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ABETRACT

Three new post-Yorktown formations underlying Pleistocene terraces
ere recognlized on the Coastsl Plain of Virginia scuth of the James Kiver,
Two of these new formations underlie both the Sunderland and the Wicomieo
terraces. The other new formstion underlies the Uismal Lwemp terrace
and the Princess Anne terrace. Sangamon age is reasonable for the
¥icomico terrace. The Sunderland terrace ies interprated as the cubaerisl
equivelent of the Wicomico terrace and thus of fangamon «ge. Terruace
depoeits carnot universally be .iven the formution name of the iterruce
surface they underlie because in Virginia the szme Tormation underlies
two different terruces. The Dismal Swamp terrace ie interpreted «s&
forming in & tidal lagoon, separated from the cpen ucean by « chain of
barrier islands., The Princess Anne terrace is the open oceun sguivalent

of the Dismal Swamp terrace and thus of the eame age.

1, Published with the rermiseion of the State Geologist of Virginia.
2. Presented before the Southeastern Section, Geologlcal toelety of

America in Tallshassee, Florida, Mareh 22, 1946,
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Introdugtion.~-This study of the Plelstocene deposits of the Virginia
Coastal Plain was nmade ae a pert of the Summer Semsunal rield Investigations
sponsorad by the Virginie Diviszion of Geology to evaluste the prozpects
for inersased mineral production un the Virginle Goastal Plein. 7The [ield
work was done durin; the summer of 1955, und the utudy was limited to the
Virginia Cuastel Plain south of the Jume& Eiver, Kr., John Kent Kane Il
assisted the writer in the field. Dr., Edwin U, Uooeh spent three days
with the author in the field and rude a nusbser of uaghetometer messurements,
dr. willisa #eGill, Director, Civision ol Geology, encouraged the writer
throughout this study. The writer iz indebted to the followin; men lor
their review of the {leld relutionshlps and their heipful criticism of the
writer's interpretation of the data during & field triy in December, 19553
Dr. J. T. Haox, ¥r, Allen Sinnott, ¥r. G. C, Tibbitts, Jr., Dr, B, W,

Helson, Dr. &. .», Ubenshain, Lr. C, I. Eich, and Dr. R. U, Krebs, The
writer was sided by the discussions stimulated by those who attended the
Virginie Academy of lclence Geology rield Trip to review the field relation-
ghips.

General ,~Figure 1 diagrammstically shows the stratipraphic relatiocmshipe
that exist between the cSunderlund, ¥Wicomieo, and Diemal Swanp terraces and
the underiyiny sediment:z, The geomorrhic terms "terrace" and "scarp®, us
used nere, refer to land lorms only and du not refer to nor imply the exist-
ence of any deposits genetically relsted to thesm, The distinction ig
negessary becsuse, us shown Iin figure 1, the Sunderliand and sicimicu terruaces
are underlain by the saxe foruatiom. Inie clearly indicates that asthougn
two distinet ;eomorphic units exist, the underiying sediments are not 80
obvicusly relsted to one or the ovther of these land forms, A stritigraphic
nomenclature, independent of topographic form, is necessary to deceribe these

formntions snd to interpret ihe jeclopgic history of the terruces,
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Three formations are necessgury to interpret the Fleistocene peoclogic
history of the Virginis Coastsal Flain couth of the James Kiver. These
formations are herein named the Sedley formstion, the Kilby formation,
and the Nansemond formution., The Sedley formation is younger than the
¥iocene Yorktown formation, but it is older than either the Sunderland
terrace of the nicomico terrace. The Kilby forumation overlies the Sedley
formation and directly underiies both the Sunderlund and the Wicomico
terrace surfaces. The Nansemond formation is younger than the Hicomico
terrace, the Sedley formation, znd the Kilby formation, and it underlies
the Dismal Swanp terrace and the Princess Anne terruce.

Eedley Formation.-The Sedley formation is made up of sands, sandy
clays, and clays. It overiies older Tertiury formations, ususlly iiocense
formations. The Sedley formation is typlecally exposed in roadeuts unear
creeke and swamps north sand east of Sedley, ..outhampton County, Virginiae,
The formation is especially well expoeed where nLighway 631 croeses Black
Creek. The Sedley [{ormation is also well exposed =t the followin. locali-
ties, us is the overlying Kilby [oraation: Rounoke-Webster brick pit west
of suffolk; on highway 10 east of Hopewell where it crosses Arlils Run, a
tributary of Powell Creek; on highway 626 where it crosses Gray's Creex
northwest of Surry; and on nighway 618 where it erosses Seacock Swamp north-
west of Ivor,

The exact age of the Sedley formution is unknown except that it is
older than the #isconsin glacial stage and younger than the Mliocene Yorktown
formetion as it is exposed at Suffolk, Virginia, No fossils have been [ound,
88 yet, in the Zedley formation. ihen the work of Stephenson and Macheil

(1954) and Hack (1955) is considered, there exists the jossibility thet the
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Sedley formation is of late Miocene uge. In many respects the Sedley
formation 18 much like Hack's North Keys sand (1955) in that it overlies
the fossilifercus Tertiary formatione and iz in turn overlain by a
gravel bed, Stephenson and MacNeil found fossils in similair bede in
northern Virginla shich 1ed the: to reel that thne beds there were of
Yorktown age.

The Sedley formation is thin bedded to maseive and of shallow water
origin, Within the Sedliey formution are blulsh-gray clay veds guite similsr
to younzer clays «nown to be of eatuariné and iagoonal origin, At some
localities the Sedley formation uppesrs to be conformable with the Yorktown
formation, but other localities indlcate that it unconforumably overlies the
Yorktown or older formstione, The cleys of the Sedley formation have been
and are belng used &s brick claye in the Lulfolk area.

The Sedley formation is sandy or silty =zt most loealities, Clay beds
become more common to the east beneath the Wicomico terrace. These c¢clsay beds
are best developed around Suffolk and northeast of Burrowsville, The
Sedley formation hae & maximum thickness of 40 feet south of Zuni, Virginia
aslong the Blackwater River, but it is normally 20 to 30 feet thick.

The top of the tedley formatlon is warked by an iron rieh zone consisting
of either iimonite piatelsis or alternating thin bede of red clay and shite
clay. This iron rich zone is un excellent wsarker for the to; of the vedley
formation when the basal cobble zone of the overlying Kilby formstion is ab-
sent, &. i. Ubenshain, C. I, fiich, and R. D. Krebs, soill scientists at Virginisa
Polytechnic Institute, expressed the oplnion in the fieid that the iron rich
zone at the top of the cedley formation might be caused by yround water

concentrations of iron in the upper jurt of the Zedley formation after the
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Kilby formation had been deposited over the vedley foruwation. The top
of the Sedley formation occurs at an elevation of approximetely 50 feet
except for a local area sround Dendron, Virginis, where the top of the
formation rises to an elevation of about 65 feet.

Figure 2 shows the contact of the Cedley formation and the overlying
Xi1lby formation. The [{ollowing section, wihich includes the tedley forma-
tion and the Kilby formetion, wae measured ulong highway 618 where it
crosses the Seacock Swemp south of Crumpler's School in fouthampton County:
Sedley-Kilby formations. £ection measured April 14, 1956,

Bed Thickness in feet
Kilby formation
3. Sand and gravel, clayey, with scattered clay lenses

¥ottled red and buff colors. To top of nill on road. 16.5
2. Cobble zome at culvert to field rcad going east. 0.5
Sedley formation
l. Clay, gray with limonite wottling. Upper [ive feet

becowes more iron stained towsrd top. Locally there

are limonite ledges near top of formation, 11.0

Covered to foot of hill and swamp.
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Kilby Formation.-The Kilby lormstion is nemed for the town of Kilby
in Nansemond County, Virginis west of Suffolk. The formation is well
expoeed at elevatione above 50 feet throughout the area of the wicomico
terrace and slong the larger stresmus which empty into the James River in
the Sunderland terrace area. KRoadeuts near tributaries to the Nansemond
River and to the Blackwater Hiver show excellent exposures of the formation.
An especislly good exposure of the Kilby formation is located on highway
631 whers it crosses Black Creek in Southampton County.

The Kilby formation overlles the Sedlay formation (Figures 1 and 2),
The tase of the Kilby formation is marked by a thin cobble zone alony the
James Fiver and east of the Bluckwater River., The distribution of the
Cobble zone is shown in Fi ure 5. rrequently tiie zone coneists o a single
layer of cobbles and boulders ranging from 2 to more than .Z inches in dlam-
oter. idost locallties show at least some evidence of these large cobbles,
and they constitute the best evidence fcr the hase of the Kilby formation.
These large cobbles and bouiders appear to be confined to thils zone, which
pormelly oceurs at an elevation of 50 feet, The cobble zone is thickest in
the arey just west of the Blackwater River. The cobbl:g are less common and
tend to be smaller in the eastern part of the hicomico terrace, and they are
absent, except along the James River, west of a line drawn 2 or 3 ulles west
of tedley and Dendron, Virginia. The Kilby formation becomes liner toward
the top, where it is a sandy loam, but thin gravel iemses, ususily of iine
pea-sized gravel, may be found in the upper part of the formstion.

The cobble zone ut the base ol the Kilby formation continues wert along
the James Fiver to the vicinity of Hopewell; it remains at an elevstion of 20

feet. The constant elevation of the buse uf the Kilby formstion is remarkable,
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The besal member of the Kilby formation along the issamposick Swamp
and ite tributaries consists of medlum to coarse sands insteud of the
cobble zone. cends or fine gravel, instead of the cobble zone, ulso
mark the buse of the Kilby formation south: of Holland and <uffolk,

The origin of the Kilby cobble zone is difrficuit to expliain for
three reesons: 1) the zone is thin, seldom being &8s much a& one foot
thiek, 2) boulders €& to 12 inches in diameter ean be found throughout
the ares covered by the cobble zome, and 3) the cobble zone oceurs at
& constant elevation of 50 feet except for one local ares around Dendron,
Virginia. Wentworth (1930) advanced an explanation for these exceptionsal
boulders th:t seems to explain best their «pown distribution. Wentworth
advanced the theory that these boulders were rafted into the sea by river
ice. %“entworth's rafting theory accounte for these facts: 1) some of
the boulders are striated by uwbrasion while the cobbles were held {irmly
in the ice, 2) the digtribution of bouldere to the east can be limited by
melting the ice {loes in the oceun and dropping the rafted boulders, 3)
the absence of boulders north of the Janes Kiver and their wide distribution
to the south is explained by & iongshore current flowing south, 4) the
western 1imit of the ocobble zune resulted frow the presence of o« shoreline
there, and, 5) rafting the boulders into gosition permits a widespread, thin,
horizontal plane of deposition. The most serious cbjection to Wentworth's
ice-rafting theory is its insbility {o explain without question why this ice-
rafting was confined to this one brief period of time.

Rafting the boulders with icebergs will not explein their distribution,
as pointed out by %entworth (1930), because these exceptional boulders are

not generally distributed on the Virginia Coastal Plain, These boulders,



-8~

in Virginia, are confined to the area shown in Figure 5 south of the James
kiver and to a similar area south of the Potomme River,

The writer considers it uniikely that these cobbles and boulders were
transported and deposited by river currents, because of the widespread,
random distribution on a horizontal plane of these exceptiocnally l.rge
boulders, There are no features in the sediments to suggest current velocities
great enough to transport such lurge boulders,

Cross-bedding is common in the Kilby formation, and the currents produeing
the croas-bedding came from the west-northwest., The Kilby formation appears
to contain more heavy minersals than the fedley formation,

Ransemond Fogggtioh.-The Nangemond formation ig named [or the excellent
exposures that can be seen in bluffs along the Kansemond Xiver in Mansemond
County, Virginia, 7The type locality is at Newmans Foint on the Nanseaond
River (Figure 3).

The following section was measured at Newmunsg Point:

Bection measured April 15, 1956
Bed Thickness in feet

Nancemond formation (Pleistocene)

7. Oyster chells in black loam, to top of bliuff 1,0
6, Band, fine to medium grained, buif colored. 5.2
5. Clay, grey colored with iimonite strecks. 6.3
4. Cobbles in sand. Ge3~045
3. So0i11?, residusl. red sandy, with limonite ledges. 245

2. Clay, silty and limonitie,
Unconformity
Yorktown formetion (Miocene)

1. Yorktown shell marl with abundant moliusks, 1,0=2,0

Total exposed to base of bluff, 16,8-18.0
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The Nansemond formation 18 composed of fine sands, clays, and peat,
Locally the bede contain marine foseils, mostly shallow water Mollusca,

The Nansemond {ormation underlises the Diemal Swamp terrace and the Princess
Anne terrace. The Nansewond formation is younger than the tediey or Kilby
formation, Near the westernmost margins of the Dismal Swamp terrece, be-
tween Keld's Ferry und the Nansemond River, the Nansemond foruation lags
onto remnants of the Kilby and Sedley formations not eroded awasy prior to
deposition of the Nensemond formetion.

The Nansemond formation has been studied most along the Nensemond River
and in the western part of the Dismal Swanp terrace because the low relief
of the Dismal Owamp terrace does not afford numerous natural exposures. The
character of the Nansemond formation in the area where it 1s best known, and
to the eact, where it hes been seen in excavations, indicates thuat the forma-
tion is a tidal flats deposit that sccumulated behind u barrier islund chain,
now known zs Pongo Ridge, which extended in a north-south direetlion through
Uceana, Virginia. Oimilar deposits are accumulating today between the barrier
islend offshore and the eactern peninsula of Virginia., The thick peat zones
in the Dismal Swamp probably represent peat accumulstion in tidal channels
and sounds that became cut off from the sea when the burrier islands becane
continuous.

Conepicuous accumulations of oyster shells oeccur at the surface un
prominent goints along the Nanserond River &t elevations ranging from 15 to
20 feet., These oyster beds are believed to be fossll accumulations along
the Nansemond River, but their occurrence at the surface makes it poassible
for them to be artificial and the result of human ectivitlies. These oyster
beds are believed to be fossil beecause they are confined to those points whose

surface elevations lie below 20 feet and to those points that extend to within
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a given cdlstance from the axis of the Nansemond estuary.

s.~lhe new formation names proposed here are
nscessary because the names "Sunderland formation" and "Wicomico formation®
are meeningless, Both of these terraces are underlain by the cane forma-
tion, not two different formations as was previously believed. OSimilarly,
one formation underiies botb the Dismal Swamp end Princess Anne terraces.

These new siratigraghic names, however, do not in themselves solve the
problem. The previous conception of the relationships between Atlentie
Coastal Plain Pleistocene terraces end their asscclated sediments is shown
in Figure 4, This concept necessitates a depositional origin for the ter-
races and requires that each terrace represent & different age. Early in
this study 1t became obvious that the stratizraphy of the terrzce sediments
was not in harmony with the terrace relationships as they =re shown in figure
be

How can the fact that one formation underlies two terraces be incorporated
into the generally held concept that these terraces conztitute two dif{ferent
surfaces formed at two different times .f Pleistocene sea level maxima? These
gea level maxima are believed to coimcide with Intergiacinl stages when ithe
eurth was ice {ree, The writer has not been wble to incorporate thls stratig-
raphic facet into thie older idea.

Supderland-Kicomico Relationships.-Wentworth (1930) made a number of
observations and conclusions in connection with his excellent study of the
sand and gravel resources of the Cosstal Plain of Virginis which the writer's
own observations confirm. There are three of these that are fundamental to
the rroblem posed above:

1. The Sunderland terrace is underlain by sediments which appear to be

primarily fluvial in origin,
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2, The Wlcomlco terrace is underlain by sediments which ure
primerily asrine in origin.

3. oSouth of the James River and along the Fotomac River there cre
areas underlain by cobbles and boulders of exceptional size. South of the
James Rlver this ocobble zone is the bassl member of the Kilby formation
(Figures 1 and 5),

The distribution of the cobble zone, shown in Figure 5, ie not controlled
by the Surry ecarp which separates the Junderland terracs from the wicomico
terrece, Thie cobble zone is horizontsl, The Bsdiménts underiying the
cobble zone, the Sedley [lormation, nhave a finer texture than the overlying
Kilby formation. The sedley formation also underlies both the Sunderliand
terrace and the Wicomico terrace. The writer can interpret these lacts
concerning the sediments underlying the Sunderland and wicomico terrzces
ir only one way—the cunderland and Wicomlco terraces are of the same aye
and are simply the subszerial and submarine equivsalents of each other; they
do not constitute two different sea level stands nor two different inter-
glaeclal stages.

Let us summarize the evidence for this interpretatiom:

ls The Sunderland and Wicomico terraces are underlain by the same
formation, coarser grained and more poorly sorted to the west beneath the
Sunderland terrsce but finer grained and better sorted tu the east beneath
the kicomico terrace., Thie is the Kilby formation,

2. The base of the Kilby formation comsists ¢f a cobble ione wade up
of cobbles and boulders of exceptional size. This c¢ccbble zome underlies both
the Sunderland terrace and the s,iicomico terruce. iWentwortn believed that
these exceptionul boulders constituted stones carried downstrean and into
the sea by river ice. The puattern of their distribution is best explained by

thie theory,
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3. A profile from the Sunderland terruce across the surry scarp
onto the Wilcomico terrace is simost identical with a profile aercass the
barrier islande on the Eastern thore of Virginia into the Atlantic Ocean
(Figure 6). The upper profile of the funderland terrsce, the Surry scarp,
and the Wicomico terruce was made {rom topographic meps along & line
perpendicular to the Surry scarp sbout two and one-half miies south of
Surry, Virginie. The lower urofile was made {ro: navigation charts esnd
is across Cobb Island and perpendiculer tu the shore,

4L« Although the tunderland terrace 1ls more dissected und the under-
lying sediments more oxidized than is the case for the wicomieo terrusce,
this does not in itself mean thut the .urface is older thun the »icomico
surface., Ii the sunderland and jiicomico terraces are subaerisl und sub-
warine equivalents, the Sunderland terrace would have been subjected to
weathering during the entire time thut it was forming., The Yiicowmico terrace
would have been subjected to subaerial weathering and ercsion only since the
time that sea level fell and exposed it.

You may ask why thers are not two formations instead of just one if the
Sunderland terrace is underlain by fluvial sediments and the :#icomico terrace
is underlain by marine sediments. Only one formation can be mapped for two
reasonst

1. 7The trangition between the fluvial scdiments bensatn the Sunderisnd
terrace and the warine sediments beneath the Wicomieo terrace is gradual,
The prinecipal differences between the two srezs is one of particie cize and
degree of sorting. The continuity of the basal cobble member of tnis

formation also indicates the physical unity of the Kilby formation.
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2, The Kliby and Sedley formations can be separuted readily, but
it has not been possible to substantieste any formutions lying solely
beneath the Sunderland terrsce or the i#icomico terrece.

The sequence of events which ied to the development of these {orma~
tions and terrsces is relatively simple. The Sedley formution accumulsted
under estusrine conditions while sea level was rising as the ice froum the
preceeding glacial stage melted. The pre-Sedley estuary of the James River
became filled with sediment st the end of Sedley time., 7This ended the
deposition of the tedley formation.

Deposition of the Kilby formation commenced when river ice began to
raft cobbles and boulders down the Jsumes River. At this time the shoreline
wag essentlslly north-south and limited the distribution of cobbles to the
west, A8 the river ice melted in the sea, the distribution of cobblss was
limited to the east and to the routh, Lomgshore currents prevented ice
drift, and thus cobble deposition, north of the Jumes River. aifter the
James River became graded, ail additional sediment carried to the seu was
deposited on the growing delta of the James River, A4s the deita was
sxtended seaward, the shoreline along the southern part of the delta aseumed
a nore northeast trend until sea level fell as the next glaclal stage began.
This sea level drop exposed the Surry scarp and the Wicomieo surface. The
Sunderland terrsce surface represents the subaerial portion of this delta,
The Sunderland-Wicomico surfece is a depositional profile,

If the Wicomico and Sunderland terraces are not submarine and subaerisal
equivalents, then the only slternate explunation ie that the Wicomico terrace
i8 a terrnce of marine erosion. The width and the low gradient of the
#Wicomieo surface mekes an erosional origin difficult to concelve, although

it muet be considered as a possibility.
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Age of Sunderlend-ficomico Terrsces.-Ro new factual informstion

concerning the uge of these terraces is avail.ble, but certain age
interpretutions seem more reasonable than others. 4 Sangamon age sesms
likely lor the Kkicomico terrace from two sourcest

1. Leverett (1934) has traced Illinoian graveis into the Wiecomico
terraces in Pernsylvania. This is the only positive correlstion between
glaclal and parine events in thils general area, fThis suggests that the
Wicomico terruce can be no older than the Sangamon, If the Wicouleo
terrace of Leverett is the equivalent of the wicomico terrace in Virgiria,
the surface esn nardly be younger than Sangamon unless it is a terrace of
ervsion, This iz considered unlikely.

2+ Estimstes for the amount of ses level rises vet tu cecur when sll
glacial ice Lae melted range from sbout 60 feet to 160 feet (Flint, 19.7;
Trowbridge, 1954). The latest cctimetes place the figure st about 125
feet, A gea level rise of 110 feet would just flood the ¥icomico terrance,
but would not cover the Sunderlsnd terruce in Virginiae. 7his would indicate
that bsrring subrtantial and fortuitcus crustal movements in the area or
sea level chunges independent of glaciation, only one glzelal stuage haa
occurred since the lcomico terruce was formed,

Becauge the Sunderland and the #icomico terriaces cre underlazin by the
same formation, it would seem that the lunderiand terrace i also of
Sengamon nge. If the evidence for a Sangamon age for the ¥lecomlco terrsce
is correct, then the &underlund terrace can be older than Sangamon oniy if
the Plcomico terrace ie & terrace of erosion. These two terraces are be-

lieved to be the ssme nge., A langemon zge seems most likely,
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The Dismal Swamp and Princess Anne terraces are also subaerial und
swnarine egquivalents. These iwo terruces are separated by a sand ridge
¥nown as Pungo Ridge which is interpreted as & barrier island chain
comparable to the barrier islands off the present Atlantic coast. The
Nansemond formation, which underlies the Dismsl Swamp-Frincess inne
terrace, consiste mo=stly of sediments that accumulated in the lagoon
between the Pungo Ridge and the msinlsnd., =imilur zediments are accumu-
lating today between barrier islands off the kastern Shore of Virginie
and the peninsula, The formation of the Dismal Swamp-Princess inne
terrace probably occcurred during a warm etage in the Wisconsin., The
radiocarbon age of the past in the Dismal Swamp is over 20,000 years,
The Princess inne terrace, which liy sseeward from the Pungo FKldge, »aB

formed 28 a submarine surface,
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