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Executive Summary

Resilience refers to a community’s ability to adapt to changes from increased hazards due
to natural and anthropogenic forcings. Initiatives to better prepare municipalities and establish
protective measures are a key focus in the Virginia coastal zone as the region experiences one of
the highest rates of sea level rise on the East Coast. The Virginia Department of Energy’s
Geology and Mineral Resources Program conducted a study of potential sand, gravel, and clay
aggregate resources in a portion of the Coastal Plain. This one-year effort was funded in part by
the Virginia Coastal Zone Management (CZM) Program through a grant provided by the U.S.
National Oceanic and Atmospheric Administration (NOAA). The focus for this pilot phase of
assessment was Virginia’s Middle Peninsula, which encompasses almost 900 thousand acres,
with over a 1,000 miles of shoreline. Other efforts in states with significant glaciofluvial deposits
guided this study; however, the geologic deposits in this region of the Coastal Plain are fluvial,
estuarine, and marine in origin.

Virginia Energy staff conducted a multiparameter geospatial analysis in ArcGIS
including the comparison of topographic, geologic and soil maps, borehole data, occurrences of
mine sites, textural data, and the presence of sensitive habitat such as wetlands. Staff also visited
active mine sites across the project area for field mapping and characterization of existing
aggregate materials. The majority of potential sand and gravel deposits identified in study are
within Pleistocene fluvial-estuarine terraces, extending into older Pliocene units. Clay resources
are typically limited to Miocene Chesapeake Group marine units. These data can support
resilience initiatives that were identified in the 2021 Virginia Coastal Resilience Master Plan,
which include efforts to mitigate widespread habitat loss, impacts to critical infrastructure, and
potential residential displacement due to increased coastal flooding. Planners and contractors
who are interested in materials for elevating roads, shoring up existing structures, providing
shoreline protection, and restoring wetland habitats can utilize the data to understand where
potential resources may occur. Users should consult this report for details on methodology and
criteria used for the resource potential analysis. Additional information is available within the
report appendices including a field log of site visits, lithologic and geochemical data for samples,
and a summary of project coordination activities throughout the grant.
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1 Introduction

1.1 Using the Data

This technical summary report supplements an Esri™ ArcGIS file geodatabase
(NA23NOS4190255 Task73.gdb) and discusses the significance and methodology of the
project. Point, polyline, and polygon data were compiled into a Level 3-compliant Geologic Map
Schema (GeMS) geodatabase. The geodatabase validation, metadata, and style (symbol) files are
included with the deliverable. A GeMS geodatabase is the national standard for publishing
digital geologic maps and also provides a consistent baseline for organization of geologic data
that can be incorporated into other mapping products (USGS, 2020). Select data are also
provided as a 1:100,000-scale PDF map (Plate 1) with independent layers. Table 1 below
provides an overview of each field within the geodatabase. The geodatabase uses a relational
database schema that links spatial feature classes and nonspatial tables.

Table 1. What’s in the Geodatabase?

Feature Name Data Source Originator Data Significance

DCR_ConservationEasements | Virginia Department of External data layer showing areas that are restricted for

(polygon feature) Conservation and development with a conservation easement. Land owned
Recreation (VDCR) or managed by local, state, federal, and non-profit entities.

Historic easements are administered by the Virginia
Department of Historic Resources. These lands are
considered unsuitable for the development of aggregate
resources.

NativeAmericanTribalLand VDCR External data layer showing state-recognized reservation
(polygon feature) land owned by either the Pamunkey or Mattaponi Tribes.
These lands are considered unsuitable for the development
of aggregate resources.

NWI_Wetlands United States Fish and External data layer showing wetland habitats designated
(polygon feature) Wildlife Service (USFWS) | by the USFWS, updated October 2024. These lands are

considered unsuitable for the development of aggregate

resources.

ProtectedLands VDCR External data layer showing areas that are protected, such
(polygon feature) as State Parks and Preserves, Military Installations,
recreational areas, and other protected land-designated
areas. Land owned or managed by local, state, federal, and
non-profit entities. These lands are considered unsuitable
for the development of aggregate resources.

Transportation Virginia Department of Road network across the Middle Peninsula, published
(line feature) Transportation (VDOT) November 2017. Locations of roads can provide insight
into the proximity of mine sites and market distances.




Table 1. What’s in the Geodatabase?

Feature Name

Data Source Originator

Data Significance

CartographicLines*
(line feature)

Virginia Department of
Energy (Virginia Energy),
Geology and Mineral
Resources Program
(GMR)

This layer depicts the Middle Peninsula county
boundaries, and the cross-section transect line for Plate 1.

ContactsAndFaults*
(line feature)

Virginia Energy, GMR

This layer depicts the project area boundary (Middle
Peninsula Planning Region) and provides the bounds for
the MapUnitPolys layer.

MapUnitPolys* Virginia Energy, GMR This layer depicts the general geology of the study area.

(polygon feature) For the purposes of the study area, the geology is grouped
into Cenozoic Undifferentiated (Cu); the source of the
units is the 2021 statewide geologic map geodatabase
(Witt and others, 2021).

SurficialPoints Virginia Energy, GMR Points from legacy datasets including: 1) internal rock

(point feature)

repository samples; 2) sample data from a published
VDOT geotechnical study (VDOT, 1954); and 3)
historically identified sand, gravel, or clay pits (Mineral
Resources of Virginia dataset — MRV). These data
provide insight into commodity type and potential.

SubsurfacePoints
(point feature)

Virginia Energy, GMR

Locations for lithologic logs that were reviewed as part of
this project and used for resource potential interpretations.
Includes drilled boreholes, water well records, and VDOT
geotechnical logs. Geologists reviewed parameters for
each log and provided generalized lithological notes in a
separate related nonspatial table (“Label” ID in
SubsurfaceLithology).

Stations
(point feature)

Virginia Energy, GMR

Point locations for field reconnaissance observations.

PermittedSites
(point feature)

Virginia Energy, GMR and
Mineral Mining Program

Points depicting permitted mineral mining sites. Original
data can be accessed here:
https://energy.virginia.gov/webmaps/MineralMining/.

FieldSamples
(point feature)

Virginia Energy, GMR

Point locations of samples collected from active mine
sites. This feature class is related to the nonspatial tables
by the Repository ID attribute field (tables: GrainSizeData
and Geochemistry). These data provide information on the
type of material available at the mine sites.




Table 1. What’s in the Geodatabase?

Feature Name

Data Source Originator

Data Significance

IdentifiedExcavationPits
(polygon feature)

Virginia Energy, GMR

Polygons depicting the areal extent of lidar-identified pit
features that include excavations at active sites, historic
sites, and potential borrow pit areas that are not part of a
regulated site. These features provide direct evidence into
locations where sand and gravel material has been
prospected or used as a resource.

SandandGravelPotential

Virginia Energy, GMR

Polygon feature class that depicts the potential for sand

(polygon feature) and gravel deposits to occur based on the evaluation of set
criteria. These criteria are explained within this report.

DataSources* Virginia Energy, GMR List of citations and data sources for features within the

(table) geodatabase, indicated by a DAS ID in the attribute table
of each feature class.

DescriptionofMapUnits Virginia Energy, GMR Provides a description of the geologic map units in the

(DMU)* geodatabase (Cenozoic Undifferentiated, Cu).

(table)

GeoMaterialDict* Automatically generated Contains types of geologic material used to populate

(table) within the GeMS structure | GeoMaterial in the DescriptionOfMapUnits. Since only
one unit is provided in the DMU, “sediment” is included
as the GeoMaterial.

Glossary* Virginia Energy, GMR Definitions of terms used in the geodatabase.

(table)

GrainSizeData Virginia Energy, GMR Information on grainsize for the samples collected as part

(table) of this project. Methods described in this report.

Geochemistry Virginia Energy, GMR Information on geochemistry for the samples collected as

(table) part of this project. Methods described in this report.

SubsurfaceLithology Virginia Energy, GMR Information on borehole locations and general lithologic

(table) parameters that were evaluated to help determine deposit

potential. Methods described in this report.

Notes: The green colored cells are feature level datasets from external sources (feature dataset name: ExternalData); purple-

colored cells are internally derived feature classes (feature dataset name: GeologicMap); nonspatial tables are colored in yellow.
GeMS-required component indicated by asterisk (*).

1.2 Goals and Objectives

For context, this project was developed to address resilience initiatives outlined in the
Phase 1 Virginia Coastal Resilience Master Plan (CRMP) and meet goals for the Coastal Zone
Management (CZM) Program’s 2021-2026 Coastal Resilience Focal Area
(https://www.deq.virginia.gov/our-programs/coastal-zone-management/strategic-planning-and-

funding/focal-area). The CRMP assessed areas in the coastal zone that are vulnerable and prone
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to disruption from increased coastal flooding (VDCR, 2021). Key vulnerabilities identified in the
CRMP include the potential for widespread habitat loss, impediments to critical infrastructure
via flood damage and land loss and impacts to residents in rural communities where resources
may be limited. Virginia Energy analyzed CRMP vulnerability parameters to assess the overall
risk to the region and decided to focus on the Middle Peninsula for an initial proof-of-concept
area. The project area is also located within the U.S. National Oceanic and Atmospheric
Administration (NOAA) habitat focus area for coastal resilience. This project aims to address the
following goals with these products: 1) provide regional-scale geologic data to help identify
areas that may host sand, gravel, or clay deposits; 2) provide site-specific textural and lithologic
data to inform assessments for aggregate resources; and 3) inform end-users about data access
and limitations.

1.3 Background
1.3.1 Resilience Needs

Resilience refers to a community’s ability to adapt to changes brought on by increased
hazards. In the broadest sense, resilience can be enhanced by responsible management and
stewardship of natural and community resources. Initiatives that support resilient coastal zones in
Virginia may include elevating land or infrastructure, implementing and promoting living
shorelines, conserving and establishing natural habitat as coastal buffer zones, and providing
technical assistance to localities for grant opportunities to support projects that will better
prepare communities for the potential impacts of flooding. An end goal with these initiatives is to
create proactive solutions, while providing a seamless route to adapt to potential hazards and
economic disruptions.

Increased tidal and stormwater flooding poses a significant threat to low-lying areas in
coastal Virginia. Infrastructure may be impacted directly during storm events such as Hurricanes
or Nor’easters, or indirectly through heightened daily tidal flooding that can impact roads and
other critical utility infrastructure such as water treatment plants, sanitary and stormwater
systems, and septic systems. Flooding can also impact natural habitats such as wetlands and
marshes, where sediment deposition or erosion and changes in salinity can degrade vegetation.
Data from the Phase I iteration of the Virginia CRMP estimates that by the year 2080, a
significant amount of the natural infrastructure within the Rural Coastal Virginia Master
Planning Region (MPR) will be impacted by daily flooding (Table 2). The Rural Coastal
Virginia MPR includes the Middle Peninsula, Northern Neck, and Eastern Shore (VDCR, 2021).



Table 2. Parameters evaluated in selecting the Rural Coastal Virginia MPR as the focus region

for the assessment.

Parameter Statistic
Aggregate Use
Clay, Sand, Gravel Portion of Total Mining Production (2020)* Geologic Material 99%
County Supply Status (Aggregates in Virginia ArcGIS Story Map') Limiting Factor Short Supply
Socioeconomic Data
Average Population Change? Fastest Growth +1.02%
Individuals Below Poverty (2014-2018 Average)** Highest Poverty 13.0%
Highest
Civilian Unemployment (2014-2018 Average)** Unemployment 4.2%
Hide-Tide Flooding Impacts
Daily Hide Tide Inundation (2020-2080) - Acreage Increase Most Acreage +157,200
Structures Impacted by Flooding (MHW) % Increase 2020-2080 Most Structures 2,210
Population Impacted by Flooding (MHW) % Increase 2020-2080 Highest Population 3,345
Roads Impacted by Flooding (MHW) % Increase 2020-2080 Most Roads (Count) 1,980
Natural Infrastructure Impacted by Flooding (MHW-2080) - Acres Most Acreage 207,295
Tribal Acres Impacted by Flooding (MHW-2080) - Acres Most Acreage 177
Agricultural Land Impacted by Flooding (MHW-2080) - Acres Most Acreage 10,038

Notes:

Green highlighted - data from Virginia Energy/WCC?

Blue highlighted - data from Virginia CRMP

Statistics obtained from tabular data at https://www.dcr.virginia.gov/crmp/plan
* - 2020 data used since CRMP uses 2020 as baseline

** - See Appendix E from the CRMP for methods

WCC - Weldon Cooper Center

1 — Aggregates in Virginia ArcGIS Story Map at https:/arcg.is/I1HiSDz

2 —2010-2020 Census data for Rural Coastal Virginia MPR counties; data from the UVA Weldon Cooper Center for Public
Service (https://www.coopercenter.org/virginia-population-estimates), value updated January 2025

MHW - mean high water
Individual county data not presented and may be variable within an MPR

This list is not exhaustive, and some critical sector and socioeconomic data may not be included, please consult the CRMP for

additional data

The region experiences one of the highest rates of relative sea level rise in the United
States (NOAA, 2024a) due to glacio-isostatic adjustment (Whittecar and others, 2016), land
subsidence resulting from groundwater extraction, and the structural influence of the Chesapeake
Bay Impact Crater (Powars and others, 2016). Mitigation strategies will require dependable
sources of aggregate materials. Aggregate is a relatively low-value commodity compared to
other non-fuel minerals, but the transportation costs are prohibitive when sources are not close to
areas of need. VDOT, private road owners, and developers will need to find local, suitable fill
material to elevate roads and other critical structures and infrastructure. Many communities in
coastal Virginia rely on a transportation network that includes low-lying roads affected by
flooding. Local sources of aggregate can reduce project costs and allow for more efficient long-
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term planning. Based on trends identified by Virginia Energy’s Aggregates in Virginia ArcGIS
story map (https://arcg.is/IHiSDz), aggregate demand currently exceeds supply in two-thirds of
Middle Peninsula counties as depicted in Figure 1 (Virginia Energy, 2022). As of 2023,
approximately 1.3 million metric tons of sand and gravel were produced from operations within
the Middle Peninsula. The estimated value of this material is approximately $14.4 million based
on current market estimates, which was about 12% of the state-wide total production for sand

and gravel (Virginia Energy, 2024a).
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Figure 1. Six counties within the Middle Peninsula and their respective supply and demand for aggregate sources. Aggregate
Supply data obtained from Virginia Energy’s Aggregates in Virginia (ArcGIS Story Map) and site acreage data obtained from
Virginia Energy’s Mineral Mining Program database of permitted sites (Virginia Energy, 2024a).

1.3.2 Aggregate Resources

Minnesota and Washington have completed decades worth of aggregate resource
mapping that is focused on glacial deposits and landforms (MNDNR, 2024a, 2024b; WADNR,
2024). Virginia is south of the furthest glacial ice sheet extent and therefore surficial deposits are
mapped as fluvial, colluvial and eolian in origin. With the absence of bedrock in the Coastal
Plain’s shallow subsurface, the surficial deposits evaluated in this study are considered the
original parent material (i.e., fluvial, estuarine, marine). A GIS-based derivative mapping
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product specific to sand and gravel resources has never been completed at this scale in Virginia.
Southworth and others (1998) completed a 1:250,000-scale map of aggregate resource bearing
geologic units for the Washington D.C. and the Baltimore corridor in the Mid-Atlantic using
compiled geologic map units from 30- x 60-minute quadrangles in the area. Virginia Energy took
a modified approach for this map following the above examples and utilized a geomorphic
framework which incorporates the mapped geology, available surface and subsurface data,
landforms, and overall topography.

Aggregate materials traditionally considered important to coastal resilience include sand,
gravel, and crushed stone. Sand is used for beach nourishment to help negate the effects of
coastal erosion. Other uses of sand and gravel include use as fill, for filtration, as a component of
Portland cement and concrete, in masonry, and as component of pavement (asphalt) (VDMR,
1978). Other historical uses have included uses as abrasives and traction sand, in high heat
foundry applications, in glass applications for deposits high in silica content (VDMR, 1978), and
in landscaping (Sweet and others, 2016). If a significant fraction of the sand material is
comprised of denser minerals such as zircon, ilmenite, or rutile, it can be used for additional
industrial and commercial applications. Gravel is typically used for fill and road construction
where larger clasts are needed, as well as in concrete when the deposit is low in organics and
friable materials (VDMR, 1978). Crushed stone has historically been sourced from the Piedmont
for use as riprap and other hardened shoreline structures. Crushed stone is not a resource locally
derived from the Coastal Plain.

Clay is also a lightweight aggregate resource within the Coastal Plain. Calcined clay can
be incorporated into concrete, and clay-rich materials are being considered for new innovative
uses such as riprap and shoreline stabilization alternatives (Natrx, 2024). Other uses of clay
include brick production, pottery, and cement. Fuller’s Earth (a diatomaceous montmorillonite
clay) is mined in King William County as an industrial product for use as cat litter. Other uses
may include use as an absorbent for contamination spill cleanup and as an additive to animal
feed. Earlier studies on the clay resources of the Virginia Coastal Plain (Johnson and Tyrrell,
1967; Sweet, 1976; Sweet, 1982) provide detailed information about samples that are accessible
through Virginia Energy’s rock repository. Heinrich Reis (1906) provided one of the first
publications for the origin and occurrences of clay deposits in the Virginia Coastal Plain, and
additional sample data is available in that report, although location (GPS) data is unavailable.

2 Project Area Setting
2.1.1 Rural Coastal Virginia

The Rural Coastal Virginia MPR covers three planning districts: Accomack-
Northampton, Middle Peninsula, and the Northern Neck. It comprises 12 counties: Accomack
and Northampton on the Eastern Shore; Essex, Gloucester, King and Queen, King William,
Mathews, and Middlesex within the Middle Peninsula; and Lancaster, Northumberland,



Richmond, and Westmoreland within the Northern Neck (Upper Peninsula). The region’s 4,050
miles of shoreline experience a variety of natural hazards that threaten critical infrastructure
including: coastal erosion, tidal, riverine, and storm surge flooding, and saltwater intrusion into
groundwater and aquifers (VDCR, 2021). Although the Rural Coastal Virginia MPR is small in
terms of population (~185,000), the region still contributed to a gross domestic product (GDP) of
over 6 billion dollars in 2023 (USBEA, 2024). The Middle Peninsula alone contributed 2.6
billion dollars of GDP in 2023 (USBEA, 2024).The Middle Peninsula covers 888,000 acres that
vary in elevation from sea level to more than 240 feet or 76 meters (m) above mean sea level
(msl) (Figure 2). This area experiences regional land subsidence that increases the relative rate of
sea level rise and makes the region more susceptible to coastal flooding (Eggleston and Pope,
2013). The Chesapeake Bay Foundation (CBF) notes that coastal Virginia has seen the largest
impact thus far compared to the whole Atlantic coast, with sea levels rising more than 14 inches
in the last 100 years (CBF, 2024).

Data from the Virginia CRMP predicts that by 2080, the Rural Coastal Virginia MPR
may have 96,500 acres of land subject to extreme flooding events (0.2% annual exceedance
probability), and 157,000 acres of land subject to daily high tidal flooding, capable of displacing
approximately 17,200 residents based on current population estimates (VDCR, 2021). The
baseline data used for these acreage estimates was the land area that was not inundated during
low tide, based on 2020 values (VDCR, 2021). This area experiences erosion hazards from the
Rappahannock River, York River, Pamunkey River, Mattaponi River, Piankatank River, and
Chesapeake Bay with extended marine fetch far reaching into the Atlantic Ocean. The wide
range of modern shorelines and paleoshorelines, from wave dominated high-energy beaches to
lower-energy estuarine marshes and riverbanks, make the region a unique place to assess the
distribution of aggregate resources.
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Figure 2. I-meter lidar Digital Elevation Model (DEM) for the project area (USGS, 2021); ft msl: feet above mean sea level.

2.1.2 Geologic Setting

Since the Cretaceous, the Coastal Plain has accumulated thousands of feet of sediment
sourced primarily from the Appalachian Mountains and Piedmont. In response to Cenozoic uplift
in these western areas, increased erosion led to more material being available for deposition
along the passive continental margin. Further molded by many iterations of transgressive and
regressive sea-level cycles, the modern-day features of the Coastal Plain became evident
throughout the Quaternary. Tens of millions of years of geomorphic change has left a highly
dissected package of Neogene (Tertiary) to Quaternary fluvial, estuarine, and marine sediments.
These sediments unconformably overly older fluvial to deltaic Cretaceous deposits throughout
most of the Coastal Plain. A series of scarps represent paleoshorelines that segment the Coastal
Plain into the Inner, Middle, and Outer Coastal Plain (Whittecar and others, 2016) (Figure 3).
The Middle Peninsula spans these three segments of the Coastal Plain and has deep structural
control due to a buried impact crater. Approximately 35 million years ago, a large comet or
asteroid struck the modern-day Chesapeake Bay, warping marine sediments and basement rock,



as well as providing more accommodation for sediments to fill in the newly created crater
(Powars and others, 2016). Evidence of the crater’s outer rim can be observed with the location
of the Suffolk Scarp as it roughly follows the topographic high of the buried rim (Figure 3).

In the project area, regressive and transgressive Pleistocene sequences are inset into older
marginal marine and marine Pliocene and Miocene units, typically along modern rivers. Some of
the older Pleistocene-aged terraces step up away from the modern river valleys and cap older
marine units atop interfluves (Whittecar and others, 2016). Late Pleistocene deposits are located
east of the Suffolk Scarp and along lower stretches of the river systems, generally behind modern
marsh systems (Berquist, 2013). Terraces and scarps throughout the Coastal Plain have been
incised through fluvial processes and later covered by estuarine sediment during the subsequent
sea-level transgressions along the major rivers. These patterns can be observed on a regional
scale in Figure 3. Sand and gravel deposits typically occur within Neogene sediments that
underlie uplands and Pleistocene sediments that underlie lower terraces (Wentworth, 1930;
Gooch and others, 1960; Powars and others, 2016). For a more detailed overview of the Coastal
Plain stratigraphy and structure, the authors recommend consulting the Geology of the Virginia
Coastal Plain chapter in the Geology of Virginia Special Publication 18 (Powars and others,
2016).
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Figure 3. Generalized Coastal Plain geology derived from the 1:250,000-scale Virginia geologic map geodatabase (Witt and
others, 2021); Geologic units across the Middle Peninsula range from modern Holocene marsh and beach deposits to Neogene-
aged marine deposits. Chesapeake Bay is represented by “C. Bay”, Maryland by “MD”, and North Carolina by “NC”. Scarp and
crater features modified from Powars and others (2016).

3 Methods
3.1 Legacy Data Review

Prior to field work, staff reviewed various datasets such as the Virginia Energy Mineral
Mining database for permitted and orphaned sites (Virginia Energy, 2021a, 2024a), 1-m lidar
(USGS, 2021), aerial orthoimagery (VBMP, 2021) and published geologic maps (Figure 4).
While portions of the Middle Peninsula are covered by published maps at the 1:100,000-scale
(Berquist, 2013; Mangum and others, 2021) and 1:24,000-scale (Berquist and Occhi, 2015;
Gilmer and Berquist, 2015), the best available coverage for the majority of the Peninsula is a
1:250,000-scale map of the Coastal Plain and easternmost Piedmont (Mixon and others, 1989).
The recently compiled statewide geologic map database of Virginia (Witt and others, 2021)
largely incorporates units from the Coastal Plain (Mixon and others, 1989) but includes some
modifications made for a previous version of the Geologic Map of Virginia (Virginia Division of
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Mineral Resources, 1993). This database was the primary source of geologic map units evaluated
for this project.
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Figure 4. Geologic mapping coverage for the Middle Peninsula. Color-coded quadrangles range from 1:24,000 to 1:100,000-
scale. The remainder of the Peninsula is covered by 1:250,000-scale geologic mapping (Mixon and others, 1989).

Staff reviewed unpublished geologic field maps and point datasets including GMR’s rock
repository (VGMRP, 1957-2021), GMR’s MRV database (Virginia Energy, 2021b), and other
external datasets for sample specific information (i.e., VDOT, 1954). Each of the point datasets
utilized are provided in the References section of this report and within the geodatabase. Staff
reviewed over 600 borehole log records from our borehole database and other external datasets
(USGS, 2024a; VDEQ, 2024; VDOT, 2019, 2020a; Virginia Energy 2004-2021). Data were also
downloaded from our internal Microsoft Access borehole database and geothermal well project
database (Virginia Energy, 2024b). The USFWS National Wetlands Inventory was reviewed to
incorporate mapped wetlands in the region (USFWS, 2024). Publicly available land easement
and conservation data was also incorporated into the geodatabase. Information about specific
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land-use was analyzed to better understand where resources typically occur and/or may be
limited (USGS, 2024b; VDCR, 2024).

3.2 Field Work

Sand and gravel pits were identified and digitized as polygons at a scale of 1:15,000 from
hillshade and slopeshade rasters derived from the 1-m lidar DEM. Digitized features were
bookmarked for further aerial photo and field validation to determine if the digitized area was
related to a mine feature. Virginia Energy mine inspectors assisted with sand and gravel mine
site verification during the field work planning process, which followed the lidar evaluation. It
should be noted that some of these features are not active mining sites and may be related to
older borrow pit areas for private use. The conditions of the awarded grant
(#NA23NOS4190255, Task 73) did not allow for new ground disturbance, so sampling was
limited to previously disturbed sites.

Field work was conducted along the Middle Peninsula between February and August
2024 to verify lidar features, observe potential orphaned sites, and sample active mine sites. Staff
worked closely with Virginia Energy’s mine inspectors who oversee the Middle Peninsula region
to identify active mine sites that would allow sampling. Sampling included materials sold as
aggregate, overburden, and materials to be used as fill during reclamation. During sample
collection, the goal was to collect a range of material (i.e., sand, gravel, clay) from different
geologic units present in order to fully characterize each site. The geologic units that are used for
these comparisons are taken from the 1:250,000-scale map database (Witt and others, 2021).
Grab samples were placed in a half-gallon sized plastic bag for transport and identified by the
permit and sample numbers. The priority during sampling was to obtain a representative sample
of the material rather than a specific volume of material. In total, 90 samples were collected, and
86 samples were analyzed and archived in GMR’s internal rock repository. Geologists also
reviewed historic sites using aerial imagery and historic inspection reports, to determine if site
visits were feasible. Sites that were easily accessible and located on a public road were noted and
observed during field reconnaissance. A field log including site and sample collection details is
provided as Appendix A.

3.3 Sample Processing

Samples were photographed and the general color and texture of the fresh material was
described. Samples were then spread out onto aluminum trays and dried in a furnace at 170°F for
6 to 8 hours, or until fully dried. This dried material was weighed and recorded. Each sample was
split using a small splitter to obtain a 500-gram sample and two 100-gram samples, with the
remainder set aside for archiving in GMR’s rock repository. Grain size data was collected for
each of the samples following the Udden-Wentworth classification system, for size classes
ranging from clay up to boulder sizes (Wentworth, 1922).
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Grain size analysis included: 1) sieve analysis using dry sieve shakers (modified from
ASTM D422, D136), and 2) laser diffraction particle size analysis (Beckman Coulter, 2011).
Openings in the sieves ranged in size from 4.75 mm to 0.063 mm (sieve #4 to #230). The 500-
gram sample was an ideal size for sieve analysis and was first wet-sieved using the #230 sieve to
remove silt and clay material. The >0.063 mm portion was retained and dried for further dry
sieve analysis. The difference in weight was recorded to obtain percent mud. The dried >0.063
mm portion was gravity sieved through the nest of sieves in descending order of size (sieve #4 to
#230) for a total of 20 minutes per sample via a mechanical shaking method. To reduce the
weight of material within the sieves at a given time, the sieves were completed in two 10-minute
runs (i.e., coarser sieves first then finer sieves after for remaining material). The retained material
weights were recorded in a spreadsheet and converted from grams to percent weight for gravel,
sand, and mud. The relevant sieve size breaks are provided in Table 3, and gradation information
is available in Appendix B.

Table 3. Breakdown of sieve sizes used for this study.

Sieve No. | #4 #10 #18 #35 #60 #80  #100  #120  #200  #230
Phi Size (®) -2 -1 0 1 2 2.5 2.75 3 3.75 4

Millimeter | 4.74 2 1 0.5 025 0.178 0.149 0.125 0.075 0.063

Lithology gravel vcsand csand m sand fine sand very fine sand

Notes: Sieve numbers between #4 and #230 were used to determine the percentage of material retained on those sieves, while the
material that passed through the #230 sieve represented the combined clay and silt portion. Abbreviations: vc — very coarse, ¢ —
coarse, m — medium.

While the sieve analysis is ideal for sand and gravel, the characterization of smaller
particles including silt and clay requires another method. In July 2024, a 100-gram split of each
sample was taken to James Madison University’s Department of Geology and Environmental
Science, located in Harrisonburg, Virginia, for particle size analysis using a Beckman-Coulter
LS 13320 Laser Diffraction Particle Size Analyzer (LDPSA). This equipment uses diffraction
principles and measures percent by volume, rather than weight. This method provides high
precision estimates of silt and clay content. To limit the coarse material that could cause
disturbance in suspended samples, grains larger than 1 mm were removed prior to testing.
Between 1.5 and 4.5 grams of each sample was run on the analyzer three times to obtain an
average result. Sampling was done in accordance with the analyzer guidelines (Beckman
Coulter, 2011). The results are provided in Appendix B. As the results of the sieve analysis and
the particle size analysis follow different techniques, the data should be consulted separately
based on user needs.

In addition to grain size data, each of the samples were screened for major and trace
element geochemistry using Virginia Energy’s portable x-ray fluorescence (pXRF) analyzer. Our
unit is a Sci-Aps X-555 model and provides real-time data through non-destructive means,
allowing further preservation of the sample. This technology is commonly used in geological and
soil applications as an initial screening and exploration tool (Lemiere, 2018). Virginia Energy
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developed a protocol for analyzing unconsolidated sand-sized sediments and followed that
protocol for this project (Nelson and others, 2024). An elemental signature is obtained from
known fluorescence spectra, which can then be converted to a percentage or concentration in
parts per million (ppm). Detectable elements are based on elemental mass and fall between
magnesium and uranium; lighter elements are grouped together.

Staff subsampled less than 20 grams from a 100-gram split for each sample, sieved out
gravel sized grains (>2 mm), and homogenized the material with a mortar and pestle to
disaggregate clay and silt clumps. Approximately 10-15 grams of material was packed into a
plastic container to form a puck which would then be ready to analyze. A detailed procedure on
sample preparation is available in Appendix C. Prior to analyses, a certified standard was run to
track any drift variance in the instrument over the testing period. Each sample was analyzed
using the detector’s mining mode, which normalizes elements to 100% of the sample, and is
appropriate for major elements and/or oxides. Each sample result is represented by the average
of three test runs for each sample. Due to high silica content in some samples, the mining mode
sometimes displays an error message; therefore, the secondary mode (soil) was used to measure
the subset of samples where the mining mode result was not conclusive. If the sample did not
display a mining mode result, that data is not included within this report due to the focus on
relative percentages of major elements and oxides. The original raw data including individual
mining and supplemental soil results are available in Excel spreadsheet format upon request.
Mineral assemblages for each sample were not evaluated as it was outside the scope of the
project.

3.4 Developing a Resource Potential Raster

The goal of this project was to create a classified raster that would represent resource
potential for sand and gravel deposits, or areas that may be favorable to have those deposits.
Esri™ ArcGIS Pro 3.1.3 software was utilized to review all geospatial data, compile previously
published geologic data, and evaluate raster data and aerial imagery. For sand and gravel
potential, nine parameters were assigned for raster conversion as described in Table 4. Rasters
were all converted to an integer format with a 10-meter (m) pixel size and assigned a ranking
based on predetermined weights. The Cell Statistics geoprocessing tool was used to generate
summation statistics for pixel values between individual rasters (i.e., weighted sum for each
pixel). Elevation data was calculated for digitized pit features (polygons) using the lidar DEM
and used to classify the DEM into areas of low, moderate, and high site potential (Table 4).
Additionally, the polygons provide evidence on the existence of favorable deposit material
(Table 4).

Surface commodity, surface sample, and subsurface point data were spatially joined to
the geologic map polygons and weighed against each other based on preassigned rankings of
lithological and textural characteristics and number of data points (Figure 5; Table 4). Data from
the geodatabase fields (SurficialPoints, FieldSamples, and SubsurfacePoints) were used in this
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step. Staff incorporated data from 440 points for textural and grainsize data, 268 points for
surface lithology, and 558 boreholes for subsurface deposit characterization (Figure 5; Table 4).
Not all of the geologic units have an equal distribution of data; therefore, the amount of data
points was weighted for each unit to help determine confidence levels. These steps are explained
below.

1) Spatially joined point data from separate point files to the geologic map polygons.

2) Exported each new attribute table to a spreadsheet and sorted by geologic unit.

3) Obtained the average rank for each geologic unit for the respective point dataset.

4) Weighed the map units by number of data point as follows: a. unit with 1-10 data
points (value of 1), b. unit with 10-50 data points (value of 2), and c. unit with 50+
data points (value of 3).

5) Obtained a normalized rank based by multiplying the average rank by the data
weight. This weighted system gives a higher confidence to the unit with more data
coverage; therefore, a higher rank.

6) Reassigned units a rank and reclassified the polygon feature for the three different
datasets as shown in Figure 5.

Based on a review of selected parameters from the NRCS Web Soil Survey databases for
each county (NRCS, 2024), staff assigned the following parameters for soils that could represent
favorable conditions for sand or gravel deposits:

1) soil units with slopes less than a 15 percent grade;

2) soil units occurring at elevations between 10 and 90 feet msl on terraces, uplands, and
floodplains;

3) soil units derived mostly from alluvial, fluvial, or marine deposits;

4) soil units with mostly sand-size or larger grains; and

5) soil units that do not meet hydric soil conditions.

Each of the soil unit polygons were then reclassified into a raster value as likely or
unlikely for sand or gravel. Slopes were assessed using the 1-m lidar-derived slope raster and
those with values less than 10% were ranked higher than those with slopes greater than 10%.
This threshold was assigned as active sites were not present across slopes greater than 10%.
Wetland coverage was derived using the USFWS National Wetlands Inventory and applied as a
final mask to the raster to obtain a value of zero for those areas. Locations with wetlands mapped
at the time of this assessment are deemed unlikely to have sand and gravel resource potential due
to the grain size and wetland protection regulations. It should be noted that some active mining
sites may have current wetlands now due to the conversion of pits to ponds or via reclamation
activities and may appear to be dissected within this map product. For the final sand and gravel
potential overlay, weighted cell values ranged from 0 to 103. These values were classified with a
break of >75%, 25-75%, and <25% of the weighted cell values to meet the higher potential,
lower potential, and unlikely potential criteria, respectively. These intervals are explained in
more detail in the discussion section in the context of resource favorability.
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S5a Stratigraphic Indices

Boreholes (n=558)
Criteria Weighted Rank
Primary lithologic texture 0-3
Secondary lithologic texture 0-3
Deposit thickness 0-2
Sand & gravel zone 0-2
Overburden thickness 0-2

0,1,2,3,4,5>

Sb Locality Point

5¢ Textural Data Point

(&;\\o‘-' N c@\b & ‘S@} {sp .
IO NG Cell pixel rank ___ :
O'b- C\,S-‘p . ‘c;'} = Locality Points (n=268) Textural Data Points (n=440)
& Value Criteria Weighted Rank Criteria Weighted Rank

clay 0 =50% of material =75 micron 0

Criteria Primary Deposit Thickness (feet) ! clavey or silty sand 1 >350% of material =75 micron 1

0-10 feet 0 12 sand, gravel, active site 2 »60% of material =75 micron 2

1;{1;? ; . >70% of material 275 micron 3

>80% of material =75 micron 4

Criteria Sand & Gravel Zone (feet) ) i i

0-5 foet 0 5 >90% of material =75 micron 5

6-15 feet 1 6

=16 feet 2 M7

Criteria Overburden Thickness (feet) M

=16 feet 0 W s

G-15 feet 1 B
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Figure 5. Individual rank criteria for each of the datasets. 5a) boreholes with a maximum rank of 16; Sb) surface points with locality/commodity information with a maximum rank
of 2; and Sc¢) surface points with gradation data with a maximum rank of 2. The three color-coded Peninsula images are the reassigned map unit polygons based on the joined point
data; ranks were reclassified once joined to a scale ranging between 0 - 10. The ranges for each of the input ranks are shown in Table 4.
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Table 4. Individual resource parameters utilized to construct rasters for cell statistics.

Parameter Criteria Reasoning Input Dataset Rasterized dataset/ No. of | Reclassified Rank
classes for Raster
If sites occur at common
Surface Elevation of Quartile median values and elevations, it is likely
Active Sites and/or arithmetic mean for associated with the 1-m DEM Reclassified DEM / 3 0, 10,20
Pit Features maximum land surface geology and can be used to
elevation help interpolate where
other deposits may occur
] Verified mining-related Evidence of mining D1g1t1.zed P plygons
Extent of Mine or . . . from lidar, limited to .
site or excavation extent in suggests greater resource Rasterized polygons / 1 20

Excavation Features

lidar

potential

localized features (not

extrapolated)
Subsurface deposit >38 borehole points
Stratigraphic Indices Borehole data and . Ace dep spatially joined with . 0,1,2,3,4,5,6,7,
; . . . information informs . Rasterized polygons / 11
(see Figure 5) overlapping geologic unit . geologic map 8,9,10
resource potential
polygons
Locality Point and Existence of active site and 268 surface points
y . Permitted site data and historical MRV location spatially joined with .
Geologic Unit . . . Rasterized polygons / 6 0,1,2,3,4,5,6
h MRV data informs frequency of sites geologic map
(see Figure 5) . . .
relative to geologic unit polygons
Textural Data Point Historical VDOT gradation Surficial texture data 44(.) surfage pomFs
. . . . . . spatially joined with . 0,1,2,3,4,5,6,7,
and Geologic Unit data for surface points and informs which units may . Rasterized polygons / 9
. . geologic map 8
(see Figure 5) new grain size data host more sand or gravel
polygons
Slope, elevation, parent
material, landform, hydric | Polygons reattributed
Soil Series Data - Reviewed soil map units conditions, and textural with a likely or Rasterized polveons / 2 0.10
Sand for each county data indicated favorable unlikely field for sand polye ’
conditions for sand borrow potential
material to be present
Slope, elevation, parent
material, landform, hydric | Polygons reattributed
Soil Series Data - Reviewed soil map units conditions, and textural with a likely or Rasterized polygons / 2 0,10

Gravel

for each county

data indicated favorable
conditions for sand borrow
material to be present

unlikely field for
gravel potential
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Table 4. Individual resource parameters utilized to construct rasters for cell statistics.

Parameter Criteria Reasoning Input Dataset Rasterized dataset/ No. of | Reclassified Rank
classes for Raster
Based on a review of lidar,
all active sites are present
in topography with less
than a 10% grade. Similar Slopeshade from 1-m .
Topography Slope of the land surface slopes for the sites may DEM Reclassified slopeshade / 2 0,1
indicate a larger areal
extent of favorable geology
for deposits.
. Presence of wetland makes | Polygons downloaded 0 (used as a mask to
Wetlands USFWS National Wetland area unsuitable for from October 2024 Reclassified raster / 1 automatically make
Inventory . Moali "
aggregate resource version of the NWI unlikely")

Notes: Final integer raster outputs were resampled to a 10-meter pixel size. Reclassified ranks with higher values carry more weight in the Cell Statistics summation. For the final
sand and gravel potential raster, a total of 103 unique pixel classifications are present. These 103 values were reclassified into three classes based on the following conditions: 1)

meets 75% or greater of the 103-pixel total (higher potential), 2) meets 25-75% of the 103-pixel total (lower potential), and 3) less than 25% of the 103-pixel total is met (unlikely
potential). Plate 1 shows these potential thresholds across the Peninsula.
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4 Discussion

4.1 Synthesizing the Data for a Bigger Picture

Lithological and Textural Characteristics

Borehole logs provide information about surficial deposits across the Middle Peninsula,
and for the purposes of this study, material logged as dominantly sand and/or gravel is assumed
to be more favorable as an aggregate resource. Within most borehole logs, sediments grade from
clay or silt to finer grained sand, and to coarse sand and gravel; therefore, it is important to
evaluate the primary lithology (main constituent) and secondary lithology (sediment modifiers).
Sediments having a primary and secondary lithology consisting of silt, shell, clay, or organic
material are considered to have lower potential. Layers of topsoil and surficial clay deposits were
categorized as overburden as this material would have to be removed prior to excavating the
sand and gravel deposits. If the borehole log indicated clay as the primary lithology at the
surface, that was considered overburden. If the primary lithology was sand or gravel at the
surface, but clay or silt as a secondary lithology, that was still considered deposit material; albeit,
with lower favorability. The stripping ratio is the ratio of overburden thickness to deposit
thickness, and a lower ratio is generally more economically favorable. Primary and secondary
lithology with the lowest ranked material (i.e., including clay and silt) have an average stripping
ratio of 0.57; whereas primary and secondary lithology ranked higher have a stripping ratio of
0.22.

Data from 558 boreholes located across the Middle Peninsula indicate that typical
primary deposit thicknesses of 20 feet or greater may be more favorable for resource potential.
This was also observed at active mining sites where minable product ranges from 15-20 feet.
Mine operators across a subset of sites (n=10) estimated a variable thickness range of minable
product between 8 and 60 feet. Overburden consisting of clay-rich material that is less than five
feet thick is also ranked as more favorable. Overburden estimates at active sand and gravel sites
ranged between 0 and 30 feet thick, with stripping ratios ranging between 0 and 0.5, depending
on the site and the thickness of the material. The deposit and overburden thicknesses are included
as part of the “Stratigraphic Indices” parameter (Table 4), illustrated on Figure 5. The individual
borehole files within the geodatabase should be consulted for more detailed information for
localized assessments.

Geologic units containing MRV sites with commodities listed as sand and gravel or with
permitted active sites are ranked the highest, while geologic units with clay commodities are
ranked the lowest for the sand and gravel resource potential. Published grain size data (VDOT,
1954) and newly collected grain size data obtained as part of this study, indicate lithologies are
more favorable when a higher percentage of grains are retained on a #200 sieve (or larger than
75 microns), indicating higher probability for economic sand and gravel, with less fines. To
standardize legacy and new data, these points are all compared against that threshold and ranked
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accordingly based on percentages (Figure 5). For more detailed analyses, the VDOT publication,
Plate 1 and Appendix B of this report should be consulted.

Geologic map units from the 2021 statewide geologic map and collocated point data are
ranked in order of most favorable to least favorable on Table 5. Although the favorability varies
depending on the dataset used, it should be noted that these individual raster datasets were
summed together. For example, The Windsor Formation (Qw) received the highest cumulative
rank for these rasters based on the occurrence of the unit meeting more favorable parameters.
The Chesapeake Group (Tc) was also ranked within the top 50% across each of the parameters.
The Tc unit is a broad grouping of undivided geologic formations, and the upper Tc units
including the sandier zones of the Yorktown Formation are commonly present in many of the
active sites stratigraphically below the Quaternary units, such as Qw. These ranked units still
should be used in conjunction with the other parameters but provide a general breakdown of how
the mapped units stack up against each other based on this specific methodology. The map units
are based on a 1:250,000-scale; therefore, more detailed mapping could produce different results
that may be appropriate for smaller, localized regions. The authors consider the scale of these
units to be appropriate for the intended use of this 1:100,000-scale map product.

Table 5. Map unit favorability for sand and gravel deposits.

Parameter | Commodity and Mine Frequency | Grainsize Data | Deposit Favorability
Point Type Surface Surface Borehole
1:250,000-scale Geologic Map Unit n=13 n=13 n=15
Higher Favorability Qw Qsh Qts
Tc Qw Qw
Qsh, Obc Qtlp, Qts, Tc Qtlp
Qts Qbc, Qms Tc
Qtlp, Qeg, Qc, Qcc, Qtu, Tch Qeg, Tch Tch
Qtl, psg Qc, QTu Qeg, Qsh, Qbc
- Qcc Qtl, Qcc, Qmsm
-- psg Qc, Qms
-- -- QTu
Lower Favorability -- -~ psg

Notes: Each point data utilized for the sand and gravel potential raster was spatially joined to the geologic map unit. The map
units were then ranked based on the average scores from each point dataset and their data density for that specific unit (shown on
Figure 5). The units are presented in order of favorability with the more favorable units at the top of the chart, and units that
received the same ranking are located on the same row. The brown shading indicates the top half of units for each respective
parameter.
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Geomorphic and Physiographic Setting

Through a detailed lidar assessment of topographic features, in conjunction with known
geological units, three primary geomorphic systems were determined for the Middle Peninsula
(Figure 6): 1) Incised uplands capped with Pliocene to early Pleistocene marginal marine
sediments with steep drainages that expose older Neogene marine sediments; 2) Fluvial-estuarine
terraces typically adjacent to the modern river systems comprised of Pleistocene units formed
through sea-level oscillations; and 3) Bay-coastal region east of the Suffolk Scarp
(paleoshoreline), comprised of late Pleistocene fluvial, estuarine, and beach/barrier deposits.
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Figure 6. Three geomorphic systems across the Middle Peninsula. Approximate scarp locations are generalized and are modified
from Powars and others, 2016.

The lidar also provides surface elevations for active mine sites and borrow pits. Sites are
typically located in regions where the geology and ease of economic development would be
favorable. The question on whether elevation can impact where a site is located is something that
is not traditionally considered; however, after examining the data, there do seem to be elevation
intervals that have more sites. This may be related to the geomorphology, landforms, and
deposits that comprise the region. Other factors such as the depth to groundwater could influence
why fewer sites are present in lower fluvial terraces and coastal fronting regions.
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Figure 7 displays the range in elevations observed in lidar for the digitized features,
clearly showing a wide-range of values, but with noticeable clustering for the fluvial-estuarine
and bay-coastal sites. Statistical analysis of the features indicated that the maximum surface
elevation generally trended between 22 and 73 feet msl for most sites (i.e. represented by the 2
quartile median values), while elevations between 9-22 and 73-128 feet msl had site occurrences
at a lower frequency, and little to no sites were located below 9 feet msl or above 128 feet msl
(i.e. outliers) (Figure 8). These data provide insight into where sites may occur in this region and
are likely related to elevations of Pleistocene terraces in areas with favorable geology. Sites
where the water table is shallow or near sea-level are likely to have more ponding features.
Active permitted mine sites and associated pits are located in areas with slopes between a 0-10%
grade based on the lidar-derived slope raster. Staff did not observe evidence of active or historic
mine sites in areas with slopes greater than a 10% grade.
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Figure 7. Scatter plot for range of maximum and minimum elevations above sea level for the lidar identified sites, sourced from
the 1-m DEM. Note the clustering of features separated by color; (ft msl) — feet above mean sea level.
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Figure 8. Box and whisker plot for the maximum surface elevation ranges for pit-related features identified in the lidar. The 2nd
quartile or median range encompasses the lowest and highest median elevations and is an indicator for higher probability of sites
to occur in that range. Additional sites occur between 9 and 128 ft msl within the lower and upper quartiles. Outliers are ranked
lower.

4.2 Sand and Gravel Potential Raster Results

The sum of the nine separate integer rasters, uniquely classified based on the preassigned
rankings, produces a sand and gravel potential layer (Figure 9; Plate 1) consisting of: 1) higher
potential as a resource (9% of the study area), which have more geologic evidence to support the
potential for deposits to occur; 2) lower potential as a resource (65% of the study area), which
may have existing mine-related features but have met less of the initial criteria; and 3) unlikely
potential as a resource (26% of the study area), where geologic or lithologic conditions are less
favorable or restricted. Protected and conserved lands are not included in this ranked layer but
are presented separately within the geodatabase and map and are considered unlikely areas of
resource potential due to their protected status. Based on the data inputs, the following
parameters are considered to be the top criteria for determining sand and gravel potential: 1)
geologic units with favorable deposit lithologies and indicated sand and gravel commodities, 2)
frequency of indicated active and historic mine sites, 3) demonstrated occurrences of sites at
similar elevations, 4) absence of wetlands and hydric soils, 5) and soil units that meet the
specifications as described in Section 3.4. To a lesser extent, the slope of the land can also
provide evidence to where sites may occur but could differ regionally.
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Figure 9. Sand and gravel potential for the project area based on compiled datasets and raster cell statistics; also shown on Plate
1 in more detail.

4.3 Clay Resource Potential

While the initial assessment plan for aggregate resources across the Middle Peninsula
included clay, the lack of permitted clay-related deposit mines in the region prohibited spatial
analysis of potential resources. One active site, the Nestle Purina Plant in King William County
(Permit No. 90298 AB) produces cat litter products from diatomaceous clay (Fuller’s Earth),
which is derived from the Miocene Calvert Formation (Berquist, 2013; Berquist and Occhi,
2015; Gilmer and Berquist, 2015). The Miocene Eastover Formation overlies the Calvert in some
regions and is the typical confining clay unit below most sand and gravel sites. Many site
operators stated that their minable sand and gravel deposits terminate on top of a gray-blue gray
layer (e.g., blue marl), interpreted to be the Eastover or Calvert, and therefore these could be
potential clay resources. One concern with the Eastover Formation is that due to the pyrite
content, sediments become acidic when exposed at the surface, which can cause acidic surface
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water runoff (Berquist, 2013; Berquist and Occhi, 2015; Gilmer and Berquist, 2015). Individual
point data should be consulted for more information on clay lithology, as some sites utilize
clayey or silty material on-site for reclamation, and the potential for other uses of site material
could be explored. Additional publications specific to Virginia clay resources are available for
download in the Virginia Energy webstore (https://www.energy.virginia.gov/commerce/).

4.4 Resilience Applications

Coastal Inundation and Community Resilience

The primary end-use for sand and gravel deposits for coastal resilience applications has
traditionally been for beach nourishment. Some sites on the Middle Peninsula have provided
sand for beach nourishment in Gloucester County. Zones of well sorted quartz-rich sand could
benefit beach front communities as potential sources when adjacent offshore sediment in the
vicinity may not be as compatible. The Virginia CRMP identified areas that are susceptible to
increased inundation based on modeled sea level rise scenarios (VDCR, 2021). These data are
accessible via the Virginia Coastal Resilience Web Explorer. Planners can incorporate the
CRMP data and the geodatabase for this study to assess potential sand and gravel resource areas
that may be impacted from future flooding, to prioritize where efforts may be focused on
potential expansion or development of new sand and gravel resource sites.

Roads within the project area rely on a dependable source of sand and gravel for road
base. Increased inundation will impact a higher number of roads, which can cause connectivity
issues across communities, particularly during higher intensity storms that can wash out existing
infrastructure. Elevating roads via sand and gravel is a feasible method and may become more
popular for secondary and frontage roads that don’t require specific asphalt-based designs. Aside
from roads, other infrastructure such as water and wastewater treatment plants, septic systems,
and buried utility lines will also be threatened by increased inundation. Sand and gravel can be
used for maintenance of existing systems through retrofitting with new fill material, and for
elevating locations for new systems. To provide context for these spatial relationships, Figure 10
illustrates mine site features and modeled flooding for the counties of Gloucester and Mathews.
The scenario is for 2080 and shows different exceedance probabilities (VDCR, 2021). The
inundation data represent surficial coastal flooding but is not inclusive of groundwater changes
or precipitation driven flooding, the latter of which is to be addressed in the Phase II iteration of
the Virginia CRMP. It is expected that sites that intersect the water table may experience
ponding and subsequent infilling by water.
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Figure 10. Location of permitted mines and identified pit features relative to modeled inundation scenarios for 2080 (DCR,
2021).

Innovative Uses of Mined Material

Shell material from the Eastover Formation may have potential for use in sustainable
aquaculture, by providing an inert substrate for oyster reefs (VMRC personnel communication).
However, clay resources from the Eastover Formation should be evaluated for their acid-forming
potential. The data presented in this report helps support efforts outlined in NOAA’s Middle
Peninsula Habitat Focus Area (NOAA, 2024b) by providing geospatial context for these
resources and where they may be limited due to coastal hazard disruptions. At the local level,
these data can support the Middle Peninsula’s Fight the Flood Program by providing contractors
with reconnaissance data to source aggregate material for use as fill, beach nourishment,
filtration, habitat restoration, and in other construction-based projects.
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4.5 Economic Considerations

The Middle Peninsula conducted a 2020 study related to extractive natural resource
industries, funded by the Virginia Coastal Zone Management Program through NOAA. This
study examined multiple natural resource industries and how they contribute to the local
economy, jobs availability, and tax revenue generation. Their report indicated that sand and
gravel mining operations provide tax revenue to localities; however, these are limited in what is
and what is not tax exempt. Personal property, including large equipment and other processing
equipment may be tax exempt. Exploration, site preparation, mineral extraction, inspection and
maintenance, and reclamation are examples of taxable functions, while the report indicates that
there is no tax on tonnage of material removed from a mine site (MPPDC, 2020). According to
the 2022 Middle Peninsula Comprehensive Economic Development Strategy, this industry is
traditionally recognized as a sector supported for growth, as jobs can offer higher worker wages
(MPPDC, 2022).

4.6 Summary

Prior to this study, a GIS-based regional-scale assessment of aggregate resources for the
Coastal Plain is not known to have occurred. This project provided Virginia Energy the
opportunity to carry out a proof-of-concept mapping study that can be applied to other areas of
the Coastal Plain. Our assumptions and interpretations are based on the available geologic data
as of the issuance of this report. New detailed geologic mapping or compilation efforts are
anticipated to occur in the region over the next five years, and those efforts may incorporate data
from this study or provide new data that could augment this product. In support of the CZM’s
coastal resilience focal area, additional work to characterize potential deposits across the
remainder of the Rural Coastal Virginia MPR is proposed for 2025 and 2026. While the Middle
Peninsula serves as the pilot project area, the authors are open to modifications in the
methodology as appropriate with new data considerations. The digital format of the data allows
users ease to incorporate into other GIS based software.
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