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ABSTRACT: Diverse late middle Miocene dinoflagellate floras, obtained from two sites along the western edge of the Atlantic Coastal
Plain in central Virginia, indicate that the eastern Virginia Piedmont was covered by marine waters about 12-13 Ma. This transgression
extended farther westward across the Virginia Piedmont than any other transgression that has been documented. Extensive fluvial depos-
its that may be associated with this transgression covered earlier stream patterns in the eastern Piedmont and buried them beneath a thin
(probably less than 100 foot-thick) veneer of sand and gravel. During the subsequent regression, a linear down-slope stream-drainage
pattern developed. Although it has been somewhat modified by later stream captures, it still is easily recognizable. This interval of marine
inundation and deposition explains why modern stream patterns in the eastern Piedmont of Virginia strongly resemble the stream pat-
terns in the Coastal Plain and differ from the structurally adjusted trellis stream patterns typical of the western Piedmont, Blue Ridge, and
Valley and Ridge regions. Uplift of the modern Southern Appalachian Mountains began at the time of this transgression and was largely
completed by the late Pliocene.

INTRODUCTION

The boundary between the Coastal Plain and Piedmont prov-
inces of Virginia is the Tidewater Fall Line (Weems 1998), a
hinge zone where Piedmont streams flow eastward across fall
zones down to the flat or very low gradients that characterize
the Coastal Plain (text-fig. 1). This hinge zone separates areas
that have undergone long-term regional uplift to the west from
areas that have undergone long-term regional subsidence to the
east. The Tidewater Fall Line in Virginia was established at
least as long ago as late in the Early Cretaceous (about 115 Ma),
when the predominantly non-marine Patuxent Formation accu-
mulated across the entirety of the present Virginia Coastal Plain
(Spangler and Peterson 1950). Although Late Cretaceous sedi-
ments are absent across most of the western and central Vir-
ginia Coastal Plain, numerous marine transgressions during the
Paleogene and Neogene left sedimentary deposits across this
region (Reinhardt and others 1980; Newell and Rader 1982;
Mixon and others 1989, among others).

At least once during the Neogene, the eastern Piedmont also
was covered by Coastal Plain sediments. Burial can be demon-
strated by the occurrence of widespread but now discontinuous
patches of a deeply weathered sand and gravel unit, here termed
the eastern Piedmont upland gravel unit, up to 70 feet thick
(Goodwin 1970). This deposit previously has been called the
Bryn Mawr Formation north of Virginia (Lewis 1881; Pazzag-
lia and Gardner 1993), the Tenley Formation in the District of
Columbia and northern Virginia (Wentworth 1930) and the Bon
Air gravel in central and southern Virginia (Mathews and others
1965; Johnson and others 1987). The unit occurs on high hill-
tops in the eastern Virginia Piedmont at elevations ranging
from 300 to 530 feet. The exceptionally high elevations of oc-
currence and the presence of faults within the unit (Johnson and
others 1987) suggest that the eastern Piedmont upland gravel
unit was tectonically uplifted and warped after it was deposited.
The unit is encountered along the highest interfluves between
major river valleys, so it probably was once continuous over

most or all of the eastern Piedmont (text-fig. 1, yellow area).
The age of this unit has remained controversial. At various
times, its age has been considered to be Oligocene and Miocene
(Pazzaglia and Gardner 1993), Miocene (Owens and Minard
1979; Pazzaglia 1993), middle Miocene or older (Johnson and
others 1987), late Miocene (Fleming and others 1994; Drake
and Froelich 1997), late Miocene or early Pliocene (Weems
1986), or Pliocene(?) (Wentworth 1930). Until now, the only
firm older age limit that could be placed on this unit in the vicin-
ity of Virginia was early Miocene (mid-Burdigalian, ca. 17 Ma),
based on the age of the Fairhaven Member of the Calvert For-
mation that lies unconformably beneath it in the District of Co-
lumbia (Fleming and others 1994). The younger age limit is the
age of the Thornburg Scarp along the western edge of the Tide-
water Fall Line (text-fig. 1) that bounds the unit on its east,
which is mid-Pliocene (Piazencian, ca. 3.5 Ma) in age (Mixon
and others 1989).

Beneath the western margin of the Coastal Plain, intermittent
Cenozoic fault motion has been documented in two areas
(text-fig. 1): the northeast-trending Stafford fault system near
the city of Fredericksburg (Mixon and Newell 1977) and the
north-south trending Dutch Gap fault east of the city of Peters-
burg (Dischinger 1987). Some of this or similar fault motion
formed local sediment traps that preserve remnants of marine
stratigraphic units once widespread across the western Virginia
Coastal Plain but subsequently removed from most areas by
erosion. One such locality is the Caroline Stone Quarry in Caro-
line County (text-fig. 1, locality CQ, approximately 170 feet
original pre-excavation ground-surface elevation). There, six
thin Coastal Plain marine units have been recognized in what is
probably a fault-bounded trough (Marr and Ward 1987; Dooley
1993). This locality offers an exceptional opportunity to gauge
the original extent of a number of major marine transgressions
across the western Coastal Plain in Virginia. Additionally,
northwest of Fredericksburg, Virginia (text-fig. 1, locality F,
approximately 315 feet ground surface elevation), an auger hole
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TEXT-FIGURE 1
Map of much of eastern Virginia, showing the major geomorphic boundaries in that region. Fall lines and scarps are from Weems (1998). Fall lines fol-
low deeply eroded scarps, and are expressed as fall zones (typically several miles long) along major and many minor streams. The Tidewater Fall Line
coincides with the Thornburg Scarp. The modern Coastal Plain (shaded green) lies mostly east of the Tidewater Fall Line and is characterized by roughly
linear, down-slope stream-drainage patterns. Stream patterns across most of the eastern Piedmont region (shaded yellow) are similar to those found in
the Coastal Plain, which suggests a former veneer of Coastal Plain sediments once blanketed that region as well. The star marked “CQ” is the Caroline
Stone Quarry. The star marked “F” is an auger hole site where late middle Miocene beds also were encountered. Circles labeled “C” are known localities
of the upper Choptank Formation. The triangle marked “B, C?” is an area in Bon Air where the eastern Piedmont upland gravel unit overlies weathered
clayey and silty very fine sands that are probably referable to the upper Choptank Formation. The circle marked “C?” is a region in Lunenburg County
underlain by Caroline coastal plain soils (McDaniel and others, 1981). Circle marked “S” is the westernmost known outcrop of the St. Marys Formation.
Triangles labeled “B” are representative localities of the eastern Piedmont upland gravel unit. Dashed lines show the approximate updip limit of the mid-
dle Eocene Piney Point Formation and the lower Miocene Popes Creek Sand Member of the Calvert Formation.



through a sandy phase of the eastern Piedmont upland gravel
unit yielded clayey, very fine sandy silt at about 270 feet eleva-
tion that contained dinoflagellates. Dinoflagellate data, derived
from both of these localities, strongly suggest that the likely age
of the eastern Piedmont upland gravel unit is late middle Mio-
cene.

PRESENT WORK

The strata preserved at the Caroline Stone Quarry are summa-
rized in text-figure 2 and placed chronostratigraphically in
text-figures 3 and 4. The dinoflagellate assemblages are shown
in Table 1. The preserved sequence includes the upper
Paleocene Paspotansa Member of the Aquia Formation, the
lower Eocene Potapaco Member (Bed A) of the Nanjemoy For-
mation (not the Woodstock Member as indicated by Marr and
Ward 1987), the middle middle Miocene Calvert Beach Mem-
ber of the Calvert Formation, the upper middle Miocene Boston
Cliffs Member of the Choptank Formation as indicated by Marr
and Ward (1987) (not the St. Marys Formation as suggested by
Barnes and others, 2004), the upper upper Miocene Eastover
Formation, and nearshore strata of the upper Pliocene
Yorktown Formation. All of these units formed in marine envi-
ronments, though the Yorktown sediments grade upward and
laterally in areas near the quarry into onshore deltaic deposits of
the Brandywine Member of the Yorktown (Weems 1986).

Dinoflagellate cysts in sediments are useful for both biostrati-
graphy and paleoecology. Because dinoflagellates are plank-
tonic organisms, the patterns of cyst distribution do not reflect
water depth. Their patterns of occurrence, however, do relate to
factors such as sea-surface temperature, nutrient supply, and
fluctuating salinity. In general, nearshore dinoflagellate assem-
blages have low diversity and are strongly dominated by one or
only a few species. Offshore dinoflagellate assemblages tend to
be much more diverse and not to be dominated by any
particular taxon.

The dinoflagellate floras recovered from the Paspotansa mem-
ber of the Aquia and the Potapaco (Bed A) member of the
Nanjemoy both have moderately high diversity and are not
dominated by any single species. This suggests accumulation in
offshore (though not far offshore) environments of deposition.
At the time these deposits were accumulating, the sea must have
transgressed onto the eastern portion of the present Piedmont
well beyond the present outcrop limit.

At the base of the Calvert Beach Member, numerous rounded
and reworked calcareous sandstone pebbles and cobbles are
present that contain unidentified molds of mollusks. A sample
from one of these clasts contains dinoflagellate assemblages of
at least two different ages (Table 1, R6135 A). Cerebrocysta
satchelliae de Verteuil and Norris 1996 indicates that material
from the early Miocene zone DN2 of de Verteuil and Norris
(1996) is included. The only units of this age known from the
central and western Virginia Coastal Plain are the Popes Creek
Member of the Calvert Formation (Gibson 1983) and the proba-
bly coevel Newport News beds of Powars and Bruce (1999).
An older assemblage is also present. Its age is restricted to the
range of Corrudinium incompositum (Drugg 1970) Stover and
Evitt 1978, which is middle Eocene to early Oligocene. The
only unit of this age known from the central and western
Coastal Plain is the middle Eocene Piney Point Formation
(Ward 1985). Neither the Piney Point nor the Popes Creek are
known within twenty miles of this locality at the present time
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TEXT-FIGURE 2
Columnar section of sediments exposed in the Caroline Stone Quarry,
adapted from Marr and Ward (1987) with the following revisions and ad-
ditions: 1) The Nanjemoy Formation is represented by the Potapaco
Member (Bed A) and not by the Woodstock Member as previously re-
ported. 2) The Calvert Beach Member of the Calvert Formation is recog-
nized (Dooley, 1993). 3) The basal lag bed of the Calvert Beach Member
of the Calvert Formation contains reworked indurated clasts of the Popes
Creek Sand Member of the Calvert Formation. 4) The clasts from the
Popes Creek Member also contain reworked dinoflagellates from the
Piney Point Formation.
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TEXT-FIGURE 3
Neogene stratigraphic units known from the central Virginia Coastal Plain. Units marked with a star are represented at the Caroline Stone
Quarry. Based on presence or absence of units at this site, and evidence for distance to shore from contained dinoflagellate floras, a curve of
relative transgression distances has been created indicating times of maximal inundation. The single strongest transgression that can be
documented directly is the upper Choptank transgression about 12-13 Ma. Strong transgressions are inferred also at about 14 Ma and 20
Ma. Solid curves are from evidence available in the western Coastal Plain of central Virginia. Dashed lines are inferred from work done in
and near the Chesapeake Bay Crater (Powars and Bruce 1999) for the lower Miocene interval. Numerical ages are from Gradstein and oth-
ers (2004). Curve numbers are from Haq and others (1988), but their ages and intensities have been modified to fit newer data presented in
Billups and Schrag (2002) and Gradstein and others (2004).



(text-fig. 1), but the preserved clast indicates that both units
once were widespread up to the Tidewater Fall Line.

It is difficult to evaluate the depositional environment of the
dinoflagellate flora recovered from the indurated nodules of the
Popes Creek Sand Member of the Calvert Formation, because
this flora includes reworked taxa probably from the Piney Point
Formation. Even so, diversity is moderate and no single species
dominates the composite assemblage. Therefore, part or all of
the eastern Piedmont also probably was covered by these trans-

gressions. This conclusion is supported by data gathered for an
extensive middle Eocene transgression in North Carolina south-
east of Raleigh (Cabe 1984; Ward 1992), and by data gathered
for an early Miocene transgression in the District of Columbia
(Fleming and others 1994), and in southern Maryland (Gibson
1983). These data collectively suggest that both the Piney Point
and the Popes Creek depositional events represent times of ma-
jor westward transgression of the Atlantic Ocean across the
Coastal Plain and onto the eastern Piedmont (text-fig. 3,
text-fig. 4).
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TEXT-FIGURE 4
Paleogene stratigraphic units known from the central Virginia Coastal Plain. Units marked with a star are represented at the Caroline Stone Quarry.
Based on presence or absence of units at this site, and evidence for distance to shore from contained dinoflagellate floras, a curve of relative transgression
distances has been created indicating times of maximal inundation. An especially strong transgression is inferred at about 42 Ma (Cabe 1984; Ward
1992). Solid curves are from evidence available in the western Coastal Plain of central Virginia. Dashed lines are inferred from work in South Carolina
and Georgia (Edwards 2001) and work done in and near the Chesapeake Bay Crater (Powars and Bruce 1999) for the middle Eocene through Oligocene
interval. Numerical ages are from Gradstein and others (2004). Curve numbers are from Haq and others (1988).
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TEXT-FIGURE 5
Approximate structure contour map of the base of the upper Choptank/Bryn Mawr depositional package. Despite sparse data points, a prominent flexure
is apparent along the Tidewater Fall Line. This indicates 100-200 feet of tectonic offset on the base of the unit along this feature some time after the mid-
dle Miocene, probably during the late Miocene. The slope of the base of this unit averages about 7 feet per mile eastward, both east and west of the Tide-
water Fall Line, indicating that most of the tectonic motion was vertical. Steepened gradients in the vicinity of the Chesapeake Bay impact crater may be
due to the effect of long-term differential settling and dewatering within the crater fill. Structure contours beneath the Coastal Plain are partially con-
strained by localities from Powars and Bruce (1999) (white circles), which give current elevations of tops of units that are older than the upper Choptank
(usually the top of the Calvert Formation). The base of the upper Choptank must have lain at elevations higher (i.e., greater than) the top of units that lay
beneath it. Thus, except in the vicinity of the Watkins School core where the upper Choptank is still preserved, the approximated structure contours could
lie east of where they have been placed, but they could not lie much farther west.



41

Stratigraphy, vol. 4, no. 1, 2007

TEXT-FIGURE 6
Diagram showing the stages in the development of the modern eastern Piedmont landform in the middle Miocene and Pliocene. A – Late Serravallian
transgression of the Choptank sea covers all pre-existing Coastal Plain units in eastern Virginia and spreads far westward into the Piedmont up to a
fault-bounded rising upland. B – Late Serravallian deposition partly fills the Choptank sea in the east, and fluvial-deltaic deposits spread eastward across
the Choptank marine deposits from a rising fault-bounded upland within the Piedmont. C – Choptank sea retreats eastward, and a reactivation of fault
motion occurs along the Thornburg Scarp and the future position of the Tidewater Fall Line. D – Late Pliocene Yorktown sea spreads westward up to the
Thornburg scarp, largely reworking the Choptank (and also Eastover) marine deposits east of the Thornburg Scarp and depositing its own sediments in
their stead.



All of these stratigraphic intervals mark major transgressions
across the Coastal Plain and onto the eastern edge of the
Piedmont. Even so, the flora from the upper Choptank Forma-
tion (i.e., strata laterally equivalent to the Boston Cliffs Mem-
ber and (or) the Conoy Member of the Choptank Formation in
Maryland) has a higher diversity of dinoflagellates than any of
the other units present at this site. This implies that, during the
late middle Miocene (about 12-13 Ma), the Atlantic Ocean
transgressed farther across the eastern portion of the Piedmont
than at any other time that can be documented adequately at the
Caroline Stone Quarry site. Because beds of this age are rarely
encountered, occurring in Virginia only as localized remnants
(text-fig. 1) near Newport News (Watkins School site; Edwards
and others, 2004), near Oak Grove (Gibson and others 1980),
and in Shockoe Valley in Richmond (de Verteuil and Norris
1996), it has not been appreciated in the past that this was one of

the major trangressive events in Coastal Plain history. However,
the diverse dinoflagellate flora preserved in this unit at the
Caroline Stone Quarry site, as well as the consistently very
fine-grained, silty, and diatomaceous texture of this unit up to
its westernmost preserved edge, attest that this transgression ex-
tended farther into the Piedmont than any other transgression
that can be documented in the stratigraphic column of the
Virginia Coastal Plain.

Above the Choptank, the assemblage from the Eastover Forma-
tion is moderately diverse but dominated by a single species
(Operculodinium Wall 1967 sp.). This pattern indicates that the
Eastover transgression was far less expansive westward than the
earlier transgressions documented in this area. The highly oxi-
dized upper Yorktown beds were not successfully sampled for
dinoflagellates, but the presence of Ophiomorpha burrows, me-
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TABLE 1

Stratigraphic distribution of dinoflagellates observed in samples from the Caroline Quarry (locality CQ in Fig. 1, 37.9067
o

N, 77.4797
o

W). Sample po-
sitions shown in text-figure 2. X = present, R = present but presumably reworked.



dium-grained sands, and prominent cross-bedding all indicate a
nearshore depositional environment during a transgression that
peaked in the late Pliocene about at the present Tidewater Fall
Line. No later transgressions are known that extended this far
inland (Weems 1986).

In the northwest corner of the Fredericksburg, Virginia
7.5-minute quadrangle (text-fig. 1, locality F), an auger hole
through the Piedmont upland gravel unit yielded a sample of
clayey, very fine sandy silt at approximately 270 feet elevation
that contains dinoflagellates (Table 2, right column) character-
istic of the same upper Choptank interval (upper middle Mio-
cene, DN7) encountered in the Caroline Stone Quarry at an
elevation of approximately 125 feet (Table 1, Choptank Forma-
tion column). The high diversity of the sample comes from a
large number of protoperidiniacean species (presumed to be

heterotrophic), so this sample may represent a nearshore,
nutrient-rich environment. This updip occurrence demonstrates
directly that the Piedmont upland gravel unit of the eastern
Piedmont cannot be any older than the 12-13 Ma upper
Choptank unit exposed at the Caroline Quarry, and additionally
suggests that the deposits near Fredericksburg have been up-
lifted 100-200 feet relative to the Caroline Stone Quarry site due
to post-depositional tectonism (text-fig. 5). Weathered unfossil-
iferous very fine-grained strata, of very similar lithology and at
a nearly identical elevation, lie beneath the Piedmont upland
gravel unit in Bon Air (Johnson and others 1987). These depos-
its here are referred to the upper Choptank (text-fig. 1, circle
marked B, C?). The eastern Piedmont upland gravel unit at the
Fredericksburg site is more sandy than gravelly and contains
several subtle fining upward sequences that suggest the fluvial
sands lie with some degree of unconformably upon the marine
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TABLE 1

continued.



sandy silts. This apparent angularity could suggest a much
younger age for the Piedmont upland gravel unit, but it is just as
plausible that the observed unconformable relationships simply
reflect the relatively rapid meanderings of delta distributary
channels within an offlap depositional sequence, where
fluvio-deltaic sands and gravels were prograding into a shallow,
high-stand sea. Thus, based only on lithologic criteria, the
Piedmont upland gravel unit could be either onshore fluvio-
deltaic deposits coeval with the upper Choptank Formation or a
distinctly younger unit resting unconformably upon the upper
Choptank.

If the eastern Piedmont upland gravel unit is significantly youn-
ger than the Choptank, only laterally equivalent marine units
older than the upper Yorktown Formation need to be consid-
ered as possible correlatives. This is because, by the time that
the upper Yorktown deposits at the Caroline Quarry accumu-
lated, the Thornburg Scarp was already in existence and
blocked the upper Yorktown transgression from extending any
farther inland except for fluvial/estuarine deposits that extend
westward along the major rivers (Weems 1998). Where such
deposits have been mapped along the James River (Goodwin
1970) they clearly extend up a broad river valley that was al-
ready deeply incised into the Bon Air uplands and thus repre-
sent deposits distinctly younger than the eastern Piedmont
upland gravel unit. Additionally, the gravels associated with the
late Yorktown transgression are composed almost entirely of
very stable quartzite and vein quartz clasts that appear to have
been reworked from the older eastern Piedmont upland gravel
unit. The eastern Piedmont upland gravel unit contains ghosts
of many other kinds of igneous and metamorphic clasts that are
extremely leached and weathered, so those clasts did not sur-
vive reworking (Weems 1986). As incisement of the eastern
Piedmont upland was already well under way by the time of the
late Yorktown (late Pliocene), only units younger than the up-
per Choptank and older than the upper Yorktown are possible
candidates for offshore equivalents to the eastern Piedmont up-
land gravel. These candidates are, from oldest to youngest, the
St. Marys Formation (early late Miocene), the Eastover Forma-
tion (late late Miocene), and the Sunken Meadow Member of
the Yorktown Formation (early Pliocene).

The early late Miocene, when the St. Marys Formation was de-
posited (text-fig. 4), was a time of relatively low global sea lev-
els (Haq and others 1988; Miller and others, 2005). The
westernmost St. Marys deposit found in this general area, a
clayey silt sampled at a site seven miles northeast of Petersburg
in Chesterfield County (elevation about 80 feet above sea level,
labeled S in text-fig. 1), contains an inshore dinoflagellate flora
with abundant pollen and plant debris that accumulated in a
low-energy, nearshore depositional setting (Table 2, right col-
umn). Therefore, the St. Marys is not a reasonable candidate for
correlation with the Piedmont upland gravel unit, because it
cannot be associated with a depth of transgression great enough
to flood or back up sediment across the eastern Piedmont. In the
very late Miocene, global sea levels rose again, and this rise in
global eustatic sea level correlates well with the Eastover trans-
gression that produced nearshore deposits at the Caroline Stone
Quarry site in the vicinity of the Tidewater Fall Line. Again,
however, the near-shore nature of these deposits at the Caroline
Quarry does not indicate a depth of transgression great enough
to have allowed a regional accumulation of the widespread east-
ern Piedmont upland gravels. Although no deposits remain in
the area, it is worth considering the early Pliocene Sunken
Meadow Member of the Yorktown Formation. Gibson (1967)

has provided evidence that the Sunken Meadow transgression
was more widespread than its present distribution would sug-
gest, but even so he considered its maximum depth of transgres-
sion to be no more than 250 feet above modern sea level. This is
slightly less than the maximum depth of the later Yorktown
transgression that was blocked by the Thornburg Scarp, and
again is insufficient to allow a regional accumulation of the
widespread eastern Piedmont upland gravels.

The relatively nearshore flora and depositional fabric in all
younger candidate units leaves the upper Choptank unit as the
only plausible equivalent to the eastern Piedmont upland gravel
unit, because patches of eastern Piedmont upland gravel and
sand are found across the Piedmont up to 35 miles west of the
Tidewater Fall Line (text-fig. 1, triangles labeled “B”) and this
westward extent is comparable only to the degree of westward
transgression suggested by dinoflagellates for the late middle
Miocene upper Choptank transgression.

The abundance and thickness of the upland gravels seem some-
what anomalous when compared to the energy of the depos-
itional regime that formed the very fine grained marine deposits
of the upper Choptank, but it needs to be kept in mind that only
the lower portion of the original upper Choptank Formation re-
mains east of the Tidewater Fall Line, and that any still-stand
progradational deposits that once may have overtopped this se-
quence are long since gone. Thus, due to the local depositional
geometry and setting, toward the east (seaward) only early
transgression deposits are preserved and toward the west (land-
ward) mostly progradational still-stand deposits of slightly
younger age are preserved. The westernmost extent of these
gravel outliers presently is constrained by portions of three
geomorphic features, the Nutbush Fall Line, the Central
Piedmont Fall Line, and the Stevensburg Scarp (text-fig. 1). As
the Piedmont upland gravel unit locally is incised into the
Piedmont upland surface west of the Nutbush Fall Line along
major rivers such as the Roanoke, it seems likely that these fea-
tures already existed in the late middle Miocene and constrained
the inland extent of the late middle Miocene transgression. The
presence of such uplands to the west would help to explain the
large volume of pebbles and cobbles in the upland gravel unit,
especially those that once were metamorphic or igneous rocks
now completely saprolitized. This scenario is compatible with
what little is known from the heavy minerals in this part of the
section. At the Haynesville core in Richmond County, Virginia
the upper Choptank unit is absent, but the immediately underly-
ing Calvert Beach Member of the Calvert Formation is present,
as is the immediately overlying St. Marys Formation. In the up-
per Calvert, hornblende and epidote are only about half as abun-
dant as they are in the St. Marys, indicating a significant influx
of first-cycle metamorphic and igneous minerals immediately
after the middle Miocene (McCartan, 1989). This indicates that
at least the western part of the Piedmont must have been
tectonically reactivated during or right after the time of the
upper Choptank transgression.

Further support for the association of the eastern Piedmont up-
land gravel unit with the middle Miocene comes from studies
much farther south in Georgia. There, a unit called the Screven
Member of the Altamaha Formation (Huddlestun 1988) appears
to be of the same age and to have the same characteristics as the
eastern Piedmont upland gravel unit in Virginia. The Screven
Member, unlike the eastern Piedmont upland gravels, is in the
western Atlantic Coastal Plain Province, but this is in an area
where the coastal plain deposits have undergone significant up-
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TABLE 2

Stratigraphic distribution of dinoflagellates observed in samples from Chesterfield County (locality S in text-fig. 1, 37.3290
o

N, 77.3629
o

W) and from
Stafford County, Virginia (locality F in text-fig. 1, 38.3709

o
N, 77.4982

o
W).



lift and warping west of the Orangeburg Scarp similar to the
pattern seen for the upland gravel unit. Lithologically, the two
units are quite similar. Huddlestun (1988) described the
Screven as a prominently cross-bedded, feldspathic, pebbly
sand that locally contains gravel beds with cobbles up to 7
inches (18cm) in diameter. In Georgia, the Screven Member
overlies deposits of the Meigs and the Berryville Clay members
of the Coosawhatchie Formation, which Huddlestun assigned
to the lower Serravallian. Huddlestun noted that the Screven of-
ten lay unconformably upon the Coosawhatchie, but he consid-
ered this to be the result of lateral channel migrations that
occurred very shortly after deposition of the underlying
estuarine to shallow marine strata. In other places, he noted that
the Screven sequence seems to be conformable with underlying
strata, and also that the fluvial Screven deposits seemed to
grade down dip into deposits of either the Meigs Member or the
Berryville Member. The Meigs Member and much of the
Berryville Clay Member are lower Serravallian in age (contain-
ing a DN5 dinoflagellate flora), but it since has been established
that there are very similar-looking diatomaceous deposits that
are slightly younger and upper Serravalian in age, based on the
DN7 dinoflagellate flora that they contain (Weems and Ed-
wards, 2001). We suggest that it is this upper Berryville Mem-
ber with which the Screven Member intertongues, and that the
Screven is time-equivalent to the eastern Piedmont upland
gravel unit, with which it is so very similar lithologically and in
its depositional setting.

As noted by Huddlestun (1988), the Screven is lithologically
very unusual for an Atlantic Coastal Plain unit because it is so
predominantly fluvial in character and so areally wide-spread.
Except for a few Cretaceous deposits, such as the Patuxent and
Potapsco formations in Maryland and Virginia, and the Cape
Fear and Tuscaloosa (s.l.) formations in Georgia and the Caroli-
nas, Atlantic Coastal Plain deposits almost all formed in marine
shelf environments. Fluvial deposits landward of these units ei-
ther never formed or were quickly eroded away, leaving only a
sparse record of onshore deposition, especially in the Cenozoic.
Thus, while the strongly fluvial character of the eastern
Piedmont upland gravels in Virginia might suggest that they
represent a deposit distinctly different in age than the upper
Choptank marine beds, the occurrence of very similar deposits
of the same age in Georgia and South Carolina, with a similarly
contrasting onshore and offshore character, indicates that the
contrast in depositional setting of the onshore and offshore
components of the eastern Piedmont upland gravel and upper
Choptank depositional packages occurred elsewhere at that
time.

The deposition of a widespread, feldspathic fluvial unit across
the southern Atlantic Coastal Plain and the eastern Piedmont of
Virginia at the same time that a strong late Serravallian trans-
gression was occurring, suggests that this transgression coin-
cided with the beginning of a significant uplift in the entire
Appalachian interior region that ultimately produced the mod-
ern Southern Appalachians. The abrupt appearance of abundant
labile heavy minerals in the sands of the immediately younger
(Tortonian) St. Marys Formation (McCartan 1989) also sup-
ports this age for the beginning of uplift in the interior modern
Appalachian region. This transgression, in conjunction with the
presence of the uplifted Thornburg Scarp by 3.5 Ma (Mixon
and others 1989), brackets the interval of major modern Appa-
lachian uplift to between 13 Ma and 3.5 Ma, or the latest Middle
Miocene to early Pliocene.

This same time interval also brackets the timing of uplift of the
eastern Piedmont in Virginia. Interestingly, the presence of a
sand and gravel unit up to 70 feet thick across the eastern
Piedmont during the early phase of this uplift meant that the
river and stream systems that formed after the Choptank regres-
sion in this area were incised into an unconsolidated, broadly
planar-bedded substrate. This resulted in a linear, down-slope
stream-drainage pattern that is nearly identical to the stream
flow patterns developed on the Atlantic Coastal Plain farther
east. The total amount of uplift, while sufficient to block any
further marine transgressions across this region, has been insuf-
ficient to allow most of the drainage patterns to adjust to the
structural grain of the Piedmont rocks that lie beneath the
Coastal Plain cover that once blanketed the region. This ex-
plains why the stream drainage patterns in the eastern Piedmont
of Virginia are very much like the stream drainage patterns
found in the Coastal Plain and contrast sharply with the predom-
inantly bedrock-adjusted drainage patterns found in the western
Piedmont of Virginia.

CONCLUSIONS

Based on available direct evidence, a major marine trangressive
event in the late middle Miocene (late Serravallian) resulted
both in the deposition of the upper Choptank Formation and the
onshore to nearshore deposits of the eastern Piedmont upland
gravel unit in Virginia. This transgression was the most west-
ward that can be documented so far for any time interval within
the Cenozoic Era. Remnant patches of these gravels extend
westward far enough to indicate that the eastern Piedmont of
Virginia at one time was completely buried beneath these de-
posits. During the subsequent regression, the eastern Piedmont
region developed a linear, down-slope stream-drainage pattern
on this thick gravel deposit that is similar to that seen through-
out the Coastal Plain. This sand and gravel depositional event,
and the subsequent stream flow pattern developed upon it, best
explains the strong geomorphic contrast between the eastern
and western Piedmont regions of Virginia and the lack of
geomorphic contrast between the eastern Piedmont and Coastal
Plain. If the upper Choptank Formation is age equivalent to the
eastern Piedmont upland gravel unit, then the present geomor-
phology of the eastern Piedmont in Virginia must have devel-
oped between 13 Ma and 3.5 Ma. This matches the timeframe
for uplift of the modern Appalachian Mountains in the south-
eastern United States.
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