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A chronological sequence of soils formed on a series of alluvial
depositional surfaces ranging in age from late—middle Miocene to
late Pleistocene was characterized to clarify soil—geomorphic re-
lations and provide a basis for allostratigraphic subdivision of the
inner Coastal Plain. On Quaternary river terraces, Ultic Haplu-
dalfs containing abundant weatherable mineral species and clast
types are estimated to have formed in 60,000—120,000 yr, whereas
Typic Hapludults greatly depleted in weatherable minerals and
showing strong weathering of clast types arc estimated (o be
700,000—1,600,000 yr old, Typic Palendults with incipient plin-
thite, duripan, and ferricrete development characterize interfluves
that have been little eroded since early Pliocene time (3.4-5.3 myr
ago). Typic—Plinthic Paleudults with intense weathering of sili-
ceous clasts and moderate to strong duripan and ferricrete devel-
opment are found on surfaces that formed near the beginning of
late Miocene time (10.8—13.0 myr ago). Chemical weathering in
the chronosequence may be classified into three progressive stages:
(1) decomposition of unstable sand- and silt-sized minerals into a
mixed (stable + unstable) clay—mineral suite (stable Fe + AUSi
bulk chemical composition, <10° yrj; (2) transformation of mixed
clay—mineral suite into a stable suite (increasing Fe + ALSI bulk
chemical composition, 10°~107 yr); and (3) transformation of sta-
ble suite into ultrastable clay—mineral suite (increasing Fe/Si bulk
composition, >107 yr). Not all soil properties show unidirectional
development, nor is a steady state of pedon development observed
even after approximately 107 yr of chemical weathering. Soil de-
velopment in the chronosequence is episodic. The transition from
one phase to the next is marked by a change in rate, and some-
times a reversal in the direction, of development of one or more
soil properties, ©1993 University of Washington.

INTRODUCTION

The middle Atlantic Coastal Plain province of the
southeastern United States is underlain by a seaward-
thickening succession of east-dipping, broadly deformed,
late Mesozoic—Cenozoic clastic sedimentary rocks that
lap westward onto basement rocks of the Picdmont prov-
ince (Fig. 1, inset). The Piedmont—Coastal Plain bound-
ary is sometimes drawn at the Fall Line, delineated by
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rapids in throughflowing rivers; however, because
Coastal Plain sediments extend west of the Fall Line in
many places, the term Fall Zone is also used.

Topographically, the Virginia Coastal Plain consists of
interfluvial upland remnants of a sequence of gently east-
sloping, laterally persistent, northeast-trending coastal
terraces bounded by linear east-facing scarps. These fea-
tures are entrenched and transected by southeast-flowing
streams flanked by fluvial terraces. The coastal terraces
descend progressively in altitude seaward and are under-
lain by surficial deposits that record cyclic transgressive—
regressive episodes. The scarps mark the positions of
abandoned shorelines (Oaks and Coch, 1973; Daniels and
Onuschak, 1974). Fluvial terraces that are colateral with
the coastal terraces were formed as drowned estuaries
during high stands of sea level (Pecbles et al., 1984).

Previous geomorphic studies have established that the
landforms west of the Surry scarp (Fig. 1, inset) are
largely of early Pleistocene age or older, whereas those to
the east are younger (Flint, 1966; Daniels et al., 1970,
1978; Oaks and Coch, 1973; Markewich et al., 1987). The
purpose of this study was to document the chronological
sequence of soils present on an extensive series of terrace
deposits found along the James River in the Fall Zone of
central Virginia (Fig. 1). Some of the oldest soils and
landforms in the Virginia Coastal Plain are present here,
along with fluvial terraces that correlate with coastal ter-
races farther east.

METHODS AND TERMINOLOGY

A reconnaissance map of surficial deposits and land-
forms was prepared by Howard in 1978 at 1:24,000 scale.
Because the surficial stratigraphic units in the study area
are of similar or identical lithology, map units are delin-
eated as allostratigraphic units (North American Com-
mission on Stratigraphic Nomenclature, 1983), that is, on
the basis of geomorphic expression. Relative-age rela-
tions were established on the basis of altitude, degree of
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FIG. 1.

Surficial geology of the Fall Zone and inner Coastal Plain of central Virginia, and locations of soil sampling sites. Allostratigraphic

subdivision is described in the text and Table 1. Modified from Goodwin (1970, 1980) and Daniels and Onuschak (1974).

dissection, weathering characteristics, and truncation of
landforms by erosional surfaces.

The nonmarine surficial deposits underlying the inter-
fluvial upland surfaces at the highest altitudes are isolated
by erosion from their downdip marine lateral equivalents.
Consequently, our age estimates for the oldest geomor-
phic surfaces and soils studied are based on two assump-
tions: (1) that the upland flats are primary depositional
surfaces formed when sedimentation ceased at the end of
each successively lower Tertiary transgressive—regres-
sive cycle and (2) that marine hiatuses mark times of
sea-level lows and hence, of exposure of each preceding
depositional surface to subaerial weathering. If these as-
sumptions are valid, approximate ages for the soil land-
scapes on the surfaces may be inferred confidently be-
cause soil formation usually begins soon after the end of
deposition (Colquhoun, 1974; Daniels ef al., 1978). The
older allostratigraphic units overlie marginal marine units
of the Chesapeake Group which consists of cyclic, shoal-
ing-upward sequences whose upper and lower contacts are
unconformities. Blackwelder (1981) has documented these
marine hiatuses biostratigraphically and provides evidence
that the unconformities coincide temporally with globally
recognized climatic—eustatic sea-level fluctuations.

Soil pedons were described, sampled, and classified as
outlined by Soil Survey Staff (1975). Two pedons on each

Quaternary terrace, and four pedons on the Tug3 terrace
north of Midlothian, Virginia were characterized in the
field and laboratory. Grab samples were collected of
argillic horizons at each of the other Tug3 sites and at one
site each of the Tugl and Tug? surfaces. The soils were
analyzed for particle-size distribution and chemical prop-
erties by standard Soil Survey methods. Relative Profile
Development (RPD) indices were calculated using the
method of Bilzi and Ciolkosz (1977). In this method,
points are assigned to soil properties to reflect strength of
development of a soil horizon relative to the C-horizon.
The geologic time scale of Berggren et al. (1985) was used.

Clay was separated from the <2-mm fractions of se-
lected samples by sieving and centrifugation. The <2-um
fractions were X-rayed with and without pretreatment for
the removal of Fe-oxides by the method of Jackson
(1956). Oriented mounts were prepared by a modified
suction-on-ceramic tile method using millipore filters.
Samples were K-saturated and X-rayed at 25°, 11¢°, 300°,
and 550°C, and then Mg-glycerol-solvated and X-rayed at
25° and 110°C. A Diano XRD-8000 diffractometer with a
PDP/8m computer, Cu-K-alpha x-radiation, and a graph-
ite monochromator were used to measure d-spacings.
Clay-sized gibbsite and kaolinite were determined guan-
titatively using a Dupont 990 thermal analyzer, and fol-
lowing the method of S. S. Tyengar and L. W. Zelazny
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{unpublished data), before and after pretreatment for re-
moval of Fe-oxides. The proportions of other minerals
present in each clay sample were then estimated from the
heights of their peaks relative to those of the minerals
determined quantitatively.

The silt fractions were separated by sieving and cen-
trifugation. Samples were X-rayed with and without
K-saturation in order to determine the presence of mica.
Oriented samples were prepared as for the clay and
X-rayed at 25° and 110°C; mineral quantities were esti-
mated from peak heights.

The medium to fine sand fractions were obtained from
the <2-mm fraction by sieving. Grain mounts were then
prepared using Canada balsam as a mounting agent.
Heavy and light fractions were obtained using tetra-
methyl bromine (sp. gr. = 2.9), Mineral frequencies are
based on petrographic examination and point counts of
300 grains per sample.

Free-Fe determinations were made using the superna-
tants from the Fe-oxide pretreatments, and atomic ab-
sorption spectroscopy. Determinations of total Fe, Al,
and Si were made using the <2-mm fraction, the total
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digestion procedure of Bernas (1968), and a Perkin-
Elmer atomic absorption spectrophotometer.

ALLOSTRATIGRAPHIC CLASSIFICATION

The principal geomorphic features delineated in the
study area (Fig. 1) include: (1) nearly level, mesalike in-
terfluvial upland surfaces, (2} a prominent north-trending
scarp at about 80-90 m elevation referred to hereafter as
the “‘Fall Zone scarp,” (3) fluvial terraces flanking the
James River, and (4) colluvium occupying sideslope po-
sitions and alluvium associated with small tributary
streams of the James River.

Six alloformations (afm) are defined in this report (Fig,
1; Table 1) (North American Commission of Stratigraphic
Nomenclature, 1983). The stratigraphic subdivision is
simplified and informal, and many more fluvial terrace
and upland gravel afms are differentiable, at least topo-
graphically (Mixon et ai., 1989).

The surficial deposits underlying the interfluvial up-
land surfaces above 30 m altitude include the Tugl, Tug2,

TABLE 1
Morphostratigraphic Classification of Surficial Deposits in the Fall Zone and Inner Coastal Plain of Central Virginia

General
geomorphic
classification

Allostratigraphic Altitude Estimated

unit designation (m)

age (10° yr B.P)

Weathering characteristics

Holocene alluvial 0-4 =5

fill

Qhpca

Pleistocene 4-7 60-120

river terraces

Qpt2

Qptl 20-30 700-1600

Pliocene—Miocene 40-70 34005300
upland gravel

units

Tug3

Tug2 90-100 10,800

Tugl 100135 13,000

Entisols and Inceptisols. Stratified alluvium of active channel and
floedplain. Unweathered clasts of granite, quartzofeldspathic
goeiss and schist, amphibolite, and arkose.

Uliic Hapludalf. Weakly developed, 10YR-7.5YR light clay loam
argillic horizon: Weak-moderate, medium subangular blocky
structure; sticky, slightly plastic; thin patchy clay fitms; weak
alteration of weatherable clast types.

Typic Hapludult. Moderately well developed, SYR heavy clay
loam argillic horizon: Moderate, medium subangular blocky
structure; sficky and plastic; thin continuous clay films; heavy
alteration of weatherable clast types in upper 1 m.

Typic Paleudult. Strongly developed, SYR~2.5YR clay argillic
horizon: Strong, medium subangular btocky structure; slightly
sticky and slightly plastic; medium continuous clay films;
reticulately mottled subsoil with incipient plinthite, duripan and
ferricrete development; weatherable clasts depleted or
thoroughly kaolinized; quartzite clasts intact with ferrzginous
weathering rinds less than 1 cm thick.

Typic Paleudult. Very strongly developed, 10R clay argillic
horizon: Strong, medium angular blocky structure; sticky and
plastic; thick continuous clay films; reticulately mottled subsoil
with moderate —strong plinthite, duripan and ferricrete
development; quartzite clasts with weathering rinds greater than
1 ¢m thick; some disarticulation of quartzite clasts.

Plinthic Paleudult. Very strongly developed, IOR clay argillic
horizon: Massive—strong, coarse angular blocky structure; very
sticky and plastic; very thick continuous clay films; reticulately
mottled subsoil with strong plinthite, duripan and ferricrete
development; most quartzite clasts disarticulated.
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and Tug3 afms. They are massive, or crudely horizontally
stratified and normally graded, composed of pebbly and
cobbly sand. They contain scattered boulders, and len-
ticular 10-cm-thick interbeds of massive or parallel-
laminated silty clay. The upland sand and gravel deposits
rest conformably or disconformably on fossiliferous,
shallow-marine sediments of the middle Miocene—early

Pliocene Calvert, Eastover, and Yorktown formations
(Daniels and Onuschak, 1974; Ward and Blackwelder,
1980).

The Tugl afm is present only south of the James River
(Fig. 1} as a deeply dissected landform that stands as a
lone mesa whose surface lies at 100- 135 m altitude. The
very strongly developed Varina soil (Plinthic Paleudult,

TABLE 2
Physical and Chemical Properties of Soils in the Fall Zone Chronosequence, Central Virginia
Organic Exchangeable Base
Depth Sand Silt Clay matter bases saturation
Horizon (cm) (%) (%) (%) pH {gke) (cmol(+)kg™") (%)
1. pt2 (Ultic Hapludalf; elev. = 5m)
A 0-23 42 41 17 6.9 250 R7 72
AB 23-18 40 46 14 — s = =
Bt 38-94 £ 29 32 7.0 3.0 9.2 70
BC 94-112 47 27 26 — — — -
(€ 112-135 52 28 20 7.1 1.0 6.7 72
2. Qpt2 (Ultic Hapludalf; elev. = 3.3 m)
A 023 34 47 19 53 18.0 30 34
BA 23-38 15 49 26 —_ -— — o
Bt 38-69 k) 34 35 - = o —
Bt2 69-89 15 43 32 5.2 3.0 5.8 42
BCt §9-107 3 38 31 — — . -
o 107 - 180 57 25 18 5.0 1.0 3.1 38
3. Qptl (Typic Hapludult; elev. = 27 m)
A 0-23 45 35 20 53 86 1.1 20
BA 23-46 32 45 23 — - -
Btl 46-61 31 51 18 — - — -
Bt2 61-104 29 31 40 59 13 6.0 53
Bl 104-157 41 21 38 — - - =
c 157-223 35 39 26 52 13 0.8 7
4. Qptl (Typic Hapludult; elev. = 20 m)
A 0-20 50 43 7 4.8 19.0 0.1 2
E 20-38 41 47 12 — - - .
BE 39-51 Er) 45 18 — = — —
Bitl 51-71 33 32 35 - — = =
Bt2 71-124 3 27 42 54 1.7 4.9 40
BCL 124-165 16 51 33 — — — —
C 165+ 46 28 26 5.3 1.0 1.0 10
5. Tugd (Typic Paleudnlt; elev, = 67 m)
A 0-5 52 39 9 4.3 390 0.3 2
E 5-13 48 42 10 — == = -
BE 13-46 440 36 24 —_ — =
Bil 46-66 37 29 34 — == = =
B2 66109 29 21 50 5.5 1.8 0.7 5
B3 109-152 36 19 45 — - e —
Cl 152180 32 22 46 5.1 14 0.2 1
6. Tug3 (Typic Paleuduit; elev. = 74 m)
A 5-10 57 33 10 4.8 8.8 0.2 3
E 10-25 35 32 13 — - =
Btl 25-56 42 23 35 — = — =
Bt2 56-86 38 20 42 5.1 3.1 1.4 12
B2 86— 117 33 19 48 5.3 14 2.1 16
7. Tug3 (Typic Paleuduit; elev. = 74 m)
A 0-5 56 32 12 6.2 51.0 7.3 55
E 5-13 54 36 10 — — — —
BE 23-43 49 37 14 — — = -
Btl 43-71 39 22 39 — - = =
B2 71-117 36 16 48 55 1.4 0.5 4
Be3 117-163 36 16 48 — — — -
BC 163-213 46 15 39 3.4 1.4 0.4 4
8. Tug3 (Typic Paleudult; glev. = 73 m)
A 0-5 46 43 11 44 61.0 04 ]
E 5-33 47 41 12 e == ==
BE 33-43 40 37 23 - — -
Bel 43-66 30 24 46 = =) = =
B2 66-54 25 20 55 5.5 18 09 7
B3 04122 23 20 57 — = == =
B4 122-152 24 23 53 — == e
C 152-178 26 28 46 3.3 08 0.4 4
Nate. Site locations keyed to Figure 1.
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FIG. 2. Soil horizon thicknesses in the Fall Zone chronosequence,

central Virginia. Allostratigraphic units abbreviated from Table 1.

clavey, kaolinitic, thermic) is characteristic of this afm
{Clay, 1975).

The Tug? afm is an erosional geomorphic surface adja-
cent to the James River and may represent an eroded
remnant of Tugl (Goodwin, 1980); however, farther north
and south this is clearly a discrete afm with a surface at
85—-100 m altitude, as shown by truncation of Tug2 by the
Fall Zone scarp and the presence of Tug3 gravels at lower
altitudes. The strongly developed Turbeville soil (Typic
Paleudult, clayey, mixed, thermic) is typical of this afm
(Hodges, 1978).

The Tugl and 2 afms at 90-135 m altitude are truncated
by the Fall Zone scarp, therefore, they predate deposition
of the late Miocene (5.3-10.4 myr) Eastover Formation,
and the cutting of the scarp during late Miocene time.
Because the youngest marine unit underlying Tugl is the
Calvert Formation, Tugl is no older than 14.2 myr B.P.
{Kidwell, 1984).

Vail and Hardenbol (1979) have recognized a eustatic
sea level fall 13 myr ago that coincides temporally with
the end of Calvert—Choptank deposition, and a similar
event 10.8 myr ago is correlated with the end of St.
Mary’s deposition (Blackwelder, 1981). Hence, the ages
of the relict depositional geomorphic surfaces and soil
landscapes west of the Fall Zone scarp are estimated to
be 10.8-13.0 myr.

The Tug3 afm east of the Fall Zone scarp at 40-70 m
altitude is a broad, flat, mesalike upland landform, and is
also present as an isolated remnant adjacent to the James
River in the Midiothian quadrangle (Goodwin, 1980). The
Faceville soil (Typic Paleudult, ¢layey, kaolinitic, ther-
mic) is the best-developed weathering profile on this afm
(Hodges, 1978). The late Miocene (5.3-10.4 myr) East-
over Formation extends west to the toe of the Fall Zone
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scarp and underlies the Tug3 afm at 50-70 m altitude,
whereas the Yorktown Formation of early Pliocene age
(3.4-5.3 myr) underlies the Tug3 afm at 40 m altitude
{Ward and Blackwelder, 1980). A marine hiatus is present
at the end of late Miocene time, and at the end of early
Pliocene time (Blackwelder, 1981). Hence, the ages of
soil landscapes on the Tug3 afm are estimated to be 3.4-
5.3 myr (Table 1),

Pleistocene fluvial terraces that flank the alluvial valley
of the James River have well-preserved terrace morphol-
ogy and depositional topography. The surficial deposits
consist of a basal sheetlike, discontinuous, pebbly to
bouldery gravel that may grade upward or laterally into a
finer sequence of sands and organic-rich muds (Peebles er
al., 1984),

The Qptl fluvial terrace surface at 20-30 m altitude
and the Qpt2 fluvial terrace at 5-7 m are probably cor-
relative with the Pleistocene Charles City Formation and
the Lynnhaven Member of the Tabb Formation, respec-
tively, as defined by Mixon et al. (1989). The Masada soil
(Typic Hapludult, clayey, mixed, thermic) is characteris-
tic of the Qptl afm (Clay, 1975; Hodges, 1978), and the
Pamunkey soil (Ultic Hapludalf, fine-loamy, mixed, ther-
mic) is the best-developed well-drained soil on the Qpt2
afm.

The age of Qptl is poorly defined isotopically. Assum-
ing that negligible tectonic uplift of the James River basin
has taken place, the age of the afm may be in the 700,000-
to 1,600,000-yr range because this terrace lies well above
any of the reconstructed sea level stands of the past
700,000 yr. The oxygen isotope record of deep-sea sedi-
ments suggests that prior to that time the amount of gla-
cier ice was considerably less (Van Donk, 1976; Williams
ef al., 1988),
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FIG. 4. Particle size distribution with depth in scils of the Fall Zone chronosequence. Soils developed on deposits of Pleistocene age (QJpt) are
Hapludalfs and Hapludults, whereas those on late Tertiary deposits (Tug) are Palendults. Site locations keyed to Table 2.




