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Implementation Plan of the National Cooperative Geologic
Mapping Program Strategy—Appalachian Piedmont and

Blue Ridge Provinces

By Arthur J. Merschat, Mark W. Carter, and 2018 Piedmont and Blue Ridge Working Group

Introduction

The National Cooperative Geologic Mapping Program
(NCGMP) published a strategic plan titled “Renewing
the National Cooperative Geologic Mapping Program as
the Nation’s Authoritative Source for Modern Geologic
Knowledge” (Brock and others, 2021). The plan provides
a vision, mission, and goals for the program for the
years 2020-30:

* Vision: create an integrated, three-dimensional (3D),
digital geologic map of the United States.

» Mission: characterize, interpret, and disseminate
a national geologic framework model of the Earth
through geologic mapping.

* Goal: focus on geological mapping as a core function
of the U.S. Geological Survey (USGS) within the
long-term vision of adequately mapping the Nation’s
geologic framework in three dimensions.

To achieve the goals outlined in the strategic plan,
the NCGMP has developed an Implementation Plan. The
Implementation Plan will guide the annual FEDMAP (that
is, the component of the USGS NCGMP that funds geologic
mapping by USGS geologists) review of projects described
in the plan and the development of the annual FEDMAP
prospectus that will ensure the effective application of the
NCGMP strategy.

This publication is part of the Implementation Plan of the
NCGMP strategy and addresses three major topics:

1) continued development of a nationally consistent
geologic map and database;

2) the major unanswered geologic questions in the region;

3) the societal concerns associated with these geologic
questions, such as hazards, geologic and hydrologic
resources, and environmental concerns.

The regions used in this chapter were defined by
Fenneman (1917, 1928; Fenneman and Johnson, 1946) as
Physiographic Divisions of the United States. Physiographic

or geomorphic regions are broad-scale subdivisions based on
topography and geologic structure and history. Fenneman’s
classification of the United States has provided a robust and
useful spatial organization for defining large geographic
regions of the United States for various scientific and
industrial applications. This chapter focuses on the Piedmont
and Blue Ridge Provinces in the Eastern United States. It
was drafted by the Piedmont and Blue Ridge Working Group
following a workshop in Reston, Virginia, in April 2018, and
has been updated to include new research and developments in
the Piedmont and Blue Ridge.

Piedmont and Blue Ridge Provinces

The Piedmont and Blue Ridge Provinces extend from
southeastern New York to Alabama and include parts of
11 States in the Eastern United States and part of Washington,
D.C. (fig. 1). The Piedmont Province physiography is charac-
terized by rolling hills and isolated monadnocks, and elevation
rages from approximately 1,000 feet (ft) to approximately
100 ft where Coastal Plain Province onlaps the Piedmont to
the east and southeast along the Fall Line. Located west of the
Piedmont Province, the Blue Ridge Province is characterized
by the highest topography east of the Mississippi River, with
elevations ranging from approximately 1,000 ft to more
than 6,600 ft, and moderate to steep vegetated slopes. The
Blue Ridge is bordered on the west by the Valley and Ridge
Province. Major streams and rivers draining the Blue Ridge
flow west into the Mississippi River and Gulf of Mexico, and
east across the Piedmont and Coastal Plain into the Atlantic
Ocean; the latter eastward flowing drainage systems are
actively capturing headwaters that flow westward into the
Mississippi River.

The geologic framework of the Piedmont and Blue Ridge
Provinces is interconnected; geologic units and terranes of the
Blue Ridge may also occur within the Piedmont Province. The
Blue Ridge is thrust over Paleozoic strata of the Valley and
Ridge to the west, whereas the rocks of the Piedmont continue
in the subsurface beneath the Atlantic Coastal Plain onlap.
Mesozoic rift basins overlie parts of the Piedmont crystalline
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rocks and contain hundreds to thousands of meters of Early
Triassic to Early Jurassic sediment and igneous rocks (Olsen
and others, 1991). The Piedmont and Blue Ridge consist of
complex, polydeformed Mesoproterozoic to Paleozoic crystal-
line rocks, and comprise various lithostratigraphic terranes
that were assembled during multiple orogenies (Hibbard

and others, 2006; Hatcher and others, 2007; Hatcher, 2010).
Collectively, the orogenies experienced by the Piedmont

and Blue Ridge Provinces include the Grenville orogeny
(1.3—1.0 Ga), Taconic orogeny (460—450 Ma), Acadian/
Neoacadian orogeny (395-340 Ma), and Alleghanian orogeny
(335-260 Ma) (Hatcher and others, 2007; Hibbard and others,
2007, 2010; Hatcher, 2010; Merschat and others, 2017). These
orogenic events were punctuated by episodes of extension,
including intracontinental rifting (780-750 Ma), breakup of
Rodinia and the opening of the Iapetus Ocean (~570 Ma), and
finally the breakup of Pangea and the opening of the modern
Atlantic Ocean (~200 Ma) (Hatcher and others, 2007; Hatcher,
2010; Ma and others, 2019).

The oldest rocks are 1.3—1.0 Ga crystalline gneisses and
granitoids, Grenville basement, exposed in various massifs in
the Blue Ridge and Piedmont (Southworth and others, 2010;
Tollo and others, 2010, 2017). Neoproterozoic to Paleozoic
metasedimentary and metavolcanic rocks constitute the
majority of the different Appalachian terranes, both Laurentian
and exotic (peri-Gondwanan affinity) and record the episodic
accretion and collision of various terranes throughout
Mesoproterozoic to Paleozoic time (Hibbard and others, 2006;
Hatcher and others, 2007). These orogenic events formed
various magmatic/volcanic belts throughout the Piedmont and
Blue Ridge. Many factors—tectonic inheritance, geometry of
collision, melt-weakened crust—affected the strain patterns
and crustal structure throughout the Piedmont and Blue
Ridge. Successive tectonic events may have reactivated and
(or) overprinted earlier structures. Metamorphism and heat
from intrusive rocks may have provided energy to drive
metamorphic reactions, localize mineral deposits, or further
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Figure 1.

Physiographic regions of the Eastern United States, excluding New England. The Piedmont and Blue Ridge,

labelled 2 here and in subsequent figures, is the focus of this chapter. [AL, Alabama; DE, Delaware; GA, Georgia; IL, lllinois;
IN, Indiana; KY, Kentucky; MD, Maryland; MI, Michigan; MS, Mississippi; NJ, New Jersey; NY, New York; NC, North Carolina;
OH, Ohio; PA, Pennsylvania; SC, South Carolina; TN, Tennessee; VA, Virginia; WV, West Virginia]



control regional strain patterns. Detailed geologic mapping
and framework studies are required to address these complex
geologic problems.

The polydeformed history of the Appalachian orogen
creates multiple geologic opportunities for the formation
of economic ore deposits, concentrations of radiogenic or
other materials that may be harmful when exposed to the
public and form structures that may produce geohazards
(mass wasting or intraplate seismicity). A sustained and
active geologic mapping program provides clear societal
and economic benefits to address these issues (for example,
Bernknopf and others, 1993; Bhagwat and Ipe, 2000; Cobb,
2002; Thomas, 2004; Hornberger and others, 2006; Haggquist
and Soderholm, 2015). The continued acquisition of new
geologic data and new geologic mapping (scales 1:24,000
to 1:100,000) is necessary to maintain a vibrant geologic
mapping program that can produce geologic maps to meet
the needs of society. The renewed vision, mission, and goals
of the NCGMP (Brock and others, 2021) recognizes the need
for continued geologic mapping at scales of 1:24,000 and
1:100,000 and advocates (1) strong program level partnerships
among stakeholders, and (2) utilizing new technologies—both
required to achieve a goal of a seamless 3D national geologic
map by 2030. The Piedmont and Blue Ridge implementation
plan discusses the future of geologic mapping and framework
research in the Piedmont and Blue Ridge Provinces, will guide
the Annual FEDMAP Prospectus, and may help STATEMAP
(that is, the component of the USGS NCGMP that funds
geologic mapping by State Geological Surveys) Advisory
Committees in planning, as well as in developing effective
communication and partnerships.

Status of Topographic and Geologic Mapping

For the Piedmont and Blue Ridge Province, there are
1:24,000 scale 7.5-minute topographic quadrangles, which
have been revised within the last 30 years, and digital
US Topo maps for the entire area.

Various regional-scale geologic maps cover the Piedmont
and Blue Ridge provinces (fig. 2) and include State geologic
maps (scale 1:500,000) and several published 1° x 2°
sheets (Hadley and Nelson, 1971; Rankin and others, 1972;
Espenshade and others, 1975; Goldsmith and others, 1988;
Nelson and others, 1998). Most of these maps were published
before the advancements of modern geochronology studies/
techniques in the 2000s; reported absolute ages for crystalline
rock units in these maps are sparse and, in some instances,
questionable. Coverage at scales between 1:100,000 and
1:24,000 varies from areas having several published maps
that adjoin or overlap (fig. 2; see Piedmont and Blue Ridge
of South Carolina or Pennsylvania) to areas lacking any
published mapping beyond regional scales of 1:250,000 or
smaller. Areas lacking significant mapping at scales greater
than 1:250,000 are (I) Piedmont in southeastern Virginia and
adjoining North Carolina; (II) Blue Ridge of southwestern
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Virginia into the Piedmont of western-central North Carolina;
(IIT) Piedmont of northeastern South Carolina; (IV) large
portions of the Blue Ridge and Piedmont in northern, eastern,
and southwestern Georgia; (V) and the southeastern part of the
Piedmont in Alabama and adjoining Georgia (fig. 2; note that
fig. 2 does not include recent academic work in the Piedmont
and Blue Ridge; for example, Huebner and others, 2014;
Crawford and Kath, 2015; Barineau and others, 2017).

Synopsis of Recent NCGMP-Sponsored Science
and Mapping

The NCGMP supports geologic mapping and research
in the Piedmont and Blue Ridge at 1:24,000-scale, including
framework geochronologic studies. Previous FEDMAP-
supported projects in the Piedmont and Blue Ridge are the
Blue Ridge Project and Central Virginia Seismic Zone Project
(fig. 3). The Blue Ridge Project published a new geologic map
of the Great Smoky Mountains National Park and vicinity
(Southworth and others, 2012), an online geologic map of the
Blue Ridge Parkway in Virginia (Carter and others, 2016a),
and a published geologic map of Mount Rogers and vicinity
is planned. Several journal articles were published on the
geochronology of Blue Ridge basement rocks (Aleinikoff
and others, 2013; Tollo and others, 2017), and the spatial and
temporal distribution of Paleozoic metamorphism in the Blue
Ridge and Piedmont of North and South Carolina (Merschat
and others, 2017). Seven geologic field trip guides were
presented (Tollo and others, 2012; Carter and others, 2013,
2017; Carter and Merschat, 2014; Merschat and others 2014,
2016; 2018). Geologic mapping in the Virginia Piedmont,
Central Virginia Seismic Zone (CVSZ), began in response to
the 2011 Mineral, Va., earthquake (for example, Carter and
others, 2012; Harrison and others, 2012; Horton and Williams,
2012). This effort resulted in seven published 7.5-minute
maps (Spears and others, 2013; Evans, 2017; Burton, 2019;
Burton and others, 2019; Carter and others, 2019) a combined
effort with Virginia Department of Energy—Geology and
Mineral Resources Program, a Geological Society of America
Special Paper 509 (Horton and others, 2015a), which contains
a collection of research papers including eight co-authored
by USGS CVSZ project personnel (Berti and others, 2015;
Burton and others, 2015; Green and others, 2015; Horton
and others, 2015b, 2015¢; Powars and others, 2015; Pratt and
others, 2015; Shah and others, 2015) on the Mineral, Virginia
earthquake, three field trip guidebooks (Burton and others,
2014; Hughes and others, 2014; Pazzaglia and others, 2015),
and a USGS Open-File Report (Harrison and others, 2016).

Description of Lidar Mapping Status

Light detection and ranging (lidar) mapping is
nearly complete across the Piedmont and Blue Ridge of
North Carolina and Virginia, with minor coverage gaps in
northern Virginia and Maryland (fig. 3). Whereas most of
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these lidar data were collected through 3D Elevation Program
(3DEP) partnerships, primarily with the Natural Resources
Conservation Service and are of QL2 quality, QL1 lidar data
were collected in the Central Virginia Seismic Zone following
the 2011 Mineral Virginia earthquake, and have been exten-
sively used for geologic mapping and seismic hazard research
there (for example, Pazzaglia and others, 2015; Witt and
Carter, 2016). Recently, QLO lidar data were collected over
Sparta, North Carolina, in response to the Mw 5.1 earthquake
on August 9, 2020. The Piedmont and Blue Ridge in Alabama
is covered from FY 2020 3DEP partnerships. In Georgia and
a few small areas in South Carolina, lidar coverage contains
some gaps or holes, which currently do not have planned
funding (fig. 3).The small extent of the Piedmont and Blue
Ridge in Pennsylvania is covered with lidar (fig. 3).

Status of Geophysical Surveys

Regional potential field geophysical data (aeromagnetic
and gravity surveys) were acquired during the 1960s to 1980s,
with most of the aeromagnetic data collected during the
1970s as part of the National Uranium Resource Evaluation
(Hill and others, 2009; fig. 4). National Uranium Resource
Evaluation flight lines were spaced 1 to 3 miles apart. Modern,
digitally acquired aeromagnetic surveys with a flight spacing
of 0.5 mile or less are sparse. Modern aeromagnetic data were
collected in parts of southeastern Virginia and northeastern
North Carolina in 1994 with a 0.5-mile spacing (Horton and
Daniels, 1999); between Maryville, Tennessee, and Asheville,
N.C., in 2003 with a 0.33-mile flight spacing (Daniels, 2002);
and in part of the CVSZ in 2012 with a 200-meter flight
spacing (Shah and others, 2015). Airborne spectral radiometric
(gamma ray spectrometry) data for potassium, uranium, and
thorium decay products were simultaneously acquired in the
latter two examples. Airborne gravity measurements were
also collected across the CVSZ (Shah and others, 2015).
Additional modern aeromagnetic data may exist locally
(county or municipalities, and so forth), but are not listed
herein. Seismic reflection lines (Consortium for Continental
Reflection Profiling), collected during the 1970s to 1980s,
transect different segments of the Piedmont and Blue Ridge
from Alabama to Pennsylvania, and a USGS profile along
U.S. Interstate 64 in Virginia extends from the Valley and
Ridge to the coast (Pratt and others, 1988). These geophysical
data have been reprocessed and interpreted by various studies
(Hatcher and others, 2007; Pratt and others, 2015; Duff and
Kellogg, 2017). The EARTHSCOPE flexible array covered
the Piedmont and Blue Ridge from 2003 to 2013, and provides
new geophysical data related to deeper lithospheric structure.
Many studies have used gravity and acromagnetic studies to
identify geologic structures in the Blue Ridge and Piedmont
(Hatcher and others, 2007; Huebner and others, 2014), and
more recently Shah and others (2017) used these datasets to
identify rare earth element (REE) deposits in the Coastal Plain.
Shah and others (2017) demonstrated the benefits of applying
existing airborne geophysical studies, and the need for modern

geophysical data combined with detailed field mapping to
better assess and locate new critical mineral deposits in the
Atlantic Coastal Plain.

The Earth Mapping Resource Initiative (MRI) is
providing an opportunity to acquire modern potential field
geophysics in the Piedmont and Blue Ridge. New airborne
magnetic and radiometric data collected over the Piedmont
and Coastal Plain of South Carolina (fig. 4) provide detail
of poorly exposed crystalline terranes of the Piedmont and
provide a unique source-to-sink approach to examine potential
REE deposits in the Coastal Plain (Shah and others, 2021).

In southeastern Virginia and northeastern North Carolina, a
similar Earth MRI study acquired new modern geophysical
data over the Piedmont and Coastal Plain in 2021 (fig. 4).
These surveys will provide an enhanced detail of the crystal-
line structure of the Piedmont in these areas and highlight the
value of more modern geophysical surveys over the Piedmont
and Blue Ridge (for example, Shah and others, 2022).

Scientific Relevance

Seamless Geologic Map Database

The Piedmont and Blue Ridge Provinces are well covered
by geologic maps at 1:250,000 (about 50 percent) or smaller
scale, including State geologic maps; however, most of these
maps are more than 25 years old (fig. 5). Regionally, there
are many inconsistencies between maps and at State borders,
including mismatched contacts, faults, and units. Most maps
lack modern uranium-lead (U-Pb) geochronology (fig. 5),
which is a critical tool for resolving and quantifying ages of
crystalline units in the complex terranes of the Piedmont and
Blue Ridge (Merschat and others, 2017; Carter and others,
2020). Geologic mapping and framework analyses in the
Piedmont and Blue Ridge Provinces are planned to (1) target
areas that have only been examined at a reconnaissance scale
(1:250,000 scale or smaller); (2) reconcile problems between
State borders and other small-scale maps; (3) address regional
correlation of map units and structures; and (4) target areas
with important societal relevance (geologic hazards, mineral
deposits, hydrogeologic and water quality, infrastructure, and
so forth). Planned mapping efforts consist of new detailed
1:24,000 scale in targeted quadrangles and reconnaissance
mapping in other areas and involve collaboration with State
geological surveys and academic institutions to map and
compile new and existing geologic maps in targeted areas
at a scale of 1:100,000. Framework geochronologic and
geochemical studies can help to address key problems (points
1-4). The goal is to develop a seamless geologic map across
the Piedmont and Blue Ridge to better reconcile map and State
border issues; resolve regional- and orogen-scale correlation
of map units (formations), structures, and other features;
promote the mitigation of geologic hazards; aid in land-use
planning; provide a framework for surface and groundwater
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studies; identify possible new mineral (critical, strategic or
industrial) and aggregate deposits; and provide suitable data to
help build a national 3D geologic model.

Tectonic Evolution

The Piedmont and Blue Ridge is a composite of
numerous polydeformed terranes that were assembled during
at least four orogenies—mountain-building events—from the
Mesoproterozoic to the end of the Paleozoic, and three rifting
or extensional events from the Neoproterozoic to Mesozoic
(Hatcher and others, 2007; Hibbard and others 2007, 2010;
Merschat and others, 2017). Collectively, these orogenic
events are responsible for the crustal structure, fracture and
fault zones, mineralization and ore deposits, geochemical,
and geophysical properties of the Piedmont and Blue Ridge.
Understanding these complex orogenic events and the tectonic
processes involved—arc magmatism, mantle plumes, partial
melting of the crust, and so forth—will help to better under-
stand and locate ore deposits and mitigate geologic hazards.

The magmatic, thermal, and deformational history of the
Piedmont and Blue Ridge terranes controlled mineralization
and formation of ore deposits. Magmatism, arc- or rift-related,
localized gold and other precious metal mineralization,
including massive sulfide deposits (for example, Ducktown,
Tenn.; Cabarrus County, N.C.; Mineral, Va.). Major faults,
which bound these terranes, developed highly foliated and
(or) fractured rocks that are weak and more susceptible to
landslides and other forms of mass wasting. Highly fractured
rocks associated with faults may also be important aquifers
and aquicludes (Johnson and Dunstan, 1998; Shapiro, 2002;
Goode and others, 2007). Finally, geologic framework studies
have identified the spatial relation among geologic/tectonic
structures and the localization of intraplate earthquakes and
seismic zones (for example, Hughes and others, 2014; Burton
and others, 2015; Horton and others, 2017), 3D seismic-
velocity structure of the Earth, and seismic hazards (Thomas
and Powell, 2017). Additional tectonic themes identified by
the working group include the following:
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Figure 3. Light detection and ranging (lidar) coverage, QL2 or better, in the Piedmont and Blue Ridge Provinces,

and the footprints of FEDMAP and STATEMAP-funded mapping efforts from 2012 to 2020 (includes footprints of active
mapping projects described herein, 2019-20). [AL, Alabama; DE, Delaware; GA, Georgia; IL, lllinois; IN, Indiana;

KY, Kentucky; MD, Maryland; MI, Michigan; MS, Mississippi; NJ, New Jersey; NY, New York; NC, North Carolina; OH, Ohio;
PA, Pennsylvania; SC, South Carolina; TN, Tennessee; VA, Virginia; WV, West Virginia; WI, Wisconsin]

o Tectonic inheritance and its effect on regional o Appalachian terranes and basins buried beneath
strain patterns and facies distribution (for example, sediments of the Atlantic Coastal Plain (among the
Thomas, 2006) last frontiers of regional geology in the Eastern

. . ) United States) (Horton and others, 2005; 2016)
o Tectonic evolution of poorly known terranes and their

boundaries (Shah and others, 2022) o Bridging the gap between geology mapped at the
) ) . Earth’s surface and deeper lithospheric structure as
o Correlation of .forel.anc'i apd hinterland units and s'truc- revealed by Earthscope (Aragon and others, 2017;
tures; connections in timing of events and tectonic Duff and Kellogg, 2017)

setting (for example, Merschat and Hatcher, 2007)

o Orogenic processes acting in the lower and middle
crust (for example, orogenic channel flow, pluton
emplacement, economic mineralization; Hatcher and
Merschat, 2006; Merschat and others, 2017)

Landscape Evolution

Landscapes are important economic, societal, and
geologic features that attract numerous visitors to national
o Tectonic transitions from late Paleozoic contraction to and State parks and support areas of fertile agricultural land,
early Mesozoic extension (Horton and others, 2005; both of which bring commerce into surrounding areas. The
Owens and others, 2017; Ma and others, 2019) landscape of the Piedmont and Blue Ridge, often generally
considered to be geologically old (Hack, 1960; Matmon
and others, 2003), is geologically young and dynamic (for
example, Gallen and others, 2013; Pazzaglia and others, 2015,
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Figure 4.

Existing aeromagnetic surveys across the Eastern United States. Footprints of Rank 1 Earth Mapping Resource

Initiative (MRI) geophysical surveys, acquired 2019-21, are shown in yellow. Map data obtained from U.S. Geological Survey

(2021a, 2021b).

2021). These landscapes are governed by various geologic,
tectonic, biologic, climatic, and earth surface processes.
Geologic mapping of surficial geology (surface and near-
surface geology) can provide insight into the processes
controlling the evolution of the Piedmont and Blue Ridge
landscape, as well as provide critical information for land use
and project planning by Federal, State, and County govern-
ments and private enterprises. Additionally, the Piedmont
and Blue Ridge landscapes are home to insular ecosystems
with direct geologic controls, Piedmont granite balds, and
high-elevation outcrops and balds that contain rare and
endemic plant taxa (Cartwright and Wolfe, 2016). Research
into landscape evolution through targeted studies can help to
understand the age of the topography, quantify recent uplift
or erosion, and possibly identify crustal or mantle processes
responsible for the rejuvenation of Piedmont and Blue Ridge
topography (for example, Gallen and others, 2013; Pazzaglia
and others, 2015, 2021). This research may further relate to
the insular ecosystems and the understanding of intraplate
earthquakes (for example, Berti and others, 2015; Figueiredo
and others 2022).

Extensions of Piedmont Terranes Beneath
the Coastal Plain

Extensions of Appalachian Piedmont geology concealed
beneath the Atlantic Coastal Plain represent a research
frontier, where geologic mapping has significant potential
to provide new information on the tectonic assembly and
Mesozoic breakup of the Appalachian orogen, as well
as identify undiscovered mineral resources at accessible
depths. Geologic mapping in the eastern Piedmont will
build on results of the coastal-basement mapping project
(https://www.usgs.gov/centers/florence-bascom-geoscience-
center/science/coastal-basement-geology-southeastern-us-
project) to help identify connections to subsurface crystalline
terranes that can only be studied through a combination of
borehole data; petrographic, geochemical, and geochro-
nologic analyses of samples from existing drill cores and
cuttings; and geophysical surveys.


https://www.usgs.gov/centers/florence-bascom-geoscience-center/science/coastal-basement-geology-southeastern-us-project
https://www.usgs.gov/centers/florence-bascom-geoscience-center/science/coastal-basement-geology-southeastern-us-project
https://www.usgs.gov/centers/florence-bascom-geoscience-center/science/coastal-basement-geology-southeastern-us-project
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Societal Relevance

Natural Resources

The Piedmont and Blue Ridge Provinces contain
abundant natural resources from economic mineral deposits
to the existence of clean drinking water. The following
sections address the societal relevance of geologic mapping
for critical minerals, precious minerals and other mineral
resources, energy resources, and surface water and
groundwater resources.

Critical Minerals

In 2022 the updated list of critical mineral resources
for the United States includes 50 minerals (U.S. Geological
Survey, 2022) and many are described in USGS Professional
Paper 1802 (Schulz and others, 2017). The Piedmont and
Blue Ridge Provinces contain numerous critical mineral
deposits that have been mined or prospected in the past and
justify geologic mapping in these areas to provide framework
geologic information regarding the nature and formation of
these deposits. Critical mineral resources in the Piedmont and
Blue Ridge include, but are not limited to, the following:

o Barium: barite deposits in the Piedmont of South
Carolina and Alabama (for example, Kings Creek,
South Carolina), and Blue Ridge (for example, near
Hot Springs, N.C., and Del Rio, Tennessee).

o Beryllium: beryl in pegmatites in districts throughout
Alabama, Georgia, North Carolina, and Virginia

o Cobalt: skarn associated with Mesozoic diabase at
Cornwall, Pennsylvania; cobalt in massive sulfide
deposit of Lick Fork-Sugar Run in the Blue Ridge, Va.

o Gallium: altered high-alumina metavolcanic rocks in
South Carolina Piedmont

o Graphite: Holy schist at Rosco Ridge, Alabama; schists
at Dillinger mine, Yancey County, N.C., and Piedmont
near Raleigh, N.C.

o Lithium: spodumene bearing pegmatite, Kings
Mountain and Bessemer City in North Carolina and
South Carolina area; lithiophorite in Clay County, Ala.

0 Manganese: schists in the Grover and Martin mines,
S.C.; nodules and breccias in Chilhowee Group, Shady
dolomite and Rome Formation along Blue Ridge
western front, Alabama to Virginia; pyrolusite associ-
ated with brown iron ore in the Talladega Slate Belt in
Alabama; and residual concentrations of manganese
related to the weathering of spessartine in the Ashland
Super Group in Alabama

o Rare-earth element bearing minerals (monazite
and xenotime): two belts in high-grade schists and
gneisses in Blue Ridge and Inner Piedmont, Georgia,
North Carolina, and South Carolina; heavy mineral
deposits along the Fall Line from Dinwiddie, Va.,
to Aurelian Springs, N.C., and South Carolina, to
Georgia; columbite-tantalite series occur as accessory
minerals in pegmatites in the Coosa County tin
district in Alabama

o Tin: cassiterite deposits in Kings Mountain
tin-spodumene belt and Cherryville granite in
North Carolina, and Rockford Granite in Alabama
Piedmont; Irish Creek pluton in the Blue Ridge, Va.

o Titanium: rutile from Roseland anorthosite in Virginia;
prospects in schist and gneiss near Franklin, N.C.;
ilmenite in heavy mineral placer deposits along the Fall
Line from Dinwiddie, Va., to Aurelian Springs, N.C.,
and South Carolina to Georgia

o Tungsten: Hamme District, Vance County, N.C.

0 Zirconium: Zircon in heavy mineral placer deposits
along the Fall Line from Dinwiddie, Va., to Aurelian
Springs, N.C., and South Carolina to Georgia; zircon
bearing pegmatite in North Carolina Piedmont

o Uranium: Coles Hill, Va.; Harpers Creek, N.C.

Precious Metals, Industrial Minerals,
Dimension Stone, and Natural Aggregate

Discovery of gold in 1799 in the Piedmont Province of
North Carolina led to the first gold rush in the United States
and quickly spread to other locations in the Piedmont
(South Carolina, Virginia) and Blue Ridge (for example,
Dahlonega gold belt in Georgia), and then the Western
United States (Stuckey, 1965). Additionally, copper was
mined at several locations (for example, Ducktown, Tenn.,
and Ore Knob, N.C.). Other industrial mineral resources
mined include feldspar, mica, kyanite, olivine, iron-sulfides,
iron-oxides, magnetite, chromite, and ultra-high purity
quartz. Many of these are concentrated in certain mining
districts like the Spruce Pine or Kings Mountain districts,
N.C., and the Mineral District in the Central Virginia Gold
Belt. Devonian alaskitic pegmatite bodies in Spruce Pine
were mined for feldspar, mica, beryllium, and now ultra-high
purity quartz. Ultramafic bodies in the country rock (Ashe
Metamorphic Suite) intruded by the pegmatites were mined
for olivine, chromite, and asbestos minerals. In Virginia,
copper was mined from the Glade District near Lynchburg.
Dimension stone remains an important industry throughout
the Piedmont and Blue Ridge, with many Piedmont and Blue
Ridge rock units yielding high-quality material: Sylacauga
Marble in Alabama, Kershaw granite, Liberty Hill pluton in
South Carolina; and Mount Airy Granite in North Carolina.
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Figure 5. Publication dates of State geologic maps that cover the Piedmont and Blue Ridge Provinces. Most geologic

maps are older than 25 years and were compiled before the revolution of uranium-lead geochronology, which has vastly
improved our understanding of ages of crystalline rocks in the Piedmont and Blue Ridge. References for State geologic
maps: Alabama—Szabo and others (1988); Delaware—Pickett and others (1976); Georgia—Lawton and others (1976),
Maryland—Cleaves and others, (1968); New Jersey—Dalton and others (2014); New York—Rickard and others (1970);
North Carolina—North Carolina Geological Survey (1985); South Carolina—Horton and Dicken (2001); Pennsylvania—Berg
and others (1980); Tennessee—Hardeman (1966); and Virginia—Virginia Division of Mineral Resources (1993).

However, natural aggregate resources remain the most
important geologic commodity for building and maintaining
infrastructure in rapidly expanding population centers (Langer,
2011). Geologic mapping and framework studies can help to
locate new ore deposits, better characterize known deposits,
help identify potential rocks suitable for aggregate, and locate
abandoned mines for possible hazard mitigation.

Energy Resources

Triassic rift basins distributed throughout the Piedmont
provide potential energy resources in the form of coal and
natural gas until replaced by cleaner renewable energy
sources. Bituminous coal was commercially mined during
the 1800s to 1950s and reserves remain (Textoris and
Robbins, 1988). The abandoned mines, however, represent
potential hazards for collapse, sink holes, fall dangers, and

others. Natural gas trapped in organic shales within the
basins is a potential energy resource (Reid and Milici, 2008).
Development of natural gas resources, however, may have
potential negative effects on water quality.

Surface Water and Groundwater Resources

Surface water and groundwater resources remain the
most important societal needs even in wet climates (greater
than 30 inches of average annual precipitation) of the Eastern
United States (Evenson and others, 2013; Dieter and others,
2018). In 2015, an estimated 283 million people in the
United States—87 percent of the total population—relied
on public-supply water from surface water (61 percent) and
groundwater (39 percent) for household consumption (Dieter
and others, 2018). Geologic mapping and geochemistry
provide information about the fractured-rock aquifer
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properties, water quality and availability, and naturally
occurring and anthropogenic contaminants (Ayotte and
others, 2011; Evenson and others, 2013; DeSimone and
others, 2014). Groundwater wells in portions of the Piedmont
and Blue Ridge may have elevated levels of arsenic,
chromium, cerium, gallium, and other naturally occurring
harmful contaminants (Ayotte and others, 2011; Bradley and
Campbell, 2012; DeSimone and others, 2014). Characterizing
the framework geology can provide critical information

to resource managers responsible for maintaining clean
drinking water for the Nation (Evenson and others, 2013;
DeSimone and others, 2014).

Geologic Hazards

The Piedmont and Blue Ridge contain numerous geologic
hazards, such as groundwater quality, mass wasting processes,
naturally occurring radon, karst, and intraplate seismicity.
Moreover, certain areas may be more susceptible to different
hazards than others. For example, mass wasting (landslides
and rock falls) are more common on the steep terrain of the
Blue Ridge; however, slope stability problems and landslides
associated with highly fractured or foliated fault zone
rocks may occur throughout the Blue Ridge or Piedmont
(fig. 6; Wooten and others, 2008, 2016). Likewise, average
indoor radon levels by county are reported as moderate
(2—4 picocuries per liter) to high (greater than 4 picocuries
per liter) throughout most of the Piedmont and Blue Ridge.
Groundwater wells in portions of the Piedmont and Blue
Ridge also have elevated levels of radon (Ayotte and others,
2011; Bradley and Campbell, 2012). Higher levels of radon
may be associated with different rock types (black shales,
volcanic rocks, granitic plutonic rocks) or concentrated in
fault zones, which are delimited through detailed mapping
and ancillary studies. Karst (fig. 6C), although minor in these
provinces, remains an important geologic hazard locally.
Karst features occur along the western part of the Blue
Ridge in windows through the Blue Ridge thrust sheet (for
example, Mountain City window, and Tuckaleechee Cove
window in Tennessee); the Murphy syncline in southwestern
North Carolina and northeastern Georgia; the Sylacauga
marble in the Talladega belt in Alabama; and the James River
synclinorium in central Virginia.

Seismicity across the Piedmont and Blue Ridge is diffuse
and infrequent, and yet the occurrence of two earthquakes
greater than M5 in the past decade have demonstrated
the importance of studying intraplate seismicity (fig. 1)
(Bollinger, 1973; Stover and Coffman, 1993; Horton and
others, 2015; Figueiredo and others, 2022). Renewed interest
in seismic research in the CVSZ following the August 23,
2011, Mw5.8 quake (for example, Horton and others, 2015a)
has led to many new research discoveries and directions.
Exploration for seismogenic paleoliquefaction features (Tuttle
and others, 2015; Carter and others, 2016b, 2020; Carter and
McLaurin, 2019; Tuttle and others, 2021) identified more than

two dozen potential paleoliquefaction sites and extends the
CVSZ paleoliquefaction field to a maximum distance between
liquefaction features (Re) to nearly 80 kilometers (Tuttle and
others, 2021). However, the number (and location) of potential
active faults in the CVSZ, and the largest magnitude quake
these faults are capable of producing, remains elusive. In

the Blue Ridge, the August 9, 2020, Mw 5.1 earthquake in
Sparta, N.C., damaged more than 500 structures and generated
surface rupture, which was the first documented in the Eastern
United States (for example, Figueiredo and others, 2020,
2022; Hill and others, 2020; Merschat and others, 2020). The
main co-seismic surface fault, named the Little River fault,
and deformation were identified along a 2-kilometer-long
traceable zone of predominantly reverse displacement, with
folding and flexure generating a scarp averaging 8—10 centi-
meters high with a maximum height of about 50 centimeters
(fig 6D, E). The Little River fault strikes 100 degrees to

110 degrees, dips to the southwest, and transects regional
structures and contacts; however, a subset of joints and brittle
faults are parallel to the fault (Merschat and others, 2020;
Merschat and Carter, 2022). Despite these recent advances

in the understanding of intraplate earthquakes, there remains
much to be learned about the connection between the bedrock
geology and possible seismogenic structures in the Piedmont
and Blue Ridge.

Geologic hazards are potentially damaging to
infrastructure and human life. New geologic mapping
combined with acquired 3DEP lidar continues to provide new
data about the underlying geology, structure, rock types, and
surface topography, and how these factors control naturally
occurring geologic hazards.

Scientific Objectives

The primary scientific objective of geologic mapping in
the Piedmont and Blue Ridge is to understand the geologic
framework and tectonic evolution of terranes and basins in
the Appalachian Piedmont and Blue Ridge. Data generated
and gleaned from framework mapping and research can be
directly applied to water, mineral, and energy resources;
natural hazards; and engineering applications related to
infrastructure. These scientific objectives are organized
into two primary projects or tasks, East (Piedmont geology
along the southeastern fall zone, Virginia and North Carolina
[PIGONSOFA]) and West (Blue Ridge—Inner Piedmont
[BRIP]), that will work toward each other to cover areas
of needed mapping (fig. 7). Additional potential projects or
tasks to develop include collaboration with STATEMAP,
EDMAP, and FEDMAP partners to resolve correlation and
edge-matching issues in the (1) Piedmont and Blue Ridge
of northern Virginia—Maryland—Pennsylvania—Delaware;
and (2) the correlation of Blue Ridge and Piedmont geology
across the Alabama—Georgia and Georgia—South Carolina
State lines. Collectively, these projects or tasks can help to



characterize the geologic framework of the Piedmont and
Blue Ridge, to produce detailed geologic maps (1:24,000 and
1:100,000) and geodatabases, to document the availability

of natural resources, to understand or recognize potential
natural hazards, to apply advanced technology to resolve
geologic problems, and to develop a flexible and diverse
workforce of geologic mappers for the future. These goals
permeate through all phases of the implementation plan, map
objectives, and deliverables.

Geologic Mapping Objectives

Geologic mapping objectives involve an initial stage of
scoping, compilation, and assessment of existing mapping to
identify areas where additional mapping is needed to resolve
problems and (or) build cornerstones or islands of knowledge.
Initial geochronology targets are planned to be identified,
collected, and dated. Mapping plans extend away from corner-
stones or islands of knowledge. Cornerstone maps will likely
be at a scale of 1:24,000, and mapping away from the corner-
stones may still be at 1:24,000 scale but will be compiled at
1:100,000 scale. Additional geochronologic targets identified
during mapping are planned to be dated; geochemical
samples will be collected and analyzed. To accomplish these
objectives, East (PIGONSOFA) and West (BRIP) projects will
work in concert to address framework geologic problems in
the Piedmont and Blue Ridge of Virginia, North Carolina, and
Tennessee, and to create an east-west transect of new geologic
maps along the Virginia-North Carolina-Tennessee state
borders where only limited data currently exist (fig. 7).

East (PIGONSOFA)
Phase 1

o Complete geologic mapping of South Boston (Horton
and others, 2022) and Emporia 30x60-minute quads
along and across the Virginia-North Carolina border at
1:100,000 scale.

o Continue to assist VGMR with geologic mapping and
expertise in the Richmond metropolitan statistical area
and on the Petersburg 30x60-minute quad (adjacent
to the north of Emporia 30x60-minute quad) to
further the goals and objectives of VGMR and their
STATEMAP Program.

o Geologic research on the Emporia 30x60-minute
quad consisting of three types of studies: (1) Bedrock
framework studies involving geologic mapping and
compilation, coupled with collection of modern geo-
chronologic and geochemical suites of targets identi-
fied during mapping, to determine the provenance, tec-
tonic, and amalgamation histories of eastern Piedmont

Geologic Mapping Objectives 1"

terranes in southeastern Virginia. The primary
anticipated benefits of this bedrock framework are an
improved understanding of critical/strategic mineral
resource potential, evaluation, and genetic modeling
(for example, identification of Piedmont bedrock
deposits that directly contributed to heavy mineral sand
accumulation in the inner Coastal Plain just east of the
Fall Line from Dinwiddie, Va., to Aurelian Springs,
N.C)). (2) Surficial framework studies, also derived
from geologic mapping and optically stimulated lumi-
nescence (OSL)/radiocarbon geochronology, primarily
to link Coastal Plain marine units with their age-
equivalent fluvial deposits along ancient and modern
riverine drainages (for example, Carter and others,
2007). A primary anticipated benefit of this surficial
framework is an improved understanding of aggregate
(sand and gravel) resource potential and evaluation
(for example, identification of surficial deposits of
proper engineering characteristics and extent that could
be used as a local source for concrete). (3) Regional
seismic hazards studies to enhance the dataset of pale-
oliquefaction meizoseismal fields associated with large
magnitude earthquakes in the CVSZ. Currently (2021),
the southern boundary of the CVSZ, based on the

areal extent of paleoliqufaction features, is unknown.
Additional exploration and geochronologic work in
this area may contribute to estimates of the magnitude,
age, and recurrence intervals of large-magnitude
paleoearthquakes already established in the central
portion of the CVSZ.

o Work with the coastal-basement geologic mapping
project to help correlation of Appalachian Piedmont
geology with different terranes and structures concealed
beneath coastal-plain sediments. The goals of the
collaboration include (1) extending coastal-basement
geologic mapping southward; (2) helping to understand
the geologic framework and tectonic evolution of geo-
logic terranes and basins beneath the coastal plain of the
southeastern United States, and their significance for
water, mineral, and energy resources; natural hazards;
and engineering applications; and (3) addressing first-
order scientific issues such as those related to tectonic
evolution of poorly characterized geologic and tectonic
domains, including the transition from late Paleozoic
transpression to early Mesozoic extension, tectonic
(fault) inheritance, and earthquake hazards.

Phase 2

o Complete geologic mapping of Piedmont portion of
Roanoke Rapids 30x60-minute quad (adjacent to south
of Emporia 30x60-minute quad) at 1:100K scale per
the three-pronged work plan, above.
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o Continue to assist VGMR with geologic mapping and
expertise in the Richmond metropolitan statistical area
and on the Petersburg 30x60-minute quad (adjacent
to the north of Emporia 30x60-minute quad) to
further the goals and objectives of VGMR and their
STATEMAP Program.

Phase 3

o Working west through the South Boston and Danville
30x60 minute quads, link with and assist BRIP
staff with regional stratigraphic issues related to the
Ashe-Alligator Back-Lynchburg-central and western
Virginia Piedmont terranes, to resolve orogen-scale
stratigraphic and tectonic problems on the Galax
30x60-minute quadrangle.

o Assist North Carolina Geological Survey (NCGS) with
any geologic mapping and expertise in the Henderson,
Greensboro, and (or) Winston-Salem 30x60-minute
quads to further the goals of NCGS and their
STATEMAP Program.

West (BRIP)
Phase 1

o Compile existing 1:24,000 and 1:48,000 scale map-
ping in the Wytheville 30x60-minute quadrangle,
Virginia-Tennessee-North Carolina, in collaboration
with VGMR, Tennessee Division of Geology (TDG),
and NCGS.

o Expand mapping from islands of detailed work: Mount
Rogers area (eight 7.5-minute quads), Sparta East and
West 7.5-minute quadrangles, VGMR 1-81 Corridor
STATEMAP project, and geologic mapping in north-
eastern Tennessee (USGS, King and Ferguson, 1960).

o Address stratigraphic correlation problems: Ashe,
Lynchburg, and Alligator Back Formations (metamor-
phic suites), and correlation of Grenville basement
units between French Broad and Shenandoah massifs.

o Work with State surveys (VGMR, NCGS and TDG) to
identify remaining geochronology and geochemistry
targets, and then collect and analyze.

o Begin compilation of Hickory 30x60-minute quad-
rangle: compilation of existing USGS (Bryant and
Reed, 1970) and EDMAP (that is, the component of
the USGS NCGMP that funds geologic mapping by
university and college students) maps (projects from
1998 to 2012).

o Complete the Wytheville 30x60-minute quadrangle.

Primary benefits include (1) natural resource evalua-
tion of the entire Mount Rogers National Recreational
Area and portions of the Appalachian Trail; (2) natural
resource evaluation of Jefferson and Cherokee National
Forests, Virginia and Tennessee; (3) support of infra-
structure in I-81 corridor (location of aggregates, and
identification of potential geologic hazards associated
with roadcuts); and (4) resolve edge-mapping problems
of structures and stratigraphy in three-state corner of
Virginia, Tennessee, and North Carolina.

o Reconnaissance in Virginia—Maryland—Pennsylvania—

Delaware Piedmont.

Phase 2

0 Mapping at 1:24,000 scale in selected areas in Hickory

30x60-minute quadrangle.

o Identify and study areas of critical mineral deposits: use

lidar to identify past REE prospects, pits, and mines

in South Mountains and occurrences throughout Inner
Piedmont, map surficial deposits aided by lidar with a
focus on areas of mined placer deposits, and examine
occurrence and genesis of lithium (spodumene) deposits
near Taylorsville, N.C., gold in South Mountains and
other mineral resources.

o U-Pb geochronology of granitoids, and detrital zircon

geochronology of metasedimentary rocks.

o OSL ages of surficial deposits (placer deposits), and

apatite and zircon fission track ages across Piedmont.

o Analyses of kinematic, mechanical, and timing relations

of structures and faults in the Blue Ridge and Inner
Piedmont: (1) mid-crustal flow during the middle
Paleozoic and comparison with orogenic channel flow
models (partnership with University of Kentucky);
and (2) kinematics and timing of Brevard fault zone
and Linville Falls fault (argon/argon [Ar/Ar] thermo-
chronology).

o Complete Hickory 30x60-minute quadrangle. Primary

benefits include (1) assessment of critical minerals
(rare earth potential of monazite and xenotime, and
lithium-bearing minerals) in high-grade gneisses

and schists, and felsic plutonic rocks of the Inner
Piedmont; (2) assessment of surface-water and ground-
water quality of the Catawba River-Lake Norman
Reservoir, which supplies drinking water to Charlotte,
N.C., and smaller cities of Hickory, and Statesville,
N.C.; (3) mapped surficial deposits and locations of
abandoned mines, and prospects; (4) modern geochro-
nologic ages of Neoproterozoic Crossnore plutonic
rocks in the Grandfather Mountain window, and
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Figure 6. Geohazards in the Piedmont and Blue Ridge Provinces. A, Scarp and upper track on Fishhawk Mountain of the Peeks Creek
debris flow in Macon County, North Carolina. B, Lower track of the Peeks Creek debris flow shows damaged and destroyed homes and
deposition of flow material. The debris flow was triggered by high rainfall from the Hurricane lvan, September 16, 2004. For additional
information see Wooten and others (2008). Photographs in A and B by Rick Wooten, North Carolina Geological Survey, September 19, 2004.
C, Sinkholes are developed in the Shady Dolomite in the Blue Ridge northeast Tennessee. Light detection and ranging (lidar) processed to
enhance topography by Caitlin Burke (U.S. Geological Survey). D, Scarp of the Littler River fault produced by the August 9, 2020, Mw 5.1
earthquake in Sparta, North Carolina. The surface rupture extends as disconnected segments for about 2 kilometers with 5-10 centimeters
of reverse displacement with southwest side up; view is looking to the east-southeast. £, High-oblique aerial image of Rivers Edge Road,
Sparta, North Carolina, acquired on September 7, 2020, 1:600 scale, about 3 inches (7.98 centimeters) pixel resolution. The surface rupture is
marked with yellow arrows and the location of (D) is shown.
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EXPLANATION
Map of proposed 30 x 60 minute
quadrangles to be mapped in
the Piedmont and Blue Ridge
provinces
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Figure 7. Map of the Piedmont and Blue Ridge Provinces indicating the proposed 30x60-minute sheets to be mapped.
[PIGONSOFA, Piedmont geology along the southeastern fall zone, Virginia, and North Carolina;
BRIP, Blue Ridge—Inner Piedmont]
various Paleozoic granitoids throughout the Inner o Continue mapping potential REE deposits in north-
Piedmont; and (5) improved kinematic and mechanical ernmost Inner Piedmont in North Carolina, and
models of mid-crustal deformation and ductile flow in continuation of major structures: Smith River
the Inner Piedmont, and timing and kinematics of the allochthon southward into North Carolina, and Brevard
Brevard fault zone and Linville Falls fault. fault zone into Virginia (Mountain Run fault?).
o Edge mapping in Virginia—Maryland—Pennsylvania— o Collaborate with NCGS to compile existing surficial
Delaware Piedmont. geologic maps (for example, Watauga County) and
complete new surficial maps.
Phase 3 o Complete the Boone and Galax 30x60-minute quad-

o Compilation of Boone and Galax 30x60-minute quad-
rangles in North Carolina-Tennessee, and Virginia with
collaboration with NCGS, TDG, and VGMR.

o Identify targets for geochronology (U-Pb and Ar/Ar).

0 Mapping in the Boone and Galax 30x60-minute quad-
rangles: eastern Blue Ridge stratigraphic relations,
and Lynchburg, Ashe, and Alligator Back formations
(metamorphic suites).

rangles. Primary benefits include (1) assessment of
critical minerals (rare earth potential of monazite and
xenotime, and lithium-bearing minerals) in high-grade
gneisses and schists, and felsic plutonic rocks of the
Inner Piedmont; (2) assessment of surface-water

and groundwater quality of the Yadkin River, which
supplies drinking water to the Winston-Salem, N.C.;
(3) mapped surficial deposits, unstable slope deposits in
the Blue Ridge, and potential rare earth placer deposits
in Piedmont; (4) modern geochronologic ages of
various granitoids throughout the Blue Ridge and Inner
Piedmont; and (5) improved kinematic, mechanical



models of midcrustal deformation and ductile flow
in the Inner Piedmont, and timing and kinematics
of the Brevard fault zone, Linville Falls fault, and
Blue Ridge thrust sheet.

Capability Gaps

To maintain authoritative geologic expertise across
multiple geologic terranes and states, the Piedmont and Blue
Ridge Working Group recognizes several capability gaps for
full implementation of the NCGMP Piedmont and Blue Ridge
Project. These capabilities include staffing, laboratory, and
technical expertise.

As currently envisioned, this plan lacks geologic mappers
(2 or 3 full-time employees) with a variety of complementary
skillsets (structural geology, stratigraphy, petrology,
geochronology, geochemistry, geophysics, remotely sensed
data and spatial data analysis, and 3D modeling) to complete
mapping in the Piedmont and Blue Ridge. A solution involves
the ability to identify, train/mentor, and hire talented geologic
mappers with advanced-level degrees (Master of Science
or Doctorate degree). Candidates may be identified through
involvement in Youth and Education in Science, National
Association of Geoscience Teachers, and cooperative agree-
ments with the NCGMP to universities and colleges to support
students to conduct geologic mapping and related field work
(EDMAP). Involvement with EDMAP projects likely ensures
greatest field experience and supports NCGMP goals. The
current team is well positioned to provide mentorship to new
geologic field mappers—as evidenced by their role in recent
and ongoing EDMAP and STATEMAP projects. Mentorship
is critical to engage and retain new talented mappers as
volunteers, interns, or full-time employees. Mentor-protégée
relationships between senior mappers or emeriti, and new
hires, interns, and volunteers are valuable to the USGS and
our partner agencies.

Likewise, the NCGMP and the project can continue to
encourage early career and established faculty to participate
in EDMAP projects related to or connected with FEDMAP
projects. EDMAP remains one of the best avenues to train and
develop new geologic mappers.

In support of geologic mapping, there exists a gap in
petrologic, mineralogic, geochemical, and geochronologic
expertise, as well as access to state-of-the-art laboratories and
facilities. Some of this expertise can be gained though external
collaboration; however, generally field-based research requires
iterative and long-term approaches that may not be conducive
to academic cycles (for example, a 2-year Master’s project).
Additionally, external institutions may have different goals
than those of the USGS and so the projects cannot rely solely
on external collaboration for the application of analytical
methods to field-based research. Therefore, in-house expertise
in petrography, mineralogy, geochemistry, and geochronology
is valuable to meet project goals. Access to laboratory
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instrumentation can help to provide robust data to address

the various societal and scientific geologic problems in the
Piedmont and Blue Ridge, and are critical for connecting field
observation with quantitative analytical data about geologic
materials. Ongoing or new collaborations may also provide
opportunities for access to needed analytical instruments and
laboratories.

Geochronology remains a core component in under-
standing the absolute age of framework bedrock geology,
surficial deposits, and associated mineral deposits, as well as
the rates of geologic processes. The geochronologic method,
or technique, varies with each situation and problem, but in
the Piedmont and Blue Ridge Project (and many NCGMP
projects) U-Pb, “°Ar/3Ar, OSL, and cosmogenic nuclide
methods commonly are required. Again, because USGS
field-based research is iterative and driven by goals that may
not align with other institutions, maintaining USGS expertise
and laboratory capabilities in these commonly used geochro-
nologic methods can help meet project goals.

Modern regional geophysics (especially magnetic,
radiometric, and gravity) remain an important tool for geolo-
gists in crystalline terranes (Shah and others, 2015, 2017,
2021). Geophysical datasets become even more important in
poorly exposed areas of the Piedmont and under the Coastal
Plain. Modern geophysics could greatly enhance the results of
geologic mapping in the Piedmont and Blue Ridge. Combined
expertise in geophysics, 3D modeling, and geologic mapping
could enhance the incorporation of new geophysical dataset
into geologic maps and 3D geophysical models.

The need to integrate geospatial and remotely sensed
data (lidar, geophysics) into geologic maps and 3D models is
critical. In order to achieve the project goals outlined above,
the expertise of geographic information system and data-
management specialists with geologic mapping experience,
in addition to geologists capable of working with geographic
information systems, are vital.

Partners

The primary partners in the Blue Ridge and Piedmont
Provinces include State geological surveys, collaborations
with universities, other USGS programs and mission areas
(Earthquake Hazards, Mineral Resources Program, Water
Science Centers), Federal agencies (National Park Service,
Nuclear Regulatory Commission, Federal Emergency
Management Agency, U.S. Forest Service, U.S. Department
of Agriculture, Department of Transportation, National
Aeronautics and Space Administration, and so forth). Potential
future collaborations include States, counties, and municipali-
ties, and private-sector utilities and engineering firms.

Contacts (State Geologists or participants) at the State
Surveys and other Federal agencies are listed by alphabetical
order by State:
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Alabama

Sandy Ebersole, State Geologist
Geological Survey of Alabama
205-247-3613; sebersole@gsa.state.al.us

G. Daniel Irvin
Geological Survey of Alabama
205-247-3542, dirvin@gsa.state.al.us

Dane S. VanDervoort
Geological Survey of Alabama
205-247-3626; dvandervoort(@gsa.state.al.us

Delaware

William Schenck Scientist/Geologist
Delaware Geological Survey

257 Academy Street

University of Delaware

Newark, DE 19716-7501

Maryland

Rebecca Adams

Maryland Geological Survey

2300 St. Paul Street, Baltimore, MD 21218
rebecca.adams@maryland.gov

Richard Ortt, Director

Maryland Geological Survey

2300 St. Paul Street

Baltimore, MD 21218

410-554-5503; richard.ortt@maryland.gov

North Carolina

Dr. Kenneth B. Taylor, State Geologist

North Carolina Department of Environmental Quality
Division of Energy, Mineral and Land Resources

North Carolina Geological Survey

512 North Salisbury Street, 1612 Mail Service Center

Raleigh, NC 27699-1612
919-707-9210; Kenneth.b.taylor@ncdenr.gov

South Carolina

Dr. Scott Howard

South Carolina Geological Survey

5 Geology Road

Columbia, SC 29212

803—-896—-7702; howards@dnr.sc.gov

Pennsylvania

Dr. Gale Blackmer, State Geologist

Department of Conservation and Natural Resources
Bureau of Geological Survey

3240 Schoolhouse Road

Middletown, PA 17057

717-702-2017; gblackmer@state.pa.us

Virginia

David Spears, State Geologist,

Virginia Department of Energy

Geology and Mineral Resources Program

900 Natural Resources Drive, Ste. 400
Charlottesville VA 22903

434-951-6350; david.spears@dmme.virginia.gov

Matthew Heller, Geologic Mapping Program Manager,
Virginia Department of Energy,

Geology and Mineral Resources Program

900 Natural Resources Drive, Ste. 500

Charlottesville VA 22903

434-951-6351; matt.heller@dmme.virginia.gov

Thomas Collins, Mineral and Geology Program Manager
George Washington and Jefferson National Forest Service
5162 Valleypointe Parkway

Roanoke, VA 24019

Anticipated Impacts

The anticipated impacts of geologic mapping in the
Piedmont and Blue Ridge are wide-ranging from improved
understanding of the tectonic history of the Appalachian
orogen, to an increased understanding of potential geohazards
from mass-wasting, to intraplate seismicity. Primary
anticipated benefits include (1) a geologic mapping transect
across the Virginia, North Carolina, and Tennessee borders
to reconcile mismatched units and structures, and resolve
lithostratigraphic correlations; (2) improved surface-water
and groundwater quality including parts of the watersheds
that supply drinking water to several large metropolitan areas
(for example, Charlotte, N.C.) and the recharge area of a
coastal aquifer for the a large part of Virginia Beach-Hampton
Roads, Va.; (3) providing geologic maps for the assessment
of natural resources and supporting Earth MRI for the
location of critical minerals: rare earth minerals (monazite,
xenotime, tantalite, columbite), lithium, tin, titanium, and
graphite in high-grade gneisses and schists; plutonic rocks
of the Piedmont and Blue Ridge; and placer deposits of the
Fall line—a source to sink approach—as well as other critical
minerals; (4) mapped surficial deposits to provide a better
understanding of potential geohazards; critical information



for project planning for Federal, State, County governments
and private enterprises; possible economic placer deposits
in Piedmont; and insight into the surface processes and

the dynamic evolution of landscapes in the Piedmont and
Blue Ridge; (5) modern geochronologic ages of various
igneous rocks throughout the Piedmont and Blue Ridge; and
(6) improved kinematic, mechanical models of midcrustal
deformation and ductile flow in the Inner Piedmont, and
timing and kinematics of the Brevard fault zone, Linville
Falls fault, Blue Ridge thrust sheet, and eastern Piedmont
fault system.
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