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GEOLOGY OF THE NORFOLK NORTH QUADRANGLE, VIRGINIA
By William J. Barker and Eric D. Bjorken

EXPLANATION

UNIT CHARACTERISTICS

Alluvium, sand, and marsh sediment: Es-
tuarine-beach, dune, tidal marsh, and fluvial
silt, sand, and clay with organic material

(peat) abundant in tidal marshes.

Tabb Formation: Lynnhaven Member; near-

shore marine sand and clay.

sections; not exposed at surface.)

Norfolk Formation: (in sections A—A’,
B—B’, and C—C’ only). Upper member;
facies—s, estuarine, fine to coarse sand;
ss, brackish marine silty sand and fluvial—
estuarine clayey silty sand; lower member

included with upper member.

Yorktown Formation (in sections A—A’,
B—B’, and C—C’ only): Nearshore marine

fossiliferous silty sand with minor layers of

clay, coarse sand, and coquina.

GENERAL LOAD BEARING CAPACITY

Good: 1,500 to 3,000 pounds per
square foot (6,341 to 12,682 kg per
'sq m)

Fair: 500 to 1,500 pounds per square
foot (2,114 to 6,341 kg per sq m)

Poor: up to 500 pounds per square
foot (up to 2,114 kg per sq m)

—————— Exposed, approximate, and inferred

DISCUSSION

The Norfolk North 7.5-minute quadrangle
area is approximately 60 square miles, about
half of which is covered with water. Portions
of the cities of Norfolk and Portsmouth on
the south and Hampton in the northwest
comprise the political subdivisions. Cities
were examined to establish the stratigraphic
framework, the distribution of geologic units,
morphology, and geologic and economic fac-
tors affecting land modification.

The area is highly industrialized near the
principle waterways and includes part of the
largest naval facility in the world. The
Elizabeth and Lafayette rivers, the main
drainages, flow through Hampton Roads in-
to the Chesapeake Bay. There is a well-
developed transportation network. The area
is served by the Norfolk and Western Railway
which maintains a large coal-loading facility
at Lamberts Point.

Field work was done between November
1973 and February 1974. Over 200 test-
boring and hand-auger logs were obtained
from Herbert and Associates, Ltd., Virginia
Beach. Additional boring logs were obtained
from the Virginia Department of Highways
and Transportation, the Hampton Roads
Tunnel Commission, and the 5th Naval
District Command. All drilling consisted of
conventional core borings with samples ob-
tained at least every 5 feet of depth, using
standard split-spoons driven with 140-pound
(63-kg) hammers having a 30-inch (76-cm)
fall. Subsurface data were supplemented by
natural and man-made exposures. Physical
analyses, including sieve analyses, Atterburg
limits, specific gravity, hydrometer, relative
density, California Bearing Ratio, and con-
fined consolidation tests, have been per-
formed on samples from the Sand Bridge and
Norfolk formations.

MORPHOLOGY

Four prominent geomorphic features are
present in the Norfolk North quadrangle. The
most prominent is Willoughby Spit, composed
of storm deposited sand of Holocene age.
Early navigational charts do not show the
spit, therefore it is a relatively young feature
(personal communication, Gerald Johnson).

The eastward-trending Diamond Springs
scarp is located about 3.4 miles (5.5 km)
south of Willoughby Spit, approximately
coincident with the silty sand and sand facies
contact of the Sand Bridge, Formation. It
is a narrow band of late Pleistocene high-
energy sands bordered on the north by beach
sediments of Holocene age. Tidal inlets,
many of which have been filled, dissect the
scarp and Holocene deposits.  Without
subsurface data the scarp is only faintly
recognizable.

The small area on the north side of
Hampton Roads in the northwest corner of
the mapped area is part of the Hampton flat
(Coch, 1971). The Hampton flat, underlain
by the Lynnhaven Member of the Tabb
Formation, is well described by Johnson
(1976, p. 10; Figure 3).

Sand Bridge Formation: Upper member;
facies—ss, shoal lagoonal silty sand; s, estu-
arine-beach, fine to coarse sand. (Lower
member included with upper member in
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GEOLOGIC AND ECONOMIC FACTORS
AFFECTING LAND MODIFICATION

Beach and dune deposits have potential as a
source of sand, permeability good, slope
stability good, aquifer recharge good, bearing
capacity poor to good, erosion resistance
fair. Marsh deposits: plasticity/sensitivity
high, bearing capacity low, permeability poor,
erosion resistence poor, silt source good, slope
stability poor, aquifer recharge poor.

Area of outcrop too small and urbanized to
have economic potential as a source of
sand; area below 8 feet elevation subject
to flooding.

Both facies have potential as a source of’

sand; ss has fair potential as a source of silt.
ss:  plasticity/sensitivity low to moderate,
bearing capacity poor to good, permeability
good, erosion resistance good, slope stability
good, aquifer recharge fair. s: plasticity/
sensitivity low, bearing capacity good, perme-
ability good, erosion resistance fair, slope
stability fair, aquifer recharge good.

Both facies have potential as a sand source;
ss has potential as a silt source. s: plasticity/
sensitivity low, bearing capacity good, perme-
ability good, erosion resistance fair, silt source
poor, slope stability fair, aquifer recharge
good. ss: plasticity/sensitivity moderate to
high, bearing capacity poor to good, perme-
ability poor to good, erosion resistance fair,
slope stability fair, aquifer recharge poor
to fair.

Yorktown sediments are not exposed in this
quadrangle. Depth below the surface makes it
presently uneconomic to mine the Yorktown.
Bearing capacity good.

STRATIGRAPHIC CONTROL
T| Depth of test boring on or elevation
| to a section

¢ Location of test or auger boring by
Herbert and Associates, Ltd., Virginia
Beach

X  Location of Virginia Department of
Highways and Transportation boring

O  Location of Soil Engineering Division,
5th Naval District Command boring

* Location of Hampton Roads Tunnel
Commission boring

The area south of the Diamond Sprin
scarp lies in the Deep Creek swale (Oaks an
Coch, 1973, p. 19; Figures 3 and 6). The
average elevation in the trough area is 5+ feet
(2+ m). Sands of the Sand Bridge Formation
underlie the Deep Creek swale except for
alluvial sands and organic silts of Holocene
age which occur in the tidal basins along the
Elizabeth River.

STRUCTURE

The area investigated lies just south of the
crest of the eastward-trending Fort Monroe
high (Richards, 1974, p. 12, Figures 1, 2).
According to Teifke (1973) the “basement”
surface upon which the late Mesozoic sedi-
ments were deposited has a regional easterly
dip of 40 to 50 feet per mile (8 to 10 m/km).
‘“Basement” rock was penetrated at a depth
of 2,243 feet (684 m) at Fort Monroe
(Cederstrom, 1945). Costain and Robinson
(1972) indicated considerable structural relief
on the ‘“‘basement’ surface based on magnetic
and gravity surveys. Increasingly stable tec-
tonic conditions are reflected in the upward
decrease in dip of the Cretaceous and younger
sediglents (Brown and others, 1972; Teifke,
1973.)

STRATIGRAPHY

The stratigraphic framework of the Outer
Coastal Plain has been established by Coch
(1968, 1971), Oaks and Coch (1973),
Johnson (1972, 1976), and Oaks and others
(1974). In the Norfolk North quadrangle the
Pleistocene Tabb and Sand Bridge formations
are exposed at the surface in addition to the
sediment of Holocene age. The Yorktown
and Norfolk formations occur in the shallow
subsurface but do not crop out.

Pliocene Series
Yorktown Formation

The Yorktown Formation occurs only in
the subsurface. @ The depth to the top
increases toward Hampton Roads and the
Elizabeth and Lafayette rivers (Figure 1). Its
top has a maximum depth of about 150 feet
(46 m) under Hampton Roads. Locally
between Willoughby Spit and the Lafayette
River the top is only 20 feet (6 m) below
mean sea level.

The distinctive molluscan fauna, highly
compact nature of the sediments, and a
greenish-gray color are the major character-
istics used to identify the formation from
boring samples. Most of the formation is
a massively bedded, compact, greenish-gray,
fossiliferous, fine sand. Quartz comprises the
bulk of the sand; enough glauconite, however,
is present to impart a greenish-gray coloration
to the formation. Layers of shelly material
composed of snails (Crepidula fornicata) and
attached barnacles (Balanus) and bryozoans
(Cheilstomata), and thin silty clay layers
are present.
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Johnson (1976, p. 21-22) interprets the
silty-sand facies as ““ . . . deposited on the
continental shelf in warm waters about 75 to
150 feet (23 to 46 m) deep. The bottom was
swept by gentle waves or currents and the
bottom waters were well oxygenated and
supplied with nutrients.”

Pleistocene Series
Norfolk Formation

The Norfolk Formation occurs only in the
subsurface. Locally it is absent and the
overlying Sand Bridge Formation lies directly
on the Yorktown Formation. Where the
Norfolk overlies the Yorktown the contact is
very distinctive. A sharp color change from
gray to greenish-gray commonly marks the
contact, although the greenish gray Yorktown
may be reddish orange locally. The reddish
orange is believed to be the result of
pre-Norfolk weathering (personal communi-
cation, B. L. Sutphin). Degree of con-
solidation changes across the contact, with
the Norfolk being less compact. The Norfolk
is sparsely fossiliferous. Over highs in the
Yorktown Formation, the Norfolk is absent
to only a few inches thick. The Norfolk may
be as much as 50 feet (15 m) thick where
deposited in channels cut into the Yorktown.

The Norfolk Formation is composed of a
lower member and an upper member with
three recognizable facies. Two of the facies
are shown on the cross sections. The lower
member is included with the facies of the
upper member on the geologic map. The
lower member, which is composed of clean
coarse quartz sand, ranges from 0 to 8 feet
(0-2 m) in thickness. Oaks and Coch (1973,
p- 43) interpret the lower member as a
beach sand.

Sand facies: The sand facies underlies the
Willoughby Bay area. It is composed of
light-gray to tan, fine to coarse sand with
some shell fragments and a trace of pea-size
gravel. To the south the sand facies inter-
fingers with the clayey silty sand facies.
North of Willoughby Spit the sand facies
pinches out beneath Holocene sediments.
The maximum thickness is about 30 feet
(9 m). The environment of deposition is
interpreted to have been shallow, nearshore
marine and beach.

Silty-sand facies: This facies occurs west of
the Elizabeth River and pinches out to the
west beneath the Churchland flat. Fine sandy
silt and silty sand comprise the bulk of the
facies, which is interpreted as having been
deposited in a brackish-marine environment.

Clayey silty sand facies: South of the
Willoughby Bay area the Norfolk is composed
of the clayey silty sand facies, which is
poorly sorted sand, clayey silt, and silty sand.
The depositional environment is interpreted
to have been fluvial-estuarine and brackish
marine.

Sand Bridge Formation

The Sand Bridge Formation as defined by
Oaks and Coch (1963) is divided into a
homo%eneous lower member overlying the
Norfolk Formation and an upper member
consisting of four mappable facies. The lower
member is composed of massively bedded, tan
to light-gray, fine to medium sand with a
small amount of pebbles. The member is a
blanket deposit of variable thickness because
of erosion and reworking during deposition of
the clayey-sand facies of the upper member.
Locally the lower member has been removed
by erosion and the clayey-sand facies overlies
the Norfolk Formation. The upper and lower
members are illustrated as one unit in the
cross sections.

Two of the four facies of the upper
member crop out in the Norfolk North
quadrangle. The silty sand facies occurs in

the southern part south of the U. S. Naval
Reservation. It is dissected by channels
filled with alluvium. The facies is a clean,
homogeneous, fine to medium sand, having
silt concentrations of 10 to 35 percent. The
maximum thickness is slightly greater than 25
feet (8 m) and averages 12 to 14 feet (4 m).
Oaks and Coch (1973) interpret this facies to
represent river-influenced lagoonal deposits.

The sand facies crops out in the U. S. Naval
Reservation and eastward to the edge of the
mapped area. Locally the Norfolk Formation
has been removed by erosion and the sand
facies of the Sand Bridge unconformably
overlies the Yorktown. The sand facies can
be divided into a thin upper part and a much
thicker lower part. The lower part is com-
posed of tan to light-gray, fine to coarse
sand with variable amounts of pea-size gravel
and ranges in thickness from 10 to 40 feet
(3 to 12 m). The upper part is less homo-
geneous, tan to orangish-tan, silty, slightly
clayey fine to coarse sand and ranges in
thickness from 2 to 5 feet (1 to 2 m). The
sand facies is interpreted as a barrier deposit
(Oaks and Coch, 1973).

Tabb Formation

The Tabb Formation, which was named by
Johnson (1976, p. 32-39), is composed of
three members: Sedgefield, Lynnhaven, and
Poquoson. Only the Lynnhaven Member is
present in the mapped area. The member is
restricted to a small area in the extreme
northwest corner of the map. The Lynnhaven
crops out over the Hampton flat and has a
maximum thickness of 8 feet (3 m) in the
lfg;v’é%ort News North quadrangle (Johnson,

Thin basal gravelly sand overlain by clayey
sand and sandy clay comprise the Lynnhaven.
The bulk of the member is bluish-gray sandy
clay. “The Lynnhaven was deposited as
beach and nearshore-marine sediments.”
(Johnson, 1973, p. 37).

Holocene Series
Alluvium, Sand, and Marsh Sediments

Holocene surficial deposits have a sporatic
distribution and range from low-energy
organic silt to higher energy clean sand.
These sediments unconformably overlie older
stratigraphic units and range from only a few
inches to over 100 feet (30 m) in thickness.

All the smaller tidal tributaries in the area
are underlain by organic silt and silty sand.
In some areas these fine sediments occur as
much as 5 feet (2 m) above sea level and can
be recognized by the occurrence of a number
of species of marsh grass (Spartina).

Holocene sediments within the larger,

-deeper waterways are more variable. Clean,

fine to medium sand is deposited along the
shores of the Lafayette and Elizabeth rivers.
The presence of thick channel fills is evi-
denced from test borings that penetrated the
Holocene sediments. The separation of these
sediments from  those of wunderlying
Pleistocene is often difficult. A maximum
thickness of Holocene sediments is about 100
feet (30 m). The sediment composition is
variable with alternating silt and sand layers
reflecting minor changes in sea level. Some
thick sections of clayey and organic silts are
present indicating rapid siltation.

Higher energy Holocene sediments occur
along Willoughby Spit and the adjoining
beach-dune ridge complex. The sediment
consists of fine to coarse sand at elevations
ranging from 30 feet (9 m) along the dunes to
-5 feet (-2 m) under Willoughby Bay and
Spit. At lower elevations the sediment is finer
and contains more silt.
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Figure 1. Structure contour map of the top of the Yorktown Formation. (Dots are location of
subsurface control, heavy lines are structure contours with numbers representing elevations in

feet, thinner line is shoreline.)
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GEOLOGIC AND ECONOMIC FACTORS
AFFECTING LAND MODIFICATION

Several geologic factors must be considered
when the land’s surface is modified. Two
factors are of prime importance in the
Norfolk area: load bearing capacity and flood
potential. Load bearing capacity is based on
analysis of samples obtained by using a
standard split-spoon driven with a 140-pound
(63-kg) hammer having a 30-inch (76-cm) fall.
Analysis of bearing capacity has resulted in
three groups of measurements: good, 1,500
to 3,000 pounds per square foot (6,341 to
12,682 kg/sq m); fair, 500 to 1,500 pounds
per square foot (2,114 to 6,341 kg/sq m);
and poor, 0 to 500 pounds per square foot
(0 to 2,114 kg/sq m).

Flood-prone areas are those that may be
initially affected during extreme high water
before runoff or subsidence takes place. In
the study area elevations below 10 feet (3 m)
are classified as flood prone. The Ash
Wednesday storm of the early 1960’s is an
example of a severe storm that flooded areas
in excess of 8.0 feet (2.4 m) elevation above
mean sea level.

Extensive areas of fill were developed
along the Elizabeth and Lafayette rivers.
Essentially all the shoreline change between
1887 and 1973 is due to the accumulation of
fill. One of the larger areas of claimed land is
Craney Island. Fill material used to claim
land comes from dredging operations in
the Elizabeth and  Lafayette rivers and
Chesapeake Bay. Poorly designed fill may
lead to the following problems: (1) displace-
ment and erosion of adjoining land, (2) sur-
face water contamination from runoff, (3)
ground-water contamination from drain fields
or spills that enter the ground-water system,
(4) an increase in the mosquito population,
and (5) the loss of a biologically productive
resources such as oyster beds and grasses
(Marcellus, Dawes, and Silbehorn, 1973).

Well-designed fill and shoreline structures
have a positive effect in some areas.
Willoughby Spit is a good example of the
positive effect of shoreline structures. Groins
constructed along the north shore of the spit
have kept the spit stable. Without groins
the sediment would be eroded and carried
around the spit, speeding the filling of
navigable channels.

The following definitions refer to terms
used in the Explanation column headed
“Geologic and Economic Factors Affecting
Land Modification”.
aquifer recharge—capacity of a formation to
be recharged with ground water either by
lateral or downward percolation of ground
water.
erosion resistance—ability to resist erosion
primarily through the internal strength of the
stratum regardless of vegetation cover.
permeability—relative rate at which ground
water or induced water will move through
a formation.
plasticity—ability of a soil to deform
plastically under external loading; the
plasticity of a soil is directly proportional to
and varies with its moisture content.
sensitivity—relative change in physical char-
acteristics of a soil stratum when the stratum
undergoes reworking, remolding, or is sub-
jected to unusual external forces.
slope stability—ability of a slope to retain its
gradient. This is directly proportional to the
angle of repose of the material comprising
the slope.
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