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Geologic Resources Inventory Map Document
Petersburg National Battlefield,
Virginia

Document to Accompany
Digital Geologic-GIS Data

pete_geology.pdf

Version: 6/12/2019

This document has been developed to accompany the digital geologic-GIS data developed by the
Geologic Resources Inventory (GRI) program for Petersburg National Battlefield, Virginia (PETE).

Attempts have been made to reproduce all aspects of the original source products, including the
geologic units and their descriptions, geologic cross sections, the geologic report, references and all
other pertinent images and information contained in the original publication.

This document contains the following information:

1) About the NPS Geologic Resources Inventory Program — A brief summary of the Geologic
Resources Inventory (GRI) Program and its products. Included are web links to the GRI GIS data
model, and to the GRI products page where digital geologic-GIS datasets, scoping reports and
geology reports are available for download. In addition, web links to the NPS Data Store and GRI
program home page, as well as contact information for the GRI coordinator, are also present.

2) GRI Digital Maps and Source Map Citations — A listing of all GRI digital geologic-GIS maps
produced for this project along with sources used in their completion. In addition, a brief explanation
of how each source map was used is provided.

3) Map Unit List — A listing of all geologic map units present on maps for this project, generally listed
from youngest to oldest.

4) Map Unit Descriptions — Descriptions for all geologic map units. If a unit is present on multiple
source maps the unit is listed with its source geologic unit symbol, unit name and unit age followed
by the unit's description for each source map.

5) Geologic Cross Sections — Geologic cross section graphics with source geologic cross section
abbreviations.

6) Ancillary Source Map Information — Additional source map information (e.g., correlation of map
units, map legend, report) presented by source map.

7) GRI Digital Data Credits — GRI digital geologic-GIS data and ancillary map information document
production credits.

For information about using GRI digital geologic-GIS data contact:
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Stephanie O'Meara
Geologist/GIS Specialist/Data Manager

Colorado State University Research Associate, Cooperator to the National Park Service
Fort Collins, CO 80523

phone: (970) 491-6655
e-mail: stephanie.omeara@-colostate.edu
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About the NPS Geologic Resources Inventory Program

Background

Recognizing the interrelationships between the physical (geology, air, and water) and biological (plants
and animals) components of the earth is vital to understanding, managing, and protecting natural
resources. The Geologic Resources Inventory (GRI) helps make this connection by providing
information on the role of geology and geologic resource management in parks.

Geologic resources for management consideration include both the processes that act upon the Earth
and the features formed as a result of these processes. Geologic processes include: erosion and
sedimentation; seismic, volcanic, and geothermal activity; glaciation, rockfalls, landslides, and
shoreline change. Geologic features include mountains, canyons, natural arches and bridges,
minerals, rocks, fossils, cave and karst systems, beaches, dunes, glaciers, volcanoes, and faults.

The Geologic Resources Inventory aims to raise awareness of geology and the role it plays in the
environment, and to provide natural resource managers and staff, park planners, interpreters,
researchers, and other NPS personnel with information that can help them make informed
management decisions.

The GRI team, working closely with the Colorado State University (CSU) Department of Geosciences
and a variety of other partners, provides more than 270 parks with a geologic scoping meeting, digital
geologic-GIS map data, and a park-specific geologic report.

Products

Scoping Meetings: These park-specific meetings bring together local geologic experts and park staff
to inventory and review available geologic data and discuss geologic resource management issues. A
summary document is prepared for each meeting that identifies a plan to provide digital map data for
the park.

Digital Geologic Maps: Digital geologic maps reproduce all aspects of traditional paper maps,
including notes, legend, and cross sections. Bedrock, surficial, and special purpose maps such as
coastal or geologic hazard maps may be used by the GRI to create digital Geographic Information
Systems (GIS) data and meet park needs. These digital GIS data allow geologic information to be
easily viewed and analyzed in conjunction with a wide range of other resource management
information data.

For detailed information regarding GIS parameters such as data attribute field definitions, attribute field
codes, value definitions, and rules that govern relationships found in the data, refer to the NPS
Geology-GIS Data Model document available at: http://science.nature.nps.gov/im/inventory/geology/
GeologyGISDataModel.cfm

Geologic Reports: Park-specific geologic reports identify geologic resource management issues as
well as features and processes that are important to park ecosystems. In addition, these reports
present a brief geologic history of the park and address specific properties of geologic units present in
the park.

For a complete listing of Geologic Resource Inventory products and direct links to the download site
visit the GRI publications webpage: http://go.nps.gov/gri_products

GRI geologic-GIS data is also available online at the NPS Data Store Search Application: http://irma.
nps.gov/App/Reference/Search. To find GRI data for a specific park or parks select the appropriate
park(s), enter “GRI” as a Search Text term, and then select the Search Button.
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For more information about the Geologic Resources Inventory Program visit the GRI webpage: https://
www.nps.gov/subjects/geology/gri.htm, or contact:

Jason Kenworthy

Inventory Coordinator

National Park Service Geologic Resources Division
P.O. Box 25287

Denver, CO 80225-0287

phone: (303) 987-6923

fax: (303) 987-6792

email: Jason Kenworthy@nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Service (NPS)
Inventory and Monitoring (1&M) Division.
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GRI Digital Maps and Source Map Citations

The GRI digital geologic-GIS maps and their source maps for Petersburg National Battlefield, Virginia
(PETE):

Digital Geologic-GIS Map of Petersburg National Battlefield and Vicinity, Virginia (GRI MapCode
PETE)

Occhi, M.E., Berquist, C.R., Latane, V.M., and Blanchette, J.M., 2018, Geologic Map of the
Petersburg National Battlefield and Adjacent Areas, Virginia: Virginia Division of Geology and
Mineral Resources, Publication Date: 2018, scale 1:24,000 (Petersburg National Battlefield). (GRI
Source Map ID 76287).

The GRI used the full extent of the source digital GIS data, and incorporated prominent components of
the provided source maps and reports (e.g., unit colors and unit descriptions) into the GRI digital
geologic-GIS dataset and product.

Digital Geologic-GIS Map of Grant's Headquarters at City Point, Petersburg National Battlefield,
Virginia (GRI MapCode CIPO)

Dischinger, J. B., 1987, Late Mesozoic and Cenozoic Statigraphic and Structural Framework near
Hopewell, Virginia: U.S Geological Survey, Bulletin 1567, scale 1:24,000 (Grant's Headquarters at
City Point). (GRI Source Map ID 2430).

The GRI digitized the extent of the source map within the Hopewell 7.5' quadrangle, and incorporated
prominent components of the provided source map and report (e.g., unit colors and unit descriptions)
into the GRI digital geologic-GIS dataset and product. Terrace units present on the source map were
re-mapped and/or re-interpreted based on the uppermost surface and scarp toe elevations by C.R.
Berquist (Virginia Division of Geology and Mineral Resources, personal communication, 2019). These
changes are noted in several unit descriptions.

Additional information pertaining to each source map is also presented in the GRI Source Map
Information (PETEMAP) table included with the GRI geologic-GIS data.
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Index Map

The following index map displays the extent of the GRI Digital Geologic-GIS Map of Petersburg
National Battlefield and Vicinity, Virginia (in blue), and the GRI Digital Geologic-GIS Map of Grant's
Headquarters at City Point, Petersburg National Battlefield, Virginia (in red). The boundary for
Petersburg National Battlefield (as of June, 2019) is displayed in dark green, whereas the boundary of
nearby Richmond National Battlefield Park (also as of June, 2019) is displayed in brown. Relevant 7.5'
guadrangle extents and their names are also displayed. GRI digital geologic-GIS data is also available
for Richmond National Battlefield Park at the GRI publications webpage: http://go.nps.gov/gri_products
. This data includes coverage of the Chester, Drewry's Bluff, Dutch Gap and Roxbury 7.5' quadrangles,
as well as additional 7.5' quadrangles not shown that are related to Richmond National Battlefield

Park.
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Index map produced by James Winter (Colorado State University).
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Map Unit List

The geologic units present in the digital geologic-GIS data produced for Petersburg National
Battlefield, Virginia (PETE) are listed below. Units are listed with their assigned unit symbol and unit
name (e.g., Qml - Modified land). Units are listed from youngest to oldest. No description for water is
provided. Information about each geologic unit is also presented in the GRI Geologic Unit Information
(PETEUNIT) table included with the GRI geologic-GIS data. Some source unit symbols, names and/or
ages may have been changed in this document and in the GRI digital geologic-GIS data. This was
done if a unit was considered to be the same unit as one or more units on other source maps used for
this project, and these unit symbols, names and/or ages differed. In this case a single unit symbol and
name, and the unit's now recognized age, was adopted. Unit symbols, names and/or ages in a unit
descriptions, or on a correlation of map units or other source map figure were not edited. If a unit
symbol, name or age was changed by the GRI the unit's source map symbol, name and/or age
appears with the unit's source map description.

Cenozoic Era

Quaternary Period

QOml - Modified land

Qal - Alluvium

Qts - Tabb-Sedgefield Alloformation
Qeq - Elsing Green Alloformation
Qsh - Shirley Alloformation

Qc - Chuckatuck Alloformation
Qcc - Charles City Alloformation
Qw - Windsor Alloformation

Qtu - Quaternary terrace

Qbc - Bacons Castle Formation

Tertiary Period

Tch - Cold Harbor formation

Ty - Yorktown Formation

Tcl - Lower Chesapeake Group, undivided
Tsm - Virginia St. Marys Formation

Tg - Gravel terrace

Tn - Nanjemoy Formation

Ta - Aquia Formation

Mesozoic Era
Cretaceous Period

Kp - Potomac Formation
Paleozoic Era

Pennsylvanian and Mississippian Periods
PNMpg - Petersburg Granite
PNMa - Amphibolite

Protoerozoic Eon

Neoproterozoic Era
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Zmsyv - Metasedimentary and metavolcanic rocks, undifferentiated
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Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below.

Qml - Modified land (Holocene)

ml - Modified land (Holocene)

Extensive cut and fill related to grading, excavation, and mining-related activities; widespread modified
land in urbanized area along roads not shown; variable thickness. Description from source map:
Petersburg National Battlefield

Qal - Alluvium (Holocene)

Qal - Alluvium (Holocene)

Flood-plain and channel deposits consisting of pebbly sand, sand, silt, and clay, with interbedded silt
and fine sand. Organic material common. Variable thickness. Description from source map:
Petersburg National Battlefield

Qal - Alluvium (Holocene)

Holocene alluvial fill, composed of clays, sands, and gravels, constitutes the flood plains of minor
streams and formed as extensive point-bar and channel-bar deposits of the James and Appomattox
Rivers. Organic-rich silty clays and sands formed in swamps and tidal marshes border the fluvial-bar
deposits and tidal tributaries to these rivers. Spoil from dredged shipping channels, sanitary landfills,
and manmade lands are locally important contributors to these sediments. Holocene sediments range
in thickness from less than 0.3 m onshore to 12m in some manmade lands. An unknown thickness of
Holocene sediments floors the James and Appomattox Rivers. Swamp and marsh deposits are
typically less than 3 m thick. From source map: Grant's Headquarters at City Point

Qts - Tabb-Sedgefield Alloformation (Pleistocene)

Gray to yellow, fine- to coarse-grained sand (slightly clayey in places) coarsening downward to pebbly
sand with heavy minerals common; interbeds of clay, clayey sand, peat and organic mud common;
may contain reworked glauconite and phosphate derived from adjacent Miocene and Eocene
formations. Sediments are found below broad flats where the highest surface elevations range
between 20 to 29 feet. Thickness ranges up to 25 feet (7.6 meters) but could be greater in
paleochannels. Age is approximately 70 Ka (Scott and others, 2010). Description from source map:
Petersburg National Battlefield

C.R. Berquist (personal communication, 2019) differentiated terrace deposits based on the uppermost
surface and scarp toe elevations and thus the terrace sequence (I-V) on the Dischinger, 1987 source
map (Grant's Headquarters at City Point) were re-mapped and/or reinterpreted. See the terrace
sequences section of this document for descriptions of the source map terraces sequence. Berquist
interpreted terraces with an uppermost surface and scarp toe elevation of 28 feet to be the Tabb-
Sedgefield Alloformation. No additional unit description was provided.

Qeg - Elsing Green Alloformation

C.R. Berquist (personal communication, 2019) differentiated terrace deposits based on the uppermost
surface and scarp toe elevations and thus the terrace sequence (I-V) on the Dischinger, 1987 source
map (Grant's Headquarters at City Point) were re-mapped and/or reinterpreted. See the terrace
sequences section of this document for descriptions of the source map terraces sequence. Berquist
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interpreted terraces with an uppermost surface and scarp toe elevation of 38 feet to be the Elsing
Green Alloformation. No additional unit description was provided.

Qsh - Shirley Alloformation (Pleistocene)

Gray to brown gravel, fine- to coarse-grained sand, silt, and clay. Typically consists of clayey sand that
grades downward to coarse-grained sand, granules and pebbles. Quartzite clasts with the trace fossil
Skolithos are common and rounded grains of phosphate and glauconite up to 5 millimeters are
prevalent towards the base of the formation. Weathered, gold-colored, biotite grains are common with
up to 5% heavy minerals. Occurs on broad flats adjacent to the Appomattox River where highest
surface elevations range between 40 and 49 feet. Unit is interpreted as fluvial to estuarine/tidal. The
type section of the Shirley was defined by Johnson and Berquist (1989). Age ranges from 195 Ka to
270 Ka (Parham, 2009). Thickness averages about 30 feet (9.1 meters), but could be greater in
paleochannels. Description from source map: Petersburg National Battlefield

C.R. Berquist (personal communication, 2019) differentiated terrace deposits based on the uppermost
surface and scarp toe elevations and thus the terrace sequence (I-V) on the Dischinger, 1987 source
map (Grant's Headquarters at City Point) were re-mapped and/or reinterpreted. See the terrace
sequences section of this document for descriptions of the source map terraces sequence. Berquist
interpreted terraces with an uppermost surface and scarp toe elevation of 48 feet to be the Shirley
Alloformation. No additional unit description was provided.

Qc - Chuckatuck Alloformation (Pleistocene)

Brownish-yellow, fine- to coarse-grained, pebbly sand fining upward to clayey fine- to coarse-grained
sand. Sand unit often contains thin (less than % inch thick, 1.3 centimeters) interbeds of clay-silt and
trace amounts of heavy minerals (>1-2%). Occurs on broad flats adjacent to the Appomattox River
where the highest surface elevations range between 50 to 58 feet. Unit is interpreted as fluvial to
estuarine/tidal. The type section of the Chuckatuck was defined by Johnson and Berquist (1989), on
the Brandon and Norge 7.5-minute quadrangles. Thickness of unit is up to 60 feet (18 meters), but
could be greater in paleochannels. Description from source map: Petersburg National Battlefield

C.R. Berquist (personal communication, 2019) differentiated terrace deposits based on the uppermost
surface and scarp toe elevations and thus the terrace sequence (I-V) on the Dischinger, 1987 source
map (Grant's Headquarters at City Point) were re-mapped and/or reinterpreted. See the terrace
sequences section of this document for descriptions of the source map terraces sequence. Berquist
interpreted terraces with an uppermost surface and scarp toe elevation of 58 feet to be the
Chuckatuck Alloformation. No additional unit description was provided.

Qcc - Charles City Alloformation (Pleistocene)

Yellowish-red to brown, clayey fine- to medium-grained sand coarsening downward to sand and
pebbles with interbeds of peat and organic and muddy sand of variable thickness. Occurs below broad
flats adjacent to the Appomattox River where the highest surface elevations range from 60 to 75 feet.
Unit is interpreted as fluvial to estuarine/tidal. The type section of the Charles City was defined by
Johnson and Berquist (1989), on the Brandon and Norge 7.5-minute quadrangles. Thickness of unit is
typically 15 feet (4.5 meters) but was observed to be 60 feet (18 meters) in paleochannels. Description
from source map: Petersburg National Battlefield

C.R. Berquist (personal communication, 2019) differentiated terrace deposits based on the uppermost
surface and scarp toe elevations and thus the terrace sequence (I-V) on the Dischinger, 1987 source
map (Grant's Headquarters at City Point) were re-mapped and/or reinterpreted. See the terrace
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sequences section of this document for descriptions of the source map terraces sequence. Berquist
interpreted terraces with an uppermost surface and scarp toe elevation of 75 feet to be the Charles
City Alloformation. No additional unit description was provided.

Qw - Windsor Alloformation (Pleistocene)

Red to yellow, yellowish brown, fine- to coarse-grained sand containing 1-2% heavy minerals. Occurs
below flats where the highest surface elevations range between 100 to 125 feet. Thickness varies up
to 10 feet (3 meters). May contain sporadic lenses of lenticular-bedded clay up to a few feet in
thickness. Unit is interpreted as fluvial to estuarine/tidal. The type section of the Windsor was defined
by Coch (1965) and later modified by Johnson and Berquist (1989). Description from source map:
Petersburg National Battlefield

C.R. Berquist (personal communication, 2019) differentiated terrace deposits based on the uppermost
surface and scarp toe elevations and thus the terrace sequence (I-V) on the Dischinger, 1987 source
map (Grant's Headquarters at City Point) were re-mapped and/or reinterpreted. See the terrace
sequences section of this document for descriptions of the source map terraces sequence. Berquist
interpreted terraces with an uppermost surface and scarp toe elevation of 98 feet to be the Windsor
Alloformation. No additional unit description was provided.

Qtu - Quaternary terrace (Pleistocene)

Brownish-yellow, reddish-yellow, gray, clayey fine- to coarse-sand, granules, and cobbles common.
Observed thickness ranges up to 10 feet (3 meters) but could be greater. Occurs below flats where the
highest surface elevations are between 100 and 125 feet. These sediments may be time-equivalent
with the Windsor Alloformation and represent the upstream and fluvial parts of the Windsor.
Description from source map: Petersburg National Battlefield

Qbc - Bacons Castle Formation (Pleistocene)

Yellowish-brown, red, gray, fine- to medium-grained sand coarsening downward to sand with granules,
pebbles, and cobbles. The lower part of the Bacons Castle was deposited in a fluvial environment and
commonly contains clasts larger than those found in the Cold Harbor Formation, described below; a
sandpit near boring 2016181-1 contains boulders, one measuring approximately 3 feet (0.9 meters) in
diameter. Portions of the upper Bacons Castle sediments are difficult to discriminate from the older
Cold Harbor Formation in places as the depositional environments were similar (marginal marine and
tidal prism, possibly estuarine). At highest elevations, deposits are thin and likely resulted from minor
erosion and reworking of Cold Harbor sediments. Occurs below somewhat dissected flats and
rounded hills where the highest surface elevations vary up to 175 feet; observed thickness ranges up
to 50 feet (15.2 meters). The Bacons Castle was established by Coch (1965) and later modified by
Ramsey (1988). Description from source map: Petersburg National Battlefield

C.R. Berquist (personal communication, 2019) differentiated terrace deposits based on the uppermost
surface and scarp toe elevations and thus the terrace sequence (I-V) on the Dischinger, 1987 source
map (Grant's Headquarters at City Point) were re-mapped and/or reinterpreted. See the terrace
sequences section of this document for descriptions of the source map terraces sequence. Berquist
interpreted terraces with an uppermost surface and scarp toe elevation of approximately 170 feet to be
the Bacons Castle Formation. No additional unit description was provided.

2019 NPS Geologic Resources Inventory Program



PETE GRI Map Document 12

Tch - Cold Harbor formation (Pliocene)

Commonly yellow but in some places red, slightly muddy fine- to coarse-grained sand with rare
granules; commonly contains lenticular-bedded clay. The formation is characterized by interbedded
mud and sand layers. Towards the base of the unit a gravelly angular to subrounded sand that
contains some feldspar within a mud matrix is commonly present. The thickness of this sand layer
ranges up to 10 feet (3 meters); this layer may correlate to the “feldspathic sand” unit mapped in the
Richmond area (Carter and others, 2007). Commonly below this sand is a basal gravel that contains
pebbles up to 1.5 inches (4 centimeters) in diameter. The Cold Harbor lies unconformably over the
Petersburg Granite or sediments from the Lower Chesapeake Group (Tcl). The Cold Harbor thickens
to the east and is up to 90 feet (27 meters) thick and its surface elevations range between 150 and
240 feet. The Cold Harbor correlates with the lower part of psg (Virginia Division of Minerals
Resources, 1993) and Tpsg (Mixon and others, 1989). It was deposited in shallow marine, tidal
channels and flats, and tidal marsh environments. In the Fredericksburg area (Mixon and others,
2000), correlative sediments are depicted to interfinger with the marine Yorktown, but within the
Richmond area (Berquist and Gilmer, 2014) and this project area we did not find that relationship. Unit
is named for borings in the Seven Pines quadrangle (Bondurant and others, in preparation) at Cold
Harbor Battlefield, and the type section is described in VDGMR boring 2006313-1. Description from
source map: Petersburg National Battlefield

C.R. Berquist (personal communication, 2019) differentiated terrace deposits based on the uppermost
surface and scarp toe elevations and thus the terrace sequence (I-V) on the Dischinger, 1987 source
map (Grant's Headquarters at City Point) were re-mapped and/or reinterpreted. See the terrace
sequences section of this document for descriptions of the source map terraces sequence. Berquist
interpreted terraces with an uppermost surface and scarp toe elevation of approximately 240 feet to be
the Cold Harbor Formation. No additional unit description was provided.

Ty - Yorktown Formation (Pliocene)

Ty - Yorktown Formation (Pliocene)

Gray to bluish-gray where fresh, yellow, dark reddish brown or strong brown where weathered, fine- to
coarse-grained sandy silty clay. The sand fraction typically coarsens downward, exhibiting very well
rounded coarse sand and granules. Where present, granules are sub- to well-rounded and consist
mostly of quartz. Unit fines upwards into a sequence of gray clayey silt commonly containing gray to
orange laminated, sand-clay layers with iron oxide mottling, and massive blocky clayey silt. Unit
contains 1-2% heavy minerals. Glauconite and shell fragments are rarely encountered. Locally, flaser
to wavy bedding is manganese and iron-stained, likely caused by in-situ dissolution of shell material.
Unit crops out in the eastern portion of the Petersburg quadrangle and unconformably overlies the
marine Lower Chesapeake Group. Unit thickness is between 0 to 20 feet (0 and 6.1 meters),
thickening to the east southeast where present. Description from source map: Petersburg National
Battlefield

Ty - Yorktown Formation (Pliocene)

In the western part of the study area, the Yorktown Formation unconformably overlies the upper
Miocene "Virginia St. Marys Formation."East of long 77°16', the transgressing Yorktown sea
completely eroded the "Virginia St. Marys Formation," and the lower part of the Yorktown lies
unconformably on the greensands of the Eocene Nanjemoy Formation (fig. 10). There the lowermost
Yorktown sediments contain a mixed assemblage of late Miocene to early Pliocene fossils.

The Yorktown Formation- was named by Clark and Miller (1906) from the exposures of shelly sands
and clays along the York River in the vicinity of Yorktown, Va. Clark and Miller (1912) extended the
formation into North Carolina. Mansfield (1943) divided the Virginia Miocene units into four faunal
zones. Stephenson and MacNeil (1954) designated unfossiliferous sands and gravels in Maryland as
nearshore-marine equivalents of the marine Yorktown in Virginia. Ward and Blackwelder (1980)
divided the Yorktown into four members. Gravels capping the uplands in the Fredericksburg area have
been interpreted as a fluvial-deltaic facies of the Yorktown Formation (Newell, 1978).
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Four major lithologies occur within the Yorktown in the study area. A representative section is exposed
in a steep stream bank on the east side of Virginia Route 10, 0.4 km southeast of Chappell Creek. A
basal lag of rounded phosphate and quartz pebbles and cobbles, shark teeth, vertebrate remains,
corals, and shell debris marks the contact with the Nanjemoy. Relief on the contact is as much as 0.6-
0.9m.

The basal Yorktown is composed of a dark-greenish-gray, very fossiliferous, poorly sorted, very fine to
medium sand constituting a shell hash. The macrofossil assemblage is predominantly molluscan. This
basal unit is overlain by a light-greenish-gray bioclastic sand, which is very fine to fine, well sorted, and
somewhat glauconitic. The bioclastic fraction consists of sand-size shell fragments, larger shell
remains, and echinoderm or sponge spicules. This sand grades upward into a sequence of bluish- to
greenish-gray clayey silts commonly containing gastropod and mollusk molds and (or) gray to reddish-
orange, laminated, sand-clay layers and massive blocky clayey silts. In the western part of the study
area, this fine-grained sequence is partly or completely missing, and the uppermost part of the
Yorktown is represented by interbedded well-sorted sands having noded, clay-lined Ophiomorpha
burrows and poorly sorted crossbedded sands containing pebble stringers. The total thickness at the
representative section is approximately 18 m. The Yorktown Formation is missing over much of the
central part of the study area, between Point of Rocks and Bailey Creek. For the most part, the areas
west of Point of Rocks and east of Bailey Creek are underlain by a sequence of late Pliocene and
Pleistocene terraces that unconformably overlie the Yorktown sediments.

Environment of Deposition

As noted in the lithologic description of the Yorktown, at least four facies are distinguishable. The very
fossiliferous basal part, which crops out only to the east of Bailey Creek, represents a transgressing,
high-energy, nearshore zone in which underlying sediments were eroded and redeposited on the basal
beds of the Yorktown Formation. In the study area, this facies is about 1.5 m thick. Conformably above
the basal facies is a well-sorted bioclastic sand. As shown by the preservation of echinoderm spines
and some larger shell remains, this facies probably developed below the wave base. The two sediment
types that overlie the bioclastic facies, clayey silt containing abundant mollusk molds and laminated
sand-clay layers and blocky clayey silts, were deposited in a much lower energy environment than the
underlying sands and bioclastic sands. The sand-clay layers and clayey silts probably are the result of
back-bay or protected-bay deposition. The uppermost facies of Ophiomorpha-burrowed sands and
crossbedded sands represent alternating estuarine and fluvial parts of a regressive phase of the
Yorktown Formation. When viewed as a whole, the suite of Yorktown sediments reflects a
transgressive-regressive series of environments ranging from the offshore shell accumulations to the
estuarine and even fluvial beds near the top of the section.

Age

Abundant macrofossils exist in outcrops of the Yorktown east of Bailey Creek (see table 3).
Placopecten clintonius, Chesapecten septenarius, Astarte undulata, and other mollusks indicate an
early Pliocene age (zone Il of Mansfield, 1943) for part of this formation. In the lower transgressive part
of the formation, reworked middle to late Miocene guide fossils have been retained in a basal lag and
mixed with the younger transgressing sediments. Description from source map: Grant's Headquarters

at City Point

Tcl - Lower Chesapeake Group, undivided (Miocene)

Light bluish gray to dark greenish gray clayey silt and fine- to very fine grained sand to sandy clay. The
upper few feet may be oxidized to yellowish-brown. Lamellae and burrows are filled with dark gray fine-
rained sand with common fine-grained mica and framboidal pyrite. The sand fraction is well rounded
and well sorted, typically consisting of quartz and trace phosphate and glauconite (<1-2%). The lower
portion becomes less clayey with increasing abundance of coarse- and granule-sized rounded quartz
and phosphate grains ranging up to 2.5 inches in diameter (6.4 cm). Shark teeth, bone, and phosphate
are common towards base of formation. Shell material is usually absent in borings but can range up to
20% locally; Mercenaria, Turritella, and Isognomon maxillata are common where shell material is
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present. Iron oxide mottling and staining from disseminated iron sulfide are common. Unit is massive
to finely laminated and locally contains diatoms; minor joints are present where material exhibits
sufficient cohesive strength.

The lower Chesapeake Group is interpreted to be marine and likely correlates with the Eastover and
Calvert Formations of Ward and Blackwelder (1980). May include thin remnants of the Choptank
Formation. Description from source map: Petersburg National Battlefield

Tsm - Virginia St. Marys Formation (Miocene)

The Miocene series is represented locally by a sparsely fossiliferous, fine-grained marine facies of the
"Virginia St. Marys Formation" (see Gibson, 1982). The Calvert Formation (Shattuck, 1906) of Miocene
age has been removed by erosion in the study area south of the James River (Blackwelder and Ward,
1976). Elsewhere in the Virginia Coastal Plain, the Calvert extends as far inland as Richmond and
Washington, D.C.

In the updip areas west of Bailey Creek, discontinuous patches of fine-grained Miocene marine sand
unconformably overlie the Eocene Nanjemoy Formation. The Pliocene Yorktown Formation
unconformably overlies the marine sand. The Miocene unit was largely removed by late Pliocene to
recent erosion over much of the study area.

"St. Marys Formation" is used properly as a stratigraphic term in Maryland, where it was established by
Shattuck (1902) from the exposures in St. Marys County. Clark and Miller (1912) extended the
formation into Virginia, and Mansfield (1943) subdivided the St. Marys Formation in Virginia into three
faunal zones. Only zone 2 of Mansfield (Crassatellites meridonalis zone), which is younger than the St.
Marys Formation in Maryland, crops out in southeastern Virginia. Beds of this age in Virginia have
since been referred to as the Claremont Manor (lower unit) and Cobham Bay (upper unit) members of
the Eastover Formation by Blackwelder and Ward (1976) and Ward and Blackwelder (1980). The
author's tentative interpretation is that the unit exposed in the present study area is a Cobham Bay
equivalent, and it is mapped as the "Virginia St. Marys Formation." The "Virginia St. Marys Formation"
consists of light-greenish-gray to greenish-gray, fine to very fine, well-sorted sands that predominate in
sections east of Bailey Creek. Updip from Bailey Creek, these sands are interbedded with layers of
blocky clay in a suite of repeated fining-upward sequences. The sands often contain scattered small (3
mm) rounded quartz pebbles and shell ghosts of Turritella, Chesapecten, and small clams (probably
Spisula rappahannockensis ). These sands weather grayish- to yellowish-orange. Where exposed, the
upper contact is marked by a lag deposit of small rounded quartz pebbles; molds of various pecten
species and other mollusks occur. The shell-rich lag deposit is the base of the massive, blocky, clayey-
silt facies of the overlying Yorktown Formation. The lower contact is marked by scattered, 'rounded,
quartz and phosphate pebbles immediately overlying the glauconitic sands at the top of the Nanjemoy
Formation. A representative section of the "Virginia St. Marys Formation" approximately 9 m thick is
located behind the Harbor East trailer court on the south bank of the old James River channel around
Farrar Island. The unit is approximately 6 m thick in a borrow pit near the intersection of Virginia
Routes 646 and 156, about 0.6 km southeast of the confluence of Manchester Run and Bailey Creek.
This formation was not found anywhere east of long 77° 16' in the study area

Environment of Deposition

In the eastern part of the study area, the "Virginia St. Marys Formation" was completely eroded by the
trangressing sea into which the Yorktown Formation was later deposited. Miocene fossil remains,
including the thick cardinal areas of | so gnomon, abraded Turritella plebeia (?), Chesapecten
middlesexensis, and others, indicate a marine to nearshore-marine environment. The suite of
interbedded sands and blocky clays occurring in repeated fining-upward sequences in the western part
of the study area seems to indicate shallowing to the west and more offshore conditions to the east.

Age
The absence of identifiable, in-place fossils leaves room for speculation. Stratigraphic position and late
Miocene shell remains found in the basal zone-1 Yorktown sediments allow a tentative biostratigraphic
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correlation of this unit with the upper Miocene Cobham Bay Member of the Eastover Formation as
defined by Ward and Blackwelder (1975, 1980) and L. W. Ward (USGS, Reston, Va, oral commun.,
1978). A complete fossil list for this unit is included in table 3. Description from source map: Grant's
Headquarters at City Point

Tg - Gravel terrace (Miocene)

Yellowish brown, white and red, clayey fine- to coarse-sand, granules pebbles, and cobbles. Cobbles
up to 5 inches (12.7 cm) are common in upper 10 feet. Larger clasts are often well-rounded,
somewhat weathered, and commonly iron-stained. Non-quartzose clasts can be friable where
weathered. Below the pebble rich zone, lenticular bedding is common with abundant muscovite near
the base of the unit. Commonly occurs on tops of hills and ridges at elevations above 240 feet.
Thickness ranges up to 32 feet (9.8 meters) based on auger holes on the Sutherland 7.5-minute
guadrangle. This unit is possibly the landward equivalent of the marine Eastover Formation and is
interpreted as such. Description from source map: Petersburg National Battlefield

Tn - Nanjemoy Formation (Eocene)

The Nanjemoy Formation unconformably overlies the Marlboro Clay and is unconformably overlain by
the Miocene "Virginia St. Marys Formation" in the western part of the study area (west of long 77°16")
and by the Pliocene Yorktown Formation east of this line. The Nanjemoy was first described by Clark
and Martin (1901) along Nanjemoy Creek, a stream flowing into the Potomac River from southern
Maryland. The Nanjemoy is the uppermost unit of the Pamunkey Group and consists of massive, olive-
black to greenish-black, fine to very fine, moderately well-sorted, micaceous glauconitic sand. Zones of
predominantly clayey silt tend to be lighter in color and contain less glauconite than the sandier zones.
Glauconite-rich sands are concentrated in burrows. The unit weathers to a light-greenish-gray to
reddish-brown. Molds of pelecypods are abundant in most of the section; however, very few are
preserved well enough to distinguish species. The better preserved molds are concentrated in small
lenses, which commonly contain shark teeth. A representative section is found 0.8 km east of Bailey
Creek, along the south side of the James River, in a gully leading down from the end of Virginia Route
644 to the river. East of this representative section, and particularly in the subsurface, the upper limit of
the Nanjemoy is marked by a calcite-cemented layer 0.3-0.6 m thick. This layer contains abundant
Ostrea sellaeformis and other shells. Locally, this limestone layer contains small-scale solution
cavities. The Nanjemoy Formation thickens eastward from the vicinity of Bailey Creek, where it is
approximately 14 m thick.

Environment of Deposition

Both the Aquia and Nanjemoy greensands represent transgressive events of some similarity in the
latest Paleocene and early and middle Eocene respectively (Reinhardt and others, 1980b). Fossils are
generally better preserved in the Nanjemoy than in the Aquia Formation in the study area As with the
Aquia, pelecypods and gastropods are dominant, but glauconite generally is not as abundant in the
Nanjemoy as in the Aquia Teifke (1973) found that Aquia glauconite was predominantly formed in
place, whereas glauconite in the basal Nanjemoy was reworked. He noted that glauconite in the
Nanjemoy showed evidence of considerable abrasion as well as slight to intense chemical
decomposition, indicating either a reworking of Aquia glauconite or genesis and deposition in a high-
energy environment. Nanjemoy glauconite was also commonly found to be more lustrous and coarser
than the accompanying quartz grains. Gibson and others (1980) have concluded, on the basis of
changes in foraminiferal faunas in the Oak Grove core, that the basal Nanjemoy greensands represent
the beginning of marine transgression with water depth increasing upward in the section. They
conclude further that faunas in the upper part of the Nanjemoy indicate a gradual shallowing,
representing the termination of the Nanjemoy transgression.

The presence of glauconite and of a diverse microfossil assemblage, and the generally mottled
(bioturbated?) appearance of these sediments, suggest a relatively slow rate of deposition. The
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development of diverse macrofauna! assemblages, the scattered whole (and occasionally imbricated)
shell material, and the concentration of mica flakes and abraded shell debris along bedding planes
support an interpretation of weak to moderate current activity within a shallow marine realm.

Age

Bone fragments, shark and ray teeth, internal molds of gastropods and pelecypods, worm tubes, and
pelecypod shell fragments occur within the Nanjemoy greensands. The better specimens are
concentrated in lenses. Among the identified macrofossils are Cubitostrea sellaeformis (a middle
Eocene guide fossil), Venericardia potapacoensis, Meretrix subimpressa, Corbula subengonata, and
Nuculana improcera. Worsley (oral commun.) has identified calcareous nannofossils including
Discoaster lodoensis and Chiasmolithus solitus. The presence of these species and the marked
absence of several other indicative forms place the Nanjemoy Formation in the early-to-middle Eocene
nannofossil zone NP-13 (Berggren, 1972).

Harris (oral commun.) determined a rubidium-strontium age for seven glauconitic concentrates
collected from a single Nanjemoy outcrop. The average modal age for these samples is in excellent
agreement with recent European glauconite ages, suggesting that the top of the NP-13 nannofossil
zone (lower-middle Eocene boundary) is at 44 m.y. However, Harris apparently did not consider that
Nanjemoy glauconites are reworked; thus the age of the glauconites may not represent the age of the
formation. The fossils identified in the Nanjemoy Formation are listed in table 2.

Biostratigraphic data from Gibson and others (1980) indicate that no large unconformities are present
within the Pamunkey Group; however, several minor unconformities might exist. If they do exist, they
are certainly not of the magnitude of the unconformity between the Early Cretaceous Potomac
Formation and the late Paleocene Aquia Formation along the James and Appomattox Rivers.
Description from source map: Grant's Headquarters at City Point

Ta - Aquia Formation (Paleocene)

The Aquia Formation rests unconformably upon the irregularly eroded surface of the Potomac
Formation sediments. The Aquia is unconformably overlain by the Nanjemoy Formation (Eocene).
Locally, the Aquia Formation is overlain unconformably by unconsolidated Pleistocene deposits where
the Nanjemoy and (or) younger Tertiary sediments have been removed by erosion. The Aquia
Formation was named from Aquia Creek, a tributary of the Potomac River in Stafford County, Va
(Clark, 1895, 1896). The best exposures of this unit occur along lower Aquia Creek and along the
south bank of the Potomac River in Stafford and King George Counties, Va.

The Aquia Formation consists of massive, greenish-gray to greenishblack, fine to very fine, well-sorted
sand. It is glauconitic and typically micaceous. Pods of glauconite-rich sand occur as concentrations in
burrows. Molds of pelecypods and gastropods occur abundantly in some beds, but shell material is
commonly poorly preserved, except for some calcitic forms. The unit weathers to a light-greenish-gray
to reddishbrown. A representative section is exposed on the south bank of the James River, just east
of Bailey Creek (pl. 1). A characteristic basal gravel in the Aquia consists of a bed containing rounded
quartz pebbles and glauconitic sand from 0.5 to 3 m thick. The thickest section of the gravel occurs in
the Sadler Materials borrow pits on the east bank of the Appomattox River. Typically along the James
River, this basal gravel is 0.6-1.0 m thick. The upper contact of the Aquia is marked by a gradual
increase in the silt and clay fraction, grading to the Marlboro Clay. This contact dips beneath the
ground surface in the vicinity of Jordan Point. Elsewhere down dip, indurated shell and limestone
lenses occur within the unit in the subsurface. In outcrop, the Aquia Formation is about 6 m thick on
the James River south of Farrar Island. Along Ashton Creek it is 9-11 m thick. Thickness increases
eastward from the representative section at Bailey Creek where at least 9 m is exposed.

The Aquia Formation is the lowermost of three units included in the Pamunkey Group (Paleocene and
Eocene), the uppermost unit being the Nanjemoy Formation. These two greensands are separated
locally by a middle unit of thin, massive, gray to red clay, known as the Marlboro Clay.
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The Marlboro Clay is an excellent marker bed in the study area A representative section exists above
the Aquia Formation just east of the mouth of Bailey Creek (pl. 1). At Bailey Creek, the clay is 3.4 m
thick and varies from gray to pink. The lower contact is gradational from the glauconitic sand of the
Aquia, to clay containing thin sand laminae, to the pure clay of the Marlboro over a 1-m interval. The
upper contact is marked by numerous burrows filled with glauconitic sand and quartz and phosphate
pebbles of the overlying Nanjemoy Formation. The relationships at the lower and upper contacts of the
Marlboro Clay with the Aquia and Nanjemoy Formations respectively are observable throughout the
study area Similar occurrences are noted in northern Virginia (R. B. Mixon, USGS, Reston, Va, oral
commun., 1978) and in the Oak Grove core (Reinhardt and others, 1980b). These observations
indicate that the Marlboro Clay is genetically related to the underlying Aquia Formation and, more
realistically, that it should be treated as a separate unit rather than be included with the Nanjemoy
Formation, as had been previously accepted (Darton, 1948). Glaser (1971) and Reinhardt and others
(1980b) recommended that the Marlboro be defined as a separate unit because of its lithologic
continuity and mappability over a considerable area of southern Maryland and Virginia.

Environment of Deposition

The Aquia Formation has yielded numerous and diverse marine fossils including invertebrates, fishes,
and reptiles (Clark and Miller, 1912); molluscan assemblages predominate. At some localities
glauconite may represent as much as 60 percent of the sand-sized fraction of the Aquia Teifke (1973)
stated that the shape of glauconite grains in the Aquia suggests relatively slow accumulation. Clark
and Miller (1912) believed that most of the Aquia was deposited in quiet and probably relatively deep
water. Gibson and others (1980) found a very low diversity of only 16 foraminifera species, indicative of
a shallow-marine environment, in the part of the Oak Grove core that is correlative to the Aquia in the
Hopewell area However, the grain size, sorting, and bedforms of most of the Aquia in the Oak Grove
core (Reinhardt and others, 1980b) tend to support Clark and Miller's conclusions.

Gastropod and pelecypod molds and a high percentage of glauconite characterize the Aquia
Formation at Hopewell. Nearshore deposition along the western part of the study area is indicated by a
3.0- to 3. 7-m-thick layer of basal gravel in the vicinity of the Appomattox River and by an increase in
guartz-pebble and cobble size within the greensands westward. The thick basal gravel along the
Appomattox may represent the sediments of a paleo-river flowing into the shallow Aquia sea.

Nogan (1964) and Gibson and others (1980) interpreted foraminiferal data to indicate brackish water to
less than normally saline water conditions at the time of deposition of the Marlboro; low dinoflagellate
diversity and the abundance of two specific forms suggest an estuarine environment for the Marlboro.
The presence of freshwater algae, reported by Gibson and others (1980), lends additional support for
a brackish-water environment of deposition for the Marlboro Clay. These authors further suggest that
the presence of a large number of fern spores in Marlboro samples indicates moist climatic conditions
during deposition.

Stratigraphy
Reinhardt and others (1980b) observed that the Marlboro represents a considerable divergence in

texture and mineralogy from the overlying and underlying greensands. They noted that key differences
are abundant stable heavy minerals in the Marlboro, a high kaolinite content compared to the illite-and-
smectite compositions characterizing the greensands, and the occurrence of reworked Paleozoic and
Late Cretaceous palynomorphs in the Marlboro. They stated that these features suggest a strong
extrabasinal influence. High rainfall could have produced increased runoff from low-lying and deeply
weathered Piedmont and inner Coastal Plain terrain immediately to the west. This interpretation is
compatible with Gibson and others' (1980) conception of a moist climate. Such an erosional event
could have been responsible for a series of mudflows that blanketed the area Deposition would have
been rapid, especially in comparison to that of the greensands, and would have preserved the color
and mineralogy of much of the pink Marlboro Clay (Reinhardt, USGS, Reston, V a, oral commun.,
1978).

Adge
Within the coarser sands of the Aquia Formation are fragments of bone, shark and ray teeth, poorly
preserved internal molds of gastropods (including Turritella mortoni) and pelecypods, and pelecypod

2019 NPS Geologic Resources Inventory Program



PETE GRI Map Document 18

shell fragments. Worm tubes and echinoderm spines were also noted in places. L. W. Ward (USGS,
Reston, V a, written commun., 1978) placed the Bailey Creek Aquia section in the upper Paleocene
(Paspotansa Member of the Aquia Formation) on the basis of the occurrences of Ostrea sinuosa and
Turritella mortoni. Calcareous nannofossils contained within the sediments were examined by T. R.
Worsley (written commun., 1979). He found a low-diversity but wellpreserved assemblage of
coccoliths indicating placement in zone NP 9 (Berggren, 1972) (uppermost Paleocene). The results of
his findings are shown in table 1.

Sporomorph assemblages are found throughout the Marlboro Clay, and they provide the basis for
dating the unit by correlation with assemblages from the Gulf Coast and southern Atlantic Coastal
Plain (Frederiksen, 1979). The data suggest that the age of the uppermost part of the Marlboro is

either latest Paleocene or earliest Eocene, perhaps representing slightly younger rocks than those
previously studied in the southeastern United States (Gibson and others, 1980). Description from

source map: Grant's Headquarters at City Point

Kp - Potomac Formation (Cretaceous)

Kp - Potomac Formation (Cretaceous)

Very light gray to grayish-pink, fine- to coarse-grained, poorly sorted, angular to subrounded
guartzofeldspathic sand, partially indurated, which locally contains granules, pebbles, and cobbles.
Sand is interbedded with thick, but locally discontinuous stringers of gravel and beds of polymictic
conglomerate, containing rounded to well-rounded pebbles, cobbles, and boulders of quartz,
metavolcanic rocks, granite and carbonaceous clay clasts in a grayish-green, massive to thick-bedded
sandy clay and silt. Commonly thick-bedded and trough cross-bedded. Unit is interpreted to have been
deposited in a proximal, fluvial-deltaic environment and outcrops in cliffs and drainages along the
Appomattox River and its tributaries. The Potomac Formation lies unconformably on top of the
Petersburg Granite and unconformably beneath younger Coastal Plain sediments. Formation
thickness varies between 6 and 100 feet (1.8 and 30 meters) and thickens considerably to the east
and southeast of the map area. Skolithos-bearing quartzite clasts are absent. Description from source
map: Petersburg National Battlefield

Kp - Potomac Formation (Cretaceous)

The Potomac Formation is the basal unit of the Coastal Plain of Virginia, Maryland, Delaware, and
southern New Jersey. Throughout the greater part of the Salisbury embayment, the Potomac
nonconformably overlies a basement of Precambrian and Lower Paleozoic metamorphic and igneous
rocks that are highly eroded and weathered to thick saprolite. The Potomac overlies Triassic and
Jurassic rocks (of the Newark Group) near Doswell, V a. (Fontaine, 1896), and possibly in the
subsurface of Caroline County, Va. (Cederstrom, 1945b). Several other possible occurrences of
subsurface Triassic and Jurassic rocks have been noted underlying Charles, Prince George's,
Wicomico, and Worcester Counties, Md. Sediments overlying the Potomac Formation vary widely in
age. Overlying units include Upper Cretaceous sedimentary rocks of the Magothy and Severn
Formations in northern Maryland and Paleocene, Eocene, Miocene, Pliocene, and Quaternary
deposits in southern Maryland and Virginia.

The "Potomac Group," as originally defined by McGee (1885), occupied the interval between the
Newark Group and the Cretaceous greensands of New Jersey and was separated from each by a
hiatus. Darton (1891, 1893) and Ward (1895) retained the "Potomac Group." Clark and Bibbins (1897),
introducing a terminology that has survived to the present in Maryland, divided the "Potomac Group"
into four formations: the Patuxent, Arundel, Patapsco, and Raritan. These formations are not
recognized in Virginia, where the entire Cretaceous section is referred to as the Potomac Formation.

In the James-Appomattox River region of Virginia, the Potomac Formation consists of alternating
sequences of very light gray to white, medium to very coarse grained feldspathic sand, gravel, and silty
to sandy clay. These sediments show lithologic variations over short distances, both laterally and
vertically. The gravels are commonly very coarse, and the sands are often trough crossbedded and
contain a considerable clayey-silt fraction. Individual sand-sized grains are mostly angular quartz,
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although feldspar may constitute as much as 40 percent or more of the sand grains in some outcrops.

Bedding was observed in virtually all fresh exposures of these sediments. Curved bedding planes
defining lenticular sedimentation units were commonly found in gravels and crossbedded sands.
Undulatory bedding is generally associated with finer grained deposits and may reflect sediment
accumulation on irregular surfaces. However, the common occurrence of contorted and disrupted
bedding suggests that penecontemporaneous slumping and compaction are responsible for some
irregularities. The occurrence of large-scale inclined bedding in thick gravels and in interstratified
coarse sands and gravels (fig. 7) is typical of sedimentation in braided river channel deposits (and in
point and channel bars) (Glaser, 1969).

Clay clasts are quite common in the coarse clastic beds and may be rounded, angular, or flattened.
They occur in virtually all of the gravel beds and in most of the sand units as scattered chips and are
concentrated along bedding planes and the basal parts of beds. The clasts usually contain no internal
structure, although some exhibit secondary Liesegang banding. Uncommonly, smaller clay balls are
armored with pebbles.

Scoured and filled troughs are prevalent in the sands, and the filled channels commonly contain
coarse-grained to pebbly sand, typically having concentrations of pebbles, cobbles, or clay clasts at the
base. Figure 8 shows an excellent example of this type of channel fill, as exposed near Point of Rocks.

Lignitized coniferous wood and a well-preserved microflora are abundant in the gray to black clays and
clayey silts of the Potomac Formation. Fragments of lignite and petrified wood pseudomorphs range in
size from splinters to small logs. The wood is replaced by hematite, limonite, pyrite, marcasite, or
quartz. Cellular structure is commonly preserved.

Liesegang banding is a common secondary structure in the Potomac sediments, both in the sands and
the clays. Patterns of parallel, closely spaced bands of yellow, brown, or purple limonite-cemented or -
coated sediment may be mistaken in the field for cross bedding in the absence of well-defined textural
stratification.

Potomac gravels are composed mostly of subrounded pebbles and cobbles of vein quartz, quartzite, or
guartz sandstone. A small percentage of other rocks, such as chert, thoroughly weathered pebbles of
guartzo-feldspathic, gneissic, or granitic rocks, and several metavolcanic and low-grade metamorphic
rock types are also found. These gravel deposits are typically interbedded with arkosic sands and at
some localities contain boulders nearly 0.5 m in diameter, indicating transport and abrasion over
relatively short distances. The nonresistant boulders have been weathered to saprolite.

Indurated ledges produced by clay cementation in the arkoses and subarkoses are found on well-
drained slopes along the major rivers. These rocks crop out at Point of Rocks on the Appomattox
River, along the south bank of the abandoned James River channel around Farrar Island, and near
Halls Island on the east bank of the Appomattox River (pl. 1).

The Potomac Formation thickens southeastward across the study area from approximately 30 m along
the western margin to nearly 107m at the eastern edge. A major disruption in the altitude of the upper
contact with the overlying Aquia Formation occurs along a line generally paralleling the north-trending
reach of the Appomattox River, as shown by the structure contours (fig. 9). The upper contact dips
beneath the ground surface in the vicinity of the crossing of the Appomattox River by Virginia Route 10
at Hopewell.

Environment of Deposition

Depositional environments within the Potomac Formation have been studied by a number of workers
including Fontaine (1896), Clark and Bibbins (1897), Berry (1906, 1911), Hansen (1968), Glaser
(1969), and Reinhardt and others (1980a). Clark and Bibbins (1897) concluded that the coarse basal
parts of the unit indicated rapid deposition in shallow water. They envisioned the existence of an
extensive sound, embayment, or estuarine environment, or combinations of these environments, along
the mid-Atlantic coast. Glaser (1969) demonstrated that the Potomac sediments were deposited in a
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complex fluvial and deltaic environment. The petrographic and palynologic study of Reinhardt and
others (1980a) suggests the migration of major fluvialdeltaic lobes progressively northward in Aptian
through Cenomanian time.

A coarse biomodal sorting of the sediments, abundant plant fragments, scour-and-fill structures, clay-
clast conglomerates, and lenticular bedding all compare with the modem alluvial valley-fill of the
Mississippi River, as described by Fisk (1944). The general lack of siltclay strata in the lower part of
the Potomac Formation may result from the dominance of bedload deposition and limited flood-plain
sedimentation. The large-scale inclined bedding, particularly in the gravels and coarse pebbly sands, is
similar to the bedding in the channel bars of braided rivers described by Doeglas (1962).
Intraformational clay clasts in Potomac sands and gravels indicate rapid channel-shifts and erosion of
cohesive clay banks. Perhaps rapid channel-shifting accounted for the paucity of overbank fine-
grained sediment. Fining-upward point-bar and channel-bar sequences are typically truncated, further
indicating rapidly shifting channels.

Age

Analyses of pollen samples from carbonaceous clayey silts within the Potomac Formation in the study
area have yielded Early Cretaceous ages equivalent to pollen zone | (Barremian to Aptian) and zone II-
B (lower to middle Albian), as defined by Doyle and Robbins (1977) and Brenner (1963) (R.A.
Christopher, USGS, Reston, Va, written commun., 1979). Most of the samples contained a moderately
abundant and diverse terrestrially derived microflora No dinoflagellate cysts or acritarchs were
observed, indicating a lack of marine influence. One assemblage was dominated by Classopollis
torosus, which, with the presence of monocolpate angiosperm pollen and the absence of tricolpate and
tricolporate angiosperm pollen, is the primary basis for assignment to zone | (Barremian to Aptian).
The tricolpate angiosperm pollen first appeared at the very top of zone |, and they dominate this and
younger assemblages. The repeated absence of these species in the samples, coupled with the
presence of several other guide fossils such as Kuylisporites lunaris and Equisetosporites
uirginiaensis, provided Christopher sufficient data for assignment to zone I.

One sample from the Sadler Materials quarry contained a low frequency of tricolpate angiosperm
pollen species, including Tricolpites albiensis, T. crassimurus, "Retitricolpites" uermimurus, and
Tricolpopollenites paruulus. All of these species first occur in pollen subzone II-A, and all extend into
subzone 11-B (lower Albian).

A sample from the Lone Star quarry yielded tricolpate grains having wider variety and greater
frequency than those of the Sadler Materials quarry sample, and one species not previously recorded
from below subzone 1I-B (Ajatipollis sp. A). Tricolpate grains also included Tricolpites micromunus, T.
albiensis, T. sagax, T. crassimurus, "Retitricolpites" uennimurus, and "R." magnificus (?). Based on
the presence of Ajatipollis sp. A and the higher relative frequency and greater diversity of tricolpates,
Christopher placed this sample in the basal part of subzone II-B (lower to middle Albian). Description
from source map: Grant's Headquarters at City Point

PNMpg - Petersburg Granite (Pennsylvanian and Mississippian)

PNMpg - Petersburg Granite (Pennsylvanian and Mississippian)

Light bluish-gray, fine- to coarse-grained, subidiomorphic to locally porphyritic granite with coarse to
very coarse pale pink potassium feldspar phenocrysts up to 12 inches (30 cm) in length, within a light-
bluish gray subidomorphic matrix composed of quartz, plagioclase, potassium feldspar, muscovite,
biotite, hornblende, zircon, epidote, carbonate, and traces of iimenite/magnetite, apatite, and garnet.
Unit locally contains pods and lenses of foliated, texturally and compositionally layered granite; layering
ranges from 0.4 to 12 inches (1 to 30 cm) in thickness. Quartz exhibits undulatory extinction in thin
section but with no apparent foliation. Weathers to smooth, rounded boulders and bedrock pavement.
Description from source map: Petersburg National Battlefield
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PNMa - Amphibolite (Pennsylvanian and Mississippian)

PZa - Amphibolite (Pennsylvanian and Mississippian)

Dark gray, fine- to medium-grained amphibolite. In thin section rocks contain amphibole, plagioclase,
microcline, titanite, epidote, quartz and opaque minerals. Opaque minerals are found mostly within the
amphibole grains in thin section and represent ~3% of the modal mineralogy. Interpreted as a
metamorphosed basalt xenolith within the Petersburg Granite. Description from source map:
Petersburg National Battlefield

Zmsv - Metasedimentary and metavolcanic rocks, undifferentiated
(Neoproterozoic)

Light greenish-gray to dark brown phyllite; fine-grained quartz matrix with fine-grained mica and
chlorite grains showing a weak to moderate foliation in hand sample. Thin section reveals quartz,
chlorite, and muscovite, which shows a weak to strong foliation defined by chlorite and muscovite.
Cordierite was found in abundance in one thin section. Zircon is present as an accessory mineral
within muscovite and chlorite, has a characteristic metamict appearance. Description from source
map: Petersburg National Battlefield
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Geologic Cross Sections

The geologic cross sections present in the GRI digital geologic-GIS data produced for Petersburg
National Battlefield, Virginia (PETE) are presented below. Note that some cross section abbreviations
(e.g., A - A") have been changed from their source map abbreviation in the GRI data so that each
cross section abbreviation in the GRI data is unique. Cross section graphics were scanned at a high
resolution and can be viewed in more detail by zooming in (if viewing the digital format of this
document).

Cross Section A-A'

A A’
FEET
350

FEET
350

S.R. 627

E
ke
&

300 300

250 250

20X vertical exaggeration. Graphic from source map: Petersburg National Battlefield

Cross Section B-B'

FEET

State Route 670

N
8
Railroad

g
2

016166-4
2016147-2
Church Road
2016147-4

Rocky Branch
2016112-2

Arthur Swamp

D

a
<}

Te

100 100

20X vertical exaggeration. Graphic from source map: Petersburg National Battlefield

Cross Section C-C'

2019 NPS Geologic Resources Inventory Program



23 PETE GRI Map Document

20X vertical exaggeration. For display purposes the cross section graphic is split into two graphics
because of its length. Graphic from source map: Petersburg National Battlefield
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20X vertical exaggeration. Graphic from source map: Petersburg National Battlefield
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Cross Section G-G'-G"
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Cross section A-A'-A" on source map. 20X vertical exaggeration. For display purposes the cross
section graphic is split into three graphics because of its length. Graphic from source map: Grant's
Headquatrters at City Point. Of note, only a portion of the above cross section are within the extent of

the GRI digital geologic-GIS data.
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Cross section B-B' on source map. 20X vertical exaggeration. Graphic from source map: Grant's
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Cross section C-C' on source map. 2.65X vertical exaggeration. Graphic from source map: Grant's
Headquarters at City Point
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Cross Section J-J'
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Cross section D-D' on source map. 2.1X vertical exaggeration. Graphic from source map: Grant's
Headquarters at City Point

Auger Holes

All auger holes present on the source map were captured in the GRI digital geologic-GIS data. Auger
holes 15, 16, 18-22, 25, and 26 are only present on Cross Section J-J' and trench 1 (see the Geologic
Observation Localities (CIPOGOL) data layer in the GRI digital geologic-GIS data for the location of

trench 1).
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GRI Ancillary Source Map Information

The following sections present ancillary source map information associated with source maps used for

this project.

Petersburg National Battlefield

The formal citation for this source.

Occhi, M.E., Berquist, C.R., Latane, V.M., and Blanchette, J.M., 2018, Geologic Map of the Petersburg
National Battlefield and Adjacent Areas, Virginia: Virginia Division of Geology and Mineral Resources,
Publication Date: 2018, scale 1:24,000 (GRI Source Map ID 76287).

Prominent graphics and text associated with this source.
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Map Legend

MAP SYMBOLS

For all contact symbols: lines are solid where the location is exact, long-dashed
where the location is approximate, short-dashed where the location is inferred;
dotted where the location is concealed.
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Geologic Observations
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Geologic References
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Graphic from source map: Petersburg National Battlefield
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Index Map

Graphic from source map: Petersburg National Battlefield

Location Map

Graphic from source map: Petersburg National Battlefield
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Funding Sources

FUNDING SOURCES FOR THIS MAP

Funding for this project was provided by the National Park Service
through contracts P14PX03576 (Phase I) and P16PX03343 (Phase
1), and in part by tthe USGS National Cooperative Geologic Map-
ping program under StateMap award number G15AC00495.

. Fundedby NPS  [JUSGRN Funded by USGS

Graphic from source map: Petersburg National Battlefield Of note, NPS funding was from the
Geologic Resources Inventory (GRI) program.
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INTRODUCTION

The Virginia Department of Mines, Minerals and Energy, Division of Geology and Mineral
Resources recently completed two phases of geologic mapping in the Petersburg area for the
National Park Service (NPS), under contracts P14PX03576 and P16PX03343. Additional
mapping, funded in part by the U.S. Geological Survey (USGS) National Cooperative Geologic
Mapping Program under StateMap award number G15AC00495, 2015, is also included and
described in this report. Mapping for the NPS was designed to cover key areas involved in the
Petersburg Campaign of the American Civil War. The Petersburg campaign, also known as the
siege of Petersburg, was the final campaign of the war and the longest, lasting from June 9, 1864,
to April 2, 1865. This siege eventually culminated in the fall of Richmond and the Confederate
retreat to Appomattox, followed by their subsequent surrender. For nine months, the fighting
spilled across a broad swath of land east, south, and west of Petersburg City, and included six
major battles and eleven engagements, as well as countless minor actions and skirmishes. The
key areas mapped and included in this report are the Carson (north half), Church Road (east
half), Petersburg, Prince George (northwest quarter) and Sutherland quadrangles of the USGS
1:24,000 scale series. Details on the funding source and project phase for each quadrangle are
found in Figure 1.

FUNDING SOURCES FOR THIS PROJECT

Funded by NPS - Funded by USGS

Figure 1. Funding for this project was provided by the National Park Service through contracts
P14PX03576 (Phase I) and P16PX03343 (Phase I1), and in part by the USGS National Cooperative
Geologic Mapping program under StateMap award number G15AC00495.






The principal drainages of the Petersburg area are the Appomattox River to the north and
Rowanty Creek to the south. The divide between these drainages lies close to the Appomattox
River, running somewhat parallel and about three to four miles away. This divide was the site of
the contested zone — the no-mans-land between the siege lines.

In general, the battles were fought across a subdued topography. Highest elevations (300+ feet)
occur to the west, and lowest elevations (near sea level) occur along the lower Appomattox
River, where it is tidal. This topography is formed primarily on unconsolidated sedimentary
units — the Bacon’s Castle and Cold Harbor Formations — with the underlying Petersburg
Granite basement rock exposed in the Appomattox River and western tributaries of Rowanty
Creek, which include Hatcher’s Run, Gravelly Run, and Little Cattail Creek.

The siege involved major landscape modification as over thirty miles of earthworks were dug
into Coastal Plain sediments. Large swaths of land surrounding Petersburg were clear-cut to
open fields of fire and to provide building materials and fuel. This style of combat was a
precursor to the extensive trench warfare of the First World War. The Petersburg campaign
featured the famous “Battle of the Crater,” where Union forces attempted to breach the
Confederate defenses by tunneling beneath the enemy lines and detonating 320 kegs (roughly
8,000 pounds) of gun powder. These tactics were facilitated by the geology; tunneling and
extensive excavation were possible because of the unconsolidated nature of thick (up to 150 feet)
sedimentary strata. Numerous areas of countermining in front of both union and confederate
battle lines were “easily” constructed in the thick unconsolidated coastal plain sediments.

The principal National Park Service properties within the mapping area are the Five Forks
Battlefield (Church Road quadrangle), the Eastern Front Unit (Petersburg and Prince George
quadrangles), Poplar Grove National Cemetery (Petersburg quadrangle) and “the Fishhook”
(Petersburg quadrangle). Based on mapping, all Park Service properties with the exception of
the Five Forks Battlefield are underlain by unconsolidated sediments of the Virginia Coastal
Plain province, and here the excavations for earthworks were the most intensive. Farther to the
west, across the Fall Line, the Five Forks Battlefield is centered on a thin veneer of terrace gravel
and/or Petersburg Granite saprolite (rock that has disintegrated or “rotted” in place) overlying
solid Petersburg Granite. As a result, digging was difficult and the battlefield excavations were
less extensive, shallower, and more poorly constructed.

PROJECT DELIVERABLES

The deliverables for this project include this report, a digital geodatabase with metadata (stored
within the geodatabase and as a separate xml file, both of which are saved as FGDC CSDGM
Metadata styles), and a digital copy of the 1:24,000-scale geologic map of the Petersburg area, in
Adobe PDF format, complete with multiple cross sections. The digital geodatabase is in





National Cooperative Geologic Mapping (NCGMPQ9) format, and uses the Federal Geographic
Data Committee Digital Cartographic (FGDC) Standard for Geologic Map Symbolization.

An additional line feature class has been added to the geodatabase that contains probable or
possible earthworks identified using LIDAR-derived hillshade basemaps. These features have
not been field-verified and the authors suggest field verification as the next step to confirming
these features as earthworks.

An appendix containing whole rock, trace and rare earth element concentrations related to
samples collected for analyses during this mapping project are included at the end of the report
(Appendix A). This report serves as supplemental information that should be used in
conjunction with the digital geologic map and geodatabase.

In addition, an ArcGIS story map has been created for the Petersburg National Battlefield Park to
provide interpretative content designed for park guests and other interested parties. This story
map highlights the many links between the geology of the park and the Petersburg Campaign in
an accessible format. This map will be provided directly to the Petersburg Park staff and will
also be hosted on DGMR’s ArcGIS online website.

LOCATION AND GEOLOGIC SETTING
East half of the Church Road Quadrangle

The Church Road 7.5-minute quadrangle is located in the eastern Virginia Piedmont close to the
fall zone, just west of Petersburg. Only the eastern half of the quadrangle was mapped in detail
(Figure 1). The quadrangle is significant because of its proximity to Five Forks Battlefield,
which played an important role towards the close of the American Civil War.

The Church Road guadrangle covers the boundary between Amelia and Dinwiddie counties, the
border of which is the Namozine Creek which flows into manmade Lake Chesdin. The majority
of land on this quadrangle is used for residential homes and agricultural farm fields. There are
some large tracts of land in standing timber and recent regrowth. U.S. Route 460 runs east-west
through the middle of the quadrangle, which is the main transportation corridor through the
quadrangle and hosts some local businesses. Within the quadrangle, the Five Forks Battlefield
Unit and numerous well-groomed trail systems exist on land owned by the Petersburg National
Park, which provides recreation and draws tourists to the area.

Surface elevations range from 345 feet above sea level near Poole Siding to approximately 160
feet above sea level where the Namozine Creek flows into Lake Chesdin. The landscape on the
Church Road quadrangle is typical of the Eastern Piedmont. Bedrock in this area is often
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covered with a thin to thick mantle of saprolite, limiting hard bedrock observations to drainages
where recent river incision has taken place. Some thin fluvial sediments of terraces exist atop
the bedrock.

Sutherland Quadrangle

The Sutherland 7.5-minute quadrangle is located in both the Piedmont and Coastal Plain
provinces of Virginia (the Fall Zone) just west of the City of Petersburg (Figure 1). The
quadrangle is significant because of its proximity to the Five Forks Battlefield, which played a
key role in the Petersburg Campaign towards the close of the American Civil War. The
quadrangle also contains sites of historical importance that relate to geology, where geologic
factors may have affected the outcome of military actions.

The Sutherland quadrangle covers the boundary between the Chesterfield and Dinwiddie
counties, the border of which is Lake Chesdin. Lake Chesdin discharges into the Appomattox
River, further dividing Sutherland into its respective counties along the northeastern portion of
the quadrangle. Its surface elevation ranges from 335 feet near the intersection of US 708 and
US 623 near the middle of the quadrangle to an elevation of approximately 110 feet near the
eastern quadrangle boundary in the Appomattox River

The landscape on the Sutherland quadrangle is typical of a Fall Zone physiographic transition
between the Piedmont and Coastal Plain. The Petersburg Granite comprises the bedrock surface
throughout the quadrangle and is covered by a blanket of saprolite of variable thickness, which is
often deeply dissected by rivers. In the western to central portions of the quadrangle, remnants
of high-elevation marine to fluvial terraces cap the granite body in a thin veneer, which thickens
and becomes more extensive in lateral extent to the east.

At the Jack Quarry on the eastern side of the quadrangle, a complete section of saprolite and
marine/estuarine sediments are exposed (Figure 2). Saprolite approximately 30 feet (9 m) thick
sits on top of the hard rock of the Petersburg Granite. Other places on the map show the granite
exposed on the surface with no saprolite cover. The contact between the saprolite and the lower
Coastal Plain sediment can be observed at this location (Figure 3). The large cobbles seen at the
base of the Coastal Plain sediments in Figure 3 were observed at other locations throughout the
quadrangle and helped to constrain and confirm the extent and existence of the Coastal Plain
terraces.





Figure 2. Overburden at Jack Quarry in the Sutherland quadrangle. Approximately 30 feet (9 meters) of
saprolite covers the Petersburg Granite (Ppg). Cold Harbor Formation (Tch) sediments overlie the
saprolite.
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Figure 3. The contact between Petersburg Granite saprolite and overlying Cold Harbor Formation
sediments at the Jack Quarry on the eastern side of the Sutherland quadrangle. Trowel is 15 centimeters in
length.





Petersburg Quadrangle

The Petersburg 7.5-minute quadrangle is located in the western Coastal Plain province and Fall
Zone of Virginia, about 22 miles (35 km) south of Richmond (Figure 1). The Petersburg
quadrangle is significant because it is a center of industrial growth for the region and contains
numerous Petersburg Battlefield Park properties, the City of Petersburg, the City of Colonial
Heights, and is the point of convergence for major rail lines and Interstates 95 and 85. The
quadrangle covers the boundary between Chesterfield and Dinwiddie counties, the border of
which is the Appomattox River, the principal drainage in the mapping area.

Surface elevations of the Petersburg quadrangle range from sea level to 200 feet. The area lies
within the Fall Zone where Coastal Plain sediments meet Piedmont bedrock. It is characterized
by dissected scarps and flat terraces. The Petersburg granite underlies unconsolidated coastal
sediments and rises in surface elevation towards the west, where overlying sediments become
more sporadic, dissected, and thin. Most of the unconsolidated sediments mapped in this area
were deposited in fluvial, near-shore, and marine environments. Regionally, these deposits form
broad, uniform sheets that dip gently to the east and range in age from Cretaceous to earliest
Pleistocene. Near major drainages, these sediments have been eroded and partially covered by
sediments from multiple Pleistocene marine transgressions.

North half of the Carson Quadrangle

The Carson 7.5 minute quadrangle is located in the western Coastal Plain province of Virginia,
about 25 miles (40 kilometers) south of Richmond. For this project, only the north half of the
quadrangle was mapped. The Carson quadrangle is significant because of its many properties
that are in trusts and conservation easements, which represent areas of possible future expansion
for the Petersburg National Battlefield. The north half of the quadrangle lies within Dinwiddie
and Prince George counties. In the northwest quarter of the Carson quadrangle, Hatcher Run
flows eastward into Arthur Swamp and eventually becomes Rowanty Creek at the confluence of
Hatcher Run and Little Cattail Creek. This main drainage is characterized by broad floodplains
with multiple active channels due to a low stream gradient.

Surface elevations of the north half of the Carson quadrangle range from 100 feet to 180 feet.
The area lies within the Fall Zone, where Coastal Plain sediments meet Piedmont bedrock, and is
characterized by dissected scarps and flat terraces. The Petersburg Granite underlies
unconsolidated coastal sediments and rises in elevation towards the west, where overlying
sediments become more sporadic and thin. Outcrops of granite occur in the northwestern portion
of the quad within incised tributaries of Hatcher Run.

Most of the unconsolidated sediments mapped in this area were deposited in marine and near-
shore environments. Regionally, these deposits form broad, uniform sheets that dip gently to the
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east and vary in age from Miocene to earliest Pleistocene. The older sediments have been eroded
and partially covered by sediments from multiple Pleistocene marine transgressions.

Northwest Quarter of the Prince George Quadrangle

The Prince George 7.5 minute quadrangle is located east of Petersburg City and is contained
within the western Coastal Plain province of Virginia. Only the northwest quarter of the
quadrangle was mapped for this project. The Prince George quadrangle is significant because it
contains the Petersburg National Battlefield’s Eastern Front Unit, which is the parks largest
continuous tract of land. The quadrangle contains portions of Petersburg City and Prince George
County. The boundary between the two jurisdictions also represents the boundary between the
Petersburg National Battlefield’s Eastern Front Unit and Fort Lee Military Reservation, a large
Army installment. Interstate routes 95 and 295 cross the quadrangle, roughly from north to
south.

Drainages within the quadrangle include Poor Creek, Bailey Creek, Harrison Creek, and
Blackwater Swamp. Poor Creek, Bailey Creek, and Harrison Creek discharge into the
Appomattox River just upstream from its confluence with the James River. Southeast of the
mapping area, Blackwater Swamp joins the Nottaway and Chowan Rivers, eventually
discharging into the Albemarle Sound.

Surface elevations on the northwest quarter of the Prince George quadrangle range from 150 feet
in elevation, mostly occurring on broad terrace flats, to sea level in the northwest corner where
Harrison Creek discharges into the Appomattox River. The landscape on the Prince George
quadrangle is typical of the Coastal Plain; broad, flat terraces that are incised by drainages.

DATA COLLECTION METHODS

The majority of lithologic data related to Coastal Plain sediments evaluated for this report came
from solid-stem auguring with a trailer-mounted drill. Each boring was completed using the
necessary amount of 5-foot drill stem. The drilling process consisted of drilling a 5-foot-interval,
extracting and describing the sediments, and re-entering the hole to drill another 5-foot interval
(Figure 4). The sediment from each 5-foot interval was logged in detail. These logs were
subsequently entered into a Microsoft Access database known as the Virginia Borehole
Database, which currently holds over 9,000 logs from across the Commonwealth. Legacy data
from water well completion reports, Virginia Department of Transportation core logs, and pre-
existing data from the Virginia Borehole Database were also used. Logs that were useful for
determining stratigraphic map units are displayed on the accompanying geologic map.

Other lithologic and structural data was collected from outcrops, especially in incised river
channels, throughout the mapping area. Locating the contact between the Roanoke Rapids
Terrane volcanic-plutonic rocks (Zmsv) and Petersburg Granite on the Church Road quadrangle
would have been difficult by relying on outcrop alone. In areas of poor outcrop, we used a hand-
held gamma ray spectrometer that was able to distinguish a relative change in the amount of
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gamma radiation given off by the two lithologies (Figure 5). This methodology proved to be
crucial in locating the fault contact between these two lithologies and was confirmed in the field
with saprolite or hand samples of outcrop where available.

Other indicators were used to confirm the presence of a certain lithology in outcrop-poor areas,
including the appearance of residual soil. For example, Figure 6A shows the weathering product
of the Zmsv, which is very angular and breaks into discrete angular chips. The Petersburg
Granite on the other hand, weathers to a medium- to coarse-grained quartz (angular), biotite
saprolite (Figure 6B).

Field observations were collected using ArcGIS Collector-enabled smart phones, topographic
maps, and field notebooks. Lithologic descriptions, joint orientations, and other geologic
observations related to outcrop-scale features were recorded and stored with GPS coordinates.
Field data (including all orientation measurements, borehole locations, etc.) were uploaded to
ArcMap 10.5 where they are stored in a geodatabase that conforms to the NCGMP09 database
standard schema. Data was then overlain on a topographic base and a hillshade raster produced
in house from LIDAR data. All map features are represented using the FGDC Digital
Cartographic Standard for Geologic Map Symbolization and are stored with feature-level
metadata within the geodatabase.

Samples that are representative of significant map units were collected within the mapped area
and entered into the DGMR rock repository. Each sample collected was assigned a unique
identifier (R-number) that can be linked with subsequent analyses. Data for each sample,
including latitude, longitude, rock type, date collected, collector, etc., are stored in an ArcSDE
geodatabase maintained by DGMR and the locations of each sample are shown on the
accompanying geologic map found on Plate 1 or within the generic points feature class in the
geodatabase. One portion of each sample was submitted for whole rock lithogeochemical
analysis (INAA-ICP) including major, minor, trace and rare earth elements (analysis is
contracted with ActLabs, Ontario, Canada and results can be found in Appendix A). When
appropriate (i.e., hard rock sample), a second portion was used to make thin sections for
petrographic analysis and have been entered into DGMR’s thin section repository. The third
portion has been placed into our in-house, permanent rock repository for future needs and
reference.

The analytical results from the whole rock analyses were used to correlate map units and identify
potential mineral resources, including rare earth and trace elements. This geochemical data
could be used to establish background concentrations of different elements or to assist with
assessing water quality or environmental issues in the region. These results have been added to a
geochemistry database maintained by DGMR. This existing data set contains approximately 700
analytical results and is currently available to the public upon request.





Figure 4. Extracting drill stem from borehole (16097-1). The lower portion of the drill stem contains
cuttings of Bacons Castle Formation (Qbc) from the 10-15 foot interval of the borehole.

Figure 5. Rick Berquist determining the
background radiation above a typical
“elephant back” outcrop of the Petersburg
Granite using a hand-held gamma ray
spectrometer. Data were collected in areas
where the bedrock was exposed for
calibration purposes and in areas where
bedrock was not exposed to assist in drawing
geologic contacts.






Figure 6. A. The weathering product of metasedimentary rocks (Zmsv) along Route 460 on the Church
Road Quadrangle. The clasts are pebble sized and angular. Notebook is 19 cm in length. B. The
weathering product of the Petersburg Granite found along Route 460 on the Church Road Quadrangle.
The granite weathers into an angular medium- to coarse-sand saprolite with quartz, mica, and feldspar.
Notebook is 19 cm in length.

GEOLOGIC DISCUSSION
Rocks of the Eastern Piedmont
Metamorphic Rocks of the Roanoke Rapids Terrane

The metasedimentary and metavolcanic rocks found in the northern half of the mapped area
(herein referred to as Zmsv) are part of the Roanoke Rapids Terrane, which consists of
greenschist-facies, slaty to phyllitic metasedimentary and metaigneous rocks (Sacks, 1996). The
Roanoke Rapids Terrane extends south into North Carolina, where it has been mapped in greater
detail. The northern extent of this terrane is poorly constrained (Owens and others, 2010).

The metasedimentary and metavolcanic rocks of the Roanoke Rapids Terrane found on the
Church Road quadrangle have not been dated. However, north of Church Road, Owens and
Hamilton (2013) determined a U-Pb zircon age of 551.5 +/- 0.6 Ma for a felsic metavolcanic
rock. Inaddition, Owens and others (2011) dated a metavolcanic roof pendant to the west of the
mapping area in the Three Creek Pluton and determined it to be 673 Ma. Therefore, it appears
the magmatism that produced these rocks was Neoproterozoic in age and there seems to be a
large amount of variability in the ages reported.

Outside of the mapping area, the terrane hosts a number of intrusive bodies which contain
zircons that have been dated. A U-Pb TIMS zircon age from metagranite at Skippers, Virginia
yielded 615 +/- 0.6 Ma (Coler and Samson, 2000). A similar age was found using U-Pb TIMS
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zircon age of 613 +/- 0.9 Ma for the metatrondhjemite in the Three Creeks Pluton near Emporia,
Virginia (Owens and others, 2010). U-Pb and 207Pb/206Pb zircon ages were found for intrusive
bodies that show a slightly older age of 668 Ma and 672 +/- 2 Ma from metatonalite and
metagranodiorite bodies, respectively, both located in North Carolina (Horton and Stern, 1994;
Coler and Samson, 2000). The zircon ages from these intrusive bodies help to constrain a
minimum age for the metasedimentary and metavolcanic packages. However, the amount of
variability in intrusive ages and native metavolcanics within the terrane underscores the
complexity of terrane construction and demonstrates the importance of dating more samples of
the native metavolcanic rocks that comprise the majority of the parent material in the terrane to
better understand its geologic history.

Zircons found in samples in the Church Road quadrangle (Figure 7) may be suitable for U-Pb
zircon age dating and could help further constrain the age of magmatism.

Rocks of the Eastern Piedmont, especially the Roanoke Rapid Terrane, are poorly exposed
(Owens and others, 2011, Owens and Bailey, 2018). Because exposures of the metasedimentary
and metavolcanic rocks in the Church Road quadrangle were sparse, we were not able to
determine the nature of their relationship to one another and have chosen to map them together
as one undivided unit (Zmsv).

The most common lithology found within Zmsv is a fine-grained quartz-chlorite-muscovite
phyllite to quartzite which shows strong foliation in outcrop and thin section. A thin section
revealed the presence of cordierite in abundance in one hand sample collected from the Zmsv
unit (R-11093, R-11094, and R-11096). Geochemical analysis of 40 samples outside of the
mapping area within the Roanoke Rapids Terrane (Zmsv) is now available (Berquist and Pascua,
2018).

Figure 7. A thin section photomicrograph of metavolcanic rock (Zmsv) in plane-polarized light (A) and
cross-polarized light (B) at 2.5X. Scale bar applies to both photomicrographs. The mineralogy of this
sample is predominately chlorite with zircon inclusions, (circles are drawn around zircon grains in Figure
7A), muscovite, and quartz.
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Petersburg Granite

To the east of rocks assigned to the Roanoke Rapids Terrane (Zmsv), unconsolidated Coastal
Plain sediments lie above crystalline rock consisting mostly of the Petersburg Granite batholith.
This batholith underlies a large region of east-central Virginia, from near Ashland in Hanover
County to the north, to Dinwiddie in Dinwiddie County to the south. Its outcrop belt is bounded
outside of the study area to the north and west by the Richmond-Taylorsville Mesozoic basins, to
the southwest by metavolcanic rocks of the Roanoke Rapids Terrane (Berquist and others, 2016)
and to the south and east by Coastal Plain sediments. The batholith is dated at approximately 330
Ma (Mississippian) by Wright and others (1975), and approximately 315 Ma (Pennsylvanian) by
Lee and Williams (1993). Recent U-Pb zircon ages of 300 and 296 Ma were presented by
Buchwaldt and Owens (2012) and generally agree with the consensus that this batholith, and
other contemporaneous plutonic bodies in the Virginia Piedmont, were formed during or as a
consequence of the Alleghanian orogeny.

The Petersburg Granite has previously been subdivided into four to five distinct facies on
adjacent 1:24,000 scale maps in the area. Examples of this grouping can be seen on the
Drewerys Bluff (Bondurant and others, 2011), Chesterfield (Carter and others, 2010), and
Richmond (Bleick and others, 2007) geologic map. A detailed explanation for the subdivisions
of the Petersburg Granite can be found in Carter and others (2007). While the four distinct facies
within the Petersburg granite were observed in this mapping area, the number of exposures were
too few and did not produce the necessary amount of data to split the granite into its distinct
facies. As a result, the Petersburg Granite is presented on the map as an undivided unit (Ppg).

On the eastern half of the Church Road quadrangle the Petersburg Granite weathers to rounded
boulders which are rarely jointed at the surface and stand out in relief. Because of their gray and
rounded weathering style they appear in the field as “whalebacks” or “sleeping elephants”
(Figure 5). There are some locations on the quadrangle that the granite body crops out as an
unjointed “pavement” surface that is approximately level with the surrounding area (Figure 8).
Where the granite is exposed with joint surfaces, the joints were measured and recorded.

Multiple thin sections from the Petersburg Granite samples from the mapping area reveal the
presence of chlorite, which suggests minor metamorphism, subsequent to cooling. Quartz
exsolution textures within feldspar grains are common throughout the thin sections, confirming
that the granite is part of a plutonic body that cooled slowly over time.

Flow foliation with respect to aligned plagioclase crystals was observed within the Petersburg
Granite on the Sutherland quadrangle. These foliations were not measured because their original
orientation could not be determined as they occurred within pieces of float (Figure 9).

A small xenolith of amphibolite crops out along near the eastern map border (Pza). This
amphibolite was likely derived from basalt or similar rock and pre-dates the Petersburg Granite
in age.
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Figure 9. Flow foliation, defined by alignment of larger feldspar crystals, in a piece of Petersburg
Granite float from the Sutherland Quadrangle. Pencil is aligned approximately parallel to direction of
flow and is 12 centimeters in length.
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Coastal Plain Sediments

The Petersburg granite begins to dip sharply to the east in the central part of the mapping area,
approximately where it is crossed by 1-95. In this part of the map area, the granite is
unconformably overlain by unconsolidated Coastal Plain sediments. These Coastal Plain
sediments range from marine to fluvial in origin, with the different depositional environments
corresponding to and recording past changes in sea level.

Although the Laurentide Ice Sheet did not reach Virginia during the last glacial maximum, the
formation and melting of it and other ice sheets lowered and raised sea level, respectively. In
Virginia, falling sea level caused a marine regression and subsequent dissection and deep erosion
of older Coastal Plain sedimentary layers and crystalline Piedmont rocks as fluvial systems
adjusted to the change in base level. This was followed by erosion of older valley-wall
sediments. As sea level rose during the next marine transgression, flooding the rivers and
eventually creating estuaries, deposition occurred within the previously eroded areas.

Most of the unconsolidated sediments mapped in this area were deposited in near-shore marine
environments. These deposits occur as broad, regionally uniform sheets that dip gently to the east
and range in age from Cretaceous to earliest Pleistocene. Marine transgressions during the
Pleistocene do not appear to have reached as high of an elevation than previous transgressions,
creating a stair-step pattern of successively younger terraces most commonly observed adjacent
to modern drainages.

Since the crystalline basement is a hard, irregular surface with natural undulations, subsequent
transgressions were able to completely erode an older marine unit in some locations, while
preserving it in others. Over time, the surface topography of the granite can act as a barrier,
shielding previously deposited marine sediments in natural depressions (Occhi and others, 2017).
This likely explains why different sediment sequences are seen directly overlying the granite.

Sediments from the Cretaceous Potomac Formation (Kp) begin to crop out in the eastern portion
of the Petersburg quadrangle along the Appomattox River, and thicken considerably to the east
and southeast. This coincides with the steep drop off in depth to bedrock previously mentioned.
In the mapping area, sediments from the Potomac Formation were dated to the Early Cretaceous
by pollen analysis and are thought to be deposited in a complex fluvial and deltaic environment
(Dischinger, 1987).

Sediments from the Lower Pamunkey Group (TI) rest unconformably atop sediments of the
Potomac Formation. Dischinger (1987) divided the Lower Pamunkey Group in adjacent areas
into the Aquia and Nanjemoy Formations, using the thin Marlboro Clay unit as a marker bed to
delineate the Aquia from the Nanjemoy. It was not possible to do so in the mapping area, as the
Marlboro Clay was not observed in either outcrop or boring. In addition, the lithologic
differences between the Aquia and Nanjemoy Formations were subtle, as noted by Dischinger
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(1987). Sediments from T1 were only encountered in borings on the east side of the Petersburg
and Prince George quadrangles.

Aquia Formation sediments collected to the northeast of the study area contain Upper Paleocene
fossil assemblages (Dischinger, 1987). Nanjemoy Formation sediments collected from the same
location contain early to Middle Eocene fossil assemblages which are consistent with a
rubidium-strontium age determined for glauconite grains contained in the sediment (Dischinger,
1987). Due to the high abundance of glauconite and diverse fossil assemblages, the Lower
Pamunkey Group sediments indicate a quiet, shallow marine depositional setting during
respective transgressive events.

The Tertiary gravel terrace (Tg) is the farthest west, and subsequently oldest Coastal Plain unit in
the mapping area. It caps hills in relatively thin (in some places >10 feet, or 3 meters) sheets
which generally thicken to the east (maximum thickness observed is 32 feet, or 9.8 meters on the
Sutherland quadrangle). This unit is thought to be the landward equivalent of the marine Lower
Chesapeake Group (Weems and Edwards, 2007) and occurs at elevations greater than 240 feet.
Tg is interpreted to be fluvial to marine.

A thin (>10 foot, 3 meters) sheet of Tg caps the Petersburg Granite at the Five Forks Battlefield,
the last formal battle of the Petersburg Campaign. This likely presented a challenge for
confederate forces as the Coastal Plain cover was too thin, or even absent, in many areas to
develop robust earthworks, as the underlying granite is a much harder, competent material that
would have required considerable effort to trench. As a result, there are markedly fewer
earthworks documented and visible on LIiDAR derived hillshades surrounding the Five Forks
area.

The Lower Chesapeake Group (Tcl) lies unconformably on top TI. It is exposed in numerous
outcrops along incised river channels and is commonly found in boreholes on the Petersburg,
Carson, and Prince George quadrangles. These sediments dip and thicken to the east beyond the
mapping area boundary. Fossils within the Lower Chesapeake Group indicate a marine to
nearshore-marine environment. There is biostratigraphic evidence to assign this map unit an age
of Late Miocene (Dischinger, 1987).

The Tcl map unit contains the Eastover and Calvert Formations, and possibly contains the
Choptank Formation. The lithologic differences between the previously mentioned formations
contained within Tcl are subtle, likely because the depositional environments are so similar for
each marine transgression that they record. Some diagnostic criteria for assigning a formation in
the lower Chesapeake group, such as dinoflagellate populations or microfossil assemblages,
cannot be readily assessed in the field. For these reasons, sediments of the Eastover, Choptank
and Calvert Formations have been mapped as a single, undivided map unit.

Tcl often crops out as smoothed surfaces when observed in incised river banks. These smoothed
channel surfaces often do not host any vegetation, likely due to the presence of sulfuric acid
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derived from framboidal pyrite. This map unit has been documented for its sulfuric acid
drainage issues, which can lead to early disintegration of concrete and metal structures
(Orndorff, 2002). Where observed in channel outcrops, Tcl often makes its own “pavement”
which behaves similar to hard rock channel bottoms in terms of erosion. Tcl will often form its
own bedload of large “cobbles” and “pebbles” of rounded clayey silt with a ferricrete armoring.
The unit is well-jointed in outcrop when there is little to no fine to medium sand content, and is
not jointed where the sand content is present, instead weathering off of outcrops in sheets, or
exfoliative weathering.

Tcl underlies most swamps in the mapping area, where it produces wide floodplains with low
stream gradients. In areas of higher stream gradient, Tcl often produces steep sided ravines and
stream channels that do not host vegetation and can be very slick due to its high clay content.
Both swamps and slick-sided deep ravines presented logistical challenges to confederate and
union troops.

To the east of Interstate 95, the marine Yorktown Formation (Ty) lies unconformably atop the
Lower Chesapeake Group. Ty sediments present in the mapping area are interpreted to have
been deposited in a protected-bay to back-bay or nearshore marine setting, depending on grain
size and the presence of fossil assemblages. These sediments have been assigned an age of early
Pliocene due to macrofossil assemblages found in sediments to the northeast of the mapping area
(Dischinger, 1987).

The Yorktown Formation and Lower Chesapeake Group are unconformably overlain by the Late
Pliocene Cold Harbor Formation (Figure 10). Sediments assigned to Tch in this report were
previously described by Newell and Rader (1982) in both Maryland and Virginia as the
nearshore equivalent of the down-dip marine Yorktown. Mapping in the Fredericksburg area
depicts this marginal marine facies of the Yorktown unit interfingering with the marine
Yorktown Formation (Mixon and others, 2000). As a result, subsequent workers have assigned
marginal marine sediments to the marine Yorktown, collectively calling them the Pliocene Upper
Chesapeake Group (Tcu). Examples of this grouping can be seen on the Drewerys Bluff
(Bondurant and others, 2011), Chesterfield (Carter and others, 2010), and Richmond (Bleick and
others, 2007) geologic map.

Since the completion of those maps, it has been recognized in both the Richmond area and on the
James-York Peninsula that the marginal marine Yorktown does not interfinger with the marine
Yorktown and that the contact between the two is unconformable (Berquist, 2013a; Berquist and
Gilmer, 2014).

Berquist and Gilmer (2014) proposed naming the marginal marine sediments, previously
assigned to the Yorktown Formation, the Cold Harbor Formation (Tch). This unit is named for
borings in the Seven Pines 7.5-minute quadrangle at Cold Harbor Battlefield (Bondurant and
others, in preparation). The type section is described in VDGMR boring 2006313-1 on the
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Figure 10. Cold Harbor Formation (Tch)
and Lower Chesapeake Group (Tcl) contact
at a depth of 23 feet. Note the upper foot

or so of oxidized sediments in the Lower
Chesapeake Group.

Seven Pines 7.5-minute quadrangle (Bondurant and others, in preparation). A representative
section can be found in VDGMR boring 2012242-1 on the Quinton 7.5-minute quadrangle
(Berquist, 2013b).

The Tch is a near-shore package of sediments, and correlates with the lower part of the Pliocene
sand and gravel (psg) unit on the geologic map of Virginia (Virginia Division of Mineral
Resources, 1993). Sediments previously assigned to the Bacons Castle Formation, particularly
the Barhamsville member (Ramsey, 1988) or Tertiary gravel 2 (Tg2) (Virginia Department of
Mineral Resources, 1993), are also assigned to the Pliocene Cold Harbor Formation (Berquist,
2013a).

A defined topographic scarp is present at 175 feet throughout the Virginia Coastal Plain, which is
associated with the transgression that deposited the Bacons Castle Formation (Qbc). The Qbc lies
unconformably on top of the Cold Harbor and older Coastal Plain sediments, and caps hills
below 175 feet. The lower part of the Bacons Castle was deposited in a fluvial environment and
commonly contains clasts larger than those found in the Cold Harbor Formation; a sandpit near
boring 2016181-1 contains boulders (Figure 11), one measuring approximately 3 feet in
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diameter. This portion of Qbc contains pebbles and rarely small cobbles and underlies a fining
upward sequence seen throughout the unit. This fining upward sequence is commonly seen in
units that reflect a marine transgression, where fluvial sediments change upwards to swamp,
marsh, and then estuarine sediments (Peebles, 1984). Some upper parts of Qbc sediments are
difficult to discriminate from the older Cold Harbor Formation, as the depositional environments
were similar (both deposits are interpreted as marginal marine). The thinner deposits of Qbc
present on the western side of the mapping area likely resulted from minor erosion and
reworking of Tch sediments with little deposition in some areas during the early Pleistocene.

A succession of Pleistocene alloformations sit uncomformably on older sedimentary units
adjacent to the Appomattox River and Rowanty Creek within the mapping area. These
alloformations create the classic stair-step terrace pattern normally associated with Coastal Plain
deposits. In order from oldest to youngest: the Windsor Alloformation (Qw, occurs on broad flats
from elevations between 100 and 125 feet), the Charles City Alloformation (Qcc, occurs on
broad flats from elevations between 60 and 75 feet), the Chuckatuck Alloformation (Qc, occurs
on broad flats from elevations between 50 and 59 feet), the Shirley Alloformation (Qsh, occurs
on broad flats from elevations between 45 and 49 feet), the Elsing Green Alloformation (Qeg,
occurs on broad flats from elevations between 35 and 39 feet), and the Tabb-Sedgefield
Alloformation (Qts, occurs on broad flats from elevations between 20 and 28 feet). They are all
flat Quaternary terraces, each resting unconformably atop the older deposit.

Figure 11. A. Large Petersburg granite boulder removed from nearby sand pit during excavation (current
position of boulder is not in situ). Many boulders this size and larger were removed while mining. B. A
pit wall showing the Bacons Castle Formation (Qbc). Qbc is characterized as a pebbly (<2 in) clayey fine
to coarse sand. A succession of fining upward sequences are seen, all with a base of pebbles <2 inches in
diameter fining to a fine to medium sand.
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All Pleistocene terraces are interpreted to have been deposited in fluvial, estuarine and tidal
depositional environments, likely due to the rapid climate cycles experienced during the
Pleistocene. Due to the lithologic similarities between the units, the Pleistocene terrace deposits
have largely been mapped based on their geomorphology and are tentatively correlated to
associated alloformations within their unit descriptions.

The Quaternary terrace (Qtu) in the Carson quadrangle is also a flat terrace, where the highest
surface elevation is between 100 and 125 feet, and likely correlates to the fluvial Windsor
Alloformation.

Structural Features
Fault contacts between RRT and Petersburg Granite

North of the Church Road quadrangle, the Petersburg Granite commonly contains xenoliths of
amphibolite and biotite gneiss. Nowhere in the entire exposure of the Petersburg within the map
area have any xenoliths of volcanic rocks been observed.

The geologic map of the eastern half of the Church Road quadrangle shows the Roanoke Rapids
Terrane metasedimentary and metavolcanic rocks to be separated from the Petersburg Granite by
normal faults. However, the faulting history is more complicated than it appears. To the north of
the map area in Winterpock quadrangle, rare outcrops on the western edge of the Petersburg
granite are mylonitized with shear foliation dipping at a low angle to the east with a sense of
shear that indicates thrusting to the southwest. Sometime after emplacement of this pluton, the
Petersburg was thrust southwestward over the Roanoke Rapids Terrane (Figures 12A and 12B).
High-angle, normal, brittle faulting during the early Mesozoic (Figure 12C) formed not only the
Richmond and other basins, but fractured other nearby areas. The contact between the Petersburg
Granite and Roanoke Rapids Terrane is a series of normal faults extending 35 miles from
Chesterfield to Sussex County (Virginia Division of Mineral Resources, 1993). The down-
dropped block east of the Roanoke Rapids Terrane is now occupied by the Petersburg Granite,
and should overlie the early low-angle thrust fault at depth. Erosion following Mesozoic faulting
lowered the land surface and removed evidence of the thrusting event in areas now mapped as
Roanoke Rapids Terrane (Figure 12D).

The Dutch Gap Fault

The Dutch Gap Fault trends north-south to northeast-southwest, through the Petersburg National
Battlefield’s Eastern Front Unit in the northwest quarter of the Prince George quadrangle. This
southward extension of the Dutch Gap Fault follows the work of Dischinger (1987) that
documented the north-south trending fault on the Hopewell quadrangle to the north of the Prince
George quadrangle. The Dutch Gap Fault is a series of reverse faults which juxtapose older Kp
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sediments to the east against younger (Tcl and Tch) sediments to the west (see cross sections E-
E’ and F-F’). The fault trace in the mapping area has been largely eroded away by quaternary
transgressions and subsequent deposition of Qbc and younger Coastal Plain sediments. The
offset is thus inferred from subsurface boring data, which has constrained the fault plane as
shown on the accompanying geologic map. The Dutch Gap Fault has been traced from the Stony
Creek area north to Interstate 64, east of Richmond.

Alleghanian Compression

A
West Zmsv % Ppg East
Gabbro
Post-Alleghanian Erosion B
A
Zmsv Ppg
Mesozoic Rifting C

Figure 12. Structural interpretation for the
Church Road area
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The density of subsurface data allows for tight control of the fault plane across the northwestern
quarter of the Prince George quadrangle. The result is a north-south or northeast-southwest
trending fault with east-west or northwest-southeast trending cross-faults of unknown geometry.
The observed displacement along the fault was up to 80 feet (24 meters) and causes an observed
thickening of Tcl on the west side (down-dropped) of the fault, likely a result of upwarping
against the fault plane.

The Dutch Gap Fault corresponds to a pronounced subsurface geophysical lineament
(aeromagnetic and Bouguer gravity) (Dischinger, 1987) and is thought to perhaps control the
sharp turn to the north of the Appomattox River just west of Petersburg City and north of the
Petersburg National Battlefield’s Eastern Front Unit.

Landslide features

On the Petersburg quadrangle, two prominent landslide features were observed on the east bank
of the Appomattox River near the U.S. Route 301 bridge crossing (Figure 13). These features
have been divided into two separate landslide categories based on the style of motion and
amount of reorganization of material. The western feature appears to be an intact block of
material that has detached along a headscarp and slumped down slope, classified as a block slide.
The eastern feature has a prominent headscarp and a “hummocky” surface composed of
disaggregated material that has subsequently formed its own internal drainage network and back-
rotated trees, some of which have been engulfed by material (Figure 14). The western feature is
most likely a mature rotational landslide that has not been recently active. Due to the size of the
features, they are not shown separately on the geologic map.

Earthworks

A considerable number of earthworks remain, even outside of park boundaries. Hillshade maps
for the project area were made in-house from LIDAR data collected in 2011. These base maps
were used to identify disturbances in the earth’s surface (pits, trenches, artificial hills and ridges,
etc.). While it is impossible to confirm features remotely, manmade features do have
characteristics that make them stand out from natural features on a landscape. The hillshade map
that covers the mapping area readily shows existing trenches and fortifications and can be an aid
in future preservation efforts, as a considerable number exist on privately owned property.
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Google Earth

Figure 13. LiDAR derived hillshade image (13A) showing an area affected by landslides on the
Petersburg quadrangle. Satellite imagery (13B) of the same area taken from Google Earth (accessed
November 2018). Notice the proximity of residential properties near the head scarps and toe area of the
landslides.
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Figure 14. Vegetation growing out of a weathered hummocky surface created during landslides shown in
Figure 13.

By comparing the hillshade images to battlefield maps (Campbell, 1864; Campbell and others,
1864; Michie, 1865; Michler, 1867; Esposito, 1995; Lowe and Burns, 1998) it has been possible
to identify approximately 13 miles of possible or probable extant earthworks outside of the park
property. These features are not shown on the individual geologic maps, but are included in the
“earthworks” feature class in the GIS Geodatabase. Of particular interest is Fort Dushane, a
large star fort that appears to be in excellent condition (Figure 15).

Based upon the LIDAR analysis the presence of earthworks was determined to be either probable
(CPB), or possible (PS). Features identified in both categories need field checking.

Mineral Resources

The development of mineral resources in the map area has been driven by a demand for
construction material over the past 150 years. The Petersburg granite pluton is especially suited
to produce dimension stone. The medium to dark grey biotite granite ‘works well under the
hammer and is susceptible of high polish’ (Watson, 1910). The widely spaced joints yield
sizable blocks.
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Figure 15. Aerial photograph showing Fort Dushane, a star fort overgrown with vegetation (15A).
LiDAR image of the same fort (15B).

Quarrying began in the 1850’s along the Rohic and Cattail Creeks in an area presently occupied
by the Central State Hospital. The Petersburg Granite Company quarry (069B-203) produced
paving stone. The D. W. Lassiter quarry (069B-202) produced blocks up to twenty feet long that
were shipped as far as Denver, Colorado Locally, the Confederate Arch in Petersburg’s
Blandford Cemetery is built of stone from this quarry. To the north of these quarries, the
Ferndale Park Quarry (069B-104) produced stone for the Post Office Annex in Richmond, which
is now part of the Lewis F. Powell, Jr. U. S. Courthouse and Annex Complex. Further west, in
the summer of 1905, the Petersburg Passenger and Power Company operated the Rocky Run
quarry (070A-201) to produce granite for the construction of locks and retaining walls for a short
canal around the dam across the Appomattox. That quarry is now under Lake Chesdin.

By the early part of the twentieth century, the profitability of dimension stone mining in the area
diminished, in part due to the competition from other mines. In a 1928 letter, the State
Geologist, W. A. Nelson wrote:

“l have discussed this granite with several stone men . . . They have all stated that, although this
is an excellent granite, the cost of working it because of its hardness, as compared with the cost
of working the Mt. Airy, North Carolina, stone which can be obtained very cheaply...makes it an
almost impossible proposition to develop.” (DGMR Commodity Files)

By the time of this letter, the production of granite dimension stone had ceased.
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Sometime before 1951, a granite quarry (070B-501) opened on the Virginia Department of
Corrections farm near Poole Siding, Virginia. The purpose and product of this quarry is
unknown. An analysis of a sample from this quarry was included in a Virginia Department of
Transportation Aggregate Survey (Parrot, 1954).

On May 1, 1960, the Southern Materials Company opened the Jack Stone Quarry (07A-601\602)
to supply heavy riprap for the Chesapeake Bay Bridge-Tunnel Project (Pharr, 1961). In 2017,
the Jack Quarry produced 2,847,934 tons of aggregate. The Jack Quarry, currently operated by
Vulcan Construction Materials, LLC, is the only active mine on the map.

Geological units within the overlying coastal plain sediments have also been mined, to produce
materials for construction. In 1960, Friend Sand and Gravel Company opened a pit (069A-101-
105, 069B-301-307) just outside of Colonial Heights to supply aggregate from the Cretaceous
sediments. This operation continued until 1989 and grew across the Appomattox River. Now,
office buildings, a car dealership, and stores occupy the property.

A quarry (069B-209) was also developed on the Lilia Whitt Beck property specifically to supply
aggregate for the construction of Ettrick Park. The rounded gravels in that park came from the
Bacons Castle formation. The park opened in 1974.
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Geochemical Analysis of Repository Samples

Locations of geochemical repository samples are present in the Geologic Sample Localities (petegsl)

data layer in the GRI Digital Geologic-GIS Map of Petersburg National Battlefield and Vicinity, Virginia.
Geochemical analysis of the samples, identified by their sample number (e.g., R-11093), is presented
in the report associated with this source map.

The analysis consists of major element composition of 18 sediment samples from the Church Road,
Petersburg, and Sutherland quadrangles.

Grant's Headquarters at City Point

The formal citation for this source.

Dischinger, J. B., 1987, Late Mesozoic and Cenozoic Statigraphic and Structural Framework near
Hopewell, Virginia: U.S Geological Survey, Bulletin 1567, scale 1:24,000 (GRI Source Map ID 2430).

Prominent graphics and text associated with this source.

Correlation of Map Units

CORRELATION OF MAP UNITS

Qal Alluvium Holocene QUATERNARY
Qt Terrace Pliocene and
Pleistocene
UNCONFORMITY
Yorktown Formation } Pliocene
UNCONFORMITY

Tsm “Virginia St. Marys Formation” } Miocene

UNCONFORMITY TERTIERY
Nanjemoy Formation } Eocene

UNCONFORMITY

- Aquia Formation } Paleocene

UNCONFORMITY
Potomac Formation } Lower Cretaceous } CRETACEOUS

Graphic from source map: Grant's Headquarters at City Point
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Map Legend

EXPLANATION OF MAP SYMBOLS

— ¥ ——  Contact—Approximately located;
solid triangle indicates
representative exposure.
Only one exposure (H-17) is numbered

— —  Fault—Approximately located;
dashed where inferred. U,upthrown
side; D, downthrown side. In cross sections,
paired arrows indicate relative movement

Scarp related to terrace development —
Teeth on higher (older) terrace

v Terrace—Designated I through V,
lowest (youngest) to highest (oldest)

20 Auger hole and number. See cross section
of Trench I and of D-D’ for location
of holes 15, 16, 18-22, 25, and 26

Areas of artificial fill on map are not
differentiated from the unit or units
immediately surrounding or underlying them

Graphic from source map: Grant's Headquarters at City Point

Study Area

VIRGINI: i
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Graphic from source map: Grant's Headquarters at City Point
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Report

The sections of the report associated with the source map is presented below.

Abstract

Introduction

Deformation of Coastal Plain Sediments
Physiography

Stratigraphy

Structural Geology

Summary

References Cited

An embedded PDF document of the report can be accessed by double-clicking the following document
link.

Bulletin 1567

Accuracy of Mapping

In 2016, Berquist and Cross completed a report on the accuracy and relevance of geologic mapping
that covers the National Park Service properties at City Point and Parker's Battery found in U.S.
Geological Survey Bulletin 1567 (Dischinger, 1987). An embedded PDF document of that report can
be accessed by double-clicking the following document link.

Report on the Accuracy and Relevance of legacy mapping (covering the City Point and Parker's
Battery Units).

Note: Parker's Battery is not included in the Digital Geologic-GIS Map of Petersburg National
Battlefield and Vicinity or the Digital Geologic-GIS Map of Grant's Headquarters at City Point,
Petersburg National Battlefield.

Pliocene and Pleistocene Terrace Sequences

At least five terrace surfaces are recognized in the study area These surfaces border the major
drainages of the James and Appomattox Rivers. The terrace surfaces range in altitude from 3 to 55 m.
Four scarps, which identify the surfaces, are also recognized. Terrace materials beneath the surfaces
unconformably overlie all of the Cretaceous and Tertiary units found in the area (fig. 11). These
sediments constitute the youngest rocks at any given locality.

The terrace surfaces have been numbered from | to V (lowest to highest in altitude) for purposes of
this report. These surfaces rise between scarps and increase in altitude westward toward the Fall
Zone.

The terrace materials underlying these surfaces are primarily combinations of sandy clays, laminated
clayey silts and sands, crossbedded sands, and pebble to cobble gravels, which are all typically highly
oxidized to various hues of yellow and orange. These deposits are thought to represent nearshore,
fluvial-estuarine depositional systems associated with the various sea-level changes that occurred
during the Pliocene and Pleistocene Epochs. Some of the terrace IV sediments may represent the
regressive phase of the Pliocene Yorktown Formation.

The highest terrace in the study area is terrace V. Its surface altitude ranges from 43 to 55 m (fig. 5).
Slightly higher surfaces west of the study area may be remnants of this surface. The sediments
underlying the terrace V surface are at least 12 m thick. They are characterized by abundant trough
crossbeds, cut-and-fill structures, repeated fining-upward sequences, and truncated sequences,
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LATE MESOZOIC AND CENOZOIC
STRATIGRAPHIC AND STRUCTURAL
FRAMEWORK NEAR HOPEWELL,
VIRGINIA

By JAMES B. DISCHINGER, JR.

ABSTRACT

In the Atlantic Coastal Plain near Hopewell, Va., detailed data acquired by mapping
and power augering define a north-striking, east-dipping zone of reverse faults, the
Dutch Gap fault zone, extending at least 13 km from the southern boundary of the
Hopewell 7 1/2-min quadrangle north to the James River. The fault zone parallels the
northward reach of the Appomattox River from Petersburg to Point of Rocks. As much
as 20 m of vertical displacement has been recognized on the contact between the
Potomac Formation (Cretaceous) and the Aquia Formation (Paleocene). Younger Ter-
tiary units appear to be displaced less than the Paleocene sediments.

One of the faults in the Dutch Gap fault zone has been truncated by a low (3 m)
Pleistocene terrace. A second fault has been truncated by a higher (35 m) Pleistocene
terrace and by a unit tentatively correlated with the Bacons Castle Formation of Coch
(1965) (Pliocene and (or) Pleistocene). The absence of Pleistocene or Pliocene and {(or)
Pleistocene displacement in these excavated exposures places an upper age limit for
movement along these two faults. The age of movement may vary for other en echelon
faults in this zone.

The entire Upper Cretaceous section and part of the basal Paleocene are missing in
the study area. Locally, this hiatus represents a time span of about 45 m.y. Lower
Cretaceous sedimentary rocks assignable to pollen zones II-A (lower Albian) and II-B
(lower to middle Albian) as designated by Brenner (1963) and Doyle and Robbins (1977)
crop out in the Hopewell area.

Sections of the Aquia (Paleocene) and Nanjemoy (Eocene) Formations that are entire-
ly marine in origin crop out in the central and eastern parts of the study area. Both units
and the remainder of the Tertiary marine section were deposited in a sea shallowing
westward toward the present Fall Zone. The Marlboro Clay, which separates the Aquia
and Nanjemoy greensands, appears to be genetically related to the Aquia Formation,
rather than to the Nanjemoy Formation as previously accepted. The Calvert Formation
(Miocene) is absent south of the James River in the study area. Sediments of Miocene
age locally include a sparsely fossiliferous facies of the “Virginia St. Marys Formation”
(see Gibson, 1982). Terrace sediments range in age from Pliocene through Pleistocene.
These surficial deposits underlie at least five separate terrace surfaces. The terrace
deposits are locally unconformable on all the Cretaceous and Tertiary sedimentary
rocks.
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INTRODUCTION
PURPOSE OF STUDY

This study was undertaken as part of the U.S. Geological Survey’s
(USGS) Reactor Hazards Reduction Program. One of the goals of this
program is to contribute to the growing recognition and cataloging of
Cenozoic faults in the Atlantic Coastal Plain. Once the faults are
recognized and cataloged, the stress field and resulting tectonic
framework that produced these faults can be determined. This study
defines the stratigraphic and structural relationships of a tectonically
anomalous area in the vicinity of Hopewell, Va.

REGIONAL SETTING

Hopewell is on the south bank of the James River at its confluence
with the Appomattox River (fig. 1). In this area, the regional concur-
rence of linear topographic features, geophysically determined subsur-
face lineaments, and Cretaceous outcrops along both rivers at
anomalously high altitudes suggest that Cretaceous through late Ter-
tiary deposition and landscape development have been tectonically
controlled.

Both the James and the Appomattox Rivers traverse the study area.
Each descends the Fall Zone, several miles to the west, and then makes
a radical course change upon entering the Coastal Plain province (fig.
1). The James River flows generally southeastward across the Pied-
mont into Richmond where it turns abruptly and flows southward for
nearly 16 km. Downstream from this linear southward reach, the
James again trends southeastward through three large meanders
before its confluence with the Appomattox River at Hopewell (plL. 1).
The Appomattox River likewise trends southeastward across the Pied-
mont until it crosses the Fall Zone in Petersburg, where it flows
through a northward linear reach. About 6.5 km west of City Point, the
Appomattox turns eastward before joining the James River.

The aeromagnetic map by Zietz and others (1978) provides data on
subsurface rocks in the study area. Generally, the map shows a
magnetic low (about 10,500 gammas) trending nearly north-south
along the west side of the study area (fig. 2). A magnetic high (about
13,000 gammas) parallels the low along the eastern edge of the study
area. The gradient connecting these two features corresponds to the
linear belt of topographically anomalously high Cretaceous outcrops
and the linear reaches of the James and Appomattox Rivers.
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Similar trends are shown by the Bouguer gravity map of Johnson
(1977). A negative anomaly (—5 mGal) roughly follows the western
edge of the study area whereas a positive anomaly (+30 mGal) lies
Jjust to the east (fig. 3).

Ayers and Bollinger (1975, fig. 8), in a study of macroseismic and
microseismic ground motions in Virginia, showed an east-west trend-
ing, intensity-VI isoseismal along the southern part of the State, with
a north-trending, intensity-VI salient along the Fall Zone. They noted
that this salient may reflect the contrasting sediment and bedrock
lithologies at the contact between the Coastal Plain and the Piedmont
geologic provinces.

METHOD OF INVESTIGATION

Detailed mapping of the Coastal Plain stratigraphic units, ranging
from Cretaceous through Quaternary, was done at 1:24,000 scale. The
mapped area—hereinafter called the study area—includes parts of the
Hopewell, Westover, Chester, Dutch Gap, and Drewrys Bluff 7
1/2-min quadrangles. Most of the mapping was done using exposures
along the banks of the James and Appomattox Rivers and their
tributaries. Additional information was gleaned from quarries and bor-
row pits. Several lithologic logs from deep water wells were provided
by the Virginia Division of Mineral Resources. One auger hole traverse
was obtained from a local quarry operator, and 26 power-auger holes
were drilled by the author. In addition, two trench sites were
excavated (pl. 1) to determine the style of deformation and an upper
age limit for movement along the Dutch Gap fault zone.
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DEFORMATION OF COASTAL PLAIN SEDIMENTS

PREVIOUS INVESTIGATIONS

Most of the early stratigraphic and structural studies of this updip
part of the southeastern Virginia Coastal Plain were done by Darton
(1891, 1911). He noted possible displacements in sediments of the
Potomac Group (now of formation rank in Virginia) near Richmond
and Petersburg. Stephenson (1928) wrote: ‘“in addition to the general
tilting (of the Coastal Plain units), there was broad differential warping
along axes at right angles to the trend of the Coastal Plain, which has
produced the lobelike overlapping of younger formations on older for-
mations in the downwarped area.”

Cederstrom (1945a, p. 53) expanded on Stephenson’s observations
and identified “a broad pre-Miocene, transverse, synclinal axis in
Virginia, extending from the vicinity of Stoney Creek and Jarratt to
the southeastern corner of the State, on the basis of the Miocene over-
lap which extends farther inland at these localities than it does in
northern Virginia or in northern North Carolina.” Cederstrom also
thought that a basin, controlled by basement faulting, occupied the
area immediately north of the present James River from Hampton
Roads northwestward at least as far as Hog Island, Surry County
(fig. 1).

Cederstrom (1945b) believed that post-Late Cretaceous channeling
generally paralleling the present James River valley probably accom-
panied the faulting. He also suggested that excessive thicknesses of
Eocene greensands had accumulated in the early Eocene or pre-Eocene
basin north of the James. Cederstrom included as Eocene what are
now known to be both Paleocene and Eocene units, and, therefore, his
ideas of channeling, penecontemporaneous faulting, and excessive
basin filling encompass Paleocene as well as Eocene deposition.

Cederstrom (1945a) also cited the earlier work of Clark and Miller
(1912) in which they observed that at Point of Rocks on the Appomat-
tox, Cretaceous strata rose to an altitude of about 25 m above sea level,
and that about 1.6 km to the west (updip), Eocene strata were found
nearly at sea level. Clark and Miller had not recognized faulting in this
area; however, Cederstrom (p. 57) stated that ‘it is apparent that a
part of the area west of Point of Rocks is either infolded or infaulted.”
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Other evidence of Coastal Plain deformation recorded during the last
few decades includes a reverse fault of small throw exposed in uncon-
solidated sediments along the Fall Zone at Triangle, Va. (Cederstrom,
1939); a reverse fault in the Potomac Formation at Drewrys Bluff on
the James River, and another along U.S. Route 1 near Quantico, Va.
(Cederstrom, 1945a); basement gneiss faulted over Pleistocene terrace
gravels in Washington, D.C. (Darton, 1951); and several locations of
post-Cretaceous faulting in Virginia and North Carolina, particularly
where faults of small displacement have cut ‘“‘young” fluvial gravels
(White, 1952).

In discussing the implications of the broad and gentle east-west
folding and the steeper folding localized along the James River,
Cederstrom (1945b, p. 91) stated that “it is likely that the post-
Miocene folding is genetically related to the faults (or series of faults)
which created the Eocene basin.” Cederstrom thought that the com-
pressional forces responsible for the reverse fault movements may
have originated from the settling of large segments of the basement
rock.

RECENTLY DISCOVERED COASTAL PLAIN FAULTS

The Brandywine fault zone in the subsurface of southern Maryland
was the first true fault zone mapped in the Middle Atlantic Coastal
Plain. This zone was discovered during subsurface exploration for gas
storage areas, and, as currently understood (fig. 4), it includes two en
echelon, east-dipping, high-angle reverse faults (Jacobeen, 1972). The
throw on one of the faults exceeds 70 m; the throw on a second fault is
about 30 m. The reverse faulting involves basement crystalline rocks.
Maximum offset (70 m) is observed at least to the top of the
Cretaceous Arundel Formation in Maryland. Jacobeen concluded that
much of the fault movement occurred during the Cretaceous, but that
movement continued sporadically into the Miocene. He also speculated
that this fault system could represent a reversal of movement along an
earlier Triassic fault system.

Mixon and Newell (1977, 1978) have documented Cretaceous and
Tertiary deformation along the Fall Zone in northeastern Virginia (fig.
4). There, the Stafford fault system includes four en echelon, northeast-
trending structures that extend for at least 56 km parallel to the Fall
Zone. These faults are all northwest-dipping reverse faults; Piedmont
crystalline rocks are faulted at high angles over much younger Coastal
Plain strata. The major deformation occurred in Cretaceous through
middle Tertiary time, but these authors indicate that some latest
Tertiary or Quaternary movement may have occurred. Fault displace-
ments range from 15 to 60 m.
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FIGURE 4.—Alinement of Stafford and Brandywine fault systems, Triassic and Jurassic
basins, and geophysical lineaments (modified from Mixon and Newell, 1978).

Prowell and O’Connor (1978) delineated the Belair fault zone near
Augusta, Ga., which includes a series of at least eight northeast-
trending, en echelon reverse faults that cut the inner margin of the
Coastal Plain in a zone at least 25 km long. Reinhardt and others
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(1979) have discovered evidence for Cenozoic faulting near Warm
Springs, Ga., where upper Paleocene (lower Sabinian) and younger
sediments have been offset 3-10 m across several high-angle
northeast- to northwest-trending reverse faults.

Collectively, these works show that high-angle reverse faulting along
the inner Coastal Plain margin is apparently the rule, rather than the
exception. Faults discovered at random during the last 30 years are
now known to be part of a widespread fabric of reverse fault zones and
are not merely curious anomalies.

PHYSIOGRAPHY

The study area includes much of the eastern part of Chesterfield
County and the northern part of Prince George County adjacent to the
James River (pl. 1). Most of this area consists of rolling uplands having
low relief which are cut by a few narrow valleys that grade to the
James River. The James is bounded by extensive flat terraces; older,
high-level terraces are best preserved on flat interfluves. The terrace
margins are extensively dissected. Each lower terrace is cut into an
adjacent higher (older) terrace. The lower, more recent, James and Ap-
pomattox River terraces are less dissected and show surface morphol-
ogies that preserve a record of fluvial processes.

The present distribution of sediment types and surface features
found in the lower terraces and along the present major drainages is
the result of a complex fluvial- estuarine system. This system is within
a series of linear valleys, roughly parallel to each other and all parallel
to the regional slope. The deposits within the valleys are most evident
along the James River, particularly in terraces II and III (pl. 1).
Meander scars mark the ancient river’s contact with the valley walls.
On some terrace surfaces, point-bar remnants, cutoff meanders, and
other features of a paleo-fluvial system can be recognized. These
geomorphic features are weathered, indicating the relative antiquity of
the fluvial-estuarine system.

The James and Appomattox Rivers, together with their tributaries,
constitute the most recent fluvial-estuarine system. Active processes
in the system now are channel flow, overbank flow and swamp and
marsh development, point-bar deposition, and relatively rapid
downcutting of major tributaries into the unconsolidated Tertiary
sediments.

Swamp and marsh development dominates the sinuous channels of
the north reach of the Appomattox River from Petersburg to Point of
Rocks. Marshes are also prevalent along the James River, but not as
long interchannel deposits like those on the Appomattox. Marshes
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along the James River are confined to the meander necks, most of
which have been at least partly severed from the mainland by man-
made cutoffs. Massive point bars in the meander necks have been
mined for their sand and gravel deposits, and the ensuing effects of

tides and storm wash have partly refilled the excavations with modern
sediments.

Earlier geologic investigations interpreted the regional geomor-
phology. A number of terraces were observed by Clark and Miller
(1912). They related each terrace to the deposition of sediments in a
shallow-marine environment during successive transgressions by the
sea. Clark and Miller considered all the sediments composing each
terrace to be a single formation.

Modern concepts of terrace development have emphasized the
recognition of facies changes within sediments composing a single
terrace unit. The works of Moore (1956), Coch (1968), Oaks and others
(1974), and Johnson (1969) and this study have shown that each ter-
race sequence changes upward from nearshore marine sediments
through estuarine deposits, to sands and gravels dominated by fluvial
characteristics.

Five terrace surfaces are recognized in the study area,and associated
sediments may be correlative to the following formations: the
Yorktown (Pliocene), Bacons Castle of Coch (1965) (Pliocene and (or)
Pleistocene), Norfolk (Pleistocene), and Tabb of Johnson (1976)
(Pleistocene). Additionally, Holocene alluvium and tidal-marsh
sediments are present.

Repeated transgressiveregressive cycles produced the sequence of
terrace surfaces shown in figure 5. Upon each successive emergence of
the land following a transgression, the major rivers reoccupied those
portions of their old valleys that had not been filled or cut away. Occa-
sionally, filled valleys were recut, and smaller valleys were obliterated
by these transgressive-regressive cycles. The result of renewed cutting
into aggraded valley fill is readily demonstrated along the James River
from Jones Neck Cutoff downstream to Bermuda Hundred. Along this
reach the entire, 15-24 m of riverbank cliff exposes material that
originated as aggrading fill deposited during several transgressive-
regressive pulses from Miocene to Pleistocene time. The modern valley
was subsequently carved into the older filled valley. Remnants of older
James and Appomattox River channel and point-bar deposits are
found on parts of terrace I1. These sediments have been partly to com-
pletely removed by subsequent erosion and channel shifting of the
modern rivers. Evidence also exists for constructive deltaic deposition
from the higher part of terrace IV (IV B) to the lower surfaces of
terrace IV A (pl. 1).





Successively younger (lower) terrace formations may have completely removed
sediments of the older terrace (A) or they may have only partly eroded the older
deoosits, leaving a complex deposit composed of variously aged sediments (B).
Some combination of these schemes most likely produced the present-day
distribution of terrace sediments.

55 m

46 m

2m 443 m

Erosional surface locally unconformable .

on all the Cretaceous and Tertiary .
sedimentary rocks

Erosional surface locally unconformable
on all the Cretaceous and Tertiary
sedimentary rocks

FicurE 5.—Pliocene and Pleistocene terraces along the James and Appomattox Rivers in the study area. Altitude's; are in meters above mean sea
level (see pl. 1). Thickness of terrace deposits hasbeen assumed from topographic expression.
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The recutting process was established during repeated
transgressive-regressive cycles. During transgression, the sea moved
landward over a pre-existing erosion surface. Older sedimentary units
were partly or completely destroyed and were reworked into younger
deposits. Following regressions, these sediments were in turn reshaped
by fluvial processes. In the study area, this pattern is present in each
cycle. Each terrace has about the same thickness, with the possible
exception of terrace II (fig. 5).

STRATIGRAPHY

A generalized stratigraphic column for the Lower Cretaceous
through the Pleistocene section in the vicinity of Hopewell, Va., is pre-
sented in figure 6. Assignment of formation boundaries is based on
lithology and supplemented by biostratigraphic zonation where
possible.

The distribution of sediments in the Hopewell area is generally con-
sistent with the regional framework established by Brown and others
(1972) and by Reinhardt and others (1980a, 1980b). The entire Upper
Cretaceous section and a part of the basal Paleocene are missing in the
study area. The base of the Aquia Formation (Paleocene) is the most
distinctive unconformity recognized in the Virginia Coastal Plain.
Locally, this hiatus represents a timespan of about 45 m.y.

Lower Cretaceous sedimentary rocks, the Potomac Formation, are
assignable to pollen zones II-A and II-B of Doyle and Robbins (1977)
and Brenner (1963). These rocks are now known to extend southward
to include the Hopewell area.

Marine sections of the Aquia (Paleocene) and Nanjemoy (Eocene)
Formations crop out in the central and eastern parts of the study area.
Sedimentary structures within both units, as well as within the re-
mainder of the Tertiary marine section, indicate a rapid westward
shallowing toward the present Fall Zone. The Marlboro Clay, which
separates the Aquia and Nanjemoy greensands, appears genetically
related to the Aquia Formation, rather than to the Nanjemoy Forma-
tion as previously accepted.

The Calvert Formation (Miocene) is absent south of the James River
in the study area. Sediments of Miocene age locally include a sparsely
fossiliferous facies of the “Virginia St. Marys Formation,” (see Gib-
son, 1982) which is discussed in detail on p. 27-28. East of Bailey
Creek (pl. 1), the “Virginia St. Marys” has been removed by uplift and
erosion in some areas where the Yorktown Formation (Pliocene) rests
unconformably on the Nanjemoy Formation (Eocene).

Terrace sediments range in age from Pliocene through Pleistocene.
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Pleistocene Terrace ColumbiadGbroup
and it as used by
Pliocene deposits Teifke (1973)
(<3m.y.)
02l UNCONFORMITY — y
Lower Yorktown
Pliocene Formation
(3-5m.y.)
| Chesapeake Group
(in part)
UNCONFORMITY —
“Virginia
Upper
Miocene FSt. Ma.rys"
(6-12 m'y') ormation
UNCONFORMITY — 3
Middle and lower Nanjemoy
Eocene Formation
(43-51 m.y.)
UNCONFORMITY Pamunkey Group
Marlboro {in part)
Clay
Upper and lower (?)
Paleocene Aquia
{55-60 m.y.) Formation
UNCONFORMITY —
Lower Potomac
Cretaceous Formation
(105-120 m.y.)

FIGURE 6.—Generalized stratigraphic column showing Cretaceous, Tertiary, and Qua-
ternary units in the study area. Approximate depositional timespan is indicated
within series.
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CRETACEOUS SYSTEM—POTOMAC FORMATION
DESCRIPTION

The Potomac Formation is the basal unit of the Coastal Plain of
Virginia, Maryland, Delaware, and southern New Jersey. Throughout
the greater part of the Salisbury embayment, the Potomac noncon-
formably overlies a basement of Precambrian and Lower Paleozoic
metamorphic and igneous rocks that are highly eroded and weathered
to thick saprolite. The Potomac overlies Triassic and Jurassic rocks (of
the Newark Group) near Doswell, Va. (Fontaine, 1896), and possibly in
the subsurface of Caroline County, Va. (Cederstrom, 1945b). Several
other possible occurrences of subsurface Triassic and Jurassic rocks
have been noted underlying Charles, Prince George’s, Wicomico, and
Worcester Counties, Md. Sediments overlying the Potomac Formation
vary widely in age. Overlying units include Upper Cretaceous sedimen-
tary rocks of the Magothy and Severn Formations in northern
Maryland and Paleocene, Eocene, Miocene, Pliocene, and Quaternary
deposits in southern Maryland and Virginia.

The ‘“Potomac Group,” as originally defined by McGee (1885), oc-
cupied the interval between the Newark Group and the Cretaceous
greensands of New Jersey and was separated from each by a hiatus.
Darton (1891, 1893) and Ward (1895) retained the “Potomac Group.”
Clark and Bibbins (1897), introducing a terminology that has survived
to the present in Maryland, divided the “Potomac Group” into four
formations: the Patuxent, Arundel, Patapsco, and Raritan. These for-
mations are not recognized in Virginia, where the entire Cretaceous
section is referred to as the Potomac Formation.

In the James-Appomattox River region of Virginia, the Potomac
Formation consists of alternating sequences of very light gray to
white, medium to very coarse grained feldspathic sand, gravel, and
silty to sandy clay. These sediments show lithologic variations over
short distances, both laterally and vertically. The gravels are com-
monly very coarse, and the sands are often trough crossbedded and
contain a considerable clayey-silt fraction. Individual sand-sized grains
are mostly angular quartz, although feldspar may constitute as much
as 40 percent or more of the sand grains in some outcrops.

Bedding was observed in virtually all fresh exposures of these
sediments. Curved bedding planes defining lenticular sedimentation
units were commonly found in gravels and crossbedded sands. Un-
dulatory bedding is generally associated with finer grained deposits
and may reflect sediment accumulation on irregular surfaces.
However, the common occurrence of contorted and disrupted bedding
suggests that penecontemporaneous slumping and compaction are
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responsible for some irregularities. The occurrence of large-scale in-
clined bedding in thick gravels and in interstratified coarse sands and
gravels (fig. 7) is typical of sedimentation in braided river channel
deposits (and in point and channel bars) (Glaser, 1969).

Clay clasts are quite common in the coarse clastic beds and may be
rounded, angular, or flattened. They occur in virtually all of the gravel
beds and in most of the sand units as scattered chips and are concen-
trated along bedding planes and the basal parts of beds. The clasts
usually contain no internal structure, although some exhibit secondary
Liesegang banding. Uncommonly, smaller clay balls are armored with
pebbles.

Scoured and filled troughs are prevalent in the sands, and the filled
channels commonly contain coarse-grained to pebbly sand, typically
having concentrations of pebbles, cobbles, or clay clasts at the base.
Figure 8 shows an excellent example of this type of channel fill, as ex-
posed near Point of Rocks.

Lignitized coniferous wood and a well-preserved microflora are abun-
dant in the gray to black clays and clayey silts of the Potomac Forma-
tion. Fragments of lignite and petrified wood pseudomorphs range in
size from splinters to small logs. The wood is replaced by hematite,
limonite, pyrite, marcasite, or quartz. Cellular structure is commonly
preserved.

Liesegang banding is a common secondary structure in the Potomac

sediments, both in the sands and the clays. Patterns of parallel, closely
spaced bands of yellow, brown, or purple limonite-cemented or -coated
sediment may be mistaken in the field for crossbedding in the absence
of well-defined textural stratification.
- Potomac gravels are composed mostly of subrounded pebbles and
cobbles of vein quartz, quartzite, or quartz sandstone. A small percent-
age of other rocks, such as chert, thoroughly weathered pebbles of
quartzo-feldspathic, gneissic, or granitic rocks, and several
metavolcanic and low-grade metamorphic rock types are also found.
These gravel deposits are typically interbedded with arkosic sands and
at some localities contain boulders nearly 0.5 m in diameter, indicating
transport and abrasion over relatively short distances. The nonresist-
ant boulders have been weathered to saprolite.

Indurated ledges produced by clay cementation in the arkoses and
subarkoses are found on well-drained slopes along the major rivers.
These rocks crop out at Point of Rocks on the Appomattox River,
along the south bank of the abandoned James River channel around
Farrar Island, and near Halls Island on the east bank of the Appomat-
tox River (pl. 1).

The Potomac Formation thickens southeastward across the study
area from approximately 30 m along the western margin to nearly
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FIGURE 7.—Typical outcrop of fluvial crossbedded arkosic sands of the Potomac
Formation. Dark layer near top of picture is a silty clay lens. Contact with over-
lying Pleistocene is 2 m above dark horizon.

107 m at the eastern edge. A major disruption in the altitude of the up-
per contact with the overlying Aquia Formation occurs along a line
generally paralleling the north-trending reach of the Appomattox
River, as shown by the structure contours (fig. 9). The upper contact
dips beneath the ground surface in the vicinity of the crossing of the
Appomattox River by Virginia Route 10 at Hopewell.

ENVIRONMENT OF DEPOSITION

Depositional environments within the Potomac Formation have
been studied by a number of workers including Fontaine (1896), Clark
and Bibbins (1897), Berry (1906, 1911), Hansen (1968), Glaser (1969),
and Reinhardt and others (1980a). Clark and Bibbins (1897) concluded
that the coarse basal parts of the unit indicated rapid deposition in
shallow water. They envisioned the existence of an extensive sound,
embayment, or estuarine environment, or combinations of these envi-
ronments, along the mid-Atlantic coast. Glaser (1969) demonstrated
that the Potomac sediments were deposited in a complex fluvial and
deltaic environment. The petrographic and palynologic study of
Reinhardt and others (1980a) suggests the migration of major fluvial-

deltaic lobes progressively northward in Aptian through Cenomanian
time.
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FIGURE 8.—Outcrop of indurated Cretaceous sedimentary rocks of the Potomac Forma-
tion at Point of Rocks. Note coarse channel fill near shovel.

A coarse biomodal sorting of the sediments, abundant plant
fragments, scour-and-fill structures, clay-clast conglomerates, and len-
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FIGURE 9.—Structure contours showing the base of the Aquia Formation. Datum is sea
level. Contour interval, 10 ft. Dots represent data points.

ticular bedding all compare with the modern alluvial valley-fill of the
Mississippi River, as described by Fisk (1944). The general lack of silt-
clay strata in the lower part of the Potomac Formation may result
from the dominance of bedload deposition and limited flood-plain
sedimentation. The large-scale inclined bedding, particularly in the
gravels and coarse pebbly sands, is similar to the bedding in the
channel bars of braided rivers described by Doeglas (1962). Intrafor-
mational clay clasts in Potomac sands and gravels indicate rapid
channel-shifts and erosion of cohesive clay banks. Perhaps rapid
channel-shifting accounted for the paucity of overbank fine-grained
sediment. Fining-upward point-bar and channel-bar sequences are
typically truncated, further indicating rapidly shifting channels.

AGE

Analyses of pollen samples from carbonaceous clayey silts within
the Potomac Formation in the study area have yielded Early
Cretaceous ages equivalent to pollen zone I (Barremian to Aptian) and
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zone II-B (lower to middle Albian), as defined by Doyle and Robbins
(1977) and Brenner (1963) (R.A. Christopher, USGS, Reston, Va., writ-
ten commun., 1979). Most of the samples contained a moderately abun-
dant and diverse terrestrially derived microflora. No dinoflagellate
cysts or acritarchs were observed, indicating a lack of marine
influence. One assemblage was dominated by Classopollis torosus,
which, with the presence of monocolpate angiosperm pollen and the
absence of tricolpate and tricolporate angiosperm pollen, is the
primary basis for assignment to zone I (Barremian to Aptian). The
tricolpate angiosperm pollen first appeared at the very top of zone I,
and they dominate this and younger assemblages. The repeated
absence of these species in the samples, coupled with the presence of
several other guide fossils such as Kuylisporites Ilunaris and
Equisetosporites virginiaensis, provided Christopher sufficient data
for assignment to zone I.

One sample from the Sadler Materials quarry contained a low fre-
quency of tricolpate angiosperm pollen species, including Tricolpites
albiensis, T. crassimurus, ‘Retitricolpites’” vermimurus, and
Tricolpopollenites parvulus. All of these species first occur in pollen
subzone II-A, and all extend into subzone II-B (lower Albian).

A sample from the Lone Star quarry yielded tricolpate grains having
wider variety and greater frequency than those of the Sadler Materials
quarry sample, and one species not previously recorded from below
subzone II-B (Ajatipollis sp. A). Tricolpate grains also included
Tricolpites micromunus, T. albiensis, T. sagax, T. crassimurus,
“Retitricolpites” vermimurus, and “R.” magnificus (?). Based on the
presence of Ajatipollis sp. A and the higher relative frequency and
greater diversity of tricolpates, Christopher placed this sample in the
basal part of subzone II-B (lower to middle Albian).

PALEOCENE SERIES—AQUIA FORMATION
DESCRIPTION

The Aquia Formation rests unconformably upon the irregularly
eroded surface of the Potomac Formation sediments. The Aquia is un-
conformably overlain by the Nanjemoy Formation (Eocene). Locally,
the Aquia Formation is overlain unconformably by unconsolidated
Pleistocene deposits where the Nanjemoy and (or) younger Tertiary
sediments have been removed by erosion.

The Aquia Formation was named from Aquia Creek, a tributary of
the Potomac River in Stafford County, Va. (Clark, 1895, 1896). The
best exposures of this unit occur along lower Aquia Creek and along
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the south bank of the Potomac River in Stafford and King George
Counties, Va.

The Aquia Formation consists of massive, greenish-gray to greenish-
black, fine to very fine, well-sorted sand. It is glauconitic and typically
micaceous. Pods of glauconite-rich sand occur as concentrations in bur-
rows. Molds of pelecypods and gastropods occur abundantly in some
beds, but shell material is commonly poorly preserved, except for some
calcitic forms. The unit weathers to a light-greenish-gray to reddish-
brown. A representative section is exposed on the south bank of the
James River, just east of Bailey Creek (pl. 1). A characteristic basal
gravel in the Aquia consists of a bed containing rounded quartz peb-
bles and glauconitic sand from 0.5 to 3 m thick. The thickest section of
the gravel occurs in the Sadler Materials borrow pits on the east bank
of the Appomattox River. Typically along the James River, this basal
gravel is 0.6-1.0 m thick. The upper contact of the Aquia is marked by
a gradual increase in the silt and clay fraction, grading to the Marlboro
Clay. This contact dips beneath the ground surface in the vicinity of
Jordan Point. Elsewhere downdip, indurated shell and limestone
lenses occur within the unit in the subsurface. In outcrop, the Aquia
Formation is about 6 m thick on the James River south of Farrar
Island. Along Ashton Creek it is 9-11 m thick. Thickness increases
eastward from the representative section at Bailey Creek where at
least 9 m is exposed.

The Aquia Formation is the lowermost of three units included in the
Pamunkey Group (Paleocene and Eocene), the uppermost unit being
the Nanjemoy Formation. These two greensands are separated locally
by a middle unit of thin, massive, gray to red clay, known as the
Marlboro Clay.

The Marlboro Clay is an excellent marker bed in the study area. A
representative section exists above the Aquia Formation just east of
the mouth of Bailey Creek (pl. 1). At Bailey Creek, the clay is 3.4 m
thick and varies from gray to pink. The lower contact is gradational
from the glauconitic sand of the Aquia, to clay containing thin sand
laminae, to the pure clay of the Marlboro over a 1-m interval. The
upper contact is marked by numerous burrows filled with glauconitic
sand and quartz and phosphate pebbles of the overlying Nanjemoy
Formation. The relationships at the lower and upper contacts of the
Marlboro Clay with the Aquia and Nanjemoy Formations respectively
are observable throughout the study area. Similar occurrences are
noted in northern Virginia (R. B. Mixon, USGS, Reston, Va., oral com-
mun., 1978) and in the Oak Grove core (Reinhardt and others, 1980b).
These observations indicate that the Marlboro Clay is genetically
related to the underlying Aquia Formation and, more realistically,

that it should be treated as a separate unit rather than be included
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with the Nanjemoy Formation, as had been previously accepted (Dar-
ton, 1948). Glaser (1971) and Reinhardt and others (1980b) recom-
mended that the Marlboro be defined as a separate unit because of its
lithologic continuity and mappability over a considerable area of
southern Maryland and Virginia.

ENVIRONMENT OF DEPOSITION

The Aquia Formation has yielded numerous and diverse marine
fossils including invertebrates, fishes, and reptiles (Clark and Miller,
1912); molluscan assemblages predominate. At some localities
glauconite may represent as much as 60 percent of the sand-sized frac-
tion of the Aquia. Teifke (1973) stated that the shape of glauconite
grains in the Aquia suggests relatively slow accumulation. Clark and
Miller (1912) believed that most of the Aquia was deposited in quiet
and probably relatively deep water. Gibson and others (1980) found a
very low diversity of only 16 foraminifera species, indicative of a
shallow-marine environment, in the part of the Oak Grove core that is
correlative to the Aquia in the Hopewell area. However, the grain size,
sorting, and bedforms of most of the Aquia in the Oak Grove core
(Reinhardt and others, 1980b) tend to support Clark and Miller’s
conclusions.

Gastropod and pelecypod molds and a high percentage of glauconite
characterize the Aquia Formation at Hopewell. Nearshore deposition
along the western part of the study area is indicated by a
3.0- to 3.7-m-thick layer of basal gravel in the vicinity of the
Appomattox River and by an increase in quartz-pebble and cobble size
within the greensands westward. The thick basal gravel along the
Appomattox may represent the sediments of a paleo-river flowing into
the shallow Aquia sea.

Nogan (1964) and Gibson and others (1980) interpreted foraminiferal
data to indicate brackish water to less than normally saline water con-
ditions at the time of deposition of the Marlboro; low dinoflagellate
diversity and the abundance of two specific forms suggest an estuarine
environment for the Marlboro. The presence of freshwater algae,
reported by Gibson and others (1980), lends additional support for a
brackish-water environment of deposition for the Marlboro Clay.
These authors further suggest that the presence of a large number of
fern spores in Marlboro samples indicates moist climatic conditions
during deposition.
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Reinhardt and others (1980b) observed that the Marlboro represents
a considerable divergence in texture and mineralogy from the overly-
ing and underlying greensands. They noted that key differences are
abundant stable heavy minerals in the Marlboro, a high kaolinite con-
tent compared to the illite-and-smectite compositions characterizing
the greensands, and the occurrence of reworked Paleozoic and Late
Cretaceous palynomorphs in the Marlboro. They stated that these
features suggest a strong extrabasinal influence. High rainfall could
have produced increased runoff from low-lying and deeply weathered
Piedmont and inner Coastal Plain terrain immediately to the west.
This interpretation is compatible with Gibson and others’ (1980) con-
ception of a moist climate. Such an erosional event could have been
responsible for a series of mudflows that blanketed the area. Deposi-
tion would have been rapid, especially in comparison to that of the
greensands, and would have preserved the color and mineralogy of
much of the pink Marlboro Clay (Reinhardt, USGS, Reston, Va., oral
commun., 1978).

AGE

Within the coarser sands of the Aquia Formation are fragments of
bone, shark and ray teeth, poorly preserved internal molds of
gastropods (including Turritella mortoni) and pelecypods, and
pelecypod shell fragments. Worm tubes and echinoderm spines were
also noted in places. L. W. Ward (USGS, Reston, Va., written
commun., 1978) placed the Bailey Creek Aquia section in the upper
Paleocene (Paspotansa Member of the Aquia Formation) on the basis
of the occurrences of Ostrea sinuosa and Turritella mortoni. Calcareous
nannofossils contained within the sediments were examined by T. R.
Worsley (written commun., 1979). He found a low-diversity but well-
preserved assemblage of coccoliths indicating placement in zone NP 9
(Berggren, 1972) (uppermost Paleocene). The results of his findings are
shown in table 1.

Sporomorph assemblages are found throughout the Marlboro Clay,
and they provide the basis for dating the unit by correlation with
assemblages from the Gulf Coast and southern Atlantic Coastal Plain
(Frederiksen, 1979). The data suggest that the age of the uppermost
part of the Marlboro is either latest Paleocene or earliest Eocene,
perhaps representing slightly younger rocks than those previously
studied in the southeastern United States (Gibson and others, 1980).
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TABLE 1.—Fossil listing for identified Aquia (Paleocene) species
[Identification of nannoplankton by T. R. Worsley |

Macrofossils
Turritella mortoni Conrad
Crassatellites alaeformis (Conrad)

Calcareous nannoplankton
Discoaster multiradiatus
Zygodiscus sigmoides
Ellipsolithus distichus
Fasciculithus tympaniformis

EOCENE SERIES—NANJEMOY FORMATION
DESCRIPTION

The Nanjemoy Formation unconformably overlies the Marlboro
Clay and is unconformably overlain by the Miocene ‘Virginia St.
Marys Formation” in the western part of the study area (west of long
77°16') and by the Pliocene Yorktown Formation east of this line. The
Nanjemoy was first described by Clark and Martin (1901) along Nan-
jemoy Creek, a stream flowing into the Potomac River from southern
Maryland. The Nanjemoy is the uppermost unit of the Pamunkey
Group and consists of massive, olive-black to greenish-black, fine to
very fine, moderately well-sorted, micaceous glauconitic sand. Zones of
predominantly clayey silt tend to be lighter in color and contain less
glauconite than the sandier zones. Glauconiterich sands are concen-
trated in burrows. The unit weathers to a light-greenish-gray to
reddish-brown.

Molds of pelecypods are abundant in most of the section; however,
very few are preserved well enough to distinguish species. The better
preserved molds are concentrated in small lenses, which commonly
contain shark teeth. A representative section is found 0.8 km east of
Bailey Creek, along the south side of the James River, in a gully
leading down from the end of Virginia Route 644 to the river. East of
this representative section, and particularly in the subsurface, the up-
per limit of the Nanjemoy is marked by a calcite-cemented layer
0.3-0.6 m thick. This layer contains abundant Ostrea sellaeformis and
other shells. Locally, this limestone layer contains small-scale solution





STRATIGRAPHY 25

cavities. The Nanjemoy Formation thickens eastward from the vicini-
ty of Bailey Creek, where it is approximately 14 m thick.

ENVIRONMENT OF DEPOSITION

Both the Aquia and Nanjemoy greensands represent transgressive
events of some similarity in the latest Paleocene and early and middle
Eocene respectively (Reinhardt and others, 1980b). Fossils are general-
ly better preserved in the Nanjemoy than in the Aquia Formation in
the study area. As with the Aquia, pelecypods and gastropods are
dominant, but glauconite generally is not as abundant in the Nan-
jemoy as in the Aquia. Teifke (1973) found that Aquia glauconite was
predominantly formed in place, whereas glauconite in the basal
Nanjemoy was reworked. He noted that glauconite in the Nanjemoy
showed evidence of considerable abrasion as well as slight to intense
chemical decomposition, indicating either a reworking of Aquia
glauconite or genesis and deposition in a high-energy environment.
Nanjemoy glauconite was also commonly found to be more lustrous
and coarser than the accompanying quartz grains. Gibson and others
(1980) have concluded, on the basis of changes in foraminiferal faunas
in the Oak Grove core, that the basal Nanjemoy greensands represent
the beginning of marine transgression with water depth increasing up-
ward in the section. They conclude further that faunas in the upper
part of the Nanjemoy indicate a gradual shallowing, representing the
termination of the Nanjemoy transgression.

The presence of glauconite and of a diverse microfossil assemblage,
and the generally mottled (bioturbated?) appearance of these
sediments, suggest a relatively slow rate of deposition. The develop-
ment of diverse macrofaunal assemblages, the scattered whole (and
occasionally imbricated) shell material, and the concentration of mica
flakes and abraded shell debris along bedding planes support an inter-
pretation of weak to moderate current activity within a shallow marine
realm,

AGE

Bone fragments, shark and ray teeth, internal molds of gastropods
and pelecypods, worm tubes, and pelecypod shell fragments occur
within the Nanjemoy greensands. The better specimens are concen-
trated in lenses. Among the identified macrofossils are Cubitostrea
sellaeformis (a middle Eocene guide fossil), Venericardia potapacoen-





26 STRATIGRAPHIC, STRUCTURAL FRAMEWORK, HOPEWELL, VA,

sis, Meretrix subimpressa, Corbula subengonata, and Nuculana im-
procera. Worsley (oral commun.) has identified calcareous nannofossils
including Discoaster lodoensis and Chiasmolithus solitus. The
presence of these species and the marked absence of several other in-
dicative forms place the Nanjemoy Formation in the early-to-middle
Eocene nannofossil zone NP-13 (Berggren, 1972).

Harris (oral commun.) determined a rubidium-strontium age for
seven glauconitic concentrates collected from a single Nanjemoy out-
crop. The average modal age for these samples is in excellent agree-
ment with recent European glauconite ages, suggesting that the top of
the NP-13 nannofossil zone (lower-middle Eocene boundary) is at
44 m.y. However, Harris apparently did not consider that Nanjemoy
glauconites are reworked; thus the age of the glauconites may not
represent the age of the formation. The fossils identified in the Nan-
jemoy Formation are listed in table 2.

Biostratigraphic data from Gibson and others (1980) indicate that no
large unconformities are present within the Pamunkey Group;
however, several minor unconformities might exist. If they do exist,
they are certainly not of the magnitude of the unconformity between
the Early Cretaceous Potomac Formation and the late Paleocene
Aquia Formation along the James and Appomattox Rivers.

TABLE 2.—Fossil listing for identified Nanjemoy (Eocene) species
[Identification of nannoplankton by T. R. Worsley]

Macrofossils
Cubitostrea sellaeformis Conrad
Venericardia potapacoensis Clark and Martin
Meretrix ovata Conrad
Meretrix subimpressa Conrad
Corbula subengonata Dall
Nuculana improcera (Conrad)

Calcareous nannoplankton
Discoaster lodoensis
Chiasmolithus solitus
Discoaster barbadijensis
Zygolithus dubius
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MIOCENE SERIES—¢‘VIRGINIA ST. MARYS FORMATION"’
DESCRIPTION

The Miocene series is represented locally by a sparsely fossiliferous,
fine-grained marine facies of the ‘‘Virginia St. Marys Formation” (see
Gibson, 1982). The Calvert Formation (Shattuck, 1906) of Miocene age
has been removed by erosion in the study area south of the James
River (Blackwelder and Ward, 1976). Elsewhere in the Virginia Coastal
Plain, the Calvert extends as far inland as Richmond and Washington,
D.C.

In the updip areas west of Bailey Creek, discontinuous patches of
fine-grained Miocene marine sand unconformably overlie the Eocene
Nanjemoy Formation. The Pliocene Yorktown Formation unconform-
ably overlies the marine sand. The Miocene unit was largely removed
by late Pliocene to recent erosion over much of the study area.

“St. Marys Formation” is used properly as a stratigraphic term in
Maryland, where it was established by Shattuck (1902) from the ex-
posures in St. Marys County. Clark and Miller (1912) extended the for-
mation into Virginia, and Mansfield (1943) subdivided the St. Marys
Formation in Virginia into three faunal zones. Only zone 2 of Mansfield
(Crassatellites meridonalis zone), which is younger than the St. Marys
Formation in Maryland, crops out in southeastern Virginia. Beds of
this age in Virginia have since been referred to as the Claremont Manor
(lower unit) and Cobham Bay (upper unit) members of the Eastover
Formation by Blackwelder and Ward (1976) and Ward and
Blackwelder (1980). The author’s tentative interpretation is that the
unit exposed in the present study area is a Cobham Bay equivalent,and
it is mapped as the ‘“‘Virginia St. Marys Formation.” The ‘‘Virginia St.
Marys Formation” consists of light-greenish-gray to greenish-gray,
fine to very fine, well-sorted sands that predominate in sections east of
Bailey Creek. Updip from Bailey Creek, these sands are interbedded
with layers of blocky clay in a suite of repeated fining-upward se-
quences. The sands often contain scattered small (3 mm) rounded
quartz pebbles and shell ghosts of Turritella, Chesapecten, and small
clams (probably Spisula rappahannockensis). These sands weather
grayish- to yellowish-orange. Where exposed, the upper contact is
marked by a lag deposit of small rounded quartz pebbles; molds of
various pecten species and other mollusks occur. The shellrich lag
deposit is the base of the massive, blocky, clayey-silt facies of the
overlying Yorktown Formation. The lower contact is marked by scat-
tered, Tounded, quartz and phosphate pebbles immediately overlying
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the glauconitic sands at the top of the Nanjemoy Formation. A
representative section of the ‘Virginia St. Marys Formation” approx-
imately 9 m thick is located behind the Harbor East trailer court on
the south bank of the old James River channel around Farrar Island.
The unit is approximately 6 m thick in a borrow pit near the intersec-
tion of Virginia Routes 646 and 156, about 0.6 km southeast of the con-
fluence of Manchester Run and Bailey Creek. This formation was not
found anywhere east of long 77° 16’ in the study area.

ENVIRONMENT OF DEPOSITION

In the eastern part of the study area, the “Virginia St. Marys For-
mation”’ was completely eroded by the trangressing sea into which the
Yorktown Formation was later deposited. Miocene fossil remains, in-
cluding the thick cardinal areas of Isognomon, abraded Turritella
plebeia (?), Chesapecten middlesexensis, and others, indicate a marine
to nearshore-marine environment. The suite of interbedded sands and
blocky clays occurring in repeated fining-upward sequences in the
western part of the study area seems to indicate shallowing to the west
and more offshore conditions to the east.

AGE

The absence of identifiable, in-place fossils leaves room for specula-
tion. Stratigraphic position and late Miocene shell remains found in
the basal zone-I Yorktown sediments allow a tentative
biostratigraphic correlation of this unit with the upper Miocene
Cobham Bay Member of the Eastover Formation as defined by Ward
and Blackwelder (1975, 1980) and L. W. Ward (USGS, Reston, Va.,
oral commun., 1978). A complete fossil list for this unit is included in
table 3.

PLIOCENE SERIES—YORKTOWN FORMATION

DESCRIPTION

In the western part of the study area, the Yorktown Formation un-
conformably overlies the upper Miocene ‘‘Virginia St. Marys Forma-
tion.” East of long 77°16’, the transgressing Yorktown sea completely
eroded the ‘“Virginia St. Marys Formation,” and the lower part of the
Yorktown lies unconformably on the greensands of the Eocene Nan-
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TABLE 3.—Fossil Iisting for identified Virginia St. Marys (Miocene) mollusk species
[Occurrence of species is indicated by “x”. Tsm, “Virginia St. Marys Formation,” equivalent to Cobham Bay and Clare-
mont Manor Members of Eastover Formation of Ward and Blackwelder (1980). Ty, Yorktown Formation, zones I and

II of Mansfield (1943)]

Tsm Ty Ty
zone I zone 11

Arca centenaria Say — - x
Astarte undulata Say — == x
Chama congregata Conrad —_— i x
Chesapecten jeffersonius (Say) —_— x I
madisonius (Say) — - x
middlesexensis (Mansfield) X — ——
septenarius (Say) _— - x
Crepidula sp. = — x
Ecphora quadricostata (Say) == — X
Glycymeris subovata (Say) X - —
Isognomon sp. x - —
Ostrea disparilis Conrad — b4 =
Phacoides anodonta (Say) e x ==
Placopecten clintonius (Say) . X ==
Plicatula marginata (Say) - X ——
Pseudochama corticosa (Conrad) == - x
Septastrea marylandica = — x
Teredo calamus Lea X e -
Venericardia granulata Say - x —

jemoy Formation (fig. 10). There the lowermost Yorktown sediments
contain a mixed assemblage of late Miocene to early Pliocene fossils.

The Yorktown Formation' was named by Clark and Miller (1906)
from the exposures of shelly sands and clays along the York River in
the vicinity of Yorktown, Va. Clark and Miller (1912) extended the for-
mation into North Carolina. Mansfield (1943) divided the Virginia
Miocene units into four faunal zones. Stephenson and MacNeil (1954)
designated unfossiliferous sands and gravels in Maryland as
nearshore-marine equivalents of the marine Yorktown in Virginia.
Ward and Blackwelder (1980) divided the Yorktown into four
members. Gravels capping the uplands in the Fredericksburg area
have been interpreted as a fluvial-deltaic facies of the Yorktown For-
mation (Newell, 1978).

Four major lithologies occur within the Yorktown in the study area.
A representative section is exposed in a steep stream bank on the east
side of Virginia Route 10, 0.4 km southeast of Chappell Creek. A basal
lag of rounded phosphate and quartz pebbles and cobbles, shark teeth,
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FiGure 10.—Typical contact between darker greensands of the Nanjemoy Formation
(Eocene) and overlying fossiliferous portion of the Yorktown Formation (Pliocene).
Contact is highlighted by dashed line. The Miocene unit or units have been removed
by erosion in a major part of the study area. Shovel shows scale.
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vertebrate remains, corals, and shell debris marks the contact with the
Nanjemoy. Relief on the contact is as much as 0.6-0.9 m.

The basal Yorktown is composed of a dark-greenish-gray, very
fossiliferous, poorly sorted, very fine to medium sand constituting a
shell hash. The macrofossil assemblage is predominantly molluscan.
This basal unit is overlain by a light-greenish-gray bioclastic sand,
which is very fine to fine, well sorted, and somewhat glauconitic. The
bioclastic fraction consists of sand-size shell fragments, larger shell re-
mains, and echinoderm or sponge spicules. This sand grades upward
into a sequence of bluish- to greenish-gray clayey silts commonly con-
taining gastropod and mollusk molds and (or) gray to reddish-orange,
laminated, sand-clay layers and massive blocky clayey silts. In the
western part of the study area, this fine-grained sequence is partly or
completely missing, and the uppermost part of the Yorktown is
represented by interbedded well-sorted sands having noded, clay-lined
Ophiomorpha burrows and poorly sorted crossbedded sands contain-
ing pebble stringers. The total thickness at the representative section
is approximately 18 m. The Yorktown Formation is missing over much
of the central part of the study area, between Point of Rocks and
Bailey Creek. For the most part, the areas west of Point of Rocks and
east of Bailey Creek are underlain by a sequence of late Pliocene and

Pleistocene terraces that unconformably overlie the Yorktown
sediments.

ENVIRONMENT OF DEPOSITION

As noted in the lithologic description of the Yorktown, at least four
facies are distinguishable. The very fossiliferous basal part, which
crops out only to the east of Bailey Creek, represents a transgressing,
high-energy, nearshore zone in which underlying sediments were
eroded and redeposited on the basal beds of the Yorktown Formation.
In the study area, this facies is about 1.5 m thick. Conformably above
the basal facies is a well-sorted bioclastic sand. As shown by the pres-
ervation of echinoderm spines and some larger shell remains, this
facies probably developed below the wave base. The two sediment
types that overlie the bioclastic facies, clayey silt containing abundant
mollusk molds and laminated sand-clay layers and blocky clayey silts,
were deposited in a much lower energy environment than the under-
lying sands and bioclastic sands. The sand-clay layers and clayey silts
probably are the result of back-bay or protected-bay deposition. The
uppermost facies of Ophiomorpha-burrowed sands and crossbedded
sands represent alternating estuarine and fluvial parts of a regressive
phase of the Yorktown Formation. When viewed as a whole, the suite





32 STRATIGRAPHIC, STRUCTURAL FRAMEWORK, HOPEWELL, VA.

of Yorktown sediments reflects a transgressive-regressive series of en-
vironments ranging from the offshore shell accumulations to the
estuarine and even fluvial beds near the top of the section.

AGE

Abundant macrofossils exist in outcrops of the Yorktown east of
Bailey Creek (see table 38). Placopecten -clintonius, Chesapecten
septenarius, Astarte undulata, and other mollusks indicate an early
Pliocene age (zone II of Mansfield, 1943) for part of this formation. In
the lower transgressive part of the formation, reworked middle to late
Miocene guide fossils have been retained in a basal lag and mixed with
the younger transgressing sediments.

PLIOCENE AND PLEISTOCENE TERRACE SEQUENCES

At least five terrace surfaces are recognized in the study area. These
surfaces border the major drainages of the James and Appomattox
Rivers. The terrace surfaces range in altitude from 3 to 55 m. Four
scarps, which identify the surfaces, are also recognized. Terrace
materials beneath the surfaces unconformably overlie all of the
Cretaceous and Tertiary units found in the area (fig. 11). These
sediments constitute the youngest rocks at any given locality.

The terrace surfaces have been numbered from I to V (lowest to
highest in altitude) for purposes of this report. These surfaces rise be-
tween scarps and increase in altitude westward toward the Fall Zone.

The terrace materials underlying these surfaces are primarily com-
binations of sandy clays, laminated clayey silts and sands, cross-
bedded sands, and pebble to cobble gravels, which are all typically
highly oxidized to various hues of yellow and orange. These deposits
are thought to represent nearshore, fluvial-estuarine depositional
systems associated with the various sea-level changes that occurred
during the Pliocene and Pleistocene Epochs. Some of the terrace IV
sediments may represent the regressive phase of the Pliocene
Yorktown Formation.

The highest terrace in the study area is terrace V. Its surface
altitude ranges from 43 to 55 m (fig. 5). Slightly higher surfaces west of
the study area may be remnants of this surface. The sediments
underlying the terrace V surface are at least 12 m thick. They are
characterized by abundant trough crossbeds, cut-and-fill structures,
repeated fining-upward sequences, and truncated sequences, indi-
cating fluvial deposition.
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FIGURE 11.—Low-level (3-m altitude) Pleistocene gravels overlying kaolinitic sands of

the Lower Cretaceous Potomac Formation at Jones Neck on the James River.
Shovel shows scale.

The terrace-V surface encompasses the area upon which Fort Lee
(south of the study area) has been built. A small part of this terrace ex-
tends northward from the south edge of the map area near long 77°14’
(pL. 1). The western part of ‘“‘peninsular’”’ Chesterfield County, roughly
between the old James River channel south of Farrar Island and the
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Appomattox River at Ashton Creek (pl. 1) is also covered by the ter-
race V surface. The material underlying this surface was called marine
sand and gravel by Shaler (1890). It was also referred to by Darton
(1891) as the fluvial ‘‘Lafayette Formation.” Wentworth (1930) revived
Clark and Miller’s (1906) terminology, designating the terrace plain as
the ‘““Sunderland terrace” and the underlying materials as the
Sunderland Formation. Moore (1956) returned to Rogers’ (1884) earlier
concepts of terrace formation in designating these deposits as the
fluvial part of the fluvial-marine ‘“Kilby Formation.”” More recently,
Oaks and others (1974) abandoned all previous terminology, believing
that the terrace and the underlying materials were not necessarily
related. As a result, they named the surface the Prince George upland
and the sediment underlying this surface the fluvial Bacons Castle
Formation of Coch (1965).

The second-highest terrace surface (terrace IV) ranges in altitude
from 27 to 43 m. Terrace IV is cut into the higher and older terrace V.
This surface can be subdivided into two benches (IVa and IVb) along
the east bank of the Appomattox River. Sediments underlying the sur-
face are approximately 15 m thick and show fluvial characteristics
similar to terrace V materials (fig. 12). Unlike terrace V sediments, ter-
race IV sediments are commonly quite feldspathic. The terrace
materials are best exposed in several borrow pits along the old James
River channel around the south margin of Farrar Island.

Terrace IV sediments underlie the terrain along the Norfolk and
Western Railway from Kenwood subdivision to Petersburg. The head-
waters of Bailey Creek cut the terrace south of Hopewell. Although the
sediments underlying this plain commonly reflect a fluvial deposi-
tional environment, at several localities these deposits have marine, or
at least estuarine, affinities. Generally, these deposits can be mapped
as a fluvial part (regressive phase) of the Pliocene Yorktown Forma-
tion. Various earlier names for terrace IV sediments include the Co-
lumbia Group of Darton (1891), the marine part of the ‘“Kilby Forma-
tion”” of Moore (1956), the “Wicomico terrace sediments’’ of Clark and
Miller (1906) and Wentworth (1930), and the Isle of Wight Plain
underlain by the lagoonal Windsor Formation of Coch (1968; and Oaks
and others, 1974).

Terrace III has surface altitudes ranging from 14 to 27 m. Sediments
underlying this surface are approximately 14 m thick and are
characterized mostly by fluvial sedimentary structures. The terrace
extends from the Appomattox River Bridge to near Cabin Creek in
Hopewell and is dissected by Johnson Creek in Chesterfield County
between the James and Appomattox Rivers.

Terrace 11 exists as an arcuate middle land between the lower terrace
of Bermuda Hundred and terrace III near the mouth of Shand Creek
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FiGURE 12.—Typical outcrop of sediments underlying the surface of terrace IV. Note
trough crossbedding and gravel stringers. Shovel shows scale.
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(pl. 1). The terrace II surface ranges in altitude from 9 to 14 m. Several
smaller patches of terrace II occur near the mouth of Johnson Creek.
The most extensive occurrences of terrace II are just above water level
from Bailey Creek to City Point in Hopewell, and along the west bank
of the Appomattox River south of Point of Rocks. The sediments
underlying this surface have exclusively fluvial characteristics and oc-
cur in older dissected channel and point-bar deposits. The deposits
define early courses of the James and Appomattox Rivers.

The lowest terrace (terrace I) ranges in surface altitude from 3 to
9 m. Terrace I generally abuts Holocene alluvial fill or a cut bank along
the James and Appomattox Rivers. Terrace I sediments completely
underlie Jordan Point on the James and Bermuda Hundred near the
Turkey Island Cutoff, compose a major part of Curles Neck, and
occupy both banks of the Appomattox south of Point of Rocks. These
materials, like those underlying terrace I1I, are exclusively fluvial.

HOLOCENE ALLUVIAL SEQUENCE

Holocene alluvial fill, composed of clays, sands, and gravels, con-
stitutes the flood plains of minor streams and formed as extensive
point-bar and channel-bar deposits of the James and Appomattox
Rivers. Organicrich silty clays and sands formed in swamps and tidal
marshes border the fluvial-bar deposits and tidal tributaries to these
rivers. Spoil from dredged shipping channels, sanitary landfills, and
manmade lands are locally important contributors to these sediments.

Holocene sediments range in thickness from less than 0.3 m onshore
to 12 m in some manmade lands. An unknown thickness of Holocene
sediments floors the James and Appomattox Rivers. Swamp and
marsh deposits are typically less than 3 m thick.

STRUCTURAL GEOLOGY

STRUCTURE CONTOURS

Structure maps have been constructed on the Cretaceous-Paleocene,
the Paleocene-Eocene, and the late Eocene unconformities. Control for
contours is from outcrops, 26 power-auger holes, and 8 lithologically
and petrographically logged water wells recorded by Teifke (1973). The
contour map of the Cretaceous-Paleocene horizon is shown in figure 9.
The westernmost linear zone of steep (nearly vertical) dips generally
parallels the north-south reach of the Appomattox River. There, the
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steep gradient of the Cretaceous-Paleocene unconformity indicates a
downstep of about 20 m. Across the steep gradient, the contact drops
from an altitude of nearly 26 m on the east to about 6 m on the west
(fig. 9). Because the contoured horizon represents an erosional uncon-
formity (the eroded surface of the Potomac Formation prior to deposi-
tion of the Aquia Formation), the contouring reflects local relief on
that unconformity. However, nowhere in outcrop does erosional relief
on the Potomac-Aquia contact exceed 3 m; in fact, erosional relief com-
monly is less than 0.6 m. Considering that this contact where parallel-
ing the Appomattox River has more relief, approximately 20 m (fig. 9),
it is inferred that this relief actually represents the trend and offset of a
fault zone, here named the Dutch Gap fault zone.

A second area of steeper gradients is shown between City Point and
Bailey Creek (fig. 9). It parallels the steeper gradient area on the Dutch
Gap fault zone. Perhaps the City Point-Bailey Creek zone marks the
eastern boundary of an uplifted fault block, of which the Dutch Gap
fault is the western boundary. The flattened area just to the east of
this zone may define a graben-like structure (see cross section A-A’ on
plate 2 for a graphic depiction of this interpretation). Local uplift is
suggested east of Bailey Creek, because the Miocene sediments there
were eroded by the transgressing Pliocene sea. This positive feature
was named the Hopewell High by Ward and Blackwelder (1980).

POWER-AUGER DRILLING AND OUTCROP CONTROL

Numerous auger holes were drilled to better define the steeper struc-
tures paralleling the Appomattox River, indicated on the structure
contour map. The auger data were used in conjunction with nearby
outcrop control to produce a set of geologic cross sections. Three of
these sections, A-A’, B-B’, and C-C’, are perpendicular to the
structure-contour lines (pl. 1 and fig. 9). These sections show a single,
high-angle reverse fault. Another cross section, D-D’, on the south
bank of the old James River channel south of Farrar Island (pl. 1),
shows that the Dutch Gap fault zone is more complex in that area.
Four auger holes, 16, 26, 25, and 15, are used to correlate subsurface
deposits with an extensive outcrop (H-17). As seen on section D-D’
(pl. 2), the outcrop contains exposures of Cretaceous, Paleocene,
Eocene, Miocene, and Quaternary sediments. Auger hole 16 yielded
only Cretaceous, Paleocene, and Quaternary samples. At this hole, the
Paleocene greensands are nearly 2.5 times as thick as in the outcrop
only 61 m to the west. This can be explained by an upwarping of the
Cretaceous and younger sediments on the downdropped block across
the fault zone (see cross section A-A’, pl.2) accompanied by the stack-
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ing of thin slices of sediment by splays conjugate to the main fault. On
section D-D, the location of faults, dip angles, and the basal contact of
the terrace sediments over the faults has been inferred based on the
trenched part of this section (see enlargement, section D-D’, pl. 2).

Cross section B-B’ (pl. 2) crosses the steep gradient west of Point of
Rocks. Several deeply entrenched streams flowing southward into
Ashton Creek have created good outcrops. Units as young as
Yorktown (Pliocene) are mapped on the downdropped block (west side),
whereas only Cretaceous and Quaternary sediments occur on the up-
thrown block. A trenched exposure (trench I) of the fault zone was
made along the line of this section on a low terrace bordering the north
bank of Ashton Creek.

Section C-C’ is based in part on a line of auger holes drilled by C. G.
Haag (Sadler Materials, Inc., written commun., 1978). The section
crosses the steep gradient from the downdropped block on a low ter-
race bordering the Appomattox River to the highlands formed by the
uplifted block, along which the Norfolk and Western Railway is
located.

On strike with the trend of the contour lines, several smaller-scale
reverse faults in the Cretaceous sedimentary rocks (probably con-
jugate to the main reverse faulting) can be viewed along both the
James and Appomattox Rivers. The more accessible of these outcrops
are found on the south bank of the James at Dutch Gap (fig. 13); along
the west bank of the Appomattox directly north of Cobbs Island (fig.
14); and along the east bank of the Appomattox near the Federal
Reformatory’s sewage disposal plant.

TRENCHED FAULT EXPOSURES

A trenched exposure (trench I) across a part of the fault zone was
made on a low terrace bordering the north bank of Ashton Creek. The
purpose of the trench was to examine the style of fault movement and
to determine whether or not the fault had offset the Quaternary terrace
gravels. The trenched exposure was 15 m long and 10 m deep. As
shown on plate 2 and in figures 15 and 16, the Dutch Gap fault zone in-
cludes splays of high-angle reverse faults that do not offset the Quater-
nary cover. The interpretation of cross section A-A’ (pl. 2) concurs
with the fault relations observed in trench I. Upwarping of the
Cretaceous-Paleocene contact, which is essentially flat for nearly
2.4 km west of the trench (cross section B-B’ on pl. 2), results in that
contact rising 3.4 m over a ground distance of 9 m as the contact
approaches the fault zone from the west. This evidence has been incor-
porated into the construction of section D-D’ (pl. 2).
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FIGURE 13.—Small-scale reverse fault in sedimentary rocks of the Potomac Formation
at Dutch Gap on the James River. 15-cm knife shows scale.

A second trenched exposure (trench II) was excavated between
auger holes 25 and 26 (pl. 2). As shown in the enlargement of section
D-D’, the Cretaceous-Paleocene contact is offset by multiple small
splays sandwiching thin lenses of the Aquia basal gravel between in-
tervals of Aquia greensand. These splays could not be traced for any
distance into the Aquia sediments. Extreme caving of the trench walls
and the locally considerable depth of the Cretaceous-Paleocene con-
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tact precluded any further examination by trenching of the nature of
faulting in this area.

Two units overlie the Aquia Formation in trench II. Both units have
nearly planar lower contacts and show no evidence of displacement.
The upper unit contains a variety of fluvial deposits and is correlated
with Pleistocene terrace IV. The unit immediately above the Aquia
Formation consists of a series of poorly sorted sands containing many
small clay balls, thin clay lenses, and multiple fining-upward sequences
and truncated sequences. This unit has been tentatively correlated
with the Pliocene and (or) Pleistocene Bacons Castle Formation of
Coch (1965). The vertical sequence of these two upper Pliocene to
Pleistocene fluvial deposits may be explained by scheme “B” in figure
5, where the younger terrace IV sediments were deposited over a part-
ly eroded segment of Coch’s older Bacons Castle unit.

FAULTING DURING TERTIARY DEPOSITION

As seen in cross-section A-A’ (pl.2), the Cretaceous-Paleocene con-
tact is displaced on the Dutch Gap fault zone. Although much of the
area was beveled prior to terrace deposition, enough outcrop evidence
exists to indicate that faulting has continued at least through early
Pliocene time.

The Nanjemoy-Yorktown (Eocene-Pliocene) contact in the vicinity
of Bailey Creek occurs at an altitude of about 21 m. Regional mapping
to the east shows that this contact has a dip of approximately 2 m/km
to the southeast. The dip of the Potomac-Aquia (Cretaceous-
Paleocene) contact in this area is about 1.7 m/km. By projecting the
Nanjemoy-Yorktown contact updip to the vicinity of the Dutch Gap
fault zone (about 13 km), one may infer that the lowermost Yorktown
sediments there should occur at nearly 49 m altitude. However, the
lowermost Yorktown sediments are actually at about 27 m altitude
just west of the Dutch Gap fault zone along Ashton Creek; the base of
the Yorktown Formation is 22 m below its expected altitude. Although
the regional dip may flatten closer to the paleo-shoreline (westward),
such flattening cannot account for all of the 22 m, whereas faulting
could.

In like manner, the ‘“Virginia St. Marys”-Yorktown (Miocene-
Pliocene) contact is anomalously low across the Dutch Gap fault zone.
Just south of Hopewell, along Bailey Creek, this contact occurs at an
altitude of about 27 m. A projection of this contact updip (about
10.5 km, at 2 m/km) to the fault zone gives an altitude of about 48 m.
Instead, the altitude found about 0.8 km west of the fault was about
26 m. Again, the difference was approximately 22 m.
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FIGURE 14.—Reverse fault in arkosic sands of the Potomac Formation along west bank
of the Appomattox River. Shovel shows scale.

The well-documented offset on the Potomac-Aquia (Cretaceous-
Paleocene) contact at the Dutch Gap fault zone is about 20 m (a rate of
nearly 0.2 m/m.y. for the duration of Cretaceous and Paleocene time).
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FIGURE 15.—View inside exposure at trench I, near the Appomattox River. Geologist’s
hand points to unconformity between Cretaceous sedimentary rocks and overlying
Pleistocene sand (‘“X” in trench I diagram, pl. 2).

The postulated offset on the lowermost Pliocene sediments, caused by
continued faulting, is less than 20 m, possibly 4.6-6.0 m; therefore the
rate during the early Pliocene may have been as much as 1.2 m/m.y.
These values suggest that the rate of fault movement in the Dutch
Gap fault zone increased after Paleocene time.

COMPARISON WITH STAFFORD AND
BRANDYWINE FAULT SYSTEMS

The Dutch Gap fault zone is part of a system of en echelon faults
similar to the Stafford and Brandywine fault systems. The faulting
near Bailey Creek paralleling the Dutch Gap fault zone has already
been discussed. It is possible that the north-south reach of the James
River from Richmond to Drewrys Bluff is fault controlled; if so, this
structure too would parallel the Dutch Gap trend.
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F1GURE 16.—Closeup view of fault exposed in trench I, showing kaolinitic Cretaceous
sand (white, on right) juxtaposing much coarser greenish Cretaceous sand. Dashed
line highlights fault; arrows indicate direction of relative movement on either side.
10-in. knife shows scale. Location of fault-view is indicated by “Y” in trench I
diagram on plate 2.

The three known fault systems, Stafford, Brandywine, and Dutch
Gap (fig. 4), consist of high-angle, en echelon reverse faults. The Staf-
ford and Brandywine fault zones are known to have basement offsets;
the amount of crystalline basement displacement on the Dutch Gap
fault has not been determined, but must be 20 m or more. The Brandy-
wine and Dutch Gap fault zones display up-to-the-coast (east)
displacements whereas the Stafford faults are up-to-the-Piedmont
(west). All of these fault zones follow known subsurface geophysical
lineaments. The three zones of faulting parallel major drainage deflec-
tions in the Potomac, James, and Appomattox Rivers and are roughly
parallel to the trend of the Fall Zone in their respective regions. These
systems may parallel earlier Triassic fault system trends. Jacobeen
(1972) and Mixon and Newell (1977) noted that subsurface geophysical
lineaments seem to link parts of known Triassic trends with some of
these faults (fig. 4). Triassic rocks are known from a water well near
Bowling Green, Va. (Hubbard and others, 1978),along the gravity gra-
dient coincident with the trend of the Brandywine faults. Geophysical
evidence also suggests buried Triassic sediments in the vicinity of
King George. Buried Triassic rocks have been reported from water
wells just west of the Dutch Gap fault zone in Chesterfield County, but
these reports are, as of yet, unconfirmed.
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SUMMARY

Mapping has defined a north-trending zone of reverse faults (the
Dutch Gap fault zone) extending at least 13 km from the southern
boundary of the Hopewell 7-1/2-min quadrangle northward to the
James River. The fault zone parallels the northward reach of the Ap-
pomattox River from Petersburg to Point of Rocks. As much as 20 m
of vertical displacement has been recognized on the contact between
the Cretaceous Potomac Formation and the Paleocene Aquia Forma-
tion. The younger Tertiary units appear to have somewhat smaller
displacements than those on the Paleocene sediments. The offset on
the crystalline bedrock-Potomac Formation unconformity is not yet
known but must be 20 m or more, because this contact does not crop
out in the vicinity of the fault zone and drill-hole data have not yet
been acquired. Increasing amounts of displacement with depth repre-
sent the aggregate of many small fault movements that continued
through the Tertiary.

One of the faults in the Dutch Gap fault zone has been truncated by
erosion on a low (3-m altitude) Pleistocene terrace, as exposed in trench
1. A second fault (exposed in trench II) has been truncated by erosion
on a Pleistocene terrace 35 m above sea level and is overlain by a unit
tentatively correlated with the Pliocene and (or) Pleistocene Bacons
Castle Formation of Coch (1965). The absence of Pleistocene or
Pliocene-Pleistocene displacement in these excavated exposures places
an upper age limit for movement along these two faults; however, the
age of movement may be different for other en echelon faults in this
zone.

The entire Upper Cretaceous section and a part of the basal
Paleocene are missing in the map area. Locally, this hiatus represents
about 45 m.y. Lower Cretaceous sedimentary rocks assignable to
pollen zones II-A and II-B (lower Albian and lower to middle Albian)
as designated by Brenner (1963) and Doyle and Robbins (1977) crop
out in the Hopewell area. Progressively younger Cretaceous sediments
crop out northward along the inner Coastal Plain outcrop belt. This
distribution is the basis for the rolling depocenter concept presented
by Reinhardt and others (1980a), in which the areal extent of each suc-
cessively younger center of deposition during Cretaceous time appears
to be displaced northward into the Salisbury embayment.

The Marlboro Clay, which separates marine sections of the Aquia
and Nanjemoy Formations, appears genetically related to the Aquia
Formation, rather than to the Nanjemoy Formation as previously
accepted.

The Calvert Formation is absent south of the James River in the
study area. Sediments of Miocene age locally include a sparsely
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fossiliferous facies of the “Virginia St. Marys Formation.” East of
Bailey Creek, the Miocene sediments have been removed by erosion
following uplift, and the Pliocene Yorktown Formation rests uncon-
formably on the Eocene Nanjemoy Formation.

Several other faults or fault zones may exist paralleling the Dutch
Gap trend. One such zone possibly controls the southward reach of the
James River from Richmond to Drewrys Bluff. Deposition in the
vicinity of Bailey Creek has also probably been structurally controlled.
The Tertiary section thickens dramatically north of the James River.
Cederstrom (1945b) speculated that a fault controlled that course of
the James River, downdropping the block to the north. Such a fault
would trend nearly perpendicular to the Dutch Gap trend.

The Pliocene-Pleistocene terrace stratigraphy has been only general-
ly examined in this report. Correlation of the James River terraces
with the marine Pleistocene stratigraphy of the Chesapeake Bay
region will provide an upper time limit for movement along the Dutch
Gap fault zone.
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Report on the Accuracy and Relevance of Legacy Geologic Mapping at City
Point and Parkers Battery, Richmond National Battlefield, Virginia

August 2016
C.R. Berquist, Jr. and Aaron Cross
Introduction

The most recent and most detailed (1:24,000-scale) geologic mapping that covers the National
Park Service properties at City Point and Parkers Battery is found in U.S. Geological Survey
Bulletin 1567 (Dischinger, 1987). The work was completed by James Dischinger as part of a
Master’s Thesis at the University of North Carolina, Chapel Hill in 1979. Since the time of
publication, knowledge and understanding of the Virginia Coastal Plain and Fall Zone has
greatly advanced through mapping and research by staff from the U.S. Geological Survey and
Virginia Division of Geology and Mineral Resources (VDGMR), and by faculty and students at
the College of William and Mary and the Virginia Institute of Marine Science. Some of this new
work was published in a 1:250,000-scale map of the Virginia Coastal Plain (Mixon and others,
1989) followed by a new geologic map (1:500,000-scale) of Virginia (Virginia Division of
Mineral Resources, 1993). Although less detailed than Dischinger’s work, these regional
geologic maps defined the current stratigraphic nomenclature, for the most part, in the Virginia
Coastal Plain and Fall Zone. Continued geologic mapping at 1:24,000-scale since 1993 brought
further modification of stratigraphic nomenclature and the discovery of a new map unit, the
Elsing Green Alloformation (Gilmer and Berquist, 2015). In addition, some of what had been
mapped as “Pliocene sand and gravel” (Tpsg or psg) is now recognized as the Cold Harbor
Formation (Bondurant and others).

City Point

Dischinger’s geologic map of City Point is accurate but some minor modifications should be
made. Dischinger’s “Terrace I1” is now known and mapped as the Shirley Alloformation (Qsh),
and the “Old Point Bar” is now mapped as the Chuckatuck Alloformation (Qc). Three borings
completed by VDGMR (2000213-1, 2000213-2, 2000214-3; Figure 1) all show two fining
upward sequences, interpreted as Qsh over Qc with contact about 10 feet (3 meters) below
surface. Thus, a contact between these two alloformations could be drawn at an elevation of 35
feet (10.7 meters) to amend Dischinger’s map at City Point. The Chuckatuck overlies the Aquia
Formation (Ta) in two borings at elevations 6 and 9 feet (1.8 and 2.7 meters), basically verifying
Dischinger’s map where he places the contact at 10 feet (3 meters). Boring logs are included in
Appendix I.

We recommend mapping the bottom sediments in the James River offshore of City Point
following the methodology as explained by Berquist (2014). Sidescan sonar imagery used in
mapping may also be able to detect sunken shipwrecks or other relics of Civil War vintage.





Figure 1. Location of VDGMR borings at City Point, Hopewell 7.5-minute topographic map
resized for this report (no scale)

Parker’s Battery

Geologic mapping in the vicinity of Parker’s Battery is approximate for the time the work was
done. However, parts of “Terrace V" that underlie the site on Dischinger’s map are now known
as the Cold Harbor Formation (Tch) and/or the Bacons Castle Formation (Qbc). Current
geologic mapping in the Petersburg quadrangle finds that the Bacons Castle Formation overlies
the Cold Harbor with a contact (paleo shoreline) at approximately 175 feet (53.3 meters)
elevation above sea level. Parkers Battery lies between elevations 160 and 170 feet (48.8 and
51.8 meters) above sea level. Without additional data there, we would expect about 5 to 10 feet
(1.5 to 3 meters) of Bacons Castle sediment to overlie the Cold Harbor. It is also possible that
the Bacons Castle is absent.

We do not know how water was obtained by soldiers within the Battery. Perhaps there was a
shallow well, or maybe it was brought in. We recommend that a boring be made on site and





another nearby to the west (above 180 feet (54.9 meters) elevation) to answer the remaining
stratigraphic questions and to determine the depth to the water table.
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Virgini For further assistance, contact
amoe:g;?::ent of Division of Geology and Mineral Resources

Mines Minerals Williamshurg Office ¥A7-221-2448
m and Energy BOI'EhOlE REpOl't Charlottesville Office 434-851-6351
VDMR BorelD  2000213-1 Drilling Date 7/31/2000 Confidential? [J
Previous Bore 1D 00213-1 N Lat NAD 27 N7
C ounty/C ity HOPEWELL Type of Boring Geologic W Long NAD 27 -7T.278
Quadrangle HOPEWELL Type of Sample auger Easting 235535627
Surface Elevation 15 _ Morthing 360433.84
Vertical Accuracy Coordinate Accuracy 1-201t
Total Depth 39 Sowrce of Data VDOMRJcrb
Depth to Water 9 Comments City point, MPS
Lithologic Description
Depth
From To usc Keyword Log
0 2 f fill, black sand pebbles brick charcoal, ete. 1.5-3.5 8PT 7,13,18,23. reddish-
hrowen clayey sand, disturbed material.
2 5 frms reddish-brown slightly clayey med s, musc avite, feldspar, soft, moist-disturbed
to ~4.5% SPT4-66,9,911
5 10 LS medium sand, some coarse, brownish-yellow to velowish, gray wery soft,
moistto dry, Heidi calls it brownish-yellow 10YR B8, wet 9-10
10 26 rmd silty clay, light gray 10%R 771 wi thin laminae of clayey fine sand strong brown
T.5YR &8 w plinthites, laminae also mottles, feldspar, weathered, hard, dry.
SPT 14-16 3,9 18,22, 14-189 same material, a few pebhles at 18 . 19-24 same
hut gand fraction increases and grain size increazes downward
26 39 cs mediumto coarse sand, pehbles, light brownish-gray, very soft, dry. 32 cobhle
hit had to reverse out of hole, redrilled 29-34 wi finger hit. 32-34 slightly clayey
mediumto coarse sand and pehhles vellow 2.5Y 718, very soft, dry.
Stratigraphy
Top Base Symhbol Comments
0 10 Qsh
10 39 Qe






D W Virginia
Department of

Far further assistance, contact
Division of Geology and Mineral Resources

Mines Minerals Williamshurg Office ¥A7-221-2448
m and Energy BO I'EhOlE REpOl't Charlottesville Office 434-851-6351
VDMR BorelD  2000213-2 Drilling Date 7/31/2000 Confidential? [J
Previous Bore 1D 002132 M Lat HAD 27 37316
C ounty/C ity HOPEWELL Type of Boring Geologic W Long NAD 27 -7T.2748
Quadrangle HOPEWELL Type of Sample auger Easting 2356233.34
Surface Elevation 1 _ Northing 360081 .03
Vertical Accuracy Coordinate Accuracy 1-201t
Total Depth 44 Sowrce of Data W DOMRIcrh
Depth to Water Comments Moldera house, near maint shed, City Paint NPS
Lithologic Description
Depth
From To usc Keyword Log
1] q midf-ms reddish-brawn clayey medium sand, firm, moist, muscovite becormes yellow 4-
A, light yellowish gray and coarsens downward wi coarse sand, pebhles,
granules
9 17 smd fine sand clay, gray, brownish-yellow, firmto hard, moist, difficult drilling. Rare
pebhles, laminate-lenticular bedding cormmon, increasing sand component,
caolor chanages to mostly light gray at 16.
17 22 fms slightly clayey medium sand, some pebhles at 17, coarse sand at 18-19, light
gray to greenish-aray.
22 35 cs mcoarse sand, yellowish gray, wery soft, dry, 24-29 same, more pehbles. 29
31 dark reddish-brown, 31 greater than wet, coarse sand and pehbles, very soft
35 47 smd very fine sand glaucaonitic clayiclayey very fine sand, black ¥.5R M2, laminae
of weatherad shell, firm, moist
47 44 smd mixture of above, very dark gray 7.8YR MNE3 glauconttic very fine sand clay and
dark gray T.5% R MNid clay w ©a? cemented pebhles of sand, shell, Cafizzes
wi Dr. Pepper.
Stratigraphy
Top Base Symbol Comments
1] q ish
] 35 Gic
35 414 Ta






Far further assistance, contact
Division of Geology and Mineral Resources
Williamsburg Office 787-221-2448

D W Virginia
Department of
m Mines Minerals

Borehole Report

and Energy Charlottesville Office 434-851-6351
VDMR BorelD  2000214-2 Drilling Date 2/1/2000 Confidential? [J
Previous Bore 1D N Lat NAD 27 37.314
C ounty/City HOPEWELL Type of Boring W Long NAD 27 -TT2TY
Quadrangle HOPEWELL Type of Sample Easting 2355661.2
Surface Elevation 13 _ Morthing 35934542
Vertical Accuracy Coordinate Accuracy 1-201t
Total Depth 44 Sowrce of Data VDOMRJcrb
Depth to Water Comments City Point NPS parking 1ot
Lithologic Description
Depth
From To usc Keyword Log
0 35 srd fine to mediurm sandy clay, yelowish-brown and gray, color laminated to
lenticular, firm, moist, Weathered feds
3.5 4.5 rndf-rms clayey medium sand, mostly aray, some yellowish-brown and strong brown,
wiathered feldspar, firm, moist, flaser bedded
4.5 ] ufs fine grading to ¢ granule sand wiin 3 f, wery soft, moist, light yellowish gray,
wet loweer 1 foot
] 17 srd f sandy clay, light gray 9-11, light gray and reddistrbrown below 11 ft lenticular
bedded, hard, moist, plinthites toward base, scattered granules
17 34 urs fine grading to coarse sand at 18, reddish-brown and gray mottied, very soft,
dry. Drilled 19-24 pebhly 21-23, Drilled 24-29 lost, but pebhly, 29-34 pebhly
coarse sand moist. Drilled 28-34 pehbly sand, drilled 34-44
34 44 mdvfs glauconitic clayey very fine sand, soft, moaist, top 3 fiweathered reddishebrown-
roat is black (?)
Stratigraphy
Top Base Symhol Comments
0 ] Qsh
g 34 Qc
34 44 Ta
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indicating fluvial deposition.

The terrace-V surface encompasses the area upon which Fort Lee (south of the study area) has been
built. A small part of this terrace extends northward from the south edge of the map area near long 77°
14' (pl. 1). The western part of "peninsular" Chesterfield County, roughly between the old James River
channel south of Farrar Island and the Appomattox River at Ashton Creek (pl. 1) is also covered by the
terrace V surface. The material underlying this surface was called marine sand and gravel by Shaler
(1890). It was also referred to by Darton (1891) as the fluvial "Lafayette Formation." Wentworth (1930)
revived Clark and Miller's (1906) terminology, designating the terrace plain as the "Sunderland terrace"
and the underlying materials as the Sunderland Formation. Moore (1956) returned to Rogers' (1884)
earlier concepts of terrace formation in designating these deposits as the fluvial part of the fluvial-
marine "Kilby Formation." More recently, Oaks and others (1974) abandoned all previous terminology,
believing that the terrace and the underlying materials were not necessarily related. As a result, they
named the surface the Prince George upland and the sediment underlying this surface the fluvial
Bacons Castle Formation of Coch (1965).

The second-highest terrace surface (terrace 1V) ranges in altitude from 27 to 43 m. Terrace 1V is cut
into the higher and older terrace V. This surface can be subdivided into two benches (IV a and 1Vb)
along the east bank of the Appomattox River. Sediments underlying the surface are approximately 15
m thick and show fluvial characteristics similar to terrace V materials (fig. 12). Unlike terrace V
sediments, terrace IV sediments are commonly quite feldspathic. The terrace materials are best
exposed in several borrow pits along the old James River channel around the south margin of Farrar
Island.

Terrace 1V sediments underlie the terrain along the Norfolk and Western Railway from Kenwood
subdivision to Petersburg. The headwaters of Bailey Creek cut the terrace south of Hopewell. Although
the sediments underlying this plain commonly reflect a fluvial depositional environment, at several
localities these deposits have marine, or at least estuarine, affinities. Generally, these deposits can be
mapped as a fluvial part (regressive phase) of the Pliocene Yorktown Formation. Various earlier
names for terrace IV sediments include the Columbia Group of Darton (1891), the marine part of the
"Kilby Formation" of Moore (1956), the "Wicomico terrace sediments” of Clark and Miller (1906) and
Wentworth (1930), and the Isle of Wight Plain underlain by the lagoonal Windsor Formation of Coch
(1968; and Oaks and others, 1974).

Terrace lll has surface altitudes ranging from 14 to 27m. Sediments underlying this surface are
approximately 14 m thick and are characterized mostly by fluvial sedimentary structures. The terrace
extends from the Appomattox River Bridge to near Cabin Creek in Hopewell and is dissected by
Johnson Creek in Chesterfield County between the James and Appomattox Rivers.

Terrace |l exists as an arcuate middle land between the lower terrace of Bermuda Hundred and
terrace lll near the mouth of Shand Creek (pl. 1). The terrace Il surface ranges in altitude from 9 to
14m. Several smaller patches of terrace Il occur near the mouth of Johnson Creek. The most
extensive occurrences of terrace Il are just above water level from Bailey Creek to City Point in
Hopewell, and along the west bank of the Appomattox River south of Point of Rocks. The sediments
underlying this surface have exclusively fluvial characteristics and occur in older dissected channel and
point-bar deposits. The deposits define early courses of the James and Appomattox Rivers.

The lowest terrace (terrace I) ranges in surface altitude from 3 to 9 m. Terrace | generally abuts
Holocene alluvial fill or a cut bank along the James and Appomattox Rivers. Terrace | sediments
completely underlie Jordan Point on the James and Bermuda Hundred near the Turkey Island Cutoff,
compose a major part of Curies Neck, and occupy both banks of the Appomattox south of Point of
Rocks. These materials, like those underlying terrace 1l, are exclusively fluvial.

Text from source map: Grant's Headquarters at City Point

2019 NPS Geologic Resources Inventory Program



35

PETE GRI Map Document

Scarp Toe Elevations

As previously mentioned, terrace units present on this source map were re-mapped and/or re-
interpreted by C.R. Berquist (Virginia Division of Geology and Mineral Resources, personal
communication, 2019) based on the uppermost surface and scarp toe elevations. The table below lists
elevations (in feet) used to re-map and/or re-interpret such terrace units.

Name and Uppermost surface
symbol and scarp toe, feet

Cold Harbor Nch
Bacons Castle Qbc
?’Moorings? Qm
Windsor Qw
Charles City Qcc

Chuckatuck Qc
Shirley Qsh
Elsing Green Qeg

Tabb, Sedgefield Qts
Tabb, Lynnhaven Qtl
Tabb, Poquoson Qtp

Provided by C.R. Berquist, 2019.

~240
~170
~115
98
75

58
48
38
28
18
6-11
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GRI Digital Data Credits

This document was developed and completed by James Winter (Colorado State University) for the
NPS Geologic Resources Division (GRD) Geologic Resources Inventory (GRI) Program. Quality
control of this document by Stephanie O'Meara (Colorado State University).

The information in this document was compiled from GRI source maps, and is intended to accompany
the digital geologic-GIS maps and other digital data for Petersburg National Battlefield, Virginia (PETE)
developed by James Winter, Sarah Lowe, Stephanie O'Meara, and Jake Suri (Colorado State
University) (see the GRI Digital Maps and Source Map Citations section of this document for all
sources used by the GRI in the completion of this document and related GRI digital geologic-GIS
maps).

GRI finalization by Stephanie O'Meara.

GRI program coordination and scoping provided by Jason Kenworthy and Tim Connors (NPS GRD,
Lakewood, Colorado).
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