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LETTER OF TRANSMITTAL

COMMONWEALTH OF VIRGINIA
VIrGINIA GEOLOGICAL SURVEY
UNIVERSITY OF VIRGINIA

CHARLOTTESVILLE, VA., January 16, 1930.
To the State Commission on Conservation and Development:

GENTLEMEN :

I have the honor to transmit and to recommend for publica-
tion as Bulletin 32 of the Virginia Geological Survey series of re-
ports a manuscript and illustrations of a report on the Sand and
Gravel Resources of the Coastal Plain of Virginia, by Chester K.
Wentworth. g

This investigation was made in cooperation with the United
States Geological Survey and the State Highway Commission (now
the Department of Highways). :

The report discusses the characteristics and origin of the ter-
races and surficial formations of the Coastal Plain of Virginia,
with emphasis upon the occurrence and nature of usable deposits
of sand and gravel. Many mechanical analyses have been made
of the materials in these deposits, and the results are shown in an
extensive series of graphs. The sand and gravel resources of the
Coastal Plain are summarized by counties.

As this report is the only one that treats in detail of the oc-
currence and character of the sand and gravel of the Coastal Plain,
it should be of value to all interested in the resources of that part
of the State.

Respectfully submitted,
ArTHUR BEVAN,
State Geologist.
Approved for publication:
State Commission on Conservation and Development,
Richmond, Virginia, January 16, 1930.
E. O. FreeiN, Executive Secretary
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ABSTRACT

The Coastal Plain of Virginia is underlain by three great
series of rocks: (1) A buried, closely folded mass of pre-Cambrian
crystalline and early Paleozoic sedimentary rocks, (2) an over-
lapping series of Cretaceous and Tertiary sediments, mostly only
slightly indurated, and (3) a veneer of Pliocene and Pleistocene
gravels, sands, and loams lying in terrace formation on the beveled
edges. of the next earlier rocks.

This report deals with the terraces and the sedimentary
formations of the youngest series. ' Six principal terraces and ter-
race formations are recognized and described. The oldest terrace,
the Brandywine, is thought to be of Tertiary (Pliocene) age. The
Pleistocene terraces, from the oldest to the youngest, are the Sun-
derland, Wicomico, Chowan, Dismal Swamp, and Princess Anne.
The latter two names are used for the first time in this report.

These terraces are typically developed as a series of steps,
the highest terrace in a given region being commonly a dissected
upland against the margins of which the successively younger ter-
races have been cut. The older and higher terraces and forma-
tions are chiefly fluviatile in origin, whereas the younger are in
part marine and in part fluviatile. The development of the higher,
fluviatile terraces is more prominent in the northern part of the
Coastal Plain of Virginia, but in the southern part the marine ter-
races occupy a larger part of the width from east to west.

The average thickness of the terrace formations is not more
than 30 to 40 feet. They consist of ferruginous, loamy gravels and
massive, pebbly loam beds, with well-sorted, clean sands and fine
gravels which increase in relative amount in the lower terraces and
in situations close to the present waterways.

One of the chief problems in the study of the terrace forma-
tions is the discrimination between fluviatile and marine terraces
or phases of the same terrace. Physiographic and petrographic
criteria for such separation are discussed. The Brandywine and
the larger part of the Sunderland formation are interpreted as
fluviatile in origin. The larger part of the Wicomico formation
in Virginia and the principal areas of the younger formations are
thought to be marine, though fluviatile phases exist.

Following a long period of weathering and erosion in post-
Miocene time, there was an increase in stream competence which
resulted in building great alluvial fans in Brandywine time. It is

xiii



xiv ABSTRACT

thought probable that the cause of this change was climatic rather
than tectonic. It is estimated that the duration of Brandywine
time may be of the order of 25,000 to 50,000 years. After the close
of Brandywine time, the Potomac and other streams cut deep
channels through the newly formed deposits and into the under-
lying rocks.

After a time, an increase of stream competence and a halt in
down-cutting led to the formation of the Sunderland fans and other
terrace deposits within the post-Brandywine gorges and seaward
from the higher parts of the Brandywine accumulations. Along
the coastal margin fluviatile Sunderland sediments advanced over
marine formations of slightly earlier age. During this and subse-
quent terrace-forming epochs numerous faceted and striated blocks,
thought to have been formed by the action of river ice, were rafted
out onto the terrace flats and deposited in situations otherwise
devoid of coarse material.

Following Sunderland time, the sea rose slightly and waves
encroached on the Sunderland deposits. It is believed that the
lower part of the eastern peninsula of Virginia had not been estab-
lished at this time, and that other drainage conditions were in
course of evolution toward their present state. A succession of
lower fluctuations of sea-level resulted in the formation of the
several lower terraces. In the marine terraces there is clear evi-
dence of several shifts of the level of the sea with respect to the
Tand. No adequate evidence is at hand, in the opinion of the writer,
to establish significant differential or tilting movements, and it
is thought that all the slopes of existing terrace surfaces are sub-
stantially those of original deposition.

Large quantities of loam gravel, suitable for 'sub-foundation
for highway construction, are found in the counties adjacent to
the principal streams. Practically no such gravel is found in the
eastern counties. Washed gravel of coarse grades is available
chiefly from the major streams near the Fall Belt. Large amounts
of washed sand are here also and in beaches along various parts
of the coast.



Sand and Gravel Resources of the Coastal
Plain of Virginia

By CuaEester K. WENTWORTH

INTRODUCTION
LOCATION AND EXTENT

The Coastal Plain of Virginia includes all of the State east of
the Fall Line, which is along the eastern margin of the Piedmont
Plateau. Its relation to the remainder of the State is shown in
Figures 1 and 2. In the northern part of the State it is almost co-
extensive with Tidewater Virginia, but south of James River it
includes a large area which is not adjacent to tidewater.

The Coastal Plain of Virginia has an area of 8,161 square
miles or 20.3 per cent of the State. It is one of the most extensive
compact areas of land in North America, which is mostly less than
10 miles from tidewater. This is shown in Table 1 below.

TaBLE 1.—decessibility of the Coastal Plain of Virginia to tidewater

Distance from Area in
tidewater square miles Per cent
Oto2miles............................ 2,801 34.3
2 to 5 miles...... 1,689 20.7
5 to 10 miles. .. 1,209 14.8
Over I0miles.................. 2,462 30.2
8,161 100.0

TIDEWATER PENINSULAS

As is shown in Figure 2, the tidewater part of the Coastal
Plain in Virginia is divided by long narrow tidal bays and Chesa-
peake Bay into several prominent peninsulas. From north to
south they have been designated as (1) the Northern Neck, be-
tween the Potomac and the Rappahannock, (2) the Middle Penin-
sula, between the Rappahannock and the York, (3) the Peninsula
(or Williamsburg Peninsula), between the York and the James,
(4) the Norfolk Peninsula, and (5) the Eastern Shore, east of
Chesapeake Bay.
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4 SAND AND GRAVEL RESOURCES OF VIRGINIA

PURPOSE OF INVESTIGATION

The purpose of this study was to make an areal examination
of the sand and gravel formations of the Coastal Plain in order
(1) to determine the location and quality of deposits adapted for
commercial use and (2) to obtain a basis for estimating the avail-
able sand and gravel in different parts of the Coastal Plain. It was
hoped that data might be gathered also on the form, structure,
correlation, and relations of the terraces, as a contribution to the
areal and historical geology of the Coastal Plain.

The writer began to study the terraces and gravels in 1921
and continued the work with some interruption until the winter
of 1926. His work prior to 1926, mostly in the basin of the Po-
tomac River, has led to conclusions somewhat discordant with
those of Stephenson for North Carolina. It seemed, therefore, de-
sirable to study in some detail the terraces of the Coastal Plain
of Virginia and to carry the mapping and correlations from the
Potomac to North Carolina. The results of this study are given
below. :

Because of their historical significance careful search was made
for striated and faceted cobbles and boulders, which had been
found at many localities in the Potomac River basin. During this
field work they were found at scores of localities in the basin of
James River and on the terraces of the eastern part of the Coastal
Plain, and thus the known occurrence of these erratics was ex-
tended south to the State line. This study thus has contributed
data to a very interesting problem of geologic history during
Pleistocene time.

FIELD WORK

The field work was done mainly between early June and Sep-
tember 15, 1926, and during December, 1926. Travel was mostly
by automobile. Ten days in August were spent in a boat on
Chesapeake Bay and the James, York, Piankatank, and Rappahan-
nock rivers. Grading of trunk highways in the recent road pro-
gram has made a large number of excellent exposures of the sur-
ficial materials. These cuts are very valuable to geologists and
engineers in their search for road materials.

Field observations were confined mainly to exposures of gravel
on river banks and in railroad and road cuts. Lack of time pre-
vented extensive digging or boring. Main highways were tra-
versed and river banks were examined at intervals of 2 to 5 miles.
Most of the Coastal Plain is covered by excellent topographic
maps, which show the principal terraces and their scarps. Hence
steep bluffs and other points of probable exposure of the forma-
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tions were readily determined, and much unnecessary travel was
avoided.

Samples of sand and gravel suitable for commercial use, or
typical of local terraces, were collected for mechanical analysis and
study of their composition. During the boat cruise about 80 bot-
tom samples were collected in an effort to learn something about
modern sedimentation in the tidal mouths of rivers of the Coastal
Plain,

LABORATORY METHODS

Most of the samples of sand and gravel were analyzed me-
chanically to determine the proportions of materials of various sizes.
The methods were essentially those described elsewhere by the
writer.! Most of the samples were sifted for a uniform time of 5
minutes in the Tyler Ro-tap sieve shaker. The grade scale, pre-
viously described by the writer,? consists of a geometric series start-
ing from a 1 millimeter opening and expanding by the multiples
and submultiples of two. For the convenience of engineers, the
results of the mechanical analyses are given also in this report in
the English units of the 10-20-30 mesh scale.

Because of the relatively lesser importance of the finer portion
of the gravel in separating the various types, the total amount only
of the sample below the 1/16 millimeter sieve size was determined.
-Each grade of each sample was examined to determine the prin-
cipal minerals, the shapes of particles, and other features of especial
interest. A thorough analysis of most grades or samples was not
attempted, but especial attention was given to the more unusual
ones,
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1 Wentworth, C. K., Methods of mechanical analysis of sediments; Univ. of Iowa,
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Geology, vol. 30, pp. 877-8392, 1922,
Op. cit.,, pp. 21-24. )
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SURFACE FEATURES
TOPOGRAPHY
GENERAL STATEMENT

The Atlantic Coastal Plain extends from the Fall Line on the
west to the submerged margin of the continental shelf on the east
(Fig. 2), and from Eastern Massachusetts to Florida. Though the
present coast line may, from the human viewpoint, seem perma-
nent, it is geologically a very temporary feature, which has at
times in the recent geologic past shifted back and forth across
the Coastal Plain. (See Pl 1, A.) It has thus occupied positions
at times east of the present shore line and at others almost as
far west as the present Fall Line, Parts of the submerged Coastal
Plain, as well as the land area, are described because the history
of the two sections has been intimately interrelated.

THE LAND AREA

In its simplest aspect the Coastal Plain consists of a gently
sloping lowland which rises gradually from the sea to maxi-
mum elevations of slightly more than 300 feet at its western
margin. The Fall Line, or more properly Fall Belt, is a transi-
tion zone to the Piedmont Plateau on the west., This belt is
generally characterized by (1) a steeper seaward slope, (2) in-
creased gradients, and (3) falls and rapids in the streams. (See
Pl 1, B.) The Fall Belt is rather sharply marked in the main val-
leys but elsewhere the slope, though steeper than in the Coastal
Plain or the Piedmont Plateau, is so gentle that there is no pro-
nounced break in the topography.

The average east-west width of the Coastal Plain is about 100
miles. Its average slope to the east or southeast is less than 3
“feet to the mile. The surface of the plain in detail is more complex
than is indicated by a general view. The simple slope of the plain
is interrupted by a series of sea-facing terraces which extend from ~
north to south across the province. The highest terraces are in
the western part of the plain and the lower terraces occur in suc-
cession east of their eastern margins. The Coastal Plain consists
almost wholly of the upper surfaces of these terraces, as the area
in the slopes and low escarpments that connect adjacent terraces
is very slight as compared with the “treads” of the terraces. The
maximum widths of individual terraces are 25 to 30 miles. Ter-
races have been cut away in places during the formation of the
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next lower terrace. The upper surfaces of the terraces slope sea-
ward generally about 1 or 2 feet to the mile. The escarpments
between adjacent terraces are much steeper.

Six principal terraces are recognized in the present report,
being from highest to lowest, the Brandywine (PL 2, A), the Sun-
derland (PL 2, B), the Wicomico, the Chowan, the Dismal Swamp
(Pl. 11, B), and the Princess Anne. (See Fig. 5.) It is apparent
from the manner of their formation that the highest terrace is the
oldest and that the lowest terrace is the youngest. The distribu-
tion of the terraces is shown in Figure 24 (p. 46). Much of the
original surface of these terraces was flat with few variations of
10 to 20 feet over considerable areas. The older terraces have
been dissected by streams so that areas of only a few acres remain
at the original level, but more or less continuous remnants along
the branching divides give the appearance of a broad plain.

As the younger terraces are generally less dissected, many
areas of several square miles show only slight modification. The
scarps separating adjacent terraces range from 10 to 50 feet in
height. Where extensive development of a lower terrace has cut
away an intermediate one, the scarps are considerably higher. At
many placs the lower and younger scarps are very steep, having
been but slightly modified since they were eroded by waves along
the ancient coast line. Even the older scarps, though notched in
places by valleys, are generally rather striking features. Some ex-
tend almost unbroken for many miles. (See Figs. 63 and 103.)

The general conception of the Coastal Plain as a lowland com-
posed of gently sloping sea-facing terraces separated by low cliffs
(Fig. 6), roughly parallel to the coast line, is subject to further
modification. This terraced plain has been deeply dissected by
the master streams which flow across it. Their valleys are now
largely narrow tidal channels which divide the Coastal Plain into
several long peninsulas which extend seaward from the Fall Belt.
Considerable dissection has occurred along the margins of these
tidal channels or estuaries. There has been formed also in places
a series of river-facing terraces which merge seaward with the
several sea-facing terraces described above. The detailed pattern
of the tidal rivers is described in the section or drainage (pp. 16-21).

The Coastal Plain may also be divided into upland and low-
land sections. The upland section includes the area west of the
Sunderland-Wicomico scarp between Irvington, Lancaster County,
and Boykins, Southampton County. The lowland section consists
of the plain east of this scarp. (See Fig.7.) The upland thus in-
cludes the entire area of Brandywine and Sunderland terraces and
narrow areas of lower terraces along the rivers of this section.
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The lowland includes the entire sea-facing area of the Wicomico,
Chowan, Dismal Swamp, and Princess Anne terraces. (See Pl
3, A, and Fig. 7.)

Elevations of the principal terrace surface in the upland range
from about 100 to 250 feet. Narrow river- and wave-cut benches
occur along the master streams at various elevations down to sea
level. Most of the original upland surface is conspicuously flat,
departures of more than 10 or 15 feet from the general level being
rare. In a few places, notably near King George, scattered rem-
nants rise slightly above the general level without being sufficiently
numerous to indicate clearly the presence of a distinct terrace.
The western part of the Coastal Plain upland within 5 miles of
the Fall Belt is considerably more rolling and irregular than the
part which extends eastward along each of the peninsulas.

The present upland surface consists of winding and branching
tabular divides which are deeply cut by the headwater tributaries
of the principal streams. Undissected upland areas more than 1
mile wide are not common. In many places, however, the branch-
ing remnants of the tableland give the impression of an unbroken
plain. Tabular remnants, although forming probably not over 15
per cent of the upland area, dominate the region and give validity
to its description as a plain. The remainder of the area consists
of (1) scarps between adjacent terraces and (2) narrow valleys.
These slopes range generally from 100 to 500 feet to the mile.
Steep cliffs are common in places. (See Fig. 4.)

The lowland part of the Coastal Plain consists of plains and
terraces ranging from sea-level to 100 feet above the sea. Its sur-
face is commonly flatter and much less dissected than the upland
surface, though the margins of the terraces have been frayed by the
headward erosion of small streams. On the other hand, no single
lowland terrace level is as extensive as some of those on the up-
land. About one-third of the lowland area consists of unbroken
flats, whereas the remainder is in valleys and slopes. These slopes
are as a rule much more gentle than those in the upland part of
the Coastal Plain. (See Fig. 5.) *

The topographic features of the individual terraces are de-
scribed in detail on pages 38, 41, 55, 63, 69, 75, and 81.

THE SUBMARINE AREA

The submerged part of the Atlantic Coastal Plain, or Conti-
nental Shelf, off the Virginia coast is a broad flattish, submerged
plain which extends to the steep escarpment at the rim of the ocean
basin. (See Fig.3.) The submerged valleys of the ancient Susque-
hanna River, now Chesapeake Bay, and its tributaries trench it.
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The Continental Shelf adjacent to Virginia slopes seaward
(1) about 6 or 7 feet per mile in the first 10 miles, (2) then grad-
ually decreases to not over 2 feet to the mile in the next 20 to 30
miles, and (3) then increases slowly to an average of 50 feet per
mile between depths of 50 and 100 fathoms. From depths of 100
to 1,200 or 1,500 fathoms the slope of the Continental Shelf is 250
or more feet per mile, Although this part of the shelf is distinctly
steeper than the remainder of its surface, it is not a steep slope
when compared with subaerial land surfaces. It is notable only
in contrast to the extremely flat landward part of the shelf. Most
of the bottom of Chesapeake Bay in Virginia is between 20 and 60
feet below sea-level. Depths of more than 100 feet are known in
a few places. There are many areas of 20 to 30 square miles
which show variations in depth of less than 10 feet. Local details
of slope are not known, but slopes more than 15 feet to the mile
are not sufficiently extensive to be indicated by soundings on the
coast charts. Slopes approaching this steepness are found only
on the flanks of sand spits and other depositional features just
off shore.

Though there are many local variations in the form of the
bottoms of the tidal channels of the rivers that cross the Coastal
Plain, the channels conform rather generally to a typical cross-
section. (See Figs. 8-10.) This consists of sub-aqueous shelves
which slope gently toward a deeper middle channel with rela-
tively steep sides. The submerged shelves are commonly 10 to 15
feet below the surface at a quarter to half a mile from shore though
there are considerable variations in the depth of water at the mar-
gin. The middle channels range from 1,000 to 3,000 feet wide and
from 20 to 60 feet deep. The slopes from the shelves into these
middle channels are commonly very steep, being from 200 to 1,000
feet per mile. The deep channels are commonly midway between
the shores, but they swing toward the outer shore of the sharper
bends. Unlike most deep river channels there is a slight shelf on
the outside of the curve, which indicates that wave erosion is here
more effective than the river current. Profiles of several channels
are shown in Figure 8,

DRAINAGE
GENERAL CHARACTERISTICS

TyYPES OF STREAMS

The Coastal Plain of Virginia is drained by three types of
streams and their tributaries, namely, (1) trans-Blue Ridge, (2)
Piedmont, and (3) Coastal Plain. The Potomac and the James
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Figure 8A.—Profile across Nansemond River southeast from Cedar Point.
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Figure 8B.—Profile across Potomac River southeast from Sheridan Point to Mockley Point.
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Figiure 8C.—Profile across Potomac River southeast from Fort Humphreys. A shelf is

found at the foot of the Fort Humphreys bluff even though the channel at this point
is convex toward the bluff.

Profiles showing channel forms in tidal rivers of the Coastal Plain of Virginia. These
profiles show the deep central channel and the submerged shelves which are formed partly
by wave cutting and partly by wave deposition.
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belong to the first type. As their headwaters are far to the west
in the Appalachian Plateau and the Appalachian Valley provinces,
they cross the Blue Ridge and Piedmont Plateau provinces be-
fore reaching the Coastal Plain. The Piedmont type, for example,
Rappahannock and Meherrin rivers, heads on the east slope of the
Blue Ridge or in the Piedmont Plateau. The third type, repre-
sented only by Piankatank River, is confined to the Coastal Plain
province. The drainage and the three types of drainage basins
of the Coastal Plain are shown in Figure 11 (p. 18).

DRAINAGE PATTERN

The drainage of the Coastal Plain is in the main dendritic® in
pattern. There are no trellised or other patterns, due to structural
control. The courses of major streams, and the minor details of
the drainage pattern, show some departures from the dendritic
pattern which are probably of great significance in interpreting
the physiographic history of the region.

DRAINAGE ANOMALIES

The most important of these drainage anomalies is perhaps
the southward turning of some of the master streams after cross-
ing the Fall Belt, so that they flow more or less southwesterly for
some distance before turning southeastward across the Coastal
Plain by the shortest course to the ocean. The Delaware and
Susquehanna rivers have this feature well developed. The Po-
tomac shows it in less degree and the James, still farther south,
has only a slight development of this type of course. None of
the master streams south of the James show this feature.

The principal streams run nearly southeast from the Fall Belt,
thus approaching Chesapeake Bay with an acute angle of about
45 degrees on their north sides. The James, York, Rappahannock,
and Potomac rivers in Virginia and the Patuxent and other streams
in Maryland are examples. Numerous streams of the Coastal Plain
turn sharply to the east a few miles above their mouths, thus enter-
ing the bay at right angles. Such bends occur in the James at
Newport News, in the York at Yorktown, and in the Rappahan-
nock just west of Irvington, The Potomac does not have this
type of bend, but it appears again in Patuxent River in Mary-
land.

Some of the master streams have other anomalous similarities.
All except the Potomac have strongly meandered channels for 15
minage pattern which resembles the branching veins of a leaf. In contrast, is

trellised drainage with its streams oriented along two sets of lines nearly at right angles
to each other.
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to 40 miles southeastward from the Fall Belt. The Rappahannock
to Port Conway, the Mattaponi and Pamunkey to their junction
at West Point, and the James to Bermuda Hundred have such
courses. Eastward from these points the courses are of two types:
(1) An almost straight drowned channel, such as York River
below West Point, and (2) a succession of giant drowned meanders,
such as those of lower James River. The Rappahannock shows
both types, with meanders from Port Conway to Tappahannock,
and a straight channel below Tappahannock. The Potomac,
though not typical, belongs in the second class. Some other
streams show characteristics in part similar to those described.
The Piankatank-Dragon Run system has a sharp bend northwest
of Cobb’s Creek in Mathews County. The southeastward course
of the upper Chickahominy and its sharp turn to the south several
miles west of Toano (James City County) suggest piracy, but no
other evidence is known. The Chickahominy has a meandered
section corresponding to the meander phase of the other streams
but at a point much lower in its course.

The major drainage pattern south of James River is sharply dis-
cordant with that to the north. West of Suffolk the headwaters of
Blackwater and Nottoway rivers, which flow south to the Chowan,
are within 10 miles of the James at many points. Moreover, the
James has no southern branches of consequence between Appo-
mattox and Nansemond rivers. To a limited extent a similar situa-
tion exists farther north where James and Potomac rivers and
lower Chesapeake Bay have longer tributaries on the north or east
side than on the opposite bank, which is more generally cut to a
high, continuous bluff. There are also many places where the
courses of smaller streams have been controlled by (1) the hori-
zontal outlines of wave-cut cliffs, (2) meander-formed scarps or
sloughs on river flats, and (3) bars and spits along the coast.

TRANS-BLUE RIDGE RIVERS
Poromac River SYSTEM

The Potomac is one of the important rivers along the Atlantic
Coast of the United States. Next to the Susquehanna with a
drainage basin of 24,100 square miles above Harrisburg, the Po-
tomac with a drainage basin of 11,460 square miles above Great
Falls, Maryland, has the largest drainage basin of any Atlantic
river south of the Saint Lawrence. The total area of the Potomac
basin to Point Lookout is 14,550 square miles, with a mean eleva-
tion of 1,070 feet above sea-level. The mean discharge of 11,900
second-feet of Potomac River is exceeded by Susquehanna River
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with 36,300 second-feet, and Connecticut River with 13,500 second-
feet.t ‘

The Coastal Plain part of the Potomac drainage basin which
lies in Virginia is a relatively narrow zone along the west and
south sides of the river. A much larger area in Maryland drains
into the Potomac from the north. The principal tributary in Vir-
ginia is Occoquan Creek, few of the other tributaries being over
10 miles long. The Potomac across the Coastal Plain is entirely
in a drowned channel, in which the tide ebbs and flows. Near
Washington the river is commonly about 1 mile wide and its cen-
tral channel is scoured to depths of 25 to 60 feet. It gradually
widens downstream until it is 6 miles wide at its mouth. Here
it has an average depth of about 50 feet. This part of the river
has a central channel which is deeper than it is farther inland.
(See Fig. 9.)
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Figure 9.—Profile across the mouth of Potomac River between Cornfield Harbor, Maryland,
and Presley Creek, Virginia. It shows one of the deepest parts of the central channel
and hence is not typical. The average depth of the central channel is about 60 to 65
feet. The remainder of the channel configuration is approximately that shown here.
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Figure 10.—Profile across Hampton Roads at mouth of James River. From the Navy Base
northwest to a point east of Newport News.

James River SystEMm

James River is part of the great Chesapeake system. (See
Fig. 11.) Its basin is considerably smaller than the Potomac basin
and its mean discharge is about two-thirds as great. The James
drains parts of all the provinces which are drained by the Potomac.
Its basin has a similar diversity of rocks, which have supplied
sediments to the terrace formations of the Coastal Plain. The

4 Data from Water-Supply Papers and other records in the Division of Surface Water
of the United States Geological Survey.
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main tributaries in the Coastal Plain are the Chickahominy on the
north and the Appomattox on the south. The latter, however,
flows only a short distance in the Coastal Plain.

The tide reaches as far inland as Richmond in the Fall Belt.
Below Richmond the channel of the James averages 1,000 to 1,500
feet wide, and it is generally not over 15 to 20 feet deep. At Hamp-
ton Roads the width is about 4 miles and the depth is seldom over
30 feet, though at a few points the natural central channel reaches
depths of 60 to 100 feet. Dredging is necessary in places to main-
tain a depth of 30 feet. '

RIVERS FROM THE PIEDMONT

Almost the entire upland of the Coastal Plain between the
Potomac and the James is drained by the Rappahannock and the
York river systems. The only exception is the small Dragon Run-
Piankatank drainage between the two major rivers. The Rappa-
hannock is the largest of the rivers which rise in the Piedmont
Plateau. It is the only one in which the tide flows inland to the
Fall Line. Its tributaries in the Coastal Plain are small, being
mostly 10 miles or less in length. York River is formed by the
union of Mattaponi and Pamunkey rivers at West Point. Its en-
tire course is an estuary. The tide is felt for some miles above
West Point, but the extreme limit is not known to the writer.
Mattaponi and Pamunkey rivers are notable for their well-de-
- veloped meanders for many miles above West Point.

Most of the drainage of the western three-fourths of the
Coastal Plain south of James River is tributary to Chowan River
which flows into Albemarle Sound in North Carolina. So far as
known, the tidewater part of the Chowan lies wholly in North
Carolina. The Chowan has three branches which rise in the Pied-
mont Plateau, namely, Meherrin, Nottoway, and Blackwater rivers.
A narrow strip of land south of Appomattox and James rivers
drains into the James system.

COASTAL PLAIN RIVERS

The largest river entirely in the Coastal Plain is the Pianka-
tank which drains parts of Middlesex, Essex, King and Queen,
Gloucester, and Mathews counties. The Great Wicomico of the
Northern Neck and the Mobjack Bay system are others of this
type. The drainage of the Eastern Shore consists of a few streams,
mostly not over 5 miles long, which drain into the heads of small
drowned palmate systems of streams. The drainage of the area
around Norfolk is similar. Nansemond and Elizabeth rivers drain
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A. Low sandy shore adjacent to Princess Anne terrace 1 mile east of
Quarter Point, Gloucester County. (See p. 7.)

B. Granite ledges and pot-holes in the channel of James River at the
Fall Belt, Richmond. (See p. 7.)
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A. Low sandy shore adjacent to Princess Anne terrace 1 mile east of
Quarter Point, Gloucester County. (See p. 7.)

B. Granite ledges and pot-holes in the channel of James River at the
Fall Belt, Richmond. (See p. 7.)
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A. Brandywine terrace on the Coastal Plain near Potomac River.
(See p. 8.)

B. Sunderland terrace, with pine forest, northeast of Surry, Surry County.
(See pp. 8 and 43.)
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A. Brandywine terrace on the Coastal Plain near Potomac River.

(See p. 8.)

B. Sunderland terrace, with pine forest, northeast of Surry, Surry County.
(See pp. 8 and 43.)
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north from the Dismal Swamp area. North Landing and North-
west rivers drain southward to Currituck Sound.

TIDES ON THE VIRGINIA COAST

The tide is not ordinarily considered as part of the drainage
system of a region but it seems desirable to consider it briefly
in this report. On an embayed coast like that of Virginia the rise
and fall of the tide are of great practical importance and also as
an agent which modifies the form of the shoreline and the shallow
bottom. Tidal currents are here included in the consideration of
the tides.

TmAL RANGE

On the outer coast of Virginia the mean tidal range varies
from 4 feet at the north to slightly more than 3 feet at the south.
Spring tide ranges are about 20 per cent greater. In the Chesa-
peake Bay system the mean tidal range at most points has values
between 1.5 and 3.0 feet. At the entrance to the bay the mean
tide range is about 3.0 feet. From this point the mean tide range
decreases up the bay and up the principal rivers. It reaches mini-
mum values of 1.2 feet in Potomac River near Maryland Point,
1.5 feet in Rappahannock River near Leedstown, 2.4 feet in York
River near Yorktown, and 2.0 feet in James River near Claremont.
Upstream from these places there is an increase in the mean tide
range in each river, and values of 2.9, 2.8, 3.9, and 3.7 feet are
reached respectively at Washington, Fredericksburg, Walkerton,
and Richmond.

The decrease of tidal range inland in bays and estuaries is a
common phenomenon. It is caused by the resistance of the re-
stricted channel to the movement of the water necessary to raise
the level of the inland portions. The extreme inland parts of the
four long estuaries of Virginia have higher tidal ranges than points
nearer the ocean. This seems to be caused by the piling up of
the water in a narrowing channel which will not accommodate it
without an exceptional increase in depth.

Lac or TiDES

The movement of large quantities of water through narrow
bays or estuaries takes considerable time. As the tide in Chesa-
peake Bay must enter through a single strait at Cape Charles,
there is an important lag at any given place of high and low tides
behind the corresponding times at Cape Charles. - The amount of
lag for any point depends on its distance by water from the strait



71° 6”
o 39°
39 Legend

7

Trans-Blue Ridge
Stream Basins

Piedmont
Stream Basins

NN

Coastal Plain

Stream Basins
Scale

Q 10 20 aoMiles

37°
37 % |7

T
& %

Figure 11.~—Drainage map of the Coastal Plain of Virginia, showing basins of the trans-
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at Cape Charles and also on the average width and depth of the
intervening channel. Owing to the fact that high tide, because
of the deeper channel it occupies, is retarded less than low tide,
the lag is less for high than for low tide. The approximate aver-
ages for both high and low tide lag for various parts of the tide-
water region of Virginia are shown in Figure 12, This amounts
to nearly 12 hours at Washington, 12 hours at Fredericksburg, 6
hours at Walkerton, and 10 hours at Richmond.

RELATION OF TIDAL AND DRAINAGE CURRENTS

At any point where the tide is strong, there is part of the day
when the landward current of high tide is strong enough to re-
verse the normal seaward river current. During the remainder of
the day the seaward movement of water includes the excess water
carried in at high tide plus the normal river discharge. It is ap-
parent then that at any point the excess of water which goes out
during tidal ebb over that brought in during tidal flow will be equal
to the discharge of the drainage systems involved.  Using the
known factors of areas of estuaries and bays and of tidal ranges,
the writer has attempted to compute the amount of tidal ebb and
flow past certain points and to compare this with the normal
stream flow past the same points. The results are given below.

In round numbers the area of tidewater in Chesapeake Bay and
its branches is 4,300 square miles, and the total land area which
drains through the strait is 65,000 square miles. Data from 9 prin-
cipal Atlantic Coast streams show an average discharge of 1.35
second-feet per square mile of drainage basin® On this basis the
daily discharge of land water through the Cape Charles strait is
about 7,580 millions of cubic feet.  During one semi-daily tidal
period the amount is 3,790 millions of cubic feet. Distributed over
the 4,300 square miles of tidewater this is equivalent to 0.033 feet
of rise or about 24 inch. The tidal rise throughout Tidewater
Virginia ranges from 1 to 4 feet, but it is equivalent to an average
of about 2.0 feet. This rise and fall are accomplished in the same
period as a run-off from the land of 0.033 feet and involve a to-
and-fro movement of approximately 60 times as much water. Dur-
ing the ebb of tide for 6 hours, therefore, the strait carries about
120 times as much ocean water as land water.

Similar though less pronounced preponderance of ocean water
over land water is shown in the flow past points on James and
Potomac rivers. The land water delivered on the average to the
tidal portion of the Potomac above Point Lookout in a semi-daily

5 op. cit.
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Figure 12.—~Map of the Coastal Plain showing the lag of the tide in hours behind high tide
in the strait between Cape Henry and Cape Charles. Figures are the average for high
and low tides; low tide lags approximately an hour more than high tide at the most
inland points.
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tidal period is sufficient to raise its level 0.090 feet. The mean tide
in this area is about 1.7 feet. Past Point Lookout there is, because
of tides, therefore, a double movement of about 19 times as much
water as is delivered by stream flow, and during the 6 hours of ebb
the tidal part of the flow is 38 times the stream part. A similar
computation for James River above Mulberry Point, Warwick
County, shows a mean tidal fluctuation of 2.5 feet and a land water
inflow of 0.233 feet during the same period. Thus the tidal water
is about 11 times greater in amount than the land water and dur-
ing the period of ebb the tidal part of the flow is on the average
about 22 times as much as the stream part.

It is evident that over broad areas of the tidewater section
tidal currents are of much greater volume and importance in shap-
ing the land than are ordinary stream currents. This fact is well
known to fishermen and others using boats on the rivers and bays.
It is also shown by the shape of the central channels in some rivers.
In places near bends in the rivers there are two deep channels.
One shows linear continuity with the normal upstream channel of
the river. The other shows similar continuity with the downstream
channel and evidently is formed and kept open by tidal currents
flowing up the river. The nearly equal prominence of these fea-
tures testifies to the controlling importance of the alternating up
and down tidal currents in the rivers.

HUMAN GEOGRAPHY
HISTORIC IMPORTANCE

The Virginia Coastal Plain is of especial interest as the site
of the first English settlement in America in 1607. For more than
300 years Tidewater Virginia has seen the growth of American
political and industrial institutions. Here was commenced that
conquest of the natural resources of a new country which has cul-
minated in the commanding position of America among the na-
tions in the present age of technical and scientific achievement.

From the earliest day$ of Jamestown to the present time, Vir-
ginians have taken a prominent place in the civil and military
activity which has made American history. In the earlier part of
this history many of these leaders were born and reared in the
tidewater section of the State where for many years were found
the most important cities and towns. During the War between
the States, because of its location along the ocean and near the
border between the North and the South, the Coastal Plain of
Virginia saw many of the military engagements which marked the
struggle for States’ Rights. Because of its harbors it remains to-
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day a district of great military and naval importance and is the
site of important military and naval posts, munitions plants and
ship-building yards.

" There are valid reasons for stating these facts of colonization
and human history in this report. The trend of human affairs and
the patterns of transportation and industrial development are de-
termined by the physical features and natural resources,® which
are in part described below. Land-locked harbors, enormous re-
sources of sea food, and a network of protected tidal waterways
adjacent to a land of rich soils, abundant rainfall, and large re-
sources of sand, clay, marl, and other mineral commodities made
an almost ideal theater for the gradual conquest of a new land by
settlers from overseas. Nor is it to be supposed that the influence
of geographic factors in the affairs and outlook of man ceases at
the close of pioneer days or is less real among civilized than among
savage men. On the contrary, though the control becomes more
complex and insidious, being exerted through the concealing fabric
of economic and social forces, it is quite as strong and much more
far-reaching in this industrial age than ever in the past. In the
location of cities and routes of transportation, and in the determina-
tion of occupations and industries in relation to broad lines of
national and international affairs, geographic factors are funda-
mental.”

DISTRIBUTION OF POPULATION

The total population of the Coastal Plain of Virginia is about
860,000, or 34 per cent of that of the State.® This is an average
population density of 105 persons to the square mile as compared
with 57 persons to the square mile for the entire State.® The most
densely populated district is that around Hampton Roads, includ-
ing the cities of Norfolk, Portsmouth, and Newport News.

The largest cities of the region are Richmond (182,929),* Nor-
folk (130,000),* Portsmouth (45,704),* Newport News (34,417),)¢
and Petersburg (28,564).2

Each of these cities is located at a focal point of important
routes of transportation and at or near a boundary between two
physiographic provinces.

TRANSPORTATION

Three principal kinds of transportation are important in the
long distance movement of passengers or commodities on the

6 Semple, E. C., Influences of geographic environment, New York, 1911.
7 Bowman, Isajiah, The New World, New York, 1922.

8 Includes the population of Richmond, Petersburg, and Fredericksburg.
9 Census of 1920.

a Census of 1930.
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Coastal Plain. In order of development they are, (1) by boats,
(2) by railroads, and (3) by automobiles. The earliest traffic in
Tidewater Virginia was by sailing boat and the natural conditions
governing water traffic are today much the same as then, though
here and there dredged channels and other improvements have
made possible the use of larger vessels. With the introduction
of steam vessels water transportation grew in importance and a
system was developed which remains today the most important
link between the eastern Coastal Plain and the outer world.

The western part of the Coastal Plain and the broad area in-
cluded in the Sussex and Suffolk-Norfolk districts are served by
a number of railroads. The Eastern Shore and the Williamsburg
and Middle peninsulas are each served in part by a single line of
railroad. The deep estuaries which divide the Coastal Plain into
distinct districts have been an impassable barrier to north-south
railroads east of the Fall Belt and have also greatly restricted the
development of even the longitudinal railroads on the several penin-
sulas. As a result, in the eastern half of the Coastal Plain north
of James River, water transportation has reigned almost supreme
until the recent development of hard-surfaced roads and automo-
bile travel. Until recently much of this part of the Coastal Plain
has been tributary, economically and socially, to the port of Balti-
more by reason of the greater ease of travel by river steamer to
that city than by steamer or other means to any important metrop-
olis in Virginia. South of James River, where there are fewer
obstacles, several railroads cross the Coastal Plain, having straight
lines for many miles., The head of tidewater in Nansemond River
has produced an interesting railroad center at Suffolk, where sev-
eral lines meet in passing around this obstruction to land traffic
on their way to the great ports of Norfolk and Portsmouth.

‘Within the past few years Virginia has adopted a road-build-
ing program which has greatly increased the accessibility of the
tidewater peninsulas to cities along the Fall Belt, and the use of
motor vehicles has increased enormously. Bus lines now traverse
each of the peninsulas from end to end and no part of the Coastal
Plain of Virginia, except the Eastern Shore, is more than 4 hours’
journey from Richmond. Another link has been wrought in the
transportation system of this region by the establishment of passen-
ger and mail service from Norfolk to Washington and Philadel-
phia by aeroplane.

OCCUPATIONS AND COMMERCE

The principal industries on the Coastal Plain are agriculture,
fishing, manufacturing, and shipping. The principal crops are cot-
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ton, peanuts, and truck garden vegetables. Cotton is grown exten-
sively in the southern counties of the Sussex and Suffolk-Norfolk
districts. There is a large production of peanuts in the Suffolk
area, and Suffolk is said to be the largest peanut market in the
world. Corn, alfalfa, clover, and cow peas are important forage
crops. Hogs are raised extensively on the Coastal Plain. The
sea fishery industry of Virginia ranks above that of any other
Atlantic coast state.

The principal manufacturing centers are the Fall Belt cities
and the cities of the Hampton Roads area. Ship-building is an
important industry in the latter district. More than 50 steamship
lines control vessels sailing to European, Oriental, and southern
hemisphere ports. The combined cities of Hampton Roads are
second only to the port of New York among Atlantic Coast ports
in the value of exports. Among the most important exports from
this shipping center is coal.
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A. Chowan-Dismal Swamp terrace 1 mile east of Bigler Mill, York
County. (See pp. 9 and 75.)

B. West wall of Potomac gorge below Great Falls, showing joirited
metamorphic rocks of the Piedmont Plateau. (See p. 25.)
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West wall of Potomac gorge below Great Falls, showing jointed
metamorphic rocks of the Piedmont Plateau. (See p. 25.)
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A. Pre-Brandywine gravel 4 miles northeast of Dumliries, Prince
William County. (See p. 37.)

B. River bluff and Sunderland terrace south of Rollins Fork on Rappa-
hannock River. (See p. 43.)
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STRATIGRAPHY
GENERAL STATEMENT

In order to describe the features and the materials of the
Coastal Plain it is necessary to discuss briefly the main groups of
rocks involved. Rocks are divisible into three classes, igneous, sedi-
mentary, and metamorphic. Igneous rocks are formed by the cool-
ing and solidification of lava at the surface of the earth or beneath
it. Examples are granite, syenite, and basalt. Sedimentary rocks
are formed from particles of other rocks, which have been broken
up by physical and chemical processes, and from chemical and
organic sediments. Examples are sandstone, shale, limestone, coal,
and salt. Metamorphic rocks have been derived from igneous or
sedimentary rocks by the action of heat, pressure, and water. Ex-
amples are gneiss, schist, slate, and marble.

PRE-PLIOCENE FORMATIONS
ROCKS OF THE PIEDMONT PLATEAU

Crystalline rocks, mainly of pre-Cambrian age, form the foun-
dation of much of the eastern United States and appear at the
surface over much of the Piedmont Plateau. (See Fig. 13.) They
dip seaward under the formations of the Coastal Plain, forming
the complex basement on which the latter rest. The contact in a
deep well at Fort Monroe is 2,246 feet below the surface.l® A
recent oil test boring in Mathews County, starting a few feet above
sea-level, struck granite at a depth of 2,318 feet.!?

The crystalline rocks of the Piedmont Plateau are composed of
metamorphosed igneous and sedimentary rocks and relatively un-
altered igneous rocks. The metamorphic' rocks are generally
rather closely folded. They trend as a rule northeast-southwest
and dip at high angles. In some places-the original bedding is the -
dominant structure, but in others the secondary planes of schist-
osity are more prominent. Joints are well developed in many
places (PL 3, B).

Inasmuch as the crystalline rocks of the Piedmont region
were the ultimate source of the sediments in the Tertiary and
younger formations of the Coastal Plain, their composition is a
fundamental factor in deciphering the complete history of the sedi-
mentary formations. The lithology and mineralogy of the Pied-

10 Darton, N. H., U. S. Geol. Survey Geol. Atlas, Norfolk folic (No. 80), 1902.
11 Record in files of Virginia Geological Survey.
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mont crystallines are, however, too imperfectly known to permit
a detailed consideration of the sources of the rarer minerals in the
coastal-plain sediments.

LOWER CRETACEOUS FORMATIONS

The crystalline rocks of the eastern edge of the Piedmont
Plateau and the basement of the Coastal Plain are overlain imme-
diately by sediments of Lower Cretaceous age.’> The names and
characteristics of the formations of the Coastal Plain of Virginia
are given in Table 2.

The Lower Cretaceous rocks consist mainly of non-marine,
unconsolidated sands and clays of highly varied character.!® Cob-
bles and boulders occur in some beds. Many of the sands are
arkosic. Plant fragments and lignitic material are common in
some of the clays.

The known thickness of the Lower Cretaceous series ranges
from about 500 feet at its western edge to about 1,300 feet in the
deep well at Fort Monroe.

UPPER CRETACEOUS FORMATIONS

Although beds of Upper Cretaceous age do not crop out in the
Coastal Plain of Virginia, they have been found in wells at Nor-
folk and at Fairport, Northumberland County.!* The materials are
gravel, sand, greensand, clay and shells, with an estimated thick-
ness of 65 or more feet.

TERTIARY FORMATIONS (PRE-PLIOCENE)

The next younger group of rocks, closely related to the Coastal
Plain, consists of a complex series of slightly cemented sedimentary ,
rocks of Tertiary age. They were derived chiefly from the waste
of Piedmont rocks and were deposited in the main east of the
present Piedmont province. These beds dip seaward at low angles,
with successively younger formations being exposed toward the
coast, ' )

The Brandywine and related terrace formations, formerly
grouped as Lafayette, are thought to be of Pliocene age. Their
mode of occurrence, lithologic character, and areal distribution are
so similar to the Pleistocene deposits, known as the Columbia
group, that they will be considered below as terrace formations.

12. Triassic rocks (Newark series) are the next youngest above the ecrystalline base-
ment in this negion, but as they do not crop out on the Coastal Plain, they are not in-
cluded in this brief summary.

13 Berry, E. W., The Lower Cretaceous [of the Coastal Plain of Virginia]: Virginia
Geol. Survey, Bull. 4, pp. 61-69, 1912,

14 Darton, N. H., op. cit.
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RELATIONS AND STRUCTURE

Though nearly all the contacts between these sedimentary
formations are unconformable, the general attitude of the beds in
the various formations is similar. The Yorktown formation, ac-
cording to Clark and Miller, dips eastward at the rate of a few
feet to the mile.’® The St. Mary’s and the Calvert formations dip
almost east at about 10 feet per mile. The Nanjemoy and Aquia
formations have an average dip of 12 to 15 feet to the mile. The
Patapsco formation dips eastward at a rate about twice as great.
The dip of the Patuxent varies from 50 feet per mile near the Fall
Belt to about 30 feet per mile farther east.

PLIOCENE AND PLEISTOCENE TERRACE FORMATIONS
GENERAL STATEMENT

A complex series of largely unconsolidated gravels and loams,
partly of marinel® and partly of fluvial origin, covers the terraced
surface of the Coastal Plain. The series is rarely over 50 feet thick;
yet it is so intimately related to the present surface that the gravels
and loams cover the entire area except in steep bluffs where active
erosion exposes underlying formations. As these terrace forma-
tions are the principal subject of this report they are discussed
in detail.

HISTORY OF THE TERRACE PROBLEMY

The history of geological study of the terraces and gravel
formations of the Atlantic Coastal Plain dates from the first days
of English colonization. It has been ably summarized by a num-
ber of geologists who have published their results since 1900 and
who have prepared bibliographies on the subject. The important
conclusions of some of the early workers is stated in this report
and a bibliography is given of the notable contributions since 1905.
A considerable part of this material refers directly to Virginia and
much of the remainder is applicable to the problems in the State.

Many of the earlier references to the surficial materials of the
Coastal Plain are brief notes about fossils or unusual mineral de-
posits at single localities. A few of the early workers gave some
attention to the broader distribution of the materials and to the
general problem of their origin. Among these was Willam Maclure

15 Clark, W. B., and Miller, B. L,, Physiography and geology of the Coastal Plain
province of Virginia: Virginia Geol. Survey, Bull. 4, p. 159, 1912,

16 See discussion of use of the term marine on page 100.

17 The writer is largely indebted to the work of Clark, Miller, Shattuck, and Stephenson,
as cited in the bibliography, for knowledge of studies prior to 1890. He has examined
but few reports of earlier work,
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who published several papers between 1809 and 1818. He included
all coastal-plain formations under “Alluvium” in his text and maps.

In 1832 there appeared the first of a number of papers by T.
A. Conrad on the fossils of certain localities in the Coastal Plain.
In his later work Conrad divided the surficial materials into the
“Alluvium” above and the “Diluvium” below. Between 1842 and
1845, Charles Lyell contributed four papers on observations made
during a trip in America, which dealt with Tertiary and Pleisto-
cene formations of the Coastal Plain. Ebenezer Emmons, between
1856 and 1860, and W. C. Kerr, between 1869 and 1885, published
important papers on coastal-plain geology.

Modern study of the coastal-plain terrace gravels commenced
with the work of W. J. McGee. He was the first to interest geol-
ogists in the Lafayette formation and to bring into common use
the name which had been previously proposed by Hilgard. In
his monographic report McGee!® describes the Lafayette formation
with the clarity and charm of expression for which he was noted.
He describes the formation over most of the Atlantic and Gulf
coastal plains and attributes it to deposition in a sea which ad-
vanced so rapidly over the land as to alter only slightly its con-
figuration. He considered the Lafayette formation to be mainly
the result of reworking of residual material by the waves of an
advancing sea.

He divided the Columbia formation into two phases: (1) The
fluvial, a sub-aqueous delta deposit, and (2) the interfluvial, or
littoral deposits, formed at the foot of the wave-cut bench along
the coast. He recognized striated blocks and boulders in these
deposits and considered them to be ice-borne and to indicate the
Pleistocene age of the Columbia formation.

Earlier in his work McGee had used the name Appomattox for
the oldest and highest gravel and loam formation of this region.
Later the Appomattox was correlated with the Lafayette as de-
scribed by Hilgard, and the name Lafayette was adopted by McGee.
Later students have not agreed with McGee in his sweeping cor-
relations of the supposed Pliocene and Pleistocene formations over
broad areas nor have they in all cases accepted his conception of
the origin of the deposits, yet all have recognized the fundamental
character of his observations and felt the stimulating power of his
original interpretations and inspiring descriptions.

Between 1891 and 1901, N. H. Darton made several contribu-
tions to our knowledge of the terrace formations. He traced the
Lafayette northward from Virginia into Maryland, Pennsylvania,
Delaware, and New Jersey. He also divided the Columbia forma-

18 McGee, W. J., The Lafayette formation: U. S. Geol. Survey, Twelfth Ann. Report.,
pvt. 1, pp. 347-521, 1891.
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. tion into an earlier and a later member. He considered that the
Lafayette and Earlier and Later Columbia formations converged
seaward from the Piedmont Plateau and that these horizons crossed
in the vicinity of Chesapeake Bay so that the formations occurred
in reverse vertical order on the Eastern Shore of Maryland. Here
they were considered to be marine or estuarine, whereas the parts
to the west were regarded as fluviatile.

In 1906 G. B. Shattuck published the results of his studies of
the Pliocene and Pleistocene deposits of Maryland. He. presented
a historical summary of the terrace problem and an annotated
bibliography. He believed that these deposits are wholly of marine
origin and he prepared maps showing the extent of marine invasion
during each of the epochs of terrace formation. He considered
that the notable lack of sorting in most of the terrace materials
was due to the rapidity of discharge of overloaded streams into
the sea, which was unable to cope with such quantities of debris
and hence deposited it on the bottom with little or no sorting.

The terrace formations of the Virginia Coastal Plain were de-
scribed in 1912 by Clark and Miller.?* No very detailed attention
was given to the terrace formations in the study of the Coastal
Plain by these authors and their conclusions as to the origin of the
terraces are essentially those which Shattuck had reached in Mary-
land. In the same year a report on the Coastal Plain of North
Carolina contains a description of the terrace gravels by L. W.
Stephenson, who gives an extensive bibliography and a historical
review of studies of the problem. The terraces of North Carolina,
ranging in age from Pliocene to Recent, are believed by Stephenson
to be chiefly of marine origin.

Salisbury has been recently the principal advocate of the fluvia-
tile origin of large parts of the terrace formations. In 1917, he
considered certain of the terrace materials to have been deposited
as great alluvial fans not unlike certain Piedmont alluvial fans
being formed at the present time.2®

BIBLIOGRAPHY

This is a selected list of key references. Practically all im-
portant references will be found listed in the bibliographies noted
below and the writer has made no extensive reexamination of
the literature.
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METHODS OF INTERPRETATION

In accordance with previous custom, the names of the several
terraces will be applied also to the corresponding terrace forma-
tions. Unless otherwise stated, the terrace will be understood to
be the topographic surface of the formation of the same name.
When the cut surface beneath the base of the formation is meant
it will be specifically so designated. In some unpublished reports
the term terrace-plain as originally proposed by Vaughan for the
broader parts of the Coastal Plain terraces has been used, but
since the use of both terms, terrace and terrace-plain, is some-
what confusing, the term terrace only will be used in this report.

The interpretation of the surficial formations of the Coastal
Plain and of the corresponding terraces offers some difficult prob-
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lems, for which there are several reasons. In the first place, the
formations are thin, variable in character, unindurated, and practi-
cally devoid of fossils. There is slight opportunity to correlate
formations from place to place by comparing standard sections be-
cause of the variability of the beds, the patchy character of out-
crops, and the lack of distinctive horizons. In this respect they
differ greatly from underlying Tertiary beds with their abundant
fossils and rather distinctive sections.?

Moreover, the study of the terrace formations is a study in
physiography as well as in stratigraphy. The problem of the post-
Miocene physiographic history of eastern North America is a
broad one which can not be solved within the limits of a single
state. It needs to be considered not only from the standpoint of
physiography but also from the standpoint of the correlation and
significance of the various terrace formations. Neither the strati-
graphic nor the physiographic post-Miocene history of this region
can be worked out alone. Because the normal order of superim-
position is reversed and the older deposits are at higher levels than
the younger, many of the methods and assumptions of ordinary
stratigraphy are not valid. This principle has not always been
recognized in the past. The present report is a contribution to this
problem with emphasis upon the economic importance of the gravel
deposits of the Coastal Plain in Virginia,

GENERAIL RELATIONS OF THE TERRACES

The terraces are of two different kinds. The main type con-
sists of broad, gently sloping steps, which form the main area of
the plain. In some areas much of the plain is contained in the
upper step or terrace, as each of the lower steps is either relatively
narrow or absent. In other places the several terraces are more
nearly equal in width. The principal terraces of the Coastal Plain
are interrupted by a few estuaries, or drowned valleys, some of
which cut entirely across the plain. They correspond in number
and elevation with those of the main Coastal Plain surface. The
lower members only of this series are present along the smaller
and younger channels. The ideal relations of the terraces to each
other and to underlying formations are shown in Figure 13 (p. 27).

The relations of the terraces to each other make it clear that
the higher terraces are older and the lower ones are younger. The
older terraces are remnants of once continuous surfaces, around
the margins of which younger benches have been formed by erosion
and by deposition. These in turn have been cut away by later

21 As the study of the terrace formations has often been combined with the study

of the underlying sedimentary series, students have given relatively slight attention to
the surficial gravels.
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erosion at still lower levels. In a few places the terraces are essen-
tially the product of erosion, with little contemporaneous sedi-
mentary material on them. This is especially true along the gorge
of Potomac River in the Fall Belt, where each of the built terraces
of the Coastal Plain has its representative in the rock benches
which are conspicuously developed on the tops of islands and along
the valley sides between Georgetown and Great Falls. In most
‘places, however, the surface of the terrace is the same as the upper
surface of the deposit on a bench previously cut by streams or
waves. In many places the base of the gravels is a more valid
horizon for the determination of grades and for correlation than
is the upper surface of the deposit.

SUBDIVISION AND CORRELATION OF TERRACES

The origin of the coastal-plain terraces has not been essentially
different from that of the much older peneplains of the Appalachian
Mountains. The peneplains were formed by streams eroding broad
areas of hard and soft rocks to plains of low relief, whereas the
terraces are partial plains which have been formed only in the
areas of weaker rocks along the sea and the main streams. Com-
plete and gradual transition between terraces of limited area and
extensive erosional plains exists in some regions. Well-developed
peneplains are few, but remnants of partly developed erosion sur-
faces are numerous.. Only the higher and older erosion surfaces
of a region can approach a peneplain in extent, as lower erosion
surfaces must be progressively restricted in their development.
Central-eastern North America illustrates well this point. The ac-
cordant summits of the Appalachian Highlands are remnants of
one or more extensive peneplains. The Coastal Plain province
contains the remnants of not less than 10 erosion surfaces.

The terraces and gravel formations considered in this report
belong to this series. Separation of the younger members on the
Coastal Plain from the older inland erosion surfaces is somewhat
arbitrary. Erosion may be regarded as a more or less continuous,
though periodically stimulated, process which has affected the
Appalachian Highlands since the end of Paleozoic time. Separa-
tion of recent from earlier events becomes increasingly difficult in
the inland districts. Separation of Coastal Plain history from
Piedmont and Appalachian history also becomes increasingly diffi-
cult as the older terraces are studied.

An attempt has been made in Table 3 to indicate the relation-
ship between the several terraces which are discussed here and
the progressive growth of the present terminology, as well as to
outline the salient features of each terrace.



SaND AND GRAVEL RESOURCES OF VIRGINIA

36

‘00T *d X3} 9y} UL PISSNOSIP ISUIS JOPROIY dY3} Ul dIdY vwws;mm QUIIB 9

"J30d81 SIYL, ¢
“ZI61

‘LL3-88% *dd ‘g “[Ing ‘AvAIng -[09r) BUI0ITD YION “H T ‘UOSWOUANS ¥

‘9061 ‘19

-7 ‘dd ‘y ‘Ting ‘Aeaing -[09H BIUIBIA ‘T °g ‘WOMIN PuUB “g ‘M ‘MIB[D €
"906T ‘OUS00ISIS[J Pu®B dUNVOIJ ‘APAINg °[08D) PUBIAIBIY ‘g ‘D ‘JOnIRUS g
‘681 ‘189-899 'dd ‘g ‘[0A ‘A3&joeH ‘anop I N ‘uojreq I

1993 00¢
03 ()07 JO SUOIIBAS[ 3y  ‘YINOS I¥ UBY} YHIOU }e
I3pism “1]9g [[e] Suoje a0elIns purIOpUNG SA0QE
3uisul sjueuWaL 90vIIS], -uidLIo ferany o A[joym

(15 ‘ouimdpuelg)
LERIAREL W R IaREY

anodeye]

a1104eye]

a110heje]

93104ejery

au01]J

+d1ess A1Ing oyl pue “IsAry SrwWol
-0d ‘33 [[e,f ueam1aq doepins pueldn [edouig
319 [fe.] 1e aJout Jo 339 o 03 dreos Lung 1e
399§ 001 wolf seduer soepins 3addn Jo uonzvAS[yg
‘uiduo [eiang jo Ajjoym urejd 9doen91 pueidn

puBIIpUNg

pueplapung

puejapung

puetapung

eIquInjo)
Ia1jaey]

*s£a[eA 20U
-ueqeddey pue ‘orwolof ‘sswef ul sjueUWDI
[eiany [[ews fouy evuyole) YlioN pue sdieos
Jjoyng pue ALng udsamiaq dduely uy -dieds
£11ng Jo 100] 1% 133} (g6 01 dieds J[oyng jo doi 3¢
399} (09 woiy seSury -uwduo suurwW Jo LPIIYDH

01O M

OJIIIODT M\

021WOodT |\

OSTWOd M

*y1ou
9Y3 01 sweaIs ulew 12430 03 Juadelpe pue MEE
1Ay uemoy) ul sho[ea uy -3pg (e oYy}
JB3U UOIIBAS]3 Ul 193] ()-8 O3 ISBOD JBIU 399 G¢
woij saduey elulSHA Ul [elang A[joym 1sow[y

uemoy)

uesoy)

*191EMIpI} 01 Juade[pe sioymase pue Y[of
~ION] JO Y1NOs 8aJ2 peOIg ‘UONEBAd[d Ul 339] G7
03 ¢ woij sa3ues Jred sullew jo doejans soddny
*ueMOy)) Wodj paysindullsip 10u suoillod Jeiany,y
‘uiSlo suuew jo Ap8Ir] UOHBULIO) pu® JeIIA],

duremg pewrsig

*133eMopn) Juasald Jo saloys Suofe sIndoQ
[oA9]-B3s 2A0q® 339 ¢T 01 (] WOy saSurl soejIns
Iadd() puiBLI0 SuULIPWI JO UONBULIO} PUE 90BIIQJ,

JUUY $$9UNLJ

ooljure g

I0q[EL,

10q[e],

eIquinjo)
e

2U00ISIJ

SO1ISLIA1OEIRY)

(eruidIip)
gYIIOMIUI M

(eurjore)

YHoN)
puosuaydalg

(viuiBap)
Rl
pue Jrg))

(puejdren)
gonlleyg

(eiquinjo)y
Jo WnsIq)
juoneqg

$IU51429DI0Y2 411 PUD “UID]J [DISVO]) JUUDIIE JIPPLIT Y1 O 52304431 2yt Jo SUODIISSD]I SROLID 4 —¢ TIAV],



STRATIGRAPHY 37
TERTIARY TERRACES

GENERAL STATEMENT

The term Lafayette originally included not only terraces and
materials which are believed to be of Tertiary (Pliocene?) age
but probably also considerable areas of Pleistocene terrace gravels.
‘With the introduction of the term Columbia the Pleistocene gravels
were separated from the Lafayette, which was then restricted to
the supposed Pliocene deposits. It has long been {felt, however,
that the term Lafayette has been used in so many different ways
that it is best to reject it altogether. In accordance with this
view Clark?? proposed the name Brandywine for the plain and the
formation which are well developed on the upland near the town of
Brandywine, Maryland. The term Brandywine as thus defined in-
cludes a considerable part of the terrace surface and deposits for-
merly called Lafayette in the Washington region. It has become
apparent, however, that other parts of the former Lafayette forma-
tion could not be included in the Brandywine as that term was
used by Clark.2® As a result of field studies in 1921 and 1922 the
writer divided the former Lafayette formation of the Washington
region into (1) an older and higher terrace and gravel formation,
the Tenley formation, from Tenleytown, D C., and (2) a younger
and lower terrace and gravel formation, the Brandywine of Clark.
As the Tenley terrace is not preserved on the Coastal Plain in
the Washington area it will not be described in this report.

Two terraces have also been recognized in Pennsylvania as
being probably equivalent to the older Lafayette terrace2* In
North Carolina the Lafayette formation is thought to be of Plio-
cene age and the Coharie terrace is assigned to the Pleistocene.?®
The Coharie terrace has not been differentiated in Virginia.

All the pre-Sunderland gravels and terraces on the Coastal
Plain of Virginia in the vicinity of Washington appear to be of
Brandywine age. (See Table 3.) Hence the pre-Sunderland ter-
race materials of the western Coastal Plain of southern Virginia
are tentatively considered to be of the same age, but considerable
study of the gravel formations and terraces of the eastern margin
of the Piedmont Plateau will be needed before they can be defi-
nitely correlated. (See Pl 4, A.)

22 Clark, W. B., The Brandywine formation of the middle Atlantic Coastal Plain: Am.
Jour. Science, 4th ser., vol. 40, pp. 499-506, 1915.

23 Oral communication from various members of the United States Geological Survey
in Washington.

24 Bascom, Florence, Cycles of erosion in the Piedmont province of Pennsylvania:
Jour. Geology, vol. 29, no. 6, pp. 540-559, 1921.

25 Stephenson, L. W., The Coastal Plain of North Carolina; the Cretaceous, Lafayette,
and Quaternary formations: North Carolina Geol. Survey, Bull. 8, pp. 258-277, 1912.
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BRANDYWINE TERRACE AND FORMATION

Extent and topography—The remnants of the Brandywine ter-
race in Virginia are confined to a narrow belt of the Coastal Plain
adjacent to the Fall Belt. (See Fig. 24.) The best known and
most sharply defined examples are found in the region north-
west, west, and southwest of Alexandria. Here the Brandywine
terrace forms the tops of several spurs which extend eastward
from the Fall Belt, on which are the towns of Clarendon,
Ballston, and Baileys Crossroads.?® This flat upland forms a
small part of the entire area between the Fall Belt and Potomac
River but its exceptional flatness makes it a conspicuous fea-
ture of the region. (See Pl 2, A)) This is well shown on
the topographic map, Figure 15. Here the Brandywine ter-
race plain is represented by the flat areas west of Lincolnia, be-
tween Episcopal High School and Baileys Crossroads, and south
and east of Garrison. A well-marked scarp, about 50 feet high,
passing northwest of Penrose, west of Barcroft, and east of Epis-
copal High School, separates the Brandywine terrace from the
younger Sunderland terrace. (See p. 43.) In the northern part
of the district the Brandywine terrace has an elevation of 260 to
270 feet but it slopes southward at a rate of about 2 feet to the mile
to an elevation of about 240 feet west of Mount Vernon. The
northwest margin of the Brandywine terrace in this area coincides
with the Fall Belt where the surface rises in half a mile to eleva-
tions of 300 feet or more.

The Brandywine upland to the east has been truncated in the
development of lower terraces. It is in places cut off by scarps
which descend at rates of 300 to 400 feet to the mile. (See Fig. 14.)
In some places the Brandywine terrace is adjoined by remnants
of the next younger Sunderland terrace. A fine example is the
scarp along the inner margin of remnants of the Sunderland ter-
race near Arlington, which extends from the Theological Seminary
northward along the Leesburg Road, through Barcroft, Penrose,
and Hatfield. It is evidently a great meander scar cut by the river
in Sunderland time. The scarp which surrounds the Mount Ver-
non cut-off is another fine example. (See p. 77.) In other
places the Brandywine adjoins much lower terraces, as intermediate
terraces of other areas either were not developed or they have been
eroded away during the formation of the lower terraces.

Southwest for several miles from Mount Vernon the Coastal
Plain is very narrow ‘and the Brandywine terrace is restricted to
very small remnants, which have not been mapped in detail. Sev-
eral upland remnants in the Fredericksburg quadrangle, which rise

26 This terrace is exeeptionally well shown, both in Virginia and Maryland, on the large
scale map of Washington and Vieinity; scale 1/31,680, contour interval 10 feet.
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somewhat above the known upper limit of the Sunderland horizon,
are supposed to be parts of the Brandywine terrace. Because of
the lack of good topographic maps, their relations are doubtful.
These remnants are west of a line drawn from Mathias Point to
Richmond. This same line bending slightly east as it crosses the
Potomac defines the seaward limit of the much better discrimi-
nated Brandywine terrace of Maryland, and thus supports this
interpretation.

In the vicinity of Richmond the highest gravel formations un-
derlying the 200-foot plain do not appear to contain the large
striated blocks which are characteristic of the Pleistocene forma-
tions. Hence they are probably of Pliocene age. From Richmond
south to the state line irregular terrace remnants above the known
Sunderland level are included in the Tertiary terraces as here
mapped. It is probable that gravel formations of Mesozoic age

" (Patuxent formation, and others) have been mapped locally as
Tertiary terraces, but it has been impossible to discriminate all of
these in the available time.

Petrography—The materials in the Brandywine formation are
much more varied than those in the later terrace formations. This
apparent variety is probably due in part to the fact that parts of sev-
eral distinct terrace formations have here been grouped together.,
However, known Brandywine and other pre-Sunderland gravels
show greater variation in composition from place to place than
younger formations, because they have been largely derived from
the diverse rocks of the Piedmont Plateau. Much essentially
local material has been included, which does not appear so gen-
erally in the lower terraces. Deposits close to the main trans-Blue
Ridge streams show, however, a similar lithologic heterogeneity.

Similar variety is found in the mechanical composition of the
Brandywine terrace materials at different places. The Brandywine
formation at the type locality in Maryland consists of quartzite,
vein quartz, and chert pebbles in a red loamy matrix. About 15
to 25 per cent of the pebbles are chert that is typically light
lavender-gray in color. The mechanical composition is similar to
that of many moderately well sorted river gravels. It shows 2
maximum grades, about 5 grades apart. Oanly a very small part
of the Brandywine formation of Virginia in and near Fairfax
County resembles the type Brandywine. This gravel is described
under samples 1444 and 1387-C below, and its size range is shown
in Figures 16 and 17.

No gravel closely resembling this in lithologic character was
found in James River basin near Richmond. Considerable areas
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in the western suburbs of Richmond at elevations of 200 to 230 feet
are mantled by a red loamy gravel containing well-rounded cob-
bles up to 8 inches in diameter. Black chert cobbles 3 or 4 inches
in diameter are fairly abundant. The finer gravel grades are
variable, being composed in some places largely of slightly sub-
angular quartz fragments from near-by rocks. Faceted or striated
boulders or cobbles have not been found in the Brandywine forma-
tion. Several exposures in this area show that the Brandywine
gravel is underlain by Patuxent gravel. The older gravel is gen-
erally distinguished by its arkosic composition, gray color, clay
balls, and the clear, limpid appearance of most of the quartz peb-
bles.

Descriptions of representative samples of Brandywine and other
pre-Pleistocene gravels are given below.

Between Fredericksburg and Washington some of the pre-
Sunderland gravels resemble closely the type Brandywine and some
are of distinctly local origin. Between Fredericksburg and Rich-
mond, and south of Richmond and Petersburg, these gravels are
arkosic and only slightly worn. Chert is rare or missing, being
apparently confined to the ancient basins of trans-Blue Ridge
streams.

Sample 1444. Brandywine gravel. Roadside pit on highway 114 miles west
of Lorton, Fairfax County.

This is a poorly sorted gravel. The mechanical composition is shown in
Figure 16. Chert fragments make up about 15 per cent of the pebble grades,
the remainder being subangular vein quartz. The sand grades consist mostly
of angular quartz with a few feldspar grains and fragments of kaolinized ma-
terial. A large proportion of the finest grades consists of flakes of ferruginous
kaolinized material.

Sample 1387-C. Brandywine gravel. From 4 feet below top of railroad cut
at Franconia, Fairfax County.

The mechanical composition of this gravel is shown in Figure 17. The peb-
bles are somewhat rounded fragments of vein quartz and quartzite with about
25 per cent of chert in the finer grades. Most of the cherts are weathered to a
chalky residue. The sand grades consist of angular or slightly rounded quartz
fragments slightly stained with iron oxide and a few chalky cherts. Clay and silt
grades of cream-buff color constitute a matrix of about 15 per cent.

Sample 1387-A. Pre-Brandywine (probably Patuxent) sand. From railroad
cut at Franconia, Fairfax County, 10 feet below top of cut and 5 feet below base
of Brandywine gravel.

This is a rather well sorted medium sand. Its composition is shown in
Figure 18. It consists mainly of angular quartz fragments, but contains about
10 per cent of kaolinized feldspar and a few grains of mica, possibly of secondary
origin,
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Figure 15—Parts of the Brandywine and Sunderland terraces in Fairfax and
Arlington counties. (Part of Washington and Vicinity map.) Scale, 1 inch
equals 1.53 miles; contour interval, 10 feet. The Brandywine terrace is well shown
between Baileys Crossroads and Episcopal High School, southwest of the county
line. The Sunderland terrace is shown northeast of Episcopal High School and
south of Penrose (northeast part of area). The scarp southwest of Penrose is
an old meander curve. (See pp. 38 and 41.)
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Sample 1387-B. Pre-Brandywine (probably Patuxzent) gravel. From railroad
cut at Franconia, Fairfax County, 20 feet below top of cut and 15 feet below base
of Brandywine gravel.

This gravel shows maximum quantities in the plus 16 millimeter and plus ¥
millimeter grades, as shown in Figure 19. The pebble grades consist largely of
subangular vein quartz with some quartzite and sandstone. Chert pebbles make
up about 25 per cent of the finer pebble grades. The sand grades are composed
chiefly of clean white and pink angular quartz showing very little rounding. A
few grains of chert are present. In the finest sand grades there is a small per-
centage (about 0.1 per cent) of black sand, probably mostly ilmenite.

Sample 1434. Pre-Brandywine (probably Patuxent) grovel. From 5 feet
below surface in railroad cut at Pohick, Fairfax County.

The mechanical composition of this gravel is shown in Figure 20. The peb-
bles are mostly clean subangular vein quartz, with small proportions of quartzite
and chert. Numerous pellets of clay, possibly in part kaolinized feldspar, are
present in the plus 4 millimeter and plus 2 millimeter grades. Sand grades con-
sist in part of clean angular quartz but carry also limonite, cemented aggregates,
and clay pellets. In the finer grades are numerous, much-weathered grains of
feldspar (orthoclase, microcline and plagioclase) and much ferruginous kaolin
residue from these deldspars.

Sample 1999. Brandywine gravel. From elevation of 250 feet, 1 mile south- -
east of Racume, Brunswick County. '

A washed sample of this gravel showed the composition indicated in Figure
21. The pebble grades consist wholly of angular quartz debris from the weather-
ing of a granite. The coarser sand grades are chiefly angular quartz, but in the
finer grades ferruginous kaolin and feldspar become more abundant. In the
minus 1/16 millimeter grade, feldspar composes possibly 60 or 70 per cent of
the whole.

QuATERNARY TERRACES
SUNDERLAND TERRACE AND FORMATION

Extent and topography—The Sunderland formation is the high-
est terrace formation in which large striated and supposedly ice-
rafted boulders are found. The surface of this formation is the
principal upland surface in the Coastal Plain counties west of a
line drawn from Northumberland County to Southampton County.
In the vicinity of Washington and Alexandria two parts of this
terrace have been recognized, namely, an upper and a lower Sun-
derland terrace and formation, having elevations of approximately
200 and 150 feet, respectively. These divisions have not been made
in the remainder of the Coastal Plain of Virginia and it is prob-
able that they are not so distinctly developed elsewhere.

The name Sunderland was applied to this formation by Shat-
tuck?” in 1901 at the type locality in Maryland. The broad out-

27 Shattuck, G. B., The Pliocene and Pleistocene deposits of Maryland: Maryland Geol.
Survey, Pliocene and Plelstocene, p. 85, 1906,
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lines of the Sunderland terrace plain in Virginia are shown in
Figure 24. The slope of its present surface is believed by the
writer to be essentially the original slope of deposition of the Sun-
derland gravel by fan-building rivers. (See Pl 2, B.)

The west limit of the Sunderland terrace is the frayed and
commonly indistinct margin of the pre-Sunderland terraces. In a
few places, such as the Washington-Alexandria area, the Sunder-
land terrace is separated from the Brandywine terrace by steep and
distinct scarps. (See Fig. 15.) The Sunderland terrace is limited
‘to the east by the steeper and strongly marked scarps that descend
to the younger terraces, for example, the Wicomico terrace south
of Piankatank River, and the Dismal Swamp and Princess Anne
‘terraces in Middlesex, Lancaster, and Northumberland counties.

The Sunderland terrace is separated into several distinct parts
by the main streams of the Coastal Plain (Pl 4, B) and is still
more minutely dissected in dendritic pattern by the numerous
small tributaries of these streams. Few areas as large as a square
mile remain undissected. On the other hand, somewhat in con-
trast with remnants of the Brandywine terrace, the Sunderland ter-
race is so clearly preserved over most of its original area that it
is the most striking single element of coastal-plain topography.
Much of its surface is so flat that, when viewed from its own level,
the valleys are invisible and the region appears for miles in every
direction as an unbroken plain.

Lithology and structure—General statements only can be made
about the sequence of beds in the formation as a whole. At the
base, where it rests unconformably on older formations, there is
commonly a cobble or pebble zone (PL 5, A). In a few places this
zone is a continuous gravel layer 1 or 2 feet thick, but in most
places far from the Fall Belt the cobbles are scattered along the
contact. They grade through a few inches of slightly coarser
gravel into the normal overlying loam or fine loam gravel. (See
Pls. 5, B and 6, A.) Almost everywhere the upper 3 to 5 feet of the
formation consists of fine sandy loam without pebbles.

The loam gravel between the basal and topmost layers of the
formation varies greatly from place to place. There is no striking
regularity or recognizable gradation from place to place in the de-
tails of the section and the distribution of pebble zones. In the
coastward part of the formation a rude sequence of bedding, which
is thought to be significant in interpreting the origin of the forma-
tion, has been deciphered. The buff sandy loam which composes
the bulk of the formation grades downward in places to a series
of alternating bands of buff loam and clean white sand. The indi-
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vidual beds commonly vary from less than 1 to 2 inches in thick-
ness, and the entire zone is commonly not over 4 or 5 feet thick.
Still lower are beds of clean white sand and gravel free from loam
and clay.
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Figure 22.—Preliminary sketch map showing common size of the large cobbles in the
coarsest gravel found in parts of the Coastal Plain, The sizes indicated are not those
of occasional boulders of exceptional size, but are those which will be approximated by
a fair number of cobbles in the coarsest gravel deposits.
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Figure 23.—Sketch map showing sizes of exceptional boulders on the Coastal
Plain of Virginia. These boulders are believed to have been deposited by floating
ice. Compare with Figure 22. (See pp. 46 and 59.)
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This transition occurs at different elevations in the region,
averaging about 0 to 50 feet, but there is rude local accordance.
Transitions of this type appear to be confined to the seaward part
of the Sunderland area.

Thickness—The Sunderland formation varies from a thin man-
tle to 80 or possibly 100 feet thick. Most commonly it is 30 or 40
feet thick where it has been entirely preserved. Its bedding, like
that of other terrace formations, is very poor, and is shown chiefly
by strings of pebbles and cobbles and by a few fairly sharp con-
tacts locally within the formation. ‘

Petrography.—The mechanical composition of the Sunderland
formation is typically that of a poorly sorted loam gravel extending
over 9 or 10 grades and having 2 maximum grades about 5 grades
apart. Neither of these maximum grades is more than 20 per cent.
Some representative analyses are shown in Figures 26 to 48. The
Sunderland formation along the Fall Belt contains some coarse
gravel with cobbles ranging to 8 or 10 inches in diameter, and with
a few blocks 4 or 5 feet in diameter. Toward the sea the gravel
zones become thinner and less abundant, and are composed of finer -
material. The formation in the seaward half of its area is essen-
tially a sandy loam having here and there a few small pebbles. It
contains, however, some large blocks, a few of which are striated.
(See Figs. 22 and 23.)

Clean, well-washed gravel, with low silt and clay grades, does
not occur in the typical Sunderland formation except in small
local pockets which are too small to be of economic value. Con-
siderable quantities of clean sand and fine gravel occur to the east
in the basal part of the formation.

The gravel grades of the Sunderland samples consist of sub-
angular to moderately well rounded pebbles of vein quartz, quartz-
ite, and chert. The chert is present almost everywhere, and varies
from 1 to 20 per cent in amount. The sand grades consist pre-
dominantly of angular and subangular quartz grains with small
quantities of other minerals in the finer grades. The matrix, which
is commonly buff or red-brown, consists of quartz, iron oxide,
and more or less completely decomposed residues of feldspars and
other minerals. Samples are described on pp. 47-53.

Origin of sediments—The formation is the product of long-sus~
tained chemical weathering, as is shown by the highly siliceous
character of its coarser grades and the almost complete absence
of granitic or schistose pebbles even adjacent to a region replete
with such rocks. On the other hand, the lack of sorting and the
very imperfect rounding of either the larger or the smaller frag-
ments point to a very moderate amount of mechanical milling as
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compared to that shown by most sand and gravel formations. This
may have been due to the handling of large amounts of material,
including much very fine material, by overloaded streams. Study
of the Sunderland and other terrace formations and of the modern
sands and gravels of the Atlantic beaches and Atlantic rivers leads
the writer more and more to the conclusion, previously voiced by
others,?® that very great distances of transportation and very pro-
longed milling under favorable conditions are needed to produce
well-rounded, generally spheroidal or ellipsoidal pebbles from hard
rock fragments or similar sand grains from quartz. At a few
places on sea beaches, where strong waves maintain an almost in-
cessant milling of the coarse gravels, a general rounding of the
cobbles and boulders is produced, which far surpasses that seen
by the writer in any modern stream gravels. Disregarding such
situations and confining attention to fluvial abrasion, it is exceed-
ingly difficult to visualize, in terms of modern processes, the con-
ditions under which the sand and gravel of certain formations were
produced. The entire length of the longest rivers seems inadequate
to produce the well-rounded forms. Comparison of the best
.rounded sand of the coastal-plain terraces with some fairly typical
St. Peter sand suggests that the St. Peter sand has sustained pos-
sibly 10 times as much abrasion as the rounded sand of the Coastal
Plain. This supports the conclusion that many formations contain
much material which has been repeatedly transported and rounded
as it passed through successive formations during geologic time.

Striated boulders—The presence of large striated cobbles and
boulders in the Sunderland and other Quaternary terrace forma-
tions constitutes a problem of considerable scientific importance.?®
Some of these boulders are much larger than is normal for these
gravels. Boulders 2 feet or more in diameter have been found at
several places not far from the western shore of Chesapeake Bay,
and others up to 4 or 5 feet in diameter are more common along
the Fall Belt and farther west up the Potomac Valley. During the
present study these boulders have been found in the James River
basin and south to the State line. Similar cobbles have also been
found at many places in the basin of Tennessee River,®® where
they occur in groups.

Neither the striated nor the exceptionally large boulders seem
to be closely related to the coarseness of the associated gravel be-
cause they are found at some places where the gravel is not coarse

28 Anderson, G. E., Experiments on the rate of wear of sand grains: Jour. Geology,
vol. 34, p. 157, 1926.

29 Wentworth, C. K., Striated boulders on the southern Coastal Plain of Virginia:
Geol. Soc. America Bull, vol. 88, pp. 150-151, 1927.

30 Wentworth, C. K., Striated cobbles in southern states: Geol. Soc. America Bull,, vol.
89, pp. 941-953, 1928.
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and they are missing at other places where the main deposit is
very coarse. Their sporadic occurrence is thought to indicate ice
flotation and stranding of ice blocks. (See Fig. 25.)

The striated blocks consist mainly of two kinds of material:
(1) Dominantly hard, fine-grained quartzite, and (2) some dark-
red quartzitic and somewhat micaceous sandstone. The sandstone
blocks may have come from the Juniata formation.

The striations on these boulders and cobbles vary from rude
gouges to well-defined systems of scratches on nearly plane facets.
It is clear that the gouges and scratches have been produced by
the same agent. These facets and striations are not essentially
different from those of true glacial origin. More than half of the
markings are of this type. Faceted and striated materials have
not been found in the modern gravel of the Potomac or the James
river basins.

These boulders have clearly been transported down Potomac
and James rivers. They are absent or extremely rare in coastal-
plain terraces not formed by these rivers. One well-striated boulder
of vein quartz more than 3 feet across was found in the Sunder-
land formation in the District of Columbia. It was derived prob-
ably from the Potomac Basin east of Blue Ridge because such
large masses of vein quartz are not known west of the Blue Ridge.®
Striated materials may also occur, therefore, along other streams
on the east slope of the Blue Ridge, but only doubtful and incon-
clusive data have been discovered.

No final conclusion can be reached at present as to the origin
of these striated materials. They do not differ in any essential way
from true glacial materials. On the other hand, in the absence of
true erratics, till, and other direct evidence of glaciation in the
Appalachian Mountains in Virginia, these boulders alone are in-
sufficient evidence of glacial action. The writer suggests tenta-
tively that they may be the result of intensive local action of river
ice during colder climates than at present. Similar striated pave-
ment materials are being produced in the channels of Mackenzie
and Yukon rivers.

Sample 1364. Sunderland pebbly sand. From the upper 6 feet of the terrace
at Arlington wireless station, Arlington County. Sample shows finer part of
gravel only; plus 4 millimeter part of material in section estimated at 30 per cent.
Fines washed out.

This sample is a rather well sorted coarse sand containing a few pebbles.
See Figure 26. The larger pebbles consist mainly of fairly well rounded quartz
and chert. The smaller pebbles and the quartz grains of the sand grades are
angular or only slightly rounded. The medium and fine sand grades contain con-

81 Stose, G. W., personal communication.
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siderable feldspar, mostly orthoclase and microcline. Feldspar and its kaolinized
residue constitute more than 50 per cent of the finer grades.

Sample 1686. Sunderland grovel. From half a mile southwest of King
George, King George County.

This is a poorly sorted fine loam gravel. See Figure 27. The pebble grades
consist of rough angular masses of quartz from schist and granite. No chert is
present. One or two per cent of blue quartz is found in these grades. The sand
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A. Basal gravel of the Sunderland formation west of Camp Lee, Prince
George County. (See p. 43.)

B. Detail of gravel in the lower part of the Sunderland formation
west of Camp Lee, Prince George County. (Sce p. 43.)
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A. Basal gravel of the Sunderland formation west of Camp Lee, DPrince
George County. (See p. 43.)

B. Detail of gravel in the lower part of the Sunderland formation
west of Camp Lee, Prince George County. (See p. 43.)
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A. Fine loam gravel of Sunderland {formation in road
cut 124 miles southwest of Dogged Forks,
Caroline County. (See p. 43.)

B. Wicomico gravel on the northeast side of Rappahannock River
opposite Fredericksburg. (See p. 58.)
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A. Fine loam gravel of Sunderland formation in road
cut 14 miles southwest of Dogged FForks,
Caroline County. (See p. 43.)

B. Wicomico gravel on the northeast side of Rappahannock River
opposite Fredericksburg. (See p. 58.)



STRATIGRAPHY 49
grades consist largely of angular quartz grains somewhat coated with arkosic ma-
terial. In the finer grades a majority of the grains is composed of feldspar and
ferruginous kaolinized residues.

Sample 1735. Sunderland loam. From upland terrace half a mile north of
Macedonia Church, Essex County.

This is a sandy loam af which 75 per cent passes the 1/16 millimeter sieve.
See Figure 28. The sand grades of this loam are similar in composition to the
normal upland material.

Sample 1736-B. Sunderland sand. From an elevation of about 80 feet, half
a mile east of Church View; Middlesex County.

This is a well-sorted coarse sand. See Figure 29. The coarse sand grades
consist mostly of angular quartz grains, some of which are blue quartz. The
fine grades contain much ferruginous kaolinized residue.

Sample 1736-A.  Sunderland pebbly sand. From an elevation of about 80 feet,
half a mile east of Church View, Middlesex County.

This is a fairly well sorted coarse sand containing a few pebbles. See Figure
30. A few cherts are present in the pebble grades, the remainder being angular
and subangular quartz. The finer sand grades contain a large proportion of fer-
ruginous kaolinized feldspar residues.

Sample 1739. Sunderland gravel. From an elevation of about 90 feet at
Streets, Middlesex County.

This is a fine-grained, poorly sorted loam gravel. See Figure 31. The pebbles
of this gravel are mostly sharply angular and rough fragments of quartz and
quartzite. No chert is present. The sand grades are mainly angular quartz, with
a very few heavy mineral grains and possibly 20 per cent of feldspar and kaolin-
ized residues in the finest grades.

Sample 1555. Sunderland sand. From an elevation of 185 feet, half a mile
west of Edna, King and Queen County.

This is a well-sorted medium sand. See Figure 32. Tt consists almost wholly
of subangular, clear quartz grains. In the plus %4 and plus 1/16 millimeter grades
there is less than 1 per cent of ilmenite and other heavy minerals. Feldspar is
more abundant,

Sample 1557. Sunderland gravel. From an elevation of 100 feet, 2 miles
west of St. Stephens Church, King and Queen County.

This is a fine-grained gravel which is fairly’ well washed of the loam grades,
but is otherwise only moderately sorted. See Figure 33. The pebble grades con-
tain 1 or 2 per cent of chert and possibly 10 per cent of fairly well rounded quartz
and quartzite fragments. The remainder is subangular. The sand grades consist
of subangular quartz grains with considerable quantities of feldspar and kaolinized
residues in the fine grades.

Sample 1556. Sunderlond sand. From an elevation of 170 feet, half a mile
west of St. Stephens Church, King and Queen County.

This sample is a well-sorted medium sand. See Figure 34, The coarser grades
consist- mainly of subangular quartz grains somewhat coated with kaolin residues.
Woeathered feldspar grains make up 20 or 30 per cent of the finer grades. This
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sample, while classed as Sunderland, appears to be derived, with little resorting,
from some underlying arkosic formation.

Sample 1762-B. Sunderiand pebbly sand. From pit at Ephesus Church,
King William County.

This is a pebbly coarse sand, fairly well sorted. See Figure 35. The coarser
grades are composed of clear, slightly rounded quartz grains. In the finer grades
are exceptional quantities of white, almost completely non-ferruginous, kaolinized
feldspar debris, with considerable feldspar.

Sample 1762-A. Sunderland gravel. From pit at Ephesus Church, King Wil-
liam County. .

This is a fairly well sorted fine loam gravel. See Figure 36. The pebbles
are mainly subangular vein quartz with no chert. The coarser sand grades are
of the same material. Considerable quantities of kaolinized feldspar residues are
present in the finer sand grades.

Sample 1561. Sunderland gravel. From an elevation of 100 feet, 1 mile
southwest of Manquin, King William County.

This is well-sorted gravel ranging to 16 millimeters. It consists mainly of
subangular quartz fragments and contains about 1 per cent of chert pebbles.

Sample 1782. Sunderland sond. From 1 mile south of Signpine, Gloucester
‘County.

This is a well-sorted fine sand carrying about 20 per cent of silt grades. See
Figure 37. This sand is mainly composed of subangular and moderately rounded
quartz grains. The finer sand grades contain few heavy mineral grains and
feldspar and feldspar residues.

Sample 1967. Sunderland gravel. From an elevation of 150 feet, 1 mile east
of Mechanicsville, Hanover County.

This is a rather well sorted gravel with double maximum grades. See Figure
38. The pebbles are mainly moderately well rounded quartz with 3 or 4 per cent
of chert pebbles. Small quantities of feldspar and heavy minerals are present
in the finest sand grades, the remainder of the sand being clean subangular quartz
grains.

Sample 1974. Sunderland gravel. From an elevation of 150 feet, 2 miles
southeast of Brookland, Henrico County.

This is a fairly well sorted, moderately coarse gravel. See Figure 39. The
pebbles consist mainly of subangular and slightly rounded vein quartz and quartzite.
A very few chert and about 15 to 20 per cent of moderately rounded quartz peb-
bles are present. The sand grades consist mainly of clean, angular and subangular
quartz grains, with a few heavy minerals and a considerable proportion of feld-
spar grains in the finest sand grades.

Sample 1961. Sunderland gravel. From an elevation of 160 feet near Brook-
land, Henrico County.

This is a poorly sorted gravel with a sticky clay and sand matrix (not shown
in analysis of washed sample). See Figure 40. There is 2 or 3 per cent of chert.
Pebbles are mostly subangular quartz. The finest sand grades contain considerable
feldspar and kaolinized residues.
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Sample 1985. Sunderland gravel. From an elevation of 90 feet, half a mile
north of Perkins Crossing, Dinwiddie County.

This is a moderately well sorted loam gravel showing maxima in the plus 2
and the plus ¥4 millimeter grades. See Figure 41. The pebble grades consist of
angular vein quartz, fragments of weathered granite, and quartz from schist and
granite. No chert was found. The coarser sand grades are mostly very angular
quartz showing reentrants and indicating its derivation from a granite. In the
finer grades the proportion of ferruginous kaolin increases to a large fraction
of the whole, and considerable feldspar is found in addition to angular quartz
grains,

Sample 2152. Sunderland gravel. From an elevation of 150 feet, 2 miles
southeast of Blandford, Prince George County.

This is a fairly well sorted loam gravel. See Figure 42. The pebble grades
are about half moderately rounded and half angular light cream-colored vein
quartz and quartzite pebbles. No chert was seen. The finer sand grades con-
tain a considerable percentage of feldspar and kaolinized residue grains. Quartz
makes up the larger part of the sand grades.

Sample 2153. Sunderland gravel. From an elevation of 170 feet, south of
Camp Lee, Prince George County.

This is a poorly sorted gravel containing about 30 per cent of material pass-
ing the 1/16 millimeter sieve. See Figure 43. The pebble grades consist of
subangular quartz fragments. The sand grades are mainly of quartz, except in
the finest grades which contain considerable feldspar and a few heavy mineral
grains.

Sample 2145. Sunderland loam. From an elevation of 113 feet, 214 miles
north of Waverly, Sussex County.

This loam contains more than 93 per cent of material which passes the 1/16
millimeter sieve. An analysis of the remaining sand grades is shown in Figure
44, The coarser sand grades consist of angular quartz and ferruginous aggregates
in equal amounts. The finer grades carry small quantities of these aggregates
and a few heavy mineral grains in addition to the clear angular quartz grains.

Sample 1990. Sunderland pebbly sand. Washed sample from an elevation of
150 feet, 134 miles southwest of Tyus Store, Sussex County.

This is a moderately well sorted sand containing a few pebbles. The fines
were removed by washing before the analysis was made. See Figure 45. Con-
siderable quantities of fairly fresh feldspar grains are found in the finest sand
grades. Otherwise the sample consists of clear angular quartz grains.

Sample 2149. Sunderlond sand. From an elevation of 115 feet, 14 miles
west of Cook’s Bridge, Sussex County.

This sand carries about 30 per cent of fines which pass the 1/16 millimeter
sieve. See Figure 46. The coarser grades consist mainly of clear angular quartz
grains, but a considerable proportion of kaolinized feldspar residues is present
in the finer grades.

Sample 2146. Sunderland sandy loam. From an elevation of 110 feet, 4
miles northwest of Waverly, Sussex County.
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This loam contains over 60 per cent of material which passes the 1/16 milli-
meter sieve. An analysis of the remainder is shown in Figure 47. The sand
grains are dominantly clear angular quartz, but small quantities of several heavy
minerals are present in the minus 1/16 grade.

Sample 2103. Sunderland sand. From an elevation of 95 feet, one-fourth
mile east of Shiloh, Southampton County.

This is a moderately well sorted coarse sand containing a few pebbles. See
Figure 48. The pebbles consist of angular clear and blue quartz. The sand
grains are mainly clear angular quartz, with a few heavy minerals and a con-
siderable amount of feldspar and kaolinized debris in the finest grades.

WICOMICO TERRACE AND FORMATION

Definition—The Wicomico terrace and formation were named
by Shattuck® from Wicomico River in St. Marys and Charles coun-
ties, Maryland. According to his description the best develop-
ment of the Wicomico formation is on the Eastern Shore of Mary-
land. Most recent students of the terrace problem have agreed that
the remnants of the Wicomico formation on the western shore
of Maryland, especially in the vicinity of Wicomico River, are so
sporadic that they do not adequately represent the formation. In
view, however, of the extensive use of this term, it seems best to
retain it for the Coastal Plain in Virginia with an attempt to present
a clear understanding of the meaning of the term.

Extent and topography.—The Wicomico terrace of this report
is the main terrace which lies east of the Surry scarp on the southern
part of the Coastal Plain of Virginia (Fig. 24). It forms a large part
of the upland of the Eastern Shore of Maryland. Lesser terrace
remnants which are accordant with it in the valleys of the principal
streams west of the Surry scarp are included. Its elevation varies
from about 90 feet at the foot of the Surry scarp to about 60 feet
at its eastern margin. (See Fig. 62.) The best development in
Virginia of the terrace and of the formation which underlies it,
is at Ivor, Southampton County. Here the terrace is a conspicu-
ously flat surface at an elevation of about 90 feet.

Several remnants of the Wicomico formation and terrace are
present at various points north of Potomac River between Wash-
ington and Point Lookout, Maryland, especially at Indian Head
and near Nanjemoy. Remnants are scarce in Virginia, due gen-
erally to the greater erosion on the south and west banks of the
Potomac durmg some of the later Pleistocene epochs; hence high
bluffs reach in many places to the Sunderland terrace level.

The areas of Wicomico terrace in the District of Columbia
and along the Maryland side of the Potomac are believed to be

32 Shattuck, G. B., op. cit., p. 92.
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A, Wicomico gravel in roadside pit three-fourths of a mile east of
Charles City, Charles City County. (See p. 58.)

B. Detail of Wicomico loam gravel in bank three-fourths of a mile east
of Charles City, Charles City County. (See p. 58.)
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A. Wicomico gravel in roadside pit three-fourths of a mile east of
Charles City, Charles City County. (See p. 58.)

B. Detail of Wicomico loam gravel in bank three-fourths of a mile cast
of Charles City, Charles City County. (See p. 58.)
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A. Unconformable contact of Wicomico gravel on pre-Brandywine sand
northwest of Massaponax Creek bridge, Spotsylvania County. (See p. 59.)

B. Shore of Nansemond River in Dismal Swamp terrace, Nansemond
County. (See p. 69.)
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northwest of Massaponax Creek bridge, Spotsylvania County. (See p. 59.)

B. Shore of Nansemond River in Dismal Swamp terrace, Nansemond
County. (See p. 69.)
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of fluvial origin, Their physiographic and petrographic similarity
to the Sunderland formation, which has been interpreted as fluvial,
as well as the continuity of the Wicomico terrace and formation
of the Potomac west of the Fall Line, leads to this conclusion.

The principal development of the Wicomico in Virginia is as
a marine terrace which forms the seaward part of the Coastal
Plain upland on all the peninsulas from the Northern Neck south
to the North Carolina line. It is not more than 2 or 3 miles wide
in Lancaster County at the north, but it is nearly 20 miles wide
at the North Carolina line. The landward margin of this terrace
is an escarpment, or sea-cliff, which extends across the Coastal
Plain from Kilmarnock, Lancaster County, to Boykins, Southamp-
ton County. It separates the marine Wicomico terrace from the
fluvial Sunderland terrace. Because of its well-marked develop-
ment just east of the town of Surry this feature will be here called
the Surry scarp. (See Fig. 63.)

The elevation of the Wicomico terrace is approx1mately 90
feet at the foot of the Surry scarp along its entire length in Vir-
ginia. This elevation is identical with that given by Shattuck3?® for
the Wicomico terrace at the point where it abuts against the Sun-
derland terrace in Cecil County, Maryland, and further confirms
the correlation of the Wicomico of this report with the terrace
named by Shattuck. Within the limits of accuracy of the existing
topographic maps there is no evidence of differential uplift along
the line of this emerged scarp. The Wicomico terrace slopes east-
ward from the Surry scarp to elevations of about 60 feet along the
top of the southern part of the Suffolk scarp which is above the
Dismal Swamp terraces south of James River. (See Figs. 62 and
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Figure 49.—Diagram. showing mechanical composition of Wicomico (?) sand.
Sample 1744-A.
63.) In Maryland the Wicomico is said to slope to elevations of
60 feet at shore lines, and to have an elevatlon of 45 feet south
of Salisbury.
These slopes are believed to be the off-shore slopes of the sea-
bottom at the time the marine terrace was formed. They are simi-

388 Shattuck, G. B., op. cit., p. 73.
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lar to existing off-shore slopes and are not believed to indicate
tilting or differential uplift.

Shattuck,® in his report on the Maryland terraces, states that
the Wicomico terrace at Ridge, St. Mary’s County, has an eleva-
tion of 45 feet at the Sunderland margin and slopes to an eleva-
tion of 15 feet at Point Lookout. Inasmuch as Shattuck in the
same report states that the younger Talbot terrace almost every-
where has a very constant landward elevation of 40 to 45 feet, it
is difficult to understand why the terrace between elevations of
15 and 45 feet at Point Lookout has been regarded as Wicomico.
From field evidence and from general accordance with elevations
elsewhere, the writer believes that the terrace having its landward
margin at 45 feet at Ridge is part of the Chowan terrace of this
report and that the Wicomico terrace is missing at this particular
place. As the Wicomico terrace becomes progressively narrower
north of James River, the elevation of its east margin increases
because of its almost uniform seaward slope of about 1 foot to the
mile.

The surface of the much dissected Wicomico terrace shows
the same general flatness and accordance of levels as do remnants
of the Sunderland terrace. In the area north of the James, which
is generally dissected by large streams, the Wicomico terrace is
less well marked and less easily separated from the Sunderland
terrace. The difference in elevation between the two along the
Surry scarp is not more than 20 to 25 feet. In places the scarp
is fairly well marked and recognizable, though it nowhere has the
distinctness of the younger and lower scarps. The westward trend
of the Surry scarp in Virginia carries the limit of marine terraces
from Chesapeake Bay almost across the Coastal Plain to the Fall
Belt. Some of this widening has possibly been caused by crustal
movements. A local cause has been probably the great alluvial fan
of the Sunderland formation which was far better developed in the
Potomac region than further south.

Fluvial parts of the Wicomico terrace are found along the
James, Nottoway, Meherrin, York, and Rappahannock river sys-
tems, though they are mostly small remnants. (See Pls. 6, B, 7, A,
and 7, B.) They are especially well developed adjacent to the
James where several large meander scars, with bottoms at the
Wicomico level, are cut in the Sunderland upland. They are
shown on the Charles City and Disputanta topographic sheets.

Thickness—Very few direct measurements of the thickness of
the Wicomico formation were made. The thickness of the marine
part is probably about 25 feet. In some places near the Surry

34 Shattuck, G. B., op. cit.,, p. 8.
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scarp it is not over 15 or 20 feet thick; farther away it was found
to be as much as 30 feet thick. As the underlying Miocene forma-
tions appear not to have been eroded generally to altitudes less
than about 40 feet, it is possible that in places the Wicomico forma-
tion rests on uneroded remnants of the Sunderland formation, but
no demonstrable instance was noted. The thickness of the fluvia-
tile parts of the Wicomico formation is probably similar to that
of the marine part, but few data are available.

Structure—The structure of the fluvial parts of the Wicomico
formation is similar to that of the Sunderland formation. The bed-
ding is poor and individual beds are lenticular and rarely traceable
for any considerable distance. Some zones are generally more peb-
bly than others, and the large striated boulders tend to be some-
what concentrated in certain bands. The marine part of the Wicom-
ico is rarely well exposed and systematic structure was not made
out. The bedding varies from place to place. Considerable loamy
material differing only slightly from that of the Sunderland is
present in places. It has similar structure. Much of the forma-
tion consists of sand which shows fairly well marked bedding in
well-sorted layers. Just west of Suffolk, beds of clean, well-sorted
sand and gravel lie unconformably on a buff loam which may be a
Sunderland remnant. The elevation of the contact is about 35
feet. The structure and relations are shown in Plate 8, A.

Fossils—Fossil plants have been found in this formation in
North Carolina, but so far as known no fossils have been found in
the Wicomico of Virginia 3% '

Petrography—The Wicomico formation differs only slightly
from corresponding parts of the Sunderland formation. (See p.
45.) The fluvial Wicomico consists of ferruginous red loamy
gravel carrying in places large boulders. It is poorly sorted, rang-
ing over eight or ten grades in its mechanical composition. In
places near Washington, the Wicomico formation carries excep-
tional numbers of large striated boulders. (See Pls. 9, A and 9, B.)
There is little doubt that these boulders were brought from the
upper Potomac basin during the Wicomico epoch, though it is
probable that the Wicomico terraces at other places were built in
part of reworked material from the adjacent Sunderland upland.

The fluviatile parts of the Wicomico formation along the James
and other rivers in Virginia are similar to those of the Potomac

35 Stephenson, L. W., The Coastal Plain of North Carolina; the Cretaceous, Lafayette,
and Quaternary formations: North Carolina Geol. Survey, vol. 3, p. 281, 1912.
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basin, except that the striated boulders are not so numerous or so
large The formation in the valleys of some of the Piedmont rivers
is also more completely sorted and has also a smaller proportion
of loam matrix.

The marine Wicomico east of the Surry scarp consists in part
of well-washed sand and gravel, but it contains considerable buff-
colored pebbly loam. The basal part of the formation, as a rule,
is more perfectly sorted and the overlying beds are more loamy.

Detailed descriptions of samples of the Wicomico formation
are given below.

Sample 1744-A. Wicomico (?) sand. From base of 90-foot terrace one-
fourth mile north of Locust Hill, Middlesex County. As the Wicomico and
Sunderland terraces merge almost imperceptibly in this region, this sample may
be basal Sunderland sand.

This is a well-sorted coarse sand. See Figure 49. Coarser grades consist
of subangular, well-smoothed, clean quartz grains, in part blue quartz. The finer
grades contain uncommonly large quantities of very slightly weathered feldspar
debris, largely plagioclase and microcline.

Sample 1779. Wicomico sand. From an elevation of 60 feet, 1 mile north-
east of Glenns, Gloucester County.

This is a fairly well sorted fine sand carrying about 25 per cent of material
passing the 1716 millimeter sieve. See Figure 50. The finer grades of this sand
contain considerable ferruginous kaolinized residues, a few fairly fresh feldspar
grains, and a few heavy mineral grains. The remainder of the sand consists of
angular or slightly rounded quartz grains.

Sample 1831. Wicomico gravel. From roadside pit at an elevation of about
50 feet, Charles City, Charles City County.

This is a fairly well sorted medium loam gravel. An analysis of this gravel,
made after the fines had been removed by washing, is shown in Figure 51. The
fines amounted to about 2 per cent of the whole. Chert makes up 1 to 2 per
cent of the pebble grades. One-third or more of the remainder consists of fairly
well rounded quartz pebbles; the others are rough and angular. Considerable
feldspar and feldspathic weathered debris are present in all the sand grades and
increasingly in the finer grades. Angular quartz makes up the bulk of the sand
grades. '

Sample 2107. Wicomico pebbly sand.  From an elevation of 50 feet, 2 miles
north of Haley’s Bridge, Southampton County.

This is a moderately well sorted coarse sand containing a few pebbles. See
Figure 52. The pebble grades consist wholly of angular and subangular quartz,
quartzite, and blue quartz. No chert is present. The sand grades are mainly
of the same materials, Feldspar increases in amount from the medium sand
grades downward. A few heavy mineral grains are present in the finest grades.

Sample 2168. Wicomico sand. From an elevation of 30 feet in base of bluff
1 mile north of Chuckatuck, Nansemond County.
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This is a fairly well sorted coarse sand. See Figure 53. It contains a few
chert pebbles, but the larger part of the pebble grades consists of yellow and
brown quartz and quartzite pebbles. The sand grades are mainly subangular
quartz, but there are a few heavy mineral grains in the finest grades.

Sample 2087. Wicomico sand-loam. From an elevation of 50 feet, east of
Crismond, Nansemond County.

This is a fairly well sorted sand-loam, with more than 30 per cent passing
the 1/16 millimeter sieve. See Figure 54. A few heavy mineral grains occur
in the plus 1/16 millimeter grade; otherwise the sand grades are wholly slightly
rounded quartz grains.

Sample 2088. Wicomico sand-loam. From an elevation of 60 feet, half a
tile south of Franklin Grove School, Nansemond County.

This loam contains slightly more than 40 per cent passing the 1/16 millimeter
sieve. See Figure 55. A few ferruginous aggregates are found in the coarsest
grade. The finest sand grade contains 5 to 10 per cent of heavy minerals. The
remainder of the sand consists of clean, subangular quartz grains.

Sample 2132. Wicomico loamy sand. From an elevation of 75 feet, 2 miles
northwest of Windsor, Isle of Wight County.

This is a well-sorted fine sand carrying 25 per cent of material passing the
1/16 millimeter sieve. See Figure 56. This sand carries a moderate percentage
of heavy mineral grains and feldspar and feldspar residues in the finest grades.
It is composed mainly of subangular clear quartz grains.

Sample 2128. Wicomico loamy sand. From an elevation of 65 feet, 3 miles
southwest of Windsor, Isle of Wight County.

This is a fairly well sorted medium sand carrying a loam matrix of about
20 per cent. See Figure 57. The coarser grades conmsist of slightly iron-coated
subangular quartz grains. The finer grades contain considerable feldspar, ferru-
ginous kaolinized feldspar residues, and heavy mineral grains.

Sample 2126.  Wicomico sand. From an elevation of 50 feet, 214 miles north-
east of Carrsville, Isle of Wight County.

This is a fairly well sorted fine sand. = See Figure 58. This sand is almost
wholly composed of conspicuously clear subangular quartz grains showing very
little abrasion. A few heavy mineral grains are found in the finest sand grade.

Sample 2290. Wicomico gravel. From edge of upland east of Wattsville,
Accomac County. .

This is a fairly well sorted sandy gravel containing nearly 10 per cent of
-gravel grades. See Figure 59. The pebble grades consist of slightly iron-stained
quartz fragments, of which two-thirds or more are rather well rounded. The
sand grades are of iron-stained quartz, with a few heavy mineral grains in the
finest grades.

Sample 2287. Wicomico gravel. From 3 feet below the surface at News
“Town, Accomac County.
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This is a fairly well sorted sandy gravel. See Figure 60. The pebbles are
partly well rounded and partly subangular quartz fragments. The sand grades
are mainly iron-stained quartz grains, with considerable ferruginous kaolinized
residues in the finest grades.

Sample 2260. Wicomico gravel.36 From road cut 1 mile southeast of Gilden
Post Office, Northampton County.

This is a well-sorted sandy gravel containing about 35 per cent of pebble
grades. See Figure 61. About 15 per cent of the pebbles is chert, and the re-
mainder is well-rounded to angular quartz. The sand grades consist of iron-
stained quartz grains, with a moderate amount of ferruginous kaolinized residue
fragments in the finest grades.

CHOWAN TERRACE AND FORMATION

Definition—The Chowan terrace was first named by Stephen-
son®? in 1912 from its development south of Chowan River in
North Carolina. He states that this terrace rises from elevations
of 25 to 40 feet along its eastern margin to an elevation of 50 feet
at its western margin. He further states that the eastern margin
of the terrace is a well-marked sea-facing scarp, above the Pamlico
terrace, that continues from Virginia into the eastern part of Gates
County, North Carolina. The map shows that this scarp is in line
with the Suffolk scarp of Virginia, which separates the Dismal
Swamp and Wicomico terraces west of the Dismal Swamp. Small
but well-marked remnants of the Chowan terrace are shown on
the North Carolina portion of the Suffolk topographic sheet, where
they are separated from the Wicomico terrace by a clearly defined:
scarp southeast of Hazleton, but the terrace is not developed on
this quadrangle in Virginia. (See Figs. 62-64.) :

Extent and topography~The Chowan terrace is missing from
the state line to James River because the younger Dismal Swamp
terrace has been cut against the older Wicomico terrace. Only
very small and somewhat doubtful remnants of the Chowan terrace
are found along Chesapeake Bay north of James River. It is prob-
able that considerable areas of the Eastern Shore upland in Vir-
ginia belong to the Chowan terrace, but lack of topographic maps
has made it difficult to discriminate the Chowan and Dismal Swamp
terraces in the time available for field work. The Chowan terrace
is a well-developed river terrace along several tributaries of Chowan
River which head in Virginia. It rises up-stream to elevations
or 80 to 90 feet near the Fall Belt. (See Fig. 24, p. 48.)

Similar terraces are found in the valleys of the James and the
other main coastal-plain rivers in Virginia. The lack of well-devel-

36 This gravel is doubtfully referred to the Wicomico formation. Until topographic
maps are available and more field studies are made, the details of these terrace formations
must remain obscure.

87 Stephenson, L. W., op. cit., p. 282,
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oped marine Chowan at the mouths of these streams makes it im-
possible to carry continuous correlations into the valleys. More-
over, the fact that the fluvial parts of both the Chowan and Dismal
Swamp terraces rise upstream with grades which possibly differ
for the two terraces, and which certainly differ in the valleys of
different streams, makes it impracticable to discriminate their rem-
nants north of the Chowan River drainage. Inasmuch as erosion
may have been continuous in the upstream parts of the Coastal
Plain from Chowan time into Dismal Swamp time, it is possible
that the Chowan and Dismal Swamp surfaces are not everywhere
distinct.

Because of this uncertainty only the known Chowan fluvial
terraces of the Chowan River system are here considered. The re-
mainder of the possible Chowan terraces is considered later under
the heading Chowan-Dismal Swamp terraces and formations (pp.
75-81).

‘06 rSuffolk Scarp
N 7 A~ Ya\
- Wicomico »]
A
LA 4
————
P —
—Wicomico—r— Chowan *Dismal Swamp
T

Figure 64.—Profiles showing Wicomico, Chowan, and Dismal Swamp terraces in Nansemond
County, Virginia, and in Gates County, North Carolina. A, Profile southeast from
Purvis Station to Dismal Swamp showing the prominent Suffolk scarp; B, Profile
through Hazleton and Holly Grove, Gates County, North Carolina, showing the Chowan
terrace between the Wicomico and Dismal Swamp terraces.

Thickness and structure—The lower terrace formations could
be measured inland at only a few places. Along the banks of va-
rious estuaries the Chowan-Dismal Swamp formations commonly
are 20 to 30 feet thick. It is probable that the fluvial Chowan
south of James River is not thicker; in many places it is much
thinner. The bedding of the Chowan formation is similar to that
of modern river flood-plain sands and gravels. It is more distinct
and sharply marked than that of the very loamy upland gravels.
In a few places loamy beds, thought to be of fluviatile origin, over-
lie better assorted sands and gravels which are probably of marine

origin. (See Pl 10, A.) ~

Fossils—A few species of fossil marine invertebrates and more
than 40 species of plants have been found in the Chowan forma-
tion of North Carolina.?® None have been found in Virginia.

88 Stephenson, L. W., op. cit., pp. 284-286.
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Petrography—The Chowan formation in Nottoway and Me-
herrin valleys consists of moderately well sorted sand and gravel.
The material is mainly quartzose, but it contains considerable
other debris from the disruption of crystalhne rocks. The particles
are generally less well rounded than those in the gravels of the
James and Potomac basins and in some places they are rough and
angular.

Detailed descriptions of samples from the Chowan formation
are given below.

Sample 2109. Chowan gravel. From an elevation of 45 feet, one-fourth mile
west of Haley’s Bridge, Greensville County.

This is a fairly well sorted gravel. See Figure 65. The pebble grades con-
sist of 90 to 95 per cent angular and subangular quartz pebbles, with the re-
mainder somewhat smoothed and rounded. No chert was found. The sand grades
contain considerable feldspar and various heavy minerals.

Sample 2139.. Chowan sand. From an elevation of 43 feet, half a mile south
of Burt, Sussex County.

This is a moderately well sorted coarse sand. See Figure 66. The com-
position of this sand is similar to that of sample 2108.

Sample 2142. Chowan send. From an elevation of 60 feet at Lambs, Sussex
County.

This is a well-sorted medium sand. See Figure 67. The coarser grades
contain a few grains of feldspar and mica, which, with heavy minerals, are more
abundant in the finer grades.

Sample 2108. Chowan sand. From an elevatlon of 46 feet, 134 miles north
of Haley’s Bridge, Southampton County.

This is a fairly well sorted coarse sand. See Figure 68. The coarser and
medium grades consist of rough angular quartz grains and a few grains of
feldspar. Feldspar, mica, and various heavy mineral grains are abundant in the
finest grades.

Saemple 2094. Chowan sand. From an elevation of 25 feet, 1 mile south
of Franklin, Southampton County.

This is a well-sorted medium sand. See Figure 69, The coarser sand grades
are wholly quartz, mostly clear and subangular, but with a few milky grains,
A few heavy mineral grains are found in the finest grades.

DISMAL SWAMP TERRACE AND FORMATION

Relation to the Pamlico terrace—~The name Pamlico, derived
from Pamlico Sound in eastern North Carolina where the terrace
is well marked, was applied in 1912 by Stephenson®® to the terrace
and formation which are east of the Chowan formation and which
are separated from the Chowan by a well-marked sea-facing scarp.

89 Stephenson, L. W., op. cit.
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This scarp trends almost north and south through eastern Gates
County, North Carolina, and is continuous with the Suffolk scarp
in Virginia. The marine part of the Pamlico terrace has a maxi-
mum elevation of about 25 feet at the foot of the Suffolk scarp.
It slopes gently seaward to elevations of 15 to 18 feet along the
coast.

Stephenson included in the Pamlico terrace the entire Coastal
Plain lowland east of the Pamlico-Chowan scarp (Suffolk scarp in
Virginia). The field work in Virginia proves that two terraces
lower than the Chowan occur on the Coastal Plain. These terraces .
are clearly shown on the recent topographic maps of the Coastal
Plain in Virginia. The lack of such maps in North Carolina makes
it still impracticable to discriminate the two terraces there. In
this report the Pamlico terrace and formation are subdivided into
the Dismal Swamp and Princess Anne terraces and formations
as defined below.

Definition—~The Dismal Swamp terrace and formation are
named from the Dismal Swamp district, east of the Suffolk scarp,
where they are excellently developed. (See Figs. 62 and 63.) The
type area of the Dismal Swamp terrace is separated on the north
from the lower Princess Anne terrace by a low, distinct scarp
which trends almost east and west south of Oldtown in Norfolk
County and Bayville in Princess Anne County.

Extent and topography—Dismal Swamp in Norfolk and Prin-
cess Anne counties is the largest single area of this terrace. It
covers several hundred square miles in North Carolina and Vir-
ginia along the western margin of the terrace. Its great size re-
sults from (1) the gentle slope, in part reversed, of the sea floor
that emerged at the close of Pamlico time, and (2) the lack of
tidal channels across the area between James and Roanoke rivers.
North of James river small areas of the Dismal Swamp terrace
are found west of Chesapeake Bay. It is extensively developed
on the Eastern Shore. (See Fig. 24.) The elevation of the terrace
varies from 15 to 25 feet. (See Pl 11, A, and Fig. 5.) Lower areas
may have been developed in Dismal Swamp time and have been
only slightly modified in Princess Anne time. However, as the
Princess Anne and Dismal Swamp formations are physically alike,
such low areas are mapped as Princess Anne terrace.

Terrace remnants at constant elevations of about 25 feet along
the main tidal channels are believed to have been developed by
wave work during Dismal Swamp time. (See Pl 11, B.) They indi-
cate that deep channels which had been cut during an earlier stage
had become drowned tidal channels by Dismal Swamp time.
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Figures 76-81.—Diagrams showing mechanical composition of the Dismal Swamp formation.
Samples 1788-B, 1788-C, 2096, 2050, 2052, and 2066.
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Remnants of fluvial terraces which merge with the wave-cut
Dismal Swamp terraces extend up the valleys of the principal
streams. There are few, if any, places where Dismal Swamp fluvial
terraces are sharply cut against Chowan fluvial terraces with a dis-
tinct intervening scarp. It is hardly to be expected that a change
of the strand line from the 40-foot level to the 25-foot level would
produce a complete series of river terraces accordant with the new
strand line and distinct from the earlier terraces. Hence the fluvial
parts of the Dismal Swamp and Chowan terraces have not been
separated in mapping. They are designated as Chowan-Dismal
Swamp terraces and are so described in a later section.

Thickness—The Dismal Swamp formation probably is rarely
more than 20 feet thick. The thickness ranges from 10 to 25 feet
on benches cut at many places in Miocene formations. These
benches occur from tidewater to 10 feet above sea-level. The uni-
form elevation of this contact over broad areas is strong evidence
for the marine origin of the formation. The formation thins in-
land.

Structure and relations—The bedding of the Dismal Swamp
formation is commonly well marked by beds of sand and gravel.
Although the bedding in any outcrop is much more regular than
that of the upland loam gravel formations, no regularity of ver-
tical sequence can be distinguished. Thin zones of pebbles and
gravel are common at the base of the formation. The basal con-
tact is generally marked by a ferruginous crust in the terrace forma-
tion and by a ferruginous impregnation of the Miocene clay to a
depth of a few inches. The upper part of the formation is com-
posed of fine sand or loam and not uncommonly contains a layer
of oyster shells 1 to 2 feet thick.

Fossils—The Dismal Swamp terrace and formation are of ma-
rine origin over considerable areas. It is the only terrace forma-
tion on the Coastal Plain of Virginia in which marine fossils have
been found. South of Portsmouth 26 species of mollusks have
been identified from Dismal Swamp deposits.40

The Talbot formation, which is subdivided in this report into
the Chowan, Dismal Swamp, and Princess Anne formations, has

yielded plant remains (PL 12, A) at several localities as reported
by E. W. Berry.#1 “

Petrography.—The Dismal Swamp formation is composed
mainly of sand. Itis, as a rule, clean, white, yellow, or light cream,

40 Clark, W. B., and Miller, B. L., op. cit.
41 Berry, E. W., op. cit,
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Figures 82-87.—Diagrams showing mechanical composition of the Dismal Swamp formation.
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Figure 89.—An abandoned meander of James River in Charles City County.
(Part of Toano sheet.)

Scale, 1 inch equals 1.25 miles; contour intervals, 10
and 20 feet. James River cut a broad meander in Wicomico time, which was
entrenched in Chowan-Dismal Swamp time to the principal flat area at an
elevation of about 35 feet, and then cut off. (See p. 77.)
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well-sorted material. Moderately coarse well-sorted gravel is not
uncommon in the inland part of the formation, but this gravel be-
comes finer and less abundant toward the coast.

Detailed descriptions of samples from the Dismal Swamp
formation are given below.

Sample 1540-A. Dismal Swamp loam. From an elevation of 25 feet, half
a mile west of Tappahannock, Essex County.

This is a fine sandy loam with almost 30 per cent passing the 1/16 millimeter
sieve, See Figure 70. The sand grades are mainly subangular, slightly iron-
stained, quartz grains. Heavy mineral grains are rare in the finest sand grades.
This material overlies samples 1540-B and 1540-C.

Sample 1540-B. Dismal Swamp sand. From an elevation of 25 feet, half
a mile west of Tappahannock, Essex County.

This is a well-sorted medium sand. See Figure 71. It consists chiefly of
clear, slightly smoothed and slightly rounded quartz grains, with a few heavy
mineral grains in the finest grades.

Sample 1540-C. Dismal Swomp pebbly sand. From an elevation of 25 feet,
half a mile west of Tappahannock, Essex County.

This is a pebbly coarse sand. See Figure 72. The coarsest grades consist
of clear white quartz grains, with a few gray chert grains. These are mainly
subangular and somewhat smoothed. The finest grades contain a few heavy min-
eral grains.

Sample 1741. Dismal Swamp sand. From a 20-foot bank, half a mile north
of Urbanna, Middlesex County.

This is well-sorted fine sand. See Figute 73. Tt consists of slightly iron-
stained yellow grains of quartz, which are angular and subangular. A few grains
of heavy minerals occur in the ﬁnest grades.

Sample 1748. Dismal Swamp sond. From an elevation of 25 feet, half a
mile north of Amburg, Middlesex County.

This is well-sorted medium sand. See Figure 74. It consists almost wholly
of clear, well-smoothed, moderately rounded quartz grains. There are a few
heavy mineral grains and feldspars in the finest grades.

Sample 1788-A. Dismal Swamp gravel. From an elevation of about 10 feet
at Capahosic, Gloucester County. ‘

This sample is fairly well sorted sandy gravel. See Figure 75. The pebble
grades contain a few chert fragments, the remainder being angular quartz and
quartzite fragments. The sand grade consist mostly of clear and yellow slightly
rounded quartz grains, with a considerable fraction of heavy minerals and feld-
spars in the finest grades.

Sample 1788-B. Dismal Swamp sand. From an elevation of about 10 feet
near Capahosic, Gloucester County.

This is a well-sorted, very fine sand. See Figure 76. It is composed of ex-
ceptionally clear, slightly rounded quartz grains, with small quantities of heavy
minerals.
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Sample 1788-C. Dismal Swamp gravel. From an elevation of about 10 feet
near Capahosic, Gloucester County.

This is a well-sorted, fine, sandy gravel. See Figure 77. A few chert
pebbles are present, the remainder being mainly somewhat rounded quartz and
quartzite. The sand grades are similar to those of sample 1788-A.

Sample 2096. Dismal Swamp sand. From an elevation of 25 feet, half a
mile south of Wiggins’ School, Southampton County.

This is a fairly well sorted medium sand. See Figure 78. It consists chiefly
of iron-stained, subangular quartz grains, with a few heavy mineral grains and
feldspars in the finest grades.

Sample 2050. Dismal Swamp sond. From an elevation of about 15 feet,
south of Portsmouth, Norfolk County.

This is a slightly loamy fairly well sorted sand. See Figure 79. The sand
grades consist chiefly of quartz. The silt grades carry a variety of minerals which
have not been identified.

Sample 2052. Dismal Swamp send. From canal bank 174 miles south of
Deep Creek, Norfolk County.

This is a well-sorted, fine sand. See Figure 80. The coarsest grades con-
sist of quartz grains, quartz aggregates, and shell fragments. The finest grades
contain considerable heavy mineral grains.

Sample 2066. Dismal Swamp terrace loom. From half a mile southeast of
Oldtown, Norfolk County.

This is a sandy loam of the composition shown in Figure 81. The sand
grades consist of angular and slightly rounded quartz grains, with a few grains
of heavy minerals in the plus 1/16 millimeter grade. The clay and silt matrix is
light buff in color. It was not analyzed.

Sample 2069. Dismal Swamp pebbly sond. From an elevation of about 20
feet near Lake Smith, Princess Anne County.

This is a moderately well sorted coarse sand carrying a few pebbles. See
Figure 82. The pebble grades contain a few chert fragments and consist mainly
of white, yellow, and pink quartz fragments.. The sand grades consist mostly of
quartz, but a small proportion of kaolinized residues and a few heavy mineral
grains are found in the finest grades.

Sample 2079. Dismal Swamp pebbly sond. From an elevation of about 20
feet, 1 mile south of James Fishery, Princess Anne County.

This sample is a moderately well sorted medium sand containing a few peb-
. bles. See Figure 83. Chert makes up some 10 per cent of the pebble grades.
The remainder is composed of rather well rounded and smdothed quartz frag-
ments. The sand grades are mostly subangular, clear quartz. A few heavy
mineral grains are found in the finest grades.

Sample 2254-A. Dismal Swamp sand. From shore bluff 1 mile south of
Kiptopeke, Northampton County.

This is a well-sorted medium sand. See Figure 84. The coarser grades
are composed wholly of slightly rounded well-smoothed and polished quartz
grains. A moderate proportion of heavy mineral grains and feldspars is found
in the finest sand grades.
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Sample 2254-D. Dismal Swamp sond. From shore dune 1 mile south of
Kiptopeke, Northampton County.

This is a well-sorted medium sand. See Flgure 85. The composition is
similar to that of sample 2254-A.

Sample 2256. Dismal Swamp sand. From shore dune on Bay shore south of
Old Plantation Creek, Northampton County.

This is a very well sorted medium sand. See Figure 86. The coarser grades
are mostly of well-polished and slightly rounded quartz. Relatively small quanti-
ties of heavy mineral grains occur in the finest grades.

Sample 2254-C. Dismal Swamp gravel. From shore bluff 1 mile south of
Kiptopeke, Northampton County.

This is a well-sorted sandy gravel containing 40 per cent of gravel grades.

See Figure 87. A few chert pebbles are present, but the pebbles are mainly
white and cream-colored, somewhat smoothed, subangular quartz. « The sand
grades are similar to those of sample 2254-A, except that they are somewhat
" iron-stained. The finest grades contain large quantities of ferruginous kaolinized

residue from feldspars.

UNDIFFERENTIATED CHOWAN-DISMAL SWAMP FORMATIONS

General statement.—The fluvial terraces and formations in the
valleys of streams between James and Potomac rivers, which may
be either Chowan or Dismal Swamp, are considered in this sec-
tion. It is thought that most of the terrace cutting in these valleys
was done during Chowan time, and that in the larger valleys, at
least, the fluviatile phase gave way to the marine phase during
most of Dismal Swamp time.

Extent and topography~—The principal areas of Chowan-Dismal
Swamp terraces are found (1) along James River from Charles City
to Richmond, (2) along York River and its tributaries, the Matta-
poni and the Pamunkey, (3) along the Rappahannock above Tappa-
hannock, and (4) at scattered localities along the Potomac from
Westmoreland County to the Fall Belt. (See Pls. 3, A, 12, B, 13, A,
and 13, B, and Fig. 24, p. 46.) ’

These terraces rise from elevatlons of 30 to 40 feet near Chesa-
peake Bay, to elevations of 70 to 80 feet near the Fall Belt, except
along Potomac River where they are only slightly higher at the
Fall Belt than at the coast.

This series of terraces has strongly developed meanders. (See
Pl 14, A.) Some of these meanders were assumed on higher terraces
and were entrenched to the Chowan level. Others may have de-
veloped only at the Chowan level. Fine examples of entrenched
meanders which were cut off late in Chowan time occur at Mount
Vernon and near Charles City on James River.
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Figures 90-95.—Diagrams showing. mechanical composition of undifferentiated Chowan-
Dismal Swamp formations. Samples 1530, 1500, 1534, 1558, 1761, and 1522,
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Figure 88 shows conditions in the vicinity of Mount Vernon.
The upland at Mount Vernon is probably a remnant of Wicomico
terrace. It is encircled by a meander channel, less than 40 feet
above sea-level, which is believed to have been the course that the
Potomac assumed in late Sunderland or Wicomico time and con-
tinued to follow during much of Chowan-Dismal Swamp time.
Late in Chowan time this ox-bow appears to have been cut off and
in part silted up. The ridge extending south from Wellington
Villa is probably a long bar formed at the junction of the river
and slack water in the cut-off ox-bow.

Figure 89 shows a small area, at the north, of Sunderland
upland into which James River cut a broad meander in Wicomico
time. In Chowan-Dismal Swamp time this meander was en-
trenched to the principal flat at an elevation of about 35 feet. It
was then cut off in a manner similar to the cut off at Mount Ver-
non.

Thickness and lithology—The thickness of the undifferentiated
Chowan-Dismal Swamp deposits is rather variable, and averages
possibly about 15 to 20 feet. In places these deposits are probably
30 to 40 feet thick. The sequence of beds varies from place to
place. The basal part of the formations is commonly coarser than
the upper part, where loam is abundant, but the sections are ir-
regular from place to place. (See Pl 14, B.) In the Washington
area the formations carry considerable fine loam with large boul-
ders, which indicate conditions of river transportation similar to
those of earlier Pleistocene epochs. (See Pl 15, A.)

Petrography—The Chowan-Dismal Swamp terrace deposits
consist in general of moderately well sorted river gravel. They dif-
fer from the upland loam gravel in having less fine-grained material
in the matrix, and from typical marine gravel in being less per-
fectly sorted and more heterogeneous. Fewer of the sand grains
and pebbles are quartzose than in the upland loam gravel or most
of the marine terrace formations,

Detailed descriptions of samples from the undifferentiated
Chowan and Dismal Swamp deposits are given below.

Sample 1691. Chowan-Dismal Swamp pebbles. From an elevation of 43
feet, Port Conway, King George County.

These pebbles are almost wholly angular and subangular vein quartz and
quartzite. Chert is negligible. Almost no crystalline rock fragments, other than
quartz, are present.

Sample 1530. Chowan-Dismal Swamp sandy gravel. From an elevation of
60 feet, 1 mile northeast of Gether, Caroline County.
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Figures 96-101.—Diagrams showing mechanical composition of undifferentiated Chowan-
Samples 16525, 2049, 1820, 1829, 1795, and 1796.

Dismal Swamp formations.
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This is a fairly well sorted gravel with coarse sand grades. See Figure 90.
Half of the pebbles are well rounded and the remainder are subangular quartz
and quartzite fragments. A few chert pebbles are present. The sand grades
consist of slightly iron-stained, mostly subangular quartz grains, with a small
proportion of heavy mineral grains in the finest grades.

Sample 1500. Chowan-Dismal Swamp gravel. From roadside pit at an
elevation of about 95 feet, half a mile west of Burkes Bridge, Caroline County.

This is a moderately well sorted gravel, with a small amount of fine ma-
terial. See Figure 91. The pebble grades consist mainly of subangular and
rough vein quartz fragments. No chert pebbles were found. The coarser sand
grades are almost wholly slightly iron-stained angular quartz.

Sample 1534. Chowan-Dismal Swamp sandy gravel. From an elevation of
35 feet, half a mile north of the mouth of Gravel Run, King and Queen County.

This is fairly well sorted sandy gravel. See Figure 92. The pebble grades
consist mainly of vein quartz and quartzite, with a few chert pebbles. In the
very coarsest grades some of the pebbles are well rounded, but they are chiefly
subangular. The sand grades are mainly slightly iron-stained, subangular quartz
grains, with a few heavy minerals and feldspar grains in the finest grades.

Sample 1558. Chowan-Dismal Swamp sand. From an elevation of about 40
feet, at Aylett, King William County.

This is a well-sorted coarse sand. See Figure 93.  The coarser grades con-
sist of clear, slightly smoothed quartz grains. A few heavy mineral grains and
feldspar grains are found in the finest grades.

Sample 1761. Chowan-Dismal Swamp gravel. From an elevation of 20
feet at West Point, King William County.

This is a fairly well sorted, sandy gravel. See Figure 94. Chert constitutes
a fraction of 1 per cent of the pebble grades, which are mostly of angular and
subangular quartz and quartzite. The sand grades are mainly iron-stained sub-
angular quartz. The finest grades contain numerous grains of heavy minerals
and feldspars.

Sample 1522, Chowan-Dismal Swamp gravel. From an elevation of 40 feet,
134 miles northeast of Hanover Courthouse, Hanover County.

This is a rather well sorted sandy gravel. See Figure 95. Few of the
pebbles are well rounded, but most of them .are subangular. Almost no chert
is present. The sand grades consist largely of rough angular quartz, with con-
siderable feldspar, mica and heavy minerals.

Sample 1525. Chowan-Dismal Swamp gravel. From an elevation of 45 feet,
2 miles east of Hanover Courthouse, Hanover County.

This is a poorly sorted, coarse, sandy gravel. See Figure 96. The sand
grades contain considerable feldspar, mica, and various other minerals from
crystalline rocks. The proportion increases in the finer grades.

Sample 2049. Chowan-Dismal Swamp gravel. From an elevation of about
35 feet, 174 miles northeast of Dutch Gap, Henrico County.
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This sample is a well-sorted sandy gravel. See Figure 97. The pebble
grades consist mainly of quartz and quartzite fragments, with a considerable
variety of other rocks, such as schist, chert, and granite. The sand grades con-
sist largely of iron-stained quartz grains, but they contain other minerals, such
as feldspar, ferromagnesian minerals, mica, and heavy minerals.

Sample 1820. Chowan-Dismal Swamp gravel. From an elevation of about
25 feet, half a mile west of Boulevard, New Kent County.

This is a well-sorted sandy gravel. See Figure 98. Chert pebbles make up
1 or 2 per cent of the pebble grades. The remainder is well ;smoothed, slightly
rounded quartz. The coarser sand grades are mainly quartz. The finest grades
consist almost wholly of ferruginous kaolinized residues, with a few {feldspar
grains.

Sample 1829. Chowan-Dismal Swamp gravel. From an elevation of 15 feet,
Charles City, Charles City County.
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Figure 102.—Diagram showing mechanical composition of undifferentiated Chowan-
Dismal Swamp gravel. Sample 2003.

This is a rather well sorted sandy gravel. See Figure 99. The pebble
grades contain 10 to 15 per cent of chert, the remainder being mostly subangular
quartz. The sand grades are mainly clear, slightly rounded quartz grains. Feld-
spars and various heavy minerals are increasingly abundant in the finer grades.

Sample 1795. Chowan-Dismal Swamp sand. From an elevation of 35 feet,
half a mile southeast of Harris Grove, York County.

This is a well-sorted medium sand containing about 15 per cent of material
passing the 1/16 millimeter sieve. See Figure 100. The sand grades are almost
wholly composed of subangular slightly smoothed quartz grains. A considerable
proportion of heavy mineral grains is present in the finest sand grade.

Sample 1796. Chowan-Dismal Swamp gravel. From an elevation of 35 feet,
"2 miles south of Grafton, York County. : )

This is a rather well sorted sandy gravel. Its composition, exclusive of
about 15 per cent of silt and clay grades, is shown in Figure 101. It consists
mainly of subangular vein quartz and quartzite, with a few chert pebbles. About
10 per cent of the pebbles and cobbles is fairly well rounded. The sand grades
consist mainly of subangular and somewhat smoothed quartz grains. Small
amounts of feldspars and heavy mineral grains are found in the finest grades.

Sample 2003. Chowan-Dismal Swamp gravel. From an elevation of 40
feet, Blandford, Prince George County.
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Figure 103.—Parts of the Princess Anne terrace in Northumberland and Lan-
caster counties. (Part of Kilmarnock sheet.) Scale, 1 inch equals 1.45 miles;
contour intervals, 10 and 20 feet. The terrace is east of the prominent scarp be-
tween Good Luck and Mosquito Point. The upland between 80 and 90 feet is
thought to be part of the Wicomico terrace.. (See pp. 55 and 81.)
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This sample is a fairly well sorted, coarse sand containing about 20 per
cent of pebbles. See Figure 102, The pebbles are mostly angular and sub-
angular quartz. The sand grades are chiefly clear subangular quartz, but they
contain white feldspar grains. Heavy mineral grains and other minerals from
crystalline rocks are somewhat abundant in the finest grades.

PRINCESS ANNE TERRACE AND FORMATION

Definition.—~Stephenson,*? in 1912, included in the Pamlico ter-
race the whole area of the Coastal Plain in North Carolina east
of the Chowan-Dismal Swamp scarp and below 25 feet in eleva-
tion.

From recent topographic maps of the Coastal Plain of Vir-
ginia, it is clear that there is a distinct terrace about 12 feet above
sea-level, which is separated from the 25-foot terrace by a well-
marked scarp. This scarp is prominent in the Cape Henry quad-
rangle east of Norfolk. It appears from maps to be well developed
on the seaward side of the Eastern Shore. This low terrace and
formation are here designated the Princess Anne terrace and forma-
tion because of their typical occurrence at the village of Princess
Anne in Princess Anne County. Here the terrace forms a rounded
reentrant extending into the type area of the Dismal Swamp ter-
race. The scarp which separates the Princess Anne and Dismal
Swamp terraces is well developed east and southeast of Barney’s
Corner in Princess Anne County. (See Pls. 15, B and 16, A.)

Extent and topography—The Princess Anne terrace occurs as
a narrow fringe around the margin of the Dismal Swamp terrace
of the Norfolk-Cape Henry area. It forms also the greater part
of the lowland east of the scarp which extends from Newport
News north to the mouth of Potomac River. This lowland and the
bordering scarp are well shown on the topographic map, Figure
103. The prominent scarp between Good Luck, at the north, and
Mosquito Point, on the Rappahannock, separates the Princess Anne
lowland from remnants of Wicomico (?) terrace, at elevations of
80 to 90 feet. The Princess Anne terrace is found also in large
areas on both sides of the Eastern Shore peninsula, which can
not be mapped with confidence because of the lack of topographic
maps. (See Fig. 24, p. 46.)

The surface of the Princess Anne terrace is in general ex-
tremely flat and only a small part has been modified by sub-
aerial erosion. (See PI. 17, A.) It has, however, been dissected by
small streams which have cut entirely across it to the scarp at its
landward edge. Subsequently the land has been depressed relative
to the sea, so that the margin of the Princess Anne terrace is tat-

42 Stephenson, L. W., op. cit., p. 286.
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tered by numerous drowned channels. Indeed, the detailed coastal
irregularity of much of the Chesapeake Bay region is formed by the
drowning of the dendritic topography developed by post-Princess
Anne erosion on the Princess Anne terrace,

Thickness and structure—The base of the Princess Anne forma-
tion is exposed in very few places above sea-level. In such places
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Figures 104-107.—Diagrams showing mechanical composition of the Princess Anne forma-

tion. Samples 1711-A, 1711-B, 1775, and 1577.
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the thickness of the exposed formation is not more than 12 to 15
feet. It seems likely that the formation is somewhat thicker, but
not more than 15 to 20 feet. Where the formation is well exposed
the bedding is sharply marked and continuous. The basal part
generally is somewhat coarser than the upper part, which is com-
posed as a rule of fine sand or loam.

Origin—The Princess Anne terrace is of marine origin. Small
areas of marine Princess Anne terrace are found along the principal
tidal channels as far west as the Fall Belt. These merge impercep-
tibly with fluvial terraces in such streams as the Mattaponi and
Pamunkey, where tidewater does not reach thé Fall Belt. It is
impracticable to separate fluvial parts of the Princess Anne terrace
from modern flood-plain terraces or to distinguish fluvial Prin-
cess Anne sands and gravels from similar recent sediments.

Petrography.—Most of the Princess Anne formation is well-
sorted fine sand. Some gravel occurs in lenses or as a basal layer,
but the total amount of such material is small.

The samples collected from outcrops of the Princess Anne are
described below. Much of the modern sands described in a sub-
sequent section are reworked from Princess Anne terrace outcrops
along modern shores.

Sample 1711-A. Princess Anne pebbly sand. From river bank 214 miles
northwest of Smith Mount Landing, Westmoreland County.

This is a moderately well sorted, coarse sand. See Figure 104, The pebble
grades are composed of rough subangular quartz fragments. Moderate amounts
of heavy minerals and somewhat larger quantities of feldspar grains are present
in the finer sand grades.

Sample 1711-B. Princess Anne sand. From river bank 214 miles north-
west of Smith Mount Landing, Westmoreland County.

This is moderately well sorted sand slightly finer in grain than sample 1711-A,
See Figure 105. The mineral composition is similar to sample 1711-A.

Sample 1775. Princess Anne terrace sand. From an elevation of 8 or 9 feet
about 124 miles southeast of Remo, Northumberland County.

This is a pebbly sand carrying about 20 per cent in the plus 2 millimeter
grades. See Figure 106. The sand grades consist almost wholly of quartz.” A
few grains of feldspar are found in the finest grades.

Sample 1577. Princess Anme terrace sand. From 10-foot terrace at Wares
Wharf, Essex County.

This is a poorly sorted; pebbly, coarse sand. See Figure 107. The pebbles
are mostly slightly iron-stained angular and subangular quartz fragments. The
sand grades contain angular quartz with a few heavy mineral grains in the finer
grades. ’
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Figures 108-118.—Diagrams showing- mechanical composition of Recent deposits.
Samples 1951-B, 2061-A, 2063, 2065, 2076, and 2074-C.
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THE RECENT TERRACE AND FORMATION

Extent and character—In the preceding description each terrace
formation has been described as though its upper surface were
developed as a simple physiographic surface of fluvial or marine
origin, The simplicity of this concept is unfortunately the result
of ignorance of the detailed configuration of ancient formations.
At present sediments are being deposited in places (1) over much
of the land, (2) along the shores of the ocean and of ‘estuaries,
(3) off shore to great depths in the ocean, and (4) at least spo-
radically in all streams. Many of these deposits are meager and
last for a short time only. Nevertheless, small parts of them are
preserved in many places. The great similarity of the successive
terrace formations and the lack of definitive fossils prevent, in gen-
eral, the recognition of deposits not made in topographic accord-
ance with the greater part of the same formation. Such deposits
are recognized mainly among the modern sediments.

Information about modern sediments which are being deposited
under water is very meager. Most of our information concerns
beach or flood-plain sediments. Sand beaches are found along
much of the Virginia sea-coast (Pls. 16, B and 18), and to some
extent along Chesapeake Bay, and also along the broader tidewater
rivers. Where the shores are attacked by strong waves, the beaches
are built 5 to 10 feet above sea-level. In many places on-shore
winds build shore dunes from beach sands. Some dunes are 100
or more feet high. The Cape Henry region is notable, in eastern
North America, for dunes and dune topography. (See Pl 17, B.)

A few samples indicate that fine black or gray silty mud is
being deposited in much of Chesapeake Bay, and throughout the
chief estuaries. Along beaches where the waves are vigorous or
off spits where currents are strong, sand or fine gravel extends
several hundred feet from shore. Mud bottoms generally are pres-
ent, however, in water more than 5 feet deep, and there are large
areas where the muddy bottom extends almost to the shore.

Because the topmost deposits in tidal rivers are almost every-
where black mud, it does not follow that all of the material is so
fine. The preponderance of mud bottom indicates rather that the
deposits during most of the year consist of fine material. Either
fluviatile or marine scour and fill may be of sufficient vigor during
short intervals to leave considerable sand on parts of the bottom,
which is soon covered with mud. Only cut sections or samples
taken with a tube sampler will show the proportions of coarse and
fine materials that are being deposited at present.

From observation of small and changing deposits of coarse
debris in the Potomac gorge below Great Falls, it is believed that
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Figures 114-119.—Diagrams showing mechanical composition of Recent deposits.
Samples 2074-A, 2074-B, 2072-B, 1729-A, 1729-B, and 1729-C.
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considerable sand and fairly coarse gravel are carried through the
rapids of the Fall Belt and deposited in the inland stretches of the
tidewater channels. No evidence is at hand to show that the major
streams now carry appreciable amounts of material coarser than
fine sand far into the tidewater zone. It is believed that substan-
tially all the coarser sand and gravel which are being worked on
the beaches and along the lower estuaries are derived from the
adjacent terraces, The lack of fan building by modern streams,
even in the narrow heads of such tidal channels as the Potomac
with its abrupt change of competence, suggests that the Potomac
is now carrying very little clastic debris through the Fall Belt,
as compared to the amounts it must have carried when the great
Sunderland and Brandywine alluvial fans were being deposited.

Nothing is known of the thickness of modern terrace deposits,
except what can be deduced from the known depth of water and
depth of scour. It is likely that deposits 15 to 20 feet thick are
being formed in some places. The bedding and sequence of beds
are probably similar to those of recent terraces.

Petrography~-No modern fluvial loam deposits are known in this
region. The deposits of the present rivers in the Fall Belt consist
of moderately well sorted sand and gravel. The sand grains and
pebbles are mainly quartz, but the percentage is not nearly so large
as in the Pleistocene formations. The fragments are mostly angu-
lar and slightly smoothed.

Modern marine deposits are little known, with the exception
of beach sands and gravels and the associated dunes. The beach
sand is as a rule fine- or medium-grained and consists of clear,
polished, subangular quartz grains. From 60 to 90 per cent of the
materials is in one grade. The finer grades contain small per-
centages of heavy minerals,

Detailed descriptions of the recent deposits are given below.

Sample 1951-B. Recent lag gravel. Gravel skimmed from windswept beach
surface, north end of Rigby Island, Mathews County.

This is a well-sorted: gravel from which most of the sand has been removed
by the wind. See Figure 108. About 25 per cent of the larger pebbles is chert.
Most of the remainder is fairly smooth white and pink quartzite and quartz peb-
bles, with about 10 per cent well rounded. Sand grades are composed of some-
what smoothed, but very slightly rounded, clear quartz grains.

Sample 2061-A. Recent lag gravel. From west end of Willoughby Beach,
Norfolk County.

This is a fairly well sorted gravel ranging mostly from 4 to 16 millimeters.
See Figure 109. About 20 per cent of the pebbles is chert. The remainder in-
cludes quartzite, vein quartz, schist, granite, and other igneous and metamorphic



7%
700

80
(24

g & /nches

£00

80
€0
40
20

%
00

80
é0
$0
20

%
%

80
60
<0
2

Vg 23

3 lnches
N

80
60
#0

Z%
Joo

80
&0
o
20

o

os

(24

TSsNRenronPY

S¥¥~nvo Ry

2

Y
e

Poem.

s

T1325 4

Figures 120-125.—Diagrams showing mechanical composition of Recent deposits.
Samples 1729-D, 1548, 1578, 1738, 2296, and 1930-E.
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A. Striated cobble from the Wicomico formation. (See p. 59.)

B. Striated cobble from Wicomico gravel. (See p. 59.)
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A, Striated cobble from the Wicomico formation. (See p. 59.)

B. Striated cobble from Wicomico gravel. (See p. 59.)
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A. Chowan buff loam overlying sand-loam banding and clean sand
beds, Southampton County. (See p. 65.)

B. Base of tree about to fall after roots had been burned in peat surface
fire, Dismal Swamp, Noriolk County.
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A. Chowan buff loam overlying sand-loam banding and clean sand
beds, Southampton County. (See p. 65.)

B. Base of tree about to fall after roots had been burned in peat surface
fire, Dismal Swamp, Norfolk County.
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rocks. The pieces are angular to well rounded. This gravel probably contains
several types of natural gravel.

Sample 2063. Recent dume sand. From 1 mile east of Ocean View, Nor-
folk County.

This is a very well sorted medium sand. See Figure 110. Its composition.
is similar to sample 2061-B. The finest grades have a much smaller percentage
of heavy minerals. *

Sample 2065. Recent lag sand. From dune mounds 3 miles east of Ocean
View, Norfolk County.

This is moderately well sorted coarse sand. See Figure 111. The coarser
grades consist of somewhat smoothed, slightly rounded quartz grains. The finer
grades are similar with a very small proportion of heavy grains, chiefly ilmenite.

Sample 2076. Recent dune sand. From point west of Cape Henry, Princess
Anne County.

This sand is medium-grained and well sorted. See Figure 112, It is similar
in mineral composition to sample 2072-A.

Sample 2074-C. Recent lag sand. Collected from ripple crests, at an eleva-
tion of 40 feet, near Cape Henry.

This sand is moderately well sorted and coarse. See Figure 113. It closely
resembles sample 2074-A in composition.

Sample 2074-A. Recent dune sand. Vicinity of Cape Henry, Princess Anne
County. ‘

This is a rather well sorted medium sand. See Figure 114. The coarser
grades consist of moderately rounded quartz grains. In the finer grades there
appears progressively a considerable proportion of heavy minerals, with pos-
sibly 10 per cent in the plus 1/16 and still more in the minus 1/16 grade.

Sample 2074-B. Recent dune sand. From section of dune near Cape Henry,
Princess Anne County.

This sand is slightly less well sorted than sample 2074-A and slightly finer
grained. See Figure 115. Tts mineral composition is almost identical with
sample 2074-A

Sam{;le 2072-B. Recent dune sand. One hundred yards inland from the site
of sample 2072-A, 4 miles north of Virginia Beach, Princess Anne County.

This is a well-sorted dune sand, slightly finer grained than the beach sand
from which it is derived. See Figure 116. It is similar in composition to sample
2072-A. '

Sample 1729-A. Recent river sand. From Rappahannock River flood plain
at Falmouth, Stafford County.

This is a moderately well sorted coarse sand See Figure 117, Both the
coarse and fine grains consist mainly of quartz, but contain abundant grains of
feldspar, mica, hornblende, and various other minerals from granites and schists.

Sample 1729-B. Pebbly river sand. From Rappahannock River bar at Fal-
mouth, Stafford County.
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Figures 126-1831.—Diagrams showing mechanical composition of Recent deposits.
Samples 1579-B, 1579-A, 1749, 1747-A, 1747-C, and 1747.D.
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This sample is predominantly a fairly coarse, well-sorted sand, with the
plus 2 millimeter grades about 20 per cent. See Figure 118. The pebble grades
consist of rough angular fragments of vein quartz, schist, granite, and similar
debris. The sand grades are mainly quartz, but contain other granite and schist
minerals.

Sample 1729-C. Recent river gravel. From Rappahannock River bar at
Falmouth, Stafford County.

This sample is considerably coarser than sample 1729-B. See Figure 119.
Its composition is almost the same as that of sample 1729-B.

Sample 1729-D. Recent river gravel. From downstream point of Rappa-
hannock River bar at Falmouth, Stafford County.

In both mechanical and mineralogical composition this sample is 51m11ar to
sample 1729-C. See Figure 120.

Sample 1543. Recent rill sand. From roadside at an elevation of 100 feet,
2 miles west of Tappahannock, Essex County.

This is a moderately well sorted fine sand. See Figure 121. The coarser
grades of this sand consist chiefly of clean, angular and subangular quartz grains.
Grades from %4 millimeter downward carry increasing quantities of heavy min-
erals, such as ilmenite, zircon, and feldspars.

Sample 1578. Recent rill sand concentrate. From roadside southeast of
Dunnsville, Essex County.

This is a well-sorted fine sand. See Figure 122. The coarser grades con-
sist mostly of quartz, but the finer grades contain up to perhaps 75 per cent of
heavy minerals, which are chiefly ilmenite.

Sample 1738. Glauconitic sand on modern beach. Derived from shore bluff
in Aquia formation 1 mile north of Marlboro Point, Stafford County.

This is a very well sorted medium sand. See Figure 123. The coarser sand
grades are composed dominantly of shell fragments, with minor amounts of clear,
fairly well rounded quartz grains. The medium grades contain perhaps 30 per
cent of botryoidal and mammillary aggregations of glauconite grains, the re-
mainder being chiefly quartz with a few shell fragments. A small proportion of
the quartz grains are well rounded and somewhat frosted. The finer grades are
similar, but' with a few feldspar grains.

Sample 2296. Recent beach sand. From the Potomac shore north of Strat-
ford, Westmoreland County.

This is a well-sorted medium sand. See Figure 124. The sand consists
mainly of subangular clear quartz grains. There are a few heavy mineral grains
in the finest grades.

Sample 1930-E. Recent beach gravel. From beach 134 miles southeast of
Whitestone Wharf, Lancaster County.

This is a well-sorted fine gravel. See Figure 125. The coarser grades of
this gravel consist of moderately rounded, somewhat smoothed, clear, white, yellow
and pink quartz fragments and a few gray chert fragments. The sand grades
are mostly of clear quartz, with a few shell fragments.
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Figures 182-137.—Diagrams showing mechanical composition of Recent deposits.
Samples 1950-A, 1950-B, 1951-A, 1951-C, 1799 and 1874-A.
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Sample 1579-B. Recent beach sand concentrate. From beach half a mile
north of Bowlers Wharf, Essex County.

This sand was collected to show natural sorting. It is a well-sorted fine sand.
See Figure 126. The plus ¥ millimeter grades carry not over 10 per cent, and
the plus 74 millimeter grade probably not over 1 per cent of quartz. The bulk
of the sand is ilmenite and other heavy minerals,

Sample 1579-A. Recent beach sand concentrate. From half a mile north of
Bowlers Wharf, Essex County.

This is a well-sorted fine sand. See Figure 127. The grades down to %
millimeter are dominantly quartz. Those below 14 millimeter are mainly ilmenite,
with small amounts of other heavy minerals. The plus ¥4 millimeter grade is prob-
ably more than 90 per cent ilmenite. The plus 1/16 millimeter grade carries less
ilmenite, but larger amounts of zircon. The quartz in the plus 4 millimeter
grades is largely due to contamination in collecting. See sample 1579-B.

Sample 1749. Recent beach sand. From a point half a mile east of Grinels
Post Office, Middlesex County.

This is a well-sorted pebbly coarse sand. See Figure 128. The coarser
grades consist mainly of clear subangular quartz grains, a few chert fragments,
shells, and iron crusts. Quartz is the principal constituent in the finer grades.

Sample 1747-A. Recent beach sand. From 6 inches below surface of upper
beach, one-third of a mile southwest of Stingray Point, Middlesex County.

This is a fine pebbly sand having a secondary maximum in the plus 2 milli-
meter grade. See Figure 129. The pebble grades are composed mainly of
slightly smoothed subangular quartz and quartzite. A few chert pebbles are

present. The plus 1/16 millimeter grade includes nearly 50 per cent of heavy
minerals.

Sample 1747-C. Recent beach sand. From one-third of a mile southwest of
Stingray Point, Middlesex County. :

This sample is a well-sorted medium sand. See Figure 130. Tts composition
is similar to that of other ocean beach sands of this region,

Sample 1747-D. Beach pebbles. From low water beach zone, one-third of a
mile southwest of Stingray Point, Middlesex County.

These pebbles are mostly subangular with a few moderately rounded. See
Figure 131. They are clean, well smoothed, and consist mainly of vein quartz,
with about 1 or 2 per cent of chert.

Sample 1950-A. Recent beach gravel. From upper storm beach where wind
has removed some of sand. Half a mile south of Iron Point, Mathews County.

This is a fairly well sorted sandy gravel. See Figure 132. The pebble
grades include a few chert fragments and iron crusts, in addition to the domi-
nant white, yellow, and blue quartz grains. The sand grades are mostly angular

quartz, with a moderate amount of heavy minerals and some feldspars in the finest
-grades.

Sample 1950-B. . Recent beach sand. From half a mile south of Iron Point,
Mathews County.
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Figures 138-143.—Diagrams showing mechanical composition of Recent deposits.
Samples 1874-B, 1874-C, 1874-D, 1874-E, 2012, and 2061-B.
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This is a well-sorted medium sand. See Figure 133. The mineral composi-
tion is similar to that of sample 1950-A.

Sample 1951-A. Recent beach gravel. Random sample from upper 114 feet
of beach at north end of Rigby Island, Mathews County.

This is essentially a pebbly sand. See Figure 134. The lithologic composi-
tion is similar to sample 1951-B.

Sample 1951-C. Recent beach sand concentrate. From beach near north end
of Rigby Island, Mathews County.

This a fairly well sorted fine sand. See Figure 135, Its two coarsest grades
consist mainly of clean somewhat smoothed quartz grains. The finer grades are
progressively composed of larger proportions of heavy minerals, including ilmenite,
magnetite, and zircon. The plus 14 millimeter grade contains probably not more
than 25 per cent quartz.

Sample 1799. Recent beach sand. From beach half a mile west of Boat Har-
bor, Newport News, Warwick County.

This sample is a well- sorted fine sand. See Figure 136. Its coarsest grade
consists mainly of quartz grains, but the medium and fine grades contam a con-
siderable proportion of heavy minerals.

Sample 1874-A. Recent beach gravel. From ocean beach at Northend Point,
Elizabeth City County. This gravel is somewhat concentrated by removal of
sand by wind.

This is a moderately well sorted pebbly sand. See Figure 137. The pebble
grades consist of slightly rounded, somewhat smoothed, clear, yellow and pink
quartz fragments. A few pieces of chert are present. The sand grades are
chiefly clear subangular quartz grains, with a moderate amount of heavy mineral
grains in the finest grade.

Sample 1874-B. Recent beach sand concenirate. From Northend Point
beach, Elizabeth City County.

This is a well-sorted, fine black sand. See Figure 138. The coarsest grades.
‘consist mainly of quartz and ilmenite aggregates. The plus %4 and plus 1/16
millimeter grades consist almost wholly of ilmenite, with subordinate amounts of
other heavy minerals.

Sample 1874-C. Recent beach sand. Normal sand of beach at Northend
Point, Elizabeth City County.

This is an exceptionally well sorted medium sand. See Figure 139. It con-
sists of clear subangular, somewhat smoothed quartz grains, with a few heavy
mineral grains in the finest grades.

Sample 1874-D.  Recent beach sand. From high tide breaker zone, Northend
Point beach, Elizabeth City County.

This is a moderately well sorted coarse sand containing a few pebbles. See
‘Figure 140. The composition is similar to that of sample 1874-A.

Sample 1874-E. Recent pebbly beach sand. From low water mark on North-
end Point beach, Elizabeth City County.
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Figures 144-149.—Diagrams showing mechanical composition of Recent deposits.
Samples 2072-A, 2075, 2073, 2071-A, 2071-B, and 2071-C.
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A. Cypress logs in bluff cut in Dismal Swamp formation, 174 miles
southeast of Taft, Lancaster County. (See p. 71.)

B. View over Chowan-Dismal Swamp terrace toward scarp and remnant of
Wicomico terrace, 3 miles west of Charles City, Charles City County.
(See p. 75.)
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Cypress logs in bluff cut in Dismal Swamp formation, 1% miles
southeast of Taft, Lancaster County. (Sce p. 71.)

B. View over Chowan-Dismal Swamp terrace toward scarp and remnant of
Wicomico terrace, 3 miles west of Charles City, Charles City County.
(See p. 75.)
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This is a moderately well sorted medium sand containing a few pebbles. See
Figure 141, The composition is similar to that of sample 1874-A

Sample 2012. Recent beach sand concentrate. From beach at Jamestown,
James City County.

This is a well-sorted fine sand. See Figure 142. The plus % millimeter
grades of this sand consist largely of quartz grains, mainly angular and iron
stained. The minus 14 millimeter grades are composed almost wholly of heavy
minerals, of which ilmenite is the most abundant constituent.

Sample 1956. Recent gravel. From depth of 3 feet on shoal above light-
house off Fergusons Wharf, Isle of Wight County.

This sample consists almost wholly of entire and broken oyster shells show-
ing considerable wear and rounding. This material contains a few rock frag-
ments but almost no sand or finer material.

Sample 2061-B. Recent beach sand. From west end of Willoughby Beach,
Norfolk County.

This is an exceptionally well sorted coarse sand. See Figure 143. It con-
sists chiefly of angular and subangular, slightly smoothed quartz grains. Most
.of ‘the grains are clear and colorless, but a few are yellow or pink. A trace
found in the plus 14 millimeter grade is more than 50 per cent heavy minerals,
including magnetite, garnet, and ilmenite.

Sample 2072-A. Recent beach sand. From a point 4 miles north of Virginia
Beach, Princess Anne County.

This is a well-sorted medium sand. See Figure 144. It consists chiefly of
moderately rounded, somewhat polished, grains of clear, white, yellow, and brown
quartz. The finest grade contains a considerable proportion of other minerals,
including zircon, feldspar, and hornblende. This is. a typical beach sand of this
region. See sample 2072-B.

Sample 2075. Recent beach sand. From beach 1 mile west of Cape Henry,
Princess Anne County.

This is a fine-grained, well-sorted sand. See Figure 145. It is composed
mainly of slightly rounded, clean quartz grains. A small percentage of dark,
heavy minerals is found in the finest grade. ~ :

Sample 2073. Recent beach sand. From beach north of Cape Henry light-
house, Princess Anne County.

This is a well-sorted fine sand. See Figure 146. Its finer grades carry in-
creasing quantities of heavy minerals, the minus 1/16 millimeter grade contain-
ing not more than 25 per cent of quartz.

Sample 2071-A. Beach gravel. From beach surface at low water zone, 2
miles north of Virginia Beach, Princess Anne County.

This gravel is well sorted and consists of about 20 per cent each of  shell
fragments and' chert pebbles. The remainder is well-rounded to angular clean
white vein quartz and dark brown quartz and quartzite pebbles. See Figure 147.

Sample 2071-B. Recent lag gravel. From upper beach back of storm crests
2 miles north of Virginia Beach, Princess Anne County.
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Figures 150-154.—Diagrams showing mechanical ecomposition of Recent deposits.
Samples 2254-B, 2277-B, 2288, 2286-B, and 2286-A.
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This is a well-sorted fine gravel. See Figure 148. Its coarser grades carry
a considerable percentage of shell fragments.  Splinters of shells appear in all
the grades. The bulk of the material of the more abundant grades consists of
a heterogeneous mixture of well-rounded to angular fragments of white to dark
brown quartz, with a few fragments of chert.

Sample 2071-C. Recent beach sand. From 2 miles north of Virginia Beach,
Princess Anne County.

This is an exceptionally well sorted medium sand. See Figure 149. It is
similar in mineral composition to sample 2072-A. ’

Sample 2254-B. Recent beach sand. From beach 1 mile south of Kiptopeke,
Northampton County.

This is a remarkably well sorted sand, 98 per cent being in the medium sand
grade, ¥4 to %% millimeter. See Figure 150. The mineral composition is similar
to that of sample 2254-A.

Sample ~ 2277-B. Modern beach sand. From Battle Point, Northampton
County.

This is a moderately well sorted coarse sand. See Figure 151. Besides the
dominant well polished, slightly rounded quartz grains, there is a moderate amount
of heavy mineral grains in the finest grades.

Sample 2288. Modern beach sand. Commercial pile sample from Fishing
Point, Assateague Island, Accomac County.

This is a fairly well sorted medium sand. See Figure 152. The coarsest
grades are mainly quartz grains, with a few shell fragments. A considerable
percentage of heavy mineral grains is found in the finest grades.

Sample 2286-B. Recent lag gravel. From shore flat on Bailey’s Neck, Ac-
comac County.

This is a fairly well sorted sandy gravel. See Figure 153. The pebble grades
consist in part of very well rounded, somewhat lozenge-shaped, quartz pebbles,
and in part of angular fragments of chert, iron crusts, quartz, etc. The sand
grades are similar to those of sample 2277-B.

Sample 2286-A. Recent beach sand. From shore of Bailey’s Neck, Accomac
County.

This sample is a well-sorted medium sand. See Figure 154, The mineral
composition is similar to that of sample 2277-B.
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GEOLOGIC HISTORY OF THE TERRACES
STATEMENT OF PROBLEM

The Coastal Plain terraces have been interpreted as of marine
origin and of fluviatile origin. Some, especially Shattuck*® in his
studies of the Maryland terraces, have considered the entire series
to be the result of successive marine invasions, each of less extent
than the preceding one, with each terrace indicating the net change
of sea-level. Others, especially Salisbury,** who studied the ter-
races of New Jersey, have considered many, if not all, the forma-
tions to be parts of great alluvial fans built out over the low-
lying lands east of the Fall Belt by heavily laden streams which
were aggrading their shifting channels. During study of the ter-
races and gravel formations of this region for several years, it
has become apparent to the writer and to others that neither hy-
pothesis may be applied alone to the origin of these terrace forma-
tions. Field study shows that terraces along the seaward margin
of the Coastal Plain are so related to the present coast line, and
show so clearly wave-cut features that they must be regarded as of
very recent marine origin. Contrariwise, there are many inland
terraces whose position, form, and materials prove that they are
of fluvial origin.

It is evident that both types were formed contemporaneously
in appropriate situations. Hence, one must be on guard to recog-
nize the transition between marine and fluviatile terraces and
formations. Virginia is in a peculiarly favorable location for such
discrimination. It is believed that most of the terrace surface in
the northern part of the State is of fluvial origin and that most of
it in the southern part is of marine origin. In Virginia the marine
terraces extend gradually farther inland to the south. These con-
ditions enable one to elaborate the criteria by which the marine
and fluviatile terraces may be separated. These criteria are out-
lined below.

SEPARATION OF MARINE AND FLUVIATILE TERRACES

It will be necessary in this paper to use the terms marine and
fluviatile somewhat arbitrarily and to draw the line between the
two types of processes and products as distinctly as possible where
there is the greatest break in the coordinate series. There is a

43 Shattuck, G. B., op. cit.

44 Salisbury, R. D., The Quaternary formations of southern New Jersey: New Jersey
Dept. of Conservation and Development, vol. 8, 218 pp., 1917.
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very gradual transition from purely marine to purely fluviatile con-
ditions across an embayed coastal plain, as in Virginia. Salt water
extends, with decreasing salinity, far into the drowned channels
of the tributaries of Chesapeake Bay. It has been shown previously
that in the tidal channels the movement of seawater is far more
important quantitatively than the seaward flow of land water. (See
pp. 19-21.) This indicates that the upstream movement of water is
nearly as important as the seaward flow. At the broad mouths of
such streams as Potomac River, shore features, either beaches or
cut bluffs, and the bottom are being modified almost wholly by
waves rather than by shore currents. The cross profiles of most
of the streams, the bottom materials, and the movement of water
in the channels show (1) a preponderance of longitudinal current
work, mostly by tidal forces, in the central deeper channels and
(2) a dominance of wave work along the shelving shores, whether
flanked by high bluffs or low sandy beaches. Wave work domi-
nates over river work at the shore and foot of the shore bluffs in
the present Potomac River upstream to Georgetown. Thus it ap-
pears that whereas fluvial processes may extend in mid-channel
far downstream into the tidal part of a river, wave action on the
shores and shallower bottom extends inland to the head of tide-
water.

The scarcity of fossils makes paleontologic discrimination of
marine and fluviatile terrace deposits impracticable. Hence they
must be distinguished by topographic form and position and the
character of the formations. The writer believes from observation
of modern processes, terraces, and deposits in these estuaries that
wherever wave work dominates in shaping the shore cliff and in
making a built terrace, the resultant topography and deposits are
more closely related to marine than to fluvial conditions. He be-
lieves also that the most significant break in physical conditions,
assuming that only one break is to be recognized, comes at or very
near the head of tidewater and that the chief discrimination should
be made between fluvial and “standing water” conditions and de-
posits.

More detailed study of the formations, as well as more inti-
mate knowledge of present conditions, would permit a more graded
and less arbitrary consideration of the transitional embayed zone
where fluviatile and marine processes mingle. Inasmuch as terrace
deposits rather than deep channel deposits dominate at present,
as well as in the deposits of each past epoch, the characteristics
of the terraces must be used largely in interpreting the geologic
history of the region. Use of these criteria places the line of de-
marcation at the head of tidewater. For greater simplicity and
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brevity the term marine in this report will henceforth include the
whole embayed realm in which tidal fluctuation is or has been

felt.

PHYSIOGRAPHIC CRITERIA

Marine terraces commonly have a gentle seaward slope from
a distinct wave-cut cliff. The horizontal plan of this cliff may be
of two kinds. If the cliff has been formed wholly by marine agents
it will be straight or gently curved with the smooth outlines char-
acteristic of shore features. If slight sapping by waves has shar-
pened and modified a cliff previously formed by stream erosion
and since drowned, the wave-cut cliff will retain, for a long time,
the broad outlines of the river-formed scar. The surface of the
bench in this case, instead of having a gentle seaward slope, may
show alternating bars and sloughs like those of river flood plains.
Bars, spits, and barriers showing characteristic shore relationships
will be associated with marine cliffs and terraces.

River terraces, as considered in this report, are of two kinds:
(1) The alluvial fan surface which is not necessarily limited by a
cliff at its inland margin, and (2) the flood-plain terrace which
has its broader outlines formed by stream erosion, but is consid-
erably modified by the deposition of sediments. The alluvial fan
terrace in this region has a seaward slope of 1 to 2 feet a mile,
this being the original slope of deposition. Its upper surface is
not flat, because it had variations in elevation which, in some
places, amounted to 10 to 20 feet, due to cutting and filling as the
stream channel migrated across its surface. Typically, such a fan
is a low-angle cone with appreciable lateral as well as seaward
slopes. Adjacent fans, however, merge, as in the cases being con-
sidered, to form a nearly continuous alluvial plain of more or less
uniform slope.

Flood plain terraces have seaward slopes similar to those of
alluvial fans. Their horizontal patterns are generally distinctive.
In general, they are parallel to and adjacent to stream courses,
which gives them a linear arrangement. In detail, their boundaries
are largely meander curves, each of which is successively cut off
by later meanders. The landward boundary is concave toward the
terrace and the streamward boundary, if sharp, is convex toward
the terrace. The surfaces of many flood plain terraces have sloughs
and bars with meander patterns, some of which are shown on con-
tour maps but on most maps they are indicated only by the courses
of minor streams, the outlines of marshes, or contrasts in the
vegetation.
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The most conclusive evidence of the fluvial origin of a terrace
is, perhaps, an island of high land, which has been developed as a
terrace, enclosed within a cut-off ox-bow. The significance of this
feature and the conclusion that the ox-bow could be cut off only in
a stream above sea-level have recently been described by Camp-
bell 45
PETROGRAPHIC CRITERIA

The features by which rocks may be interpreted are of three
orders of magnitude, namely, microscopic, megascopic, and forma-
tional. Some rocks may be identified and their origins determined
by microscopic examination alone, whereas others must be consid-
ered as formations before even the elements of their history can
be told. The gravels and sands of the coastal-plain terraces are
in general so similar that the fluvial and marine phases can not
commonly be separated with confidence by examination of small
units. Although, in some instances, this can be done, in others
the characters are so indefinite that even in extensive exposures
no conclusion can be reached in the light of present knowledge.

Nevertheless, viewing the formations in a broad way, there
are fairly constant and definable differences in petrographic char-
acter between the higher and landward terraces on the one hand
and the lower and coastward terraces on the other. Perhaps the
most important of these differences is that of mechanical composi-
tion. The typical fluvial material is a poorly sorted pebble-bearing
loam which consists of material ranging from fine clay particles
through the silt and sand grades to cobbles of moderate size. There
is commonly a maximum grade in the sand grades and another in
the gravel grades. These maxima are four or five grades apart
and they do not, as a rule, exceed 20 per cent each in amount. As
many as 9 or 10 grades commonly contain 2 or 3 per cent each.
The fluvial gravels contain, in places, exceptionally large boulders,
up to 3 feet or more in diameter, These boulders can scarcely be
considered as part of the normal composition though, in some cases,
they grade into the upper limit of the other cobbles.

In contrast to the fluvial gravels; the marine materials are
much better sorted. In some cases they also have two maxima,
but with a much smaller percentage of clay and silt or larger peb-
bles. In other cases the marine materials in a given stratum con-
sist of clean sand or gravel, with from 50 to 90 per cent in one
grade. The marine and fluvial materials are by no means so
sharply separated everywhere as the types described above; rather
they grade into each other locally, so that it is commonly difficult
to distinguish them in a single exposure.

45 Campbell, M. R., Meaning of meanders in tidal streams: Geol. Soc. America Bull.,
vol. 88, pp. 587-555, 1927, .
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There is no essential difference in the lithologic and mineral-
ogic composition of the sediments of the fluvial and marine ter-
races. The most important distinction is the more common lack
of a fine matrix and the lack of ferruginous and kaolinitic material
in the marine sediments. The fluvial materials with a fine matrix
are generally buff to dark red, whereas the marine materials vary
from white to cream or yellow because of slight ferruginous coat-
ings on the grains, Clay beds associated with the marine forma-
tions are generally cream-colored or gray, except where much or-
ganic material makes them black.

The fragments in the marine beds are commonly cleaner,
lighter colored and smoother, even somewhat polished, as com-
pared with those in the fluvial formations. There is little, if any,
difference in rounding, although because of their cleaner, smoother
appearance, one gains the impression that the marine materials are
better rounded.

There are some general differénces in the structure and bed-
ding of the two types. The marine beds are more sharply de-
fined, with more abrupt changes in coarseness and with steeper and
more sharply truncated cross-bedding. The cobbles and pebbles
in the marine beds are commonly in contact and, where present,
they make up a larger part of the deposit. The fluviatile forma-
tions often appear massive, almost till-like, with the pebbles and
cobbles scattered throughout the loam matrix or only rudely con-
centrated string-like in certain zones. Well-defined gravel beds
are found in places, but, on the whole, the massive loam with scat-
tered pebbles and strings of pebbles is more abundant and typical.
The beds, indicated by the strings of pebbles and other slight con-
trasts in composition, are thicker and more lenticular than beds
of the marine deposits. Cross-bedding in fluvial deposits consists
of lenticular bedding, channel filling, etc., instead of the well-
marked marine cross-bedding described above.

ORIGIN OF THE TERRACES

In applying these considerations the following conclusions
are reached for the Coastal Plain of Virginia:

Brandywine terrace—The entire Brandywine formation and other
pre-Sunderland terrace formations which have been included with
it, are of fluvial origin, being mainly of the alluvial fan type.

Sunderland terrace.—The Sunderland terrace and most of the
formation are of fluvial origin. The only exception is that part
lying generally below an elevation of 50 feet and within 10 to 15
miles of the present eastern edge of the formation, which appears
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A. Small recent valley cut in surface of Chowan-Dismal Swamp terrace
north of Lester Manor, King William County. (See p. 75.)

B. Chowan-Dismal Swamp terrace opposite Port Conway on Rappahannock
River, Caroline County. (See p. 75.)
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A. Small recent valley cut in surface of Chowan-Dismal Swamp terrace
north of Lester Manor, King William County. (See p. 75.)

B. Chowan-Dismal Swamp terrace opposite Port Conway on Rappahannock
River, Caroline County. (See p. 75.)
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A. Chowan-Dismal Swamp terrace and ox-bow scarp south of East
Arlington, Arlington County. (See p. 75.)

B. Chowan-Dismal Swamp formation at West Point, King William
County. (See p. 77.)
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to be of marine origin. This basal part of the formation is over-
lain by 30 to 50 feet of typical fluvial Sunderland material. In-
land from this marginal belt the entire formation, so far as known,
is of fluvial origin.

Wicomico terrace—The greater part of the Wicomico formation
in Virginia is of marine origin. This includes the entire terrace
east of the marine scarp which extends in a nearly straight line
from Kilmarnock, Lancaster County, to Boykins, Southampton
County. A few small areas of fluvial Wicomico terrace are found
along the James, the Potomac, and other rivers which cross the
Coastal Plain. Their typical fluvial patterns are shown in Figure
24 (p. 46).

Chowan and Dismal Swamp terraces—The true relations between
the Chowan and Dismal Swamp terraces are not yet known. As
correlated with the type area, remnants of Chowan fluvial terrace
and gravel are numerous along Blackwater, Nottoway, and Me-
herrin rivers. Similar remnants are abundant along rivers farther
north. If marine areas of Chowan be present along the Virginia
coast, they are very small, having been largely cut away in the
development of the Dismal Swamp terrace. Fluvial terraces of
Dismal Swamp age are well developed along several of the prin-
cipal .streams. Marine Dismal Swamp terrace forms the larger
part of the land area east of the Suffolk scarp. Considerable areas
of fluvial terrace formations, which are clearly either Chowan or
Dismal Swamp, but which can not be discriminated with confidence,
are known in the upper parts of valleys. Some of the Dismal
Swamp terrace remnants in the lower parts of the tidal channels
are of marine origin.

Princess Anne terrace—The larger part of the Princess Anne
terrace adjacent to Chesapeake Bay is composed of marine sand
and gravel. Marine Princess Anne terrace remnants are numerous
along the deeper tidal channels, and fluvial remnants of this ter-
race extend considerably farther upstream. (See Figure 22.)

SEQUENCE OF POST-MIOCENE EVENTS
LATE TERTIARY EROSION

Following the deposition of the youngest marine Miocene
formations the Coastal Plain was uplifted and subjected to long-
sustained erosion. Little is known of the arrangement of drain-
age lines at this time. There is no evidence that the Potomac or
any other river had cut a valley through any of the Tertiary
formations to a depth below the general level on which the terrace
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gravels were deposited. The drainage lines of the Coastal Plain
are believed to have been formed after the close of Miocene time.

During the period of erosion which followed the uplift of the
Miocene formations, the Coastal Plain was reduced to a surface
of low relief which is now preserved in a few places beneath the
gravels of the Brandywine fan. This surface was separated from
the surface of the Piedmont Plateau by a Fall Belt somewhat less
pronounced than at present. The surface of the Piedmont Plateau,
at that time, was similar to the present surface except that 100
feet of the larger valleys, the deep trenches of the tributary streams,
and the narrow gorges of the master streams in the Fall Belt, had
not yet been cut.

The land area of the Coastal Plain probably did not extend
farther east than, and possibly not so far as, the present coast. Af-
ter this surface of low relief had been produced, there was ap-
parently a long period during which streams were sluggish and the
products of weathering accumulated over much of the area.

BRANDYWINE STAGE
Cause or Fax Burrbineg

This time of the dominance of weathering over transportation
was brought to a close by events which commenced the building
of the Brandywine alluvial fan. It is not known whether the in-
creased stream competence which enabled Potomac River to carry
out to the Coastal Plain enormous quantities of fine and moderately
coarse debris was caused by eastward tilting of the land or to an
increase in the rainfall. There is considerable circumstantial evi-
dence for accepting the latter interpretation. The deposition of the
- Brandywine fan materials took place under fluvial conditions simi-
lar to those existing during the several stages of terrace building
in Pleistocene time. Although the detailed correlation of the ter-
race-building stages with the several glacial stages has not been
accomplished, it seems highly probable that the alternation of ter-
race building at one extreme with the erosion of valleys at the
other was causally related to the periodic alternation of glaciation
and deglaciation. It has been recognized in Europe and in North
America that streams immediately beyond the margin of the ice
had periods of increased competence which led to the building
of extensive terraces and fans during the time of maximum glacia-
tion. In view of these parallelisms, it appears more plausible to
suppose that the fundamental cause of successive Pleistocene ter-
race forming epochs was climatic rather than due to crustal move-
ments; by analogy that the same was true of the Brandywine fan-
building epoch.
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Any interpretation based on crustal movements involves nu-
merous difficulties. The lower terraces of Potomac River, especi-
ally west of the Fall Belt, show very little departure {rom parallel-
ism between the gradients of the several terraces and the gradient
of the river. For example, the Sunderland terrace is approximately
100 feet above the present level of Potomac River above Great
Falls and about 80 feet above the river just below Cumberland.
Similarly, the Brandywine terrace, as correlated, is about 170 feet
above the river at these points. Hence, within a possible error of
10 to 20 feet, the ancient and the modern grades are parallel. The
present grade of Potomac River, for the most part, is just sufficient
to prevent great deposition at any point, but it does not, under
present climatic conditions, render the river competent to deliver
debris at the head of tidewater in kind or amount which accumu-
lates in recognizable deposits above water level. Considerable
quantities of sand and gravel are dredged from the upper estuary
of the Potomac at the present time. Nevertheless it is not be-
lieved that the replenishment of these materials is comparable in a
geologic sense with the rates of accumulation during the stages of
terrace building. If Brandywine or other fan building be regarded
- as the result of eastward tilting, there must have been a return
movement at the close of each stage which restored the land to its
former attitude. Moreover, from Brandywine time to the present
there has been no appreciable net increase of eastward tilt.%6

It is not asserted that such an alternative of positive and nega-
tive tilting in post-Miocene time, with no net change in the alti-
tude of the land, is impossible. It does, however, seem improbable
that it could have been the major cause of the alternations in
stream competence under discussion. It is believed also that dif-
ferential crustal movements were negligible and were subordinate
to climatic factors in producing the changes in stream competence.

It should be noted here that, though increased erosion and
reduction of land areas are properly ascribed to uplift of the land
without tilting, such features as those under discussion can not be
so explained. Response of the streams of a low coastal area to an
uplift of 100 to 200 feet will be almost immediate at the coast and
trenching will commence at once. On the other hand, an uplift
of 100 or even 1,000 feet in the Potomac Basin would have little
or no effect in the upper part of the basin until long after trench-
ing and other recognizable changes had taken place in the lower
valley. Even when the pulsation of increased grade had reached

. 46 It must not be understood that the writer denies pre-Brandywine arching and tilt-
ing of the Appalachian tract. Although the details of.this tectonic history have not been
deciphered, the evidence of differential warping of the ares in Mesozoic and early Tertiary
time is indisputable. .
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the headwater areas, there is little likelihood that so gradual a
change in competence would show itself in clear defined fan build-
ing such as took place in Brandywine time.

Whatever may have been the cause, it is evident that during
Brandywine time Potomac River and other streams brought vast
quantities of material to the western margin of the Coastal Plain.
As they were unable to transport this material across the plain,
most of it was deposited in a series of alluvial fans which, merging,
formed a great alluvial plain. The Potomac fan, which begins at
Woashington and extends south and east for at least 40 to 50 miles,
was deposited on the relatively flat surface which had been cut
on the edges of the Miocene and pre-Miocene formations. As
sediments were deposited, the channel of the Potomac migrated
over the surface of the fan, thus building it gradually broader and
higher. At this time there was probably no deep Potomac gorge
across the formations of the Coastal Plain, such as the present
gorge from Washington to Point Lookout. Sections of deep filled
valleys are not exposed in the area and no other evidence is known
to indicate that such a gorge had been previously cut and filled.

VOoLUME OF THE FAN

The total volume of material in the original Brandywine fan
may be roughly estimated. Assuming a total area of 1,000 square
miles and an average thickness of 25 feet, the result would be
25,000 mile-feet.*?

The area of the Potomac drainage basin west of the Fall Belt
is roughly 13,000 square miles. The volume of the fan, therefore,
corresponds to a depth of about 2 feet throughout the entire basin.
Possibly less than half of the entire amount of sediment brought
down the river was deposited in the fan. Various other unknown
factors enter the problem, but, in spite of them, it is useful to as-
sume that 5 or possibly even 10 feet of material were eroded on
the average from the drainage basin of the Potomac during the
building of the Brandywine fan. Estimates of the rates of conti-
nental denudation vary between 3,000 and 10,000 years for the re-
moval of 1 foot of material from the whole continent. Assuming
that the removal during Brandywine time was exceptionally rapid,
largely because the rocks were deeply weathered, the duration of
Brandywine time may be estimated as perhaps 25,000 to 50,000
years. This estimate is not accurate, but it is probably of the right
order of magnitude. Attention must be called here to the fact that,
though the amount of deepening of the Potomac valley bottom be-

47 A mile-foot is the volume of 1 square mile filled to a depth of 1 foot.
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tween successive terrace stages is greater than 5 to 10 feet, in some
instances ten times as great, it by no means follows that the aver-
age removal is nearly so great; the amount of 5 to 10 feet is thus
inherently reasonable.

EsTABLISHMENT OF STREAM COURSES

At the close of Brandywine time, Potomac River assumed a
course at the extreme southwestern margin of the fan and com-
menced cutting down through the materials of the fan and the
underlying Tertiary and Mesozoic formations, This new course,
which differed but slightly in a broad way from the present course,
was notable in its similarity to the courses.of several other master
streams of the Atlantic slope. The Delaware, Susquehanna, Po-
tomac, and James rivers turn sharply south at the Fall Belt and
flow for a considerable distance in a southerly or southwesterly
direction at the foot of the Fall Belt before finally turning east-
ward to flow across the Coastal Plain to the sea. There is con-
siderable evidence that this type of course was assumed by each
river at the close of Brandywine time, before the deposition of the
Sunderland formation.

No generally accepted explanation of these anomalous courses
has been offered. McGee*® considered them to be the result of
crustal movements producing a trough at the east foot of the Fall
Belt, along which each stream took its post-Brandywine course.
Darton?® expressed the view that these south-turned courses were
not caused by crustal movements, but were due to the original
configuration of the Lafayette deposits, including such irregulari-
ties as submarine bars and intervening sloughs, which determined
the courses of the streams when uplift occurred. The writer
favors Darton’s interpretation. It is thought, however, that the
original configuration of the Brandywine formation was due to
fluvial rather than to marine agencies.

It seems probable that the extensive alluvial fans were most
important in determining the present stream courses. There is
abundant evidence that fans deposited by the master rivers were
larger and higher at the margin of the Piedmont Plateau than were
those formed by the smaller streams in the intervening areas. The
fans were formed when streams were most competent to carry
coarse debris to the Piedmont margin. When fan building ceased
and down-cutting commenced, the streams assumed courses to one
side of the axis of the fan because of the general dissection of the

48 McGee, W. J., The geology of the head of Chesapeake Bay: U. S. Geol. Survey,
Seventh Ann. Rept., pp. 587-646, 1888.

49 Darton, N. H., Outline of Cenozoic history of a portion of the middle Atlantic slope:
Jour. Geology, vol. 2, p. 581, 1894,
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fan at its narrow apex. This interpretation explains the abrupt
turning of the courses of streams at the west margin of the Coastal
Plain, but it does not explain why that turning was uniformly to-
ward the south. Whether this is to be explained (1) by a slight
differential tilting, which is not clearly indicated by other evidence
in the Potomac area, or (2) possibly by successively thicker and
hlgher fan and terrace deposits to the north, is not known. Com-
parison of the fan deposits around the Potomac and James rivers
lends some slight support to the second view, but neither of the
above possibilities can be regarded as more than suggestions to
be tested by study in a wider area.

During the post-Brandywine stage of down-cutting the Po-
tomac entrenched itself in substantially its present course from
Washington to Maryland Point, and the James likewise to the vi-
cinity of Dutch Gap. East of these points both rivers probably
flowed in general southeasterly, but they migrated sufficiently to
erode the entire Coastal Plain to the surface of slight relief which
underlies the Sunderland formation. The sea shore at this time
probably extended obliquely across Virginia from the mouth of
Potomac River to the western edge of the Coastal Plain in South-
ampton or Greensville counties. Nothing is known of the courses
of the other streams. The course of Susquehanna River along the
Fall Belt as far southwest as Annapolis was probably the same
as at present. Whether the river flowed nearly east from this
point, or down the present south course of Chesapeake Bay, is
not evident, though the former seems more probable.

SUNDERLAND STAGE

The Sunderland stage was heralded by an increase in com-
petence in the upper courses of streams relative to their capacity
to carry debris across the Coastal Plain. During this stage a
mantle of loam and gravel, which is now known as the Sunderland
formation, was deposited over 3,000 to 4,000 square miles of the
Virginia Coastal Plain. This formation was deposited (1) partly
as terraces in the valleys which Potomac and ]ames rivers had
cut in the Brandywine and older formations, and (2) in much larger
part as a broad plain of coalescing fans. Most of the Sunderland
formation consists of materials transported by Potomac and James
rivers, but minor streams contributed considerably to it. The
streams meandered broadly on both the terraces and the plain, as
is shown by (1) the great curved scarps in the adjacent highlands,
and (2) by ox-bows in the valleys. Although these ox-bows have
been cut off in later time, their courses must have been established
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on the Sunderland plain because they enclose remnants which rise
to the full height of the Sunderland upland.

The basal part of the Sunderland formation to the east con-
sists of beds of well-sorted sand and gravel, which are thought to
be of marine origin. It is believed that the sea shore at this time
was along a line from the mouth of Potomac River to the vicinity
of Boykins in Southampton County. Sea-level was about 50 feet
higher than at present. The fans were probably built out to the
shore and somewhat beyond, being deposited over the marine
beach and off-shore materials of earlier Sunderland age. Accord-
ing to this view none of the present Sunderland surface is of ma-
rine origin. It is evident that such marine sediment was deposited
in Sunderland time, but in Virginia it was buried under Sunder-
land fluvial or under marine Wicomico deposits. As the width
and thickness of the fluvial Sunderland seem to have decreased
notably from Potomac River southward to the State line, it is not
improbable that considerable areas of marine Sunderland, which
may never have been covered by later fluvial beds, now form the
present surface of the Coastal Plain of the Carolinas. This con-
jecture is based wholly on the apparent trends of the several ter-
races and formations in Virginia. '

IcE-RAFTING OF BOULDERS

During the Sunderland stage numerous large blocks, boulders,
and cobbles, some with striae like those of glacial origin, were
transported for the first time down Potomac and James rivers as
far as the limits of the Sunderland formation.®® It is not known
whether they were the product of true glacial action. It is be-
lieved, however, with considerable assurance, that they were trans-
ported by floating ice, and that they are evidence of a climate
more rigorous than the present one. They thus afford additional
evidence for considering the several stages of terrace building to
be the analogues of the stages of glacial advance in the northern
part of the United States. The Sunderland stage is considered,
therefore, to correspond to the earliest glacial stage.

WICOMICO STAGE

The Sunderland stage was followed by a stage of erosion in
which the waves and currents were active. The sea was probably
50 to 60 feet above its present level at the close of Sunderland
time, During much of the Wicomico stage, it was about 90 feet
above its present level. There is no clear evidence to show that

50 Wentworth, C. K., Striated cobbles in the southern states: Geol. Soc. America Bull.,
vol. 89, pp. 941-953, 1928.
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the sea withdrew to a lower level before its advance on the land
in Wicomico time. The streams in post-Sunderland time en-
trenched themselves on the Sunderland plain down to the level
of the Wicomico surface. Deep channels cut into the Sunderland
surface and filled with Wicomico materials are not known to the
writer. Until such evidence is found it must be assumed that, if
the land rose after Sunderland time, the rise was moderate or of
too slight duration for deep channels like those of the present tidal
rivers to be formed.

The courses of the coastal-plain streams west of the Surry
scarp between the Potomac and the North Carolina line appear
to have been determined by the slope of the surface of the Sun-
derland plain. This plain slopes southeast almost at right angles
to the shore-lines of Sunderland and Wicomico time, and at an
oblique angle to the present coast or to the shore of Chesapeake
Bay. The courses of the coastal-plain streams are likewise uni-
formly southeast across this part of the plain. Such courses are
more striking where they are discordant with courses of the same
streams farther east, as in the case of the headwaters of Black-
water, Nottoway, and Meherrin rivers.

In the renewed cutting of post-Sunderland time, the larger
streams, such as the Potomac and the James, entrenched them-
selves in meandering courses, which in some cases survived to be
cut off as ox-bows in later time. The smaller and less vigorous
streams assumed almost straight consequent courses down the
slopes of the surface fan, which have been maintained to the pres-
ent time.

It is not believed that Chesapeake Bay below the mouth of
Potomac River existed at this time, but it is thought rather that
the Atlantic shore-line trended in a southwesterly direction from
the vicinity of Pocomoke Sound to the head of Albemarle Sound.
Whether the Susquehanna drainage entered the Atlantic in the
region of Pocomoke Sound or farther north is not certainly known,
but it is thought probable that it was in the Pocomoke area be-
. cause no - deposits or buried channels suggesting a course across
‘the Eastern Shore of Maryland are known. This view is sup-
ported by the distinct discordance at this point between the nar-
row Eastern Shore of Virginia, with its minute drainage pattern,
and the broader Eastern Shore of Maryland with its more mature
and broadly developed drainage pattern. This fact suggests that
the combined Potomac and Susquehanna drainage may have en-
tered the sea at Pocomoke Sound.

The drainage patterns of the major streams east of the Surry
scarp have several features which bear on the drainage history. -
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A. Cobble from the Chowan-Dismal Swamp formation showing two systems
of striae at right angles. (See p. 77.)

B. Sunderland-Princess Anne scarp southwest of Brents Point, Stafford
county. (See p. 81.)
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A. Scarp between Princess Anne terrace and flat at beach level Princess
Anne County. (See p. 81.)

B. Cypress bottom on Nottoway River near Courtland, Southampton
County. (See p. 81.)
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The most striking feature is the sharp south-turning of branches
of the Chowan system, with their lack of drowned channels in
Virginia, as compared with the direct courses of the James and
the York eastward past the Surry scarp. The lower courses of
the Chowan system were certainly assumed anew on the emerged
Wicomico surface. This suggests that the straight course of the
York past the Surry scarp and the course of the James, whose
meanders do not show any systematic similarity to the Chowan
pattern, may have been sufficiently fixed as deep channels in post-
Sunderland time to survive after the post-Wicomico emergence.
The Surry scatp intersects the course of the Rappahannock too
far to the east to provide an analogy to these features.

So far as known, no sharp separation can be made between the
erosional stage, during which streams were entrenched on the Sun-
derland plain, and the presumably Wicomico stage of stream depo-
sition and fan building. Only relatively small areas of fluvial
‘Wicomico formations, chiefly in the vicinity of Washington and
along James River above Charles City, are known. These deposits
represent conditions very similar to those of Sunderland time, ex-
cept that the quantities of material transported by streams must
either have been much less or else the great bulk was carried out
to sea where it was so reworked as not to be recognizable. The
existing fluvial deposits of this age are confined within relatively
_narrow limits by the uneroded Sunderland upland and nowhere,
so far as known, did they form typical alluvial fans.

During Wicomico time the sea advanced over the land for at
least 40 to 50 miles in the Suffolk area. In places materials of
the Wicomico plain lie 15 to 35 feet deep on a bench eroded on.
Tertiary beds. Deposits of possible Sunderland age are preserved
in places under the Wicomico formation, but these remnants can
not be positively identified. .

At the close of Wicomico time, the sea withdrew and rivers
advanced over the emerged areas of sea bottom close to the land.
The rivers south of the James, namely, the Chowan headwaters,
the Roanoke, and the Tar, turn at the Wicomico-Sunderland scarp
to courses more southerly than those upstream. This feature is
more marked to the north. The lack of such a turn in York River,
where it crosses the Surry scarp, and the rather irregular course
of the James lead to the belief that these streams were entrenched
to such an extent in pre-Wicomico time that their courses were
again assumed after the post-Wicomico emergence. The south-
ward turning of the streams south of the James may have been
caused by a slight southwestward tilting of the land at the time
it emerged. The pronounced elbow of Blackwater River south-
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east of Dendron may be the result of piracy, a tributary to the
James having been diverted by a south-flowing stream whose
course is now that of lower Blackwater River.

CHOWAN STAGE

The Chowan terrace is so slightly developed in Virginia that
few details of Chowan history can be determined. Some general
interpretations can be made from the general relations of the
Chowan and the Dismal Swamp scarps in North Carolina. The
Chowan cliff resembles the Wicomico cliff in its oblique south-
westerly trend. On the other hand, the cliff above the Dismal
Swamp terrace trends almost south from Smith Point across Vir-
ginia and North Carolina to a position west of Cape Lookout. It
is thought that this change of direction in the Virginia-North Caro-
lina shore-line is related to the development of lower Chesapeake
Bay and the Eastern Shore of Virginia south of Smith Point.

ForRMATION OF THE EASTERN SHORE PENINSULA

It is believed that little or no land existed in the area of the
Eastern Shore of Virginia before the beginning of Chowan time.
During Chowan time the combined action of waves and shore cur-
rents built spits and barriers across the shore reentrant from the
vicinity of Snow Hill, Maryland, to eastern Gates County, North
Carolina, thus forming an enclosed area of lagoons and marshes
similar to Pamlico and Albemarle sounds. After the Chowan
emergence this barrier was sufficiently continuous to force the com-
bined Potomac and Susquehanna drainage southward to its present
outlet into the ocean. Much of the deep cutting of Chesapeake
Bay and its tributaries may have taken place in post-Chowan time:
The present width of lower Chesapeake Bay is not, however, neces-
sarily the result of the drowning of a deeply eroded valley. Its
form is as well explained as the bottom of the bay which was en-
closed behind the Chowan shore barrier.

DISMAL SWAMP STAGE

Dismal Swamp time commenced with a relative depression of
the land to a position about 25 feet lower than at present, as is
shown by buried swamp deposits in several places. The waves
advanced on both sides of the long narrow Eastern Shore, on the
western edge of the bay, and along such built land in the vicinity
of Norfolk as was formed in Chowan time. A terrace of increas-
ing width from Smith Point southward, was formed along the
shore. Apparently the Chowan barrier in the Norfolk area was



Georocic HisTory oF THE TERRACES 115

cut entirely away. The sea of the Dismal Swamp stage extended
westward to the Suffolk scarp along its entire length of about 200
miles. A few island remnants of the Chowan barrier on the East-
ern Shore protected the northern part of the mainland which pos-
sibly accounts for the narrowness of the Dismal Swamp terrace in
this district.

The Dismal Swamp terrace and formation are of marine origin
west to the Fall Belt along the Potomac and almost as far west
along the James. Strong evidence for this interpretation is found
_ in the great number of places west to the Fall Belt where the Dis-

mal Swamp formation is composed of well-sorted and evenly-
bedded material which rests on a sharply cut bench in Tertiary
beds, at elevations varying from sea-level to 8 or 10 feet above
the sea. The general uniformity of these variations over the entire
area is difficult to explain on any other basis than that of strong
wave-cutting in a wide estuary. Some of these inland terrace rem-
nants have the form of meander curves, but it is thought that this
form has been inherited. No ox-bows are known to have been
cut off in Dismal Swamp time.

At the close of Dismal Swamp time the land emerged and the
streams flowed across the newly exposed terrace in easterly
courses, in contrast to their southeasterly direction farther inland.
Sharp eastward turning at the Dismal Swamp scarp occurs in
Patuxent River at Solomon’s Island, Maryland, the Rappahannock
near Irvington, the Piankatank near Cobb’s Creek, the York at
Yorktown, and the James south of Newport News. This feature
is also strikingly shown in the course of the lower Roanoke and
the Chowan in Albemarle Sound and in the Pamlico and Neuse
rivers farther south. These streams apparently assumed conse-
quent courses across the eastward slope of the Dismal Swamp
terrace.

Evidence is lacking to show whether any of the streams which
began to dissect the Dismal Swamp terrace upon its emergence
cut their channels below the level reached by the later Princsss
Anne sea. It is therefore impossible to determine whether there
were both emergence and submergence, or only the former, be-
tween Dismal Swamp and Princess Anne time.

OutLINE OF THE CoOAST

After Dismal Swamp emergence, the outline of the North
Carolina-Virginia coast was markedly different from that of earlier
times. The principal difference was in the great width of the
emerged Dismal Swamp terrace from Cape Henry south to Cape
Lookout. The continuity of this terrace to the north is broken
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by Chesapeake Bay. The terrace is narrower north of the Virginia
line. This change in the outline of the east coast of North America
is a problem of considerable interest which has not been wholly
solved.

According to the interpretation given in a preceding paragraph,
Potomac and Susquehanna rivers first entered the sea at the present
outlet after the post-Chowan emergence. This merging of the
drainage of a considerable part of the Atlantic slope at the same
time that erosion was renewed because of emergence, caused large
quantities of sediment to be deposited off the southern coast of
Virginia. This material was probably reworked by shore currents
and built into the exceptional Cape Hatteras projection during
Dismal Swamp and later times.

The total area of land made in this district since Dismal
Swamp time is in round numbers about 12,000 square miles. The
average depth of the fill is, roughly, perhaps 100 feet. This makes
a total fill of 1,200,000 mile-feet. The area which drains through
the Cape Charles outlet is approximately 65,000 square miles. In
order to obtain the amount of material in this fill, the drainage
basin would have to be eroded, on the average, about 18 feet. This
erosion would require approximately a period of an order of mag-
nitude of possibly 100,000 to 150,000 years.

PRINCESS ANNE STAGE

After the post-Dismal Swamp emergence the sea remained for
a long time at a level about 15 feet higher than at present. The
Princess Anne terrace was cut at this level. During Princess Anne
time the sea advanced moderately to form a wave-cut and wave-
built terrace from 1 to 10 miles wide. The greater width of the
Princess Anne terrace on the shores of Chesapeake Bay, as com-
pared with that on the Atlantic coast of the Cape Henry district
and the Eastern Shore, is possibly due as much to more extensive
deposition by waves in the quieter water of the Bay as to greater
wave erosion. During this stage, tidewater conditions prevailed
over practically the same area as at present. Fluvial conditions
of deposition did not differ, so far as known, from those of the
present day. No large striated boulders are known to have been
transported down the principal rivers at this time, although some
have been incorporated in the Princess Anne deposits by the re-
working of older formations.

RECENT STAGE

Princess Anne time was brought to a close by a marked emer-
gence of the land to a position probably at least 50 feet higher
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than at present. Stream erosion was renewed and the margins of
the land were trenched everywhere. The surface of the Princess
Anne terrace was dissected by many small streams, many cutting
their valleys well below present sea-level. Some of these streams
came into existence with the emergence of the Princess Anne ter-
race and developed by headward growth on its nearly level sur-
face. Other streams continued across the Princess Anne terrace
as it became land. The small drowned valleys which everywhere
fray the edge of the Princess Anne terrace furnish abundant evi-
dence of (1) emergence of the land after Princess Anne time to
a position considerably higher than now, and (2) later submergence
of the dissected margin land to form the present minutely embayed
shore-line.

SHIFT OF STRAND-LINE

The evidence bearing upon recent movement of the land is
conflicting. (1) Roads which were once passable are reported to
be sinking relative to the surfaces of adjacent marine marshes.
(2) On the other hand, many old river ports which were reached
by salt water craft are now inaccessible because of the shoaling
of the smaller tidal rivers. The first line of evidence is vitiated
by the possibility of local subsidence into the spongy mass of the
bogs, and the second may be explained wholly by excessive sedi-
mentation in the tidal courses of streams, since the land has been
extetnisively cultivated and erosion greatly increased.’* The last
recorded shift seems to have been the submergence which drowned
the numerous stream valleys cut in the Princess Anne terrace.

Attention has been called to widespread evidences of a nega-
tive shift of the strand-line in Recent time.52 = The apparently
world-wide distribution of wave-cut benches about 15 feet above
sea-level has been considered as evidence that the strand line
shift was eustatic and resulted from a change in sea-level. Local
evidence bearing on this hypothesis is not available; indeed irom
the nature of the problem, positive local evidence can scarcely
be expected.

Evidence of differential crustal movements resulting in tilt-
ing, as well as submergence and emergence of the Atlantic coastal

51 Studies are in progress under the direction of a committee of the National Research
Counecil to determine the rate and direction of change in the sea-level relative to the land
along the eastern coast of the United States, but evidence now available does not justify
positive conclusions.

19255 Daly, R. A., Pleistocene changes of level: Am. Jour. Sei., 5th ser., vol. 10, p. 318,

. Johnston, W. A., Lack of evidence on the Pacific coast of Canada for a recent sink-
ing of ocean level: Am. Jour. Seci., 5th ser., vol. 12, pp. 249-253, 1926.

Buddington, A. F., Abandoned marine benches in southeast Alaska: Am. Jour. Sei.,
5th ser., vol. 14, pp. 45-52, 1927. Several earlier papers are cited here.
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region, is abundantly recorded in the Tertiary and late Mesozoic
sediments. Similar movements unquestionably took place after
the deposition of the last Miocene formations and before the depo-
sition of the Brandywine fan deposits.

According to the above interpretations, there is no clear evi-
dence of tilting or differential crustal movement in the present
positions of the several terrace formations from the Brandywine
down to the present. Such departures from the horizontal, as
characterize these formations, are well within the limits of the
original slopes of alluvial fans or of marine terraces. The directions
of slope are in each case consistent with this postulate of original
form and position. In view of the extensive areas which are
mapped topographically and over which the forms of well-pre-
served. terraces are known within limits of 5 to 10 feet, it does not
seem valid to use departures from strict horizontality as evidence
of tilting expressly to explain the recurrent changes in stream
competence. The writer believes that the departures are so slight
and so accordant with the probable original slopes of the terraces
as to be strong evidence that no tilting of importance has occurred
during post-Miocene time. The simpler and more valid interpre-
tation is to ascribe the changes in stream competence to climatic
fluctuations.

If the hypothesis of tilting be dismissed as unproved, the suc-
cessive emergences and submergences may be regarded as due
either to crustal movements or to fluctuations in sea-level. So far
as the local evidence is concerned, either cause is as valid as the
other. It is probable, however, that, when detailed studies are
made along the entire Atlantic Coastal Plain, using topographic
maps of small contour intervals, some of the terraces will be found
to rise or fall from north to south and proof of crustal movement
will be obtained. It seems probable that there has been recently
a world-wide eustatic emergence of about 15 feet. The Princess
Anne terrace may have emerged with this shift. There are some
who would ascribe all the other relative shifts to fluctuations of
sea-level, especially the conditions of greatest emergence when the
deepest valleys were trenched. The present study affords no ob-
servational data on this problem, and it is beyond the scope of
this paper to consider further the theoretical aspects of the problem,
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ECONOMIC GEOLOGY
CLASSIFICATION OF SAND AND GRAVEL

Sand in a commercial sense somewhat loosely means a ma-
terial consisting of the rock particles which are larger than 1/200
inch and smaller than 14 inch in diameter. Gravel consists of some-
what rounded fragments which are larger than ¥4 inch in diameter
and which may range to 2 or 3 feet or more in diameter. Because
these terms and related terms have been used in various ways,
‘the writer in 1922 reviewed their usages and formulated a sys-
tematic scheme which would not depart widely from the average
usage of geologists.?® The table of terms given below is adapted
from that scheme, using English in place of metric units.

Tasre 4.—Terms applied to grades of rock fragments

Material Size (inches)

Bouldergravel........ ... ... . i More than 10
Cobble gravel......... ...t 21/2t0 10
Pebblegravel . ...................cccccuiuenl| 1/61021/2
Granulegravel.............. ... ciiiiii 1/12t0 1/6

V eIy COarse. .\ttt iiie e e e ]

Coarse. ..ot
Sand {Medium...............oo.nls TR 1/400 to 1/12

Fine......o.ooo i

Veryfine.... ...,
St e 1/6,500 to 1/400
Clay, .o e Less than 1/6,500 inch

USES OF SAND AND GRAVEL

The principal commercial uses of gravel are (1) for road build-
ing, (2) for a self-draining sub-base, and (3) as the coarse con-
stituent or aggregate in concrete. Sand is used in many ways.
Clean sand without special chemical peculiarities is extensively

53 Wentworth, C. K., A scale of grade and class terms for clastic sediments: Jour.
Geology, vol. 80, no. 5, pp. 877-892, 1922.
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used in mortar and concrete and as a sub-base for paving. Fine
sand having special properties is used in various ceramic arts,
as in the manufacture of refractory bricks, ordinary bricks, and
tile. Molding sand, which must have definite physical and chem-
ical properties, is of great importance in the foundry industries.
Almost pure silica sand is used in the manufacture of glass. Sand
is used in the manufacture of abrasive materials or in abrasive
operations such as sandblasting. It is also used in filtering water
and in some of the chemical industries. Minor uses are: (1) As
an absorbent for corrosive liquids, (2) for covering hot metals in
annealing, (3) as an anti-skid on steel rails, and (4) in fillers and
adulterants.

An extreme range in the utilization of sand may be seen in
the large variation in the economic value of different types of
sand, and hence in the distances to which sand is carried from its
sources. Ordinary building sand is available in nearly all parts
of the world. ILocal sand, though not ideal, is used instead of ship-
ping better materials great distances. Building sand is probably
not transported on the average more than 10 to 20 miles. Sands
for special purposes are not uncommonly shipped some hundreds
or thousands of miles, and a few sands are shipped in small amounts
to all parts of the civilized world.

Gravel for grading the sub-base of highways is used in such
quantities and is of such slight intrinsic value that it can not be
hauled more than 5 or 10 miles before the haulage cost equals the
cost of digging and the gross cost becomes so great that a new pit
is opened, or less suitable but more accessible material is sub-
stituted.

The sand and gravel deposits described in this report have few
unusual properties, and their applicability to any of the special
uses named above was not studied. Bricks, tile, and other ceramic
products are being produced at various points on the Coastal Plain,
and sand in some instances is used in their manufacture. Con-
siderable sand in this region, though probably not of the highest
quality for such purposes, could, with sufficient demand, be used
in filtering and abrasive industries. There is little ‘doubt that
molding sand could be produced at several places. This type of
material was not specially studied.

GENERAL FEATURES OF SAND AND GRAVEL
PRINCIPAL CHARACTERISTICS

The primary character of sand and gravel is their mechanical
composition. This is determined by passing a sample of the ma-
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A. Wave-cut cliff in M1ocene clay half a mile south of Jones Point, Essex
County. (See p. 85.)

B. Dunes and dune vegetation at Cape Henry, Princess Anne County.
(See p. 85.)
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terial through a series of sieves, weighing the amounts retained on
the several sieves, and then expressing these fractions in percent-
ages of the whole. The result of such a test indicates (1) the size
of grain present in the largest amount, (2) the range of sizes
present, and (3) the cleanness or perfection of sorting by which
the dominant size has been freed from other material. The methods
of making mechanical analyses have been described elsewhere.?

The next most important characteristic of sand or gravel is
the lithologic or mineralogic composition. The grains in sands
consist mostly of particles of quartz, whereas the pebbles of a
gravel are generally rock fragments which may be largely of one
mineral or may contain several. For most engineering purposes
it is important that a sand or gravel consist almost wholly of
hard, durable constituents, as a rule mostly one rock or one min-
eral. Another important feature is the chemical condition, such
as (1) the degree of weathering, (2) the amount of iron stain on
the grains, (3) the amount of cementation, and (4) the presence
of material which might aid compacting or bonding in a road
surface under the traffic conditions.

TYPES OF SAND AND GRAVEL

Description, even in a brief manner, of the properties and
methods of testing all the kinds of sand and gravel now used com-
mercially, is beyond the scope of this report. Somewhat extended
treatment of these subjects is given by Dake, Teas, Searle, Hodkin
and Cousen, and Lamar.b® '

It is sufficient here to indicate the variation in type of the
principal sand and gravel deposits of the Coastal Plain. The most
abundant type may be called upland loam gravel. This is a poorly
sorted material, containing particles ranging in size from clay to
boulders, and having a sticky, ferruginous, clay-loam matrix. If
sufficient pebble and cobble grades are present, it makes a very
good sub-base for highways. This material in its typical form is
of slight or no use in the production of washed sand or gravel
for concrete or other building operations, as the matrix can not
be economically removed. The greater part of this gravel con-
sists of pebbles and sand grains which are mostly nearly pure

54 Wentworth, C. K., Methods of mechanical analysis of sediments:  Univ. of Towa
Studies in Nat. Hist., vol. 11, no. 11, 1926.

55 Dake, C. L., Sand and gravel resources of Missouri: Missouri Bur. of Geol. and
Mines, 2nd ser., vol. 15, pp. 1-86, 1918. ..

Teas, L. P., Preliminary report on.the sand and gravel deposits of Georgia: Georgia
Geol. Survey, Bull. 37, pp. 1-144, 1921.

Searle, A. B., Sand and crushed rocks, London, 1923.

Hodkin, F. W., and Cousen, A., A textbook of glass technology, New York, pD.
61-84, 1925. .o S

Lamar, J. E., Geology and economic resources of the St. Peter sandstone of Illinois:
Illinois State Geol. Survey, Bull. 53, pp. 99-142, 1928,
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silica. Very few pebbles of granite or other crystalline rocks are
present. Grains of feldspar and other crystalline rock minerals
may be present in the finer sand grades. A sub-type of this gravel
is found in places near the Fall Belt, where deposition by Piedmont
streams or by the trans-Blue Ridge streams has produced a gravel
containing more crystalline rock material, which may be called
arkosic loam gravel.

Washed terrace sand and gravel of both marine and fluvial
origin are found in various parts of the Coastal Plain. This gravel
is naturally sufficiently free from clay or loam matrix so that
moderately clean sand and gravel grades for concrete can be pro-
duced by screening. The total amounts of such gravel are very
much less than of the upland loam gravel.

Modern marine sand and fine gravel which are found at va-
rious places along the coast are commonly the cleanest materials
in this region. They are most completely sorted and contain the
smallest percentage of non-siliceous materials.

The modern river gravels differ from the upland loam gravels
in the better mechanical sorting and in the larger percentage of
crystalline rock fragments. They are lithologically the most heter-
ogeneous materials in the region. The larger part of the washed
sand and gravel used in this region comes either from recent
river gravels or gravels in some of the low, recent terraces which
are mined by underwater methods.

AREAL OCCURRENCE OF DEPOSITS
GENERAL DISTRIBUTION

The general distribution of gravel of varying coarseness is
shown on the map, Figure 22. (See p. 44.) Practically all the
upland loam gravel is in counties west of the Surry scarp and
the coarser grades occur only in counties not far from the Fall
Belt or near the larger rivers. The modern river gravel is found
mostly in the inland reaches of the larger streams. Marine sand
and washed terrace sand are found in the shore districts, and
washed river terrace sand and gravel are found mainly in the low
river terraces. Coarse washed gravel occurs chiefly in the low
terraces of the principal rivers. Gravel is very scarce in the eastern
third of the Coastal Plain.

DISTRIBUTION BY COUNTIES

Accomac County

Accomac County, on the Eastern Shore, lies almost wholly in
the area of the Dismal Swamp and Princess Anne marine terraces.
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It is not certain whether remnants of the Wicomico terrace are
represented in the higher land in the northern part of the county.
No true upland loam gravel is found, but sandy gravel with a
slightly sticky ferruginous matrix occurs in places in the higher
parts of the county. At the site of sample 2290 this gravel prob-
ably is 8 to 10 feet thick over an area of several acres, and it will
average 10 to 15 per cent larger than 10 mesh. (See sample 2290,
p. 61.) An abundance of clean medium sand can be had from the
ocean beach. The sand of the lower terraces is well sorted in places
but is, on the whole, too fine for commercial use. No washed
beach or low terrace gravel is found in the county, though in a
few places pebbles ranging to 34 inch mesh are concentrated in
trivial quantities by the action of wind on the beach sands. (Sam-
ples 2286-A and B, 2287, 2288, and 2290, pp. 61 and 99.)¢

ArvLingTON COUNTY

Arlington County is on the west side of Potomac River, within
the Fall Belt. Most of its Coastal Plain consists of remnants of
the Brandywine and Sunderland terraces, but considerable areas
of the Chowan-Dismal Swamp and Princess Anne terraces are
present along the river. ’

Arkosic loam gravel occurs in some of the pre-Brandywine
formations. Typical upland loam gravel, with abundant coarse
pebble grades, is found in the Brandywine and Sunderland ter-
races. The lower terraces are composed mainly of loamy material
containing cobbles and scattered boulders, but they contain locally
small quantities of well-washed sand and gravel. Much clean sand
and gravel can be obtained by underwater methods from the low
terraces and modern river gravels. (See sample 1364, p. 47.)

Some of the low terrace materials are being used in the manu-
facture of brick and tile.

CaroriNE CoUuNnTy

The larger part of Caroline County is on the Brandywine and
Sunderland terraces. The east and southeast parts of the county
are on the Sunderland terrace. Remnants of the Brandywine ter-
race are believed to be widespread in the western part of the coun-
ty, but the boundary of these terraces has not been sharply drawn
in this area. Small areas of the Wicomico and Chowan-Dismal
Swamp terraces are present along Rappahannock, Mattaponi, and
Pamunkey rivers. k

Most of the upland terraces are underlain by red loam gravel
suitable for road building. Pebbles and cobbles are neither large

o Samples are listed serially in the index.
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nor abundant, because the county was not crossed by a large stream
when the terrace formations were deposited. Large quantities of
rather well sorted arkosic gravel are found in the Wicomico ter-
race along the southwest side of Rappahannock River. This gravel
contains abundant coarse grades and it can be screened without
washing. Moderately well sorted gravel, ranging to 1 inch mesh
and carrying 20 per cent of material larger than )4 inch mesh,
is found at various places in the Chowan terrace along Mattaponi
and Pamunkey rivers. It is chiefly hard, fresh quartzose material
which may be screened without washing. (See samples 1500 and
1530, pp. 77 and 79.)

Cuarres City CoUNTY

As this county is between James and Chickahominy rivers, its
area is well divided between the Sunderland, the Wicomico, the
low Chowan, Dismal Swamp, and Princess Amnne terraces. The
terrace formations, with the possible exception of the Dismal
Swamp and Princess Anne terraces, are of fluvial origin. Large
quantities of coarse loam gravel of excellent quality for road build-
ing are found in the Wicomico terrace. Parts of the Sunderland
terrace are underlain by moderately coarse gravel. (See sample
1831, p. 60.) Large amounts of well-washed sand and gravel can
be obtained from the Chowan and lower terraces along James
River. (See samples 1829 and 1831, pp. 60 and 80.)

CuESTERFIELD COUNTY

This county is chiefly an upland area partly on the Piedmont
Plateau and partly on the Brandywine and Sunderland terraces.
A small area of lower terraces is found along the James and Appo-
mattox rivers. An abundance of coarse loam gravel occurs in the
upland area, and large quantities of clean river gravel and low ter-
race gravels are to be had along James and Appomattox rivers. A
large fraction of the commercial gravel and sand produced in the
Coastal Plain is dug in this county or in adjacent counties.

Dinwiopie CouNTY

The Coastal Plain part of this county is along the Fall Belt
south of Petersburg. Much of the area is mantled with fine loam
gravel of the Brandywine and Sunderland formations, but in most
places the percentage of pebbles is too small to make good road
gravel. Pebbly phases may be found in a few places. (See sample
1985, p. 53.) The pebbles in these gravels are only slightly rounded
and considerable weathered debris from crystalline rocks is present.
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Erizasere CIiry County

This county consists wholly of Princess Anne terrace with a
small remnant of the Dismal Swamp terrace. It contains no up-
land loam gravel. The surface of the terraces consists mainly of
fine, light loam and fine sand. Coarse gravel is found in places
at the base of the Princess Anne terraces, and large boulders are
found in digging ditches at Langley Field. Considerable quanti-
ties of coarse gravel were dredged from Back River some years
ago and used by the Pennsylvania Railroad Company for ballast
on the Eastern Shore. Unlimited amounts of medium, clean sand
are available along the present beach. Material containing 5 to 10
per cent of pebbles larger than 10-mesh is found in small quantities
on the beach, but no large deposits of washed coarse gravel are
known in the county. (See samples 1874-A, B, C, D, and E, p. 95.)

Essex County

The greater part of Essex County is on the Sunderland upland
terrace. Small areas along Rappahannock River consist of Chow-
an-Dismal Swamp and Princess Anne terrace remnants. Great
quantities of slightly pebbly loam are found in most of the upland
but the pebbles are small, commonly not being as large as 2 inch
mesh, and relatively scarce. The lowland terraces consist in part
of fine sandy loam and in part of cleanly washed sand and fine
gravel. In a few places gravel carrying 25 per cent of material
larger than the 10-mesh sieve may be dug, but the quantities are
probably limited. Good clean building sand is found in large quan-
tities. (See samples 1540-A, 1540-B, 1540-C, 1543, 1577, 1578,
1579-A, and 1579-B, pp. 71, 83, 91, and 93.)

Famrrax CouNty

This county includes a segment of the Fall Belt about 15
miles long on the west side of Potomac River. The area in the
Coastal Plain is roughly divided between Brandywine, Sunderland,
and Chowan-Dismal Swamp terraces with a few small remnants
of Princess Anne terrace. Large quantities of Brandywine loam
gravel containing abundant pebbles and well suited for road con-
struction are found in the upland area of this county. (See sam-
ples 1387-C and 1444, p 40.) Considerable gravel from pre-Brandy-
wine formations is found also in the county, though this gravel is
usually more arkosic and less suitable for road work. (See sam-
ples 1387-A, 1387-B, and 1434, pp. 40 and 41.) The low terraces are
in part composed of loam gravel and in part of somewhat assorted
material from which sand and gravel may be obtained by screening.
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They may be produced more economically by dredging operations
in the channel of Potomac River.

GLoUcesTER COUNTY

The area of this county is about equally divided between (1)
the Sunderland and Wicomico terraces and (2) the lowland
Chowan-Dismal Swamp and Princess Anne terraces adjacent to
York River and the Mobjack Bay shore. The upland formations
consist almost wholly of loam and fine sand which contain a few
thin pebbly lenses. Very few, if any, deposits of loam gravel
suitable for road sub-base are present. Large quantities of well-
washed sand and fine gravel are found in parts of the lowland ter-
races. In places gravel carrying 50 per cent over 10 mesh and 15
per cent over ¥4 mesh can be had in considerable quantity. (See
samples 1779, 1782, 1788-A, 1788-B, and 1788-C, pp. 51, 60, 71, and
74.)

GREENSVILLE COUNTY

A small part of this county lies east of the Fall Belt north and
south of Emporia. Most of this part consists of Sunderland and
remnants of older terraces. Small areas of Chowan and Wicomico
terraces are found along Meherrin River. The Sunderland and
older terrace formations are variable, but they consist mainly of
loam gravel. The pre-Sunderland formations have not been satis-
factorily discriminated. There are probably some pre-Tertiary
gravels which in general are less suitable for road building than
the terrace gravels. Large quantities of gravel carrying a con-
siderable percentage of cobbles up to 3 or 4 inches in diameter
occur along the Fall Belt. Considerable amounts of somewhat
angular, heterogeneous washed gravel and sand are found in parts
of the lower terrace along the river. (See sample 2109, p. 67.)

Hanover CoUNTY

About half the area of Hanover County is in the Coastal
Plain between Chickahominy and Pamunkey rivers. The Sunder-
land terrace occupies the southern part of this area, but there ap-
pear to be remnants of higher terraces toward the Fall Belt. There
are small areas of Wicomico, Chowan, and lower terraces along
both rivers. Large amounts of fairly coarse loam gravel are found
in the upland terrace formations in the western part of the Coastal
Plain. Moderately well washed sandy gravel occurs locally in con-
siderable quantities in the lower terraces. (See samples 1522, 1525,
and 1967, pp. 51 and 79.)
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Henrico County

Three-fourths of this county is in the Coastal Plain along the
north side of James River. The area consists largely of Sunder-
land upland, but small areas of pre-Sunderland terraces are found
in the western half and small patches of lower terraces are found
along James and Chickahominy rivers. Coarse gravels, with loam
matrix, are very abundant in the higher parts of the county. An
abundance of well-washed coarse gravel and sand in the lower
terraces make this county one of the richest in these resources in
this part of the State. Large quantities of commercial sand and
gravel are produced from the channel and low terrace of James
River at Dutch Gap, and are shipped in barges to the Hampton
Roads area. (See samples 1961, 1974, and 2049, pp. 51 and 79.)

Iste oF Wicar CouNrty

With the exception of a few small areas of low terrace along
James and Blackwater rivers, this county is wholly on the Wicom-
ico terrace. Loam gravel, with a few pebbly zones, is found in
a few places in the Wicomico formation, but the formation consists
here mainly of loamy sand. Suitable road gravel is scarce. Washed
sand and fine gravel are found in the upland and lower terraces,
but no large deposits suitable for development are known. (See
samples 1956, 2126, 2128, and 2132, pp. 61 and 97.)

James City County

James City County consists largely of Sunderland upland ter-
race, with a small area of Wicomico terrace in the southeast corner
and numerous remnants of Chowan, Dismal Swamp, and Princess.
Anne terraces along James and Chickahominy rivers. There is a
relatively slight development of low terrace along York River.
Moderate quantities of coarse loam gravel are found in the Sunder-
land formation in the southwest side of the county near James
River, but such gravel is much less abundant in the northeast part.
Moderate amounts of sand and washed gravel are found in places
in the lower terraces. (See sample 2012, p. 97.)

Kine anp Queen CouNty

This county consists of a long narrow strip of Sunderland ter-
race plain on the northeast bank of Mattaponi River. Small patches
of all the lower terraces occur along the river. Loam gravel, even
with a small percentage of small pebbles, is known in but few
places, and commercial deposits are practically absent. The Sun-
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derland formation consists very largely of fine and sandy loam.
Moderate amounts of sand and fine gravel are found in places in
the lower terraces. (See samples 1534, 1555, 1556, and 1557, pp.
49 and 79.)

Kine GrorGE COUNTY

The larger part of this county is on a high level plain which
is in part Sunderland, but it probably has also some unreduced
patches of higher terraces. Discrimination of these terraces was
impracticable because of the lack of accurate large scale topo-
graphic maps. Moderate areas of lower terraces are adjacent to
Rappahannock and Potomac rivers, but these likewise are only
roughly mapped. Loam gravel containing fair percentages of peb-
bles and some fair-sized cobbles are found in many places in the
Sunderland and the older formations, but in other places these de-
posits consist largely of sandy loam with relatively few larger
fragments. The lower terraces contain fairly well sorted lenses
of sand and medium to coarse gravels in places. (See samples
1686 and 1691, pp. 48 and 77.)

Kine Wirrtam COUNTY

This county comprises the long narrow peninsula between
Mattaponi and Pamunkey rivers northwest of West Point. Some-
what over half the area consists of Sunderland terrace and the re-
mainder consists of small patches of Wicomico, Chowan, and lower
terraces. Loam gravel, with some pebbles, is somewhat abundant
in the northwest part of the county, but the percentage and size
of pebbles decline rapidly seaward. Moderate amounts of material
which may be used in road building occur at the tip of the upland
at Ephesus Church. Sand and gravel of good quality for building
purposes and concrete are found in various places in the lower
terraces. These are especially conspicuous in the vicinity of Aylett.
(See samples 1558, 1561, 1761, 1762-A, and 1762-B, pp. 51 and 79.)

T.ANcASTER COUNTY

About half of the area of Lancaster County is Sunderland ter-
race and the remainder is divided between small areas of Wicomico,
Chowan, Dismal Swamp, and Princess Anne terraces. A few thin
pebbly zones are known in the Sunderland formation, but it is
mainly sandy loam. No extensive deposits of good road gravel are
known. Large quantities of well-sorted, clean sand and fine washed
gravel are found in various parts of the lower terrace formations.
Considerable quantities of sand occur off Windmill Point in water
5 to 15 feet deep and, in places, gravel ranging to 72 inch mesh
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Pit and works of Massaponax Sand and Gravel Company, in the
Wicomico formation, Spotsylvania County. (See p. 132)
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Pit and works of Massaponax Sand and Gravel Company, in the
Wicomico formation, Spotsylvania County. (See p. 132.)
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forms the surface of the underwater spit. The thickness of such
gravel deposits is not known. (See sample 1930-E, p. 91.)

Martuaews COUNTY

With the exception of small areas of Dismal Swamp and
Chowan terrace in the northwestern corner, the entire county is
on the Princess Anne terrace. No loam gravel suitable for road
building is known in the county. Sand is present in places in the
Princess Anne formation, but this consists for the most part of
fine sandy loam. Small amounts of fine washed gravel are found
in the Dismal Swamp formation in the northwest part of the
county. Large amounts of medium to coarse sand of excellent
quality are available on the modern beaches of the east coast. In
a few places wind scour has concentrated the few pebbles in the
sand and small amounts of gravels ranging to %4 inch mesh occur
a few inches below the surface. Deposits of commercial value are
not known. (See samples 1950-A, 1950-B, 1951-A, 1951-B, and
1951-C, pp. 87, 93, and 95.)

MippLEsEx COUNTY

This county is between Rappahannock and Piankatank rivers.
Somewhat over half the area is Sunderland terrace plain. The re-
mainder includes small areas of each of the lower terraces. The
greater part of the Sunderland formation in this area consists of
mottled sandy loam. Loam gravel consisting of relatively thin
fine pebbly zones between beds of sandy loam is found in places
in the Sunderland formation. It may be used for road building,
but the deposits are scattered and limited in amount. Considerable
amounts’ of washed sand and fine gravel are present in the lower
terraces along Rappahannock River and locally in the modern
beaches. Practically no coarse gravel is known in the county.
(See samples 1736-A, 1736-B, 1739, 1741, 1744-A, 1747-A, 1747-C,
1747-D, 1748, and 1749, pp. 49, 60, 71, and 93.)

Naxsemonp CoUNTY

Nansemond County includes large areas of Wicomico and Dis-
mal Swamp terraces, with small areas of Chowan and Princess
Anne terraces along Blackwater and James rivers. Small amounts
of cobbly loam suitable for road work are found in a few places
in the Wicomico formation west of the Suffolk scarp, but these de-
posits are variable. They will not justify exploitation on a large
scale. Well-washed and fairly coarse gravel suitable for concrete
aggregate is found in the base of the Wicomico formation near
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Suffolk and elsewhere. Sand of good quality is abundant at
places in the lower terraces. (See samples 2087, 2088, and 2168,
pp. 60 and 61.)

New Kent CounTY

The larger part of this county is on the Sunderland plain be-
tween Pamunkey and Chickahominy rivers. Small areas of lower
terraces are also found along these rivers. The Sunderland forma-
tion is in places moderately pebbly, and it is the source of small
amounts of good road gravel. Moderate amounts of coarse well
washed gravel are found in parts of the lower terraces. They con-
tain abundant deposits of sand and fine gravel. (See sample 1820,
p. 80.) :

NorroLx CoUNTY

This county probably contains the largest unbroken area of
one terrace, the Dismal Swamp, of any county in the Coastal Plain.
A fringe of Princess Anne terrace is developed along the northern
shore. Much of the western part of the county is in the great
Dismal Swamp of Virginia and North Carolina, and its surface
is covered with peat. No loam gravel of the upland type is present,
Much of the area is underlain by fine sand and sandy loam with
marine shells in places. Large amounts of well-washed sand are
found on the modern beaches and in the shore dunes. (See sam-
ples 2050, 2052, 2061-A, 2061-B, 2063, 2065, and 2066, pp. 74, 87,
89, and 97.)

NorrEAMPTON COUNTY

This county comprises the southern half of the Eastern Shore
of Virginia. It consists of a narrow axis of Dismal Swamp ter-
race and possibly  small remnants of Chowan terrace, with con-
siderable areas of Princess Anne terrace on either side. No true
upland loam gravel is found in the county. There are abundant
resources of well-sorted sand in the terrace formations, as well as
on some of the modern beaches. The beaches in places furnish
the coarsest sand. There are here and there zones of gravel 2 or
3 feet thick which carry 20 to 30 per cent of grades over 14 inch
mesh. These deposits are not extensive nor exposed at many
points, but it is thought that with careful prospecting local sup-
plies of considerable value may be found. (See samples 2254-A,
2254-B, 2254-C, 2254-D, 2256, 2260, and 2277-B, pp. 63, 74, 75,
and 99.)

NorTHUMBERLAND COUNTY

The greater part of this county lies on the Sunderland terrace
south of the mouth of Potomac River. Smaller areas of lower
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terraces are developed along the river and along the shore of Chesa-
peake Bay. The Sunderland formation consists in the main of
sandy loam with a few thin zones of pebbles ranging to 1 inch or
uncommonly 2 inches in diameter. Considerable amounts of well-
washed medium and coarse sand and very fine gravel are found
in the lower terraces. (See sample 1775, p. 83.)

Prince George CounTy

This county includes a large area of Sunderland terrace south
of Appomattox and James rivers, and smaller areas of Wicomico
and lower terraces adjacent to the rivers. There are possibly small
remnants of pre-Sunderland terraces and formations in the western
part of the county. Large quantities of typical upland loam gravel
are found in the Sunderland formation and parts of the base are
very coarse. The Wicomico formation of this county contains
large amounts of coarse loam gravel. Considerable quantities of
well-washed sand and gravel are present in parts of the lower
terraces. . (See samples 2003, 2152, and 2153, pp. 53 and 80.)

Princess ANNE County

‘This county consists of a large area of Dismal Swamp terrace
and a somewhat smaller area of Princess Anne terrace on the ex-
treme eastern shore of the main part of the Coastal Plain of Vir-:
ginia. No loam gravel is found. The Dismal Swamp formation
consists chiefly of fine sandy loam. Large supplies of well-washed
sand are present in the Dismal Swamp and Princess Anne forma-
tions and still more accessible deposits of sand are found in the
modern beaches and dunes along the coast. (See samples 2069,
2071-C, 2076, and 2079, pp. 74, 89, and 99.) '

Prince Wirriam CounNty

A strip of this county 2 or 3 miles wide and 10 miles long,
lies east of the Fall Belt. Small remnants of all the terraces from
the Brandywine to Recent probably occur in this area, but they
have not been discriminated because of the lack of detailed topo-
graphic maps. Moderate amounts of good road gravel are found
in some of the terrace remnants, but they do not constitute very
large supplies. Clean sand and gravel suitable for use in concrete -
are found in the lower terraces along the rivers and also in places
in the flood-plains of the streams of the Fall Belt.
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Ricamonp CoUNTY

Richmond County is on the north bank of Rappahannock
River. It consists of a large area of Sunderland terrace with a
fringe of lower terrace areas along the rivers. The Sunderland
formation is in places moderately pebbly, but the formation is too
largely loamy in most places for the best road material. Large
amounts of well-washed sand and gravel are found in some of the
lower terrace formations and somewhat loamy, moderately coarse
gravel suitable for road work is found in a few places in these
terraces.

SoutHAMPTON COUNTY

Large areas of the Sunderland terrace exist in this county and
the areas of Wicomico terrace are-.of only slightly less extent.
There are also in the aggregate considerable areas of Chowan, Dis-
mal Swamp, and Princess Anne terrace which occur in numerous
elongate areas along Blackwater, Nottoway, and Meherrin rivers.
For the most part the Sunderland formation consists of slightly
pebbly loam. Material sufficiently coarse to be most useful for
road building is not abundant except in the extreme western part
of the county. Considerable amounts of moderately well sorted
sand are found in some of the lower terrace formations. (See
samples 2094, 2096, 2103, 2107, and 2108, pp. 55, 60, 67, and 74.)

SporsyrLvaNiA COoUNTY

A small corner of this county lies east of the Fall Belt south
of Rappahannock River. This area is largely on Sunderland and
pre-Sunderland terrace remnants, but small areas of lower terraces
are found along the river. Considerable amounts of loam gravel
are found in the Sunderland and older terrace formations, and
large quantities of fairly well sorted sand and gravel suitable for
concrete and other construction purposes are found in lower ter-
races. These deposits are being extensively worked southeast of
Fredericksburg. (See Pl 8, B.)

Starrorb COUNTY

Somewhat less than half of Stafford County lies on the Coastal
Plain. It is mostly Sunderland terrace with remnants of higher
terraces along the Fall Belt and remnants of lower terraces along
the river. They have not been mapped in detail because of the
lack of modern topographic maps. Considerable amounts of loam
gravel are available in the Sunderland terrace. Such material is
also found in the higher terrace remnants, but these appear to be



Economic GEoLOGY 133

small and somewhat variable. Clean sand and gravel are found in
places in the low terraces along the river. Well-washed sand and
gravel are also present in considerable amounts in the modern
plain of Rappahannock River near Falmouth. (See samples 1729-A,
1729-B, 1729-C, 1729-D, and 1738, pp. 89 and 91.)

Surry COUNTY

This county is at the eastern margin of the Sunderland terrace
south of James River. It is mostly on this terrace but a small
part is on the Wicomico terrace, and small areas of several lower
terraces occur along the river., There are large quantities of coarse
loam gravel in the Sunderland formation in this county. Gravel
sufficiently well sorted to permit screening for concrete aggregate
is found in places in this formation. Moderate amounts of sand and
clean fine gravel are present in the lower terraces.

Sussex CouNTY

This county lies immediately east of the Fall Belt. It is com-
posed of Sunderland terrace, with a few small areas of higher
terraces along the Fall Belt and some low terraces along Notto-
way River. The Sunderland formation is fine-grained and con-
sists mainly of slightly pebbly loam. It is sandy in places. Con-
siderable amounts of well-sorted, coarse sand and fine gravel are
found in the low terraces along Nottoway River. The pebbles and
sand grains in these sediments are rough angular fragments weath-
ered from the crystalline rocks of the Piedmont Plateau. (See
samples 1990, 2139, 2142, 2145, 2146, and 2149, pp. 53 and 67.)

Warwick CouNty

This county is just north of James River, and is east of the
Surry scarp. It contains small areas of Wicomico, Chowan, Dis-
mal Swamp, and Princess Anne terraces. Moderate amounts of
coarse, somewhat loamy gravel are found in places in the Wicom-
ico terrace. Large quantities of clean sand and some fine gravel
are present in the lower terraces. (See sample 1799, p. 95.)

WesTMORELAND COUNTY

This county consists largely of Sunderland terrace, but it has
moderate areas of lower terraces along Potomac River and, to a
less extent, along the Rappahannock. Considerable quantities of
moderately pebbly loam gravel are found in the Sunderland forma-
tion. Large amounts of sand and gravel suitable for concrete can

be produced from the low terraces along the rivers. (See samples
1711-A, 1711-B, and 2296, pp. 83 and 91.)
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Yorx CoUNTY

This county contains a small area of Sunderland terrace, a
somewhat larger area of Wicomico terrace, and considerable areas
of each of the lower terraces adjacent to York River and Chesa-
peake Bay. The Sunderland and Wicomico formations, so far as
known in this area, consist mostly of loam. Abundant resources
of washed sand and gravel can be had from the lower terraces.
Coarse gravel, which may be basal Wicomico or Wicomico re-
worked into Chowan terrace, is exposed in the scarp 2 miles south
of Grafton. Considerable coarse material has been dredged from
Back River for use on the Eastern Shore, but little is known of the
relations and amount of this material. (See samples 1795 and
1796, p. 80.)

SUMMARY

In the foregoing descriptions, it is shown that moderate quan-
tities of washed sand and gravel are found in nearly all the coun-
ties of the Coastal Plain of Virginia. Moderately coarse loam
gravel is found in perhaps half of the counties of the Coastal Plain,
chiefly in counties near the Fall Belt or near one of the principal
streams.

As extremely large quantities of washed sand and gravel are
not needed, the demand for them can be more readily met by ship-
ment overland or by water than in the case of the loam gravel
which is needed in great quantities in building highways. There
seems little prospect that large resources of pebbly loam gravel
will be found in the eastern counties of the western shore, or in
the counties of the Eastern Shore. Since the quality of this ma-
terial may be somewhat flexible, small amounts suitable for local
use will doubtless be found in practically all of the counties.

As loam gravel suitable for roads is found in increasing
amounts northward along the Eastern Shore of Maryland, it is
possible that this may be the most economical source for the coun-
ties of the Eastern Shore in Virginia.

In order to supply the need of parts of the eastern Coastal
Plain for large quantities of road gravel for important projects, it
is thought that the most economical plan, in the long run, would
be to open pits in suitable loam gravel of the high terraces at some
point on the James or Potomac rivers where this material could
be loaded by gravity onto barges. It is believed that a portable
pontoon pier could be used for the delivery of gravel by truck at
a permissible cost to various points in Tidewater Virginia.
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APPENDIX A
Strength tests of certain samples of Coastal Plain sand and gravel*
Same
Pounds per cement Strength Water
Number | Days square incht Average " ;‘w‘gg};rd ratio zoi:::i
sand Per cent

7 3100 3100 3400 3200 2733 115

1444 11.0
28 5000 4700 4850 4850 3947 123
7 1400 1500 1500 1466 2866 51

1469 14.0
28 2200 2190 2200 2197 3810 58
‘ 7 3650 3800 3350 3600 2566 140

1483 11.0
28 4560 4690 4790 4680 3710 126
7 3100 - 3050 2900 3016 2866 105

1522 11.3
28 4800 4660 4940 4800 3810 126
7 2550 2300 2550 2466 2866 86

1531 10.4
28 4130 4080 4130 4113 3810 108
7 2650 2650 2700 2666 2866 93

1558 11.3
28 4410 4110 4000 4173 3810 109
7 3200 3200 2900 3100 2866 108

1566 12.0
28 4890 4940 4840 4890 3810 128
7 4550 4550 4550 4550 2733 164

1686 10.0
28 6390 6440 6290 6373 3947 162
7 3330 3120 3160 3203 2557 125

1739 11.0
28 4410 4630 4310 4450 3480 128
7 1730 1720 1760 1737 2557 68

1748 12.0
28 2410 2460 2540 2470 3480 71
7 3230 3140 3000 3123 2557 122

1796 ' 12.0
28 4360 4400 4440 4400 3480 126
7 3460 3600 3740 3600 2557 141

1831 11.0
28 5410 5560 5530 5500 3480 158

*Tests made by the State Department of Highways, Mr. Shreve Clark, Assistant

Engineer of Tests.

fOne part of cement to three parts of sand.
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APPENDIX B
Mechanical analyses of certain samples of Coastal Plain sand and gravel*
No. 1444 | No. 1469 | No. 1483 | No. 1522 | No. 1531 | No. 1558
On mesh
Per cent | Per cent | Per cent | Per cent | Per cent | Per cent
(Gravel)
2% inches.....|.......... 4.5 6.3 |
2 “ e 3.4 7.1 3.1
1%« oo 10.3 5.6 4.9 |
1 oL 2.4 7.4 11.2 5.5 e
1y “ ... 11.8 9.9 13.2 9.2 1.9 |..........
k4 ‘o 16.2 15.7 12.7 15.3 1.4 {..........
b “o. 31.0 22.0 19.0 28.7 17.2 ...,
} 74 “o 38.4 24.2 23.7 31.9 768 ...,
}274 “o .2 2.6 1.2 1.4 2.8 ...
(Sand)
No. 10...... 18.5 19.8 23.9 22.5 25.4 3.7
No. 20...... 11.3 15.1 14.4 18.6 26.3 12.3
No. 30...... 21.7 25.6 21.5 21.2 25.2 26.9
No. 40...... 14.7 10.0 12.2 12.5 11.6 15.8
No. 350...... 13.8 5.9 8.8 10.0 7.8 15.4
No. 60...... 8.0 2.5 6.0 4.7 2.2 8.0
No. 80...... 3.5 1.0 3.1 1.5 0.4 3.2
No. 100...... 4.0 2.0 4.0 1.8 0.4 3.9
No.~100...... 4.5 18.1 6.1 7.2 0.7 10.8
Silt in sand. ... 0.2 6.2 ..., 4.7 0.2 2.1

*Tests made by the State Department of Highways, Mr. Shreve Clark, Assistant
Engineer of Tests.
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APPENDIX B
Mechanical analyses of certain samples of Coastal Plain sand and gravel
No. 1566 | No. 1686 | No. 1739 | No. 1748 | No. 1796 | No. 1831
On mesh
Per cent | Per cent | Per cent | Per cent | Per cent | Per cent
(Gravel)
24 inches. ... [ oo 18.8 |..........
2 e e 9.0 ...
ié e e 1(7;% ..........
b2 £ AR AR [RUDUDUOPIPRPR OO P I LA R Y
Ve 7.5 55
%O“ .. (a) @ e 7.9 7.7
22 O e e 15.4 26.8
| 720 S PR O 3.3 o 24.0 60.0
A O A (O e P R
(Sand)
No. 10...... 14.4 39.4 9.8 1.3 20.8 34.3
No. 20...... 20.0 34.4 26.5 3.6 15.4 31.6
No. 30...... 27.1 11.6 28.0 6.0 15.0 18.8
No. 40...... 14.1 3.3 10.8 3.6 6.6 3.2
No.. 50...... 14.2 4.0 14.0 24 .4 11.0 4.2
No. 60...... 4.9 2.8 6.5 32.8 8.2 2.2
No. 80...... 1.7 1.3 2.0 6.3 4.9 0.8
No. 100...... 1.4 1.6 1.1 16.8 8.9 1.6
No.-100...... 2.2 1.6 1.3 5.2 9.2 3.3
Siltinsand....| 3.5 0.3 |

(a) All passing 34” mesh.
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APPENDIX C
Remarks on samples listed in Appendices A and B

Sample 1444: Lab. No. G4313. Locality, 134 miles west of Lorton, Fairfax
County. Sand 40.5 per cent, gravel 30.7 per cent, clay 28.8 per cent. Colori-
metric test, 1. Water in sand mortar, 11.0 per cent.

Sample 1469: Lab. No. G4307. Locality, road cut 34 mile west of Stafford,
Stafford County. Sand 36 per cent, gravel 64 per cent. Colorimetric test, 6.
Water in sand mortar, 14.0 per cent.

Sample 1483: Lab. No. G4312. Locality, on property of John Ayers, north
of Mt. Vernon, Fairfax County, 1/10 mile southwest of bridge on Little Hunting
Creek. Sand 42 per cent, gravel 56 per cent, clay 2 per cent. Water in sand
mortar, 11.0 per cent.

Sample 1522: Lab. No. G4310. Locality, 74 mile west of Pamunkey River
bridge, 2 miles east of Hanover, Hanover County. Sand 41.8 per cent, gravel
58.2 per cent. Colorimetric test, 4. Water in sand mortar, 11.3 per cent.

Sample 1531: Lab. No. G4314. Locality, 34 mile northeast of Gether, Caro-
line County. Sand 75.7 per cent, gravel 24.3 per cent. Colorimetric test, 9.
Water in sand mortar, 104 per cent.

Sample 1558: Lab. No. G4311. Locality, west end of Mattaponi River
bridge at Aylett, King William County. Colorimetric test, 3. Water in sand
mortar, 11.3 per cent.

Sample 1566: Lab. No. G4308. Locality, on 45-foot terrace 134 miles south
of Manquin, King William County, and 14 mile north of the road corner. Sand
92.6 per cent, gravel 7.4 per cent. Colorimetric test, 3. Water in sand mortar,
12.0 per cent.

Sample 1686: Lab. No. G4309. Locality, 14 mile southwest of King George,
King George County. Sand 73.0 per cent, gravel 10.1 per cent, clay 169 per
cent. Colorimetric test, 1. Water in sand mortar, 10.0 per cent.

. Sample 1739: Lab. No. G5069. Locality, 200 feet west of Streets P. O,
Middlesex County. Gravel 2.9 per cent, sand 83.7 per cent, clay 13.4 per cent.
Colorimetric test, 1. Water in sand mortar, 11.0 per cent.

Sample 1748: Lab. No. G5070. Locality, 34 mile north of Amburg, Middle-
sex County. Sand 97.2 per cent, clay 2.8 per cent. Colorimetric test, 1. Water
in sand mortar, 12.0 per cent.

Sample 1796: Lab. No. G5067. Locality, northwest of Tabb, York County,
on road 1% mile south of Poquoson River.

Sample 1831: Lab. No. G5068. Locality, Charles City, Charles City Coun-
ty, 1/6 mile west of Parrish Hill Creek crossing. Gravel 25.5 per cent, sand
70.5 per cent, clay 6.0 per cent. Colorimetric test, 1. Water in sand mortar,
11.0 per cent. '
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St. Mary’s formation___.._______ 27, 29
St. Peter sand 46

Salisbury, R. D., views of____31, 57, 100
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dividual formations).
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classification of ____.____________ 119
distribution of _____________ 122-138

mechanical composition of (see
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types of 121-122
uses of 119-120
Scarps (see also Suffolk, Surry),
8, 38, 112, 115, 134
Sea-level, changes in____113, 116, 117
Sedimentary rocks —____________ 25-27
Shattuck, G.B., work of,
31, 41, 55, 58, 100
Shore-line, changes in,
101, 110, 111, 112, 114, 117-118

Smith Point 114
Southampton County____9, 55, 57, 111
road material in ________________ 132
samples from _______ _.-55, 60, 67, 74
sand and gravel in._.___________ 132
terracesin _____._._____.___ 41, 57, 132
Spits 14, 114
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Stafford County
samples from ________________ 89, 91
sand and gravel in__________ 132-133
terraces in _________________ 132-133
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Stephenson, L. W., assistance of ___ 5

work of . _______ 4, 31, 63, 67, 81
Streams, courses of, :
14, 109-110, 112, 113, 114, 116
types of : 11
Strength tests of sand and gravel__135
Striated boulders,
4, 30, 41, 46, 48, 60, 111
Structure, of Cretaceous forma-

tions 28-29
terrace deposits__..43, 59, 65, 71, 104
Tertiary formations___._.___._. 26, 28-29

Submarine area of Coastal Plain__9-11
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Suffollk e 14, 23, 24, 113
gravel near ________________ 129-130
quadrangle 63

scarp .10, 57, 63, 65, 115, 129-130
Sunderland formation and terrace,
28, 41-55, 110-111

extent of 41, 43
mechanical composition of,
50, 52, 54, 56
petrography of ______________ 45-55
striated boulders in____________ 46-47
structure of 43-45
thickness of 45
topography of ____- __________ 41-43
Surry County __ . _____ 17, 114
concrete material in____________ 133
sand and gravel in______________ 133
terraces in 133

Surry scarp,
10, 55, 57, 58, 60, 112-113, 133
Susquehanna River,
9, 13, 109, 110, 112, 116

Sussex County 23, 24
samples from —______________ 53, 67
sand and gravel in______________ 133
terraces in 133

T

Talbot formation, subdivisions of.._71

Tappahannock .. __ 14, 75

Tar River __ 113

Tenley formation 37

Terraces (see Brandywine, Chowan,
Chowan-Dismal Swamp, Dismal
Swamp, Princess Anne, Recent,
Sunderland, Wicomico).

characteristics of ________._____ 8, 9
correlation of _.______________ 35-36
distribution of .. ____________ _.46
fluvial, 58-59, 65, 75, 100-104, 106-108,
110-111

fossils in 59, 65, 71
marine. ... 57, 71, 83, 100-104, 115
origin of 104-105
Quaternary o _____ 41-100
Tertiaty . _______ 37-41, 105-110
Tertiary formations __________._ 26-29
terraces __ .o 37-41, 105-110
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Tides 17-21
Tile materials ________________ 120, 123
Tilting of land———_______ 107, 113, 118

Topography of Coastal Plain_.._._ 7-11
terraces, 38-39, 41-43, 55-58, 63-65,
69-71, 75-77, 81-82, 85

Transportation facilities..__._____ 22-23

U

United States Coast and Geodetic
Survey, assistance of __________ 5
United States Geological Survey,

cooperation of . _________ 5
v
Valleys, drowned____14-15, 34, 82, 117
Virginia Commission of Fisheries,
assistance of 5
Virginia State Highway Commis-
sion, cooperation of _________ 5

Volume of Brandywine fan_._.108-109
w

Walkerton, tide at——..__________ 17, 19

Warping of Coastal Plain__107, 113, 118
Warwick County,

13, 21, 22, 57, 67, 81, 115

samples from 95

sand and gravel in______________ 133

terraces in
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Washington, 15, 17, 19, 23, 37, 41, 43,
‘ 77, 110, 113
Wave-cut terraces _ ... 116
Wellington Villa 77
Westmoreland County -___________ 17
concrete materials in___________ 133
samples from ________________ 83, 91
sand and gravel in______________ 133
terraces in .. ________.____.__ 133
West Point 14, 128

Wicomico formation and terrace,
55-63, 65, 111
definition of . 55
extentof __________ 55, 57
fossils in __________"____________ 59
mechanical composition of__57, 62, 64
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structure of ______ . __________ 59
thickness of .. ______________ 58-59
topography of ________________ 55-57
Williamsburg Peninsula _________ 1, 23
Windmill Point, sand near__.______ 128

Y

York County (see also Yorktown),
13, 17, 115
samples from 80
sand and gravel in.— . _________ 134
terraces in 134
York River______ 13, 16, 17, 58, 75, 113
sand and gravel along__126, 127, 134
Yorktown 13, 17, 115
formation 13, 27, 29




