Susquehanna River have been clearly 
identified or traced in the subsurface across the 
shelf. Swift and others (1972) traced a subtle 
topographic valley across the shelf from the 
mouth of the Chesapeake Bay to Norfolk Can-
yon; they suggested that this valley represented 
the retreat path of the former mouth of the river 
estuary. In contrast to the Susquehanna, the late 
Wisconsinan course of the Delaware River has 
been traced in some detail (Twichell and others, 
1977). The Delaware has a gradient of less than 

about 0.52 m/km across the middle shelf, steep-
ening to about 1.6 m/km across the outer shelf 
(Twichell and others, 1977). In addition, the 
youngest paleochannel of the Hudson River has 
a gradient of about 0.5 m/km on the outer shelf 
(Ewing and others, 1963). The suggested profile 
of the Susquehanna shown in Figure 11 is con-
sistent with these values. 

One factor that may affect the gradient pat-
tern of the glacial Susquehanna River is its 
relationship to the regional slope of the coastal 
plain and the strike of the underlying strata. The 
steep-flat-steep gradient sequence (Fig. 11) cor-
responds to sections of the river that are above 
the present mouth, beneath the Chesapeake Bay, 
and beneath the continental shelf, respectively. 
In the two relatively steep reaches, the river 
flowed approximately parallel to the regional 
slope and to the dip of the coastal-plain strata; 
beneath the Chesapeake Bay, the river flowed 
nearly across the regional slope and nearly paral-
lel to the strike of the coastal-plain strata. 

The steepening of the fluvial gradient on the 
shelf east of the bay may also be related to the 
frequency of sea-level fluctuations. Quaternary 
sea level has fluctuated in cycles in which ex-

treme positions represent only minor parts of the 
cycle periods. As sea level falls, incision of the 
river would begin at the mouth and would tend 
to increase headward with time. If the duration 
of the lowstand were short, the river might not 
have time to develop an equilibrium, concave-
upward profile; instead, a convex-upward pro-
file such as that suggested for the lower course of 
the river in Figure 11 would indicate rapid sea-
level changes and non-equilibrium conditions. 
This appears to be the case for tributaries of the 
Susquehanna River beneath the Chesapeake 
Bay, which have formed convex-upward pro-
files similar to that suggested for the Susque-
hanna River in Figure 11 in response to incision 
by the trunk stream (Hack, 1957). If sea-level 
fluctuations were cyclic and more rapid than the 
response of the river, then the middle section of 
the river (beneath the present Chesapeake Bay) 
might be expected to develop a profile that pro-
jects to the long-term mean sea-level position. 
The suggested profile for the Susquehanna be-
neath the Chesapeake Bay (Fig. 11) projects to 
about -60 m at the shelf edge. This value com-
pares to sea-level cycle extremes of zero for the 
present interglacial and -85 m (Dillon and 
Oldale, 1978) to -120 ± 60 m (Bloom, 1983) 
for the last glacial maximum. 

AGES OF THE PALEOCHANNELS 

Evidence for the ages of the paleochannels 
comes from a variety of chronometric and strat-
igraphic data. The ages of the Cape Charles 
paleochannel and its fill are relatively well 
known by virtue of the fact that they represent 
the last sea-level cycle and because radiocarbon 
ages, ranging from about 8 to 15 ka (Harrison 
and others, 1965; Meisburger, 1972), are availa-
ble for the channel fill. The paleochannel has 
been correlated with marine oxygen-isotope 
stage 2 (Colman and Mixon, 1988), the peak of 
which occurred about 18 ka (Imbrie and others, 
1984; Martinson and others, 1987). The Cape 
Charles paleochannel is clearly related to the 
low-sea-level stand associated with the last 
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Figure 11. Longitudinal profile of the an-
cestral Susquehanna River from its present 
mouth to the edge of the continental shelf. 
Distance is measured from the present mouth 
of the Susquehanna River; line of profile 
within the Chesapeake Bay is shown in Fig-
ure 1. Squares, Cape Charles paleochannel; 
circles, Eastville paleochannel; triangles, Ex-
more paleochannel. Open symbols are depths 
derived from seismic reflection profiles (Fig. 
10), excluding minimum values; solid symbols 
represent depths derived from boreholes and 
an estimate of the base of the channel at the 
shelf edge (see text). Dashed line is an early 
estimate of the profile of the Susquehanna 
River (Hack, 1957); solid line is the general-
ized profile suggested here. 

major glaciation, the late Wisconsinan, and has 
been only partly filled with sediment during the 
Holocene transgression. 

Each of the two older paleochannels is as-
sumed to correlate with an interval of low sea 
level of about the same magnitude as that of the 
late Wisconsinan glaciation and oxygen-isotope 
stage 2. Each of the older paleochannels is filled 
with estuarine sediments and overlain by bar-
rier-spit deposits on the Delmarva Peninsula 
(Mixon, 1985). No major unconformities exist 
within these fill sequences (Colman and Mixon, 
1988); local regressive unconformities exist only 
near or above present sea level on the Delmarva 
Peninsula. Therefore, each of the paleochannels 
is inferred to correlate with a major glaciation, 
immediately followed by a major interglacia-
tion. These prominent transitions have been 
called "terminations" (Broecker and van Donk, 
1970); the Cape Charles paleochannel and its 
Holocene fill represent termination I (Colman 
and Mixon, 1988). The barrier-spit deposits that 
conformably overlie the paleochannel fills on 
the Delmarva Peninsula represent the last events 
of the terminations and thus constrain the ages 
of the paleochannels. Ages of the terminations 
are tied to the dating of the marine oxygen-
isotope record (Imbrie and others, 1984; Mar-
tinson and others, 1987). 

Uranium-series and uranium-trend analyses 
(Mixon and others, 1982; Szabo, 1985) and 
amino acid age estimates (Wehmiller and oth-
ers, 1989) exist for the two ancient barrier sys-
tems on the Delmarva Peninsula. The ages of 
these and nearby deposits have been the subject 
of considerable discussion and argument, which 
have been reviewed in relation to the history 
of the bay by Colman and Mixon (1988). 
Uranium-series and amino acid age estimates 

are incompatible in some cases; both methods 
conflict with stratigraphic interpretations in 
other cases; and some of the uranium-series age 
estimates do not closely correspond to known 
times of high sea level. Nevertheless, it appears 
that the barrier-spit that overlies the Eastville 
paleochannel correlates with the last major 
(Sangamon) interglaciation and with oxygen-
isotope stage 5, about 125 ka. Accordingly, the 
Eastville paleochannel presumably dates from 
oxygen-isotope stage 6 (Colman and Mixon, 
1988), about 150 ka. The age of the barrier-spit 
that overlies the Exmore paleochannel is more 
problematic, but Colman and Mixon (1988) 
have suggested that these deposits may correlate 
with either oxygen isotope stage 7 (about 200 
ka) or with stage 11 (about 400 ka). If so, the 
Exmore paleochannel likely correlates with 
stage 8 (about 270 ka) or stage 12 (about 
430 ka). 

DISCUSSION AND IMPLICATIONS 

Deep paleochannels and their fills are promi-
nent parts of the Quaternary geologic record in 
the Chesapeake Bay area. They represent a 
marked change from pre-Quaternary deposi-
tional patterns, in that the regional Tertiary stra-
tigraphy shows no channels even approaching 
the size of those seen in the Quaternary. The 
Neogene strata in the area range in origin from 
fluvial-deltaic to nearshore marine (Owens and 
Denny, 1979; Owens and Minard, 1979; Pee-
bles and others, 1984; Mixon, 1985; Ward and 
Strickland, 1985). Where these deposits are flu-
vial or fluvial-deltaic, they typically form sheets 
of sand or sandy gravel that contain abundant 
channel structures (Hack, 1955; Schlee, 1957; 
Owens and Denny, 1979; Owens and Minard, 
1979). These relatively small channel structures, 
however, contrast markedly with the large, dis-

crete paleochannels described here, which have 
relief of as much as 50 m and which are filled 
primarily with fine-grained estuarine sediments 
rather than with coarse sand or gravel. We sus-
pect that this contrast is related to the inception 
of high-frequency, high-amplitude, sea-level 
fluctuations associated with continental glacia-
tion. The earliest unit that occupies significant 
incised channels appears to be the Chowan 
River Formation of late Pliocene age (Black-
welder, 1981; Peebles and others, 1984), which 
is consistent with the estimate of 2.4 m.y. for the 
onset of North Atlantic ice-rafting (Shackleton 
and others, 1984). The oxygen-isotope record 
suggests that ice-volume and sea-level fluctua-
tions were relatively small in amplitude and had 
a period of about 41,000 yr in the latest Pliocene 
and early Pleistocene; a major increase in ampli-
tude and period of the cycles occurred about 
800-900 ka (Shackleton and Opdyke, 1976; 
Prell, 1982; Ruddiman and others, 1986). 
Large-amplitude sea-level and ice-volume fluc-
tuations have occurred with a period of 100,000 
yr since then; we correlate the three large Qua-
ternary paleochannels identified here with three 
of the largest positive oxygen-isotope peaks 
(Colman and Mixon, 1988). The formation and 
filling of the paleochannels mark a major change 
in the style of estuarine sedimentation on the 
Atlantic continental margin. Large paleochan-
nels identified in and near other estuaries (Hine 
and Snyder, 1985; Knebel and Circe, 1988) 
suggest that this change applies to the margin in 
general. 

Our reconstruction of the three generations of 
paleochannels beneath the Chesapeake Bay area 
shows distinct spatial and temporal patterns. 
The channels diverge toward the southeast, and 
each channel is entirely to the west of its prede-
cessor, with the single exception of a short seg-
ment of the Eastville channel off Calvert Cliffs 
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(Fig. 8). Where the channels cross the Delmarva 
Peninsula, each channel is found progressively 
farther south than its predecessor. 

This pattern reflects the southward prograda-
tion of the Delmarva Peninsula during major 
interglacial high sea-level stands (Colman and 
Mixon, 1988), the latest episode of which is evi-
dent in the late Holocene history of the bay 
mouth (Meisburger, 1972; Field and Duane, 
1976; Colman and others, 1988). There, the 
modern spit complex is extending southward at 
about 12 m per year (Field and Duane, 1976), 
and the axial channel of the bay has been dis-
placed as much as 12 km southward in the past 
few thousand years (Colman and others, 1988). 
This progradation of the peninsula and south-
ward migration of the mouth of the bay is epi-
sodic, occurring only during the highest of 
interglacial sea-level stands (Colman and Mixon, 
1988). During each major interglaciation, the 
former fluvial channel is filled with estuarine 
sediments throughout the bay, and the estuarine 
tidal channel migrates southward of the former 
fluvial channel at the bay mouth. As sea level 
falls following the interglaciation, the displaced 
estuarine channel becomes the new fluvial 
channel, the previous generation of the fluvial 
channel and its fill are preserved, and the course 
of the Susquehanna River is altered. 

The many isolated segments of paleochannels 
identified by previous workers (Fig. 2) are in-
corporated into our reconstructions, and the spa-
tial and age relationships among these segments 
are now clear. We recognize three distinct 
generations of the Susquehanna River, each of 
which forms a well-defined, integrated, fluvial 
system. Kehrin and others (1980) correctly in-
ferred that the paleochannel in the lower Chester 
River, first identified by Schubel and Zabawa 
(1973), extends southward across the mouth of 
Eastern Bay and beneath the Poplar Island area. 
The channel does not turn eastward in the 
Choptank River nor connect with the Salisbury 
channel, as suggested by Schubel and Zabawa 
(1973). The Salisbury channel is not part of any 
of the paleochannel systems described here, and 
if it is truly a former course of the Susquehanna 
River, its position to the northeast of the Exmore 
paleochannel suggests that it is older than any of 
those we have identified. 

Kehrin and others (1980) were also correct 
when they inferred that their channel, which we 
call the "Exmore paleochannel," extends be-
neath the Eastern Shore and into Tangier 
Sound. Instead of extending down the east side 
of Chesapeake Bay, however, the channel 
crosses the Delmarva Peninsula just south of the 
mouth of Tangier Sound. Beneath the Poplar 

Island area, the Exmore and Eastville paleo-
channels partly overlap (Fig. 7), so that Kehrin 
and others (1980) actually saw two partly super-
imposed paleochannels instead of the single pa-
leochannel they identified. Their inference of an 
Illinoian age for their channel was correct for the 
Eastville channel, but they mostly followed the 
Exmore channel, which is older. 

The channel that Harrison (1972) inferred 
beneath Metomkin Island, on the basis of the 
distribution of reworked crystalline gravel along 
the modern beach, does not appear to relate to 
any other known paleochannel. It is well north 
of the Exmore paleochannel and well south of 
the Salisbury paleochannel (Fig. 2). If the grav-
els were derived from the Susquehanna or Po-
tomac Rivers, the channel system that served as 
the conduit is unknown. 

Mixon's (1985) map of the top of the Tertiary 
on the southern Delmarva Peninsula indicated 
that the channel beneath the town of Exmore 
was at only about -24 m (-70 ft). Subsequent 
deepening of a critical borehole, however, has 
shown that the channel extends to depths of at 
least -60 m (-200 ft) (R. B. Mixon and D. S. 
Powars, 1986, unpub. data; Colman and Mixon, 
1988). These data and those for the Eastville 
paleochannel farther south on the Delmarva Pe-
ninsula, along with the stratigraphic relation-
ships between the paleochannels and the barrier-
spit complexes on the Delmarva Peninsula 
(Mixon, 1985), form the basis for our recon-
struction of the history of the paleochannel sys-
tems (Colman and Mixon, 1988). 

The suggestion by Harrison and others (1965) 
that the mouth of Chesapeake Bay has been up-
lifted by as much as 52 m (170 ft) since late 
Wisconsinan time has long been controversial. 
This amount of uplift was inferred from the dif-
ference between the altitude of the paleochannel 
beneath the Annapolis-Kent Island Bridge 
(-60 m, -200 ft) and that derived from Hack's 
(1957) estimated channel gradient, projected to 
the bay mouth (-112 m, -370 ft). The actual 
base of the channel is an additional 12 m higher 
at the mouth of the bay than at the Annapolis-
Kent Island Bridge. Many of the objections to 
this hypothesis disputed the interpretation that 
the channels beneath the Annapolis-Kent Island 
Bridge and the Bay Bridge-Tunnel were the 
same channel; rather, it was suggested (Harrison, 
1972) that the channel of the Susquehanna 
River beneath the Kent Island Bridge probably 
crossed the southern Delmarva Peninsula and 
that the channel beneath the Bay Bridge-Tunnel 
was a tributary. Our seismic reflection data, 
however, show that the channel segments 
beneath the two structures are unequivocally 

the same channel and the same age (late 
Wisconsinan). 

Nevertheless, no uplift of the bay mouth is 
required to explain the fact that the base of the 
channel is 12 m higher at the mouth of the bay 
than at a point 220 km upstream. The water 
surface of the ancient river must have sloped 
seaward, but segments of the base of the channel 
need not have, especially because the channel 
tends to increase in width downstream. The var-
iability of the depth to the base of the Cape 
Charles paleochannel (Fig. 10A) easily accom-
modates the 12-m difference. The Cape Charles 
paleochannel can be traced nearly continuously 
from the Annapolis-Kent Island Bridge to the 
Chesapeake Bay Bridge-Tunnel, and it and the 
two older paleochannels all have irregular longi-
tudinal profiles and extremely low gradients 
within the bay (Figs. 10 and 11). 

The spatial and temporal pattern of the paleo-
channels indicates that they have been migrating 
westward through time. The root cause of this 
migration has been the migration of the mouth 
of the Chesapeake Bay southward during inter-
glacial periods (Colman and Mixon, 1988). The 
morphology of the bay, like that of all coastal-
plain estuaries, depends on the fluvial erosion 
preceding the marine transgression that formed 
the estuary. Thus, the configuration of each 
generation of Chesapeake Bay has changed 
dramatically as the paleochannels have migrated 
westward. A consequence of these changes is 
that the erosion surface on top of the Tertiary is 
younger on the west side of the bay than it is on 
the east side. In addition, the islands and parts of 
the Eastern Shore that overlie the paleochannels 
and the southern part of the Delmarva Peninsula 
are all geologically young, younger than the 
Eastville or Exmore paleochannels. The dra-
matic changes that have occurred in the Chesa-
peake Bay area therefore indicate a dynamic and 
changing geological environment on the Atlan-
tic coastal plain. This dynamic environment will 
result in major bathymetric and coastline 
changes as sea-level rise continues or accelerates, 
and it will result in a new course for the Susque-
hanna River when sea level next falls. 
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