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Geologic Resources Inventory Map Document

Appomattox Court House
National Historical Park,

Virginia

Document to Accompany 
Digital Geologic-GIS Data

apco_geology.pdf

Version: 6/10/2021

This document has been developed to accompany the digital geologic-GIS data developed by the
Geologic Resources Inventory (GRI) program for Appomattox Court House National Historical Park,
Virginia (APCO).

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

This document contains the following information:

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

2)  GRI Digital Map and Source Citation – The GRI digital geologic-GIS map produced for this project
along with the source used in its completion. In addition, a brief explanation of how the source map
was used is provided.

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

4)  Map Unit Descriptions – Descriptions for all geologic map units.

5)  Ancillary Source Map Information – Additional source map information. This consists of a
geologic report describing mapped geologic units for the different provinces within the state of Virginia.

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

For information about using GRI digital geologic-GIS data contact:
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Stephanie O'Meara
Geologist/GIS Specialist/Data Manager
Colorado State University Research Associate, Cooperator to the National Park Service
Fort Collins, CO 80523
phone: (970) 491-6655
email: stephanie_o'meara@partner.nps.gov

mailto:stephanie_o'meara@partner.nps.gov
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About the NPS Geologic Resources Inventory Program

Background

The Geologic Resources Inventory (GRI) provides geologic map data and pertinent geologic information
to support resource management and science-informed decision making in more than 270 natural
resource parks throughout the National Park System. Geologic resources for management consideration
include both the processes that act upon the Earth and the features formed as a result of these
processes. Geologic processes include: erosion and sedimentation; seismic, volcanic, and geothermal
activity; glaciation, rockfalls, landslides, and shoreline change. Geologic features include mountains,
canyons, natural arches and bridges, minerals, rocks, fossils, cave and karst systems, beaches, dunes,
glaciers, volcanoes, and faults.

The GRI is one of 12 inventories funded by the National Park Service (NPS) Inventory and Monitoring
Program. The Geologic Resources Division of the NPS Natural Resource Stewardship and Science
Directorate administers the GRI. The NPS Geologic Resources Division partners with the Colorado State
University Department of Geosciences to produce GRI products. Many additional partners participate in
the GRI process by contributing source maps or reviewing products.

The GRI team undertakes three tasks for each park in the Inventory and Monitoring program: (1) conduct
a scoping meeting and provide a summary document, (2) provide digital geologic map data in a
geographic information system (GIS) format, and (3) provide a GRI report. These products are designed
and written for nongeoscientists.
 

Products

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

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

For detailed information regarding GIS parameters such as data attribute field definitions, attribute field
codes, value definitions, and rules that govern relationships found in the data, refer to the NPS Geology-
GIS Data Model document available at: https://www.nps.gov/articles/gri-geodatabase-model.htm

Geologic Reports: GRI reports synthesize discussions from the original scoping meeting, follow up
conference call(s), and subsequent research. Chapters of each report discuss the geologic setting of the
park, distinctive geologic features and processes within the park, highlight geologic issues facing
resource managers, and describe the geologic history leading to the present-day landscape. Each report
also includes a poster illustrating these GRI digital geologic-GIS data.

For a complete listing of GRI products visit the GRI publications webpage: https://go.nps.gov/gripubs.
GRI digital geologic-GIS data is also available online at the NPS Data Store: https://irma.nps.gov/
DataStore/Search/Quick. To find GRI data for a specific park or parks select the appropriate park(s),
enter “GRI” as a Search Text term, and then select the Search button.

https://www.nps.gov/articles/gri-geodatabase-model.htm
https://go.nps.gov/gripubs
https://irma.nps.gov/DataStore/Search/Quick
https://irma.nps.gov/DataStore/Search/Quick
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For more information about the Geologic Resources Inventory Program visit the GRI webpage: https://
www.nps.gov/subjects/geology/gri.htm. At the bottom of that webpage is a “Contact Us” link if you need
additional information. You may also directly contact the program coordinator:

Jason Kenworthy
Inventory Coordinator
National Park Service Geologic Resources Division
P.O. Box 25287
Denver, CO 80225-0287
phone: (303) 987-6923
fax: (303) 987-6792
email: Jason_Kenworthy@nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Service (NPS) Inventory
and Monitoring (I&M) Division. Learn more about I&M and the 12 baseline inventories at the I&M
webpage: https://www.nps.gov/im/inventories.htm.

https:// www.nps.gov/subjects/geology/gri.htm
https:// www.nps.gov/subjects/geology/gri.htm
mailto:Jason_Kenworthy@nps.gov
https://www.nps.gov/im/inventories.htm
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GRI Digital Map and Source Map Citation

The GRI digital geologic-GIS map for Appomattox Court House National Historical Park, Virginia
(APCO):

Digital Geologic-GIS Map of Appomattox Court House National Historical Park and Vicinity,
Virginia (GRI MapCode APCO)

Virginia Division of Mineral Resources, 2021, Digital representation of the 1993 Geologic Map of
Virginia: VaDMR Publication 174 [June 2021 digital data]; adapted from VADMR, 1993, Geologic
Map of Virginia and Expanded Explanation, 1:500,000 (Geologic Map of Virginia (June 2021 Digital
Representation)). (GRI Source Map ID 7294).

A partial extent of the source map was used, but all geologic features within this extent were
captured.

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

The following index map displays the extent of the GRI digital geologic-GIS map produced for
Appomattox Court House National Historical Park (APCO). The GRI map covers the Vera and
Appomattox 7.5' quadrangles in Virginia (gray outline). The boundary for Appomattox Court House
National Historical Park (as of March 2021) is outlined in green.

Index Map by Jim Chappell (Colorado State University).
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Map Unit List

The geologic units present in the digital geologic-GIS data produced for Appomattox Court House
National Historical Park, Virginia (APCO) are listed below. Units are listed with their assigned unit
symbol and unit name (e.g., Jd - Diabase). Units are listed from youngest to oldest. Information about
each geologic unit is also presented in the GRI Geologic Unit Information (APCOUNIT) table included
with the GRI geologic-GIS data.

Mesozoic and Paleozoic Eras
MZPZmy - Mylonite

Mesozoic Era

Jurassic Period
Jd - Diabase

Paleozoic Era

Ordovician Period
Oas - Arvonia Formation, porphyroblastic garnet-biotite schist
Olgn - Lineated biotite granite gneiss

Cambrian Period
Cfvs - Felsic metatuff, mica schist, and gneiss
Cmvs - Greenstone or amphibole gneiss
Cfv - Foliated felsite
Cmv - Amphibolite, hornblende-biotite gneiss and schist

Paleozoic and Precambrian Eras

Cambrian Period and Proterozoic Eon
CZac - Alligator Back Formation, banded marble
CZmy - Alligator Back Formation, feldspathic metagraywacke
CZfm - Fork Mountain Formation
CZpm - Metagraywacke, quartzose schist, and melange
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Map Unit Descriptions

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

MZPZmy - Mylonite (Mesozoic and Paleozoic)

Includes protomylonite, mylonite, ultramylonite, and cataclastic rocks. Lithology highly variable,
depending on the nature of the parent rock, and on intensive parameters and history of deformation. In
most mapped belts of mylonite and cataclastic rock (my), tectonized rocks anastomose around lenses
of less-deformed or undeformed rock. In the Blue Ridge, some of these lenses are large enough to show
at 1:500,000 scale. In many places mylonitic and cataclastic rocks are gradational into less deformed or
undeformed adjacent rocks, and location of contacts between tectonized rocks (my) and adjacent units
is approximate or arbitrary.

Most mapped belts of mylonite represent fault zones with multiple movement histories. In the Blue
Ridge, Paleozoic age contractional deformation fabrics are superimposed on Late Precambrian
extensional fabrics (Simpson and Kalaghan, 1989; Bailey and Simpson, 1993). Many Piedmont mylonite
zones contain dextral-transpressional kinematic indicators that formed during Late Paleozoic collisional
tectonics (Bobyarchick and Glover, 1979; Gates and others, 1986). Paleozoic and older faults were
reactivated in many places to form extensional faults during the Mesozoic (Bobyarchick and Glover). 

Description from source map: Geologic Map of Virginia (June 2021 Digital Representation)

Jd - Diabase (Lower Jurassic)

Fine- to coarsely-crystalline, subaphanitic or porphyritic with aphanitic margins; dark-gray mosaic of
plagioclase laths and clinopyroxene, with some masses characterized by olivine or bronzite, others
granophyric. Also occurs as dikes and sills in the Valley and Ridge, Piedmont, and Blue Ridge
physiographic provinces. Description from source map: Geologic Map of Virginia (June 2021 Digital
Representation)

Oas - Arvonia Formation, porphyroblastic garnet-biotite schist (Ordovician)

Porphyroblastic mica schist, characterized by 1- to 2-mm garnet porphyroblasts in an anastomosing,
greenish-black biotite-rich, schistose matrix. Most exposures show complex microstructures suggestive
of polyphase deformation and superimposed shearing. In Appomattox and Campbell counties, and
locally elsewhere, this unit includes quartzose muscovite schist along the western and eastern margins
of the outcrop belt (presumed base of the stratigraphic section); locally the unit contains thin interbeds of
calcareous mica schist and marble.
  
Mineralogy: biotite + garnet + muscovite + quartz + plagioclase + magnetite ± kyanite ± calcite. 
Geophysical signature: characterized by elongate positive magnetic and radiometric anomalies. 
 
This unit was mapped in strike-belts southwest of, and not physically connected to the type section at

Arvonia.  

Description from source map: Geologic Map of Virginia (June 2021 Digital Representation)
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Olgn - Lineated biotite granite gneiss (Ordovician?)

Dominantly leucocratic to mesocratic, medium- to coarse-grained, strongly-lineated granite gneiss;
includes porphyritic granite gneiss.  

Mineralogy: quartz + potassium feldspar + plagioclase + biotite + muscovite ± garnet. Geophysical
signature: western portion coincides with strong positive radiometric anomaly.  

This unit likely includes more than one intrusive body; portions may be derivative of felsic volcanogenic
rocks. These rocks intrude and are interlayered with metavolcanic rocks of probable Cambrian age. The
unit includes granite gneiss of Nelson (1992), and may be correlative in part with the Shelton Formation
(Ost).

Description from source map: Geologic Map of Virginia (June 2021 Digital Representation)

Cfvs - Felsic metatuff, mica schist, and gneiss (Cambrian)

Includes light-gray to grayish-pink, very-fine-grained to aphanitic, thin-bedded dacitic metatuff, locally
containing subhedral to euhedral plagioclase phenocrysts; very-light-gray pinstriped quartz-rich,
muscovite and biotite-muscovite schist; and, medium-gray fine-grained salt-and-pepper biotite-muscovite
gneiss.  

Mineralogy: quartz + plagioclase + muscovite ± biotite + epidote + magnetite.  

These lithologies are interlayered with subordinate amounts of greenstone metabasalt and amphibole
gneiss. 

Description from source map: Geologic Map of Virginia (June 2021 Digital Representation)

Cmvs - Greenstone or amphibole gneiss (Cambrian)

Includes dark- to dusky-green, schistose actinolite-chlorite metabasalt with epidote-quartz segregations;
and, layered hornblende-plagioclase gneiss. These lithologies are interlayered with subordinate amounts
of dacitic metatuff, quartz-muscovite schist, and fine-grained salt-and-pepper biotite-muscovite gneiss. 
Description from source map: Geologic Map of Virginia (June 2021 Digital Representation)

Cfv - Foliated felsite (Cambrian)

Grayish-orange-pink to white, fine- to medium-grained, foliated to granular metavolcanic rocks range in
composition from rhyolite to dacite, Includes muscovite-feldspar-quartz schist, gneiss and granofels;
massive crystal metatuff; welded ash flow tuff; and, inequigranular metavolcanic breccia. Relict primary
volcanic textures are recognizable where metamorphic grade is low (Henika, 1975; 1977). 

This unit includes felsic gneiss with less common mafic and rare calcareous gneiss mapped by Tobisch
(1972), in part the metamorphosed volcanic sequence of Gates (1981), and dominantly felsic-
composition units mapped by Nelson (1992). The unit contains numerous granitic dikes, sills, and lit-par-
lit injections where it occurs in close proximity to Shelton Formation (Ost).

Felsites occur interlayered with amphibolite, amphibole gneiss and schist (Cmv), quartzofeldspathic
biotite gneiss (Cbg), sillimanite-quartz-muscovite schist and gneiss (Csg), and ferruginous quartzite
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(Cfq). 

Description from source map: Geologic Map of Virginia (June 2021 Digital Representation)

Cmv - Amphibolite, hornblende-biotite gneiss and schist (Cambrian)

Black to moderate-olive-brown, medium- to coarse-grained, lineated and foliated; light-greenish-gray
quartz-epidote stringers are common.  

Mineralogy: hornblende + tremolite-actinolite + oligoclase + biotite + epidote + garnet. 

Includes Blackwater Creek Gneiss and Catawba Creek amphibolite member of Hyco Formation of Baird
(1989), hornblende gneiss of LeGrand (1960), gneiss unit of Kreisa (1980), and dominantly mafic-
composition units mapped by Nelson (1992). Amphibolite is interlayered with biotite gneiss.  

Description from source map: Geologic Map of Virginia (June 2021 Digital Representation)

CZac - Alligator Back Formation, banded marble (Cambrian to Late
Proterozoic)

Light- and dark-gray, laminated fine to medium-grained marble, calcareous gneiss, and schist.

Mineralogy: calcite + quartz + biotite + muscovite + plagioclase + pyrite + magnetite-ilmenite.
  
Thick to thin beds of marble are interlayered with graphitic phyllite and mica schist; the lithology grades
from impure marble to calcareous metagraywacke depending on percentage of detrital calcite present.
The unit includes the Arch Marble of Brown (1958) and the Archer Creek Formation of Espenshade
(1954). 

Description from source map: Geologic Map of Virginia (June 2021 Digital Representation)

CZmy - Alligator Back Formation, feldspathic metagraywacke (Cambrian to
Late Proterozoic)

Heterogeneous assemblage of rock-types includes medium- to light-gray, laminated quartzofeldspathic
to calcareous gneiss with thin mica schist partings; white and gray, fine- to coarse-grained, generally
laminated marble; gray to greenish-gray fine-grained graphitic mica schist and quartzite; light-gray,
medium- to fine-grained mica schist; massive quartzite and micaceous blue quartz granule
metasandstone; and, dark-greenish-black actinolite schist.  

Mineralogy: (1) quartz + potassium feldspar + plagioclase + biotite + muscovite + calcite + epidote +
titanite + magnetite-ilmenite; (2) quartz + muscovite + chlorite + graphite + titanite + ilmenite; (3)
quartz + albite + muscovite + biotite + titanite + ilmenite; (4) quartz + muscovite + garnet + kyanite; (5)
chlorite + tremolite + magnetite-ilmenite; (6) chlorite + actinolite-tremolite + talc + dolomite + magnetite-
ilmenite; (7) quartz + albite + actinolite + biotite + epidote + magnetite.  

Units here mapped as Alligator Back Formation were previously mapped as the Evington Group
(Espenshade, 1954; Brown, 1958; Redden, 1963; Gates, 1986; Patterson, 1987) and considered to be
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younger than the Lynchburg Group. Regional mapping by Henika (1991) and Scheible (1975) indicates
that rocks assigned to Alligator Back Formation by Rankin and others (1973) are continuous with the
upper part of the Lynchburg Group in the type section along the James River at Lynchburg (Jonas, 1927)
and that the Alligator Back consistently dips southeast beneath the overlying Candler Formation from
the Virginia-North Carolina border to the James River at Lynchburg. Sedimentary and structural facing
criteria indicate that rock units immediately southeast of the Candler Formation in an outcrop belt from
Stapleton on the James River, southwest to Leesville Dam on the Roanoke River, are older than the
Candler (Henika, 1992). Although previously mapped as upper Evington Group (Espenshade, 1954;
Brown, 1958; Redden, 1963; Patterson, 1987), these rocks are herein correlated with the Alligator Back
Formation (upper Lynchburg Group), having been uplifted against the Candler Formation to the northwest
along the Bowens Creek fault (Henika, 1992). Rocks in the same outcrop belt along strike to the
southwest of the Leesville Reservoir were previously correlated with the Alligator Back Formation by
Conley (1985).  

The sequence of lithologic units within the Alligator Back Formation southeast of the Bowens Creek fault
is the same as that proposed by Brown (1951; 1958), and Espenshade (1954) for the formations in the
Evington Group, that are structurally above the Candler Formation. The sequence is based on the
detailed structural and stratigraphic relationships first established by Brown (1958) in the Lynchburg 15-
minute quadrangle. 

Description from source map: Geologic Map of Virginia (June 2021 Digital Representation)

CZfm - Fork Mountain Formation (Cambrian to Late Proterozoic)

(Conley and Henika, 1973; Conley, 1985). Light- to medium-gray, fine- to medium grained, polydeformed
and polymetamorphosed porphyroblastic aluminosilicate-mica schist, interlayered with medium-gray
irregularly-layered garnetiferous biotite gneiss, migmatitic in part; calcsilicate granofels; amphibolite; rare
white marble; and, coarse calc-quartzite lenses.  

Complex schistosity, multiple crenulation cleavages, and partly-retrograded, polymetamorphic
aluminosilicate and garnet porphyroblasts are diagnostic of Fork Mountain schists. Primary sedimentary
structures rarely are preserved. A spectacular polymictic breccia bed that can be traced along strike for
several miles within the Fork Mountain near Stuart is a notable exception. Medium- to coarse-granular,
blue-quartz lenses, angular to rounded inclusions of boudinaged fine-grained, color-laminated, calc-
silicate rock, and thick beds of coarse, clast-supported, epidotized lithic breccia are typical of the Fork
Mountain biotite gneiss.  

Prograde regional metamorphic mineral assemblages: (1) quartz + muscovite + biotite + garnet +
staurolite + magnetite-ilmenite + rutile; (2) quartz + muscovite + paragonite + plagioclase + garnet +
staurolite + sillimanite + magnetite-ilmenite + rutile; (3) quartz + biotite + sillimanite + potassium
feldspar + plagioclase + garnet + magnetite-ilmenite; (4) quartz + plagioclase + biotite + muscovite +
sillimanite + garnet + tourmaline; (5) quartz + plagioclase + potassium feldspar + biotite + hornblende +
epidote + ilmenite; (6) quartz + plagioclase + potassium feldspar + muscovite + biotite + sillimanite +
magnetite-ilmenite + garnet + kyanite.  

Retrograde metamorphic mineral assemblages: (1) quartz + muscovite + chlorite; (2) quartz + muscovite
+ chloritoid + chlorite; (3) quartz + muscovite + staurolite + chloritoid; (4) quartz + muscovite + kyanite.  

Contact metamorphic mineral assemblages: (1) andalusite + sillimanite + kyanite + corundum; (2)
corundum + spinel + magnetite + kyanite.  
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Geophysical signature: The Fork Mountain has a characteristic "curly maple" pattern on magnetic
contour maps. This pattern is the result of isolated concentrations of highly magnetic minerals that
produce rounded, high-intensity, positive and negative anomalies.  

The aluminosilicate-mica schist is the upper part of the Fork Mountain Formation and forms a series of
northeastward-trending ridges along the northwest side of the Smith River allochthon. The garnetiferous
biotite gneiss is at a lower structural level of the Fork Mountain Formation near Martinsville where lower
strata have been intruded by the Martinsville igneous complex, and the remaining metasedimentary
rocks contain extensive thermal metamorphic zones localized along the intrusive contacts (Conley and
Henika, 1973). Biotite gneiss in the Fork Mountain Formation has been interpreted to be a highly
metamorphosed diamictite (Rankin, 1975; Conley, 1985; and Pavlides, 1989).  

At the northeastern limit of the Fork Mountain outcrop belt, in Appomattox and Buckingham counties,
the dominant lithologies are polydeformed yellowish-gray chloritoid-chlorite- muscovite quartzose phyllite
and quartz-rich mica schist. Tightly-folded, transposed pinstriped segregation layering at a high angle to
the penetrative schistosity defined by phyllosilicate minerals is characteristic; polycrystalline quartz-rich
boudins are abundant. These rocks are lithologically indistinguishable from those along the highly-
tectonized western margin of the metagraywacke, quartzose schist, and melange (CZpm) outcrop belt;
current interpretation is that the Fork Mountain is correlative to some degree with CZpm.  

Description from source map: Geologic Map of Virginia (June 2021 Digital Representation)

CZpm - Metagraywacke, quartzose schist, and melange (Cambrian to Late
Proterozoic)

Metagraywackes are quartzose chlorite or biotite schists containing very fine to coarse granules of blue
quartz; primary graded laminations have been transposed by shearing into elongate lozenges that give
the rock a distinctive pin-striped appearance in weathered surfaces perpendicular to schistosity. A
mylonitic fabric is superimposed in varying degrees, as are late-stage chevron-style folds. In
Buckingham, Appomattox, and Campbell Counties, rocks in this unit are progressively more tectonized
from east to west across the outcrop belt; in the western portion, the dominant lithology is a
polydeformed, mylonitic mica schist with abundant quartz-rich boudins; transposed pinstriped lamination
or segregation layering at a high angle to mylonitic schistosity is characteristic. Metagabbroic blocks
ranging in size from 5 cm to 3 m across and larger have been identified at widely scattered locations
throughout the outcrop belt.  

Mineralogy: quartz + albite + epidote + chlorite + muscovite + magnetite ± chloritoid ± calcite; biotite-
and staurolite-bearing assemblages occur in Appomattox and Campbell Counties. Detrital minerals
identified in thin section include plagioclase, perthite, epidote, magnetite, tourmaline, and titanite. Lithic
fragments include dacite tuff, gabbro, and monocrystalline quartz with zircon and biotite inclusions
(Evans, 1984).  

The northern portion of the outcrop belt includes melange zone IV of the Mine Run complex of Pavlides
(1989; 1990). In Albemarle and Fluvanna counties, CZpm includes the lower chlorite-muscovite unit of
Smith and others (1964) and Hardware metagraywacke of Evans (1984). In Appomattox and Buckingham
Counties, polydeformed quartzose mica schists in the western portion of the outcrop belt are
lithologically indistinguishable from schists mapped as Fork Mountain Formation in structural blocks that
occur to the west; these units are considered to be at least in part correlative. In Campbell County,
polydeformed metagraywacke and mica schist is intruded by the Cambrian-age Melrose Granite (Cm). 

Description from source map: Geologic Map of Virginia (June 2021 Digital Representation)
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Ancillary Source Map Information

The following section(s) present ancillary source map information associated with source(s) used for this
project. 

Geologic Map of Virginia (June 2021 Digital Representation)

The formal citation for this source. 

Virginia Division of Mineral Resources, 2021, Digital representation of the 1993 Geologic Map of Virginia:
VADMR Publication 174 [June 2021 digital data]; adapted from VADMR, 1993, Geologic Map of Virginia
and Expanded Explanation, 1:500,000 (GRI Source Map ID 7294).

Prominent graphics and text associated with this source.

Geologic Provinces in Virginia

Graphic from source map: Geologic Map of Virginia (June 2021 Digital Representation)

Report

A geologic report containing correlations and addition geologic unit descriptions and discussion.
(Double-click link to open report document)

Report from source map: Geologic Map of Virginia (June 2021 Digital Representation)




COMMONWEALTH OF VIRGINIA
DEPARTMENT OF MINES, MINERALS AND ENERGY


DIVISION OF MINERAL RESOURCES
PUBLICATION 174


DIGITAL REPRESENTATION OF THE
 1993 GEOLOGIC MAP OF VIRGINIA —


 EXPANDED EXPLANATION
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PREFACE


       This expanded explanation for the 1993 Geologic Map of Virginia is intended to bridge the gap between the explanation printed 
on the map and detailed geologic reports and maps published by the Division of Mineral Resources, the U.S. Geological Survey, and 
elsewhere.  The expanded explanation presents a physical description of each rock unit, along with pertinent references to guide the user 
in seeking more information.  Contributions to the expanded explanation are presented as submitted by individual contributors, with 
limited editorial modification to provide consistency of format.  For many units, a discussion of stratigraphic framework, tectonic setting, 
and regional correlations is included.  Interpretations  reflect current thinking on the part of the contributors, and may change with future 
research.  For a few units, rock descriptions are cursory or lacking; these too are obvious targets for future research.
       Selection of unique color/pattern combinations for a map with over three hundred units was a daunting task.  Unit colors in the 
Appalachian Plateaus, Valley and Ridge, Mesozoic basins, and Coastal Plain convey age, in conformance with maps previously published 
by the Division of Mineral Resources.  Colors for units in the Piedmont and Blue Ridge have been assigned according to rock-type and, 
to a limited extent, age.  Rock-types and corresponding color groupings for Piedmont and Blue Ridge map units are outlined below.
                            
                            ROCK UNITS                                                              COLOR
       
                            mafic volcanic rocks                                                     light greens
                            felsic volcanic rocks                                                     light blues
                            mixed mafic and felsic volcanic rocks                          blue-greens
                            granitic plutonic rocks                                                  reds to pinks; older units have     
                            deeper colors
                            mafic plutonic rocks                                                      dark greens
                            clastic metasedimentary rocks; pelitic schists              light browns, yellows, oranges
                            carbonate rocks                                                             dark blue
                            paragneisses                                                                  dark browns
                            orthogneisses                                                                 purples to violets; older units     
                            have deeper colors


       The Division of Mineral Resources extends appreciation to the following individuals for their reviews of this manuscript: from the 
U.S. Geological Survey — W.C. Burton, A.A. Drake, Jr., J.W. Horton, Jr., P.T. Lyttle, L. Pavlides,  J.S. Schindler, and C.S. Southworth; 
from Eastern Kentucky University — S.S. Farrar; and from the Division of Mineral Resources — J.F. Conley, S.S. Johnson, and J.D. 
Marr, Jr., and Gerald P. Wilkes.


       Some of the text and most of the figures in this expanded explanation for the Geologic Map of Virginia have been updated from the 
original “hard copy” printing of 1993.  An index to the names used on the geologic map has also been added as “Index II” in the back 
of the expanded explanation.  The Division also recognizes the efforts of Karen K. Hostettler and Michael L. Upchurch for their work 
in making this digital representation of the Geologic Map of Virginia possible.
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MAPPED UNITS OF THE APPALACHIAN 
PLATEAUS AND VALLEY AND RIDGE


T. M. Gathright, II, 
E. K. Rader, 
A. R. Taylor,


W. W. Whitlock
G. P. Wilkes


p, b   Igneous rocks.  p - Peridotite (Warren County, Rader 
and Biggs, 1976), chlorite, phlogopite, hydrobiotite pseudo-
morphs after olivine and pyroxene, pyrite, perovskite partly 
altered to leucoxene, apatite, dolomite, ilmenite, magnetite, 
epidote, and garnet.  Kimberlite (Rockbridge County, Sears 
and Gilbert, 1973; Spencer, 1968), altered matrix montmo-
rillonite, vermiculite, and chlorite; separated crystals Cr-rich 
spinel, clinopyroxene, garnet, ilmenite, rutile, anatase, zircon, 
and amphibole. b - Basalt (Mole Hill, Rockingham County, 
Brent, 1960), labradorite, augite, olivine, magnetite, serpen-
tine, chlorite, dolomite, epidote(?).  Radiometric age: 47± 1 
Ma (Eocene, Wampler and Dooley, 1975).
       Dikes in Highland and adjacent counties are of three 
types: Mafic rocks, felsic rocks, and breccia. Mafic rocks are 
dark gray to black and range from aphanitic to porphyritic in 
texture.  Phenocrysts include plagioclase, clinopyroxene and, 
occasionally, olivine and biotite. Amygdules may be present, 
and xenoliths of country rock are common. Felsic rocks are 
mineralogically variable and texturally complex.They are light- 
to medium-gray when fresh and are generally porphyritic with 
phenocrysts of plagioclase, biotite, hornblende, orthopyroxene, 
and orthoclase. Breccia (or “diatreme”) contain abundant xe-
noliths of older igneous rock, sedimentary county rock, and 
xenocrysts of various minerals.  Radiometric dates for some 
of the intrusive rocks are Eocene in age (Fuller and Bottino, 
1969).  Field relationships of other bodies suggest Mesozoic 
emplacement.
       Alkalic intrusive rocks, including nepheline-syenite, 
teschenite-syenite, and teschenite-picrite occur in Augusta 
County (Rader, 1967).
       Diabase dikes occur in several counties and are shown 
in red on the map.


Ph   Harlan Sandstone   (Campbell, 1893)  (Figure 1) Sand-
stone, siltstone, shale, and coal. Sandstone, feldspathic, mod-
erately quartzose, argillaceous, medium-gray, fine- to coarse-
grained, thin- to thick-bedded, cross-bedded; quartzose sand-
stone is pebbly, moderately resistant, cliff-forming, and in 
lenticular bodies at base of formation where it fills channels 
(Miller, 1969; Miller and Roen, 1973).  Sandstone comprises 
as much as 48 percent of formation.  Siltstone and shale, me-
dium- to dark-gray and brown, locally reddish-brown; contains 
22 discontinuous coal beds.  Miller (1969) changed the name 
from Harlan Sandstone (Campbell, 1893) to Harlan Formation 
because of the heterogeneous lithology and defined the base as 
the top of the High Splint coal bed.  It is as much as 650 feet 
thick in northern Lee and western Wise counties, adjacent to 
Kentucky; upper part removed by erosion in Virginia (Miller 
and Roen, 1973;  Nolde, Henderson, and Miller, 1988; Nolde, 
Whitlock, and Lovett, 1988a)


Pw,  Pwg  Wise Formation and Gladeville Sandstone.
       Wise Formation (Campbell, 1893) .  Sandstone, silt-
stone, shale, limestone, coal, and underclay. Sandstone, 
lithic, feldspathic, micaceous, argillaceous, carbonaceous 
locally, light- to medium-gray to moderate- and pale-yel-
low-brown, fine- to coarse-grained, locally pebbly, thin- to  
thick-bedded, cross-bedded to even-bedded, locally massive, 
well-cemented; contains fragments of shale, siltstone, and 
carbonized plant fossils locally.  Siltstone and shale, light-
olive-gray, medium- to dark-gray and grayish-black, contains 
siderite ironstone in very-thin beds and nodules, carbonized 
plant fossils;  invertebrate fossils in dark-gray to black shale 
and micrograined limestone in the upper part of formation 
(Miller, 1969; Miller and Roen, 1973; Nolde, Henderson, and 
Miller,1988; Nolde, Whitlock, and Lovett, 1988a).  Limestone, 
medium- to dark-gray, micrograined, in very-thin lenses and 
beds in shale and siltstone in two to three zones in lower part 
of formation (Taylor, 1989; Whitlock, Lovett, and Diffenbach, 
1988).  Coal interbedded with shale, siltstone, and sandstone.  
Underclay, light-gray, root casts, beneath coal; as much as 5 
feet thick under the Williamson coal bed in Buchanan County 
(Henika, 1989b).  A dark-gray to brownish-gray, flint clay 
in the Phillips (Fire Clay; No.7) coal bed in northern Lee 
County (Miller and Roen, 1973) and western Wise County 
is a volcanic ash deposit (Seiders, 1965) that covers parts of 
Kentucky, Tennessee, Virginia and West Virginia; it has been 
dated at an age of 311 - 312 million years (Lyons and others, 
1992; Rice and others, 1990). Base of formation at bottom of 
Dorchester coal bed. Thickness 2150 to 2268 feet.


       Gladeville Sandstone (Campbell, 1893).  Quartzarenite 
and sublitharenite, silica cemented, locally feldspathic and mi-
caceous, conglomeratic, white to medium-gray to pale-yellow-
ish-orange, weathers yellowish-gray, fine- to medium-grained, 
thin- to very-thick-bedded, thin- to thick- planar and trough 
cross-beds, slabby to blocky, contains fragments of dark-gray 
shale, coal, and fossil plants and quartz-pebble conglomerate 
near base.  Underlies Wise Formation in northeastern Lee, 
southern Wise, and western Dickenson counties and pinches 
out in northern Wise and eastern Dickenson counties.  A 
sandstone in the underlying Norton Formation below the 
Norton coal bed, as much as 100 feet below the stratigraphic 
position of the Gladeville, was misidentified as Gladeville in 
Lee County, and parts of Wise, Dickenson, and in Buchanan 
counties prior to the 1980s (Henika, 1989a; Miller and Roen, 
1973; Nolde, Whitlock, and Lovett, 1988b; Whitlock,1987). 
Because of this, coal beds in the upper Norton and lower 
Wise Formations were miscorrelated where the Gladeville 
was absent.  Thickness 0 to 65 feet.


Pz   Norton, New River, Lee, and Pocahontas undivided.  Refer 
to individual units for descriptions.


Pn  Norton Formation (Campbell, 1893). Siltstone, shale, 
sandstone, conglomerate, limestone, and coal.  Siltstone 
and shale, light- to medium-gray, with siderite and claystone 
concretions, fossiliferous; interbedded with and grades into 
sandstone.  Sandstone, feldspathic, micaceous, argillaceous, 
light- to medium-gray, very-fine- to coarse-grained, thin- to 
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Figure 1.  Correlation of Pennsylvanian and Mississippian units.







very-thick-bedded, cross-bedded, locally massive, well-ce-
 ment ed. Conglomerate in thin zones in McClure Sandstone 
Member (lateral equiv a lent to part of Bee Rock Sandstone 
Member of the Lee For ma tion).  Lime stone, medium-gray, 
micrograined, locally in lenses in two zones above the McClure 
Sandstone Member (Taylor, 1989; Whitlock, 1989).  Coal in 
several beds and zones.  A volcanic ash parting is in the Upper 
Banner coal bed locally (Diffenbach, 1988, 1989; Evans and 
Troensegaard, 1991; Henika, 1989a).    The base of the Norton 
is defi ned as the top of the uppermost quartzarenite of the Lee 
Formation.   On the western side of the coalfi eld the base of 
the Norton is at the top of the Bee Rock Sandstone Member of 
the un der ly ing Lee Formation. How ev er, the Bee Rock grades 
eastward into feldspathic, conglomeratic sandstone of the Mc-
Clure Sand stone Mem ber of the Norton.  Several un der ly ing 
Lee quartzarenites suc ces sive ly tongue out or grade into fi ner 
grained clastic rocks to the southeast stratigraphically lower-
ing the base of the Norton. This accounts for the great range 
in thickness of 500 to 2480 feet for the Norton For ma tion. 


PMl/ Pl    Lee Formation (Campbell, 1893). Quartzarenite, 
con glom er ate, sandstone, shale, siltstone, and coal. Quartza-
renite, white, very-light- to light-gray, fi ne- to coarse-grained, 
locally conglomeratic, quartz-pebble con glom er ate lens es, 
cross-bed ded, channel-fi ll deposits.  Sand stone, felds path ic, 
mi ca ceous, light-gray, fi ne- to medium-grained.  Shale and 
silt stone, medium-dark-gray to dark-gray, interbedded; coal
in several beds and zones.
       The quartzarenites terminate eastward by intertonguing 
and grading into fi ner grained and less quartzose rocks (En-
glund and DeLaney, 1966).  Miller and Roen (1973) believe the 
lower three quartzarenites are Mississippian and intertongue 
with the Pennington Group. These die out northeastward from 
southwestern Lee County (Mill er, 1969). 
       The quartzarenites in the upper part of the Lee tongue out 
or grade into fi ner clastic rocks of the Norton and Pocahontas 
Formations successively from highest to lowest south east ward 
(Englund, 1979; Miller, 1974).  These quartzarenites consist 
of fi ve tongues in northern Buchanan County (Lovett and 
others, 1992); but to the east only the lowest tongue exists 
(Whitlock, 1989; Nolde, 1989), and that grades east ward into 
sandstone in the New River Formation in eastern Buchanan, 
northeastern Russell, and western Tazewell coun ties.
       Formerly rocks east of the quartzarenites were con sid ered 
Lee (Harnsberger, 1919; Virginia Division of Mineral Re-
 sourc es, 1963), but now are designated New River For ma tion 
(Englund, 1981) and correlative to the lower part of the Norton 
Formation. 
       The Lee Formation thickens and truncates pro gres sive ly 
older rocks northwestward (Miller, 1974).  The intertonguing 
and un con form able re la tion ship accounts for the great range in 
thickness for the Lee Formation.  It ranges in thickness from 
0 in southern Buchanan County (Meissner and Miller, 1981), 
to 1680 feet in Lee County (Miller and Roen, 1973). 


Pk     Kanawha Formation (Campbell and Mendenhall, 1896).  
Sandstone, siltstone, shale, coal, and underclay.  Sand stone, 
feldspathic, mi ca ceous, with dark mineral grains, light- to 
medium-gray, fi ne- to coarse-grained, upper beds locally con-
glomeratic, len tic u lar, thick-bedded to mas sive, cross-bedded.  


Silt stone and shale, me di um- to dark-gray, even-bed ded, 
interbedded with sand stone, coal, and me di um-gray under-
clay. Base of for ma tion con form able, placed at the bot tom of 
Kennedy coal bed overlying McClure Sand stone Member of 
New River For ma tion (Englund, 1981; Meissner and Miller, 
1981; Windolph, 1987). Equivalent to the Wise For ma tion and 
upper part of the Norton For ma tion. Thick ness: 550 + feet (J. 
E. Nolde, personal communications, 1993); top part erod ed. 


Pnr    New River Formation (Fontaine, 1874; re de fi ned by 
Read and Mamay, 1964).  Sandstone, siltstone, shale, coal, 
underclay, and limestone. Sandstone, felds path ic, mi ca ceous, 
dis sem i nat ed dark mineral grains, light- to medium-light-gray, 
very-fi ne- to coarse-grained, locally con glom er at ic with quartz 
pebbles as much as 3 inches in diameter, thin- to thick-bedded, 
locally massive, ripple-bed ded, cross-bed ded; con tains car bo-
n aceous frag ments. Silt stone, medium-light- to medium-gray, 
even-bedded, ripple-bedded, de formed  lo cal ly.  Shale, me-
dium-gray to black, evenly to indistinctly bedded, with few very 
fi ssile carbonaceous beds, plant fos sils, iron stone lam i na tions 
and concretions.  Coal, fi nely cleated, im pure coal partings 
in several beds, locally grades into black car bon aceous shale.  
Underclay, medium-gray, clayey to silty, con tains root casts.  
Lime stone, medium-gray, argil la ceous, in thin discontinuous 
beds and ellipsoidal concretions locally occurs near base and 
middle part of formation. Marine in ver te brate fossils locally 
in basal bed.  Base is conformable with Pocahontas Forma-
tion and placed  at bottom of Pocahontas No. 8 coal bed in 
most outcrop areas (Englund and Thomas, 1990).  Northwest 
of outcrop belt, base is unconformable with the un der ly ing 
Pocahontas For ma tion.  The New River is thickest in western 
Tazewell and eastern Buchanan counties (Englund, 1981); it 
ranges from 1380 to 1925 feet in thickness. 


Pp Pocahontas Formation  (Campbell, 1896; also mapped 
with Pz and Pl ).  Sand stone, silt stone, shale, underclay, and 
coal. Sand stone, felds path ic, mi ca ceous, dark and light lithic 
frag ments, pale-orange, light-brown ish-gray, and  medium- 
to dark-gray, very-fi ne- to medium-grained, fi ne- to coarse-
grained in north ern outcrop area, thin- to thick-bed ded and 
massive, sparsely cross-bedded, ripple-marked, with local shale 
interbeds and dark lam i na tions; contains well-round ed quartz 
pebbles as much as 1 inch in diameter, locally in channel-fi ll 
deposits and basal beds; thin-bedded sand stone contains shale 
interbeds, shale frag ments, iron stone  nod ules, coal debris, 
and sparse plant fossils.  Few quart zose sand stones com mon ly 
interbedded with thin, dark-gray shales and silt stones in sub-
surface in Buchanan, Dickenson, and Wise coun ties (Miller, 
1974). Sandstone com pris es 70 per cent of for ma tion (Englund, 
1979).  Silt stone and shale, medium- to dark-gray, lam i nat ed, 
even- to irregulary bedded, fi ssile to fl aggy, fos sil if er ous with 
fresh and brackish water animal and plant fossils (Englund, 
1979). Coal, fi nely cleat ed.  Underclay, medium-gray, clayey 
to silty, contains root casts.  Basal part gra da tion al to intertongu-
ing with un der ly ing Bluestone For ma tion of the Pennington 
Group; base placed at top of red, green, or gray calcareous, 
marine shales of the un der ly ing Blue stone For ma tion (Miller, 
1974).  The Pocahontas wedg es out in the subsurface in the 
northwestern parts of Lee, Wise, Dickenson, and Buchanan 
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Counties (Englund, 1979; Miller, 1974) and is thickest in 
western and northern Tazewell Coun ty. It ranges from 0 to 
970 feet in thickness.


Mz      Mississippian  formations undivided: Pennington Group, Mississippian  formations undivided: Pennington Group, Mississippian  formations undivided
Bluefi eld Formation, Greenbrier Limestone, Maccrady Shale, 
and Price Formation; includes Newman Lime stone, Fort Payne 
Chert, and Grainger For ma tion in western Lee County.   Refer 
to individual units for de scrip tions.


Mp    Pennington Group (Campbell, 1893). Blue stone For-
 ma tion, Princeton Sandstone, and Hinton Formation.   Raised 
to Group rank by Harris and Miller (1958). The group consists 
of shale, sandstone, mudstone, con glom er ate, silt stone, mi nor 
limestone, and coal locally.  The shale, siltstone, and mud stone
are gray to black and shades of red, and mottled red and gray. 
The sandstone is locally quartzose and con glom er at ic, and 
ranges from shades of gray to brown, and only locally mottled  
within red shales; many sandstones pinch out south west ward 
in the Tazewell County area, but two persist farther west and 
south west.  The limestone is gray to brown, generally near 
the middle of the group, and is the most widespread marine 
unit.  The Bluestone and Hinton For ma tions thin to the west-
southwest in south west ern Vir gin ia; the widespread sand stone 
and lime stone members nearly con verge south west ward to 
with in 80 feet of each other from about 600 feet of separa-
tion in northern Tazewell County.  The Princeton Sandstone 
wedg es out in Tazewell County. 
       The top of the Pennington Group is intertonguing to un-
 con form able with the overlying Lee For ma tion in the west-
 ern part of the Southwest Virginia coalfi eld; basal con tact is 
conformable. The Group thins westward; vari a tion in thick-
 ness partly due to intertonguing and the unconformity.  The 
Pennington Group ranges from 235 feet in thickness without 
the Pinacle Over look Member of the Lee (as in ter pret ed from  
Vanover and others, 1989) in the south west to 2355 feet (Trent 
and Spencer, 1990) in Tazewell County and 1335 feet in in 
a partial section in Washington County (Bartlett and Webb, 
1971), where it is mapped as the Pennington For ma tion.


       Bluestone Formation (Campbell, 1896). Sand stone, silt-
 stone, shale, mudstone, minor limestone, coal, and underclay. 
Sand stone, argillaceous, mi ca ceous, locally quartzose, very- 
light to dark-gray, light-olive- to green ish-gray, yellowish-
orange to dark-yellowish-brown, moderate-red, very-fi ne- to 
me di um-grained, thin- to very-thick-bedded, cross-bedded, 
lo cal ly ripple-bedded, interbedded with shale and siltstone; 
forms ledges and cliffs. Sand stone in middle of formation in 
Scott and Russell counties is conglomeratic with quartzite 
peb bles and other rock clasts (Evans and Troensegarrd, 1991; 
Nolde and Diffenbach, 1988). Upper part intertongued with 
Lee in northern Lee County (Miller and Roen, 1973). Silt stone, 
shale, and mudstone, partly calcareous, greenish-gray, dark-
gray to grayish-black, pale- to moderate-red and mot tled red 
and greenish-gray; siderite nodules in variegated shales and 
silt stones; fossils in dark-gray shale (Englund, 1968).  Lime-
 stone, argillaceous, medium-gray, thin, len tic u lar, fos sil if er ous, 
in middle of formation, and in thin dis con tin u ous beds at the 
base of the formation in the sub sur face in western Tazewell and 


eastern Buchanan Counties (Englund, 1981).  Thin coal bed 
in upper part of formation in northern Lee County (Miller and 
Roen, 1973); coal and impure coal in thin dis con tin u ous beds 
in middle of formation in northern Tazewell County; underlain 
by underclay, locally as much as three feet thick, with root casts 
(Englund, 1968).  Top un con form able with the overlying Lee 
For ma tion in north west ern Wise and Dickenson counties and 
extreme north west ern Buchanan County but is intertonguing 
to the south east (Mill er, 1974) and southwest in northern Lee 
County (Miller and Roen, 1973).  Base conformable with the 
un der ly ing Princeton Sandstone in northern Tazewell Coun ty, 
but is dis con form able to the south west because the Princeton 
wedges out southwestward in Tazewell County and the Blue-
stone lies on the Hinton For ma tion (Englund and Tho mas, 
1990). Blue stone thins north west ward and ranges in thick ness 
from 40 feet in southwestern Lee County (Englund, Landis, 
and Smith, 1963)  to as much as 850 feet to the northeast in 
Tazewell County  (Englund and Th o mas, 1990). 


       Princeton Sandstone (Campbell and Mendenhall, 1896).  
Sandstone, light-gray to light-greenish-gray, weath ered lo cal ly 
to pale-reddish-brown, fi ne- to coarse-grained, thin- to very-
thick-bedded, lo cal ly cross-bedded, calcite cemented, becomes 
friable upon weathering, con tains conglomerate lens es as much 
as two feet thick with well-rounded to angular pebbles of 
quartz, shale, silt stone, limestone, chert, and ironstone; fos sils 
in lime stone clasts (Englund, 1968, 1979; Trent and Spencer, 
1990).  Wedges out south west ward in west-central Tazewell 
County (Englund, 1979).  The Princeton as mapped in Lee 
County and south west ern Scott County (Harris and Miller, 
1958; Mill er and Roen, 1973) is a different sandstone. The 
Princeton ranges from 0 to 60 feet in thick ness.


       Hinton Formation (Campbell and Mendenhall, 1896).  
Shale, siltstone, mudstone, sandstone, lime stone, minor coal, 
underclay.  Shale, silt stone, and mudstone, partly cal car e ous, 
grayish-red, medium-gray, and greenish-gray, fos sil if er ous. 
Sandstone, quartzose, feldspathic, very-light- to me di um-light-
gray, greenish-gray, yellowish-brown, pale- to mod er ate-red, 
locally mottled, very-fi ne- to me di um-grained, thin- to very-
thick-bedded, con tains quartz-pebble con glom er ate, tree trunk 
im pres sions, and coal frag ments; cobbles in lowest mem ber 
lo cal ly; interbedded with dark-gray to gray ish-black shale.   
A widespread conglomeratic sandstone in the upper part of 
the formation has been misidentifi ed as the stratigraphically 
higher Princeton Sandstone (Englund, 1979).  Limestone, 
argillaceous, light-grayish-brown, medium-gray, thin-bed-
ded, nod u lar, very fossiliferous, contains ma rine fos sils of 
Chesterian age and is most wide spread marine unit (Little 
Stone Gap Member) in the Hinton (Englund, 1979).  Base 
con form able.  The formation ranges from 164 feet in thickness 
in south west ern Lee County to 1320 feet in northern Tazewell 
County (Englund, 1968, 1979). 


Mbf       Mbf       Mbf Bluefi eld Formation (Campbell, 1896).  Shale, silt stone, 
and limestone, with minor sandstone, coal, and underclay.  
Shale and silt stone, cal car e ous in part, medium- to medium-
dark-gray, light-greenish- to green ish-gray, gray ish-red; inter-
bedded with limestone,thin  sandstone and a few thin beds of 
black carbonaceous shale.  Limestone, argil la ceous, lower 
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part dolomitic, light-olive-gray to me di um-gray, light-bluish-
gray and brownish-gray, micrograined to medium-grained, 
thin-bedded, very fos sil if er ous; black chert nodules in lower 
part; interbedded with fos sil if er ous light-greenish-gray shale.  
Sandstone, quartzose to felds path ic, light-gray to greenish-
gray, very-fi ne- to me di um-grained, thin- to thick-bedded, 
ripple-bed ded, contains root casts in up per part, pyrite nod-
 ules, and shale and silt stone interbeds.  Coal, locally impure 
in upper half of formation (Englund, 1968; Windolph, 1987).  
Underclay, medium-gray, clayey to silty, contains root casts.  
The Bluefi eld prob a bly is equiv a lent to up per part of the New-
man Lime stone  (Englund, 1979) and is a tran si tion zone be-
tween carbonates of the un der ly ing Green bri er Limestone and 
clastics of the over ly ing Pennington Group. It is con form able 
and gra da tion al with un der ly ing for ma tion.  For ma tion thins 
westward; it ranges in thickness from 150 feet near Kentucky-
Virginia boundary (Miller, 1974, p. 25) to 1250 feet in Tazewell 
County (Cooper, 1944, p. 169). 


Mccf      Cove Creek Limestone and Fido Sandstone.  
       Cove Creek Limestone (Butts, 1927).   Lime stone, argil-
 la ceous, light-gray to greenish-gray, thin- to thick-bed ded, 
sparsely fossiliferous, with thin, brownish laminae; thin beds 
and zones of medium- to coarse-grained, cal car e ous sand stone 
locally present.  The Cove Creek Limestone ranges from 1010 
to 1220 feet in thickness (Averitt, 1941; Bartlett and Webb, 
1971).


       Fido Sandstone (Butts, 1927).  Sandstone, cal car e ous, 
reddish-brown to dark-brown, fi ne- to coarse-grained, thick-
bedded, cross-bedded, and rip ple-marked, fos sil if er ous, with 
one or more beds of argillaceous limestone.  The Fido Sand-
 stone ranges from 35 to 75 feet in thick ness (Averitt, 1941; 
Bartlett and Biggs, 1980).


Mg     Greenbrier Limestone (Rogers, in Macfarlane, 1879).  
Limestone, dolomite, and minor shale. Limestone, very-light-
olive- to olive-gray and brownish-gray, and me di um- to dark-
gray, micrograined to coarse-grained, thin- to thick- bed ded, 
thinner bedded in upper part, even- to cross-bedded; few shaly 
beds in upper part; oolitic in upper part and in cross-laminated 
beds near base; black chert near middle of for ma tion, gray to 
pale-red near base; very fos sil if er ous.  Pale-brown do lo mite 
near upper chert zone, minor dolomite locally in lower part.  
Few interbeds of greenish-gray and grayish-red, calcareous, 
silty shale.  Limestone is petroliferous locally in upper part 
(Henika, 1988).  Base locally un con form able with un der ly ing 
Maccrady Shale.  For ma tion thick ens to east, ranging from 
200 feet in western Wise County to 3500 feet in Washington 
and Scott counties..
       The Greenbrier is equiv a lent to (descending): Gasper 
Lime stone, Ste. Genevieve Lime stone, St. Louis Lime stone 
(Hillsdale Limestone), and Little Valley Lime stone (War saw 
equivalent), and to lower part of the Newman Limestone 
(Butts, 1940;  LeVan and Rader, 1983). 


       Newman Limestone  (Campbell, 1893).  Limestone and 
shale.  Limestone, light-olive-gray in lower half, medium-gray 
to olive-gray in upper half, aphanic to fi ne-grained, partly 


oolitic, partly argillaceous, with basal beds of dark-gray chert 
nodules and local dolomite.  Shale, me di um-gray to medium-
dark-gray, partly calcareous, interbedded with limestone in 
upper half of unit.  The Newman Limestone ranges from 550 
to 600 feet in thickness and is equivalent to the Bluefi eld 
Formation and Greenbrier Limestone.
       
       Fort Payne Chert.  (Smith, in Squire, 1890).  Greenish-
gray chert in thin beds (2 - 6 inches thick); with shale partings.  
The Fort Payne Chert ranges from 0 to 20 feet in thickness 
and pinches out to the northeast.


       Grainger Formation (Campbell, 1893).  Shale, pale-olive- 
or greenish-gray to dark-greenish-gray, locally gray ish-red in 
lower half and at top; with some interbedded pale-olive-gray 
siltstone and very-fi ne-grained sandstone, lo cal ly abun dant 
siderite nodules near base.  The Grainger Formation ranges 
from 250 to 325 feet in thickness and is the lateral equivalent 
of the Maccrady Shale and Price For ma tion.


Mmpr Maccrady Shale and Price Formation.  Refer to 
individual units for descriptions.


Mm Maccrady Shale (Stose, 1913). Shale, siltstone, minor 
limestone, and sandstone. Shale and silt stone, light-gray ish-
red, few light-greenish-gray beds, silty, very-thin- to me di um-
bedded, indistinctly bedded, interbedded. Collapse breccia 
in mid dle of for ma tion, with anhydrite (?) locally in western 
Tazewell County (Windolph, 1987). Lime stone, dolomitic, 
light-yel low ish-brown and bluish-gray in Wash ing ton and 
Tazewell coun ties. Sandstone, light- to medium-gray, fi ne- 
to coarse-grained, locally cross-bedded.  Maccrady sparsely 
fos sil if er ous in clud ing a fi sh-bone bed (Bartlett, 1974, p. 101).  
Con tains salt, anhydrite, and eco nom ic deposits of gypsum 
where the formation is thickest and folded and faulted in 
Smyth County (Sharpe, 1984; Stose, 1913).  Basal beds lo-
cally interfi nger with and  are gra da tion al with un der ly ing Price 
Formation and lie on pro gres sive ly older units of the Price west 
of a line from north east ern Tazewell County through central 
Wash ing ton County (Bartlett, 1974, p. 99).  Maccrady thins 
northwestward, but locally thins south west ward (Warne, 1990).  
It wedges out at the southwest corner of Virginia (Englund, 
1979); in northern and western Wash ing ton and northwestern  
Smyth counties the Maccrady is less than 50 feet thick (Averitt, 
1941; Warne, 1990), but it is as much as 2000 feet thick to 
the northeast in  Smyth  County  (Sharpe, 1984),  and  at least 
1000 feet thick in a  partial  section  in Montgomery County 
(Bartholomew and Lowry, 1979). 


Mpr  Price Formation (Campbell, 1894).  Sand stone, 
quartzarenite, conglomerate, siltstone, shale, lime stone, and 
coal. Sandstone, feldspathic, slightly mi ca ceous, light-gray 
to medium-gray, weathers olive-gray to greenish-gray, few 
gray ish-red beds, very-fi ne- to medium-grained, thin- to 
thick-bedded, cross-laminated in upper part of for ma tion, 
locally conglomeratic with quartz pebbles and gran ules. The 
lowest part of the Price con tains quartz pebble conglomerate 
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and quartzarenite, with ma rine fossils in basal beds.  For-
 ma tion becomes fi ner grained to the southwest.   Sandstone 
is dominant in the upper half of formation. Siltstone and 
silty shale, partly cal car e ous, locally pyritic and glauconitic, 
green ish-gray, me di um-dark-gray to light-olive-gray, lo cal ly 
black and carbonaceous, laminated to medium-bedded, hard, 
hackly, fi ssile to platy, fossiliferous; interbedded with sand-
stone.  Limestone, rare, argil la ceous, aren a ceous, very- thin 
beds, as much as six inches thick, in interbedded silt stones 
and shales (Bartlett, 1974, p. 83-84). Coal in upper part of 
formation (Bartholomew and Brown, 1992; Bartlett, 1974; 
Cooper, 1944).  
       The Price is a westward thinning clastic wedge (Bartlett, 
1974, p. 170) that is equivalent to part of the Grainger For-
 ma tion in the southwesternmost part of Virginia. It over lies the 
Chemung For ma tion from southwestern Washington County 
to the north east and the Brallier Formation or the Chat ta noo ga 
Shale to the southwest. Base is conformable, placed at the base 
of a con glom er ate northeast of Lee County (Bartlett, 1974). 
Thick ness is variable; it is 250 feet thick in Lee County, 185 
feet thick (Henika, 1988) in Scott County and as much as 
1800 feet thick (Campbell and others, 1925) in Mont gom ery 
Coun ty.


Mpo    Pocono Formation (Lesley, 1876).  Quartz it ic 
sand stone, light-gray or tan, medium- to coarse-grained, 
locally con glom er at ic, thick-bedded, re sis tant, interbedded 
with thin, gray,  organic shale and a few very-thin coal beds.  
Con form able with underlying Hampshire Formation; forma-
tion present north east of Alleghany and Roanoke Coun ties.  
Thickness may exceed 750 feet.  It is laterally equivalent to 
the Price For ma tion to the southwest.


MDcw      Chattanooga  Shale and Wildcat Valley Sand-
 stone.
       Chattanooga Shale (Hayes, 1891).   Shale, silt stone, 
and sandstone.  Shale, carbonaceous, gray ish-black to black, 
fi s sile to platy, thin- to thick-laminated, locally fos sil if er ous 
and py rit ic, locally contains phosphatic nodules in the upper 
part, lo cal ly has strong petroliferous odor (Henika, 1988); with 
beds and zones of medium-gray to greenish-gray, lo cal ly silty 
shale.   Siltstone,  light-gray  to  grayish-black, laminated to 
thick-bedded, locally wavy- and ripple-bedded.  Sandstone, 
light-gray, very-fi ne-grained.  Grayish-black to black, car bon a-
ceous shale comprises 100 percent of the for ma tion in west ern 
Lee County and is pre dom i nant in the formation throughout 
south west Virginia.  The Chattanooga Shale uncomformably 
overlies the Silurian Hancock For ma tion throughout most of 
Lee County and the lower Devonian Wildcat Valley Sandstone 
to the northeast.  The Chattanooga Shale rang es in thickness 
from 200 feet in western Lee County (Englund, 1964) to 1870 
feet  in north west ern Russell County (Meissner and Miller, 
1981).  Roen and others (1964) and Kepferle and others (1981) 
discussed divisions of the Chat ta noo ga Shale and correlation 
with other units.


       Wildcat Valley Sandstone (Miller, Harris, and Roen, 
1964).  Sandstone, limestone, and shale.  Sandstone, locally 
cal car e ous, locally quartzose, light-gray, grayish-orange, and 


dark-yellowish-brown, very-fi ne- to coarse-grained, thin- to 
mas sive-bedded, fossiliferous, friable, lo cal ly glau co nit ic; 
with chert nodules and beds.  Locally dark-reddish-brown 
iron stone replaces sandstone.  Lime stone, gray, pinkish-gray, 
and light-brownish-gray, coarse-grained, thick- to massive-
bed ded, sandy, locally present.  Shale, yellowish-green to gray, 
lo cal ly present.  Where the Wildcat Valley Sand stone is present 
it uncomformably overlies the Silurian Hancock For ma tion.  
The Wildcat Valley Sandstone is absent through out most of 
Lee County (Englund, 1964; Harris, 1965; Miller and Roen, 
1973) but reaches a maximum of  60 feet in thickness to the 
northeast (Lower Devonian sandstone of Harris and Miller, 
1963).


Dhs      Hampshire Formation (Darton, 1892)  (Figure 2)   
Sandstone and interbedded mudstone, grayish-red or 
green ish-or brown ish-gray; fi ne-grained, locally con glom -
er at ic sand stone, pla nar cross-bedded to massive sand stone 
beds with coaly plant ma te ri al; intertongues with underlying 
Chemung Formation.  It thickens northeastward from 200 
feet in Botetourt County to 2000 feet in Frederick County and 
is time equiv a lent to part of the upper Chat ta noo ga Shale in 
south west ern Virginia. It is not present southwest of Botetourt 
and Alleghany counties.


Dch     Chemung Formation (Hall, 1839).  Redefi ned as the 
 Foreknobs Formation (Dennison, 1970).  Sand stone and 
shale, dark-gray and greenish-gray, fi ne-grained, thin- to 
thick-bedded, lithic sandstone and interbedded greenish-
gray, fi s sile, clay shale.  Minor quartz-pebble con glom er ate, 
thin red sandstone, and locally, fossil shell beds.  Very thin or 
absent in south west ern Virginia; thick ens to about 2500 feet 
north east ward in Frederick County.  Gradational contact with 
un der ly ing Brallier Formation and equiv a lent to part of the 
Chat ta noo ga Shale to the southwest. Redefi ned and de scribed 
as part of the Greenland Gap Group by Dennison (1970).


Db    Brallier Formation (Butts, 1918).   Shale, sand stone, 
and siltstone.  Shale, partly silty, micaceous, greenish-gray, 
gray ish-brown and medium- to dark-gray, black, weath ers 
light-olive-gray with light-yellow, brown and purple tints; 
black shale in thin beds and laminae, sparsely fos sil if er ous.  
Sand stone, micaceous, medium-light-gray, very-fi ne- to 
fi ne-grained, thin- to thick-bedded, and light-brown silt stone 
interbedded  with shale.  Locally  silt stone  is in  very-thin, 
nodular, ferruginous lenses (Bartlett, 1974).  Lower con tact 
tran si tion al; base at lowest siltstone bed above rel a tive ly non-
silty dark-gray shale.  Equivalent to part of the Chat ta noo ga 
Shale.   Formation thins south west ward; it ranges from 940  
feet in thickness in south west ern  Washington County  (Bartlett 
and Webb, 1971) to more than 2200 feet in Augusta County 
(Rader, 1967).


Dma  Mahantango Formation (Willard, 1935).  Shale, silt stone, 
and sandstone.  Shale, gray, pale-green, and black, weathers 
silvery gray, silty with minor interbedded silt stones; lower 
contact gradational with underlying Marcellus Shale.  Silt-
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Figure 2.  Correlation of Devonian and Silurian units.
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stone, greenish-gray with interbedded shale.  Sand stone, 
greenish-gray to grayish-brown, fi ne-grained, fossiliferous.  
Spheroidal weathering common in all lithol o gies.  Thickness 
ranges from 0 in southwestern Shenandoah County (Butts, 
1940) to approximately 1100 feet in Frederick County (Butts 
and Edmundson, 1966).
       Southwest of Shenandoah County the Mahantango For-
 ma tion is indistinguishable from the underlying Marcellus 
Shale.  They are combined and mapped as a single unit, the 
Millboro Shale, from southern Shenandoah County to South-
 west Virginia (Rader, 1982).


Dmrn  Marcellus Shale and Needmore Formation.
       Marcellus Shale (Hall, 1839;  Butts and Edmundson, 
1966).  Shale, dark-gray to black, more or less fi ssile, pyritic.  
Thickness estimated to be 500 feet in Frederick County and 
350 to 400 feet in the Massanutten synclinorium (Rader and 
Biggs, 1976).


       Needmore Formation (Willard, 1939).  Shale, dark or 
green ish gray,  with thin beds or nodules of black, argil la -
ceous limestone and the Tioga metabentonite beds (Dennison 
and Textoris, 1970), gen er al ly present with the Millboro or 
Marcellus Shale and is dis con form able with the underlying 
Ridgeley Sand stone.  Thick ness ranges from 0 to 160 feet and  
is replaced to the southwest by the Huntersville Chert.


Dmn  Millboro Shale and Needmore Formation.   
       Millboro Shale (Cooper, 1939; Butts, 1940).  Shale, 
black, fi s sile, pyritic, with septarian concretions lo cal ly, gra-
 da tion al with un der ly ing Needmore Shale; present south west 
of Shenandoah Coun ty except in southwesternmost Vir gin ia; 
thickness is as much as 1000 feet in north-central west ern 
Vir gin ia.  Lat er al ly equiv a lent to the Marcellus Shale and 
Mahantango Formation to the north east and the lower part 
of the Chat ta noo ga Shale to the south west.  It is gra da tion al 
with the un der ly ing Needmore Formation.


       Needmore Formation.   Refer to description under 
Dmrn.  


Dx  Millboro Shale, Huntersville Chert, and Rocky Gap 
Sand stone.
       Millboro Shale.  Refer to previous description under 
Dmn.


       Huntersville Chert (Price, 1929).  Chert, white, thin-bed-
ded, iron-stained, blocky, fos sil if er ous with cherty, glau co nit ic 
sandstone and greenish-gray shale.  The Huntersville Chert 
ranges from 10 to 60 feet in thickness (Bartlett and Webb, 
1971).  Butts (1940, p. 303) states, “The Onondaga [Hunt-
ersville Chert] persists to Mendota, Wash ing ton Coun ty, but 
10 miles farther southwest.... it is absent in a fully exposed 
section”.  The Huntersville correlates with the Needmore 
Formation to the northeast and the upper part of the Wildcat 
Valley Sandstone in Lee County.


       Rocky Gap Sandstone (Swartz, 1929).  Sandstone, 


me di um- to light-gray, weathers dark-yellowish-orange, 
coarse-grained, scattered, thin, quartz-pebble conglomerate 
beds, arenaceous chert in upper ten feet, calcite cement, fri-
able when weathered.  Thickness ranges from 0 near McCall 
Gap, Wash ing ton County to about 85 feet in Bland and Giles 
counties.
       Equivalent in part to the Wildcat Valley Sandstone of 
Lee County and the Ridgeley (Oriskany) Sandstone and 
Helderberg Group north of Craig County.  The lower contact 
is dis con form able.  The upper contact with the Huntersville 
Chert appears to be conformable.


Lower Devonian* and Upper Si lu ri an Age For ma tions
(includes rock units below the Needmore Formation and above 
the Keefer or Massanutten Sandstones).


* Stratigraphic studies of the sequence of Lower Devonian 
limestone rock units in di cate a more complex in ter re la tion ship 
of rock types than suggested by this text.


DSz  LowerDevonian and Silurian formations undivided
       Landslides with intact stratigraphic units.


DSOz  Lower Devonian, Silurian, and Upper Ordovician 
formations undivided.
       Landslides with intact stratigraphic units.


DSu Ridgeley Sandstone and Helderberg and Cayuga 
Groups.
       Ridgeley Sand stone (Swartz, 1913).  Sand stone, gray, 
fi ne-to coarse-grained, locally con glom er at ic, weathers yel-
 low ish- to dark-yellowish-brown, friable, cal car e ous, and 
fos sil if er ous.  Thick ness ranges up to 150 feet but is highly 
vari able locally; occurs in western Virginia north of Craig 
Coun ty.  Same as the Oriskany Sandstone of Butts (1933), and 
is continuous with the Rocky Gap Sand stone to the southwest.  
It grades downward into the Licking Creek Limestone and has 
been ex ten sive ly mined for iron ore (Lesure, 1957).


       Helderberg Group.
                 Lick ing Creek Limestone (Swartz, 1929).  Up per 
member is light-gray, coarse-grained, aren a ceous lime stone; 
lower mem ber is medium-to dark-gray, fi ne-grained, chert 
bearing limestone. Thickness ranges from 0 to150 feet and is 
present northeastward from Craig County; same as the Becraft 
(upper member) and New Scotland (lower member) of Butts 
(1940).  It conformably over lies the Heal ing Springs Sand stone 
where the sandstone is present.  It was extensively mined for 
iron with the Ridgeley Sandstone.


                 Healing Springs Sandstone (Swartz, 1929).  Sand-
 stone, light-gray, medium- to coarse-grained, cross-lam i nat ed, 
and cal car e ous with lo cal lenses of chert.  Present in Alleghany, 
Bath, and Augusta Coun ties where it is generally less than 20 
feet thick and conformably over lies the New Creek Lime stone.  
It ap pears to be a northeast ex tend ing tongue of Rocky Gap 
Sand stone.
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                 New Creek Limestone (Bowen, 1967; Coeymans 
Lime stone of earlier reports).  Limestone, light- to-medium-
gray with pink calcite crystals, very-coarse-grained, crinoidal, 
with lenses of quartz sandstone locally in the lower part.  Occurs 
as local reefoidal buildups northeast of Alleghany County.


                 Keyser Formation (Swartz, 1913).  Limestone, sand-
 stone, and shale.  Limestone (upper), medium- to dark-gray, 
fi ne- to medium-grained, nodular, scattered, small chert nod-
 ules, biohermal, fossiliferous.  Limestone (lower), me di um- to 
dark-gray, fi ne- to coarse-grained, medium- to thick-bedded, 
very nodular, shaly, with thin (1- to 3-inch thick) crinoidal 
layers.  Sandstone, medium-light-gray, me di um-grained, 
cal car e ous, cross-bedded.  Shale, medium-gray, calcareous.  
Upper and lower boundaries are con form able north of Clifton 
Forge.  Thickness ranges from 250 feet in Highland County 
to 50 feet in Augusta County.
       In Highland and Bath counties the upper and lower lime-
stones are separated by a calcareous shale unit (Big Moun-
tain Shale Member).  To the south and southeast the shale is 
replaced by sandstone (Clifton Forge Sandstone Mem ber).  
From Craig County southwestward, the Keyser becomes all 
sandstone and is equivalent to the lower portion of the Rocky 
Gap Sandstone.  Southwest of Newcastle the lower contact is 
disconformable. 
       For mapping purposes the Keyser is considered to be part 
of the Helderberg Group.


       Cayuga Group.
                 Tonoloway Limestone (Ulrich, 1911).  Lime stone, 
very-dark-gray, fi ne-grained, thin-bedded to laminated, with 
some aren a ceous beds; cel es tite locally occurs in vugs and as 
veins.  Thick ness ranges from a few feet in southwestern Vir-
ginia to more than 500 feet in Highland County.  It is conform-
able with the un der ly ing Wills Creek Formation and equivalent 
to the Hancock Formation of Southwest Vir gin ia.


                 Wills Creek Formation (Uhler, 1905).  Lime stone, 
me di um-to dark-gray, fi ne-grained, aren a ceous, thin-bed ded, 
with cal car e ous shale and mudstone, and thin, quart zose sand-
 stone beds.  Occurs only in  west ern Virginia where the thickness 
ranges from 0 to more than 400 feet.  It con form ably over lies 
the Bloomsburg Formation and is lat er al ly equiv a lent to the 
upper part of the Keefer Sand stone to the east and southwest 
of Craig County where the typical Wills Creek lithology is 
absent.


                 Bloomsburg Formation (White, 1893).  Sand stone, 
reddish-gray, fi ne-grained, thick-bedded with red mud stone 
interbeds.  Thick ness rang es from 35 to 400 feet between 
Frederick County and the northern Massanutten Mountains 
re spec tive ly.  It grades into the Wills Creek Formation to the 
south west, and is probably equiv a lent, in part, to the Keefer 
Sandstone southwest of Craig and Botetourt counties.


                 McKenzie Formation (Stose and Swartz, 1912).  
Shale, medium-gray, yel low ish weathering and interbedded 
sand stone, medium-gray, medium-grained, friable, thin-bed
 ded and cal car e ous.  Thick ens northeastward from a few feet 
in Bath County to about 200 feet in Frederick County.  It is 


probably equivalent in part to the Keefer Sandstone to the 
south west and southeast and ap pears to be conformable with 
the Keefer Sandstone in northwestern Virginia.


Skrt Keefer Sandstone, and Rose Hill and Tuscarora For-
 ma tions.
       Keefer Sandstone  (Ulrich, 1911).  Sand stone, light-gray, 
fi ne-grained, cross-laminated, medium-bedded, very re sis tant. 
Thins northward and southwestward from a max i mum of over 
300 feet in Craig and western Botetourt coun ties.  To the north 
it appears to interfi nger with the Wills Creek and McKenzie 
For ma tions.  The Keefer  is equivalent to the upper portion of 
the Massanutten Sandstone.  (The Keefer Sand stone, as used 
in this report, includes all of the quartzarenites with minor 
Skolithus-bearing red sand stone and minor calcite ce ment ed 
quartzarenite in the in ter val above the Rose Hill For ma tion and 
below the Tonoloway Limestone in Botetourt, Rockbridge, and 
Augusta counties between Eagle Rock and Augusta Springs 
(Lampiris, 1976).


       Rose Hill Formation (Swartz, 1923).  Sand stone, dark 
grayish-red, fi ne- to coarse-grained, poorly-sorted, argil-
 la ceous; hematite ce ment ed, quartz sandstone interbedded 
with red or yellowish-green clay shale and greenish-gray, 
fi ne-grained sand stone.  It is largely siltstone and shale with 
minor sandstone and thin limonitic iron ore beds in South-
west Vir gin ia.  Conformable with the un der ly ing Tuscarora 
For ma tion, the Rose Hill Formation rang es up to 500 feet in 
thick ness in northern and western Virginia but pinches-out 
in south west ern Botetourt and Roano ke counties where the 
Keefer and Tuscarora For ma tions merge.  It is present with 
other Silurian rocks ev ery where ex cept in the Massanutten 
Moun tains or where an unconformity exists in ex po sures east 
of Walker Moun tain.


       Tuscarora Formation (Darton and Taff, 1896).  Quartz ite, 
quartzarenite, and minor shale.  Quartzite, light-gray with few 
nearly white, porcelaneous beds, fi ne- to medium-grained, 
with quartz-pebble conglomerate locally near base, quartz 
cemented, thick-bedded, and cross-bedded, resistant, cliff- and 
ledge-former, generally not more than 75 feet thick, comprises 
entire unit in many areas or is upper member where uncon-
formably overlying a lower quartzarenite and shale member.  
Quartzarenite, light-yellowish-brown or me di um-gray, 
fi ne-grained, thin-bedded, ranges in thickness from 0 to 175 
feet.  Shale, light- to medium-brownish-gray, arenaceous, thin 
interbeds in quartzarenite.  Conformably overlies the Juniata 
Formation in central western Virginia.  Where lower mem-
ber is absent the upper member unconformably overlies the 
Juniata, Oswego, Martinsburg, or Reedsville Formations or 
may be conformable with the Juniata Formation in northern 
Virginia.  In southwestern Virginia grayish-red, fi ne-grained, 
ferruginous sandstone with lenses of coarse-grained, quartz 
sandstone and quartz-pebble conglomerate are in clud ed in the 
upper part of the formation.  The Tuscarora is equivalent to 
the Clinch For ma tion and to the lower part of the Massanutten 
Sandstone.


Sm Massanutten Sandstone (Geiger and Keith, 1891).  
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Quartz ite and sandstone, very-light-gray, fi ne-grained, 
well-sorted, locally con glom er at ic, thick-bedded and cross-
bed ded, very resistant with minor shale partings in upper part.  
Thick ness ranges from 600 to nearly 1200 feet.  Present only 
in the Massanutten Mountains, the sandstone unconformably 
overlies the Martinsburg Formation and is a lat er al equiv a lent 
to the Tuscarora, and Rose Hill Formations, and  Keefer Sand-
stone (Perry, 1977). 


Shrc  Hancock, Rose Hill, and Clinch Formations.
       Hancock For ma tion (Keith, 1896).   Do lo mite, lime-
 stone, and sand stone.  Do lo mite, locally cal car e ous, lo cal ly 
si li ceous, light-ol ive-gray and light-to dark-gray, aphanic to 
fi ne-grained, fi nely-laminated to mas sive-bed ded, locally 
stro ma tolitic and vug gy.  Lime stone, me di um- to dark-gray 
and bluish-gray, aphanic to fi ne-grained, lam i nat ed to thick-
bed ded, ribbon-banded, mottled, locally emits petroliferous 
odor when broken.  Sand stone, locally cal car e ous, generally 
quart zose, me di um-grained to pebbly and conglomeratic locally 
at base of formation; and fi ne- to medium-grained sand stone 
locally interbedded with lime stone.  The formation grades 
from dolomite with mi nor limestone and a basal sandstone 
in south west ern Lee County (Cayuga Dolomite of Miller and 
Fuller, 1954) to limestone with an underlying or interbedded 
dolomite with sand stone part ings, and a basal sand stone to the 
northeast and east (Harris and Miller, 1958; Miller and Roen, 
1971).  The Hancock Formation ranges from 75 to 225 feet 
in thickness and correlates with the Tonoloway Limestone.


       Rose Hill Formation .  Refer to description under Skrt.


       Clinch Formation (Safford, 1856).  Quartzarenite and 
shale.  Quartzarenite, very-light gray, olive-gray, and brown-
 ish-gray with local grayish-red beds, very-fi ne-grained to 
very-coarse-grained with local conglomeratic zones, thin- to 
thick-bedded with thin, green ish-gray and dark-gray shale 
beds and partings in upper part.  Shale, light-olive-gray to 
gray ish-green; with thin, very fi ne- to fi ne-grained sandstone 
interbeds in the lower one-third to one-quarter of the unit.  
Ero sion al unconformity at base of unit identifi ed in northern 
Lee County (Mill er and Roen, 1973).  The Clinch Formation 
rang es from 220 to 330 feet in thickness.
         The Division of Mineral Resources uses the name Clinch 
Formation for ex po sures in Lee, Wise, and Scott counties 
where the lower Silurian rocks include the lower Hagan Shale 
Member and the upper Poor Valley Ridge Sand stone Member.  
The name Tuscarora For ma tion is used for the lower Silurian 
quartz it ic sandstone unit in all areas northward in the Valley 
and Ridge of Virginia, including the Clinch Mountain area 
where the name Clinch Formation was fi rst used, because 
of similarity between the Tuscarora and the rocks on Clinch 
Mountain.  In the past many geologists used the name Clinch 
Sand stone in the southern part of the Valley and Ridge of 
Virginia and the name Tuscarora For ma tion in the northern 
part of the Valley and Ridge of Virginia (Butts, 1940) for es-
sentially the same group of quartzitic sandstones.  Dennison 
and Boucot (1974) and Mill er (1976) described the facies 
change of the lower Silurian Clinch Sandstone of Southwest 
Vir gin ia from quartz it ic sandstones in the Clinch Moun tain 
belt in Scott and Wise Counties to sandstones and shales in the 
Lee, south west ern Wise, and western Scott counties area.  


Sz  Silurian formations undivided
       Landslides with intact stratigraphic units.


SOz Silurian and Upper Ordovician formations undivided.


Ou Sequatchie Formation, Reedsville Shale, Trenton Lime-
 stone, and Eggleston Formation (Figure 3) .
       Sequatchie Formation (Ulrich, 1913). Siltstone, lime stone, 
and shale.  Siltstone, calcareous, me di um-gray to gray ish-red, 
maroon, and green, even and wavy thin-beds.  Lime stone, 
argil la ceous, gray, greenish-gray, and grayish-red to dusky-red, 
nod u lar, in 1-inch to 3-feet thick planar beds. Shale, gray-
ish-red.  Per cent age of each lithotype varies through out the 
lateral and vertical extent of the for ma tion.  The Sequatchie 
Formation ranges from 250 to 440 feet in thick ness.  Laterally 
equivalent to the Juniata Formation.


       Reedsville Shale (Ulrich, 1911).  Shale, silt stone, and 
minor limestone. Shale, locally silty, cal car e ous, yel low ish-
gray, grayish-olive, greenish-gray, and medium-gray.  Silt-
 stone, calcareous, greenish-gray to olive-gray, in 1- to 2-inch 
thick planar beds.  Limestone, medium- to dark-gray, fi ne- to 
coarse-grained, fossiliferous, in 6-inch thick beds; and silty 
to argillaceous, medium-light-gray to medium-dark-gray 
and olive-gray, micrograined to medium-grained limestone, 
gen er al ly in 1- to 2-inch thick planar beds.  A few very-fi ne- 
grained sandstone beds are present within the unit.  The shales 
are pre dom i nant throughout most of southwestern Virginia 
(Mill er and Brosgé, 1954; Miller and Fuller, 1954).  Silt stones 
and limestones are subordinate to and interbedded with the 
shales.  The Reedsville Shale ranges from 275 feet in Lee 
County to approximately 1000 feet in Frederick County.  It 
is equivalent to the upper Martinsburg of previous reports 
in western Virginia and is conformable with the underlying 
Trenton Limestone  and Dolly Ridge Formation.


       Trenton Limestone (Vanuxem, 1838).  Lime stone, me-
 di um-light-gray to dark-gray and brown ish-gray, micrograined 
to medium-grained, fos sil if er ous, thin- to me di um-bedded, 
wavy- to platy-bedded with grayish-yellow and dark-gray shale 
partings, minor olive-black chert nod ules; and one ben to nite 
bed noted in western Scott County (Harris and Miller, 1958).  
(See Eggleston Formation de scrip tion for ad di tion al discus-
sion of the bentonite beds).  Locally some of the dark-colored 
beds emit a petroliferous odor when broken.  The Trenton 
Limestone ranges from 300 to 600 feet in thickness.


       Eggleston Formation (Matthews, 1934).  Mud stone, 
silt stone, limestone, and bentonite.  Mud stone and silt-
stone, light-gray, greenish-gray and yellowish-gray, lo cal ly 
con tains gray and white mottled calcite patches and stringers.  
Lime stone, light-olive-gray to olive-gray and light-brown, 
aphanic to me di um-grained, thin-bedded; with argillaceous, 
yel low ish-gray, micrograined to medium-grained limestone.  
Two thick (1-3 feet), greenish-gray, bentonite beds in upper 
part of unit.  Olive-black chert nodules are locally present.  
Mudstone is dominant in lower and locally in upper part; 
light-olive-gray to olive-gray limestone is dominant in mid dle 
part of unit.  The Eggleston Formation ranges from 125 to 180 
feet in thickness.
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       Haynes (1992) reported on three K-bentonite beds in the 
Trenton and Eggleston Limestones and the Moccasin For ma tion 
in the Valley and Ridge Province of southwest Virginia.  The 
uppermost K-bentonite bed has not been correlated re gion al ly 
and is known locally as the V-7.  The lower two K-bentonite 
beds have been identifi ed from re gion al cor re la tions as the 
Deicke K-bentonite overlain by the Millbrig K-ben to nite.  


Ous   Juniata Formation, Reedsville Shale, Trenton Lime stone, 
and Eggleston Formation.


       Juniata For ma tion (Darton and Taff, 1896). Silt stone, 
shale, sand stone, and limestone.  Silt stone, shale, and sand-
 stone, locally cal car e ous, gray ish-red, locally fos sil if er ous; 


with some interbeds of greenish-gray shale, quartzarenite, and 
argil la ceous lime stone.  Cycles consisting of a basal, cross-
bedded quartzarenite with a channeled lower contact; a middle 
unit of interbedded mudstone and burrowed sand stone; and an 
upper bioturbated mudstone are commonly present north of 
New River (Diecchio, 1985).  The Juniata For ma tion rang es 
from less than 200 to more than 800 feet in thickness.
       In southwestern Virginia the red, unfossiliferous, and 
argillaceous Juniata Formation  is present in the south east ern 
belts.  It  is  equivalent  to the  gray, fossiliferous, and limy 
Sequatchie Formation of western belts (Thompson, 1970; 
Dennison and Boucot, 1974).  Even though the beds along 
Clinch Mountain, in Scott County, contain minor amounts of 
carbonate rock (Harris and Mill er, 1958) the majority is gray-
ish-red siltstone, which is typical of the Juniata For ma tion.


Figure 3.  Correlation of Upper and Middle Ordovician units.







       Reedsville Shale. Refer to description under Ou.


       Trenton Limestone. Refer to description under Ou.


       Eggleston Formation. Refer to description under Ou.


Oun Juniata, Oswego, Martinsburg (Reedsville and Dolly 
Ridge), and Eggleston Formations.


      Juniata Formation.  Refer to description under Ous.


       Oswego Formation (Prosser, 1890).  Sandstone, green ish-
gray, fi ne- to coarse-grained, conglomeratic with chert, quartz, 
and lithic pebbles.  Minor interbeds of olive-gray shale with 
thin sand stone layers.  Con form able with un der ly ing Reeds-
ville Shale.  Present northeast of Bath and Au gus ta counties 
but thins in all directions from a maximum thick ness of 500 
feet in western Rockingham County (Diecchio, 1985).


       Reedsville Shale .  Refer to description under Ou.


       Dolly Ridge Formation (Perry, 1972).  Lime stone, 
me di um-gray, fi ne-grained, thin-bedded, argil la ceous, with 
interbedded olive-gray, calcareous claystone, silty argil la ceous 
lime stone, gray shale and thin K-bentonite beds.  Thick ness 
about 400 feet in Bath and Highland counties; laterally equiva-
lent to the Trenton Lime stone and part of the lower Martins-
burg Formation of previous reports in western Vir gin ia.  It is 
gra da tion al with the underlying Eggleston For ma tion.


       Eggleston Formation.  Refer to description under Ou.


       Martinsburg Formation.  Refer to  Om (Martinsburg and 
Oranda For ma tions) for description.  The Martinsburg is only 
present with this map unit (Oun) in northern Rockingham 
County where it oc cu pies the Reedsville Shale - Dolly Ridge 
For ma tion interval.


Om     Martinsburg and Oranda Formations.
       Martinsburg For ma tion (Gei ger and Keith, 1891).  Three 
lithologic packages are rec og nized in the Martinsburg (in as-
cending order): black shale and limestone; sandstone and shale; 
and sandstone (Rader and Biggs, 1976).  The lower unit consists 
of 200 to 250 feet of black calcareous shale, black aphanic, 
argil la ceous lime stone; and thin, light-brown K-bentonites.  
The bulk of the formation, more than 2800 feet, is composed of 
olive-green to gray, fi ne- to medium-grained, lithic sand stone 
and greenish-gray shale and siltstone.  These lithologies occur 
in base-truncated Bouma cycles.  Graded bedding, fl ute casts, 
and load casts are common.  The upper unit, about 170 feet 
thick, is brownish-gray, medium- to coarse-grained, quartz 
sandstone.  The lower two-thirds of this sandstone contains 
near-shore, ma rine fossils.


       Oranda Formation (Cooper and Cooper, 1946).  Lime-
 stone and siltstone.  Limestone, medium- to dark-gray, fi ne-
grained, very argillaceous.  Siltstone, black to dark-gray; both 
lithologies silicifi ed where in contact with a K-ben to nite.  Five 
K-bentonites identifi ed in the type section (Rader and Read, 
1989).


Okpl     Knobs formation, Fincastle Conglomerate Member 
of the Martinsburg Formation, Paperville Shale, and Lenoir 
and Mosheim Lime stones.
       Knobs formation (Cooper, 1961).   Shale, silt stone, 
sand stone, and conglomerate.  Shale and siltstone, brown. 
Sand stone, lithic, greenish-brown, fi ne- to coarse-grained. 
Con glom er ate, polymictic (rounded to subrounded clasts of 
limestone, do lo mite, sandstone, quartzite, vein quartz, shale, 
chert, and feldspar in calcareous matrix). Some interbeds of 
calcareous siltstone and sandstone.  The Knobs formation 
ranges from 800 to 3400+ feet in thick ness (the upper part 
of the unit is eroded) (Bartlett and Biggs, 1980).  The Knobs 
formation corresponds to the upper member of the Athens Shale 
of Butts (1933) as described by Bartlett and Biggs (1980).


       Fincastle Conglomerate Member of the Martinsburg For-
mation.  Conglomerate, sandstone, shale, and siltstone (Rader 
and Gathright, 1986).  Conglomerate (type 1), poorly sorted, 
clast-supported, pebble to boulder clasts of limestone, do lo mite, 
quartzite, sandstone, chert, vein quartz, granite gneiss, quartz-
pebble conglomerate, greenstone, and shale, subangular to 
subrounded.  Conglomerate (type 2), poorly-sorted, ma trix 
supported clasts of quartzite, vein quartz, lime stone, and chert, 
subrounded to well-rounded.  Matrix frame work grains in both 
types are sand-size quartz, lime stone, and dolomite with minor 
chlorite and sericite.  The cement is calcite.  The conglomerate 
fi nes upward from a scoured base to sandstone.  Sandstone, 
lithic, medium- to very-coarse-grained, brown ish-gray, cross 
stratifi cation rare.  Shale and siltstone, gray, convolute bed-
ding common.
       This member is restricted to the Fincastle area of Botetourt 
County.


       Paperville Shale (Cooper, 1956).  Shale, olive-gray to 
dark-gray, fi ssile, thin-bedded; with minor gray, argillaceous 
siltstone, fossiliferous in lower part.  The Paperville Shale 
ranges from 200 to 2300 feet in thickness (Bartlett and Biggs, 
1980).  The Paperville Shale corresponds to the lower mem ber 
of the Athens Shale of Butts (1933) as described by Bartlett 
and Biggs (1980).


       Lenoir Limestone (Safford and Killibrew, 1876).  Lime-
 stone, argillaceous, gray to dark-gray, fi ne-grained, me di um-
bed ded, silty laminations, fos sil if er ous.  Lower contact is 
unconformable.  The Lenoir Lime stone ranges from 0 to 70 
feet in thickness (Bartlett and Biggs, 1980).


       Mosheim Limestone (Ulrich, 1911). Limestone, aphanic, 
medium-bedded with calcite crystal clusters, sparse ly fos sil -
if er ous; limestone-do lo mite-chert clasts in aphanic lime stone 
matrix com mon at base of unit; rare thin interbedded do lo mite.  
Unconformable with underlying unit.  The Mosheim Lime stone 
ranges from 0 to 150 feet in thickness (Bartlett and Biggs, 
1980).  
       The Lenoir and Mosheim Limestones have a com bined 
thickness up to 270 feet in southwestern Washington County 
(Bartlett and Webb, 1971).
       In the Fincastle Valley the nomenclature Lincolnshire 
and New Market Limestones replaces Lenoir and Mosheim 
Lime stones of older reports.
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Ols Moccasin Formation, Bays Formation, Unit C, Unit B, 
and Unit A.
       Moccasin Formation (Campbell, 1894).  Mudstone, shale, 
limestone, and sandstone.  Mudstone and shale, dusky-red to 
dark-reddish-brown, calcareous, ripple-marks, and mud cracks 
common.  Limestone, light-olive-gray, weath ers very-light-
gray, aphanic with "birds-eyes", locally fos sil if er ous.  The 
 limestone generally is the middle member of the Moccasin 
southwest of Giles County.  In eastern Giles County and north-
eastward a thin medium-grained, gray sandstone occurs near the 
base of the Moccasin.  The thick ness ranges from 0 in northern 
Alleghany County to about 600 feet in Scott County.


       Bays Formation (Keith, 1895).  Siltstone, sandstone, 
mudstone, and limestone.  Siltstone, grayish-red, olive- to 
light-olive-gray, locally calcareous, sandy in part.  Sand stone, 
light-gray to yellowish-gray, fi ne- to very-coarse-grained, 
locally conglomeratic, calcareous.  Mudstone, gray ish-red, 
olive- to light-olive-gray, mudcracks common.  Lime stone, 
grayish-red to light-olive-gray, aphanic.  Five distinct K-ben-
tonites reported by Hergenroder (1966).  Contacts are conform-
able except perhaps in Botetourt, Roanoke, and Mont gom ery 
counties.  Thickness ranges from 105 feet north of Wytheville 
to 890 feet near Daleville in Botetourt County.


       From Scott and Washington counties to Highland Coun ty 
and northwest of the Pulaski and North Mountain faults a 
multitude of stratigraphic names have been applied to the rocks 
between the Bays or Moccasin (above) and the Beekmantown 
or Knox (below).  The lack of detailed geo log ic mapping, 
except in Scott and Giles counties, the restricted area of the 
two major stratigraphic studies (Cooper and Prouty, 1943; 
Kay, 1956), and the general disagreement as to mappability 
and correlation of units makes it impossible to apply specifi c 
stratigraphic nomenclature at this time.  There fore, the rocks 
are described as three packages of lithologies (from youngest 
to oldest): Unit C, Unit B, and Unit A.


       Unit C.  Limestone, medium- to dark-gray, aphanic 
to fi ne-grained with thin, medium- to coarse-grained beds, 
argilla ceous, nodular to planar-bedded, locally very fos sil -
if er ous.  The following names have been applied to Unit C: 
Witten, Bowen, Wardell, Gratton, Benbolt, Chatham Hill, 
Wassum, Rich Valley, Athens, Ottesee, Liberty Hall, Fetzer, 
and Giesler.


       Unit B.  Limestone, light- to dark-gray, aphanic to coarse-
grained, black and gray chert nodules, carbonate mound build-
ups.  This unit is characterized by grainstone with interbedded 
micrite and chert.  The overlying Unit C is very argillaceous 
and lacks chert.  The following names have been applied to 
Unit B: Wardell, Gratton, Benbolt, Lincolnshire, Big Valley, 
McGlone, McGraw, Five Oaks, Peery, Ward Cove, Rockdell, 
Rye Cove, Effna, Whitesburg, Holston, Pearisburg, and Tum-
bez.


       Unit A.  Dolostone, light- to medium-gray, fi ne-grained, 
locally conglomeratic, cherty.  Limestone, medium- to dark-
gray, fi ne-grained, locally cherty.  Shale, light-gray to dusky-
red.  A basal chert-dolomite conglomerate with clasts as much 


as  cobble size is locally present on the unconformity surface.  
The following names have been applied to Unit A: Blackford, 
Elway, Tumbez, Lurich (lower part), and "basal clastics".


Oml Hardy Creek, Ben Hur, Woodway, Hurricane Bridge, 
Martin Creek, Rob Camp, Poteet, and Dot Limestones (Lee 
County).
       Hardy Creek Lime stone (Mill er and Full er, 1947). Lime-
stone, light-olive-gray to olive-gray, light- to me di um-gray, and 
brown, micrograined, 1- to 2-inch-thick beds, even-bed ded; 
with interbedded yellowish-gray, argil la ceous, lime stone; and 
light-olive-gray, aphanic lime stone.  Olive-black chert nod ules 
locally abun dant.  The Hardy Creek Lime stone ranges from 
75 to 150 feet in thickness.


       Ben Hur Limestone (Miller and Brosgé, 1950).  Lime stone, 
argillaceous, yellowish-gray, light-olive-gray, light-brown, and 
light-gray, micrograined, thin-bedded; some beds composed 
of fos sil detritus in middle of unit; and some beds of coarse-
grained limestone.  The Ben Hur Limestone ranges from 95 
to 165 feet in thickness.


       Woodway Limestone (Miller and Brosgé, 1950).  Lime-
 stone, light-olive-gray to olive-gray and light-brown ish-gray 
to brownish-gray, micrograined, thin-bedded, even-bedded; 
interbedded with  olive-gray to olive-black, me di um-grained, 
wavy-bedded limestone; and sparse zones of argillaceous 
limestone. Thin limestone beds composed of fossils locally 
abundant at base of unit.  Locally abundant olive-black chert 
nodules.  The Woodway Limestone ranges from 240 to 400 
feet in thickness.


       Hurricane Bridge Limestone (Miller and Brosgé, 1950).  
Limestone, light-gray and light-olive-gray to olive-gray, 
thin-bedded, micrograined, yel low ish-gray; with in ter vals of 
interbedded grayish-red, argillaceous, micrograined lime stone; 
and light-olive-gray, thick-bedded, micrograined lime stone.  
Dark-gray chert zones locally present.  The Hur ri cane Bridge 
Limestone ranges from 200 to 370 feet in thickness.


       Martin Creek Limestone (Miller and Brosgé, 1950). 
Lime stone, light-olive-gray to dark-olive-gray, lo cal ly with 
abun dant fossil fragments, me di um-grained; and light-olive-
gray to dark-olive-gray, micrograined limestone; with lo cal ly 
abun dant olive-black chert nodules.  A fi ne- to coarse-grained 
limestone that is a maximum 35 feet thick is locally present.  
Locally the dark colored, me di um-grained lime stone emits a 
petroliferous odor when broken.  The Martin Creek Limestone 
ranges from 40 to 180 feet in thickness.


       Rob Camp Limestone (Miller and Brosgé, 1950).  Lime-
 stone, light-olive-gray, thin- to massive-bedded, micrograined, 
with patches of white calcite (“birds-eyes”) and very sparse 
chert nodules.  The Rob Camp Limestone ranges from dis-
 con tin u ous (where cut out by post-dep o si tion al erosion) to a 
max i mum 150 feet in thickness (Miller and Brosgé, 1954).


       Poteet Limestone (Miller and Brosgé, 1950).  Lime stone,  
grades from light-olive-gray and me di um-gray, micrograined 
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limestone; interbedded with argillaceous, yel low ish-gray, mi-
crograined lime stone in the southwest; to dark-gray, me di um-
grained limestone; overlain by interbedded light-olive-gray, 
micrograined limestone, and argil la ceous limestone in the 
northeast.  Locally abundant olive-black chert nodules. Gen-
erally thin- to me di um-bedded.  The Poteet Limestone ranges 
from 45 to 110 feet in thickness.


       Dot Limestone (Miller and Brosgé, 1950).  Lime stone, do-
lomite, and shale.  Limestone, light-olive-gray, micrograined, 
thin- to medium-bedded, lo cal ly dolomitic.  Dolostone, argil-
laceous, con glom er at ic (pebbles and cobbles derived from 
un der ly ing dolomite and chert), grayish-red, yellowish-gray, 
and very-light-  to medium-gray, micro-grained, grades into 
overlying limestone.  Shale, do lo mit ic to cal car e ous, very-
light- to light-gray, interbedded with lime stone and dolomite 
beds.  One or more chert zones may be locally present near 
top of unit.  Generally lower contact is rep re sent ed by an 
unconformity overlain by the con glom er at ic dolomites.  The 
Dot Limestone ranges from 70 to 220 feet in thickness.


Oeln     Edinburg Formation, and Lincolnshire and New 
Mar ket Limestones (northeast of Roanoke County).
       Edinburg Formation (Cooper and Cooper, 1946).  Lime-
 stone and shale.  Limestone, dark-gray to black, aphanic, 
thin-bedded with thin, black shale partings, locally contorted 
lime stone beds, intraformational limestone breccias, and 
olistoliths interstratifi ed with typical planar bedded lime stone 
(Liberty Hall lithofacies).  Limestone, medium- to light-gray, 
fi ne- to coarse-grained, nodular with very thin, black shale 
partings (Lantz Mills lithofacies).  Limestone, light-gray, 
medium- to coarse-grained, thick-bedded (St Luke Limestone 


Member).  Shale, black, graptolites com mon, basal unit in 
Augusta, eastern Rockingham, and south ern Page counties.  
Thickness ranges from 400 feet at Strasburg to approximately 
100 feet west of Lexington with a maximum of nearly 1500 
feet near Harrisonburg.


       Lincolnshire Limestone (Cooper and Prouty, 1943).  Lime-
 stone, light- to dark-gray, fi ne- to coarse-grained, with black 
chert nodules.  Light-gray, coarse-grained limestone probably 
represents carbonate mounds ( Murat limestone).  Upper contact 
is gradational; the lower contact is disconformable.  Thickness 
ranges from 25 feet west of Front Royal to 280 feet northwest 
of Lexington (Cooper and Cooper, 1946).


       New Market Limestone (Cooper and Cooper, 1946).  
Lime stone, medium- to dark-gray, aphanic to fi ne-grained.  
The upper portion of the New Market, the major quarry rock 
of northern Virginia, is massive micrite that weathers to fl uted 
ledges.  The lower portion is dolomitic with scattered len tic u lar, 
black, pyritic limestone, locally conglomeratic at the base.  
Upper contact is disconformable and the lower contact is a 
locally angular unconformity.  The thickness ranges from 0 
near Staunton to 250  feet west of Edinburg.


OCCk Knox Group (Safford, 1869). Dolostone, lime stone, and 
sandstone.  Dolostone, light- to medium-gray, very-fi ne- to 
fi ne-grained, locally with pink streaks in the upper part; and 
very-light-gray to dark-gray and brownish-gray, me di um- to 
coarse-grained, locally argillaceous dolostone near the base 
of the unit; greenish-gray shale partings locally present; chert 
is abundant in some parts of the unit.   Lime stone, blue-
gray to dark-blue-gray, very-fi ne- to coarse-grained, locally 


14                                                       VIRGINIA DIVISION OF MINERAL RESOURCES
CORRELATION OF LOWER ORDOVICIAN AND CAMBRIAN UNITS


Thickness not implied


SW NE
O
R
D
O
VI
C
IA
N


C
A
M
B
R
IA
N


M
ID
D
LE


U
PP
ER


LO
W
ER


LO
W
ER


MASCOT DLM


KINGSPORT DLM


CHEPULTEPEC FM


COPPER RIDGE FM


MAYNARDVILLE FM
NOLICHUCKY FM


MARYVILLE FM
ROGERSVILLE SH
RUTLEDGE FM


KN
O


X 
G


R


HONAKER FM


PUMPKIN VALLY SH


ROME FM
SHADY DLM
ERWIN FM
HAMPTON FM
UNICOI FM


CONOCOCHEAGUE FM


ELBROOK FM


WAYNESBORO FM


TOMSTOWN DLM


CHILHOWEE GR
ANTIETAM SS
HARPERS FM
WEVERTON FM


BEEKMANTOWN GR
PINESBURG STATION DLM
ROCKDALE RUN FM
STONEHENGE LS


C
O


N
AS


AU
G


A 
SH


Figure 4.  Correlation of Lower Ordovician and Cambrian units.







 EXPANDED EXPLANATION                                                                   15


sandy.  Sandstone, gray to brown, fi ne- to medium-grained.  
Lime stone is dominant in the eastern thrust belts.  The Knox 
Group ranges from 2000 feet in Southwest Virginia to 3560 
feet in thickness to the east in Washington County (Bartlett 
and Webb, 1971).
       The Knox includes the Mascot, Kingsport, Chepultepec, 
and Copper Ridge Dolomites and the Maynardville For ma -
tion.


Omk   Mascot and Kingsport Dolomites (Figure 4). 
       Mascot Dolomite (Rodgers, 1943).  Dolostone and lime-
 stone.  Dolostone, nearly white or very-light- to medium-
gray with red- to pink-streaks, very-fi ne- to fi ne-grained; with 
subordinate medium- to coarse-grained dolostone; thin green 
shale partings; sandstone lenses to 1-foot thick; and grayish-
red and dark-gray dolostones; all locally present.  Dense, gray
limestone is in the lower half and chert is present locally.  
Un con form able (locally angular) upper contact.  The Mascot 
Dolomite ranges from 330 to 640 feet in thickness.


       Kingsport Dolomite (Rodgers, 1943).  Dolostone and lime-
 stone.  Dolostone, very-light-gray to dark-gray and light- to 
dark-brown, fi ne- to coarse-grained; with white chert; thin 
green shale partings; sandstone lenses; and scat tered sand 
grains.  Fine-grained limestone is locally present. The King-
sport Dolostone ranges from 100 to 350 feet in thickness.  The 
Longview Limestone of previous reports is included in the 
Kingsport (Harris, 1969).


OCCcc   Chepultepec, Copper Ridge, and Maynardville For-
mations.
       Chepultepec Formation (Ulrich, 1911).  Do lo stone, argil-
 la ceous, sandy, light-gray, light-olive-gray, and gray ish-brown, 
very-fi ne- to coarse-grained.  Contains white to light-gray 
chert nodules and beds; sandstone and dolomitic sand stone 
lenses and beds; scattered sand grains; minor intraformational 
con glom er ate beds; greenish-gray clay shale partings; and 
dark-gray, petroliferous dolostone. The Chepultepec ranges 
from 300 to 850 feet in thick ness (Brent, 1963).


       Copper Ridge Formation (Ulrich, 1911).  Dolostone, 
gen er al ly divisible into a lower olive-brown ish-gray to dark-
gray, medium- to coarse-grained, thick- to massive-bedded 
do lostone, some of which emits a petroliferous odor on freshly 
broken  surfaces (“stinkstone”); and an upper olive-brown-
 ish-gray to light-gray, very-fi ne- to medium-grained do lostone 
with mi nor silty and sandy zones.  Olive-black, oolitic chert 
beds and light-gray to white, chalcedonic chert nodules are 
present.  Sim i lar divisions were de scribed by several ge ol o gists 
in clud ing Miller and Brosgé (1954), Miller and Fuller (1954), 
and Bridge (1956).  The Copper Ridge ranges from 415 to 
850 feet in thickness.


       Maynardville Formation (Oder, 1934). Lime stone and 
do lo stone.  Limestone, locally dolomitic, locally argil la ceous, 
medium- to dark-gray, very-fi ne- to fi ne-grained, medium- to 
thick-bedded, mottled; with argillaceous to dolomitic bands 


and partings which give the rock a ribbon-banded or strat-
iculate appearance.  Dolostone, very-light-gray to dark-gray, 
light-olive-gray to olive-gray and locally yel low ish-gray or 
dark-bluish-gray, very-fi ne- to coarse-grained, fi nely laminated 
to thick-bedded (thin-bedded near top of unit distinguishes it 
from overlying Copper Ridge Formation); with black chert; 
minor lenses and beds of fi ne- to medium-grained, locally 
dolomitic sandstone; very-fi ne-grained, yel low ish-gray, ar-
gil la ceous sand stone; and round ed-pebble conglomerate; all 
lo cal ly present.  Generally the limestone is in the lower one-
third to one-half of the unit and the dolostone is in the upper 
two-thirds to one-half of the unit, with a transition zone from 
one to the other.  The Maynardville Formation ranges from 60 
to 300 feet in thickness, thinning to the east-northeast from Lee 
County.  Thick ness vari a tions may be due in part to grouping 
of the limestone with the un der ly ing Nolichucky Formation 
or the dolostone with the overlying Copper Ridge, as noted 
by Derby (1965).


OCCz  Lower Ordovician and Upper Cambrian Formations 
undivided; includes Pinesburg Station Dolomite, Rockdale Run 
Formation, Beekmantown Formation, Stonehenge Lime stone, 
and Conococheague Formation.  Refer to descriptions under 
Ob and OCCco/Cco/Cco.


Ob    Beekmantown Group.   Includes the Pinesburg Sta tion 
Dolomite, the Rockdale Run For ma tion, and the Stonehenge 
Lime stone (northern Vir gin ia only) or the Beekmantown For-
 ma tion and Stonehenge Lime stone (cen tral and south west ern 
Virginia).


       Pinesburg Station Dolomite (Sando, 1956).  Dolostone, 
dark- to light-gray, fi ne- to medium-grained, medium- to thick-
bedded with minor nodular white chert.  It ranges from 0 to 
400 feet in thickness and is equivalent to beds in the upper 
Beekmantown Formation.  Present  only in Clarke and Freder-
ick counties and is conformable with the un der ly ing Rockdale 
Run Formation and unconformable with the over ly ing New 
Market or Lincolnshire Lime stones.


       Rockdale Run Formation (Sando, 1958).  Dominantly 
lime stone and dolomitic limestone, lesser do lostone with 
mi nor chert throughout.  Limestone, light- to medium-gray, 
fi ne-grained generally, but coarse, bioclastic limestone lo cal ly, 
medium- to thick-bedded.  Do lostone, light-gray, fi ne- to me-
dium-grained, thick-bedded with “butch er block” weath er ing 
and mi nor nodular or bedded chert in both limestone and dolos-
tone.  Unconformably overlain by the New Market Lime stone 
where the Pinesburg Station Dolomite is absent.  It is laterally 
equiv a lent to the Beekmantown Formation and con form ably 
overlies the Stonehenge Lime stone.  The for ma tion is about 
2700 feet thick.


       Beekmantown Formation (Clarke and Schuchert, 1899).  
Dominantly do lo stone and chert-bearing dolostone with less er 
limestone.  Dolostone, light- to very-dark-gray, fi ne- to coarse- 
grained, mottled light- and dark-gray, with crys tal line beds 
lo cal ly contains nodular, dark-brown or black chert and thick, 







hill forming, len tic u lar chert beds in lower part.  Lime stone, 
very-light- to medium-gray, fi ne-grained, me di um- to thick-
bedded, locally dolomitic and locally fos sil if er ous.  The 
for ma tion is present from Page and Shenandoah counties 
south west ward in the easternmost exposures of the Lower 
Or dov i cian rocks.  It and the un der ly ing Stonehenge Limestone, 
are equivalent to the Mas cot and Kingsport Do lo mites of the 
upper part of the Knox Group.  It is unconformably overlain 
by Middle Ordovician lime stones and con form ably over lies 
the Stonehenge Lime stone.  
       Erosion, related to the unconformity at the top of the 
Beekmantown Group and Knox Group, has produced ero sion al 
breccias, local to po graph ic relief, and paleokarst to pog ra phy 
as well as signifi cant re gion al thinning of the rock units.  The 
Beekmantown Group thins from about 3000 feet in Page 
County to less than 700 feet in Washington County, largely 
because of post-Beekmantown ero sion.


       Stonehenge Limestone (Sando, 1956).  Limestone with 
interbedded dolostone in north west ern Virginia.  Lime stone, 
dark-gray, fi ne-grained, lam i nat ed to massive, with black nod-
 u lar chert.  Dolostone, light-gray, fi ne-to very-coarse-grained, 
as thin- to medium-interbeds or as coarse- grained, massive, 
reefoidal bodies.  Reefoidal bodies are restricted to the middle 
portion of the formation.  The formation con form ably over-
 lies the Conococheague For ma tion and thins north west ward 
from 400 or 500 feet in the southeasternmost ex po sures (Page 
County) to a few tens of feet in the north west ern exposures 
(western Rockingham County) and is not rec og niz able or in-
 clud ed in the lower Beekmantown or upper Conococheague 
in much of south west ern or western Vir gin ia.  It is equiv a lent 
to the lower part of the Kingsport Dolomite.


Oz  Ordovician formations undivided.


OCCco/Cco/Cco      Conococheague For ma tion (Stose, 1908).  
Dom i nant ly lime stone with signifi cant do lo stone and sand-
 stone beds in lower part and locally in upper part.  Limestone, 
medium- to very-dark-gray, fi ne-grained, thin-bedded with 
wavy sil i ceous partings that weather out in re lief.  Vertically 
repetitious primary sedimentary  fea tures such as sharpstone 
con glom er ate, lam i nat ed bedding, and algal structures in di cate 
cyclic sed i men ta tion.  Dolostone, medium-gray, fi ne- to me-
 di um-grained, lam i nat ed to massive-bedded with pri ma ry 
fea tures similar to those in the limestones.  Sandstone, 
medium-gray, brown weathering, cross-laminated, medium- 
to thin-bedded, forms linear ridges, large ly associated with 
dolostone beds but quartz sand common in most lithologies.  
Formation is present throughout the Valley of Virginia south-
 east of the Pulaski and North Mountain faults.  It ranges in 
thickness from about 2200 feet in northern Virginia to 1,700 
feet  near Abingdon.  The Conococheague is ap prox i mate ly 
equiv a lent to the Cop per Ridge and Chepultepec For ma tions 
and con form ably over lies the Elbrook For ma tion.


CCc     Conasauga Shale (Hayes, 1891).  Shale, sericitic to mi ca -
ceous, dark-greenish-gray, with local zones of red shale; thin in-


terbeds of limestone, and thin-bedded, fi ne-grained sandstone.  
The lower contact with the Rome For ma tion is not exposed 
in Lee County.  The Conasauga Shale is ap prox i mate ly 560 
feet thick in western Lee County (Miller and Fuller, 1954).


CCnmrr  Nolichucky and Maryville For ma tions, Rogersville 
Shale, and Rutledge Formation.
       Nolichucky Formation (Campbell, 1894). Shale, silt stone, 
and limestone.  Shale, locally calcareous, light-olive-gray and 
bluish-gray, fi ssile, with minor sandstone and do lo mite.  Silt-
stone, locally cal car e ous, yellowish-brown and grayish-orange, 
thin-bed ded.  Limestone, argillaceous to glau c o nit ic, medium-
light-gray to dark-gray and bluish-gray, fi ne- to coarse-grained; 
con tains oolitic- and fl at-pebble con glom er ate beds, locally 
stromatolitic.  Shale and silt stone make up 20 to 50 percent 
of the formation (Derby, 1965).  A limestone unit up to 165 
feet in thickness is present ap prox i mate ly 100 feet above the 
base of the Nolichucky in northern Russell County (Miller and 
Meissner, 1977).  The Nolichucky Shale ranges from 440 to 
690 feet in thickness in Southwest Virginia but pinches out 
to the northeast in Giles County.
       
       Maryville Formation (Keith, 1895).  Limestone, locally 
dolomitic, silty, medium- to dark-gray and bluish-gray, lo-
cally ribbon-banded, gen er al ly thick-bedded; with thin shale 
interbeds and sparse dolostone beds.  May be as much as 60 
percent oolitic limestone in some areas (Harris and Miller, 
1958).  The Maryville ranges from 500 to 700 feet in thick-
ness.


       Rogersville Shale (Campbell, 1894).  Shale, silty in part, 
dark-bluish-gray and dark-greenish-gray, fi ssile, with minor 
silt stone, limestone, dolostone, and sandstone. The Rogersville 
Shale ranges from 60 to 110 feet in thickness.


       Rutledge Formation (Campbell, 1894). Limestone and 
do lo stone.  Limestone, locally dolomitic, silty partings, me-
 di um-dark-gray to bluish-gray, thick-bedded, mottled, rib-
 bon-banded, with minor chert.  Dolostone, light-olive-gray 
and dark-gray, fi ne- to medium-grained, present in the upper 
part of the formation in eastern Scott County.  The formation 
forms prominent bluffs on the south-side of Clinch River and 
Copper Creek in Scott and Russell counties.  The Rutledge  
ranges from 215 to 375 feet in thickness.
       The Maryville Formation, Rogersville Shale, and Rut-
ledge Formation grade from predominantly limestone with 
sub or di nate dolostone and shale in southeastern Lee County 
and south west ern Scott County to limestone with a middle 
do lo stone and thin shale near the Scott County-Russell County 
line.  Northeast of this area the laterally equivalent rocks are 
pre dom i nant ly do lostone with subordinate lime stone at the 
top and bottom and are called the Honaker Formation (Evans 
and Troensegaard, 1991).


CCnhk      Nolichucky and Honaker Formations.
       Nolichucky Formation.  Refer to description under 
CCnmrr.
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       Honaker Formation (Campbell, 1897).  Do lo stone, lime-
 stone, and shale.  Dolostone, light- to dark-gray to dark-blu-
ish-gray, aphanic to coarse-grained, thin- to mas sive-bedded, 
“butch er-block” weath er ing; with sparse interbeds of argil-
 la ceous limestone, and minor dark-gray chert.  Lime stone, 
argillaceous, ribbon-banded in part, light- to medium-gray, 
very-fi ne-grained, thick-bedded.  Shale, green ish-gray, lam-
 i nat ed to thin-bedded.  The Honaker For ma tion is pre dom i-
 nant ly dolostone with sub or di nate limestone.  The do lo stone 
becomes more dom i nant in the northeastern part of outcrop 
belt (Evans and Troensegaard, 1991).  Shale is locally present 
as a 20- to 60-feet-thick unit in the middle of the for ma tion and 
as thin interbeds with the dolostone and lime stone throughout 
the area.  The Honaker Formation ranges from about 1000 to 
1100 feet in thickness.  It is laterally equivalent to the lower 
Elbrook to the east.


CCe   Elbrook Formation (Stose, 1906). Dolostone and lime-
 stone with lesser shale and siltstone.  Do lo stone, me di um-to 
dark-gray, fi ne- to medium-grained, laminated to thick-bed ded. 
Limestone, dark-gray, fi ne-grained, thin- to me di um-bedded, 
with algal struc tures and sharpstone con glom er ate.  Shale 
and siltstone, light- to dark-gray, dolomitic, platy weather-
ing, with minor grayish-red or olive-green shales.  Interbed-
ded limestone and do lo stone dominate the upper part of the 
formation; dolomitic siltstone and shale and thin- bedded 
argil la ceous limestone dominate the low er part.  The forma-
tion ranges be tween 1500 and 2900 feet in thick ness in the 
southeasternmost exposures but is incomplete elsewhere due 
to faulting.  The Elbrook of northern Virginia is tran si tion al 
with the Nolichucky and Honaker Formations (locally the 
limestone facies of the Nolichucky has been differentiated 
from the Elbrook by Bartlett and Biggs (1980).  It is also ap-
 prox i mate ly equivalent to the rock sequence com prised  of  
the  Nolichucky  and  Maryville  Formations,  the Rogersville 
Shale, and the Rutledge Formation.  Farther southwest the 
Conasauga Shale is the Elbrook equivalent.  The Elbrook ap-
pears to be conformable and gra da tion al with the un der ly ing 
Waynesboro or Rome Formations.
       From Washington County to Augusta County much of 
the Elbrook Formation adjacent to the Pulaski and Staunton 
faults is a breccia of the "Max Meadows tecontic breccia type" 
(Cooper and Haff, 1940).  These breccias are composed of 
crushed rock clasts that range from sand size to blocks many 
feet long, derived almost entirely from the lower part of the 
Elbrook  Formation.  The breccia commonly forms low lands 
characterized by karst features.


CCr   Pumpkin Valley Shale and Rome Formation.
       Pumpkin Valley Shale (Bridge, 1945).  Shale, light-green-
 ish-gray to dark-greenish-gray, grayish-brown, and ma roon; a 
few beds of similar colored siltstone; sparse beds of limestone 
and dolostone. The Pumpkin Valley Shale con form ably overlies 
the Rome Formation. The formation is ap prox i mate ly 350 feet 
thick.  
       Harris (1964) identifi ed the Pumpkin Valley Shale of 
Southwest Virginia as a formation within the Conasauga 
Group; however, because of similar lithologies it is often 
in dis tin guish able from the Rome Formation and the two 
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for ma tions commonly are mapped together.


       Rome Formation (Hayes, 1891).   Siltstone, shale, 
sand stone, dolostone, and limestone.  Silt stone and shale, 
green ish-gray and grayish-red, laminated to thin-bedded.  
Sand stone, mi ca ceous, lo cal ly glau co nit ic, green ish-gray 
and reddish-gray, very-fi ne- to medium-grained, thin-bed ded.  
Dolostone, light- to dark-gray, aphanic to me di um-grained, 
thin-to mas sive-bedded, with ripple marks and mudcracks.  
Lime stone, argillaceous, very-light-gray to dark-gray, thin- to 
medium- bedded.  Carbonate rocks range from sparse 1- to 2-
feet-thick beds in western Scott County to discontinuous units 
as much as 50 feet thick which comprise 30 to 40 percent of the 
formation in western Russell and Washington coun ties (Evans 
and Troensegaard, 1991; Bartlett and Webb, 1971). Max i mum 
recorded thickness is 1500 feet in the Clinchport area (Brent, 
1963); although this may have included the Pump kin Valley 
Shale.  A complete thickness has not been de ter mined be cause 
the lowermost part of the Rome For ma tion is nor mal ly absent 
due to faulting.


CCwb   Waynesboro Formation (Stose, 1906).  Largely 
do lo stone and lime stone with distinctive up per and lower 
se quenc es of interbedded red mudrock, red sand stone, and 
do lo stone.  Do lo stone, light- and dark-gray, mot tled, fi ne- to 
coarse-grained, thick-bedded, calcareous.  Lime stone, me-
 di um-gray, fi ne-grained, thick-bedded, locally with black chert 
nodules.  Mudrock, grayish-red, locally fi ssile, interbedded 
with do lo stone and sandstone.  Sand stone, dark- grayish-
red, fi ne- to medium-grained, medium- to thin-bedded, forms 
low ridges and hills.  The Waynesboro For ma tion is laterally 
equivalent to the Rome Formation and is only present north east 
of Roanoke.  It is well exposed in Botetourt County (Haynes, 
1991) and in Clarke County (Gathright and Nystrom, 1974) 
where lower shale beds of the Elbrook For ma tion were in-
 cor rect ly in clud ed in the Waynesboro as an upper member. It 
is conformable with the un der ly ing Tomstown Do lo mite and 
is be tween 1100 and 1200 feet thick.


CCt   Tomstown Dolomite (Stose, 1906). Dolostone, limestone 
and minor chert.  Dolostone (upper member), light- to dark- 
gray, fi ne- to coarse-grained, medium- to thick-bedded, lo cal ly  
laminated  with  white chert nodules  in uppermost beds;  about  
600  feet  thick.   Dolostone  (high  magnesian member), 
very-light-gray to yellowish-white, medium- to coarse-grained, 
very-thick-bedded, locally dark-gray, fi ne-grained and with 
white, coarse-grained, lenticular dolostone mottling; about 
200 feet thick.  Limestone, very-dark-gray, very-fi ne-grained, 
thin-bedded, partly dolomitic, with shaly partings; about 325 
feet thick.  The Tomstown is litho log i cal ly similar to, but 
thinner than the Shady Dolomite of south west ern Virginia and 
conformably overlies the Antietam For ma tion.


CCs   Shady Dolomite (Keith, 1903).  Dolostone with minor 
limestone and shale divided into three mem bers:  Ivanhoe 
(upper) Member; Austinville (middle) Member, and Patterson 
(low er) Member.  Ivanhoe Member, dark-gray, fi ne-grained 
limestone and minor interbedded black shale; 100 to 500 







       Weverton Formation (Williams and Clark, 1893).  Quartz-
 ite, metasandstone, and phyllite.  Quartzite, medium- to very-
dark-gray, weathers light-gray, fi ne- to coarse-grained, well-
rounded quartz-pebble conglomerate beds locally, me di um- to 
thick-bedded, cross-bedded, very resistant, with interbedded 
metasandstone, dark-greenish- gray, felds path ic, thick-bed-
 ded, with ferruginous cement in some beds. Phyllite, light- to 
dark-greenish-gray or dark-reddish-gray, laminated, sericitic, 
with coarse sand grains and quartz-pebble con glom er ate in a 
few thin beds, generally in lower part.  Formation  ranges in 
thickness from more than 600 feet in Clarke County to less 
than 200 feet in Augusta County (Gathright and Nystrom, 
1974; Gathright and others, 1977).  The Weverton is litho log i-
 cal ly very similar to strata in the upper portion of the Unicoi 
Formation to the south to which it may be equivalent.  The 
Weverton appears to unconformably overlie the Catoctin and 
Swift Run For ma tions and the Blue Ridge basement complex 
and is present northeast of Augusta Coun ty. 


CCeh      Erwin and Hampton Formations.
       Erwin Formation  (Keith, 1903,1907).  Quartzite, sand-
 stone, and shale.  Quartzite, light-gray to white, medium- to 
fi ne-grained, thick-bedded, cross-laminated, quartz ce ment ed, 
and very resistant.  Sandstone, ferruginous, dark-gray to blu-
ish-black, medium- to coarse-grained, locally con glom er at ic, 
and with various amounts of hematite ce ment, in me di um- to 
thick-beds.  Shale, silty and sandy, drab-greenish-gray, thin- to 
medium-bedded, non-resistant, com pris es much of the for-
mation but is poorly exposed.  The Erwin is less than 1000 
feet thick and is equivalent to the Antietam Formation and 
possibly the upper part of the Harpers For ma tion in northern 
Virginia.


      Hampton Formation (Keith, 1903).  Shale, sand stone, 
and quartzite.  Shale, dark-gray or dark-green ish-gray, fi s sile, 
very argillaceous, silty laminae common, with interbeds of 
silt stone and fi ne-grained, lithic sandstone.  Sandstone, feld-
 s path ic, greenish-gray, vitreous, medium- to coarse-grained, 
pebbly, cross-laminated.   Quartzite, white  to  light-brown, 
vitreous, fi ne-grained, medium- to thin-bedded, re sis tant, re-
 strict ed to the upper part of the for ma tion.  The Hamp ton is 
largely  equiv a lent to the Harpers Formation  to  the  northeast  
and  ranges in thickness from  more than 1500 feet to about  
1200 feet with the thinner sequence in the northwesternmost 
exposures.


CCu Unicoi Formation (Keith, 1903,1907).  Sandstone and 
quartzite with phyllite, tuffaceous phyllite, con glom er ate, and 
minor basalt.  Sandstone, lithic or feldspathic, pinkish-gray 
to dark-green ish-gray, fi ne- to coarse-grained, angular, poor ly 
sort ed, locally conglomeratic.  Quartz ite, largely in upper part 
of the unit, white, pale-green, or gray, vitreous, medium- to 
coarse-grained, locally feldspathic, me di um- to very-thick-
bedded, very resistant to weathering and erosion.  Phyllite, 
red dish-, purplish-, or greenish-gray, as thin, sparse interbeds 
through out, with purple tuffaceous phyllites in lower part.  
Conglomerate, fi ne- to coarse-polymictic-peb ble con glom -
er ate, me di um- to thick-bedded, with lithic clasts and quartz 
peb bles.  Basalt, very-dark-grayish-green, apha nit ic, locally 


feet thick.  Austinville Member, very-light-gray to cream 
col ored, fi ne- to medium-grained, crystalline or saccharoidal, 
massive-bedded do lo stone with several sequences of interbed-
ded lime stone, very-dark-gray dolostone or mottled dolostone 
and shale; 1000 feet thick.  Patterson Member, medium- to 
dark-gray, fi ne-grained, thin-bedded do lo stone or limestone 
with si li cious partings and intraformational brec cia beds; 800 
feet thick.  The Shady Do lo mite is gradational with the un-
derlying Erwin For ma tion and the upper two members grade 
south east ward into shaly dolostone with biohermal mounds, 
intraformational lime stone or dolostone breccias, oolitic lime-
 stone, and aren a ceous limestone and dolostone.  This upper, 
south east ern facies, is in part equiv a lent to beds in the lower 
Rome For ma tion (Pfi el and Read, 1980).  The Shady is very 
poorly exposed except near New River in Wythe and Smyth 
counties where it is at least 2100 feet thick and where major 
lead and zinc deposits were mined from the upper members 
(Cur ri er, 1935).


CCch       Chilhowee Group (Keith, 1903).  The Chilhowee Group 
includes the Antietam, Harpers, and Weverton For ma tions in 
the northeastern portion of the Blue Ridge Province and the 
Erwin, Hampton, and Unicoi Formations in the southwestern 
portion of the Blue Ridge Province.


       Antietam Formation (Williams and Clark, 1893).  Quartz-
 ite, medium-gray to pale-yellowish-white, fi ne- to medium-
grained, locally with very minor quartz-pebble con glom er ate, 
cross-laminated, medium- to very-thick-bedded, very re sis tant, 
forms prominent cliffs and ledges, contains a few thin inter-
beds of light-gray phyllite, has calcareous quartz sand stone 
at the top that is transitional with the overlying Tomstown 
Dolomite, and many beds contain Skolithos linearras.  It is 
laterally equivalent to the Erwin Formation to the southwest. 
The formation interfi ngers with the un der ly ing Harp ers For-
 ma tion and ranges in thickness from less than 500 feet in 
Clarke County to nearly 1000 feet in Rockingham County 
(Gathright and Nystrom, 1974; Gathright, 1976).


       Harpers  Formation   (Keith,  1894).    Metasandstone, 
metasiltstone, and phyllite.   Metasandstone, dark-greenish-
gray to brownish-gray, fi ne-grained, sericitic, thin- to me-
 di um-planar bedded, locally bioturbated, Skolithos-bearing 
litharenite; dark-gray, fi ne-grained, cross-lam i nat ed, thick-
bedded, laterally extensive bodies of quartzite; and very-dark-
gray, medium- to coarse-grained, thick-bed ded, fer rug i nous, 
very resistant, quartzitic sandstone.  These beds were ex ten -
sive ly mined for iron ore north of Roanoke (Henika, 1981).  
Metasiltstone, dark-green ish-gray, thin, even bed ded, sericitic, 
and locally bioturbated.  Phyllite, medium- to light-greenish-
gray, bronze weathering, lam i nat ed, sericitic.  The Harpers is 
laterally equivalent to the Hampton Formation to the south-
 west  and they are so similar that the names have been used 
interchaneably in the northern Blue Ridge (Gathright, 1976; 
Brown and Spencer, 1981).  The Harpers conformably over lies 
the Weverton or Unicoi For ma tions, thickens north east ward 
from about 1500 feet north of Roano ke to about 2500 feet in 
Clarke County.  The thicker sections are dominated by phyllite 
and metasiltstone and the thinner sections  by  metasandstone  
and quartzite.   
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amygdaloidal; in one to three beds a few feet thick in the lower 
part only.  Upper part has more quartzite and contains phyllite 
beds similar to the overlying Hamp ton Formation.  Low er part 
is very feldspathic, contains most of the conglomerate beds 
and all of the volcanic rocks.  The Unicoi is present from Au-
gusta County to Ten nes see and is laterally equivalent, at least 
in part, to the Weverton For ma tion to the northeast (King and 
Ferguson, 1960; Brown and Spencer, 1981; Rankin, 1993). 
The for ma tion unconformably overlies the rocks of the Blue 
Ridge basement complex and possibly the Catoctin For ma tion 
in western Amherst County and is disconformable with the 
underlying Konnarock For ma tion in Grayson Coun ty.  The 
upper unit is generally 600 to 1000 feet thick and the lower 
unit  ranges from less than 100 feet to more than 1500 feet.   
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my         mylonite. Includes protomylonite, mylonite, ultr-
amylonite, and cataclastic rocks. Lithology highly vari able, 
depending on the nature of the parent rock, and on  in ten sive 
parameters and history of deformation.  In most mapped belts 
of mylonite and cataclastic rock (my), tectonized rocks anasto-
mose around lenses of less-deformed or undeformed rock.  In 
the Blue Ridge, some of these lenses are large enough to show 
at 1:500,000 scale.  In many places mylonitic and cataclastic 
rocks are gradational into less de formed or undeformed adja-
cent rocks, and location of contacts between tectonized rocks 
(my) and adjacent units is ap prox i mate or arbitrary.  These 
boundaries are indicated on the map by color-color joins with 
superimposed shear pat tern.
       Most mapped belts of mylonite represent fault zones with 
multiple move ment histories.  In the Blue Ridge, Pa leo zo ic-
age contractional deformation fabrics are su per im posed on 
Late Precambrian extensional fabrics (Simpson and Kalaghan, 
1989; Bailey and Simpson, 1993).  Many Pied mont mylonite 
zones contain dextral-transpressional ki ne mat ic indicators that 
formed during Late Paleozoic col li sion al tectonics (Bobyar-
chick and Glover, 1979; Gates and others, 1986).  Paleozoic 
and older faults were re ac ti vat ed in many places to form 
extensional faults during the Mesozoic (Bobyarchick and 
Glover, 1979).


BLUE RIDGE ANTICLINORIUM


STRATIFIED ROCKS OF THE BLUE RIDGE 
ANTICLINORIUM


CCch       Chilhowee Group, undivided.  Quartz pebble con-Chilhowee Group, undivided.  Quartz pebble con-Chilhowee Group, undivided
 glom er ate, quartz ite, metasiltstone, and phyllite.


CCf          Frederick Limestone. Medium-gray to medium-blu-
 ish-gray lam i nat ed, thinly-bedded limestone.


CCt          Tomstown Dolomite. Very-pale-orange, purplish-gray, 
bluish-white, or medium-bluish-gray, fi ne- to me di um-grained 
mas sive dolomite.


CCev       Everona Limestone (Jonas, 1927). Thinly-lam i nat ed 
medium-bluish-gray limestone with graded, graphitic silty 
part ings; includes cal car e ous graphitic phyllite, and pyrite-
bear ing graphitic slate.
       Mineralogy: calcite + quartz + mus co vite ± graphite ±  
chlorite ±  albite ±  pyrite + tourmaline.
       The Everona occurs dominantly as lenticular bodies 
im me di ate ly north west of or within the Mountain Run fault 
zone (Evans, 1984; Conley, 1989; Rossman, 1991).  In most 
out crops primary laminations are complexly folded due to 
strain accommodation associated with the Mountain Run fault.  
Unit thickness and degree of lateral continuity are struc tur al ly 
controlled in many places.  Mack (1965) reports thick ness es 
ranging from about 20 to 1100 feet.  
       Jonas (1927) reports retrieving trilobite fragments from 
sandy beds adjacent to the Everona, but these were so poorly 
preserved that E.O. Ulrich could not identify them, even 
with respect to genus.  Recent attempts to extract conodonts 
from the Everona have so far proven fruitless.  The Everona 
is interpreted to be in stratigraphic continuity with phyllites 
and metasiltstones that are conformable above the Catoctin 
For ma tion (Evans, 1984; Rossman, 1991), and is likely Early 
Paleozoic in age.


       
Candler Formation (CCca, ls, CCcas)
CCca        phyllite and schist. Medium- to dark-gray and green-
 ish-gray mica phyllite and sandy laminated schist.  Lenses and 
pods of feldspathic quartzite, metamorphosed quartzarenite, 
dolomitic marble, and dark-gray to medium-bluish-gray, 
lam i nat ed marble are common in the upper part.
       Mineralogy: quartz + albite + mus co vite + chlorite + 
magnetite-ilmenite + epidote ± biotite ± chloritoid ± calcite.  
Chloritoid and magnetite porphyroblasts are com mon near 
the Bowens Creek  fault.
       Geophysical signature: Low amplitude, linear mag net ic 
highs are superimposed on a pronounced southeast-sloping 
magnetic gradient between Alligator Back units northwest of 
the Candler and a persistant linear magnetic trough lo cal ized 
along the trend of the Bowens Creek fault zone.
       Microstructural elements in the upper Candler indicate 
dextral transpression along a continuous shear zone (Bowens 
Creek fault zone) within the Candler outcrop belt from the 
Virginia-North Carolina boundary in Patrick County north-
 east ward to at least the north end of Buffalo Ridge on the 
Amherst-Campbell County line. Conley and Henika (1970) 
and Gates (1986) hypothesized that the Bowens Creek fault 
is part of a major strike slip (wrench) system  that is part or a 
continuation of the Brevard fault zone to the southwest .
       Northeast of the Scottsville Mesozoic basin, the Candler 
includes laminated metasiltstone (CCcas),  ferruginous metatuff, 
dolomitic marble, and phyllite that are con form able above 
Catoctin metabasalt (Evans, 1984; Conley, 1989; Rossman, 
1991); in Orange County, the Candler includes the True Blue 
formation of Pavlides (1989, 1990).
ls            limestone.  Medium-bluish-gray, thinly-laminated 
lime stone and laminated calcareous mudstone; resembles 
Everona Lime stone.
CCcas      laminated metasiltstone.  Grayish-green, fi ne- to very-
fi ne-grained, laminated schistose and phyllitic metasiltstone; 
relict detrital quartz and albite defi ne graded laminations on 


 EXPANDED EXPLANATION                                                                   25







the order of 0.5 to 1 cm thick.   Mineralogy: quartz + chlorite 
+ muscovite + albite + epidote + magnetite + tourmaline + 
zircon.
       Laminated metasiltstone occurs in stratigraphic con for mi ty 
above the Catoctin Formation; in southeastern Albemarle 
County, the unit contains discontinuous interbeds of fer ru-
g i nous metatuff.  Laterally discontinuous beds of feldspathic 
metasandstone, micaceous quartzite, and coarse-grained to 
peb bly metagraywacke occur within the metasiltstone out crop 
belt, and are interbedded with phyllites somewhat higher in 
the section (Evans, 1984).


CCzmq    micaceous quartzite. Coarse-grained mi ca ceous 
quartz ite and feldspathic metasandstone with interbedded 
metasiltstone and phyllite; occurs above Catoctin greenstone 
(CCZc) in an outlier sur round ed by Me so zo ic rocks east of 
Culpeper.  These rocks are litho log i cal ly similar to, and prob-
ably correlative with mi ca ceous quartz ites in the True Blue 
formation of Pavlides (1989, 1990), and with felds path ic 
metasandstone lenses in the Candler For ma tion.


       
Catoctin Formation (CCZc, CCZcb, CCZct, CCZcs, CCZcr, 
CCZhb, CCZlb)
CCZc       metabasalt.  Grayish-green  to dark-yellowish-green, 
fi ne-grained, schistose chlorite- and actinolite-bear ing metaba-
salt, commonly as so ci at ed with epidosite seg re ga tions.
       Mineralogy: chlorite + actinolite + albite + epidote + ti-
tanite ± quartz + magnetite.  Relict clinopyroxene is com mon; 
biotite porphyroblasts occur locally in south east ern outcrop 
belts.
       Geophysical signature: The Catoctin as a whole has a strong 
positive magnetic signature.  However, between Warrenton 
and Culpeper the lowest part of the Catoctin, which consists of 
low-titanium metabasalt and low-titanium metabasalt brec cia, 
is non-magnetic, and displays a strong negative anom a ly. 
      Metabasalt (Metabasalt (Metabasalt CCZc) is by far the most widespread unit com-
prising 3000 feet or more of section (Gathright and others, 
1977).  Primary volcanic features are well preserved in many 
places.  In the north west ern outcrop belt, these include vesicles 
and amygdules, sed i men ta ry dikes, fl ow-top brec cia, and co-
lumnar joints (Reed, 1955; Gathright, 1976; Bartholomew, 
1977); relict pillow structures have been re port ed in Catoctin 
greenstones east of Buena Vista (Spencer and others, 1989).  
In the south east ern outcrop belt, amyg dal oi dal metabasalts 
are common, as are volcanoclastic rocks interbedded with 
basaltic fl ows (Rossman, 1991).  Fragment-al zones occur 
locally between individual lava fl ows; map-scale hyaloclastite 
pillow brec cias occur at three strati graph ic levels within the 
south east ern outcrop belt (CCZcb, CCZhb, CCZlb; Espenshade, 
1986; Kline and others, 1990).
CCZcb     hyaloclastite pillow breccia (Kline and oth ers, 1990). 
Poorly-sorted assemblages of ellipsoidal to an gu lar clasts of 
metabasalt in a fi ner-grained matrix; clasts range in size from 
1 cm to greater than 1 m across, but generally are on the order 
of 2 to 15 cm.  Min er al o gy and textural features in clasts are 
identical to those in Catoctin metabasalt (CCZb).  Matrix consists 
of coarse- to fi ne-grained material of similar min er al o gy to 
clasts, in a mesostasis that may constitute up to 30 percent of 
the matrix.  Breccias are gen er al ly matrix sup port ed.  Pillows 


and pillow breccias are locally delineated by con cen tra tions 
of epidote + quartz on rims and in in ter stic es; pillows are fl at-
tened and ellipsoidal, and range up to about 3 m in maximum 
dimension (Kline and others, 1990).  Thick ness is on the order 
of 300 m.
CCZct      purple tuffaceous phyllite. Purple- and green-mot tled 
hematite-cemented chlorite-sericite phyllite and slate; rel ict 
pumice, lithic fragments, and devitrifi ed glass shards are vis-
ible in thin section.  Occurs as interbeds gen er al ly less than 
10 meters thick within metabasalt in northwest and southeast 
outcrop belts; in most places, lateral continuity cannot be dem-
 on strat ed because of limited outcrop.         
CCZcs     metasedimentary rocks. Quartzite, felds path ic 
metasandstone, metasiltstone, and phyllite; occurs in dis-
 con tin u ous beds that are generally less than 50 feet thick, 
interbedded with Catoctin metabasalt (CCZc).  
CCZcr     metarhyolite. Includes light-gray to me di um-light-
gray, aphanitic to fi ne-grained metarhyolite containing gray-
 ish-yellow po tas si um feldspar phenocrysts; and, me di um-gray 
to medium-dark-gray tuf faceous metarhyolite con tain ing 
po tas si um feldspar phenocrysts and quartz-fi lled amygdules.  
Metarhyolite occurs as dikes up to 50 m thick, cutting Grenville 
basement and the Swift Run Formation (Southworth, 1991); 
also as cream-colored rhyolitic metatuff which is interbedded 
with metabasalt (CCZc) stratigraphically near the base of that unit 
in Loudoun and northwestern Fauquier Counties (Nickelsen, 
1956; Gathright and Nystrom, 1974).  Metarhyolite at two 
localities in Loudoun County has been dated at 564 ± 9 Ma 
and 572 ± 5 Ma (U-Pb zircon; Aleinikoff and others, 1991).
CCZhb    metabasalt breccia (high-titanium) (Espenshade, 
1986). Dark-green, amygdular ellipsoids rang ing from about 
5 to 40 cm in length in a matrix of dark-green, dense angular 
fragments about 0.5 to 5 cm across; epidote is commonly abun-
dant in the matrix; ellipsoidal amygdules contain quartz and 
epidote.  Titanite constitutes several per cent of the mode.  This 
unit, where present, may be as thick as 2800 feet, and occurs 
stratigraphically above the low-titanium brec cia (CCZlb). 
CCZlb     metabasalt breccia (low-titanium) (Espenshade, 
1986). Blocky or angular fragments of grayish-green, fi ne-
grained rock in a fi ne-grained, gen er al ly schistose ma trix.  
Breccia fragments range from 1 to 20 cm long, and form rough, 
knobby surfaces on weathered outcrops.  Where present, this 
breccia occurs at or near the base of Catoctin metabasalt (breccia occurs at or near the base of Catoctin metabasalt (breccia occurs at or near the base of Catoctin metabasalt CCZc) 
on the southeast limb of the Blue Ridge anticlinorium; the unit 
is as much as 3000 feet thick.   Furcron (1939) mapped both 
high- and low-titanium breccias as Warrenton ag glom er ate; 
R.L. Smith (personal com mu ni ca tion in Espenshade, 1986) 
in ter pret ed the breccias as subareal ag glu ti nates.  Kline and oth-
ers (1990) presented evidence that the breccias are hyaloclastite 
pillow breccias, erupted in a sub aque ous en vi ron ment.
       Reed (1955) recognized a mappable stratigraphy within 
the Catoctin, and made the interpretation that the greenstones 
were meta mor phosed tholeiitic fl ood basalts that originated 
in a “nonorogenic” setting.  Rankin (1975) considered the 
Catoctin to have originated during continental volcanism as-
sociated with the opening of a proto-Atlantic Iapetus ocean 
in Latest Precambrian time, and included the Catoctin in the 
Crossnore volcanic-plutonic group.
       Badger and Sinha (1988) studied chemical stratigraphy 
within individual fl ows and dated Catoctin metabasalts at 570 
± 36 Ma using Rb-Sr systematics on samples showing little 
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evidence of elemental mobility during metamorphism.
This date is consistent with radiometric age data from Catoctin 
metarhyolite, discussed above, and with the occurrence of 
Early Cambrian-age  Rusophycus stratigraphically above the 
Catoctin near the base of the Chilhowee Group (Simpson and 
Sundberg, 1987).  These con straints suggest that some por tion 
of the Catoctin may be as young as Cambrian in age.
       Regional mapping suggests that metabasalts and am-
 phi b ole gneisses within the Ashe (Zaa), Alligator Back (CCZas), 
and Bassett Formations (CCZba) are volcanogenic rocks that 
are correlative with the Catoctin in a lithostratigraphic sense 
and in terms of tectonic setting, but not necessarily in a strict 
time sense.  Catoctin volcanism likely spanned a con sid er able 
time period; correlative units to the southwest were probably 
time-transgressive to a degree (Figure 5).


CCZmd   metagabbro. Dusky-green to black, me di um- to 
coarse-grained, massive to vaguely-foliated am phi b o lite.
       Mineralogy: (1) actinolite + chlorite + albite + epidote + 
quartz + magnetite ± titanite; (2) hornblende + pla gio clase + 
epidote + magnetite + quartz ± titanite.
       Geophysical signature: strong positive magnetic anom a ly.  
Metagabbro occurs as dikes that cut Grenville basement and 
the Lynchburg Group, and as sills occurring primarily in the 
Charlottesville and Alligator Back Formations in as so ci a tion 
with ultramafi c rocks.  Cross cut ting relations imply that these 
rocks are related to the Catoctin in time.  Reed and Morgan 
(1971) demonstrated on the basis of geochemistry that meta-
diabase dikes cutting Grenville basement in north ern Virginia 
are feeders to the Catoctin.  Metagabbroic dikes in the central 
Virginia Blue Ridge could represent a deeper
level of Catoctin feeder system, although that hypothesis has 
not been substantiated by fi eld or geochemical study.


CCZmi    mafi c igneous complex. Meta mor phosed strat i form 
mafi c and ultramafi c rocks include: greenish-gray, locally 
layered, coarse-grained metagabbro; dark-greenish-black 
schis tose metabasalt; and, gray to gray ish-green talc-chlo-
 rite-trem o lite schist.
       Mineralogy: (1) chlorite + epidote + plagioclase + quartz 
+ titanite + ilmenite; (2) chlorite + actinolite + biotite + epidote 
+ titanite + plagioclase + quartz; (3) chlorite + actinolite + 
talc + do lo mite + magnetite-ilmenite; (4) trem o lite + chlorite 
+ magnetite-ilmenite; (5) serpentine + talc +
chlorite + actinolite ± olivine ± augite.
       Geophysical signature: strike-elongate positive mag net ic 
anomaly.
       Metamorphosed mafi c and ultramafi c complexes are 
gen er al ly sheet-like bodies, concordant near the base of the 
Alligator Back and Charlottesville Formations.  In Nelson 
County, these rocks are cut by metagabbroic dikes (CCZmd) 
that are likely related to the Catoctin.
       Hess (1933) reports a stratifi ed as so ci a tion of ul tra ma fi  c, 
mafi c, and minor silicic lithologies at Schuyler which he at-
tributes to in situ differentiation of a sheet-like concordant 
in tru sion.  Glover and others (1989) report a non-tectonized 
intrusive contact between Charlottesville Formation metasilt-
stone and ultramafi c schist at Schulyer.  In contrast,
Conley (1985) presents evidence that ultramafi c-mafi c com-


 plex es in Franklin County are tectonicly-emplaced slices of 
oceanic crust (ophiolites).  Tectonic setting and mode of em-
placement for these rock assemblages remain enigmatic;
correlation of complexes in the southwestern Piedmont 
with those in the central Blue Ridge may ultimately prove 
invalid.


CCZum   ultramafi c rocks.  Grayish-green to light-gray talc-
chlo rite-actinolite or talc-tremolite schist.
       Mineralogy: (1) chlorite + actinolite + talc + dolomite 
+ ilmenite + magnetite; (2) serpentine (antigorite) + talc + 
chlorite ± olivine ± augite; (3) tremolite + cummingtonite + 
chlorite + talc + magnetite-ilmenite ± quartz.
       Geophysical signature: elongate positive magnetic anom-
 a ly.
       Elongate, lenticular bodies generally trend parallel to 
schistosity of enclosing rocks and are concordant at variable 
stratigraphic levels within the Lynchburg Group.


Zsr        Swift Run Formation (Jonas and Stose, 1939; King, 
1950; Gathright, 1976).  Heterogeneous assemblage in cludes: 
pebbly to cobbly quartz ite and feldspathic metaconglomerate; 
gray, grayish-pink, or grayish-green,  felds path ic quartz ite and 
metasandstone,  locally crossbedded; greenish-gray, silvery 
quartz-sericite-chlorite sandy schist; and, green ish-gray to 
grayish-red-purple chlorite-sericite tuffaceous phyllite and 
slate.  In Loudoun County, contains pinkish-gray and yel-
 low ish-gray to light brownish-gray, fi ne-grained do lo mit ic 
mar ble (Southworth, 1991).  In di vid u al lithologies are laterally 
dis con tin u ous; formation rang es up to 350 feet in total thick-
ness, but is locally very thin or absent (Gathright, 1976).
       The Swift Run was originally defi ned on the northwest 
limb of the Blue Ridge anticlinorium (Stose and Stose, 1946), 
where the unit rests unconformably on Grenville-age rocks, 
and is overlain con form ably by the Catoctin For ma tion; the 
upper contact is mapped at the bottom of the lowest massive 
metabasalt.  In places Swift Run lithol o gies are interbedded 
with Catoctin metabasalts, and the contact between the two 
units is gradational (Gathright, 1976).  Swift Run metasedi-
mentary rocks on the northwest limb have been in ter pret ed as 
deposited in alluvial fan,  fl oodplain,  and lacustrine environ-
ments (Schwab, 1986); these are interbedded with metamor-
phosed tuffaceous and volcanoclastic units (Gathright, 1976; 
Bartholomew, 1977).
       Although the Swift Run has been interpreted as a thin 
western equivalent of the Lynchburg Group in the south east ern 
Blue Ridge (Stose and Stose, 1946; Brown, 1970), some work-
ers have correlated the Swift Run with discontinuous lenses 
of feldspathic sandstone interbedded with felsic metatuff that 
occur immediately below the Catoctin on the southeast limb of 
the anticlinorium (Nelson, 1962; Conley, 1978; 1989; Wehr, 
1985).  On the Geologic Map of Virginia (1993), the Swift 
Run is terminated along an east-west-trending normal fault 
just west of Leesburg, and is not mapped farther south west 
on the southeast limb of the Blue Ridge anticlinorium.


Zm        marble. Includes white and light-gray to grayish-blue, 
fi ne-grained dolomitic marble and siliceous marble, do lo mit ic 
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meta-arkose, dolomitic quartz-muscovite schist, and calcitic 
marble; may contain quartz, feldspar, muscovite, phlogopite, 
and tremolite.
      Marble is poorly exposed in dis con tin u ous lenses either 
just below the top of the Fauquier Formation laminated meta-
siltstone (Zfl ) or just above the base of  the Catoctin (CCZc); a 
lense of dolomitic marble occurs within the Swift Run Forma-
tion in Loudoun County.  Along the Hazel River, a marble clast 
conglomerate with a biotite-rich feldspathic ma trix occurs just 
below the base of the Catoctin Formation.


Fauquier Formation (Zfl , Zfs, Zfa, Zfc; Furcron, 1939; 
Espenshade, 1986)
Zfl          laminated metasiltstone and phyllite. Medium- to 
dark-gray (fresh), very-pale-orange (weathered), very-fi ne-
grained, laminated metasiltstone, composed of al ter nat ing silty 
and micaceous layers on the order of a millimeter to several 
millimeters thick, and phyllite without discernable layers; major 
minerals are silt-size quartz and sericite; chlo rite, biotite, and 
magnetite occur locally.
       Thiesmeyer (1939) described these rocks as “varved slates”  
interpreted as lacustrine deposits.  Espenshade (1986) called 
this unit metarhythmite.  The unit is on strike with, and in part 
equivalent to the Monumental Mills Formation of Wehr (1985), 
interpreted as de pos it ed in a delta front-slope en vi ron ment.
Zfs         meta-arkose and metasiltstone. Alternating beds of 
dark-gray, very-fi ne-grained meta-arkose and metasiltstone; 
composed dominantly of angular quartz grains, with lesser 
plagioclase and po tas si um feldspar, and minor biotite.  Cross-
bedding and graded bedding are present; thick ness rang es from 
300 to 500 meters.
Zfa        arkosic metasandstone. Dark-gray, medium- to 
coarse-grained metasandstone contains quartz, plagioclase, 
perthitic potassium felds par, and sericite, with minor biotite 
and epidote; thin beds of pebble conglomerate occur with 
coarse-grained metasandstone; com mon ly cross-bedded.  
Unit com pris es the lowest part of the Fauquier; thickness is 
ex treme ly variable.  In the vicinity of Castleton, fi ne-grained 
volcanogenic rocks geochemically indistinguishable from 
nearby Battle Mountain Felsite (Zrbf) are interbedded with 
the basal Fauquier (Hutson, 1990).
Zfc        metaconglomerate.  Pebbles, cobbles, and oc ca sion al 
boulders of quartz, several varieties of granite, and feldspar, 
in a meta-arkosic matrix.  Discontinuous lenses occur at or 
near the base of the Fauquier.
       Meta-arkose, metasiltstone, and metaconglomerate of 
the Fauquier (Zfs, Zfa, Zfc) are interpreted as non-marine, 
fl uvial sediments, deposited unconformably on Grenville-age 
base ment (Espenshade, 1986).  These units have been mapped 
on a lithologic basis in metasedimentary outliers west of the 
principal Fauquier strike-belt, and include some rocks pre vi -
ous ly mapped as Mechums River Formation (Gooch, 1958).
       Stratigraphic and facies relations between Fauquier litho-
 log ic units and laterally equivalent Monumental Mills and other 
Lynchburg Group units are discussed by Wehr (1985), Wehr 
and Glover (1985), Conley (1989), and Kasselas (1993).


       
Lynchburg Group (Zmm, Zch, Zls, Zlq, Zlg, Zlm, Zlc, 
Zlf; includes Alligator Back and Ashe Formations, and 
Mon e ta Gneiss)


Zmm     Monumental Mills Formation (Wehr, 1985). Light-
gray, fi ne- to very-fi ne-grained metasandstone char ac ter ized 
by thin planar beds separated by biotite-rich silty partings; 
and dark-gray laminated siltstone and mudstone con tain ing 
abun dant synsedimentary de for ma tion features in clud ing 
folds, faults, convolute bedding, and ero sion al-dep o si tion al 
dis cor danc es.
       Mineralogy: quartz + albite +  mus co vite + biotite + 
epidote + calcite + chlorite + titanite + magnetite ± garnet ± 
pyrite; porphyroblastic garnet and biotite are common.
       The Monumental Mills has been interpreted to represent 
deposition in a delta front-slope environment (Wehr, 1985).
Zch        Charlottesville Formation (Nelson, 1962). Coarse-
grained to pebbly quartzose metasandstone and quartzite 
interbedded with laminated micaceous metasiltstone and 
gra phit ic phyllite and slate.  Sandstone beds are typ i cal ly 
amal gam at ed and massive; grading, horizontal strat i fi  ca tion, 
and complete Bouma se quenc es are pre served locally (Wehr, 
1985; Conley, 1989).  The formation includes cross-bedded 
quartzite, feldspathic metasandstone, and mus co vite schist 
in the upper portion (Conley, 1989; mapped as Swift Run 
For ma tion by Nelson, 1962); in the Culpeper area, includes in 
part the Ball Mountain Formation of Wehr (1985) and Kasselas 
(1993).  The unit contains numerous apparently concordant 
mafi c and ultramafi c sills in the lower portion.  Southwest of 
Nelson County, rocks equivalent to the Charlottesville Forma-
tion have been mapped as Alligator Back Formation.  Outcrop 
belt is as much as 3.7 miles wide.
Zls         metasandstone. Medium- to coarse-grained, lo cal ly 
pebbly, feldspathic micaceous metasandstone; cross-bed ded.  
Lat er al ly con tin u ous unit occurs in the upper portion of the 
Charlottesville Formation.
Zlq        quartzite.
Zlg        graphitic phyllite and metasiltstone. Black graph ite- 
and pyrite-bearing phyllite and slate, with thin interbeds of 
sericite phyllite, metasiltstone and quartzite.  The unit in cludes 
the Johnson Mill graphite slate formation of Nelson (1962); 
thickness is on the order of 100 m.
Zlm       metagraywacke. Metagraywacke, quartzose schist, 
and conglomerate. Graded bedding, cut-and-fi ll structures, and 
incomplete Bouma cycles are characteristic; con glom er at ic 
lenses occur throughout the unit.  
       Geophysical signature: Positive magnetic and positive 
radiometric anomalies.
       Metagraywacke is interpreted to have been deposited 
in a series of coalescing submarine fans, with conglomerate 
de pos it ed in submarine distributary channels developed on the 
fans (Conley, 1989).  The unit as mapped includes in part the 
Rockfi sh con glom er ate for ma tion, and the Lynchburg gneiss 
formation (restricted) of Nelson (1962), and is equiv a lent 
to Ashe Formation metagraywacke (Zam), on strike to the 
south west.  The unit has been mapped on a lithologic basis 
in outliers to the west of the main strike-belt, including parts 
of the Mechums River formation strike-belt of Gooch (1958) 
and Nelson (1962).
Zlc         conglomerate and metagraywacke.
Zlf         fanglomerate. Matrix-supported, poorly-sorted peb-
 bly to cobbly lithic conglomerate occurs at the base of the 
Lynchburg Group; includes in part the Rockfi sh con glom er ate 
formation of Nelson (1962).
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Alligator Back Formation (CCZas, CCZac, CCZmy; Rankin, 
and others,1973).
CCZas     actinolite schist. Dark-grayish-green chlo rite-ac-
 tin o lite schist metabasalt.
       Mineralogy: actinolite + epidote + chlorite ± biotite + 
albite + quartz + magnetite-ilmenite.
       Geophysical signature: linear, positive magnetic anom-
 a ly.
       Schist commonly contains recognizable fl ow structures, 
deformed and mineralized pillow basalts, pyroclastic brec cia, 
pink and white marble, and lam i nat ed metatuff.  Massive to thin 
beds are interlayered with meta mor phosed sed i men ta ry and 
mafi c to ultramafi c rocks.  This unit was pre vi ous ly mapped 
as the Catoctin Formation or the Slippery Creek Greenstone 
in the Lynchburg quadrangle (Brown 1958).
CCZac     banded marble. Light- and dark-gray, lam i nat ed fi ne- 
to medium-grained marble, cal car e ous gneiss, and schist.
       Mineralogy: calcite + quartz + biotite + muscovite + 
plagioclase + pyrite + magnetite-ilmenite.
       Thick to thin beds of marble are interlayered with gra phit ic 
phyllite and mica schist; the lithology grades from impure 
marble to calcareous metagraywacke depending on per cent age 
of de trital calcite present.  The unit includes the Arch Marble of 
Brown (1958) and the Archer Creek For ma tion of Espenshade 
(1954).
CCZmy   feldspathic metagraywacke.  Heterogeneous as sem -
blage of rock-types includes medium- to light-gray, lam i nat ed 
quartzofeldspathic to calcareous gneiss with thin mica schist 
partings; white and gray, fi ne- to coarse-grained, generally 
laminated marble; gray to greenish-gray fi ne-grained graphitic 
mica schist and quartzite; light-gray, me di um- to fi ne-grained 
mica schist; massive quartzite and micaceous blue quartz 
granule metasandstone; and, dark-green ish-black actinolite 
schist.
       Mineralogy: (1) quartz + potassium feldspar + pla gio clase 
+ biotite + muscovite + calcite + epidote + titanite + magne-
tite-ilmenite; (2) quartz + muscovite + chlorite + graph ite + 
titanite + ilmenite; (3) quartz + albite + muscovite + biotite + 
titanite + ilmenite; (4) quartz + mus co vite + garnet + kyanite; 
(5) chlorite + tremolite + magnetite-ilmenite; (6) chlorite + 
actinolite-tremolite + talc + dolomite + magnetite-ilmenite; (7) 
quartz + albite + actinolite + biotite + epidote + magnetite.
       Units here mapped as Alligator Back Formation were 
previously mapped as the Evington Group (Espenshade, 1954; 
Brown, 1958; Redden, 1963; Gates, 1986; Patterson, 1987) 
and considered to be younger than the Lynchburg Group.  
Regional mapping by Henika (1991) and Scheible (1975) 
indicates that rocks assigned to Alligator Back For ma tion 
by Rankin and others (1973) are continuous with the upper 
part of the Lynchburg Group in the type section along the 
James River at Lynchburg (Jonas, 1927) and that the Alliga-
tor Back con sis tent ly dips southeast beneath the over ly ing 
Candler Formation from the Virginia-North Carolina border 
to the James River at Lynchburg.  Sedimentary and structural 
facing criteria in di cate that rock units im me di ate ly southeast 
of the Candler Formation in an outcrop belt from Stapleton on 
the James River, southwest to Leesville Dam on the Roanoke 
River, are older than the Candler (Henika, 1992).  Although 
previously mapped as upper Evington Group (Espenshade, 
1954; Brown, 1958; Redden, 1963; Patterson, 1987), these 
rocks are herein cor re lat ed with the Al li ga tor Back Forma-


tion (upper Lynchburg Group), having been uplifted against 
the Candler Formation to the northwest along the Bowens 
Creek fault (Henika, 1992).  Rocks in the same outcrop belt 
along strike to the southwest of the Leesville Reservoir were 
previously cor re lat ed with the Alligator Back Formation by 
Conley (1985).
       The sequence of lithologic units within the Alligator Back 
Formation southeast of the Bowens Creek fault is the same  as 
that proposed by Brown (1951; 1958), and Espenshade (1954) 
for the formations in the Evington Group, that are structur-
ally above the Candler Formation.  The sequence is based 
on the detailed struc tur al and strati graph ic re la tion ships fi rst 
es tab lished by Brown  (1958)  in the Lynchburg 15-minute 
quad ran gle.  The sequence is summarized in the table on the 
following page.


Ashe Formation (Zaa, Zas, Zam, Zmg)
Zaa       amphibolite. Dark-greenish-gray to black, coarse- 
to fi ne-grained amphibolite, hornblende gneiss, and schist, 
with interlayered biotite-muscovite gneiss and mica schist.  
Coarse gar ne tif er ous amphibolite, pink and white marble, and 
pyrite-chalcopyrite-calcite veins are com mon near the top of 
the Ashe.
       Mineralogy: (1) quartz + actinolite + epidote + chlorite; 
(2) quartz + hornblende + plagioclase + epidote + garnet + 
magnetite.
       Geophysical signature: amphibolite, and hornblende 
gneiss and schist give positive linear magnetic anomalies.
       Relict amygdaloidal textures and hyaloclastic (pillow) 
structures indicate massive to thick-bedded amphibolite and 
hornblende gneiss were derived from basaltic fl ows or shal-
 low sills.   Some  thin-bedded  hornblende gneiss and schist 
units that commonly contain interbedded micaceous and feld-
 s path ic layers may be derived from volcaniclastic sed i men ta ry 
rocks.
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Espenshade (1954)         Brown (1951,1958)             Henika (1992)
________________________________________________


Younger Greenstone        Slippery Creek                      Al li ga tor Back
                                         Greenstone                             actinolite
                                                                                        schist unit


Mount Athos Fm.             Mount Athos Fm.                  Alligator Back
                                         Pelier Schist                            metagray-
                                                                                         wacke unit


Archer Creek Fm.        Arch Marble                            Al li ga tor Back
                                     Joshua Schist                           marble and
                                                                                       calcareous
                                                                                       metagray-
                                                                                       wacke unit
---------------------------BOWENS CREEK FAULT------------------------------


Candler Fm.                   Candler Fm.                               Candler Fm.


Table.  Units southeast of the Candler For ma tion along the 
James River.







Zas        mica schist or phyllite. Medium- to dark-gray, me-
 di um- to fi ne-grained mica schist, phyllite, and slate.
       Mineralogy: (1) quartz + muscovite + magnetite; (2) 
quartz + muscovite + chlorite + stilpnomelane; (3) quartz 
+ plagioclase + biotite +  garnet + magnetite; (4) quartz + 
biotite + stau ro lite + garnet + magnetite; (5) quartz + biotite 
+ kyanite + garnet + staurolite; chlorite occurs as a secondary 
mineral.
       Geophysical signature: isolated magnetic peaks re sult ing 
from  con cen tra tions of magnetite in the wider belts of mica 
schist.
      Although these rocks have been grouped as a single unit 
following Espenshade and others (1975), mapping in Floyd 
County (Dietrich, 1959) suggests that the unit includes rocks 
stratigraphically at the base of the Ashe as well as rocks strati-
graphically above the Ashe, coeval in part with the Alligator 
Back Formation.
Zam      biotite gneiss. Medium- to light-gray, massive, con-
 glom er at ic biotite schist and gneiss, with feldspar, quartz, and 
granitic clasts; grades upwards into medium- to fi ne-grained, 
salt-and-pepper-textured two-mica plagioclase gneiss with 
very-light-gray mica schist interbeds. Quartzite, im pure 
mar ble, calcareous gneiss and am phi b o lite oc cur lo cal ly.  
Some dark-gray to black, pyrite-bearing mica schist occurs 
at tops of thick, fi ning-upwards graded se quenc es.
       Mineralogy: (1) quartz + plagioclase + potassium feld-
s par + biotite + muscovite + chlorite + epidote + ilmenite; (2) 
quartz + plagioclase + biotite + muscovite + epidote-allanite + 
garnet + titanite + ilmenite; (3) quartz + calcite + pla gio clase 
+ biotite + muscovite + epidote + ilmenite + titanite; chlorite 
occurs as a secondary mineral.
       Unit is unconformable on Grenville basement and cut by 
Late Precambrian mafi c and felsic dikes.
Zmg      Moneta Gneiss.  Moderate-olive-brown to dusky-
yellowish-green to black-and-white-band ed, medium- to 
fi ne-grained biotite-horn blende gneiss, with interlayers of 
light gray, fi ne-grained quartz-feldspar gneiss, amphibolite, 
and mica schist.  Felsitic crystal tuff breccia, feldspathic con-
 glom er ate, and mafi c and felsic dikes and sills are recognized 
within the Moneta, es pe cial ly along the James River west of 
Lynchburg.  Wang and Glover (1991) rec og nized two kinds 
of mafi c metavolcanic rocks in this unit, lavas and tuffs. The 
lavas have well-preserved hyaloclastic textures; metatuffs 
com mon ly con tain delicate mineral segregation lamination.
       Mineralogy: (1) quartz + plagioclase + microcline + biotite 
+ muscovite + garnet + magnetite-ilmenite; (2) horn blende +  
plagioclase + biotite + quartz + magnetite-ilmenite + titanite; 
(3) hornblende + plagioclase + garnet + biotite + magnetite-
ilmenite.
       Geophysical signature: broad, elon gate, positive mag net ic 
anomaly.
       Numerous pegmatite dikes and sills concentrated within 
the hornblende biotite gneiss were mined for feldspar in the 
area between Moneta and Forest where the unit was fi rst de-
scribed by Pegau (1932).  In the Lynchburg area the Moneta 
was mapped as Reusens Migmatite by Brown (1958).  It was 
interpreted to be a Late Precambrian volcanic-sed i men ta ry 
complex by Conley and Henika (1970) and Wang and Glover 
(1991).  The Moneta is here assigned to the Lynchburg Group 
because it has an intertonguing re la tion ship with basal con-
 glom er at ic Lynchburg rocks and with similar rocks in the base 


of the Ashe Formation southwest of Lynchburg.


Zkr        Konnarock Formation (Rankin, 1993). Mostly 
mod er ate-red glaciogenic sedimentary rocks include massive 
diamictite (tillite), bedded diamictite, varve-like laminite lo-
 cal ly con tain ing dropstones, massive mudstone, pink arkose, 
and minor conglomerate.  Clasts in the diamictite and laminite 
are dominantly granitoid, but include rhyolite and greenstone 
of the Mount Rogers Formation.  Thickness is as much as  
3275 feet; diamictite is most common toward the top of the 
section.


Mount Rogers Formation (Zmp, Zmr, Zml, Zgs, Zmf; 
Rankin and others, 1972; Rankin, 1993)
Zmp      porphyritic rhyolite (Wilburn Rhyolite Mem ber, 
Mt. Rogers volcanic center). Very-dusky-purple, high-silica 
rhy olitic welded tuff containing about 30 percent quartz and 
mesoperthite phenocrysts.  This unit constitutes a chem i cal ly- 
and mineralogically-zoned ash-fl ow sheet at least 760 m thick, 
in which the main body is metaluminous and the basal phe-
 noc ryst-poor 30 m were initially peralkaline.
Zmr      phenocryst-poor rhyolite (Whitetop Rhy o lite Mem ber 
and Buzzard Rock Member, Mt. Rogers vol ca nic center). 
       Whitetop Rhyolite Member, phenocryst-poor, very dusky 
purple, high-silica, metaluminous rhyolite lava fl ows and mi-
nor tuff containing 0 to 10 percent phenocrysts of quartz and 
mesoperthite.  
       Buzzard Rock Member, blackish-red, low-silica, metalu-
minous rhyolite lava fl ows containing 5 to 20 percent prominant 
phenocrysts of mesoperthite and plagioclase; in cludes minor 
interbedded volcaniclastic sedimentary rocks.  The Buzzard 
Rock is a thin unit that occurs beneath the Whitetop Rhyolite 
Member.
Zml       Graywacke conglomerate, graywacke, tuf faceous 
sand stone, laminated siltstone, shale, and minor greenstone 
and rhyolite.  Most of the sedimentary rocks are volcanigenic 
but contain a signifi cant detrital contribution from the un der -
ly ing crystalline rocks of the Grenville-age base ment.
Zgs        Greenstone and interbedded metasedimentary rocks. 
Relict plagioclase phenocrysts are prominent in some green-
 stone.
Zmf       Porphyritic felsite. Includes coarsely por phy rit ic 
felsite from the Pond Mountain volcanic center that could 
be a hypabys sal intrusive, and porphyritic rhyolite from the 
Razor Ridge volcanic center that is extrusive, as well as the 
Fees Rhyolite Member near the base of the formation.


BLUE RIDGE BASEMENT COM PLEX


LATE PROTEROZOIC IGNEOUS ROCKS


Zav        felsic volcanic and volcaniclastic rocks. Dark-gray to 
black, biotite- and pyrite-rich volcaniclastic rock interbedded 
with medium-gray, fi ne-grained rocks with nu mer ous quartz-
fi lled vesicles; upper part of the unit con sists of medium-
dark-gray, fi ne-grained felsic rock with nu mer ous clasts of 
fi ne-grained, white-weathering, ve sic u lat ed felsite interlayered 
with fi ne-grained, clast-free felsic rock.  Dikes of clast-free 
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felsic rock cut nearby Middle Proterozoic gra nit ic gneiss
(Ybp); con form ably overlain by feldspathic metasandstones 
of the Fauquier Formation.


Zgd       biotite granodiorite or biotite granite. Leucocratic to 
mesocratic, medium-grained, equigranular, vaguely fo li at ed, 
epidote-, garnet-, fl uorite- and/or allanite-bearing, two-feld-
 spar muscovite-biotite gran o dior ite to granite; salt-and-pep per 
appearance is char ac ter is tic; as so ci at ed aplite and peg ma tite 
dikes common.
       Geophysical signature: weak positive radiometric anom-
 a ly.
       The plutons of this suite are wide spread in the south-
 east ern portion of the basement complex, and are correlated 
with Rockfi sh River, Mobley Mountain, Striped Rock plutons, 
and with Robertson River Igneous Suite.


Zgdr      Rockfi sh River pluton (Sinha and Bartholomew, 1984). 
Medium-gray, equigranular medium-grained, vague ly-foliated, 
fl uorite-, epidote-, and garnet-bearing muscovite-biotite grano-
diorite; aplite and pegmatite dikes cut pluton and surrounding 
country rock.  The pluton has been dated at 730 Ma (U-Pb 
zircon; Sinha and Bartholomew, 1984, re cal cu lat ed from Davis, 
1974); and 573±50 Ma (Rb-Sr whole-rock; Smith and others, 
1981).


Zgdm    Mobley Mountain granite (Brock and others, 1987; 
Herz and Force, 1987). Leucocratic to mesocratic, medium-
grained, equigranular, epidote-, fl orencite-, garnet-, and fl u-
 o rite-bearing mus co vite-biotite granite; faintly foliated.  Salt-
and-pepper appearance is char ac ter is tic; aplite and pegmatite 
dikes cut the pluton and surrounding country rock.  Dated at 
652±22 Ma (Rb-Sr whole rock; Brock and others, 1987).


Zgds      Striped Rock granite (Stose and Stose, 1957). Fine- to 
medium-grained equigranular, fl uorite-, epidote-, and allanite-
bearing horn blende-biotite granite and granite gneiss; faintly 
foliated to mylonitic (Simpson and Kalaghan, 1989).  The 
Striped Rock has been dated at 695 Ma (U-Pb zircon; Odom 
and Fullagar, 1984).


Robertson River Igneous Suite (Zrbf, Zrbg, Zra, Zrh, Zrc, 
Zrw, Zrl, Zram, Zrr; Tollo and Lowe, 1993)
Zrbf, Zrbg  Battle Mountain Alkali Feldspar Granite.
       Zrbf         felsite. Light-gray to gray, fi ne-grained to 
apha nit ic, equigranular to sparsely porphyritic (mesoperthite 
phe nocrysts) felsite composed of alkali feldspar, quartz, and 
rare plagioclase with minor biotite, aegirine, fl uorite, and 
basnäsite; locally displays fl ow banding, miarolitic cavities 
containing quartz, and prob a ble lithophysae; intrudes as so -
ci at ed alkali feldspar granite; dated at 704±4 Ma (U-Pb zircon; 
Tollo and Aleinikoff, in press).
       Zrbg         granitoid. Light-gray to gray, medium-
grained, inequigranular alkali feldspar granite composed of 
alkali feldspar mesoperthite, albite, and quartz with minor 


biotite, aegirine, zircon, fl uorite, and basnäsite; locally dis plays 
miarolitic cavities containing quartz; dated at 705±2 Ma (U-Pb 
zircon; Tollo and Aleinikoff, in  press).
Zra        Amissville Alkali Feldspar Granite. Light- to dark-
gray, medium-grained, inequigranular to porphyritic (quartz 
phenocrysts) alkali feldspar granite composed of microcline 
mesoperthite, quartz, and plagioclase, with aegirine, riebeckite, 
biotite, zircon, fl uorite, and stilpnomelane.  Euhedral quartz 
phenocrysts are diagnostic; locally displays miarolitic cavities 
containing quartz; intruded by fi ne-grained dikes of identical 
mineralogic composition.  Field relations indicate the Amiss-
ville is older than Battle Mountain gran i toid; geochemistry 
in di cates these units are comagmatic.
Zrh        Hitt Mountain Alkali Feldspar Syenite. Light-gray, 
coarse-grained to locally pegmatitic, inequigranular alkali feld-
spar syenite composed of microcline mesoperthite, quartz, and 
saussuritized pla gio clase, with lesser hastingsitic am phi b ole, 
biotite, allanite, zircon, stilpnomelane, apatite, and rare garnet; 
locally displays cumulate and pseudocumulate tex ture.  The 
syenite has been dated at 706± 2 Ma (U-Pb zircon; Tollo and 
Aleinikoff, in press).
Zrc        Cobbler Mountain Alkali Feldspar Quartz Syenite. 
Light- to dark-gray, medium- to coarse-grained, por phy rit ic 
(mesoperthite phe nocrysts) to seriate-equigranular al ka li 
felds par-quartz syenite composed of microcline mesoperthite, 
quartz, and plagioclase, with hastingsitic am phi b ole, biotite, 
stilpnomelane, zircon, allanite, fl uorite, and rare aegirine-au-
gite.  Euhedral to subhedral feldspar phe nocrysts are di ag nos tic.  
Syenite locally displays miarolitic cavities con tain ing quartz.  
The rock has been dated at 722± 3 Ma (U-Pb zircon; Tollo 
and Aleinikoff, in press).
Zrw       White Oak Alkali Feldspar Granite. Light-gray to 
gray, coarse-grained, inequigranular alkali feldspar granite 
composed of microcline microperthite, quartz, and pla gio clase, 
with hastingsitic amphibole, allanite, fl uorite, stilpnomelane, 
zircon, chlorite, and calcite.  Un al tered sur fac es display pro-
nounced vitreous luster.  Granite typ i cal ly occurs intermixed 
with light-gray, fi ne-grained, min er al og i cal ly identical alkali 
felds par granite that is lo cal ly younger.  The unit has been 
dated at 725± 8 Ma (U-Pb zircon; Tollo and Aleinikoff, in 
press).
Zrl         Laurel Mills Granite. Gray, coarse-grained, inequi-
granular granite composed of alkali feldspar mesoperthite, 
quartz, and pla gio clase, with hastingsitic am phi b ole, biotite, 
stilpnomelane, zircon, ap a tite, ilmenite, mag ne tite, and titanite.  
Amphiboles typically are entirely to partially replaced by 
fi ne-grained intergrowths of quartz, biotite, stilpnomelane, 
magnetite, and titanite.  Pale blue color of the quartz is lo-
cally diagnostic.  The granite typically displays numerous, 
anas to mos ing, mesoscopic zones of de for ma tion.  The unit has 
been dated at 728±2 Ma (U-Pb zircon; Tollo and Aleinikoff, 
in press).
Zram    Arrington Mountain Alkali Feldspar Granite. Light-
gray, medium-grained, equigranular alkali feldspar granite 
composed of microcline microperthite, quartz, and pla gio clase, 
with hastingsitic amphibole, biotite, stilpnomelane, allanite, 
fl uorite, zircon, epidote, ap a tite, rare garnet, and muscovite.  The 
granite is locally intruded by light-gray, fi ne-grained dikes of 
mineralogically identical alkali feldspar gran ite.  The unit has 
been dated at 730± 4 Ma (U-Pb zircon; Tollo and Aleinikoff, 
in press).
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Zrr        Rivanna Granite. White, medium-grained,biotite-, 
allanite-, fl uorite-, and stilpnomelane-bearing granite to al-
 ka li feldspar granite; color index less than 5; locally dis plays 
miarolitic cavities con tain ing quartz and pyrite.  The granite 
has been dated at 735± 4 Ma (U-Pb zircon; Tollo and
Aleinikoff, in press).
              


MIDDLE PROTEROZOIC (GRENVILLE-AGE) 
PLU TON IC ROCKS


Yal        alkali-feldspar leucogranite. Leucocratic, coarse-
grained to megacrystic, equigranular to porphyritic granite 
contains white alkali feldspar phenocrysts and interstitial blue 
quartz, with ac ces so ry biotite, pyroxene, and garnet; primary 
fl ow-banding is locally de lin eat ed by aligned feld-spar phe-
 noc rysts.
       Geophysical signature: positive radiometric anomaly.
       This lithology occurs as dikes and discrete plutons, com-
 pris es migmatitic leucosomes within early or pre-Grenville-
age layered gneisses, and occurs as xenoliths with in some 
Grenville-age plutonic rocks.  This is a lithologic unit
that likely includes rocks spanning a range of ages.


Yor        Old Rag granite (Furcron, 1934).  Leucocratic, coarse-
grained, foliated, alkali feldspar-blue quartz granite contains 
ac ces so ry biotite, muscovite, garnet, magnetite, and zircon; 
dated at 1115 Ma (U-Pb zircon; Lukert, 1982).
       Geophysical signature: positive radiometric anomaly.


Ycz       Crozet granite (Nelson, 1962). Leucocratic, coarse-
grained, porphyritic alkali feldspar granite.


Ysh        Schaeffer Hollow granite (Herz and Force, 1987). 
Leucocratic, coarse-grained, porphyritic, alkali felds par-blue 
quartz granite; may contain as much as 10 percent biotite 
(after hornblende or py rox ene?); ac ces so ries include il menite, 
ap a tite, and zircon; gradational into mylonitic fl aser gneiss; 
con tains granulite xenoliths.


Ygt       garnetiferous leucocratic metagranite. Leucocratic, 
medium- to fi ne-grained, equigranular to granoblastic mon-
zogranite contains very-light-gray to light-gray feldspar, 
medium-gray quartz as much as 0.5 cm in diameter, and 
dusky-red euhedral to anhedral almandine garnet as much as 
1 cm in diameter.  Mineralogy includes quartz, microperthite, 
mi cro cline, myrmekite, pla gio clase, symplectitc biotite and 
minor chlorite, ilmenite, zircon, titanite, epidote, leucoxene, 
and clinozoisite.  Modal com po si tion ranges from 28 to 29 
percent quartz, 35 to 40 percent potassium feldspar, 28 to 32 
percent plagioclase feldspar, 2 to 5 percent almandine garnet.  
U-Pb zircon data suggest a crys tal li za tion age of ap prox i mate ly 
1070 Ma (Aleinikoff and others, 1993).  In northern Virginia 
there are numerous localities where dikes of this unit cut 


porphyroblastic granite gneiss (Ybp).


Yg         leucocratic metagranite. White to light-olive-gray, 
to pink, fi ne- to medium-grained, massive monzogranite 
com posed of 22 to 38 percent quartz (white, clear, or blue), 
33 to 34 percent orthoclase, microcline, and rod and bleb 
microperthite,  and 38 to 44 percent oligoclase and albite, and 
minor biotite.  Locally, potassium feldspar porphyroblasts are 
1 to 2 cm in diameter.  In Loudoun County this unit becomes 
coarser-grained and richer in biotite from west to east across 
the outcrop belt.  U-Pb zircon data from two localities in 
Loudoun County indicate crys tal li za tion ages of 1058±3 Ma 
and 1060±2 Ma (Aleinikoff and others, 1993).


Yblg      biotite-muscovite leucogranite gneiss: Leucocratic, 
coarse- to very-coarse-grained granite gneiss contains subhe-
dral to euhedral Potassium feldspar megacrysts, and interstitial 
quartz and pla gio clase; mus co vite, biotite, epi dote, titanite, 
and magnetite-ilmenite make up 5 to 15 percent of the mode; 
hornblende and garnet are locally present.  Plagioclase is largely 
replaced by felty masses of epidote, muscovite, and titanite; 
clusters of green-brown,  biotite laths contain subhedral to 
euhedral epidote prisms; magnetite-ilmenite is rimmed by 
anhedral masses of titanite.  The rock contains a penetrative 
schistosty defi ned by biotite and mus co vite.


Ygbt      biotite granite. Leucocratic, medium- to coarse-
grained,  gneissic granite; dominantly perthitic Potassium 
feldspar, pla gio clase, and quartz, with minor biotite, mus-
 co vite, and ilmenite; accessories include apatite and zircon.  
Feldspars show alteration to epidote and sericite; gneissic 
fabric is defi ned by fl atten quartz and feldspars.


Ygr       biotite granite gneiss:.  Pink to gray, medium-grained, 
well-foliated or lineated biotite-plagioclase-quartz-mi cro cline 
gneiss.


Yra        Roseland anorthosite (Ross, 1941; Herz and Force, 
1987). White alkalic anorthosite contains andesine antiper-
thite megacrysts, blue quartz, and lesser orthopyroxene and 
rutile; cataclastic fabric is pervasive; dated at 1045 Ma (Sm-Nd 
whole-rock; Pettingill and others, 1984).


Yt          metatrondhjemite. White, medium- to fi ne-grained, 
weakly to moderately well-foliated biotite-quartz-pla gio clase 
gneiss; potassium feldspar is rare or absent.


       
Marshall Metagranite (Ymc, Ymm; Espenshade, 1986)
Ymc      coarse-grained metagranite. Medium-gray to brown-
 ish-gray, medium- to coarse-grained monzogranite com posed 
of 30 percent quartz (clear or blue), 28 percent rod and bleb 
perthite, microcline, and orthoclase, and 42 percent saussuri-
tized oligoclase.  Sheared rock commonly has as much as 20 
percent biotite.  Porphyroblastic augen, com mon ly 1 to 2 cm 
in length, consist of aggregates of potassium feldspar, plagio-
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clase, and quartz.  U-Pb zircon data indicate a crys tal li za tion 
age of 1127±7 Ma (Aleinikoff and others, 1993).
Ymm                medium-grained biotite metagranite. Me-
dium- to dark-gray, fi ne- to medium-grained, mostly equi-
granular, but rarely inequigranular granite.  Principal minerals 
are bluish-gray quartz, oligoclase, microcline, and biotite, with 
lesser amounts of muscovite, opaque minerals, epidote, chlo-
rite, and rare garnet.  Gneissic layering, commonly absent, is 
well developed locally.  This unit commonly occurs as dikes 
intruding porphyroblastic granite gneiss (Ybp), and contains 
xenoliths of Ybp.  U-Pb zircon data indicate crystallization 
ages of 1110±4 Ma and 1112±3 Ma (Aleinikoff and others, 
1993).  Single crystals of monazite give an age of 1051±3 
Ma, interpreted to be a meta mor phic age related to intrusion 
of adjacent granites that yield ages ranging from 1055 to 1070 
Ma (Yg, Ygt, Ybg).


Yl          leucocharnockite. Leucocratic, coarse-grained to 
megacrystic pyroxene-bearing granite, porphyritic in part 
with euhedral potassium feldspar phenocrysts, interstitial 
pla gio clase and quartz; fer ro mag ne sian minerals include or-
thopyroxene, clinopyroxene, magnetite-ilmenite; horn blende, 
red-brown biotite, and garnet may be present.  Ac ces so ry 
minerals include zircon, monozite, and apatite.  Py rox ene is 
thor ough ly uralitized.
              


Ypc       porphyritic leucocharnockite. Leucocratic, very-
coarse-grained, porphyritic  pyroxene-bearing granite with 
euhedral Potassium feldspar megacrysts, interstitial pla gio -
clase and blue quartz; clinopyroxene and/or orthopyroxene 
are thor ough ly uralitized; hornblende, titaniferous biotite, and 
garnet may be present; accessory minerals include mag ne tite-
ilmenite, ap a tite, and zircon.
      Rocks within this map unit were dated at 1075 Ma (U-
Pb zircon; Sinha and Bartholomew, 1984), and 1021±36 Ma 
(Sm-Nd whole rock; Pettingill and others, 1984).


Yc          charnockite. Includes dusky-green, mesocratic, 
coarse- to very-coarse-grained, equigranular to porphyritic, 
massive to vaguely foliated pyroxene-bearing granite to 
gra n o dior ite; contains clinopyroxene and orthopyroxene, in-
 ter me di ate-composition plagioclase, po tas si um feldspar, and 
blue quartz. Reddish-brown biotite, horn blende, and poikilitic 
gar net are present locally; accessory minerals in clude ap a tite, 
magnetite-il menite, rutile, and zir con.
       Geophysical signature: charnockite pods in the south-
 east ern Blue Ridge produce a moderate positive magnetic 
anom a ly relative to adjacent biotite gneisses, resulting in 
spotty mag net ic highs.
       This unit includes a host of plutons that are grouped on 
the basis of lithology, but are not necessarily consanguine-
ous.  These include Pedlar charnockite, dated at 1075 Ma 
(U-Pb zircon, Sinha and Bartholomew, 1984) and Roses Mill 
charnockite (Herz and Force, 1987), dated at 1027±101 Ma 
(Sm-Nd, Pettingill and others, 1984).
              


Ycm      charnockite gneiss. Leucocratic to mesocratic, coarse-


grained, porphyritic, pyroxene-bearing granite gneiss; well-
de vel oped shear foliation is superimposed on seg re ga tion 
layering defi ned by quartz-feldspar and mafi c-rich do mains; 
includes mylonitic augen gneiss.                 


Yhg       megacrystic charnockite. Por phy rit ic, foliated 
py rox ene-hornblende granite contains potassium feldspar 
megacrysts up to 4 cm across; hornblende and magnetite-il-
menite are the dominant fer ro mag ne sian min er als; color index 
is about 15.  Pyroxene is thoroughly uralitized; pla gio clase 
contains abun dant small epidote prisms.  Ad ja cent to contacts 
with over ly ing Cam brian clastic rocks, charnockite grades into 
unakite; includes Vesuvius megaporphyry of Bartholomew 
and Lewis (1984).


Elk Park Plutonic Group (Yep, Yec; Rankin and others, 
1972; 1973)
      Includes augen gneiss and porphyritic gneiss (Yep), and 
equigranular quartz monzonite, quartz monzonite fl aser gneiss, 
and quartz monzonite gneiss (Yec).  Rocks range in com po si tion 
from diorite to quartz monzonite; most are quartz monzo nite 
in which the primary dark mineral is biotite, with or without 
horn blende; epidote and titanite are common ac ces so ry miner-
als.  Porphyritic rocks contain microcline phe nocrysts.  Augen 
gneiss was probably derived from por phy rit ic plu ton ic rocks 
by shearing.
       This unit includes in part the Little River Gneiss of Dietrich 
(1959) and Cranberry Gneiss (Rankin and others, 1972; 1973).  
U-Pb zircon data from the Cranberry has been interpreted to 
signify ages of 1050 Ma (Davis and others, 1962) and 1080 
Ma (Rankin and others, 1969).


Ymg      two-mica granite (Conley, 1989). Coarse-grained, 
inequigranular muscovite-biotite two-feldspar granite gneiss 
contains 2-cm clots of biotite and relict orthopyroxene; ac-
 ces so ry minerals are epidote, rutile, actinolite, hornblende, 
and zir con.  Unit is considered intrusive into biotite augen 
gneiss.
             


Ybp       porphyroblastic granite gneiss: Dark-yel low ish-
brown to moderate-yellowish-brown, medium-grained, grano-
blastic to megacrystic, mafi c-rich monzogranite com posed 
of 27 to 38 percent quartz, 28 to 39 percent orthoclase, rod 
and bleb perthite, microcline, and myrmekite, and 33 to 40 
percent oligoclase and andesine.  Porphyroblasts of po tas si um 
feldspar range from 1 to 10 cm while plagioclase and quartz 
are generally 2 cm or less in maximum dimension.  Mafi c 
min er als, including almandine, biotite, chlorite, horn blende, 
and opaque minerals, are, in places, concentrated in layers.  
Al man d ine (up to 1 cm in diameter) makes up as much as 3 
percent of the mode, while hornblende, com mon ly 0.5 to 0.75 
cm in length, constitutes less than 1 percent.  The rock breaks 
along cleavage surfaces that are commonly rich in chlorite, 
giving the whole rock a light green color.  
       A U-Pb zircon age from this rock is 1144±2 Ma; two dif-
ferent populations of monazite give ages of 1106±1 Ma and 
1063±1 Ma, respectively (Aleinikoff and others, 1993).  This 
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unit is the oldest dated granitic rock in the northern Virginia 
Blue Ridge, and is very commonly intruded by dikes of the 
Marshall Metagranite (Ym) and garnetiferous leucocratic me-
tagranite (Ygt), and less commonly by leucocratic metagranite 
(Yg).  These fi eld relations suggest that the monazite ages 
are not cooling ages but represent the times of meta mor phic 
growth during subsequent intrusive events.


Ybg       porphyroblastic biotite-pla gio clase augen gneiss. 
Mesocratic, medium- to coarse-grained, biotite-rich quartz-
ofeldspathic gneiss con tains prominent subhedral to euhedral 
monocrystalline feldspar augen. The ratio pla gio clase: potas-
sium feldspar may be as high as 10:1; color index ranges from 
30 to 50. Apatite, epidote, muscovite, ilmenite, and titanite 
are ubiq ui tous accessories.  Plagioclase contains abundant 
prismatic epidote and white mica; ilmenite is rimmed with 
masses of anhedral titanite; subhedral horn blende and sub-
hedral to euhedral almandine-grossular garnet occur lo cal ly.  
In the vicinity of adjacent charnockite,  anhedral actinolitic 
am phi b ole pseudo mor phs after pyroxene or rims thoroughly 
uralitized relict pyroxene.  Rock fabric is gra da tion al from 
granofels to mylonite gneiss.
       Geophysical signature: negative magnetic signature 
rel a tive to adjacent charnockite.
       In northern Virginia, this unit strongly resembles prophy-
roblastic granite gneiss (Ybp); however, the augen in Ybp 
are more commonly polycrystalline aggregates rather than 
single-crystal porphyroblasts.  This unit is widespread in the 
central and southeastern Blue Ridge, en com pass ing a number of 
lithologically similar metaplutonic entities: the “biotitic facies” 
of the Roses Mill and Turkey Mountain ferrodiorites of Herz 
and Force (1987), the Archer Mountain quartz monzonite of 
Bartholomew and others (1981), biotite granofels and augen 
gneiss of Evans (1984, 1991), biotite augen gneiss of Conley 
(1989), and augen-bearing gneiss of Lukert and Halladay 
(1980), and Lukert and Nuckols (1976).  Historically, most 
workers have interpreted these rocks as Grenville-age plutons 
in which the present-day biotite-rich mineral assemblage is a 
primary igneous assemblage that crystallized from a melt (for 
example, Bartholomew and others, 1981).  Herz and Force 
(1987) and Evans (1991) presented evidence that these biotite 
gneisses were derived from charnockite plutons by retrograde 
hydration reactions.
       Pettingill and others (1984) reported ages of 1009±26 Ma 
(Rb-Sr whole-rock) and 1004±36 Ma (Sm-Nd whole-rock) 
for ferrodiorite to quartzmonzonite in the Roseland district.  
Where this unit has been mapped in the Upperville quad ran gle 
(A.E. Nelson, unpublished data), U-Pb zircon data suggest 
a crys tal li za tion age of 1055±2 Ma (Aleinikoff and others, 
1993).


Yhd       biotite-hornblende granodiorite. Mesocratic, me-
 di um- to coarse-grained, equigranular, massive to vaguely 
foliated gran o dior ite contains poikilitic green-brown horn-
 blende, subhedral in part; lesser reddish-brown biotite, and 
ac ces so ry apatite, magnetite-ilmenite, and zir con; color in dex 
30 to 40.           


Yn        metanorite and metadiorite. Gray-weathering, me-
 di um- to coarse-grained, massive to weakly foliated horn-
 blende-orthopyroxene-plagioclase metanorite and medium- to 
fi ne-grained biotite-hornblende-plagioclase metadiorite.  Oc-
curs as lenses and thin belts, commonly in proximity to garnet 
graphite paragneiss (Yp).
              


Yum      metaperidotite, hornblende metagabbro, and meta-
pyroxenite.  Metaperidotite, greenish-black, dark-yel low ish-
brown weath er ing, medium-grained, massive; con sists of ser-
 pen tine, am phi b ole, dark chlorite, and mag ne tite; ser pen tine 
replaces subhedral oli vine; non-pleochroic am phi b ole occurs as 
single crystals, presumably pseudo mor phic after subhedral to 
anhedral pyroxene; some amphibole occurs as large poikilitic 
crystals.
       Hornblende metagabbro, greenish-black, medium-
grained, speckled-white-weathering, massive, with a weak 
foliation and well-preserved primary igneous fabric; subhedral 
pla gio clase is replaced by clinozoisite and albite; anhedral 
pyroxene is replaced by fi brous tremolite; brown hornblende 
occurs as subhedral single crystals.
       Metapyroxenite, dark-greenish-gray to greenish-black, 
light-greenish-gray weathering, medium-grained, weakly-fo-
 li at ed actinolite-rich rock contains lesser chlorite; am phi b ole 
is pseudomorphic after pyroxene.


MIDDLE PROTEROZOIC GNEISSES


Ygn       leucocratic granulite and gneiss.  Leucocratic, fi ne- to 
medium-grained layered gneiss contains pre dom i nant ly alkali 
felds par and blue quartz; ferromagnesian min er als in clud ing 
pyroxene, ilmenite, horn blende, reddish-brown bi otite, or 
garnet constitute less than one percent of the mode.  Quartz 
and feldspar are granoblastic; gneissic fabric is de fi ned by 
dis con tin u ous quartz-rich domains.


Ygg       layered leucocratic granite gneiss. Pale-red, pink-
 ish-gray to light-gray leucocratic syenogranite with medium-
light-gray to greenish-gray melanocratic layers (0.25 to 1 cm 
thick) that are commonly migmatitic.  Mineralogy consists of 
26 to 39 percent quartz, 49 to 51 percent rod and bleb perthite, 
microcline, and orthoclase, 12 to 23 percent oligoclase, and 
minor garnet and biotite.  Layering consists of 0.5- to 2-cm-
thick segregations of alkali feldspar, pla gio clase, and quartz.  
Garnet and biotite are commonly re strict ed to melanocratic 
layers containing plagioclase and quartz.  
       Isotopic data from multigrain fractions and single zir cons 
are scattered, with Pb-Pb ages ranging from 1092 to 1139 Ma 
(Aleinikoff and others, 1993).  Field relations are complex 
and suggest that the protolith for this unit may have been a 
composite of Ybp and younger granite(s) that was highly 
tectonized and homogenized during the Grenville orogeny.  


Ypg       layered pyroxene granulite. Medium- to  dark-
green ish-gray, fi ne- to medium-grained, segregation-layered 
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quartzofeldspathic granulite.  Major minerals are quartz, 
pla gio clase, potassium feldspar (includes assemblages with 
one alkali feldspar), orthopyroxene and clinopyroxene, and 
mag ne tite-ilmenite; garnet, hornblende, and reddish-brown 
bi otite are widespread minor constituents.  Apatite and zircon 
are accessory minerals. Color index ranges from 15 to 35.  
Quartz and feldspars are granoblastic; ferromagnesian min er als 
de fi ne dark layers on the order of 1 to 3 mm thick, giving 
the rock a characteristic pinstriped appearance.  Migmatitic 
leucosomes locally cut segregation layering.
       Geophysical signature: positive magnetic anomalies rel-
 a tive to adjacent biotite granulite and layered gneiss (Ygb).
       This unit pre-dates charnockite, alkali feldspar leucogran-
ite, and other plutonic rocks on basis of cross-cutting relations, 
and is generally considered pre-Grenville-age coun try rock 
that was meta mor phosed under granulite-facies meta mor phic 
conditions and intruded by plutonic rocks during the Grenville 
orogeny.  The unit includes Lady Slipper granulite gneiss (1130 
Ma, U-Pb zircon, Sinha and Bartholomew, 1984), and Nel-
lysford and Hills Mountain granulite gneisses of Bartholomew 
and others (1981).


Ypp                  layered porphyroblastic pyroxene granulite. Leuco-
cratic to mesocratic, segregation-layered quartzofeld-spathic 
gran u lite contains prominent potassium feldspar por-phy-
roblasts; major mineralogy, quartz, plagioclase, K- felds par, 
orthopyroxene or clinopyroxene, and magnetite-il menite; horn-
blende, reddish-brown biotite, and garnet are wide spread minor 
con stit u ents.  Accessory minerals include ap a tite and zircon.  
Segregation layering is defi ned by mil li me ter- to centimeter-
scale quartz-feldspar- and py rox ene-rich do mains; migmatitic 
leucosomes of alkali feldspar and blue quartz are common.  
This rock-type is considered to be pre-Grenville-age country 
rock, although no radiometric data is available.


Ygh       hornblende gneiss. Gray-weath er ing, medium- to fi ne-
grained, massive to strongly-foliated hornblende-quartz-micro-
cline-pla gio clase gneiss with rare biotite and orthopyroxene.  
This lithology is very similar to layered pyroxene granulite 
(Ypg), and is considered equiv a lent.


Yfh        Flint Hill Gneiss (Lukert and others, 1977). Seg-
 re ga tion-layered quartzofeldspathic biotite gneiss contains 
quartz, pla gio clase, microcline, green biotite, ilmenite, and 
titanite; accessories include epidote, apatite, and zircon.  Seg-
regation layering is defi ned by quartz-feldspar- and bi otite-rich 
do mains on the order of a few millimeters thick; migmatitic 
leucosomes of quartz and alkali feldspar cut seg re ga tion layer-
ing in places; veins of blue quartz are com mon.
       This unit is considered correlative with layered biotite 
granulite and gneiss (Ygb); the Flint Hill has been dated at 
1081 Ma (U-Pb zircon; Lukert and others, 1977).


Ygb       layered biotite granulite and gneiss. Leucocratic to 
mesocratic, segregation-layered quartzofeldspathic gran u lite 
and gneiss contain quartz, plagioclase (albite), mi cro cline (in-
cludes as sem blag es with one alkali feldspar), biotite, il menite, 


and titanite; garnet and horn blende are commonly
present.  Accessory minerals include apatite and zircon.  
Epi dote and white mica are ubiquitous secondary minerals.  
Relict py rox ene, largely replaced by actinolitic amphibole, 
occurs lo cal ly.  Segregation layering is defi ned by alternating 
quartzofeldspathic and biotite-rich domains on the order of 
a few millimeters to centimeters thick.  Quartz and feldspar 
are granoblastic; biotite defi nes a penetrative schistosity 
that crosscuts seg re ga tion layering.  Migmatitic leucosomes 
com posed of alkali feldspar and blue quartz cut segregation 
lay er ing, and locally defi ne at ten u at ed isoclinal folds.
       This unit surrounds pods of layered pyroxene granulite 
(Ypg), and is cut by Grenville-age metaplutonic rocks in clud ing 
porphyroblastic biotite-plagioclase augen gneiss (Ybg) and 
alkali feldspar granite (Yal).  The unit has been correlated with 
Flint Hill Gneiss (Yfh) (Evans, 1991), and may correlate with 
Stage Road layered gneiss of Sinha and Bartholomew (1984).  
These gneisses have been interpreted as derived from layered 
pyroxene granulite (Ypg) by retrograde hydration reactions 
(Evans, 1991).


Yma      layered quartzofeldspathic augen gneiss and fl aser 
gneiss.  Leucocratic to mesocratic, mesoscopically-layered 
coarse-grained quartzofeldspathic biotite gneiss contains 
prom i nent poly crys tal line quartz-feldspar augen within an 
anastomosing, mica-rich, schistose matrix.  Major min er -
al o gy includes quartz, plagioclase, mi cro cline, mus co vite, 
biotite, epidote, titanite, and ilmenite; apatite and zircon are 
accessory minerals.
       This unit is gradational into biotite granulite and gneiss 
(Ygb), and is at least in part derived from that unit by su per -
im po si tion of cataclastic to mylonitic fabric.  Includes in part 
Stage Road layered gneiss (Sinha and Bartholomew, 1984; 
U-Pb discordia from 915 Ma to 1860 Ma).


Ybr       border gneiss (Hillhouse, 1960). Pyroxene- and lo-
 cal ly graphite-, sulfi de-, and garnet-bearing quartzofeldspathic 
granulite and gneiss; includes platy leucocratic charnockite 
and charnockite gneiss; sur rounds and is intruded by Roseland 
Anorthosite.  Border gneiss is equiv a lent to banded granulite 
of Herz and Force (1987), and has been interpreted as in part 
a paragneiss derived from pre-Grenville-age sed i men ta ry-vol-
 ca nic rocks (Bartholomew and Lewis, 1984; Herz and Force, 
1987).


Yp        garnet graphite gneiss. Light-brown-weathering, 
me di um- to  fi ne-grained graphite-biotite-garnet-pla gio clase-
quartz paragneiss; in cludes quartz-chlorite-magnetite schist 
and carbonaceous phyllonite; graph ite makes up 10 percent 
of the rock in places and garnet, up to 25 percent locally.  The 
protolith of this unit is intepreted to be metasedimentary country 
rock that Grenville-age plu ton ic rocks intruded.  The rock is 
similar in appearance to parts of the border gneiss (Ybr).


Yq         quartzite and quartz-sericite tectonite. Light-gray to 
white, fi ne- to medium-grained, massive; contains round ed 
zircons, thin lenses of graphite, and pods of paragneiss (Yp); 
unit is considered part of a metasedimentary suite.  


36                                                       VIRGINIA DIVISION OF MINERAL RESOURCES







STRATIFIED ROCKS OF THE WESTERN 
PIED MONT


CCZab    Alligator Back Formation (Sauratown Moun tains; 
Conley, 1985).  Light-gray, medium- to coarse-grained porphy-
roblastic garnet-mica schist; contains interbeds of dark-gray 
graphitic mica schist, calc-gneiss, mica gneiss, feld s path ic 
quartzite with blue quartz granule beds, and garnet-hornblende 
schist.
       Mineralogy: (1) quartz + muscovite + garnet + stauro-
lite + biotite + magnetite; (2) quartz + muscovite + biotite + 
garnet + kyanite + staurolite + magnetite; (3) quartz + biotite 
+ muscovite + garnet + chlorite + epidote + rutile + titanite 
+ magnetite-ilmenite (retrograde assemblage locallized in 
sheared rocks along the Ridgeway fault).  Garnet, kyanite, 
and stau ro li te porphyroblasts are generally pristine.


Zau       Ashe Formation (Sauratown Mountains; Conley, 
1985). Light-gray, medium-grained muscovite and mus co vite-
biotite gneiss with thick interbeds of muscovite schist and 
pebbly feldspathic quartzite.  Thick lenses of garnet- horn-
 blende schist locally mark the basal and upper contacts with 
the underlying basement gneiss and the overlying metapelites 
respectively.  The unit is cut by dikes, sills and thick sheets 
of pegmatite and alaskite, especially con cen trat ed along the 
zone of tran si tion al contact with Alligator Back mica schist 
units.
       Mineralogy: (1) quartz + plagioclase + Potassium feld-
s par + muscovite + biotite + tourmaline + epidote + titanite 
+ magnetite-ilmenite; (2) quartz + plagioclase + muscovite 
+ biotite + graphite + magnetite-ilmenite; (3) hornblende + 
plagioclase + quartz + garnet; (4) hornblende + plagioclase 
+ quartz + epidote + chlorite + magnetite-ilmenite.
       Geophysical signature: Low-amplitude, elongate, pos i tive 
magnetic anomalies are associated with garnet-mica and horn-
blende schist outcrop belts; elongate magnetic lows co in cide 
with areas underlain by gneiss units.


Ysc       Stuart Creek Gneiss (Conley, 1985). Light-gray to 
black and white, massive to irregularly-layered augen and 
fl aser gneiss with anastamosing layers of mylonitic biotite 
schist, hornblende schist and foliated leucogranite.  Augen 
gneiss is composed of microcline, plagioclase, and perthite 
porphyroclasts up to 4 cm across in a matrix of plagioclase, 
quartz, and biotite, with accessory titanite, epidote, horn blende, 
and opaque minerals.
       This rock was correlated with the Elk Park Group of the 
southwestern Blue Ridge by Espenshade and others (1975).  
Rankin and others (1971) obtained a lead-lead zircon age of 
1192 Ma from a layered biotite gneiss unit in a similar strati-
graphic position as the Stuart Creek but exposed in a quarry 
at Pilot Mountain, North Carolina, about 25 miles south west 
of the Virginia-North Carolina boundary.
              


CCZfm    Fork Mountain Formation (Conley and Henika, 
1973; Conley, 1985). Light- to medium-gray, fi ne- to me di um-
grained, polydeformed and polymetamorphosed porphyroblas-
tic alu mi no sil i cate-mica schist, interlayered with medium-gray 


irregularly-layered garnetiferous biotite gneiss, migmatitic in 
part; calcsilicate granofels; amphibolite; rare white mar ble; 
and, coarse calc-quartzite lenses.
       Complex schistosity, multiple crenu la tion cleavages, 
and partly-retrograded, polymetamorphic aluminosilicate 
and gar net porphyroblasts are diagnostic of Fork Mountain 
schists.  Primary sedimentary structures rarely are preserved.  A 
spec tac u lar polymictic breccia bed that can be traced along
strike for several miles within the Fork Mountain near Stuart 
is a notable exception.  Medium- to coarse-granular, blue- 
quartz lenses, angular to rounded inclusions of boudinaged 
fi ne-grained, color-laminated, calc-silicate rock, and thick beds 
of coarse, clast-supported, epidotized lithic breccia are typical 
of the Fork Mountain biotite gneiss.
       Prograde regional metamorphic mineral assemblages: (1) 
quartz + muscovite + biotite + garnet + staurolite + magne-
tite-ilmenite + rutile; (2) quartz + muscovite + paragonite + 
plagioclase + garnet + staurolite + sillimanite +
magnetite-ilmenite + rutile; (3) quartz + biotite + sillimanite + 
potassium feldspar + plagioclase + garnet + magnetite-il menite; 
(4) quartz + plagioclase + biotite + muscovite + sillimanite 
+ garnet + tourmaline; (5) quartz + plagioclase + potassium 
feldspar + biotite + hornblende + epidote + il menite; (6) quartz 
+ plagioclase + potassium feldspar + mus co vite + biotite + 
sillimanite + magnetite-ilmenite + garnet + kyanite.
       Retrograde metamorphic mineral assemblages:  (1) quartz 
+ muscovite + chlorite; (2) quartz + muscovite + chloritoid + 
chlorite; (3) quartz + muscovite + staurolite + chloritoid; (4) 
quartz + muscovite + kyanite.
       Contact metamorphic mineral as sem blag es: (1) an da lus ite 
+ sillimanite + kyanite + corundum; (2) corundum + spinel + 
magnetite + kyanite.
       Geophysical signature: The Fork Mountain has a char-
 ac ter is tic "curly maple" pattern on magnetic contour maps.  
This pattern is the result of isolated concentrations of highly 
mag net ic minerals that produce rounded, high-intensity, posi-
tive and negative anomalies.
       The aluminosilicate-mica schist is the upper part of the 
Fork Mountain Formation and forms a series of northeast-
ward-trending  ridges along the northwest side of the Smith 
River allochthon. The gar ne tif er ous biotite gneiss is at a 
lower structural level of the Fork Mountain Formation near 
Martinsville where lower strata have been intruded by the 
Martinsville igneous complex, and the remaining metasedi-
mentary rocks contain extensive thermal meta mor phic zones 
locallized along the intrusive contacts (Conley and Henika, 
1973).  Biotite gneiss in the Fork Mountain For ma tion has 
been interpreted to be a highly meta mor phosed diamictite 
(Rankin, 1975; Conley, 1985; and Pavlides, 1989).
       At the northeastern limit of the Fork Mountain outcrop 
belt, in Appomattox and Buckingham counties, the dom i nant 
lithologies are polydeformed yellowish-gray chloritoid-chlo-
 rite-muscovite quartzose phyllite and quartz-rich mica schist.  
Tightly-folded, transposed pinstriped segregation layering at 
a high angle to the penetrative schistosity defi ned by phyllo-
silicate minerals is characteristic; polycrystalline quartz-rich 
boudins are abundant.  These rocks are litho log i cal ly indis-
tinguishable from those along the highly-tectonized west ern 
margin of the metagraywacke, quartzose schist, and me lange 
(CZpm) outcrop belt; current interpretation is that the Fork 
Mountain is correlative to some degree with CZpm.
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Bassett Formation (CCZba, Zbg; Conley and Henika, 
1973)
CCZba    amphibolite.  Dark-greenish-gray to black-and-white, 
medium- to coarse-grained, layered to massive horn blende 
schist, horn blende gneiss, amphibolite, garnet-py rox ene 
granofels, and coarse uralitic hornblende metagabbro.  Mafi c 
rocks are interlayered with white to light-gray, me di um- to 
coarse-grained quartz-feldspar granofels, and cut by alaskite 
and pegmatite dikes and sills.  Ovoid masses of quartz, pla gio -
clase, epidote and quartz that resemble fl at tened amygdules, 
and features that resemble graded bedding and cut-and-fi ll 
structures suggest  a  mixed volcanic-volcaniclastic protolith 
(Conley and Henika, 1970).
       Mineral assemblages: (1) hornblende + plagioclase + 
quartz + pyroxene + garnet + epidote + magnetite + titanite; 
(2) diopside + grossular + plagioclase + magnetite + quartz 
+ epidote; (3) hornblende + plagioclase + potassium feldspar 
+ quartz + epidote.
       Geophysical signature: Narrow, positive magnetic ano-
molies closely parallel amphibolite outcrops belts.
Zbg       biotite gneiss. Light-gray to black-and-white, fi ne- 
to medium-grained, leucocratic biotite gneiss that is mostly 
seg re ga tion-layered, but locally is a medium-grained quartz-
feldspar granofels.  Con tains interlayers of muscovite-biotite 
schist, quartz schist, and epidote quartz ite.
      Mineral assemblages: (1) quartz + plagioclase + po tas si um 
feldspar + biotite + muscovite + magnetite-ilmenite + tour-
 ma line ± kyanite ± epidote ± titanite ± hornblende ± garnet; 
(2) quartz + plagioclase + epidote + pyroxene.
       Porphyroclasts  of zoned plagioclase in an equigranular, 
polygonal quartz-potassium feldspar groundmass and me di um 
to thick bedding suggest a volcaniclastic protolith (Conley, 
1985).  Gneisses are migmatitic and cut by nu mer ous granite 
dikes and sills  near the contacts with the Martinsville igneous 
complex.
       Geophysical signature: potassium feldspar-bearing 
gneisses have positive radiometric, and generally fl at mag-
 net ic sig na tures relative to adjacent amphibolite units.
       In the core of the Sherwill anticline (Campbell and Ap-
pomattox counties), the dominant rock-type is graded salt-and-
pepper metagraywacke, interbedded with lesser mica schist 
and graphite schist.  This association bears lithologic
affi nity to the Lynchburg Group, which occupies the cores of 
structural domes to the west; this correlation has been made by 
several workers (Brown, 1958; Kaldy, 1977; Gates, 1987).


       
Mine Run complex (OZI, OZII, OZIII; Pavlides, 1989; 
1990)
OZI      melange zone I (Pavlides, 1989). Fine-grained schist 
and phyllite matrix encloses coarse-grained metasandstone 
beds locally; contains exotic blocks of mafi c and felsic 
metavolcanic rocks (vo) similar to metavolcanic rocks of the 
Chopawamsic Formation (Ccv).  Blocks of blastomylonitic 
tonalite and granodiorite gneiss (gn) are present locally.
OZII     melange zone II (Pavlides, 1989). Schist and phyl-melange zone II (Pavlides, 1989). Schist and phyl-melange zone II
lite matrix is more complexly deformed than the matrix of 
melange zone I; contains metavolcanic blocks (vo) similar to 
Chopawamsic Formation rocks (Ccv), in addition to gran i toid 
blocks of altered tonalite and gran o dior ite (gr); intruded by 
the Ellisville biotite granodiorite (SOe).


OZIII    melange zone III (Pavlides, 1989). Phyllite and schist melange zone III (Pavlides, 1989). Phyllite and schist melange zone III
matrix contains abundant euhedral magnetite; many matrix 
rocks are highly deformed on a mesoscopic and mi cro scop ic 
scale.  Mafi c exotic blocks (mf) include am phi b o lite, ul tra mafi  c 
rocks, serpentinite, and talc; many mafi c and ul tra mafi  c blocks 
are composite.  Biotite gneiss blocks (gn) are also present.  
Metavolcanic olistoliths (vo) are rare.
       Geophysical signature: Strong positive magnetic anom-
 a ly.  
       This unit is intruded by the Ellisville biotite gran o dior ite 
(SOe).


CCZpm   metagraywacke, quartzose schist, and melange. Meta-
graywackes are quartzose chlorite or biotite schists con tain ing 
very fi ne to coarse granules of blue quartz; pri ma ry graded 
laminations have been trans posed by shear ing into elongate 
lozenges that give the rock a distinctive pin-striped appear-
ance in weathered surfaces per pen dic u lar to schistosity.   A 
mylonitic fabric is superimposed in varying degrees, as are 
late-stage chevron-style folds.  In Buckingham, Appomattox, 
and Campbell Counties, rocks in this unit are progressively 
more tectonized from east to west across the outcrop belt; in 
the western portion, the dominant lithology is a polydeformed, 
mylonitic mica schist with abun dant quartz-rich boudins; trans-
 posed pinstriped lam i na tion or segregation layering at a high 
angle to mylonitic schistosity is char ac ter is tic.  Metagabbroic 
blocks ranging in size from 5 cm to 3 m across and larger have 
been identifi ed at widely scat tered locations throughout the 
outcrop belt.
       Mineralogy: quartz + albite + epidote + chlorite + mus-
 co vite + magnetite ± chloritoid ± calcite; biotite- and stauro-
lite-bearing as sem blag es occur in Appomattox and Campbell 
Counties.  Detrital minerals identifi ed in thin section include 
plagioclase, perthite, epidote, magnetite, tourmaline, and 
titanite.  Lithic fragments include dacite tuff, gabbro, and 
monocrystalline quartz with zircon and biotite inclusions 
(Evans, 1984).
       The northern portion of the outcrop belt includes me lange 
zone IV of the Mine Run complex of Pavlides (1989; 1990).  
In Albemarle and Fluvanna counties,CCZpm includes the lower 
chlorite-muscovite unit of Smith and others (1964) and Hard-
ware metagraywacke of Evans (1984).  In Appomattox and 
Buckingham Counties, polydeformed quart zose mica schists 
in the western portion of the outcrop belt are litho log i cal ly 
in dis tin guish able from schists mapped as Fork Moun tain For-
mation in structural blocks that occur to the west; these units 
are considered to be at least in part cor rel a tive.  In Campbell 
County, polydeformed metagraywacke and mica schist is 
intruded by the Cambrian-age Melrose Granite (CCm).


vl           metavolcanic and metavolcanic clastic phyllite
(Pavlides, 1990).  Chlorite- and chlorite-epidote phyllite 
with variable amounts of silt-size quartz and plagioclase; in 
part metafelsite or metatuff.  Euhedral magnetite is locally 
abun dant.  Unit grades westward into metasandstone and 
metasiltstone (mss).


mss       metasandstone and metasiltstone (Pavlides, 1990).  


38                                                       VIRGINIA DIVISION OF MINERAL RESOURCES







Quartz- and plagioclase-bearing metasandstone and metasilt-
stone are interbedded with chlorite- and muscovite-rich lami-
nae; unit grades into phyllonite and mylonite in the Mountain 
Run fault zone.


Interlayered felsic and mafi c metavolcanic and metasedi-
mentary rocks    (CCfvs, CCmvs)
CCfvs      felsic metatuff, mica schist, and gneiss. In cludes 
light-gray to grayish-pink, very-fi ne-grained to aphanitic, 
thin-bedded dacitic metatuff, locally containing subhedral to 
euhedral pla gio clase phe nocrysts; very-light-gray pinstriped  
quartz-rich, muscovite and biotite-mus co vite schist; and, 
me di um-gray fi ne-grained salt-and-pepper biotite-mus co vite 
gneiss.
       Mineralogy: quartz + plagioclase + muscovite ± biotite 
+ epidote + magnetite.
       These lithologies are interlayered with subordinate 
amounts of greenstone metabasalt and amphibole gneiss.
CCmvs    greenstone or amphibole gneiss. Includes dark- to 
dusky-green, schistose actinolite-chlorite metabasalt with epi-
 dote-quartz segregations; and, layered hornblende-pla gio clase 
gneiss.  These lithol o gies are interlayered with sub or di nate 
amounts of dacitic metatuff, quartz-muscovite
schist, and fi ne-grained salt-and-pepper biotite-muscovite 
gneiss.


Popes Head Formation (OCCps, OCCpo; Drake and Lyttle, 
1981)                
OCCps    Station Hills Phyllite. Light-greenish-gray, dusky-
yel low-weathering phyllite and lesser amounts of very-fi ne-
grained metasiltstone.   Beds are 2 to 12 cm thick; many have 
thin basal intervals of graded siltstone.
       Mineralogy: muscovite + quartz + biotite + chlorite + 
plagioclase + magnetite + epidote.
       The top of the unit is nowhere exposed; maximum known 
thickness is 300 m.  Some chlorite-rich phyllite is probably 
mafi c metatuff; unit grades down into Old Mill Branch Meta-
siltstone.
OCCpo    Old Mill Branch Metasiltstone. Light-green ish-gray, 
pale-greenish-yellow- or yellowish-gray-weathering, me di um- 
to fi ne-grained graded micaceous metasiltstone and lesser fi ne-
grained micaceous metasandstone; fi ne-grained
beds are phyllite and micaceous metasiltstone.   Grad ed beds 
are 2 to 24 cm thick.
       Mineralogy: quartz + muscovite + biotite + plagioclase 
+ chlorite + magnetite + epidote.
       The unit contains felsic metatuff (mineral assemblage 
quartz + plagioclase + epidote + muscovite + biotite + chlorite 
+ green amphibole + magnetite) and mafi c metatuff (mineral 
assemblage blue-green amphibole + plagioclase +
titanite) layers up to 180 cm thick.  Maximum thickness of unit 
is about 2300 feet; unit overlies with apparent unconformity  
the Mather Gorge, Sykesville, and Yorkshire For ma tions, the 
Annandale Group, and the Piney Branch Complex (Drake and 
Lyttle, 1981).  The unit is intruded by Occoquan Granite.
       


CCZpb    Piney Branch Complex (Drake and Morgan, 1981). 
Heterogeneous assemblage of metamorphosed peridotite, py-


 rox en ite, and gabbro; dominant rock-types include serpentinite, 
soapstone, and actinolite schist.  The unit con tains dikes and 
sheets of plagiogranite.


CCy         Yorkshire Formation (Drake and Morgan, 1981). 
Polygenetic melange consisting of a dark quartz-plagioclase-
chlorite matrix that contains chips, fragments, and small blocks 
of quartz, ultramafi c rock, metagabbro, plagiogranite, mafi c 
volcanic rock, and other exotic blocks.  Characterized by 
abundant light-colored feldspar grains that contrast with the 
dark-colored phyllosilicate component.  The York shire forms  
thin, discontinuous lenses at the base of the Piney Branch 
Com plex.


       
Mather Gorge Formation (CCZms, CCZmg; Drake and Fro-
elich, in press)
CCZms    schist, greenish-gray to gray, reddish-brown-weath-
 er ing, fi ne- to coarse-grained, lustrous, quartz-rich; and much 
lesser mica gneiss; contains interbedded metagraywacke and 
some calc-silicate rock; also contains abundant mafi c and 
ultramafi c rock debris.
       Typical mineral assemblages from west to east and from 
low to high metamorphic grade are: (1) quartz + muscovite 
+ chlorite + plagioclase + epidote + magnetite-hematite; (2) 
quartz + muscovite + biotite + garnet + staurolite + pla gio clase 
+ magnetite ± an da lus ite; (3) quartz + muscovite + garnet + 
kyanite + plagioclase + staurolite + magnetite; and (4) quartz 
+ biotite + plagioclase + sillimanite ± microcline + magnetite.  
Higher-grade schists are migmatitic, and in many places show 
effects of a retrograde metamorphic over print.
CCZmg   metagraywacke, light- to medium-gray, yel low ish- to 
red dish-brown-weathering, fi ne- to medium-grained, gen er al ly 
well-bedded, and lesser semi-pelitic schist; con tains interbed-
ded quartzose schist and some calc-silicate rock; mineral as-
semblages as in schist (CCZms).  Beds range from about 3 cm 
to 3 m, averaging about 20 cm; graded bedding, sole marks, 
and slump features are abundant.  Mather Gorge is uncon-
formable beneath Popes Head Formation, which is in trud ed 
by Occoquan Granite; includes rocks pre vi ous ly mapped in 
northern Virginia as Peters Creek Schist.


CCsv       Sykesville Formation (Hopson, 1964; Drake, 1985). 
Light- to medium-gray, medium-grained metasedimentary me-
lange consisting of a quartzofeldspathic matrix that con tains 
quartz “eyes”and a heterogeneous suite of pebble- to boulder- 
and larger-size olistoliths.  These include: Mather
Gorge Formation migmatite, phyllonite, and metagraywacke; 
also, ultramafi c, metagabbroic, and felsic and mafi c metavol-
canic rocks, plagiogranite, and quartzite.  The Sykesville is 
intruded by Occoquan Granite.


       
Annandale Group (CCZl, CCZa; Drake, 1985)
CCZl        Lake Barcroft Metasandstone (Drake and Lyttle, 
1981). Light-greenish-gray to light-gray, medium-grained 
meta-arenite; and, very-light-gray, fi ne- to medium-grained 
metagraywacke.  Meta-arenite beds are massive, up to 2 m
thick, and probably result from sedimentary amalgamation; 
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metagraywacke beds are regular, sharp, and fl at based, con-
 tain ing graded and parallel-laminated intervals; thick ness 
rang es from 10 to 15 cm.
       Mineralogy: (meta-arenite), quartz + epidote + pla gio -
clase + chlorite + muscovite + magnetite; (metagraywacke), 
quartz + biotite + muscovite + plagioclase + garnet + epidote 
+ magnetite.
       Unit is about 1200 feet thick; grades downward into Ac-
cotick schist.
CCZa       Accotink Schist (Drake andAccotink Schist (Drake andAccotink Schist  Lyttle, 1981). Light-gray, 
yellowish-gray to moderate-brown to very-pale-or ange-weath-
 er ing schist and interbedded with micaceous metagraywacke.  
Locally, schist contains ran dom ly scat tered, discontinuous beds 
of meta-arenite.  Schist in ter vals are 20 to 210 cm thick, but 
individual sedimentation units average about 1 cm.
       Mineralogy: quartz + muscovite + biotite + chlorite + 
plagioclase; accessory minerals include garnet, magnetite, 
epi dote, apatite, zir con, and pyrite.
       Micaceous metagraywacke appears to be a more quartz-
ofeldspathic element of a pelitic sedimentary se quence.  Unit 
thickness is unknown because the base is nowhere ex posed; 
the Accotink is intruded by Occoquan Granite.


CCi          Indian Run For ma tion (Drake, 1985). Poor ly- to well-
foliated metasedimentary melange consisting of a me di um-
grained quartz-plagioclase-muscovite-biotite-chlo rite-garnet 
matrix con tain ing quartz “eyes” and a het er o ge neous suite of 
olistoliths.  These include: foliated Accotink Schist
and Lake Barcroft Metasandstone, and foliated ultramafi c, 
metagabbroic, and felsic and mafi c metavolcanic rocks.  The 
Indian Run pre-dates Occoquan Granite.


OCCu      metasedimentary rocks, undivided (Pavlides, 1990). metasedimentary rocks, undivided (Pavlides, 1990). metasedimentary rocks, undivided
Gray to green phyllite, gray to white metasiltstone and fi ne-
grained quartz ite, fi ne-grained mica schist, green slate and 
phyllite, and sparse granule quartzite and gray wacke; may be 
coeval in part with Old Mill Branch  Metasiltstone Member 
of the Popes Head Formation (OCCpo).


OCCp      phyllite (Pavlides, 1990): Mostly gray-to-green 
phyllite with lesser metasiltstone.  Mylonitic rocks com-
posed com mon ly of schist or phyllite with elongate granules 
of quartz, occur in the southern part of the outcrop belt.  These 
are interpreted as highly tectonized parts of this formation. 
Al ter na tive ly, these rocks may be part of a separate terrane.


CCl          Lunga Reservoir Formation (Pavlides, 1989; 1990). 
Metadiamictite, characterized by a nonstratifi ed, mi ca ceous 
quartzofeldspathic matrix resembling a granitoid, con tain ing 
rounded to subrounded silt- to sand-sized quartz and pla gio clase 
grains, fi ne-grained and porphyroblastic mus co vite, green por-
phyroblastic biotite, garnet and mag ne tite.  Gran ule-, peb ble-, 
and cobble-sized lumps of milky quartz are ubiq ui tous; mica 
schist and gneiss clasts are com mon; calc-silicate clasts are 
rare.  Pebble-, cobble-, and boulder-sized fragments of mafi c 
and ultramafi c rock are sparsely dis trib ut ed in the southern 
part of the outcrop belt, but are locally abundant in the north.  


Locally along the contact with the Chopawamsic Formation, 
the Lunga Resevoir contains ex ot ic fragments similar to li-
thol o gies found in the Chopawamsic.  The Lunga Resevoir 
is intruded by Occoquan Granite.
              


CCp         Purcell Branch Formation (Pavlides, 1989; 1990). 
Metadiamictite, characterized by a dark-gray, micaceous 
quartzofeldspathic matrix with a pervasive, anastomosing 
fo li a tion.
       Mineralogy: quartz + plagioclase + muscovite + biotite 
(commonly retrograded to chlorite) + epidote + magnetite.
       Lumps of milky quartz, sparsely distributed, have un-
 der gone tectonic fl attening and recrystallization; phyllitic 
rock chips are sparse.  Exotic blocks on the order of several 
meters to several hundreds of meters in length include felsite, 
green stone and greenschist, mafi c rocks, and amphibolite; these 
are interpreted as derived from the Chopawamsic Formation 
(Pavlides, 1989).


SOe       Ellisville biotite granodiorite (Pavlides, 1990). Meso-
cratic, coarse- to medium-grained, equigranular to por phy rit ic, 
massive to strongly foliated granodiorite.
       Mineralogy: quartz + plagioclase + potassium feldspar + 
biotite; accessories include epidote, allanite, titanite, and apa-
tite.  Porphyritic rocks contain potassium feldspar megacrysts 
up to 1.5 cm across; myrmekite commonly occurs adjacent 
to potassium feldspar.  Brownish-green, strongly pleochroic 
biotite is associated with, and in places poikilitically encloses 
epi dote, allanite, titanite, and apatite.  Subhedral epidote lo-
cally encloses euhedral titanite.  Pleochroic green am phi b ole 
and muscovite are minor con stit u ents locally.
       The Ellisville has been dated at 440±8 Ma (Rb-Sr whole- 
rock; Pavlides and others, 1982).


IGNEOUS ROCKS OF THE WESTERN PIEDMONT
       


CClw       Leatherwood Granite (Jonas, 1928; Pegeau, 1932; 
Conley, 1985). Light-gray, medium- to coarse-grained, por-
 phy rit ic biotite granite gen er al ly shows rapakivi texture.
       Mineralogy: quartz + potassium feldspar + plagioclase 
+ biotite + muscovite + epidote + apatite + titanite + zircon 
+ mag ne tite.
       Geophysical signature: positive radiometric, negative 
magnetic.
       The major part of the Leatherwood occurs as sheets at 
the top of the Martinsville igneous complex.  Leatherwood 
Gran ite and associated Rich Acres gabbro are cut by dikes 
of dark-gray, coarse-grained, por phy rit ic olivine norite.  The 
Leath er wood was dated at 450 Ma (U-Pb zircon; Rankin, 
1975); 464±20 Ma (Rb-Sr whole-rock, Odom and Russell, 
1975); and 516 Ma (U-Pb zircon; Sinha and others, 1989).


CCra        Rich Acres Formation (Conley and Henika, 1973; 
Conley, 1985). Dikes, sills, and irregularly-shaped plu tons 
of dark-greenish-gray, me di um-grained, lo cal ly porphryitic, 
bi otite-horn blende gab bro.
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       Mineralogy:plagioclase + clinopyroxene + orthopyroxene 
+ hornblende + biotite + magnetite + quartz + rutile + apatite 
+ zircon + epidote + calcite + pyrite + titanite; plagioclase is 
altered to epidote; pyroxenes are altered to uralite.  Outer parts  
of some plutons are injected with thin veins composed
of hornblende + plagioclase, and hornblende + pyroxene + pla-
giocase, and with quartz-microcline-oligoclase peg ma tite.
       The unit includes small, irregularly-shaped plutons of 
porphyritic norite composed of 1- to 4-cm orthopyroxene and 
clinopyroxene and 1-cm plagioclase laths in ophitic texture, 
hornblende, biotite, and olivine.  The Rich Acres is part of the 
Martinsville igneous complex of Ragland (1974).


CCm        Melrose granite.  Light-greenish-gray to pink-band ed, 
massive, medium- to coarse-grained biotite granite; ranges in 
composition from quartz monzonite to quartz di or ite.  Fabric 
shows a southeastward progression from protomylonite to 
mylonite to ultramylonite where the unit is cut by the Brookneal 
shear zone (Gates and others, 1986).
       Mineralogy: quartz + plagioclase + potassium feldspar 
+ biotite + muscovite + chlorite + epidote + titanite + garnet 
+ mag ne tite-ilmenite + calcite + zircon (Gates, 1981).
       Geophysical signature: positive radiometric, negative 
magnetic.
       The Melrose has been dated at 515 Ma (U-Pb zircon; 
Sinha and others, 1989).


PzZdm   Diana Mills complex (Brown, 1969). Principally 
hornblende metadiorite and hornblende-quartz metadiorite; 
includes hornblendite, amphibolite, metaperidotite, or bic u lar 
serpentinite, pegmatite, and aplite.
       Metamorphosed hornblende diorite and hornblende-quartz 
diorite are dark-grayish-green, medium-grained por phy rit ic, 
and massive to crudely-foliated.  Phenocrysts are 1 to 10 mm 
anhedral to subhedral plagioclase of intermediate
composition; matrix minerals include hornblende and pla gio -
clase, with variable amounts of biotite and quartz.  Ac ces so ry 
minerals include: apatite, zircon, muscovite, magnetite, il-
 menite, and pyrrhotite.  Epidote, chlorite, and titanite are 
common secondary minerals.
       Hornblendites are dark-green, medium- to coarse-grained 
rocks consisting dominantly of blocky euhedral to subhedral 
hornblende, with minor interstitial highly altered feldspar, and 
ap a tite.
       Amphibolite and metaperidotite are dark-green coarse-
grained rocks composed of anhedral pale-green uralitic 
horn blende which in places contains relict clinopyroxene 
and orthopyroxene, and rounded blebs of serpentine with 
cores of acicular tremolite, apparently after olivine.
       Orbicular serpentinite is dark-gray serpentinite com posed 
of variable amounts of talc, amphibole, and chlorite, with 
fragmentary remnant pyroxene; the rock contains round ed 
orbicules from about 2 to 20 cm in diameter.  These are 
composed predominantly of fi brous antigorite, oriented in 
concentric bands around the periphery, and contain cracks 
fi lled with mag ne tite, chlorite, and talc.
       Pegmatite and aplite are composed of  pla gio clase, epi dote, 
clinozoisite, muscovite, and quartz; hornblende megacrysts 
are present in some pegmatite.


       The complex is generally concordant with the foliation in 
the enclosing metagraywacke (CCzpm), which shows en larged 
micas and mica porphryoblasts adjacent to the contact.  Struc-
 tur al setting and rock as sem blage are suggestive of a layered 
intrusive sill (Brown, 1969).  More recently the Diana
Mills has been interpreted as an exotic block, emplaced within 
the enclosing unit by gravity sliding, or by other tectonic means 
(Brown and Pavlides, 1981; W. R. Brown, personal com mu -
ni ca tion to Nick Evans, 1993).


       
Green Springs pluton (PzZgq, PzZgs; Hopkins, 1960; 
Rossman, 1991)
PzZgq quartz diorite and granite. Light-gray, medium- to 
coarse-grained, massive to indistinctly-foliated.
       Mineralogy: quartz + plagioclase (intermediate com po -
si tion) + potassium feldspar + biotite + muscovite.
PzZgs   diorite and hornblendite. Diorite, light- to dark-gray, 
fi ne- to coarse-grained.  Hornblendite and amphibolite occur 
as dikes associated with diorite; these are coarse-grained, with 
blocky hornblende and plagioclase; epidote-rich al ter ation 
zones are common.
       Mineralogy: hornblende + plagioclase (intermediate com-
 po si tion); accessory minerals include apatite, titanite, zir con, 
gar net, pyrite, and magnetite.  Augite, diopside, quartz, and 
potassium feldspar are locally present.  Horn blende is largely 
replaced by chlorite or biotite; pla gio clase contains abun dant 
epidote inclusions.  Late biotite porphyroblasts are common; 
these are commonly hydrated to form vermiculite.
       Rossman (1991) interprets the Green Springs to be a fl at-
topped intrusive body with its upper surface approximately 
coincident with the present land surface.  He notes that the 
pluton contains metasedimentary xenoliths that resemble the 
enclosing metagraywacke, and has a thermal aureole that is
manifested by garnet and biotite porphryoblasts in the sur-
 round ing country rocks.  Conley and Johnson (1975) con-
 clud ed that the pluton was rootless at depth on the basis of a 
gravity study.
       Vermiculite is being extracted com mer cial ly from a de pos it 
near the northeast margin of the pluton.


       
Buckingham complex (PzZbq. PzZbk; Henika, 1969)
PzZbq   quartz diorite. Light-gray, medium- to coarse-grained, 
biotite-quartz diorite; migmatitic zones, kyanite, and sil li man ite 
occur adjacent to contacts in country rocks.
       Mineralogy: quartz + plagioclase + potassium feldspar + 
biotite + epidote + allanite + muscovite + magnetite.
       This lithology cuts across older units in the Buckingham 
complex.
PzZbk   metamorphosed mafi c and ultramafi c rocks. Dark-
greenish-gray, massive to layered, coarse-grained metagabbro, 
with metapyroxenite and metaperidotite layers. Early lay ered 
units are cut by late-stage aplitic gran o dior ite veins and dikes. 
Screens of metasedimentary country rocks sep a rate dif fer en t-
i at ed metaperidotite-metagabbro sills. Younger quartz diorite 
plu ton (PzZbq) partially brecciates older mafi c rocks.
       Mineralogy (secondary minerals in parentheses): meta-
peridotite, orthopyroxene + clinopyroxene + olivine + mag-
netite (+ tremolite-actinolite + chlorite + serpentine + talc + 
epidote + magnetite + calcite); metapyroxenite, orthopyroxene 
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+ clinopyroxene + horn blende + magnetite (+ chlorite + talc 
+ plagioclase + epidote + quartz + magnetite); metagabbro, 
hornblende + clinopyroxene + orthopyroxene + biotite + pla-
gioclase + magnetite (+ biotite + chlorite + epidote + muscovite 
+ quartz + garnet).
       Geophysical signature: Positive magnetic anomalies are 
associated with mafi c and ultramafi c sills.


Obi        Bear Island Granodiorite (Cloos and Cooke, 1953; 
Drake and Lee, 1989). Leucocratic, fi ne-grained, mus co vite-
biotite gran o dior ite and related quartz-albite-mi cro cline 
peg ma tite.  Unit comprises small- to moderate-sized sheets 
and crosscutting bodies.  Muscovite from pegmatite dated 
at 469±20 Ma, interpreted as time of cooling below 5000 C 
(Rb-Sr; Muth and others, 1979).
              


Ol          Lake Jackson pluton (Pavlides, 1990). Mesocratic, 
fi ne- to medium-grained, strongly-foliated and locally lineated 
micaceous metatonalite.  Plagioclase shows alteration to  fi ne-
grained white mica and granular epidote; quartz has com mon ly 
been recrystallized into granoblastic- to mosaic-tex tured aggre-
gates; fl attened quartz blebs along with di men sion al ly-aligned 
feldspar impart a mineral lineation locally.  Bi otite, epidote, 
chlorite, and muscovite defi ne a dis con tin u ous sinuous folia-
tion.  Allanite is an accessory mineral that is  locally rimmed 
by epidote.


Ot          metatonalite (Pavlides, 1990). Leucocratic, fi ne-
grained, hypidiomorphic-granular, massive metatonalite-meta-
plagiogranite composed predominantly of sodic pla gio clase 
and quartz, with minor potassium feldspar; plagioclase is 
variably altered to epidote and white mica.  Thin cataclastic
seams of quartz with white mica locally cut the rock.
              


Lahore Complex (Ola, Olp, Olm; Pavlides, 1982; 1990)
Ola        amphibole monzonite. Mesocratic, medium-grained, 
amphibole monzonite and amphibole-quartz mon zo nite have 
a foliation defi ned by alignment of tabular felds par crystals.  
Mineralogy includes microcline or or tho clase, intermedi-
ate-composition plagioclase, and quartz; mafi c minerals are 
am phib ole ranging from common horn blende to edenite, lo-
cally rim ming pyroxene, subordinate biotite, and mag ne tite.  
Epi dote, titanite, apatite and allanite are also present.
Olp        pyroxene monzonite. Dark-gray to black, fi ne- to 
me di um-grained, massive- to indistinctly-foliated; consists 
of large, locally-twinned augite, poikilitic in part, enclosing 
apatite, opaque oxide, biotite, and plagioclase.  Com po si -
tion al ly-zoned and unzoned pla gio clase is also a signifi cant 
coarse-grained consitituent.  This lithology is gradational into 
am phi b ole monzonite.
Olm      mafi c and ultramafi c rocks. Composite mass that 
consists of partially serpentinized pyroxenite containing 
di op side rimmed by antigorite or by tremolite.
       


OCCf       Falls Church Intrusive Suite (Drake and Froelich, 
1986; in press). Tonalite, granodiorite, monzogranite, and 


trondhjemite.  Tonalite, medium-dark-gray, medium- to coarse-
grained biotite-hornblende tonalite and biotite tonalite with 
abundant inclusions of mafi c and ultramafi c rock.  Tonalite is 
typically well-foliated; in many places it has a strong quartz-rod 
lineation.  Granodiorite, medium-gray, medium- to coarse-
grained, poorly- to moderately-well-foliated, bi otite- and 
bi otite-muscovite-bearing.  Monzogranite, me di um-grained, 
muscovite-biotite and gar net-muscovite-bi otite-bearing.  
Trondhjemite, light-pink to light-gray, me di um-grained, 
mus co vite-bearing; strongly deformed and recrystallized.  
Tonalite from this suite has been dated at 481±11 Ma (U-Pb 
single-crystal zircon; J.N. Aleinikoff, written com mu ni ca tion, 
1993).


OCCd      Dalecarlia Intrusive Suite (Drake and Flemming, in 
press). Medium- to coarse-grained, massive to well-foliated, 
biotite monzogranite and lesser granodiorite; locally con tains 
plagioclase phe nocrysts.  Mapped bodies contain wide spread 
leucocratic biotite-muscovite monzogranite.


OCCgg    Goldvein pluton (Pavlides, 1990). Mesocratic, 
coarse- to medium-grained, weakly- to strongly-foliated 
metamonzogranite.  Altered feldspars commonly impart pink 
and green colors to the rock.  Min er al o gy includes perthite and 
plagioclase feldspars, each locally megacrystic; granoblastic 
quartz, muscovite, and sparsely distributed gar net.


OCCo      Occoquan granite (Lonsdale, 1927; Drake and 
Froelich, 1986). Light-gray, medium- to coarse-grained, 
mus co vite-biotite monzogranite and lesser granodiorite and 
tonalite.  In many places the rock has a strong quartz-rod 
lineation, and locally, two foliations.  The Occoquan has been 
dated at about 560 Ma (U-Pb zircon; Seiders and others, 1975), 
494±14 Ma (Rb-Sr whole-rock; Mose and Nagel, 1982), and 
479±9 Ma (U-Pb single-crystal zircon; J.N. Aleinikoff, written 
com mu ni ca tion, 1993).


OCCpg    plagiogranite tonalite (Pavlides, 1990). In cludes 
leucocratic to mesocratic plagioclase- and quartz-rich meta-
 mor phosed in tru sive rocks containing little or no potassium 
feldspar.  Plagioclase is variably altered to epidote, white 
mica, and chlorite.  Quartz, generally blue, forms granoblas-
tic aggregates that locally have cores of coarse-grained quartz 
with wavy extinction.  Garnet is present locally.  Hornblende, 
gen er al ly a minor constituent, is particularly abundant in the 
southwest portion of the pluton.  Many of the plagiogranitic 
rocks have undergone cataclasis and are protomylonitic to 
mylonitic.


CCgi        Georgetown Intrusive Suite (Flemming and oth ers, 
in press). Tonalite, quartz gabbro, quartz diorite, metapyrox-
enite, and hornblendite.  Tonalite, medium- to coarse-grained, 
massive to strongly-foliated, biotite-, bi otite-horn blende-, and 
garnet-biotite-hornblende-bearing; color index 20 to 40; con-
tains abundant mafi c inclusions.
       Quartz gabbro and quartz diorite, mostly medium- to 
coarse-grained quartz-augite-hornblende metagabbro, lesser 
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quartz diorite, and much lesser quartz norite; commonly 
con tains thin cumulus layers of metapyroxenite and augite-
horn blende fels.  Forms small to medium-sized layered sills 
and localized border zones of tonalite plutons.
       Metapyroxenite and hornblendite, dark-green to black, 
massive to well-foliated, medium- to coarse-grained; in cludes 
serpentinite, soapstone, and talc schist.  Forms small pods and 
xenolith swarms within or along the borders of larger tonalite 
and quartz gabbro plutons.
              


CCZg      Garrisonville Mafi c ComplexGarrisonville Mafi c ComplexGarrisonville Mafi c Comple  (Pavlides, 1990). 
Fine- to coarse-grained, massive to foliated amphibolite and 
hornblendite with lesser metapyroxenite, metawebsterite, 
and metanorite.  Am phi b oles in amphibolite are dominantly 
horn blende, which is poikilitic in places; ac tin o lite and cum-
mingtonite are present locally.  Intermediate-com po si tion 
plagioclase commonly shows alteration to clinozoisite or 
epidote.  Quartz and chlorite are present in variable amounts 
in some amphibolites; magnetite and ilmenite are common 
accessory minerals.  Hornblendite consists of coarse-grained 
hornblende in a groundmass of fi ner-grained hornblende, 
plagioclase, and quartz.  At the western edge of the complex, 
talc-amphibole schist occurs near the contact with the coun try 
rock; metamorphic alteration is less intense in the western
portion than in the east.


mgb       metagabbro. (southwestern Piedmont, Conley, 1985). 
Dark-green and white, massive to layered, coarse-grained 
equigranular metagabbro.
       Mineralogy: clinopyroxene + orthopyroxene  ± garnet + 
hornblende + plagioclase + magnetite.  Garnets are sur round ed 
by thin coronas composed of plagioclase and symplectic inter-
growths of plagioclase-pyroxene.  Forms elon gate con cor dant 
bodies intrusive into the Bassett For ma tion.
       (northern Piedmont, Drake and Froelich, in press).  
Green ish-gray, fi ne- to coarse-grained, well-foliated epidote-
pla gio clase-hornblende amphibolite; locally contains relict 
clinopyroxene.  Occurs as sills in the Mather Gorge For ma tion.  
Fisher (1971) reports that zircons from an amphibolite body 
on an island in the Potomac River have a Pb-Pb age of 525+/-
60 Ma, and a concordia age of 550 Ma, assuming continuous 
diffusion; a Cambrian age for metagabbroic sills in the Mather 
Gorge would be consistent with regional geo log ic relations.


ak          alaskite  (Conley, 1985). White to light-gray, me di um- 
to coarse-grained leucocratic muscovite granite and granite 
gneiss.
       Mineralogy: potassium feldspar (perthite or microcline) + 
pla gio clase + quartz + muscovite ± biotite ± epidote ± kyanite 
± garnet.
       Geophysical signature: negative or fl at magnetic sig na ture; 
positive radiometric signature.
       Commonly occurs as folded sheets parallel to schistosity 
and as lit-par-lit injections in the Bassett and Fork Mountain 
For ma tions (Smith River Allochthon) and near the base of the 
Lynchburg Group (Ashe Formation or Moneta Gneiss) in the 
Blue Ridge or Sauratown Moun tains anticlinoria.


gs           actinolite schist metabasalt. Dark-green, vari ably-
schistose chlorite-actinolite-epidote greenstone metabasalt, 
amyg dal oi dal in part; massive yellowish-green epidosite 
seg re ga tions common.


ROCKS OF THE CENTRAL VIRGINIA 
VOLCANIC-PLUTONIC BELT


PMf       Falmouth Intrusive Suite (Pavlides, 1980). Fine-
grained to pegmatitic granite, quartz monzonite, gran o dior ite, 
and tonalite; con sists of dikes, sills and small plutons.
       Mineralogy: plagioclase + quartz +  microcline +  biotite +  
muscovite + hornblende ± garnet + epidote + apatite + titanite 
+ opaque minerals; myrmekite common.
       The unit has been dated at 300-325 Ma (U-Pb zircon and 
Rb-Sr whole-rock; Pavlides and others, 1982).  These rocks 
intrude the Ta River Metamorphic Suite (CCta), Falls Run 
Granite Gneiss (Sf), Holly Corners Gneiss (CCZh), Quantico 
For ma tion (Oq) and porphyroblastic garnet-biotite gneiss 
(Ym; Po River Meta mor phic Suite of Pavlides, 1980).


Sf           Falls Run Granite Gneiss (Pavlides, 1980). Pink to 
white, coarse-grained, strongly-foliated hornblende-biotite 
granite to mon zo nite gneiss.
       Mineralogy: microcline + plagioclase + quartz + biotite 
+ muscovite ± hornblende; apatite, epidote, titanite, and mag-
 ne tite-ilmenite are accessories; myrmekite is common.
       The Falls Run has been dated at 410 Ma (U-Pb zircon 
and Rb-Sr whole-rock; Pavlides and others, 1982); the gneiss 
intrudes Ta River Metamorphic Suite (CCta) and the Holly 
Corners Gneiss (CCZh).


Ost        Shelton Formation. Pink to gray, coarse-grained, 
massive, strongly-lineated gneiss ranging in composition 
from granite to quartz monzonite (Henika, 1977), composed 
of microcline and perthite augen enclosed by biotite in a 
quartz-plagioclase matrix.  A characteristic linear fabric is 
produced by rod-like feldspar porphyroblasts and crystalline 
ag gre gates.  Thin veins of purple fl uorite are common.
       Mineralogy: quartz + potassium feldspar + plagioclase + 
biotite + muscovite ± pyrite ± fl uorite.
       Geophysical signature: pronounced positive ra dio met ric 
signature, fl at magnetic signature.
       Originally named Shelton granite (Jonas, 1928), the unit 
was renamed Shelton Formation (Henika, 1977).  Simple linear 
fabric was cited as evidence for an intrusive origin by Henika 
(1980).  The Shelton has been dated at 424±7 Ma (Rb-Sr 
whole-rock; Kish, 1983) and 463 Ma (U-Pb; Hund, 1987).


       
Quantico Formation (Oq, Oqq; Pavlides, 1980)
Oq         slate and porphyroblastic schist. Gray to black, 
graphitic, pyritic phyllite and slate (northern Piedmont); 
meta mor phic grade increases to the southwest to produce 
porphyroblastic staurolite-, kyanite-, and garnet-biotite-
mus co vite schists.  Locally the unit contains felsic metatuff, 
metagraywacke, and micaceous quartzite interbeds; thick-
 ness has been es ti mat ed at as much as 3000 feet  (Pavlides, 
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1980).
       Mineralogy: quartz + muscovite + biotite ± garnet ± 
staurolite ± kyanite + opaque minerals; chlorite is a com mon 
secondary mineral.
       Geophysical signature: strike-elongated positive linear 
magnetic and radiometric anomalies.
       The unit was originally named Quantico Slate by Darton 
(1894), and modifi ed to Quantico Formation by Pavlides (1980).  
An Ordovician age for the Quantico is indicated by fossils 
collected by Watson and Powell (1911) and more recently by 
Pavlides and others (1980).  The Quantico unconformably 
overlies older units in the northeastern Pied mont, and is cor-
related with the Arvonia Formation to the southwest.
Oqq      micaceous quartzite. Light-gray, fi ne- to medium-
grained quartzite and quartzose muscovite schist.
       Mineralogy: quartz + muscovite + plagioclase ± mi cro -
cline.
      This lithology occurs as thin dis con tin u ous lenses at the 
base of the Quantico; thin diopsidic calcsilicate layers are 
also found locally in the lower part of the Quantico (Pavlides, 
1980).


Arvonia Formation (Oa, Oas, Obq, Okq)
Oa        slate and porphyroblastic schist.  Dominantly dark-
gray to grayish-black, lustrous, very-fi ne-grained, graphitic 
slate (north east ern sec tor); and, medium-grained, porphyrob-
lastic gar ne tif er ous biotite schist (south west ern sec tor).
       Discontinuous beds of quartzose muscovite schist, coarse-
grained to pebbly micaceous quartzite, and conglomeratic schist 
occur along the margins of the outcrop belt, stratigraphically 
at the base of the section.  Interbeds of dacite metatuff occur 
in the western portion of the slate outcrop belt.
Graded laminated metasiltstone and metasandstone are in-
terbedded with slate in the central and eastern portions of 
the outcrop belt at the latitude of the James River (Evans and 
Marr, 1988); these rocks pass into porphyroblastic schists at 
higher metamorphic grades to the southwest.  A dis tinc tive 
gar net-amphibole-quartz interbed occurs within porphyrob-
lastic schist south of the James River (volcanogenic marker?; 
Brown, 1969); north of the river, this passes down
metamoprphic grade into what is described as an oolitic chlorite 
schist (Smith and others, 1964).
       Mineralogy: (slate) chlorite + mus co vite + plagioclase 
+ quartz + magnetite ± biotite ± calcite ± graphite ± pyrite; 
(porphyroblastic schist) biotite + muscovite + garnet + quartz 
+ plagioclase + magnetite ± kyanite ± calcite; tourmaline and 
zircon are common accessories.
       Geophysical signature: The Arvonia is marked by pos i tive 
magnetic and radiometric anomalies.
        Originally referred to as the slate in the Arvonia belt by 
Rogers (1884),  the unit was named Arvonia slate by Stose 
and Stose (1948),  and raised to formation status by Brown 
(1969).  An Upper Ordovician age for the Arvonia has been 
es tab lished from fossils collected by Watson and Powell 
(1911), Stose and Stose (1948), Tillman (1970), and Kolata 
and Pavlides (1986).
       The Arvonia has long been considered unconformable on 
top of adjacent units.  Micaceous quartzite, pebbly mus co vite 
schist, and conglomeratic schist are common at the base of the 
section where that boundary is not faulted (Stose and Stose, 
1948; Smith and others, 1964; Brown, 1969; Evans and Marr, 


1988).  The base of the Arvonia is exposed in an old railroad cut 
near Carysbrook, Fluvanna County (Smith and others, 1964); 
there, a micaceous quartzite containing quartz pebbles rests on 
granite of the Carysbrook pluton.  The Stoses (1948) considered 
the Arvonia a sequence de pos it ed on a post-Taconic-orogeny 
regional unconformity, and folded and meta mor phosed during 
subsequent orogenies; that in ter pre ta tion is consistent with 
geologic constraints as we know them today.  The Arvonia 
is correlated with the Quantico Formation.  His to ry of the 
Arvonia district slate industry is discussed by Brown (1969) 
and Evans and Marr (1988).
Oas       porphyroblastic garnet-biotite schist:.  Porphyro-
blastic mica schist, characterized by 1- to 2-mm garnet por-
phyroblasts in an anastomosing, greenish-black biotite-rich, 
schistose matrix.  Most ex po sures show complex mi cro struc -
tures suggestive of polyphase de for ma tion and su per im posed 
shearing.  In Appomattox and Campbell coun ties, and locally 
elsewhere,this unit includes quartzose mus co vite schist along 
the western and eastern margins of the outcrop belt (presumed 
base of the stratigraphic section); locally the unit contains thin 
interbeds of calcareous mica schist and mar ble.
       Mineralogy: biotite + garnet + mus co vite + quartz + 
plagioclase + magnetite ± kyanite ± calcite.
       Geophysical signature: characterized by elongate pos i tive 
magnetic and radiometric anomalies.
       This unit was mapped in strike-belts southwest of, and 
not physicaly connected to the type section at Arvonia.
Obq       Bremo quartzite (Stose and Stose, 1948). Light-gray, 
fi ne- to medium-grained, thick-bedded and locally crossbedded 
quartzite; includes quartz-muscovite schist, and quartz-pebble 
con glom er ate.
       Mineralogy: quartz + muscovite + chlorite ± pla gio clase ± 
potassium feldspar ± calcite ± magnetite-hematite ± zircon.
       The Bremo reportedly contains crinoid stems and bra-
 chio pods (Smith and others, 1964; Brown, 1969).  Stose 
and Stose (1948) and Smith and others (1964) considered 
the quartzite stratigraphically above the slates and schists; 
Brown (1969) cited structural evidence that the Bremo does 
not occupy a position at the top of the Arvonia, but occurs 
locally in the middle or lower part.  Smith and others (1964) 
and Brown (1969) considered the Bremo a member of the 
Arvonia Formation.
Okq      kyanite quartzite and schist. White to light-gray, me-
dium- to coarse-grained, well-foliated, locally crinkle-fold ed, 
quartzose ky a n ite schist and kyanite-bearing quartz ite.
       Mineralogy: kyanite + quartz + muscovite ± graphite ± 
pyrite ± garnet; kyanite constitutes as much as 30 percent of 
the rock.
       Kyanite-bearing quartzites and schists have been cor-
 re lat ed with quartzose muscovite schists that occur locally 
at the base of the Arvonia Formation (Conley and Marr, 
1980).  Those workers report primary sedimentary structures 
in ky a n ite quartzite including wedge-shaped quartzite layers 
and quartzite-metapelite couplets; fi ning-upward sequences; 
chan nel fi llings; and, large-and small-scale cross-beds.


Obf       Buffards Formation (Brown, 1969). In cludes green-
 ish-gray conglomeratic quartzose muscovite schist con tain ing 
el lip soi dal clasts of milky quartz, dusky-red quartzite, dark-
gray aphanitic rock, and greenish-gray phyllite; green ish-gray 
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chlorite-muscovite schist with me di um to fi ne, grayish-blue 
quartz grains; grayish-green chlorite-mus co vite phyllite; 
bi otite-muscovite-quartz schist.  Mineral as sem blag es are 
those found in Arvonia slates and porphyroblastic schists.  
Con glom er at ic schist occurs along the western margin of the 
principal Buffards outcrop belt, and as dis con tin u ous lenses 
too small to show at 1:500,000 scale, at or near the western 
margin (stratigraphic base) of the Arvonia slate outcrop belt 
(Oa) (Evans and Marr, 1988).
       Although Brown (1969) in defi ning the Buffards For ma tion 
considered these rocks to be a pyroclastic deposit stratigraphi-
cally above the Arvonia Formation, other work ers have in ter -
pret ed Buffards rocks to be at a lower strati graph ic position 
relative to the Arvonia.  Conley and Marr (1980) considered the 
Buffards part of the Chopawamsic Formation, unconformably 
below the Arvonia.  Stose and Stose (1948) and Evans and 
Marr (1988) considered the Buffards to be stratigraphically 
at or near the base of the Arvonia Formation.
       Buffards conglomeratic schists contain tuffaceous and 
ferruginous-quartzite clasts similar to rocks that occur in the 
Chopawamsic Formation; this is consistent with the Buffards 
being derived in part from, and deposited unconformably on, 
the Chopawamsic.  The chaotic, locally graded nature of the
deposits is suggestive of a submarine fan channel deposit.


Ocg       Columbia pluton. Light-gray, medium- to coarse-
grained, foliated. Includes biotite-muscovite granite, gran o -
dior ite, tonalite, and granitic pegmatite; contains xenoliths of 
biotite gneiss, amphibolite, and felsic metavolcanic rocks.
       Mineralogy: plagioclase + quartz + microcline; common 
accessories include biotite, muscovite, epidote, zircon, ap a tite, 
garnet, mag ne tite, and pyrite (Bourland and Glover, 1979).
       Geophysical signature: diffuse mag net ic lows and ra dio -
met ric highs.
       The pluton was originally named Columbia Granite by 
Jonas (1928); this name was objected to by later workers 
because of the relatively small percentage of true granite 
present.  The pluton includes the southeastern portion of the 
granodiorite unit of Smith and others (1964).  Granitic rocks in 
the Carysbrook area of Fluvanna County are here con sid ered 
part of a separate Carysbrook pluton, following the usage of 
Stose and Stose (1948).  The Columbia  includes, in part, the 
Hatcher complex of Brown (1969).  Bourland and Glover (1979) 
refer to the pluton as the Columbia metagranite.  Given the 
heterogeneous nature of the pluton, multiple intrusive phases 
are likely present.
       Tonalite in the eastern part of the pluton has yielded ages 
of 590+/-80 Ma, (Rb-Sr whole-rock; Fullagar, 1971).  Mose and 
Nagel (1982) report a Rb-Sr whole-rock age for the Columbia 
of 454±9 Ma.  Because samples for this age are described as 
coming from the western portion of the Co lum bia, it is possible 
that the rocks dated were taken from what is herein mapped 
as the Carysbrook pluton (grc).


OCCtj      trondhjemite (Pavlides, 1990). Light-gray, leuco-
cratic, fi ne-grained, allotriomorphic-granular; com posed of 
intergrown albite and quartz exhibiting granophyric tex ture.  
Blue-green amphibole and garnet are present locally.


OCCpg    plagiogranite (Pavlides, 1990). Includes leucocratic 
to mesocratic, quartz- and plagioclase-rich meta mor phosed 
intrusive rocks; typically light- to medium-gray, medium- to 
coarse-grained; cataclastic overprint common, locally proto-
mylonitic to mylonitic; locally intruded by mafi c dikes.
       Mineralogy: plagioclase + quartz + amphibole + biotite 
+ muscovite + chlorite; accessory epidote, garnet, calcite, and 
opaque min er als are present.
       Geophysical signature: diffuse mag net ic lows and clear ly-
defi ned radiometric highs.


       
Chopawamsic Formation (CCcv, CCcfv, CCcmv; Southwick, 
Reed, and Mixon, 1971)
CCcv        Chopawamsic Formation, undivided, (Pavlides, Chopawamsic Formation, undivided, (Pavlides, Chopawamsic Formation, undivided
1981). Includes laterally discontinuous lenses and tongues 
of meta mor phosed felsic, intermediate, and mafi c volcanic 
fl ows and volcanoclastic rocks, with interlayered quartzite, 
quart zose graywacke, schist, and phyllite.  Volcanic fl ows 
are locally highly vesicular; fragmental breccia and tuff are 
com mon.  Felsic fl ows are typically light-gray aphanitic rocks 
with phenocrysts of quartz and feldspar; intermediate fl ows 
are dark-green am phi b ole-bearing rocks with fi ne-grained 
quartz-feldspar matrix; green stone metabasalts con tain blue-
green amphibole, chlorite, albitic plagioclase, and quartz.
       Geophysical signature: linear strike-elongate pattern of 
elevated magnetic anomalies.
       The Chopawamsic is correlated with the James Run Forma-
tion in Maryland; the James Run has been dated at 570 to 530 
Ma (U-Pb zircon; Tilton and others 1970).  The Chopawamsic Ma (U-Pb zircon; Tilton and others 1970).  The Chopawamsic 
is unconformably overlain by the Late Or dov i cian  Arvonia 
and Quantico For ma tions.  Pavlides (1981 and subsequent 
works) has made the interpretation on the basis of geologic and 
geo chem i cal data that the Chopawamsic and related plutons 
represent an ancient is land-arc sequence.
CCcfv      foliated felsite.  Light-gray to white, me di um-grained, 
foliated felsite ranges in composition from rhyolite to da-
cite.
       Mineralogy: quartz + perthitic mi cro cline + muscovite + 
biotite; beta-form quartz phenocrysts are characteristic.
CCcmv    mafi c to intermediate metavolcanic rocks. Dark 
green ish-gray, fi ne- to medium-grained, foliated, lineated, 
am phi b ole-bearing gneiss and schist.  Also includes tuf fa-
ceous volcaniclastic rocks.
       Mineralogy: amphibole + acicular actinolite + epidote + 
chlorite + titanite + plagioclase + magnetite.


       
Ta River Metamorphic Suite (CCta, CCtq; Pavlides, 1980)
CCta       Ta River Metamorphic Suite, (undivided). Lay ered 
sequence consists dominantly of greenish-gray to black, me-
 di um- to coarse-grained, poorly to well-lineated, massive to 
well-layered am phi b o lite and am phi b ole-bearing gneiss and 
schist; includes interlayered fer rug i nous quartzite, and minor 
biotite gneiss, felsic volcanic rocks, gabbro and gran ite.  Am-
phibolitic rocks commonly contain quartz-epidote lenses and 
veins.  Porportion of biotite gneiss and schist in creas es from 
northeast to southwest along strike, as does grade of regional 
metamorphism. 
       Mineralogy: (horn blende, tremolite-actinolite, and cum-
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mingtonite) + quartz + calcic oligoclase ± epidote ± biotite ± 
garnet.
       Geophysical signature: linear positive and negative mag-
 net ic and radiometric anomalies.
       Pavlides (1981) correlated the Ta River with the 
Chopawamsic and James Run For ma tions, and considered 
the Ta to be a more oceanward facies of a Chopawamsic island 
arc sequence, on the basis of geologic and geochemical
factors.  The Quantico Formation generally overlies the 
bound ary between the Chopawamsic and the Ta, obscuring 
the contact relationships.
CCtq        ferruginous quartzite. Dark-reddish-brown, fi ne- to 
me di um-grained, thinly-banded, metamorphosed ironstone, 
con tains dis con tin u ous quartz-rich and magnetite- or specular 
hematite-rich lenses and layers.  Quartz ites are associated with 
gossan zones (Marr, 1980a; 1980b).
       Geophysical signature: narrow strike-elongate positive 
magnetic anomalies.
       Ferruginous quartzites are dis tinc tive marker units that 
locally outline map-scale structures in some places.  This li-
 thol o gy is recognizable in rocks of variable meta mor phic grade 
and degree of de for ma tion and has been mapped within the 
Ta River (Ta River (Ta River CCtq) and within correlative unnamed interlayered 
mafi c and felsic metavolcanic rocks to the south west (CCfq).


CCg         amphibole metagabbro. Dark-greenish-gray, coarse-
grained, massive, hornblende metagabbro.
       Mineralogy: plagioclase + hornblende + biotite + clino-
pyroxene + quartz; relict olivine and myrmekitic intergrowths 
of quartz in other minerals are characteristic.
       Geophysical signature: small circular areas marked by 
positive magnetic anomalies.
       Metagabbro intrudes Ta River Meta mor phic Suite.


       
Interlayered mafi c and felsic metavolcanic rocks (CCfv, 
CCmv, CCbg, CCfq,  CCsg)


       Heterogenous layered assemblage correlates with the 
Chopawamsic Formation and Ta River Metamorphic Suite, 
on strike to the northeast, and in traceable into the Milton belt 
in North Carolina (Geologic Map of North Carolina, 1985).
CCfv        foliated felsite. Grayish-orange-pink to white, fi ne- to 
me di um-grained, foliated to granular metavolcanic rocks range 
in composition from rhyolite to dacite.  Includes mus co vite-
feldspar-quartz schist, gneiss and granofels; mas sive crys tal 
metatuff; weld ed ashfl ow tuff; and, inequigranular
metavolcanic breccia.  Relict primary volcanic textures are 
recognizable where metamorphic grade is low (Henika, 1975; 
1977).
       This unit includes felsic gneiss with less common mafi c 
and rare calcareous gneiss mapped by Tobisch (1972), in part 
the meta mor phosed volcanic sequence of Gates (1981), and 
dominantly felsic-composition units mapped by Nelson (1992).  
The unit contains numerous granitic dikes, sills, and lit-par-
lit injections where it occurs in close proximity to Shelton 
For ma tion  (Ost).  
       Felsites occur interlayered with amphibolite, amphibole 
gneiss and schist (CCmv), quartzofeldspathic biotite gneiss 
(CCbg), sillimanite-quartz-muscovite schist and gneiss (CCsg), 


and ferruginous quartzite (CCfq).
CCmv      amphibolite, hornblende-biotite gneiss and schist. 
Black to moderate-olive-brown, medium- to coarse-grained, 
lineated and fo li at ed; light-greenish-gray quartz-epidote string-
 ers are com mon.
       Mineralogy: hornblende + tremolite-actinolite + oli go clase 
+ biotite + epidote + garnet.
       Includes Blackwater Creek Gneiss and Catawba Creek 
amphibolite member of Hyco Formation of Baird (1989), 
hornblende gneiss of LeGrand (1960), gneiss unit of Kreisa 
(1980), and dominantly mafi c-composition units mapped by 
Nelson (1992).  Amphibolite is interlayered with biotite gneiss, 
as discussed above.
CCbg       quartzofeldspathic biotite gneiss. Heterogeneous 
lay ered sequence consists of salt-and-pepper and seg re ga tion-
layered biotite granite gneiss interlayered with biotite schist; 
dark-gray to black, fi ne- to coarse-grained, thin- to thickly-lami-
nated hornblende gneiss and schist; lesser quartz-mus co vite 
schist; and, locally, gray to green, medium-grained,
calcareous gneiss and calc-silicate granofels (Tobish and 
Glover, 1969).  This unit includes the upper and lower felsic 
gneiss units and intermediate volcanic rocks in the Hyco For-
mation as used by Baird (1989, 1991); and biotite gneiss and 
interlayered gneiss of Kreisa (1980), correlative with the
biotite gneiss unit of Marr (1980a; 1980b).
       Mineralogy: (quartzofeldspathic rocks), (1) quartz + al bi te 
+ potassium feldspar + muscovite + chlorite + ac tin o lite + 
epidote + calcite + magnetite + zircon; (2) quartz + oligoclase 
+ muscovite + biotite + garnet + horn blende + magnetite + 
epidote + rutile + calcite + zircon; (mafi c rocks), (1) quartz + 
albite + chlorite + epidote + ac tin o lite + titanite + mag ne tite- 
ilmenite. (2) quartz + oli go clase + andesine + hornblende + 
microcline + biotite + garnet + cordierite + magnetite + rutile 
+ titanite + scapolite;
(pelitic rocks), (1) quartz + albite + muscovite + chlorite + 
epidote + magnetite-ilmenite; (2) quartz + muscovite + bi otite 
+ kyanite + oligoclase + potassium feldspar + epidote + mag-
netite-ilmenite + garnet; (3) quartz + muscovite + sil li man ite + 
magnetite-ilmenite; (calcareous rocks), (1) quartz + calcite + 
biotite + epidote + chlorite + tremolite + ilmenite; (2) calcite 
+ quartz + epidote + hornblende + pyroxene + sca po lite.
       Geophysical signature: felsic  rocks are delineated by 
strike-elongate positive radiometric anomalies (Henika and 
Johnson, 1980); mafi c metavolcanic rocks and metasedimen-
tary units are char ac ter ized by closed strike-elongate radio-
metric lows and closed strike-elongate aero mag net ic highs.
CCfq       ferruginous quartzite. (See description under Ta River 
Metamorphic Suite, CCtq)
CCsg       quartz muscovite schist and gneiss. Very-light-gray to 
light-bluish-gray, fi ne- to  medium-grained, layered ky a n ite-
mica schist, ky a n ite and sillimanite quartzite, and interlayered 
bi otite-garnet schist.
       Mineralogy: quartz + muscovite + plagioclase ± biotite 
± garnet ± sillimanite ± kyanite ± magnetite.
      Includes the schist and gneiss unit of Tobisch (1972), and 
muscovite-quartz schist of Baird (1989, 1991).


CCZh      Holly Corner Gneiss (Pavlides, 1980; 1990). Dark- 
gray to black, fi ne- to medium-grained, strongly-foliated  
horn blende-biotite-rich gneiss.
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       Mineralogy: hornblende + plagioclase + biotite + quartz 
+ titanite; accessory minerals include zircon, epidote, mi cro -
cline, chlo rite; trace amounts of apatite, calcite, muscovite, 
and opaque minerals are present.  Myrmekitic intergrowths 
are common.


CCd         Dale City Quartz Monzonite (Seiders and others, 
1975). Medium- to light-gray, medium-grained, massive to 
well-foliated quartz monzonite, quartz monzodiorite, and 
sub or di nate quartz diorite.
       The Dale City intrudes the Chopawamsic Formation and is 
unconformably overlain by the Quantico Formation (Pavlides 
and others, 1980).  The age is considered 560 Ma (discordant 
U-Th-Pb-zircon; Seiders and others, 1975).


dgn        quartz diorite gneiss. White to gray, fi ne- to me di um-
grained, massive to layered quartz diorite gneiss, con tains minor 
biotite and epidote; lenses of gray to black, medium-grained, 
layered hornblende-plagioclase gneiss and quartz-epidote-
clinopyroxene-hornblende-plagioclase gneiss occur locally 
(Tobisch, 1972).


ga          hornblende-plagioclase gabbro. Dark-grayish-green, 
coarse- to medium-grained, massive to foliated metagabbro.
       Mineralogy: amphibole + plagioclase + clinopyroxene + 
quartz + biotite + muscovite + epidote ± magnetite.
       Geophysical signature: small circular positive magnetic 
anomalies.
       Plutons of these gabbros intrude interlayered mafi c and 
felsic metavolcanic rocks.


grb        biotite granite. Gray to white, medium-grained, mas-
 sive to layered granite and granite gneiss range in com po si tion 
from granite to quartz diorite.  Quartz diorite dikes and sills 
are locally abundant.
       Mineralogy: quartz + potassium feldspar + plagioclase 
+ biotite + epidote + muscovite ± clinopyroxene + horn-
 blende.
       This unit intrudes biotite gneiss unit (CCbg).


grc         Carysbrook pluton. Light-gray, medium- to coarse-
grained, massive to indistinctly foliated biotite granite.
       Mineralogy: quartz + potassium feldspar + plagioclase + 
biotite + chlorite + muscovite + epidote.
       Geophysical signature: diffuse pattern of elevated ra dio -
met ric anomalies.
       Although Smith and others (1964) included the Carys-
brook pluton in a granodiorite unit with granitoid rocks in 
the vicinity of Columbia, Stose and Stose (1948) rec og nized 
that the granite at Carysbrook was different in texture and 
composition from the granodiorite at Columbia.  Our map-
ping affi rms that these are separate plutons.  The Carysbrook 
is unconformably overlain by the Arvonia For ma tion; this 
relation is well-exposed in an abandoned railroad cut south 
of Carysbrook (Smith and others, 1964).  The pluton intrudes 
the Chopawamsic Formation.


lgn         lineated biotite granite gneiss. Dominantly leucocratic 
to mesocratic, medium- to coarse-grained, strong ly-lineated 
granite gneiss; includes porphyritic granite gneiss.
       Mineralogy: quartz + potassium feldspar + plagioclase + 
biotite + muscovite ± garnet.
       Geophysical signature: western portion coincides with 
strong positive radiometric anomaly.
       This unit likely includes more than one intrusive body; 
portions may be derivative of felsic volcanogenic rocks.  These 
rocks intrude and are interlayered with metavolcanic rocks of 
probable Cambrian age.  The unit includes granite gneiss of 
Nelson (1992), and may be cor rel a tive in part with
the Shelton Formation (Ost).


pg          plagiogranite. White to light-gray, medium- to coarse-
grained, vaguely- to strongly-foliated plagioclase-rich granite 
and granite gneiss.
       Mineralogy: quartz + plagioclase + biotite + muscovite 
± potassium feldspar.
       Small plutons occur within layered metavolcanic rocks 
of probable Cambrian age.


fbgr       foliated biotite granite. Leucocratic to mesocratic, 
medium-grained, equigranular, crudely-layered; includes 
horn blende-biotite granite and, monzogranite.
       Geophysical signature: strong positive radiometric sig-
 na ture; negative magnetic signature.


um         ultramafi c rocks. Small pods and plutons of gray to 
greenish-gray, medium- to coarse-grained, locally porphyrob-
lastic schist and granofels.
       Mineralogy: tremolite-actinolite + chlorite ± talc ± pla-
 gio clase ± quartz; locally contains relict olivine.                             


ROCKS OF THE CAROLINA SLATE BELT


Zph       phyllite and metasiltstone. Dominantly light-gray,  
schistose chlorite-sericite phyllite and phyllitic metasiltstone 
with a well-developed phyllitic or slaty cleav age; includes 
minor interlayered mafi c and felsic metavolcanic rocks.
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Stratigraphic terminology in the Virgilina area.
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Figure 6.  Stratigraphic terminology in the Virgilina area.







Zhf        phyllite and metatuff. Includephyllite and metatuff. Includephyllite and metatuff s light-gray, very-
fi ne-grained, foliated chlorite-sericite phyllite and phyllitic 
metamudstone, and dark-gray to white, fi ne- to medium-grained 
lithic and crystal dacite metatuff.  Includes Goshen schist of 
Laney (1917).


Zmv      mafi c metavolcanic rocks. Greenish-gray to dusky-
green, fi ne- to medium-grained,  massive to amyg dal oi dal 
metabasalt with dark-gray to white, medium-grained mafi c 
lithic and crystal tuff, and minor purple phyllite and metasedi-
mentary rocks.
       Geophysical signature: linear positive magnetic and 
neg a tive radiometric anomalies.


Zfv        felsic metavolcanic rocks. Very-light-gray, fi ne- to 
medium-grained  crystal, lithic, and lithic-crystal andesitic 
metatuff with minor light-gray to white, fi ne-grained metasedi-
mentary interbeds.


Zlv        layered mafi c to felsic metavolcanic rocks. Volcano-
genic sequence includes felsic pyroclastic and volcaniclastic 
rocks with intercalated mafi c pyroclastic and amygdaloidal 
fl ows and phyllitic metasedimentary interbeds.
Felsic rocks are crystal, lithic, and vitric tuff and tuff breccia 
ranging in composition from rhyolite to dacite.  Mafi c rocks 
consist of mafi c lithic crystal and vitric tuff, with associated 
amyg dal oi dal py ro clas tic rocks, and greenstone metabasalt.


Zvi        Virgilina greenstone (Laney, 1917). Grayish-green, 
fi ne- to coarse-grained basaltic tuff, metavolcanic brec cia, and 
porphyritic to amygdaloidal green stone, with minor interlay-
ered metasedimentary rocks.  Hy dro ther mal ly min er al ized 
zones occur within the greenstones; these con tain bornite,
chalcocite, and chalcopyrite, and have been mined for cop-
 per.
       Mineralogy: plagioclase + hornblende + chlorite + epi dote 
+ calcite + apatite + quartz + opaque minerals.
       Geophysical signature: linear  positive mag net ic anom-
 a ly.
       Watson (1911) used the term Virgilina Group for a wide belt 
of rocks in the vicinity of Virgilina, Virginia.  Mafi c metavol-
canic rocks in this sequence were named Virgilina greenstone, 
and felsic metavolcanic rocks and  associated metasedimentary 
rocks were named Aaron slate by Laney (1917).  Kreisa (1980) 
refi ned Laney’s stratigraphy in de fi n ing the Aaron Formation 
as containing upper and lower members equivalent to Laney’s 
Aaron slate, and a  middle member equivalent to the Virgilina 
greenstone.  The stratig ra phy was further modifi ed by Har-
ris and Glover (1985), who combined the middle and upper 
members of Kreisa’s Aaron Formation to make the Virgilina 
Formation.  Virgilina green stone is herein used in the sense of 
Laney (1917), but is equivalent to the middle member of the 
Aaron Formation of Kreisa (1980), and the lower portion of 
the Virgilina For ma tion of Harris and Glover (1985) (Figure 
2).


Aaron slate (Za, Zac; Laney, 1917)
Za          phyllite and slate. Very-light-gray, fi ne-grained, 
bed ded volcaniclastic sed i ments, conglomerate, lithic feld-
s path ic arenite, micaceous sandstone, siltstone, phyllite, argil-
 lite, and vitric tuff, with minor greenstone.  Lithic fragments 
and relict euhedral crystals are com mon. The lower part of 
the unit is dominantly grayish-green slate interbedded with 
light-gray to grayish-green micaceous metasandstone; bed-
ding is con spic u ous and graded-bedding is common.  The unit 
grades upward to bedded light-gray to moderate-red phyllite, 
metasandstone and slate.
Zac        metaconglomerate (Kreisa, 1980). Meta mor phosed 
sandy conglomerate, con glom er at ic sandstone, and granule 
conglomerate con tain ing pebbles and cobbles of poly crys tal line 
quartz, with lesser diorite, diabase, chert, rhyolite, granite, 
schist, and quartz arenite.  Cobbles are generally less than 2 
cm but may range up to 25 cm in diameter (Kreisa, 1980).  
Unit occurs as beds of 0.3 to 6.1 meters thickness at base of 
and locally within the lower portion of Aaron section.
       Aaron slate (Zas) and metaconglomerate (Zac) herein 
includes the upper and lower members of the Aaron For ma tion 
of Kreisa (1980), and the Aaron Formation and upper portion 
of the Virgilina Formation of Harris and Glover (1985) (Figure 
6).


Zh         Hyco Formation. Includes light-gray, fi ne- to me di um-
grained, foliated quartz-muscovite schist with relict quartz and 
pla gio clase phenocrysts; lithic and crystal metatuff with relict 
volcanic fragments; and,  minor felsic breccia and tuf faceous 
green stone.  A penetrative schistosity is defi ned by aligned 
mica grains; a lineation is defi ned by the el lip soi dal relict 
phenocrysts.
       These rocks were originally named the Hyco quartz por-
phyry by Laney (1917); they were renamed the Hyco Formation 
by Kreisa (1980).  The Hyco has been dated at 620±20 Ma 
(Pb-Pb zircon; Glover and others, 1971)


ro          Red Oak pluton. Light-gray, medium-grained, fo li at ed 
granite to granodiorite.
       Mineralogy: quartz + potassium feldspar + plagioclase 
+ biotite; accessory minerals include muscovite, apatite, and 
zir con.  Hy dro ther mal al ter ation to sericite, epidote, kaolin, 
and chlorite is common.
       Geophysical signature: positive radiometric anomaly.
       This unit is equivalent in part to the Red Oak granite as 
defi ned by Laney (1917) and Horton and others (1993).


ag          Abbeyville gabbro (Laney, 1917). Dark-greenish-
gray, coarse-grained metamorphosed gabbro; includes some 
soapstone.
       Mineralogy: uralitic hornblende + plagioclase + (zoisite, 
clinozoisite, epidote) + magnetite ± quartz; kaolin, sericite, 
chlorite, and calcite are also present.
       Geophysical signature: positive magnetic anomaly.
              


bo          Buffalo granite (Laney, 1917). Light-gray, coarse-
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grained, porphyritic granite to granodiorite.
       Mineralogy: quartz + potassium feldspar + plagioclase 
+ biotite; accessory minerals include apatite and zircon.  Hy-
 dro ther mal al ter ation to sericite, epidote, kaolin, and chlorite 
is common.
       Geophysical signature: positive radiometric anomaly 
as so ci at ed with elevated potassium and thorium values.
       This unit is included in the Clarksville batholith of Horton 
and others (1993).


nv          North View granite (Bentley, 1992). Light-gray, fi ne- 
to coarse-grained, lineated to foliated to massive alkali granite 
composed of blocky alkali feldspar mesoperthite, quartz, mag-
netite, and minor aegirine, riebeckite, biotite, allanite, titanite, 
fl uorite, zircon, and garnet.  Minor mi cro cline and albite form 
separate phases with recrystallization.  Garnet, which may be 
metamorphic in origin, is gros su lar-almandine-spessartine with 
up to three percent yttrium; riebeckite is in the plane of folia-
tion and is metamorphic in origin.  The northern and western 
borders of the pluton are fi ne-grained and gra no phy ric, with 
phenocrysts of mesoperthite, albite, and quartz; accessory and 
secondary minerals include magnetite, biotite, garnet, titanite, 
chlorite, epidote, muscovite, and calcite. 


di           diorite and quartz diorite. Diorite, gray, fi ne- to 
medium-grained, well-foliated, locally trondhjemitic; com po -
si tion locally grades into granodiorite; quartz diorite, white to 
gray, fi ne- to medium-grained, massive to layered, foliated.
       Mineralogy: plagioclase + quartz + biotite + amphibole 
+ epidote.


ga          hornblende gabbro.  Grayish-green, coarse- to me-
 di um- grained, massive to foliated, with subophitic tex ture.
       Mineralogy: amphibole + plagioclase + quartz + biotite 
+ muscovite + epidote + magnetite.
       Geophysical signature: positive magnetic anomaly.


grbi       biotite granite. Light-gray, medium-grained, equi-
granular, broadly-layered, locally migmatitic, foliated.
       Mineralogy: quartz + plagioclase + microcline + biotite 
+ muscovite ± hornblende + apatite + zircon.


bgd       biotite granodiorite. Light-gray, medium-grained, 
foliated.
       Mineralogy: quartz + potassium feldspar + plagioclase 
+ biotite + muscovite; accessory minerals include epidote, 
ap a tite, and opaque minerals.


grp        porphyritic granite. Light-gray to pink, medium- 
to coarse-grained, coarse granular texture common; locally 
peg ma tit ic.
       Mineralogy: quartz + porphyroblastic microcline + bi otite 
+ muscovite ± epidote ± titanite ± opaque min er als.


grt         metatonalite. White to light-gray, medium- to 
coarse-grained, faintly foliated, locally porphyritic; ranges 
from gran o dior ite to quartz diorite.
       Mineralogy: quartz + plagioclase + biotite + micro-
cline.
       This unit includes the Vance pluton of Horton and others 
(1993), dated at 571±17 Ma (U-Pb zircon; LeHuray, 1989). 


ROCKS OF THE CENTRAL PIEDMONT


cm         polygenetic melange. Pebbles, cobbles, and boul ders 
of granite, gabbro, amphibolite, biotite gneiss, and quartz ite in 
a polydeformed, mylonitic, schistose metagraywacke matrix.  
Includes interbedded garnetiferous
meta-argillite, feldspathic metagraywacke conglomerate, and 
meta-arkose.
       Mineralogy (matrix): quartz + pla gio clase + biotite + 
epidote + apatite + titanite + muscovite ± garnet ± allanite.
       This unit was named the Ca Ira melange by Marr 
(1991).


peg        granite pegmatite. Typically leucocratic and coarse-
grained; consists of lenticular bodies that are gen er al ly con-
 cor dant with the regional foliation.  Mineralogy in cludes 
mi cro cline, albite, quartz, muscovite, biotite, gar net, and 
tour ma line.


um       ultramafi c rocks. Dark-greenish-gray, medium- to 
coarse-grained, talc-tremolite or actinolite-chlorite schist and 
granofels; and, locally, serpentinite.
       Geophysical signature: small circular positive magnetic 
anomalies.


ga          gabbro, hornblendite, and norite.  Dark-gray to 
green ish-black, fi ne- to coarse-grained, massive to foliated 
meta mor phosed mafi c plutonic rocks.
       Mineralogy: hornblende + biotite + plagioclase + quartz 
+ magnetite + apatite; relict pyroxene is present locally.
       Geophysical signature: circular positive magnetic anom-
 a lies.


bgr        Burkeville pluton. Grayish-blue, fi ne- to medium-
grained, massive to faintly foliated; composition ranges from 
gran o dior ite to monzonite.
       Mineralogy: oligoclase + microcline + quartz + biotite + 
epidote + apatite + zircon.
       Geophysical signature: diffuse pattern of negative mag-
 net ic and circular positive radiometric anomalies.
       The pluton was originally referred to as the Burkeville 
granite (Husted, 1942), and is the “granite in the Burkeville 
granite quarry” of Steidtmann (1945); the pluton intrudes 
migmatitic paragneiss (mpg).


fgb         biotite granite gneiss. Light-gray, medium-grained, 
equigranular, broadly-layered, locally migmatitic.
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       Mineralogy: quartz + plagioclase + microcline + biotite 
+ muscovite + hornblende; apatite and zircon are accessory 
minerals.
       Geophysical signature: diffuse pattern of positive ra dio -
met ric anomalies.


grpo      porphyritic granite. Pink to white, medium- to 
very-
coarse-grained; mineralogy includes quartz, microcline 
porphyroblasts, pla gio clase, muscovite, and minor biotite.  
This rock intrudes migmatitic paragneiss (mpg) southeast of 
Farmville Mesozoic basin.


amr       amphibolite and amphibole-bearing gneiss and schist. 
Dark-gray to black, medium-grained, strongly fo li at ed and 
lineated.
       Mineralogy: hornblende + plagioclase + biotite + quartz 
+ epidote; apatite, titanite, and magnetite are accessory min-
 er als.
       Geophysical signature: strike-elongate positive mag net ic 
anomalies.
       These rocks are interlayered with migmatitic paragneiss 
(mpg).


bgs        biotite gneiss and schist:.  Dark-gray, medium-
grained, foliated and broadly-layered.
       Mineralogy: biotite + plagioclase + potassium feldspar 
+ quartz + muscovite; accessory minerals include titanite, 
epi dote, and opaque minerals.


ks          kyanite schist. Light-gray to grayish-brown, me di um- 
to coarse-grained, kyanite-quartz schist.
       Mineralogy: quartz + kyanite + muscovite; accessory 
minerals include fuchsite, pyrite, rutile, and graphite.


fq           ferruginous quartzite. Dark-reddish-brown, fi ne- to 
medium-grained, thinly-layered; composed of quartz, mag-
 ne tite, and specular hematite; occurs as laterally per sis tent 
beds 1 to 10 meters thick.
       Geophysical signature: narrow strike-elongate positive 
magnetic anomalies.
       Quartzites are easily-mapped markers that outline map-
scale structures.


bgp        porphyroblastic biotite gneiss. Light-gray, me di um-
grained, segregation-layered gneiss, contains prom i nent po-
 tas si um feldspar porphyroblasts.
       Mineralogy: quartz + biotite + pla gio clase + potassium 
feldspar + muscovite ± hornblende; accessory minerals in clude 
epi dote, ap a tite, and opaque minerals.


mpg      migmatitic paragneiss. Leucocratic to mesocratic, 
medium- to coarse-grained layered gneiss contains interlayered 
biotite-rich and quartzofeldspathic zones, locally migmatitic; 


includes lesser amounts of biotite schist, muscovite schist, and 
thin len tic u lar amphibolite bodies.
       Mineralogy: biotite + muscovite + plagioclase + po tas si um 
feldspar + garnet ± hornblende.                               


ROCKS OF THE EASTERN PIEDMONT


Ppg       pegmatite (Amelia district pegmatites). Leucocratic, 
coarsely crystalline pegmatite, occurs in dis cor dant lens-shaped 
dikes and pods.  Major minerals are quartz, mi cro cline, albite, 
muscovite, garnet, and minor biotite; locally con tains nu mer ous 
rare and unusual accessory minerals (Pegau, 1932; Dietrich, 
1990).
       Biotite and muscovite from the pegmatites have yielded 
Rb-Sr ages ranging from about 261 to 289 Ma (Deuser and 
Herzog, 1962).


PMbi     Buggs Island pluton. Light-gray,  medium- to coarse-
grained, massive to strongly foliated biotite-mus co vite gran ite. 
The name fi rst appears in the literature as the Buggs Island 
granite gneiss (Kish and Fullagar, 1978); those workers report 
an Rb-Sr whole-rock age of 314±16 Ma.


Sf           Falls Run Granite Gneiss (Pavlides, 1980). Pink to 
white, coarse-grained, strongly-foliated; ranges from horn-
 blende-biotite granite to monzonite gneiss.
       Mineralogy: microcline + plagioclase + quartz + biotite + 
muscovite + hornblende; accessory minerals include ap a tite, 
epi dote, titanite, and opaque minerals. Myrmekitic intergrowths 
are common.
       The unit has been dated at 410 Ma  (U-Pb zircon, and 
Rb-Sr whole-rock; Pavlides, and others, 1982).  The gneiss 
in trudes the rocks of the Ta River Metamorphic Suite, the Holly 
Corner Gneiss, and porphyroblastic biotite gneiss (Ymd).


PzYgr   granite gneiss (Pavlides, 1990). Fine- to medium-
grained, light-gray to white granite to tonalite gneiss; com posed 
of biotite, oligoclase, quartz, and porphyroblastic mi cro cline, 
with accessory muscovite, epi dote, titanite, and mag ne tite; 
hornblende occurs locally within diffuse com po si tion al layer-
ing.  Inclusions of biotite gneiss and amphibolite are present 
locally.  Unit occurs as irregular lenticular to tabular masses 
within porphyroblastic biotite gneiss (Ymd).


PzYpm quartzofeldspathic gneiss (Bobyarchick and oth ers, 
1981). Light-gray, fi ne- to coarse-grained, foliated, lay ered 
muscovitie-bearing quartzofeldspathic gneiss; contains in ter -
ca lat ed quartz-muscovite schist.
       Mineralogy: quartz + plagioclase + microcline + garnet 
+ muscovite + biotite.


Yms      muscovite schist and gneiss. Light-gray to silvery-
gray, medium-grained, strongly-foliated quartz-muscovite 
schist; occurs as discontinuous lenses within porphyroblastic 
garnet-biotite gneiss (Ymd).
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Ya         amphibolite, amphibole gneiss, and schist. Mela-
nocratic, fi ne- to coarse-grained, weakly to strongly foliated, 
irregularly layered amphibole-rich gneiss and schist.
       Mineralogy: hornblende + clinopyroxene + plagioclase + 
magnetite + biotite ± scapolite ± garnet ± quartz ± epidote.
       Geophysical signature: narrow, strike-elongate, positive 
magnetic anomaly.
       Lenses and layers of amphibolite and amphibole gneiss 
are interlayered with porphyroblastic garnet-biotite gneiss 
(Ymd).  The mafi c rocks constitute 50 percent or more of the 
section in a zone about 0.62 mile wide surrounding outcrop 
areas of State Farm gneiss (Ysf); farther away from the State 
Farm contact, lenses and layers of amphibolite and am phi b ole 
gneiss are more widely scattered, but are laterally per sis tent 
and outline map-scale structures (Marr, 1985).
       Amphibolite and interlayered biotite gneiss adjacent to 
the State Farm gneiss were named the Sabot amphibolite by 
Poland (1976), who characterized the formation as a tabular 
sheet 0.7 to 1.0 km thick.  He and Goodwin (1970) interpreted 
these amphibolites as metamorphosed mafi c vol ca nic or py ro -
clas tic rocks.  Glover and others (1989 and references therein) 
report a low-angle regional discordance between the base of 
the Sabot and the compositional layering in the underlying 
State Farm Gneiss.


Ymd                 porphyroblastic garnet-biotite gneiss. Hetero-
geneous layered sequence is dominantly garnetiferous biotite 
gneiss and porphyroblastic gneiss, migmatitic in part, with 
sub or di nate interlayered amphibolite and amphibole gneiss 
(Ya), pelitic-composition gneiss, calcsilicate gneiss, biotite-
horn blende-quartz-plagioclase gneiss, and gar ne tif er ous leu-
cogneiss.  These lithologies contain amphibolite-facies meta-
morphic mineral assemblages consistent with rock chem is try. 
Farrar (1984) reports relict granulite-facies as sem blag es in 
some rocks.
       This unit underlies a wide area that surrounds the State 
Farm antiform (Poland, 1976; Reilly, 1980; Farrar, 1984) and 
two subsidiary antiforms to the northeast;  the unit includes 
the Maidens gneiss and portions of the Sabot amphibolite 
of Poland (1976), the eastern gneiss complex and Boscobel 
granodiorite gneiss of Bobyarchick (1976), and the Po River 
Meta mor phic Suite of Pavlides (1980).
       Poland (1976) and Reilly (1980) proposed that the Maid ens 
gneiss and Sabot amphibolite were a Late Pre cam brian- to 
Early Paleozoic-age volcanic-sedimentary cover sequence un-
conformably overlying the State Farm gneiss. Farrar (1984) 
interpreted relict granulite-facies min er al as sem blag es to have 
equilibrated during Grenville-age re gion al metamorphism; this 
contributed to his conclusion that the Sabot and Maidens, in 
addition to the State Farm, are Grenville or pre-Grenville in 
age.
       Porphyroblastic garnet-biotite gneiss (Ymd) is intruded 
by rocks of the Carboniferous-age Falmouth Intrusive Suite 
(Pavlides, 1980).


Yan       Montpelier metanorthosite (Bice and Clement, 
1982; Farrar, 1984).  Metamorphosed anorthosite includes 
non-foliated extremely coarse-grained and foliated, recrys tal -
lized coarse-grained textural varieties.  Primary min er al o gy 


con sists of antiperthitic plagioclase, clinopyroxene, ap a tite, 
and ilmenite.  Amphibole, biotite, quartz, garnet, rutile, and 
titanite occur as later metamorphic minerals (Farrar, 1984).  
Xenoliths in the anorthosite could have been derived from 
the adjacent amphibolite and amphibole gneiss (Ya), porphy-
roblastic gar net-biotite gneiss (Ymd), and State Farm gneiss 
(Ysf).
       Geophysical signature: positive radiometric and neg a tive 
magnetic anomalies.
       Close geochemical similarities between the Montpelier 
and the Grenville-age Roseland anorthosite of the central Blue 
Ridge (Yra) have led to the hypothesis, as yet untested, that 
the Montpelier is Grenville in age (Clement and Bice, 1982; 
Farrar, 1984).  This contributes to the case for assigning a 
Grenville or older age to the porphyroblastic garnet-biotite 
gneiss (Ymd) and amphibolite and amphibole gneiss units 
(Ya) which the anorthosite intrudes.


Ysf        State Farm Gneiss (Brown, 1937). Leucocratic to 
mesocratic, medium- to coarse-grained, massive to mod er ate ly 
layered, locally migmatitic gneiss ranges in com po si tion from 
granodiorite to tonalite.  Quartzofeldspathic seg re ga tions and 
discordant pegmatites are common; leucocratic biotite-garnet-
quartz-plagioclase gneiss, metagabbro, and thin pelitic schist 
interlayers are minor constituents (Poland, 1976; Reilly, 1980; 
Farrar, 1984).
       Mineralogy: quartz + plagioclase + microcline + biotite + 
garnet + hornblende ± clinopyroxene; titanite is a ubiq ui tous 
ac ces so ry; other accessory minerals include magnetite and 
zir con.  Farrar (1984) reports that the least deformed portions 
of the State Farm  contain relict granulite-facies mineral as-
 sem blag es.
       Geophysical signature: characterized by negative mag net ic 
and positive radiometric anomalies.
       The age of the State Farm is reported as 1031±94 Ma (Rb-
Sr whole-rock; Glover and others, 1982).  The titanium-rich 
chemistry of the State Farm, as indicated by the abun dance 
of titanite, is also characteristic of Grenville-age gneisses in 
the Virginia Blue Ridge.


fcm       Fine Creek Mills granite (Poland, 1976; Reilly, 1980). 
Light-gray, medium- to coarse-grained, homogenous, foliated, 
fl ow-banded granite.
       Mineralogy: microcline + plagioclase + quartz + biotite; 
accessory minerals include apatite, garnet, fl uorite, and zir-
 con.
       The Fine Creek Mills intrudes the State Farm Gneiss 
(Ysf).


fr           Flat Rock granite (Reilly, 1980). Light-gray, me di um- 
to coarse-grained, homogenous, foliated granite.
       Mineralogy: microcline + plagioclase + quartz + biotite; 
accessory minerals include garnet, apatite, fl uorite, and zir-
 con.
       The Flat Rock intrudes the State Farm Gneiss (Ysf).


pgo       pegmatite (Goochland pegmatite district of Pegau, 
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1932). Leucocratic, coarse- to very-coarse-grained granite 
pegmatite.  Min er al o gy includes microcline, albite, quartz, 
muscovite, biotite, garnet, tourmaline, sillimanite, and graph ite; 
rutile, ilmenite, and zircon are present locally (Pegau, 1932).  
Pegmatite occurs as lenticular bodies intruding porphyroblastic 
garnet-biotite gneiss (Ymd).


um         ultramafi c rocks. Gray to green ish-gray, medium- to 
coarse-grained, locally porphyroblastic chlorite-tremolite and 
tremolite-talc schist; occurs as pods and small plutons within 
porphyroblastic garnet-biotite gneiss (Ymd).


ROCKS OF THE SOUTHEASTERN PIED MONT


Mpg      Petersburg Granite. Light- to dark-gray to pink, 
fi ne- to coarse-grained, equigranular to porphyritic, foliated 
to nonfoliated, ranges from granite to granodiorite in com-
po si tion; mul ti ple intrusive phases are present.  The granite 
con tains xenoliths of biotite gneiss and amphibolite.
       Mineralogy: quartz + sodic plagioclase + potassium 
felds par + biotite ± hornblende; accessory minerals include 
il menite, mag ne tite, pyrite, zircon, apatite, titanite, mus co vite, 
and fl uorite (Goodwin, 1970; Daniels and Onuschak, 1974; 
Wright and others, 1975).
       Current mapping restricts the Petersburg Granite to a 
con tig u ous unit that crops out in the Cities of Richmond and 
Pe ters burg; this roughly corresponds to one of four discrete 
plutons mapped as Pe ters burg Granite on the 1963 Geologic 
Map of Virginia.  Samples from within this pluton were dated 
at 330±8 Ma (U-Pb zircon; Wright, and others, 1975).  The 
northwestern edge of the pluton is mylonitized along the Hylas 
fault zone (Bobyarchick and Glover, 1979).


pbg       porphyroblastic granite gneiss: Light-gray, me di um- 
to coarse-grained, compositionally layered, well-fo li at ed, com-
 mon ly lineated gneiss composed of meta mor phosed granite, 
leucogranite, and granodiorite, which locally con tains feld spar 
megacrysts.  This unit includes the granite at Lawrenceville; 
the rocks are variably mylonitic and lineated along the Lake 
Gordon mylonite zone near Kenbridge (Horton and others, 
1993).


fg           gneissic granite and granodiorite. Light-gray to white, 
fi ne- to me di um-grained, massive to foliated, mus co vite-biotite 
gneiss ic gran ite to granodiorite containing minor gar net, and 
xe no liths of biotite gneiss and amphibolite.  Several different 
intrusive phases are present.


bmgl      biotite-muscovite granite. Light-gray, fi ne- to coarse-
grained, muscovite-biotite granite, biotite-muscovite gran ite, 
and leucogranite with accessory garnet.  The granite is undated 
but interpreted as part of the Pennsylvanian-Per mi an suite of 
granites, and considered as part of the Wise pluton, which can 
be traced into North Carolina (McSween and others, 1991).  


rbg        biotite gneiss. Light-gray, medium- to coarse-
grained, compositionally-layered and locally migmatitic 
rocks, in clude interlayered biotite gneiss, mus co vite-biotite 
gneiss, mus co vite-biotite schist, and sillimanite-mica schist; 
also includes minor interlayers and lenses of granitic gneiss, 
biotite-am phib ole gneiss, am phi b o lite, gar net-mica schist, 
calc-silicate granofels, and rare ultramafi c rocks. This unit 
correlates with Raleigh belt rocks in North Carolina (Parker, 
1979; Geologic Map of North Caro li na, 1985).


adg        altered diorite and gabbro. Grayish-olive-green, me-
dium-grained gabbro, hornblende gabbro, and diorite ex hib it 
variable degrees of saussuritization and uralitization.  The 
gabbros are com mon ly concordant with adjacent metavolcanic 
rocks.


g            granite. Light-gray to pink, fi ne- to me di um-grained 
granite and  granodiorite;  zoned  plagioclase  crystals  with 
epidotized and saussuritized cores are char ac ter is tic.  The 
granite contains xenoliths of mafi c volcanic rocks near its 
margins.
       The granite intrudes volcanic rocks east of the Hollister 
fault zone southeast of Petersburg.  Samples from the quarry 
at Skippers were dated by Rb-Sr whole-rock methods (Bot-
tino and Fullagar, 1968); these data show considerable scatter, 
implying  age of crys tal li za tion ranging from 460 Ma to as old 
as 690 Ma.  This unit was shown as Petersburg Granite on the 
1963 Geologic Map of Virginia, but fi eld relations, pe trol o gy, 
and the apparent age indicate that it is a separate pluton.


v            mafi c and felsic metavolcanic rocks. Het er o ge neous 
layered metavolcanic sequence includes crystal and lithic tuff, 
dacite porphyry, chert, phyllite, and greenstone metabasalt; 
greenschist-facies metamorphic mineral as sem blag es occur 
in the various lithol o gies.  This unit correlates with the Roa-
noke Rapids volcanogenic complex of the eastern slate belt in 
North Carolina (Farrar, 1985a, 1985b; Geo log ic Map of North 
Carolina, 1985; Horton and Stoddard, 1986).  To the extent 
that correlation with lithologically similar Carolina slate belt 
rocks is valid, mafi c and felsic metavolcanic rocks (v) are Late 
Proterozoic to Cambrian in age.


gns        gneiss and schist. Includes graphite schist; garnet-
staurolite-biotite-sericite schist containing kyanite, sil li man ite, 
and less commonly muscovite; garnet-biotite gneiss; bi otite-
mus co vite gneiss; phyllonite; and, mylonitic to ultramylonitic 
garnet-mus co vite-biotite gneiss.  This unit may correlate with 
biotite gneiss and schist (rbg), and with Raleigh belt rocks 
of North Carolina (Geologic Map of North Caro li na, 1985; 
Stoddard and others, 1991 and references therein).


py         phyllonite. Dom i nant ly white to dark-gray metasedi-
mentary rocks in clud ing quartz-chlorite-graphite phyllonite 
and button schist, and chiastolite-graphite phyllonite; includes 
mylonitic felds path ic sericite schist and quartz con glom er ate, 







REFERENCES: BLUE RIDGE AND PIEDMONT


Aleinikoff, J. N., Zartman, R. E., Rankin, D. W., Lyttle, P. T., 
Burton, W. C., and McDowell, R. C., 1991, New U-Pb 
zir con ages for rhyolite of the Catoctin and Mount Rodgers 
For ma tions -- more evidence for two pulses of Iapetan 
rift ing in the central and southern Appalachians [abs.]: 
Geo log i cal So ci ety of America Abstracts with Pro grams, 
v. 23, n. 1, p. 2.


Aleinikoff, J. N., Walter, M., Lyttle, P. T., Burton, W. C., Leo, 
G. W., Nelson, A. E., Schindler, J. S., and Southworth, 
C. S., 1993, U-Pb zircon and monazite ages of Mid dle 
Proterozoic rocks, northern Blue Ridge, Virginia [abs.]: 
Geological So ci ety of America Abstracts with Programs, 
v. 25, n. 2, p. 2.


Badger, R. L., and Sinha, A. K., 1988, Age and Sr isotopic 
sig na ture of the Catoctin volcanic province:  Implica-
tions for sub crust al mantle ev o lu tion:  Geology, v. 16, 
p. 692-695.


Bailey, C. M., and Simpson, C., 1993, Extensional and 
con trac tion al deformation in the Blue Ridge Prov ince, 
Vir gin ia: Geo log i cal Society of Amer i ca Bulletin, v. 105, 
n. 4, p. 411-422.


Baird, R. A., 1988, Shear zone geometry in previously foli-
ated rocks – An example from the Clover shear zone, 
south central VA [abs.]:  Geological So ci ety of America 
Ab stracts with Programs, v. 20, no. 4, p. 253.


Baird, R. A., 1989, Tectonic and geologic development of the 
Charlotte belt, south-central Virginia Pied mont [Ph.D. 
dis ser ta tion]:  Virginia Poly tech nic In sti tute and State 
Uni ver si ty, Blacksburg, 187 p.


Baird, R. A., 1991, Stratig ra phy of the north ern Charlotte 
meta mor phic belt:  Ap pli ca tion to the Char lotte belt/
Milton belt problem:  South east ern Geology, v. 32, no. 
2, p. 61-82.


Bartholomew, M. J., 1977, Geology of the Greenfi eld and 
Sherando quad ran gles, Virginia:  Virginia Di vi sion of 
Min er al Re sourc es Publication 4, 43 p.


Bartholomew, M. J., Gathright, T. M.,II, Henika, W. S., 
1981, A tectonic model for the Blue Ridge in central 
Virginia:  American Journal of Science, v. 281, n. 11, 
p. 1164-1183.


EXPANDED EXPLANATION                                                                   53


Bartholomew, M. J., and Lewis, S. E., 1984, Ev o lu tion of 
Grenville massifs in the Blue Ridge Geologic Province, 
south ern and cen tral Appalachians, in Bartholomew, M.J., 
and oth ers, editors, The Grenville event in the Appala-
chians and related topics: Geo log i cal Society of America 
Spe cial Paper 194, p. 229-254.


Bently, M. G., 1992, A pet ro graph ic study of the peralkaline 
North View plu ton, located in the south-central Virginia 
Piedmont [M.S. thesis]:  Eastern Ken tucky Uni ver si ty, 
Rich mond, 125p.


Bice, K. L., and Clement, S. C., 1982, A study of the feldspars 
of the Montpelier Andesine Anorthosite, Hanover County, 
Virginia [abs.]:  Geological Society of America Abstracts 
with Programs, v. 14, n. 1-2, p. 5.


Bobyarchick, A. R., 1976, Tectogenesis of the Hylas Zone 
and Eastern Piedmont near Richmond, Virginia [M. S. 
the sis]: Virginia Poly tech nic Institute and State Uni ver si ty, 
Blacksburg, 168p.


Bobyarchick, A. R., and Glov er, Lynn, III, 1979, De for ma tion 
and metamorphism in the Hylas zone and ad ja cent parts 
of the eastern Pied mont in Virginia: Geo log i cal Society 
of America Bul le tin, v. 90, p. 739-752.


Bobyarchick, A. R., Pavlides, Louis, and Weir, Karen, 1981, 
Pied mont geology of the Ladysmith and Lake Anna quad-
 ran gles and vi cin i ty, Virginia:  U.S. Geo log i cal Survey 
Mis cel la neous Investigations Series, Map I-1282.


Bottino, M. L., and Fullagar, P. D., 1968, The effects of 
weathering on whole-rock Rb-Sr ages of granitic rocks:  
Amer i can Journal of Sci ence, v. 266, p. 661-670.


Bourland, W. C., and Glov er, Lynn, III, 1979, The Columbia 
Metagranite, in Glover, Lynn, III, and Tucker, R. D., ed-
 i tors, Field Trip No. 1, Vir gin ia Piedmont geology along 
the James River from Richmond to the Blue Ridge: in 
Guides to Field Trips 1-3: Geological Society of America, 
Southeastern Sec tion Meeting, p. 14-16.


Brock, J. C., Herz, Norman, Mose, D. G., and Nagel, S., 
1987, Geology of the Mobley Moun tain granite, Piney 
Riv er quad ran gle, Virginia Blue Ridge, in Con tri bu tions 
to Virginia geology—V: Vir gin ia Division of Mineral 
Resources Pub li ca tion 74, p. 69-80.


Brown, C. B., 1937, Outline of the geology and mineral re-
sources of Goochland Coun ty, Virginia:  Virginia Geo-
logical Survey Bulletin 48, 68 p.


Brown, W. R., 1951, Major structural features in the Lynchburg 
quadrangle, Vir gin ia [abs.]:  Virginia Jour nal of Science, 
v. 2, n. 4, p. 346-347.


Brown, W. R., 1958, Ge ol o gy and mineral resources of the 
Lynchburg quad ran gle, Virginia:  Virginia Division of 
Min er al Re sourc es Bulletin 74, 99 p.


mafi c and felsic metavolcanic rocks, mylonitic-ultramylonitic 
granite and biotite gneiss, and si lic i fi ed brec ci at ed mylonite.  
Shear ing southeast of Lawrenceville was noted by Corbin 
(1989).







Brown, W. R., 1969, Ge ol o gy of the Dillwyn quad ran gle, 
Virginia:  Virginia Division of Mineral Re sourc es Report 
of In ves ti ga tions 10, 77 p.


Brown, W. R., 1970, In ves ti ga tions of the sedimentary record 
in the Piedmont and Blue Ridge of Virginia, in Fisher, 
G. W., Pettijohn, F. J.,  Reed, J. C.,   and  Weaver, K. N.,  
editors, Studies of Appalachian geology:  Cen tral and 
Southern:   Wiley Interscience, New York, p. 335-349.


Brown W. R., and Pavlides, Louis, 1981, Melange ter rane in 
the central Virginia Piedmont [abs.]:  Geological So ci ety 
of Amer i ca Abstracts with Programs, v. 13, n. 7, p. 419.


Clement, S. C., and Bice, K. L., 1982, Andesine anortho site in 
the eastern Piedmont of Virginia [abs.]:  Geo log i cal Society 
of America Ab stracts with Programs, v. 14, p. 10.


Cloos, Ernst, and Cooke, C. W., 1953, Geologic map of Mont-
gomery County and the District of Columbia:  Mary land 
Department of Ge ol o gy, Mines, and Water Re sourc es, 
scale 1:62,500.


Conley, J. F., 1978, Geology of the Piedmont of Virginia - in-
terpretations and prob lems, in Contributions to Virginia 
geology - III, Vir gin ia Division of Mineral Resources 
Pub li ca tion 7, p. 115-149.


Conley, J. F., 1985, Geology of the southwestern Virginia 
Piedmont:  Virginia Di vi sion of Mineral Resources Pub li -
ca tion 59, 33 p.


Conley, J. F., 1989, Stratig ra phy and structure across the Blue 
Ridge and Inner Piedmont in central Vir gin ia: 28th In ter na -
tion al Geologic Conference, Field Trip Guidebook T207, 
Wash ing ton, D. C., Amer i can Geophysical Union, 23 p.


Conley, J. F., and Henika, W. S., 1970, Geology of the Phil-
pott Reservoir quad ran gle, Virginia:  Virginia Division of 
Min er al Re sourc es Report of  Investigations 22, 46 p.


Conley, J. F., and Henika, W. S., 1973, Geology of the Snow 
Creek, Martinsville East, Price, and Spray quad ran gles, 
Vir gin ia:  Virginia Division of Mineral Re sourc es Report 
of  Investigations 33, 71 p.


Conley J. F., and Johnson, S. S., 1975, Road log of the 
geology from Madison to Cumberland counties in the 
Piedmont, central Virginia:  Virginia Minerals, v. 21, n. 
4, p. 29-38.


Conley, J. F., and Marr, J. D., Jr., 1980, Evidence for the cor-
relation of the ky a n ite quartzites of Willis and Woods 
Mountains with the Arvonia Formation, in Con tri bu tions 
to Virginia ge ol o gy - IV:  Virginia  Division of  Mineral 
Resources Pub li ca tion 27, p. 1-11.


Corbin, M.A., 1989, A geophysical study of the easternmost 
Piedmont: Brunswick County, Virginia [M.S. thesis]: Old 
Dominion University, Norfolk, Virginia, 118 p.


Daniels, P. A., Jr., and Onuschak, E., Jr., 1974, Geology of 
the Studley, Yel low Tavern, Richmond, and Seven Pines 
quad ran gles, Virginia:  Virginia  Division of Mineral 
Resources Re port of Investigations 38, 75 p.


Darton, N. H., 1894, De scrip tion of the Fredericksburg quad-
 ran gle, Virginia-Maryland:  U.S. Geological Survey Geo-
 log ic Atlas of the United States, Folio 13, 6 p.


Davis, R. G., 1974, Pre-Grenville ages of basement rocks in 
central Virginia:  a model for the interpretation of zircon 
ages  [M.S. thesis]: Virginia Polytechnic In sti tute and 
State Uni ver si ty, Blacksburg, 47 p.


Davis, G. L.,  Tilton, G. R.,  and   Wetherill, G. W.,  1962, 
Mineral ages from the Ap pa la chian province in North 
Caro li na and Tennessee: Journal of Geophysical Re search, 
v. 67, p. 1987-1996.


Deuser, W. G., and Herzog, L. F., 1962, Rubidium-stron tium age 
determinations of muscovites and biotites from pegmatites 
of the Blue Ridge and Piedmont:  Journal of Geophysical 
Research, v. 67, n. 5, p. 1997-2004.


Dietrich, R. V., 1959, Ge ol o gy and mineral resources of Floyd 
County of the Blue Ridge upland, South west ern Vir gin ia:  
Virginia Poly tech nic Institute, Engineering Ex per i men tal 
Sta tion Series, n. 134, 159 p.


Dietrich, R. V., 1990, Min er als of Virginia, 1990: Virginia 
Division of Mineral Re sourc es, Charlottesville, Vir gin ia, 
474 p.


Drake, A. A., Jr., 1985, Tec ton ic implications of the In di an Run 
Formation - A new ly recognized sed i men ta ry melange in 
the northern Virginia Piedmont:  U.S. Geological Survey 
Pro fes sion al Paper 1324, 11 p.


Drake, A. A., Jr., and Fleming, A. H., 1993, The Dalecarlia 
Intrusive Suite and Clarendon Granite in the Potomac 
Valley, in Strati graph ic notes, 1991-92: U.S. Geological 
Survey Bul le tin 2060, [in press].


Drake, A. A., Jr., and Froelich, A. J., 1986, Geo log ic map of 
the Annandale quadrangle, Fairfax and Ar ling ton counties, 
and Al ex an dria City, Virginia:  U.S. Geological Survey 
Geo log ic Quadrangle Map, GQ 1601, scale 1:24,000.


Drake, A. A., Jr., and Froelich, A. J., Geologic map of the 
Falls Church quad ran gle, Fairfax and Ar ling ton coun-
ties, Virginia and Montgomery County, Mary land:  U.S. 
Geo log i cal Sur vey Geologic Quadrangle Map GQ-1734, 
scale 1:24,000 [in press].


Drake, A. A., Jr., and Lee, K. Y., 1989, Geologic map of the 
Vienna quadrangle, Fairfax County, Virginia, and Mont-
 gom ery County, Maryland:  U.S. Geological Survey 
Geologic Quad ran gle Map GQ-1670, scale 1:24,000.


Drake, A. A., Jr., and Lyttle, P. T., 1981, The Accotink Schist, 


54                                                       VIRGINIA DIVISION OF MINERAL RESOURCES







Lake Barcroft Metasandstone, and Popes Head Forma-
tion - Keys to un der stand ing the tectonic evolution of 
the northern Virginia Piedmont:  U.S. Geological Survey 
Pro fes sion al Paper 1205, 15 p.


Drake, A. A. Jr., and Morgan, B. A., 1981, The Piney Branch 
Complex - a metamorphosed fragment of the central 
Ap pa la chian ophiolite in northern Vir gin ia: American 
Jour nal of Science, v. 281, p. 484-508.


Espenshade, G. H., 1954, Geology and mineral de pos its of the 
James River - Roano ke River manganese district, Vir gin ia:  
U.S. Geo log i cal Survey Bulletin 1008, 155 p.


Espenshade, G. H., 1986, Geology of the Marshall quad ran gle, 
Fauquier Coun ty, Virginia:  U.S. Geo log i cal Survey Bul-
letin  1560, 60 p.


Espenshade, G. H., Rankin, D. W., Shaw, K. W., and Neu-
man, R. B., 1975, Geo log ic map of east half of the Win-
ston-Salem quad ran gle, North Carolina-Virginia:  U.S. 
Geological Survey Mis cel la neous  Investigations Series 
Map I-709-B.


Evans, N. H., 1984,  Latest Pre cam brian to Ordovician 
meta mor phism and oro gen e sis in the Blue Ridge and 
western Piedmont, Virginia Appalachians [Ph.D. dis ser -
ta tion]: Vir gin ia Polytechnic Institute and State Uni ver si ty, 
Blacksburg, 313 p.


Evans, N. H., 1991, Latest Precambrian to Ordovician meta-
 mor phism in the Vir gin ia Blue Ridge: Origin of the 
con trast ing Lovingston and Pedlar basement ter ranes: 
American Journal of Science, v. 291, p. 425-452.


Evans, N. H., and Marr, J. D., Jr., 1988, Geology and the slate 
industry in the Arvonia district, Buckingham County, Vir-
 gin ia:  Virginia Minerals, v. 34, n. 4, p. 37-44.


Farrar, S. S., 1984, The Goochland granulite terrane: re mo bi -
lized Grenville base ment in the eastern Virginia Pied mont, 
in Bartholomew M. J., and others, editors, The Grenville 
event in the Appalachians and related topics: Geological 
Society Amer i ca Special Paper 194, p. 215-227.


Farrar, S. S., 1985a,  Tectonic evolution of the eastern-most 
Piedmont, North Carolina:  Geological Society of Amer i ca 
Bulletin, v. 96, p. 362-380.


Farrar, S.S., 1985b, Stratigraphy of the north east ern North 
Carolina piedmont: Southeastern Geology, v. 25, n. 3., 
p. 159-183.


Fisher, G. W., 1971, The Piedmont crystalline rocks at Bear 
Island, Potomac Riv er, Maryland:  Maryland Geological 
Sur vey Guide book, n. 4, 32 p.


Fleming, A. H., Drake, A. A., Jr., and McCartan, Lucy, Geo-
logic map of the Wash ing ton West quadrangle, District of 
Columbia, Mont gom ery County, Maryland, and Arling-
ton County, Vir gin ia:  U.S. Geological Sur vey Geologic 


Quad ran gle Map, scale 1:24,000 [in press].


Fullagar, P. D., 1971, Age and origin of plutonic in tru sions in 
the Piedmont of the Southeastern Appalachians:  Geologic-
al Society Amer i ca Bulletin, v. 82, p. 2854-2862.


Furcron, A. S., 1934, Ig ne ous rocks of the Shenandoah Na tion al 
Park area:  Journal of Geology, v. 42, p. 400-440.


Furcron, A. S., 1939, Ge ol o gy and mineral resources of the 
Warrenton quad ran gle, Virginia:  Virginia Division of 
Min er al Re sourc es Bulletin 54, 94 p.


Gates, A. E., 1981, Geology of the western boundary of the 
Charlotte belt at Brookneal, Virginia [M.S. thesis]: Virginia 
Polytechnic Institute and State Uni ver si ty, Blacksburg, 
86 p.


Gates, A. E., 1986, Tectonic evolution of the Altavista area, 
southwest Virginia Pied mont, [Ph. D. dis ser ta tion]: 
Virginia Polytechnic In sti tute and State Uni ver si ty, 
Blacksburg, 256 p.


Gates, A. E., 1987, Transpressional dome for ma tion in the 
southwest Vir gin ia Piedmont:  American Journal of Sci-
ence, v. 287, n. 9, p. 927-949.


Gates, A. E., Simpson, C., and Glover, L., III, 1986, Ap pa la chian 
Carboniferous dextral strike slip faults: an example from 
Virginia:  Tectonics, v. 5, p. 119-133.


Gathright, T. M., II, 1976, Geology of the Shenandoah Na tion al 
Park, Virginia:  Virginia Division of Min er al Re sourc es 
Bulletin 86, 93 p.


Gathright, T. M., II, Henika, W. S., and Sullivan, J. L., III, 
1977, Geology of the Waynesboro East and Waynesboro 
West quad ran gles, Virginia: Virginia Division of Mineral 
Re sourc es Publication 3, 53 p.


Gathright, T. M., II, and Nystrom, P. G., Jr., 1974, Geology of 
the Ashby Gap quadrangle, Virginia:  Virginia Division of 
Mineral Re sourc es Report of In ves ti ga tions 36, 55 p.


Geologic Map of North Carolina, 1985, Geologic map of 
North Carolina: Department of Natural Resources and 
Com mu ni ty Development, 1:500,000 scale map.


Glover, Lynn, III, Sinha, A. K., Higgins, M. W., and Kirk, W. 
S., 1971, U-Pb dating of Carolina slate belt and Char lotte 
belt rocks, Virgilina district, Virginia and North Carolina 
[abs.]:  Geological Society of America Ab stracts with 
Programs, v. 3, n. 5, p. 313.


Glover, Lynn, III, Mose, D. G., Costain, J. K., Poland, F. 
B., and Reilly, J. M., 1982, Grenville basement in the 
Eastern Piedmont of Vir gin ia:  A Progress Report [abs.]:  
Geological Society of America Abstracts with Programs, 
v. 14, p. 20.


Glover, Lynn, III, Evans, N. H., Patterson, J. G., and Brown, 


EXPANDED EXPLANATION                                                                   55







W. R., 1989, Tectonics of the Virginia Blue Ridge and 
Pied mont:  28th In ter na tion al Geological Congress, Field 
Trip Guide book T363, Wash ing ton, D. C., Amer i can Geo-
 phys i cal Union, 59 p.


Gooch, E. D., 1958, In fold ed metasedimentary rocks near 
the axial zone of the Catoctin Mountain-Blue Ridge an-
ticlinorium in Virginia:  Geological Society of Amer i ca 
Bulletin, v. 69, p. 569-574.


Goodwin, B. K., 1970, Ge ol o gy of the Hylas and Midlothian 
quadrangles, Virginia:  Virginia Division of Mineral Re-
 sourc es Re port of Investigations 23, 51 p.


Harris, C. W., and Glover, Lynn, III, 1985, The Virgilina de-
formation:  Implications of stratigraphic correlation in the 
Carolina slate belt:  Carolina Geological So ci ety, Durham, 
North Caro li na, Field Trip Guidebook, 59 p.


Henika, W. S., 1969, Ge ol o gy of the Buckingham in jec tion 
complex, Virginia, [M.S. thesis]:  University of Virginia, 
Charlottesville, 87 p.


Henika, W. S., 1975, Pro gres sive regional meta mor phic gra-
 di ent in rocks south east of the Danville Triassic basin, 
Virginia [abs.]:  Geo log ic Society of America Abstracts 
with Programs, v. 7, n. 4, p. 449.


Henika, W. S., 1977, Ge ol o gy of the Blairs, Mount Hermon, 
Danville, and Ringgold quadrangles, Vir gin ia, with sec-
tions on the Triassic System by Thayer, P. A.: Virginia 
Division of Mineral Resources Pub li ca tion 2, 45 p.


Henika, W. S., 1980, Meta mor phic and structural ev i dence of 
an intrusive origin for the Shelton Formation, in Price, 
Van, editor, Geo log ic Investigations of Pied mont and 
Triassic Rocks:  Carolina Geological So ci ety, Durham, 
North Caro li na, Field Trip Guidebook, v. CGS80, p. B-
V-1 - B- V-17.


Henika, W. S., 1991, Geology of Smith Mountain Lake State 
Park [abs.]: Virginia Journal of Science, v. 42, n. 2, p. 
219.


Henika, W. S., 1992, Stratig ra phy of the Eastern Blue Ridge 
sequence in the Roano ke 30' x 60' quadrangle, Virginia 
[abs.]:  Geo log i cal Society of America Abstract with 
Pro grams, v. 24, n. 2, p. 21.


Henika, W. S., and Johnson, S. S., 1980, Aeroradiometric 
contour pattern and rock dis tri bu tion in the Danville, 
15- minute quadrangle, in Price, Van, editor, Investiga-
tion of Piedmont and Triassic Rocks:  Carolina Geological 
Society, Durham, North Caro li na, Field Trip Guide book, 
v. CGS80, p. B-V-I-1 - B-V-I-8.


Herz, Norman, and Force, E. R., 1987, Geology and min er al 
deposits of the Roseland district of central Virginia:  U.S. 
Geological Survey Pro fes sion al Paper 1371, 56 p.


Hess, H. H., 1933, Hy dro ther mal metamorphism of an ul tra -


ba sic intrusive at Schuyler, Virginia:  Amer i can Journal 
of Science, 5th ser., v. 26, p. 377-408.


Hillhouse, D. N., 1960, Ge ol o gy of the Piney River-Roseland 
titanium area, Nelson and Amherst coun ties, Virginia, 
[Ph.D. dis ser ta tion]: Virginia Polytechnic Institute and 
State Uni ver si ty, Blacksburg, 129 p.


Hopkins, H. R., 1960, Ge ol o gy of Western Louisa Coun ty, 
Virginia,  [Ph.D. dissertation]: Cornell University, Ithaca, 
New York, 98 p.


Hopson, C. A., 1964, The crystalline rocks of Howard and 
Montgomery counties Maryland in The geology of 
Howard and Montgomery counties: Howard and Mont-
gomery Coun ties Re port, Maryland Geological Survey, 
p. 27-337.


Horton, J. W., Jr., and Stoddard, E. F., 1986, The Roanoke 
Rapids complex of the Eastern slate belt, Halifax and 
Northampton counties, North Carolina:  Geological So-
ciety of America Cen ten ni al Field Guide-South east ern 
Section, p. 217-222.


Horton, J. W., Jr., Peper, J. D., Marr, J. D., Jr., Burton, W. C., 
and Sacks, P. E., 1993, Preliminary geologic map of the 
South Boston 30 x 60 minute quadrangle, Vir gin ia and 
North Caro li na:  U.S. Geological Survey Open File Report 
93-244, 1:100,000 scale map.


Hund, E. A., 1987, U-Pb dating of granites from the Charlotte 
belt of the south ern Appalachians [M.S. the sis]: Virginia 
Polytechnic In sti tute and State University, Blacksburg, 
83 p.


Husted, John, 1942, Pet ro graph ic study of the rocks in a por-
tion of Western Nottoway County, Virginia [M.A. thesis]: 
University of Virginia, Charlottesville, 1:125,000 scale 
map and text.


Hutson, F. E., 1990, Ev i dence of volcanogenic sed i men ta tion 
in an outlier of the Mechum River For ma tion in the axial 
zone of the Blue Ridge anticlinorium, central Virginia, 
[abs.]:  Geological Society of Amer i ca Abstracts with 
Pro grams, v. 22, n. 71, p. A173.


Jonas, A. I., 1927, Geologic reconnaissance in the Pied mont 
of Virginia:  Geo log i cal Survey of America Bul le tin v. 
38, n. 4, p. 837-846.


Jonas, A. I., 1928, Geologic Map of Virginia: Virginia Geo-
 log i cal Sur vey, Charlottesville, 1:500,000 scale map.


Jonas, A. I., and Stose, G. W., 1939, Age relation of the Pre-
Cambrian rocks in the Catoctin Mountain-Blue Ridge 
and Mount Rogers Anticlinorium in Virginia:  American 
Journal of Sci ence, v. 237, n. 8, p. 575-593.


Kaldy, J. W., 1977, Geology and geophysics of the Sherwill 
dome of the south west ern Piedmont of Vir gin ia [M.S. 
thesis]: University of Kentucky, Lexington, 46 p.


56                                                       VIRGINIA DIVISION OF MINERAL RESOURCES







Kasselas, G. D., 1993, Strati graph ic framework, struc tur al 
evolution and tectonic implications of the eastern 
Blue Ridge sequence in the central Appalachians near 
Warrenton, Vir gin ia: [M.S. thesis]: Virginia Poly tech nic 
In sti tute and State Uni ver si ty, Blacksburg, text with 1:
24,000 scale map.


King, P. B., 1950, Tectonic framework of southeastern United 
States:  American Association Petroleum Geologists Bul-
letin, v. 36, p. 635-671.


Kish, S. A., 1983, A geo chro no log i cal study of de for ma tion 
and meta mor phism in the Blue Ridge and Piedmont of 
the Carolinas [Ph.D. dissertation]:  University of North 
Carolina, Chapel Hill, 202 p.


Kish, S.A., and Fullagar, P. D., 1978, Summary of geo chro -
no log i cal data for Late Paleozoic plutons from high 
grade meta mor phic belts of the eastern Piedmont of 
North Carolina, South Caro li na and Virginia, in Snoke, 
A. W., editor, Geo log i cal investigations of the Eastern 
Piedmont, Southern Ap pa la chians:  Carolina Geo log i cal 
Society, Durham, North Caro li na, Field Trip Guide book, 
p. 61-65.


Kline, S. W., Conley, J. F., Evans, N. H., 1990, Hyaloclasitite 
pillow breccia in the Catoctin metabasalt of the eastern 
limb of the Blue Ridge anticlinorium in Virginia: South-
eastern Ge ol o gy, v. 30, p. 241-257.


Kolata, D. R., and Pavlides, Louis, 1986, Echinoderms from 
the Arvonia Slate, cen tral Virginia Piedmont:  Geologica 
et Paleontologica, v. 20, p. 1-9.


Kreisa, R. D., 1980, Ge ol o gy of the Omega, South Boston, 
Cluster Springs, and Virgilina quadrangles, Vir gin ia:  
Vir gin ia Division of Mineral Resources Pub li ca tion 5, 
22 p.


Laney, F. B., 1917, The ge ol o gy and ore deposits of the Vir-
gilina district of Virginia and North Carolina:  Vir gin ia 
Geological Survey Bulletin 14, 176 p. 


LeGrand, H. E., 1960, Ge ol o gy and ground-water re sourc es 
of Pittsylvania and Halifax counties:  Virginia Division 
of Min er al Re sourc es Bulletin 75, 86 p.


LeHuray, A. P., 1989, U-Pb and Th-Pb whole-rock stud ies in 
the southern Ap pa la chian Piedmont:  South east ern Geol-
ogy, v. 30, p. 77-94.


Lonsdale, J. T., 1927, Ge ol o gy of the gold-pyrite belt of the 
northeastern Piedmont, Virginia:  Virginia Geo log i cal 
Sur vey Bulletin 30, 110 p.


Lukert, M. T., 1982, Ura ni um-lead isotope age of the Old Rag 
granite, northern Virginia: American Journal of Science, 
v. 282, p. 291-398.


Lukert, M. T., Nuckols, E. B., III, and Clarke, J. W., 1977, 


Flint Hill Gneiss-a defi nition: Southeastern Geology, v. 
19, p. 19-28.


Lukert, M. T., and Nuckols, E. B., III, 1976, Geology of the 
Linden and Flint Hill quadrangles:  Virginia Di vi sion of 
Mineral Resources Publication 44, 83 p.


Lukert, M. T., and Halladay, C. R., 1980, Geology of the 
Massies Corner quadrangle, Virginia:  Virginia Division 
of Mineral Resources Pub li ca tion 17, 1:24,000 scale map 
with text.


Mack, Tinsley, 1965, Char ac ter is tics of the Everona For ma tion 
in Virginia: Vir gin ia Division of Mineral Resources In for -
ma tion Cir cu lar 10, 16 p.


Marr, J. D., Jr., 1980a, Ge ol o gy of the Willis Moun tain quad-
rangle, Virginia:  Virginia Division of Min er al Re sourc es 
Publication 25, 1:24,000 scale map with text.


Marr, J. D., Jr., 1980b, Geology of the Andersonville quad-
rangle, Virginia:  Virginia Division of Mineral Re sourc es 
Pub li ca tion 26, 1:24,000 scale map with text.


Marr, J. D., Jr., 1981, Stratig ra phy and structure, in Geo log ic 
investigations in the Willis Mountain and Andersonville 
quad ran gles, Virginia: Virginia Division of Mineral Re-
 sourc es Pub li ca tion 29, p.3-8.


Marr, J. D, Jr., 1985, Ge ol o gy of the crystalline por tion of 
the Richmond 1 o x 2 o  quadrangle:  A progress report,  
in Geology of por tions of the Richmond 1 o  x 2 o  quad-
rangle:  Seventeenth Annual Virginia Geological Field 
Conference, Field Trip Guidebook, p. 1-22.


Marr, J. D., Jr., 1990, Ge ol o gy of the kyanite deposits at Willis 
Mountain, Vir gin ia, in Sweet, P. C., editor, Pro ceed ings 
26th Forum on the geology of industrial min er als: Vir-
ginia Division of Mineral Resources Pub li ca tion 119, p. 
129 - 134.


Marr, J. D., Jr., 1991, The Ca Ira melange-Indicator of a major 
suture in the Pied mont of Virginia [abs.]:  Geological 
Society of Amer i ca Abstracts with Pro grams, v. 23, n. 
1, p. 62.


McSween, H. Y., Jr., Speer, J. A., and Fullagar, P. D., 1991, 
Plutonic rocks, in Horton, J. W., Jr. and Zullo, V. A., 
editors, The geology of the Carolinas, Carolina Geologi-
cal Society, Durham, North Carolina, 50th Anniversary 
Volume:  Uni ver si ty of Tennessee Press, Knoxville, p. 
109-126.


Meador, J. P., 1949, The geography and petrography of eastern 
Lunenburg Coun ty, Virginia [M.A. the sis]:  Uni ver si ty of 
Vir gin ia, Charlottesville, 56 p.


Mose, D. G., and Nagel, M. S., 1982, Plutonic events in the 
Piedmont of Virginia:  Southeastern Geology, v. 23, n. 
1 p. 25-39.


EXPANDED EXPLANATION                                                                   57







Muth, K. G., Arth, J. G., and Reed, J. C., Jr., 1979, A min i mum 
age for the high-grade metamorphism and granite intru-
sion in the Piedmont of the Potomac River gorge near 
Washington, D.C.:  Geology, v. 7, no. 7, p. 349-350.


Nelson, A. E., 1992, Pre lim i nary bedrock geologic map of 
the Aspen quad ran gle and nearby areas, Virginia:  U.S. 
Geo log i cal Survey Open-File Report 92-725.


Nelson, W. A., 1962, Ge ol o gy and mineral resources of Al-
bemarle County, Vir gin ia:  Virginia Division of Mineral 
Resources Bulletin 77, 92 p.


Nickelsen, R. P., 1956, Ge ol o gy of the Blue Ridge near Harp-
ers Ferry, West Vir gin ia:  Geological Society of Amer i ca 
Bulletin, v. 67, n. 3, p. 239-269.


Odom, A. L., and Fullagar, P. D., 1984, Rb/Sr and in her it ed 
zircon ages of the plutonic suite of the Crossnore complex, 
south ern Appalachians, and their implications regarding 
the time of the opening of the Iapetus Ocean:  Geological 
Society of America Special Paper 194, p. 255-261.


Odom, A. L., and Russell, G. S., 1975, The time of regional 
metamorphism of the Inner Piedmont and Smith River 
allochthon:  in fer enc es from whole-rock ages [abs.]:  Geo-
 log i cal So ci ety of America Abstracts with Programs, v. 
7, n. 4, p. 522-523.


Parker, J.M., III, 1979, Geology and mineral resources of Wake 
County: North Carolina Division of Mineral Resources 
Bulletin 86, 122 p.


Patterson, J. G., 1987, Tec ton ic evolution of distal por tions of 
the continental mar gin to ancestral North Amer i ca, [Ph. 
D. dis ser ta tion]: Virginia Polytechnic In sti tute and State 
Uni ver si ty, Blacksburg, 191 p.


Pavlides, Louis, 1980, Re vised nomenclature and strati graph ic 
relationships of the Fredericksburg Com plex and Quantico 
Formation of the Virginia Piedmont:  U.S. Geo log i cal 
Survey Pro fes sion al Paper 1146, 29 p.


Pavlides, Louis, 1981, The central Virginia volcanic-plu ton ic 
belt:  an island arc of Cambrian (?) age:  U.S. Geological 
Survey Pro fes sion al Paper 1231-A, 34 p.


Pavlides, Louis, 1982, Pe trol o gy of the “Lahore” Com plex 
and Ellisville pluton, composite granitoid bodies in the 
Pied mont of Virginia: U. S. Geological Survey Pro fes -
sion al Paper 1275, p. 60.


Pavlides, Louis, 1989, Early composite melange terrane, 
cen tral Appalachian Pied mont, Virginia and Mary land; 
Its origin and tectonic history: Geological Society of 
America Special Paper 228, p. 135-193.


Pavlides, Louis, 1990, Ge ol o gy of part of the northern Virginia 
Piedmont: U. S. Geo log i cal Survey, Open File Report  
90-548, map and text.


Pavlides, Louis, Pojeta, John, Jr., Gor don, Mackenzie, Jr., 
Pars ley, R. L., and Bobyarchick, A. R., 1980, New evi-
dence for the age of the Quantico Formation in Virginia: 
Geology, v. 8, p. 286-290.


Pavlides, Louis, Stern, T. W., Arth, J. G., Muth, K. G., and 
Newell, M. F., 1982, Middle and Upper Paleozoic gra-
 nit ic rocks in the Piedmont near Fredericksburg, Vir gin ia: 
Geo chro nol o gy: U. S. Geological Survey Pro fes sion al 
Paper 1231-B, p. B1-B9.


Pegau, A. A., 1932, Peg ma tite deposits of Virginia:  Virginia 
Geological Survey Bulletin 33, 123 p.


Pettingill, H. S., Sinha, A. K., and Tatsumoto, M., 1984, Age 
and origin of anortho sites, charnockites, and gran u lites 
in the central Vir gin ia Blue Ridge:  Nd and Sr isotopic 
evidence:  Con tri bu tions to Mineralogy and Petrology, 
v. 85, p. 279-291.


Poland, F. B., 1976, Ge ol o gy of the rocks along the James 
River between Sabot and Cedar Point, Virginia, [M.S. 
thesis]: Virginia Poly tech nic Institute and State Uni ver si ty, 
Blacksburg, 98 p.


Ragland, P. C., 1974, Geo chem i cal evidence for the ex ist ence 
of two igneous rock series, Martinsville igneous com plex 
[abs.]:  Geological Society America Abstracts with Pro-
grams, v. 6, n. 4, p. 390.


Rankin, D. W., 1975, The continental margin of east ern North 
American in the southern Appalachians:  the opening and 
closing of the proto-Atlantic ocean:  Amer i can Journal of 
Science, v. 278-A, p. 1-40.


Rankin, D. W., 1993, The volcanogenic Mount Rogers For ma -
tion and the overlying glaciogenic Konnarock For ma tion 
- Two Late Pro t ero zo ic units in Southwestern Virginia:  
U.S. Geological Survey Bulletin 2029, 16 p. 


Rankin, D. W., Stern, T. W., Reed, J. C., Jr., and Newell, M. 
F., 1969, Zircon ages of felsic volcanic rocks in the upper 
Precambrian of the Blue Ridge, Appalachian Mountains:  
Science, v. 166, p. 741-744.


Rankin, D. W., Espenshade, G. H., Shaw, K. W., and Stern, T. 
W., 1971, From the Blue Ridge anticlinorium to the Sau-
ratown Mountains anticlinorium - a major synclinorium 
and the Brevard fault zone [abs.]:  Geological Society of 
Amer i ca Abstract with Pro grams, v. 3, n. 5, p. 343.


Rankin, D. W., Espenshade, G. H., and Neuman, R. B., 1972, 
Geologic map of the west half of the Winston-Salem 
quad ran gle, North Carolina, Virginia, and Ten nes see:  
U.S. Geo log i cal Survey Miscellaneous In ves ti ga tions 
Map I-709-A.


Rankin, D. W., Espenshade, G. H., and Shaw, K. W., 1973, 
Stratigraphy and struc ture of the metamorphic belt in 
north west ern North Caro li na and southwestern Vir gin ia:  
A study from the Brevard fault zone to the Sauratown 


58                                                       VIRGINIA DIVISION OF MINERAL RESOURCES







Mountains anticlinorium:  American Journal of Science, 
Cooper Vol ume 273-A, p. 1-40.


Redden, J. A., 1963, Stratig ra phy and metamorphism of the 
Altavista area, in Dietrich, R. V., editor, Geo log i cal Ex-
 cur sions in South west ern Virginia:  Virginia Poly tech nic 
In sti tute, Blacksburg, Department of Geological Sci enc es, 
Geo log i cal So ci ety of America South east ern Section, 
Guidebook II, p. 77-99.


Reed, J. C., Jr., 1955, Catoctin Formation near Luray, Vir-
 gin ia:  Geo log i cal Society of America Bul le tin, v. 66, 
p. 871-896.


Reed, J. C., Jr., and Morgan, B. A., 1971, Chemical al ter ation 
and spilitization of the Catoctin greenstones, Shenandoah 
National Park, Virginia:  Journal of Ge ol o gy, v. 79, n. 5, 
p. 526-548.


Reilly, J. M., 1980, A geo log ic and potential fi eld in ves ti ga tion 
of the central Virginia Piedmont, [M.S. thesis]: Virginia 
Polytechnic Institute and State Uni ver si ty, Blacksburg, 
111 p.


Rogers, W. B., 1884, A re print of annual reports and other 
papers on the geology of the Virginias:  D. Appleton and 
Co., New York, 832 p.


Ross, C. S., 1941, Oc cur rence and origin of the ti ta ni um de-
posits of Nelson and Amherst counties, Vir gin ia:  U.S. 
Geological Survey Pro fes sion al Paper 198, 59 p.


Rossman, D. L., 1991, Ge ol o gy of the Keswick and Boswells 
Tavern quad ran gles, Virginia:  Virginia Division of Mineral 
Re sourc es Publication 107, 19 p. 


Scheible, Paul, 1975, Ge ol o gy of Gladehill, Penhook, and 
Mountain Valley quad ran gles, Virginia [abs.]: Geologi-
cal Society of Amer i ca Abstract with Pro grams, v. 7, n. 
4, p. 531.


Schwab, F.L., 1986, Latest Precambrian - Earliest Pa leo zo ic 
sedimentation, Ap pa la chian Blue Ridge and adjacent 
areas, in McDowell R. C., editor,  The Lowry Volume: 
Studies in Ap pa la chian Geology: Virginia Tech Depart-
ment of Geo log i cal Sciences Memoir 3, p. 115-137.


Seiders, V. M., Mixon, R. B., Stern, T. W., Newell, M. F., and 
Thomas, C. B., Jr., 1975, Ages of plutonism and tectonism 
and a new min i mum age limit on the Glenarm Series in the 
north east Virginia Piedmont near Occoquan:  American 
Jour nal of Science, v. 275, p. 481-511.


Simpson, E. L., and Sundberg, F. A., 1987, Early Cambrian 
age for syndrift deposits of the Chilhowee Group of 
south west ern Vir gin ia:  Geology, v. 15, p. 123-126.


Simpson, C., and Kalaghan, T., 1989, Late Precambrian crust al 
extension preserved in Fries fault zone mylonites, southern 
Appalachians: Ge ol o gy, v. 17, p. 148-151.


Sinha, A. K., and Bartholomew, M. J., 1984, Evolution of the 
Grenville terrane in the central Vir gin ia Appalachians, in  
Bartholomew, M. J., and oth ers, editors, The Grenville 
event in the Appalachians and related topics: Geo log i cal 
Society of America Special Paper 194, p. 175-186.


Sinha, A. K., Hund, E. A., and Hogan, J. P., 1989, Pa leo zo ic 
accretionary history of the North American plate margin 
(central and south ern Appalachians):  con straints from 
the age, origin, and distribution of granitic rocks, in Hill-
house, J. W., editor, Deep Structure and Post Kinemat-
ics of Accreted Ter ranes:  American Geo phys i cal Union 
Geo phys i cal Mono graph 50, p. 219-238.


Smith, J. W., Milici, R. C., and Greenberg, S. S., 1964, Geol-
ogy and mineral re sourc es of Fluvanna Coun ty:  Vir gin ia 
Division of Min er al Resources Bulletin 79, 62 p.


Smith, S. F., Frye, Keith, Mose, D. G., and Nagel, M. S., 1981, 
A Latest Pre cam brian-Cambrian gran ite in the Virginia 
Blue Ridge [abs.]:  Geological Society of America Ab-
 stracts with Pro grams v. 13, p. 35.


Southwick, D. L., Reed, J. C., Jr., and Mixon, R. B., 1971, 
The Chopawamsic Formation - a new strati graph ic unit 
in the Piedmont of northeastern Virginia:  Contributions 
to Stratig ra phy, U.S. Geological Sur vey Bulletin 1324-
D, p. D1-D11.


Southworth, C. S., 1991, Geologic map of the Loudoun 
County, Virginia, part of the Harpers Ferry quadrangle:  
U.S. Geo log i cal Survey Miscellaneous Field Studies Map 
MF-2173, scale 1:24,000.


Spencer, E. W., Bowring, Christopher, and Bell, J. D., 1989, 
Pillow lavas in the Catoctin Formation of central Vir gin ia, 
in Evans, N. H., ed i tor, Contributions to Vir gin ia Geology 
- VI:  Vir gin ia Di vi sion of Mineral Resources Publication 
88, p. 83-91.


Steidtmann, Edward, 1945, Commercial granites and other 
crystalline rocks of Virginia:  Virginia Geological Survey  
Bul le tin 64, 152 p.


Stoddard, E. F., Farrar, S. S., Horton, J. W., Jr., Butler, J. R., 
and Druhan, R. M., 1991, The eastern Piedmont in North 
Carolina, in Horton, J. W., Jr., and Zullo, V. A., editors, 
The Geology of the Carolinas: Carolina Geo log i cal Society 
Durham, North Carolina, Fiftieth An ni ver sa ry Volume:  
University of Tennessee Press, Knoxville, p. 79-92.


Stose, A. J., and Stose, G. W., 1946, Geology of Carroll and 
Frederick Counties:  Maryland Department of Geology, 
Mines, and Water Resources, Carroll and Frederick Coun-
ties Report, p. 11-131.


Stose, G. W., and Stose, A. J., 1948, Stratigraphy of the Ar-
vonia Slate, Virginia:  American Journal of Sci ence, v. 
246, p. 393-412.


EXPANDED EXPLANATION                                                                   59







Stose, A. J., and Stose, G. W., 1957, Geology and min er al 
resources of the Gossan Lead District and adjacent areas 
in Virginia:  Virginia Division of Mineral Re sourc es Bul-
letin 72, 233 p.


Thiesmeyer, L. R., 1939, Varved slates in Fauquier County, 
Virginia:  Virginia Geological Survey Bulletin 51-D, p. 
105-118.


Tillman, C. G., 1970, Meta mor phosed trilobites from Arvonia, 
Virginia:  Geo log i cal Society of America Bul le tin, v. 81, 
n. 4, p. 1189-1200.


Tilton, G. R., Doe, B. R., and Hopson, C. A., 1970, Zircon age 
measurements in the Maryland Piedmont with special ref-
 er ence to Bal ti more gneiss problems, in Fisher, G. W., and 
others, editors, Studies of Ap pa la chian Geology-Central 
and Southern:  Interscience, New York, p. 429 - 436.


Tobisch, O. T., 1972, Geo log ic map of the Milton quad ran gle, 
Virginia-North Caro li na, and adjacent areas of Vir gin ia:  
U.S. Geological Survey Miscellaneous Geo log ic Inves-
tigations Map I-638, scale 1:62,500.


Tobisch, O. T., and Glover, Lynn, III, 1969, Metamorphic 
changes across part of the Carolina slate belt - Char lotte 
belt boundary, North Carolina and Virginia:  U.S. Geologi-
cal Survey Pro fes sion al Paper 650-C, p. C1-C7.


Tollo, R. P., and Aleinikoff, J. N., 1993, Petrology and Pb/U 
isotopic ages of the Robertson River Batholith, Blue Ridge 
Province, Vir gin ia:  Evidence for multi-stage magmatism 
as so ci at ed with an early episode of Laurentian Rifting: 
Geo log i cal Society of America Bulletin [in press].


Tollo, R. P., and Lowe, T. K., 1993, Geologic map of the 
Robertson River igneous suite, Virginia: U. S. Geo log i cal 
Survey Mis cel la neous Field Studies Map MF-2229, scale 
1:100,000 [in press].


Virginia Division of Min er al Re sourc es, 1963, Geologic map 
of Virginia: Virginia Division of Min er al Resources, 1:
500,000 scale map.


Wang, Ping, and Glover, Lynn, III, 1991, Reusens migmatite:  A 
Late Pre cam brian volcanic rift sequence (Mount Rogers?) 
beneath the Lynchburg Group in central Virginia [abs.]:  
Geo log i cal Society of America Ab stract with Programs, 
v. 23, n. 1, 145 p.


Watson, T. L., 1911, Geo log ic map of Virginia:  Vir gin ia 
Geological Survey, scale 1:500,000.


Watson, T. L., and Powell, S. L., 1911, Fossil evidence of the 
age of the Virginia Piedmont slates:  American Journal 
of Science, Series 4, v. 31, p. 33-44.


Wehr, F. L., II,  1985, Stratig ra phy of the Lynchburg Group 
and Swift Run Formation, Late Proterozoic (730-570Ma), 
Cen tral Virginia:  Southeastern Geology, v. 25, n. 4, p. 
225-239.


60                                                       VIRGINIA DIVISION OF MINERAL RESOURCES


Wehr, F. L., II , and Glover, Lynn, III, 1985, Stratigraphy and 
tec ton ics of the Virginia-North Carolina Blue Ridge:  
Ev o lu tion of a late Proterozoic-Early Paleozoic hinge 
zone:  Geo log i cal Society of Amer i can Bulletin, v. 96, 
n. 3 p. 85-295.


Wright, J. E., Sinha, A. K., and Glover, Lynn, III, 1975, Age 
of zircons from the Pe ters burg Granite, Virginia; with 
com ments on belts of plutons in the Piedmont:  American 
Journal of Sci ence, v. 275, p. 848-856.







MAPPED UNITS  OF THE COASTAL 
PLAIN*


C. R. Berquist, Jr.


af artifi cial fi ll. Areas fi lled for waste disposal and con-
 struc tion


ALLUVIAL,  SWAMP,  INTERTIDAL,  AND EOLIAN  
DEPOSITS


al  alluvium (Holocene).  Fine to coarse gravelly sand and 
sandy gravel, silt, and clay, light- to medium-gray and yel-
 low ish-gray. Deposited mainly in channel, point-bar, and 
fl ood-plain environments; includes sandy deposits of narrow 
es tu a rine beaches, and mud, muddy sand, and peat in swamps 
and in fresh- and brackish-water marshes bor der ing tidewater 
riv ers. Grades into colluvium along steeper valley walls at 
margins of unit. Mostly Holocene but, locally, includes low-
lying Pleis to cene (?) terrace deposits. As much as 80 feet thick 
along major streams.


sp  swamp deposits  (Holocene). Reddish-brown fi brous peat, 
brown to black sapric peat, and peaty mud and sand. Con sti -
tutes fi ll of extensive, shallow, poorly drained Dismal Swamp 
basin southwest of Portsmouth.  Radiocarbon ages from lower 
part of peaty fi ll indicate sediment accumulation began about 
12,000 yrs B.P. (Otte and Smith, 1985). Thickness generally 
less than 10 feet.


sb   sand  (Holocene).  Pale-gray to light-yellowish gray, fi ne sand  (Holocene).  Pale-gray to light-yellowish gray, fi ne sand
to coarse, poorly sorted to well-sorted, shelly in part; contains 
angular to rounded fragments and whole valves of mol lusks. 
Com pris es deposits of coastal barrier islands and narrow beach-
dune ridges bordering brackish-water marshes of Ches a peake 
Bay. Thickness is as much as 40 feet.


m   marsh and intertidal mud deposits  (Holocene).  Medium- 
to dark-gray soft mud, and grayis-brown peat, comprising 
sed i ment of marsh es in coastal areas and Chesapeake Bay; 
thickness is 0 to 10 feet. Also, sandy mud and muddy fi ne 
sand, light- to dark-gray. Locally, contains abundant shell ma-
terial char ac ter ized by Crassostrea virginica and Mercenaria 
mercenaria. Com pris es sediments of shallow bays and fl ats in 
area of Atlantic coastal lagoons of the Eastern Shore.


ds  dune sand  (Holocene). Sand, quartz, white to light-yel-
 low ish-gray, fi ne to me di um, well-sorted, massive to cross-
lam i nat ed. Com pris es deposits of large, irregular dune fi elds 
on Nottoway River terraces and smaller areas of dunes in 
Surry County uplands. Thickness is 0 to 15 feet.


SURFICIAL DEPOSITS OF RIVERINE, ES TU A RINE, 
AND COASTAL TERRACES AND PLAINS


   Comprised of fi ning-upward and coarsening-upward se-
 quenc es deposited mainly during interglacial high stands of 
the sea.
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WEST AND SOUTH OF CHESAPEAKE BAY


QTu  Quaternary and Tertiary deposits, undifferentiated. 
Tabb through Windsor Formations and alluvial/tidal prism 
de pos its.


Qt  Tabb Formation, undifferentiated (upper Pleistocene, Tabb Formation, undifferentiated (upper Pleistocene, Tabb Formation, undifferentiated
Johnson, 1976). Sand, silt, and peat of coast-parallel plains 
sea ward of the Suffolk and Harpersville scarps, includes coeval 
terrace deposits along major river valleys west to Fall Line. 
Sub di vid ed into three members (Johnson, 1976).


Qtp Poquoson Member (Johnson, 1976). Medium to coarse, Poquoson Member (Johnson, 1976). Medium to coarse, Poquoson Member
pebbly sand grades upward into clayey fi ne sand and silt, 
light- to medium-gray; underlies ridge and swale topography 
(al ti tude ranges from sea level to 11 feet) along the margin of 
Ches a peake Bay and in the lower and middle parts of Coastal 
Plain rivers. Thickness is 0 to 15 feet. 


Qtl Lynnhaven Member (Johnson, 1976). Pebbly and cobbly, Lynnhaven Member (Johnson, 1976). Pebbly and cobbly, Lynnhaven Member
fi ne to coarse gray sand grades upward into clayey and silty 
fi ne sand and sandy silt; locally, at base of unit, medium to 
coarse cross-bedded sand and clayey silt containing abundant 
plant material fi ll channels cut into underlying stratigraphic 
units. Unit is surfi cial deposit of broad swale that is traceable 
south ward from Norfolk; extensive low lands bounded on land-
 ward side by river-, bay-, and ocean-facing scarps having toe 
altitudes of 15 to 18 feet. Thickness is 0 to 20 feet.


Qtlp Lynnhaven and Poquoson Members, undifferentiated. Lynnhaven and Poquoson Members, undifferentiated. Lynnhaven and Poquoson Members, undifferentiated


Qts Sedgefi eld Member (Johnson, 1976). Pebbly to bouldery, Sedgefi eld Member (Johnson, 1976). Pebbly to bouldery, Sedgefi eld Member
clayey sand and fi ne to medium, shelly sand that grades upward 
into sandy and clayey silt; locally channel fi ll at base of unit 
includes as much as 50 feet of fi ne to coarse, cross-bedded 
sand and clayey silt and peat containing in-situ tree stumps. 
Sandy bay facies commonly contains Crassostrea biostromes, 
Mercenaria, Anadara, Polynices, Ensis, and other mol lusks. 
Specimens of the coral Astrangia have yielded estimated ura-
nium-series ages averaging 71,000 ± 7,000 yrs B.P. (Mixon 
and others, 1982). Unit constitutes surfi cial deposit to river- 
and coast-parallel plains (altitude 20-30 feet) bounded on 
landward side by Suffolk and Harpersville scarps. Thick ness 
is 0 to 50 feet.


Qsh  Shirley Formation (middle Pleistocene, Johnson and 
Berquist, 1989). Light- to dark-gray, bluish-gray and brown 
sand, gravel, silt, clay, and peat. Constitutes surfi cial deposits 
of riverine terraces and relict baymouth barriers and bay-fl oor 
plains (altitude 35-45 feet) inset below depositional surfaces 
of the Chuckatuck For ma tion (Johnson and Peebles, 1984). 
Upper part of unit is truncated on the east by the Suffolk and 
Harpersville scarps; locally, lower part occurs east and west of 
scarps. Fluvial-estuarine facies comprises (1) a lower pebble 
to boulder sand overlain by (2) fi ne to coarse sand interbedded 
with peat and clayey silt rich in organic material, including 
in-situ tree stumps and leaves and seeds of cypress, oak, and 
hickory, which grades upward to (3) medium- to thick-bedded, 
clayey and sandy silt and silty clay. Marginal-matrix facies in 
lower James River and lowermost Rappahannock  River areas is 


* (taken from Mixon and others, 1989, with minor mod i fi  ca tions)







silty,  fi ne-grained  sand  and sandy silt con tain ing Crassostrea 
virginica, Mulinia, Noetia, Mercenaria, and other mollusks. 
Astrangia from lower Rappahannock River area has yielded a 
uranium-series age of 184,000 ± 20,000 yrs B.P. (Mixon and 
others, 1982). Thick ness is 0 to 80 feet.


Qc  Chuckatuck Formation (middle(?) Pleistocene, Johnson 
and Berquist, 1989). Light- to medium-gray, yellowish-or ange, 
and red dish-brown sand, silt, and clay and minor amounts 
of dark-brown and brown ish-black peat. Comprises surfi cial 
deposits of mid-level coast-parallel plains (altitude 50-60 feet) 
and equiv a lent riv er ine terraces. Eastward, unit is truncated by 
the Suffolk scarp; westward, along major stream drainages, unit 
is sep a rat ed from the younger topographically lower Shirley 
For ma tion by the Kingsmill scarp and equiv a lent estuarine 
scarps. Fluvial-estuarine facies includes, from bot tom to 
top, (1) channel-fi ll deposits of poorly sorted, cross-bedded, 
pebbly and cobbly sand interbedded, locally, with peat and 
sandy silt rich in organic matter, (2) moderately well-sorted, 
cross-bedded to planar bedded, fi ne- to medium-grained sand 
grading up ward into (3) clayey silt and sandy and silty clay. 
Bay facies of coastwise plain includes a basal gravelly sand 
fi lling shallow paleochannels, a thin but ex ten sive pebbly sand 
containing heavy mineral laminae and Ophiomorpha bur rows, 
and an upper, relatively thick, me di um- to fi ne-grained silty 
sand and sandy silt. Thickness is 0 to 26 feet.


Qcc Charles City Formation (lower Pleistocene (?), Johnson 
and Berquist, 1989). Light- to medium-gray and light-to dark-
yel low ish and red dish-brown sand, silt, and clay com pos ing 
surfi cial de pos its of riverine terraces and coast-par al lel plains at 
altitiudes of 70 to 80 feet. Unit is adjacent to, and inset below, 
the Windsor Formation and older deposits. Bay or shallow-
shelf facies of the Charles City (Johnson and Peebles, 1984), 
present be neath fl at to gently seaward-sloping plain in Suf folk 
area, includes a thin, basal, gravelly sand grading upward into 
fi ne- to medium-grained sand and an uppermost clayey and 
sandy silt; lower and middle parts of unit contain clay-lined, 
sand-fi lled burrows. Fluvial-es tu a rine facies in terrace remnants 
along major rivers con sists of cross-bedded gravelly sand and 
clayey silt. Thickness is 0 to 55 feet, or more.


QTw Windsor Formation (lower Pleistocene or upper Plio-
 cene, Coch, 1968). Gray and yellowish- to reddish-brown 
sand, gravel, silt, and clay. Constitutes surfi cial deposits of 
ex ten sive plain (altitude 85-95 feet.) seaward of Surry scarp 
and of coeval, fl uvial-estuarine terraces west of scarp. Fining-
up ward se quence beneath plain consists of a basal pebbly sand 
grading upward into cross-bedded, quartzose sand and mas sive, 
clayey silt and silty clay; lower and upper parts of sequence 
were deposited, respectively, in shallow-marine or open-bay 
and restricted-bay or lagoonal environments. In terraces west 
of Surry scarp, fl uvial-estuarine deposits com prise muddy, 
coarse, trough cross-bedded sand and gravel grading upward 
to sandy silt and clay. Thickness is 0 to 40 feet.


EAST OF CHESAPEAKE BAY


Qk  Kent Island Formation (upper Pleistocene, Owens and 
Denny, 1979). Pale-gray to yellowish-gray, medium to coarse 


sand and sandy gravel grading upward into poorly to well-
sorted, fi ne  to medium sand, in part clayey and silty. Unit is a 
surfi cial deposit of broad, bayward-sloping lowland (al ti tude 
ranges from sea level to about 20 feet) bordering east side 
of Chesapeake Bay. Thick ness ranges from a feather-edge 
at scarp along eastern edge of low land to about 40 feet in 
downdip areas.


Qwa Wachapreague Formation (upper Pleistocene, Mixon, 
1985). Coars en ing upward sequence, includes a lower mem ber 
of clayey and silty, fi ne to very-fi ne, gray sand  interbedded with 
clay-silt and an upper member of medium to coarse, gravelly 
sand. Mollusks, including Mesodesma arctatum and  Siliqua 
costata, and ostracode assemblages dominated by Elofsonella 
concinna and Muellerina canadensis indicate cooling ocean 
tem per a tures during deposition of unit. Pollen assemblage 
dominated by pine, spruce, birch, and alder sug gests cool- to 
cold-temperate conditions in nearby land areas. Unit is surfi cial 
deposit of narrow, arcuate coastal lowland ranging in altitiude 
from sea level, at eastern border with Holocene barrier-lagoon 
complex, to about 15 feet at toe of ocean-facing scarp forming 
western boundary. Thickness is 0 to 40 feet..


       Nassawadox Formation (upper Pleistocene, Mixon, 1985). 
Surfi cial sandy and gravelly deposits of a narrow, fl at upland 
and adjacent bay-side terrace in Northampton and south ern most 
Accomack Counties.


Qno Occohannock Member (Mixon, 1985). Light-yellow-Occohannock Member (Mixon, 1985). Light-yellow-Occohannock Member
ish-gray, fi ne to medium sand underlying southwest-sloping 
ter race (al ti tude 30-18 feet) on west side of upland. Sand is 
dom i nant ly massive to horizontally bedded, but shows some 
small-scale cross-bedding; locally contains clay and silt as 
matrix and thin beds. Unit was deposited in a low-energy, 
open-bay en vi ron ment. Thick ness ranges from a featheredge 
near bay-facing scarp along western margin of upland to 20 
feet in downdip areas near present bay.


Qnb Butlers Bluff Member (Mixon, 1985). Pale-gray to light-Butlers Bluff Member (Mixon, 1985). Pale-gray to light-Butlers Bluff Member
yel low ish-gray, fi ne to coarse, cross-bedded, pebbly sand and 
sandy gravel comprising surfi cial deposits of upland (altitude 
35-40 feet.). Di verse molluscan assemblage in lower part of 
unit, in clud ing Marginella, Mulinia, Nassarius, Spisula, Pleu-
romeris, and Olivella, indicates a shallow, nearshore-shelf 
dep o si tion al en vi ron ment. Unit was deposited as a south-
 ward-building complex of spit-platform sands and shal low 
shoals and is as much as 60 feet in thickness. In subsurface, 
unit overlies 140 feet, or more, of pebbly to cobbly sand, clay-
silt, and muddy fi ne-grained sand of the Stumptown Member 
of the Nassawadox Formation, which fi lls a late Pleis to cene 
paleochannel of the Susquehanna River system.


Qj  Joynes Neck Sand (upper Pleistocene, Mixon, 1985)). Joynes Neck Sand (upper Pleistocene, Mixon, 1985)). Joynes Neck Sand
Yel low ish-gray, fi ne to coarse sand coarsening downward to 
gravelly sand and  sandy gravel.  Cross-lamination in fi ner-
grained sands ac cen tu at ed by black, heavy minerals. Unit 
was de pos it ed in nearshore-shelf depositional environment; 
con sti tutes surfi cial deposit of coast-parallel terrace (altitude 
23-26 feet) on eastern side of upland in Accomack County. 
Thickness ranges from 0 to 30 feet.
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       Chowan River Formation (upper Pliocene, Blackwelder, 
1981). Gray to dusky-blue-green sand, fi ne- to medium-grained, 
clayey and silty, com mon ly very shelly; grades laterally into 
lam i nat ed, silty clay and upward into cross-bedded, biofrag-
mental sand, clayey silt, and silty clay. Dis con tin u ous pebbly to 
bouldery sand at very irregular base of unit. Mollusks include 
Glycymeris hummi, Noetia carolinensis, and Carolinapecten 
eboreus bertiensis. Thickness is 0 to 50 feet. Rec og nized only 
in southeasternmost Vir gin ia and North Carolina.


       Yorktown Formation (lower upper Pliocene to lower 
Pliocene, Clark and Miller, 1906). Bluish-gray and brown-
ish-yellow sand, fi ne- to coarse-grained, in part glauconitic 
and phos phat ic, com mon ly very shelly, interbedded with sandy 
and silty blue-gray clay. In lower York and James River ba-
sins, unit includes cross-bedded shell hash. Mollusks in clude 
Glycymeris subovata, Chesapecten jeffersonius, Chesapec-
ten madisonius, Mercenaria tridacnoides, Panopea refl exa. 
Coarse-grained sand and grav el facies of the Yorktown in 
updip areas is mapped separately as unit psg. Thickness is 0 
to 150 feet.


       Eastover Formation (upper Miocene, Ward and Black-
welder, 1980). Dark-gray to bluish-gray, muddy sand, very 
fi ne to fi ne, micaceous, interbedded with sandy silt and clay. 
Lower part of unit is dominantly medium- to very-thin-bedded 
and laminated silt and clay interbedded with very-fi ne sand, 
lenticular and wavy bedding common; upper part is mainly 
very-fi ne- to fi ne-grained sand con tain ing abundant clay lam-
 i nae. Typical mol lusks include Chesapecten middlesexensis, 
Marvacrassatella surryensis, Glossus fraterna. Thickness is 
0 to 270 feet.


       St. Marys Formation (upper and middle Miocene, Shat-
tuck, 1902). Blu ish- to pinkish-gray, muddy, very-fi ne sand 
and sandy clay-silt, locally abundantly shelly. Chesapecten 
santamaria, Buccinofusus parilis, and Ecphora gardnerae are 
char ac ter is tic mollusks. Occurs northeast of Mattaponi Riv er. 
Thickness is 0 to 40 feet.


       Choptank Formation (middle Miocene, Shattuck, 1902). 
Ol ive-gray sand, fi ne to very-fi ne, clayey and silty, shelly, 
and di a to ma ceous clay-silt; com mon ly forms fi ning-upward 
se quenc es. Mol lusks include Chesapecten nefrens, Mercenaria 
cuneata, Ecphora meganae. Thickness is 0 to 50 feet.


       Calvert Formation (middle and lower Miocene, Shattuck, 
1902). Com mon ly consists of 2 to 7 fi ning-upward sequences. 
Each sequence includes a light- to dark-olive-gray basal sand, 
very fi ne to fi ne, clayey and silty, very sparsely to abundantly 
shelly; grades upward to sandy, diatomaceous clay-silt and 
diatomite. Typical molluscs include Chesapecten coccymelus, 
Crassatella melinus, Ecphora tricostata. Thick ness is 0 to 600 
feet.


psg   Pliocene sand and gravel. Interbedded yel low ish-orange 
to reddish-brown gravelly sand, sandy gravel, and fi ne to coarse 
sand, poorly to well-sorted, cross-bedded in part, in cludes lesser 
amounts of clay and silt in thin to medium beds. Commonly 
caps drainage divides (altitude 250-170 feet) in west ern part of 
Coastal Plain. Lower part of unit, showing fl aser and lenticular 
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Qoa Accomack Member of Omar Formation (middle Pleis-
 to cene, Mixon, 1985). Light-to dark-gray, light-yellowish-gray, 
brown ish-gray, and yellowish-orange sand, gravel, silt, clay, 
and peat of south west-trending central upland (altitude 38-50 
feet) in Accomack County. Upper part of unit is bounded on east 
and west by ocean- and bay-facing scarps; lower part present 
in subsurface of adjacent lowland areas where it is overlain 
unconformably by Upper Pleistocene and Holocene deposits. In 
northern part of county, unit is a barrier-backbarrier sequence 
of clean, cross-bedded, grav el ly sand (above) and peat, clayey 
silt, and muddy sand (below); mollusks include Crassostrea, 
Mercenaria, and Noetia. In southern part of county, fi ne to 
coarse, trough cross-bedded sands of barrier-spit origin overlie 
fi ne- to very-fi ne-grained, muddy, nearshore-shelf sand con-
taining Spisula, Ensis, Anomia, and Mulinia. At base of unit, 
pebbly to bouldery, medium- to very-coarse-grained sand and 
thick, compact clay-silts con sti tute the fl u vi al-estuarine fi ll of 
a paleochannel of the Susquehanna River system. Accomack 
Member and un der ly ing channel fi ll are as much as 200 feet, 
or more, in thickness.


MARINE, MARGINAL-MARINE, AND 
FLUVIAL-DEL TA IC DEPOSITS OF TER TIA RY


 AND CRETACEOUS AGE


Tm  Moorings unit of Oaks and Coch (1973) (upper Plio cene). Moorings unit of Oaks and Coch (1973) (upper Plio cene). Moorings unit
White, light-gray, and grayish-yellow quartzose sand and gray 
to grayish-brown clayey silt and silty clay. Con sti tutes dis con -
tin u ous linear body along and just west of the Surry scarp; 
depositional surfaces range in altitiude from 130 feet along 
slightly higher, ridge-like topography at scarp to about 110 
feet west of scarp. Eastern facies of unit is unfossiliferous, 
massive to cross-laminated, moderately well-sorted, fi ne sand 
believed to have been deposited in beach and near-shore envi-
ronments. Upper part of fi ne sand facies interfi ngers westward 
with massive, bioturbated clay and silt deposited in a lagoon 
or shallow bay. Thickness is as much as 30 feet.


Tb1 / Tb2  Bacons Castle Formation (upper Pliocene, Coch, 
1965). Gray, yellowish-orange, and reddish-brown sand, grav el, 
silt, and clay; constitutes surfi cial deposits of high plain ex-
tending from Richmond, eastward to the Surry scarp. Unit is 
sub di vid ed into two members: Tb1, massive to thick-bedded 
pebble and cobble gravel grading upward into cross-bedded, 
pebbly sand and sandy and clayey silt, and Tb2, pre dom i nant ly 
thin-bedded and laminated clayey silt and silty fi ne-grained 
sand. Tb2 is characterized by fl aser, wavy, and len tic u lar 
bedding and rare to common clay-lined bur rows including 
Ophiomorpha nodosa. Thickness is 0 to 70 feet.


Tc  Chesapeake Group  (upper Pliocene to lower 
Miocene,Darton, 1891). Fine-to coarse-grained, quartzose 
sand, silt, and clay; vari ably shelly and di a to ma ceous, de-
posited mainly in shal low, inner- and middle-shelf waters. 
Ages of units based on studies of foraminiferal, nannofossil, 
diatom, and mol lus can as sem blag es in Virginia and adjacent 
states (Andrews, 1988; Gibson, 1983; Gibson and others, 1980; 
Poag, 1989; Ward and Blackwelder, 1980; Ward and Krafft, 
1984). In cludes the following formations, from youngest to 
oldest:
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bedding and containing rare to abundant Ophiomorpha nodosa,bedding and containing rare to abundant Ophiomorpha nodosa,bedding and containing rare to abundant
represents deposition in mar gin al-ma rine environments and is, 
in part, a nearshore equiv a lent of the more downdip, marine 
facies of the Yorktown For ma tion. In the northern part of the 
Coastal Plain, the more poorly sorted and less cleanly washed 
upper part of unit, which lacks fossils, comprises fl uvial-deltaic 
sediments that prograded eastward across the shelf during a 
regressive phase of the Yorktown. To the south, the upper part 
of unit is massively bedded clayey sand in places containing 
heavy mineral con cen tra tions that average 8 percent  or more; 
the sands are nearshore, beach and dune origin; interstitial clay 
was de rived, in part, from in-situ weathering of feldspar sand. 
Thick ness is 0 to 50 feet.


msg   Miocene sand and gravel. Fine- to coarse-grained sand, 
sandy gravel, silt, and clay, gray to light-yellowish-gray, com-
monly oxidized to yellowish-orange and yel low ish-brown; 
pebbles and cobbles are deeply etched. Com mon ly caps 
in ter fl uves at northwestern edge of Coastal Plain and con-
stitutes thin Coastal Plain outliers in easternmost Pied mont 
where deposits directly overlie weathered crys tal line rocks. 
In part, may represent a fl uvial to marginal-marine facies of 
the Choptank Formation. Thickness is 0 to 30 feet.


td  terrace deposits, undifferentiated.  Poorly sorted clay, sand, terrace deposits, undifferentiated.  Poorly sorted clay, sand, terrace deposits, undifferentiated
and rounded pebbles and cobbles; deeply weathered.


Tl Lower Tertiary deposits (Oligocene, Eocene, and Pa-
 leo cene). Mostly fi ne- to coarse-grained glau co nit ic quartz 
sand and clay-silt, shelly in part; includes lesser amounts of 
sandy limestone and limey sand. In outcrop, unit comprises 
the Pamunkey Group (Brightseat, Aquia, Marlboro, Nanjemoy, 
and Piney Point Formations) and the Old Church Formation. 
In subsurface, unit includes Eocene and Oli go cene strata not 
in clud ed in the Pamunkey and Old Church. Ages of for ma tion al 
units based on foraminiferal, nannofossil, dinocyst, pollen, 
and molluscan studies (Frederiksen, 1979; Gibson and others, 
1980; Gibson and Bybell, 1984; Edwards, 1984, 1989; Edwards 
and others, 1984; Poag, 1989; Ward, 1985; Ward and Krafft, 
1984). Strati graph ic sections vary widely, comprising one or 
more of the following formations: 


       Old Church Formation (Ward, 1985) and unnamed glau-
 co nit ic sands (upper Oligocene). In inner and middle Coastal 
Plain, unit is 0 to 5 feet of olive-gray, fi ne- to coarse-grained, 
shelly, very sparsely glauconitic quartz sand of the Old Church 
For ma tion; typical fossils include Anomia ruffi ni, Lucina sp.,
and Mercenaria capax. In subsurface of outer Coastal Plain, 
unit includes about 45 feet of dark-olive-gray to greenish-
black glauconite sand with lesser amounts of quartz; sand has 
olive-brown clay-silt matrix.


       Lower Oligocene beds. Olive-gray to gray ish-olive sand, 
very-fi ne-grained, clayey and silty, micaceous, glauconitic; 
coarsens upward to a very-fi ne- to fi ne-grained sand. Unit 
is 0 to 50 feet thick; identifi ed only in subsurface of Eastern 
Shore area (Exmore, core hole, R. B. Mixon and D. S. Powars, 
personal communication).


       Chickahominy Formation (upper Eocene, Cushman and 
Cederstrom, 1945).  Pre dom i nant ly olive-gray clayey silt and 


silty clay, very com pact, glau co nit ic, micaceous, contains 
abun dant fi nely crys tal line iron sulfi de. Coarsens downward 
to a very-fi ne- to fi ne-grained sand, pebbles at base. Rare 
frag men tal shell, microfossils very abundant. Thickness is 0 
to 100 feet; present in subsurface of southeastern Vir gin ia.


      Piney Point Formation (middle Eocene, Otton, 1955). 
Ol ive-gray and grayish-olive-green, glauconitic quartz sand, 
me di um-to coarse-grained, poorly sorted, contains scattered 
quartz peb bles, interbedded with carbonate-cemented sand 
and moldic limestone. Unit is characterized by large, calcitic 
shells of the oyster Cubitostrea sellaeformis, a middle Eocene 
marker. Aragonitic mollusks are generally leached, leaving 
only molds and casts. Thickness is 0 to 60 feet.


       Nanjemoy Formation (lower Eocene, Clark and Mar-
tin, 1901). Dark-ol ive-gray, greenish-gray, and olive-black 
glau co nit ic quartz sand, fi ne- to coarse-grained, very clayey 
and silty, intensely burrowed, sparsely to abundantly shelly, 
interbedded with sandy clay-silt. Sand in upper part of unit 
is less clayey, very micaceous, and contains scattered quartz 
pebbles. Typ i cal mollusks include Venericardia potapacoensis, 
Venericardia ascia, and Macrocallista subimpressa. Unit is 0 
to 140 feet thick.


       Marlboro Clay (lower Eocene (?) and upper Paleocene, 
Clark and Martin, 1901). Light-gray, pinkish-gray, and red-
 dish-brown ka oli nit ic clay, massively bedded to laminated, 
interbedded with lesser amounts of laminated and ripple cross-
laminated silt and very-fi ne-grained sand. Contains rare molds 
of small mollusks and arenaceous foraminifera. Thick ness is 
0 to 30 feet.


       Aquia Formation (upper Paleocene, Clark and Martin, 
1901). Light- to dark-olive gray, glauconitic quartz sand, 
fi ne- to coarse-grained, clayey and silty, thick- to massively 
bed ded, sparse ly to abundantly shelly. Lower part of unit is 
more poorly sorted and more calcarious than upper part and 
contains a few thin to medium beds of olive-gray, white, and 
pale greenish-yellow lime stone. Upper part of unit is mod er -
ate ly well sorted and char ac ter ized by thin beds of the large, 
high-spired gas tro pod Turritella mortoni. Other common 
mollusks in clude Cucullaea gigantea, Ostrea sinuosa, and 
Crassatellites alaeformis. Thickness is 0 to 130 feet.


       Brightseat Formation (lower Paleocene, Bennett and Col-
lins, 1952). Ol ive-gray to olive-black, micaceous quartz sand, 
fi ne- to very fi ne-grained, clayey and silty, variably glau co nit ic. 
Thickness is 0 to 20 feet.


Kp  Potomac Formation (Lower and Upper(?) Cretaceous, 
McGee, 1886).  Light-gray  to pinkish-  and  greenish-gray 
quartzo-felds path ic sand, fi ne- to coarse-grained, pebbly, poor ly 
sorted, com mon ly thick-bedded and trough cross-bedded. Sand 
is interbedded with gray to green, massive to thick-bedded 
sandy clay and silt, commonly mottled red or reddish-brown. 
Includes lesser amounts of clay-clast con glom er ate and thin-
bedded to laminated, carbonaceous clay and silt. In the inner 
Coastal Plain, unit was deposited mainly in fl uvial-deltaic 
environments, intertongues east ward with thin glau c o nit ic 
sands of shallow-shelf origin. Spore and pollen as sem blag es 
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and leaf impressions of ferns and cycads indicate an Early 
Cretaceous age (Doyle and Robbins, 1977). In some downdip 
areas, uppermost part of unit may be of earliest Late Cre ta -
ceous age. Thickness ranges from a feath er edge at west ern 
limit  of  outcrop to  more than  3500  feet in  subsurface of 
outermost Coastal Plain
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Catoctin green stone in a matrix of fi ne- to coarse-grained, 
silicifi ed, ferruginous-cemented, greenish-gray to dark-green, 
clayey sandstone.


c3   conglomerate, arkosic. Round to subround pebbles, 
cob bles, and boulders of mixed lithol o gies in a matrix of 
medium- to very-coarse-grained arkosic sandstone.


br  breccia, mixed clasts. Angular to subangular pebbles, 
cobbles, and boulders of mixed lithol o gies in a reddish-brown 
matrix of indurated medium- to coarse-grained sandstone.


br1 breccia, mudstone clasts. Angular to subangular pebbles 
and cobbles of pre dom i nant ly mudstone in a siliceous ce ment ed 
sandstone. Occurs only in the Scottsville basin.


s    sandstone, undifferentiated. Fine- to  coarse-grained, red-sandstone, undifferentiated. Fine- to  coarse-grained, red-sandstone, undifferentiated
dish-brown to gray, primary bedding features such as cross 
beds, channel lags, and ripple marks , minor con glom er ate, 
silt stone, and shale beds.


s1   sandstone, arkosic. Light-gray to light-reddish-brown, 
medium- to coarse-grained, mi ca ceous.


ss sandstone, siltstone, and shale, interbedded. Sandstone, sandstone, siltstone, and shale, interbedded. Sandstone, sandstone, siltstone, and shale, interbedded
very fi ne- to course-grained, reddish-brown to gray, mi ca -
ceous, minor con glom er ate beds. Siltstone, reddish-brown to 
gray, micaceous. Shale, reddish-brown, greenish-gray, gray, 
yellowish-brown, lam i nat ed, fos sil if er ous. Up ward-fi ning 
se quenc es, dis con tin u ous ver ti cal ly and hor i zon tal ly.


cs   sandstone, siltstone, shale, and coal, interbedded. Sand-
 stone, fi ne-to coarse-grained, red dish-brown to gray, arkosic in 
places, micaceous, displays channel-type primary fea tures. Silt-
stone light- to dark-gray, micaceous. Shale, light- to dark-gray, 
carbonaceous, micaceous, fossiliferous. Coal,  bi tu mi nous, 
banded, mod er ate- to well-developed, fi ne- to medium-cleat, 
partings and inclusions of shale, siltstone, and sand stone; high 
methane concentrations re cord ed in the Rich mond and Tay-
lorsville basins. This lithologic unit oc curs in the Rich mond, 
Taylorsville, Farmville, Briery Creek, and Danville basins.


sh  shale and siltstone, interbedded. Shale, light-greenish shale and siltstone, interbedded. Shale, light-greenish shale and siltstone, interbedded
gray, light- to dark-gray, carbonaceous, and reddish-brown 
in cyclic sequences, lam i nat ed, silty to sandy, fossiliferous. 
Silt stone, typically reddish-brown to gray, sandy, mi ca ceous, 
with minor fi ne-grained sand stone beds. 


DISCUSSION


      Mesozoic sedimentary and igneous rocks in Virginia are 
exposed in the Valley and Ridge, Blue Ridge, and Piedmont 
physiographic provinces and occur beneath the Cre ta ceous 
sed i men ta ry cover of the Coastal Plain and Atlantic Shelf.
      The most common Mesozoic igneous rock is diabase, which 
occurs as dikes and sills intruding the country rock from the 
Blue Ridge to the eastern edge of the Piedmont. The dikes 
vary in width and generally trend northwest or north-south.
      Dikes  of  uncertain age occur in the  Valley and Ridge,most 
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MAPPED UNITS OF THE MESOZOIC 
BA SINS


G.P. Wilkes


INTRUSIVE IGNEOUS ROCKS


d  diabase (Lower Jurassic). Fine- to coarsely-crystalline, 
subaphanitic or porphyritic with aphanitic margins; dark-gray 
mosaic of plagioclase laths and clinopyroxene, with some 
masses characterized by olivine or bronzite, others grano-
 phy ric. Also occurs as dikes and sills in the Valley and Ridge, 
Piedmont, and Blue Ridge physiographic provinces.


NEWARK SUPERGROUP  ( LOWER JURASSIC)


EXTRUSIVE IGNEOUS ROCKS


jb basalt . Fine- to medium-crystalline, equigranular, por-basalt . Fine- to medium-crystalline, equigranular, por-basalt
 phy rit ic, vesicular, or amygdaloidal; me di um- to dark-gray 
subophitic intergrowths of pla gio clase laths and clinopyroxene 
with amygdules of calcite, zeolites, and prehnite. Occurs only 
in the Culpeper basin as three principle basalt fl ows separated 
by sedimentary rocks.


SEDIMENTARY ROCKS


jc  conglomerate. Rounded pebbles, cob bles, and boul ders of 
quartz, gneiss, schist, basalt, minor greenstone, and marble in 
a matrix of medium- to very-coarse-grained, red dish-brown 
to light-gray sand stone. Occurs only in the Culpeper basin.


jss sandstone and siltstone. Interbedded fi ne- to coarse-
grained, pebbly, reddish-brown, and arkosic sandstone and 
reddish-brown siltstone; rhythmically interbedded with  
silt stone and shale unit (sh). Occurs only in the Culpeper 
basin.


jsh siltstone and shale. Interbedded reddish-brown siltstone 
and reddish-brown, green ish-gray, dark-gray, fossiliferous 
shale. Occurs only in the Culpeper basin.


NEWARK SUPERGROUP   (UPPER TRIASSIC)


c    conglomerate, mixed clasts. Rounded to subangular 
peb bles, cobbles, and boulders of mixed lithol o gies includ-
ing quartz, phyllite, quartzite, gneiss, schist, green stone, and 
mar ble in a matrix of medium- to very-coarse-grained, red-
 dish-brown to gray, locally arkosic, sand stone. 


c1   conglomerate, carbonate clasts. Rounded to subrounded 
pebbles, cobbles, and boulders of predominantly Cambrian 
and Ordovician limestone and dolostone in a matrix of fi ne- to 
coarse-grained, calcite-cemented, light-gray, silty sand stone. 
Occurs only in the Culpeper basin.


c2   conglomerate, greenstone clasts. Rounded to subrounded 
pebbles, cobbles, and boulders of predominantly metavolca-
nic 
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notably in Augusta, Rockingham, Highland, and Bath coun ties 
(Johnson and others, 1971). Butts (1940) ascribed the timing 
of igneous injection to the Triassic, and two dikes in Augusta 
County have been K-Ar and Rb-Sr dated to ages correspond-
ing to the Jurassic (Fullagar and Bottino, 1971). Some are 
reportedly Tertiary in age.
      Extrusive igneous rocks occur only in the Culpeper basin as 
three primary basalt fl ows. The base of the lowest fl ow is near 
the Triassic-Jurassic boundary (Lee and Froelich, 1989). 
      The Mesozoic sedimentary rocks in Virginia are con ti -
nen tal in origin and are confi ned to disjointed depositional 
basins. These basins are aligned in a north east-southwest ori-
entation, both in the Piedmont Province and beneath Coast al 
Plain and Atlantic Shelf sediments.  The basins are part of a 
sequence of northeast-trending, sediment-fi lled gra bens and 
half-gra bens, all of early Me so zo ic age, that lie along the east 
coast of North America from Georgia to Nova Scotia that are 
known as the Newark rift system. Vir gin ia’s ex posed basins 
occur in three belts: west ern, central, and eastern. The western 
belt is parallel to the western edge of the Piedmont Province 
and is comprised of the Danville, Scottsville, Burnley, Bar-
boursville, and Culpeper basins. The central belt consists of 
the Farmville, Briery Creek, Roanoke Creek, Randolph, and 
Scottsburg basins. The east ern belt, parallels the eastern edge 
of the Piedmont province and in cludes the Taylorsville, Deep 
Run, and Rich mond ba sins.
      All exposed Mesozoic sedimentary rocks in Virginia have 
been categorized as belonging to the Newark Supergroup (Red-
fi eld, 1856; Olsen, 1978; Froelich and Olsen, 1984). Forma-
tional stratigraphy has been defi ned for the Richmond basin 
(Shaler and Woodworth, 1899), Taylorsville basin (Weems, 
1980), Danville basin (Thayer, 1970, 1980) and Culpeper- Bar-
boursville- Burnley basins (Lee and Froelich, 1989). Luttrell 
(1989) correlates these basins with other basins of the Newark 
rift system where formational stratig ra phy has been described. 
The remainder of Virginia’s basins have been stratigraphically 
defi ned solely on local lithologic de scrip tions.
      To the east of the Fall Line, several basins occur beneath 
the Cretaceous sedimentary units of the Coastal Plain (Wilkes 
and others, 1989; Benson, 1992). Because these “buried” basins 
are poorly understood as to lithology, origin, and age, they 
are not part of the Newark Supergroup (Froelich and Olsen, 
1984) although they are considered to be of Mesozoic age.
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Zfc...............................................................................29
Zfl...............................................................................29
Zfs...............................................................................29
Zfv...............................................................................48
Zgd...............................................................................32
Zgdm...............................................................................32
Zgdr...............................................................................32
Zgds...............................................................................32
Zgs...............................................................................31
Zh...............................................................................48
Zhf...............................................................................48
Zkr...............................................................................31
Zlc...............................................................................29
Zlf...............................................................................29
Zlg...............................................................................29
Zlm...............................................................................29
Zlq...............................................................................29
Zls...............................................................................29
Zlv...............................................................................48
Zm...............................................................................28
Zmf...............................................................................31
Zmg...............................................................................31
Zml...............................................................................31
Zmm...............................................................................29
Zmp...............................................................................31
Zmr...............................................................................31
Zmv...............................................................................48
Zph...............................................................................47


Zra...............................................................................32
Zram...............................................................................32
Zrbf...............................................................................32
Zrbg...............................................................................32
Zrc...............................................................................32
Zrh...............................................................................32
Zrl...............................................................................32
Zrr...............................................................................33
Zrw...............................................................................32
Zsr...............................................................................28
Zvi...............................................................................48
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Index II: Names Used on the Geologic Map of Virginia


Symbols     Page


A


Aaron slate..........................................................................48
Abbeyville gabbro...............................................................48
Accomack Member of Omar Formation............................63
Accotink Schist...................................................................40
Alligator Back Formation.............................................30, 37
Amissville Alkali Feldspar Granite...................................32
Annandale Group...............................................................39
Antietam Formation...........................................................18
Aquia Formation................................................................64
Arrington Mountain Alkali Feldspar Granite....................32
Arvonia Formation..............................................................44
Ashe Formation.............................................................30, 37


B


Bacons Castle Formation...................................................63
Bassett Formation...............................................................38
Battle Mountain Alkali Feldspar Granite............................32
Bays Formation..................................................................13
Bear Island Granodiorite...................................................42
Beekmantown Formation...................................................15
Ben Hur Limestone............................................................13
Bloomsburg Formation........................................................9
Bluefi eld Formation.............................................................4
Bluestone Formation............................................................4
Brallier Formation................................................................6
Bremo quartzite..................................................................44
Brightseat Formation..........................................................64
Buckingham complex........................................................41
Buffalo granite...................................................................49
Buffards Formation............................................................44
Buggs Island pluton............................................................50
Burkeville pluton...............................................................49
Butlers Bluff Member........................................................62
Buzzard Rock Member......................................................31


C


Calvert Formation.............................................................63
Candler Formation..............................................................25
Carolina Slate Belt.............................................................48
Carysbrook pluton..............................................................47
Catoctin Formation............................................................26
Cayuga Group......................................................................9
Charles City Formation......................................................62
Charlottesville Formation..................................................29
Chattanooga Shale...............................................................6
Chattanooga  Shale...............................................................6
Chemung Formation............................................................6


Chepultepec Formation......................................................15
Chesapeake Group.............................................................63
Chickahominy Formation...................................................64
Chilhowee Group.........................................................18,.25
Chopawamsic Formation....................................................45
Choptank Formation...........................................................63
Chowan River Formation..................................................63
Chuckatuck Formation.......................................................62
Clinch Formation...............................................................10
Cobbler Mountain Alkali Feldspar Quartz Syenite..........32
Columbia pluton................................................................45
Conasauga Shale................................................................16
Conococheague Formation................................................16
Copper Ridge Formation..................................................15
Cove Creek Limestone........................................................5
Crozet granite....................................................................33


D


Dalecarlia Intrusive Suite................................................42
Dale City Quartz Monzonite.............................................47
Diana Mills complex........................................................41
Dolly Ridge.......................................................................12
Dolly Ridge Formation.....................................................12
Dot Limestone...................................................................14


E


Eastover Formation............................................................63
Edinburg Formation...........................................................14
Eggleston Formation..........................................................10
Elbrook Formation.............................................................17
Elk Park Plutonic Group.................................................34
Ellisville biotite granodiorite............................................40
Erwin Formation...............................................................18
Everona Limestone............................................................25


F


Falls Church Intrusive Suite..............................................42
Falls Run Granite Gneiss............................................43, 50
Falmouth Intrusive Suite................................................43
Fauquier Formation...........................................................29
Fido Sandstone.....................................................................5
Fincastle Conglomerate.....................................................12
Fine Creek Mills granite....................................................51
Flat Rock granite................................................................51
Flint Hill Gneiss...............................................................36
Fork Mountain Formation................................................37
Fort Payne Chert..................................................................5
Frederick Limestone..........................................................25
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Lincolnshire Limestone.....................................................14
Lunga Reservoir Formation..............................................40
Lynchburg Group...............................................................29
Lynnhaven Member...........................................................61


M


Maccrady Shale....................................................................5
Mahantango Formation.......................................................6
Marcellus Shale....................................................................8
Marlboro Clay....................................................................64
Marshall Metagranite........................................................33
Mart insburg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12
Martinsburg Formation......................................................12
Martin Creek Limestone.....................................................13
Maryville Formation..........................................................16
Mascot Dolomite................................................................15
Massanutten Sandstone.......................................................9
Mather Gorge Formation................................................39
Maynardville Formation....................................................15
McKenzie Formation...........................................................9
Melrose granite..................................................................41
Millboro Shale....................................................................8
Mine Run complex.............................................................38
Mobley Mountain granite................................................32
Moccasin Formation..........................................................13
Moneta Gneiss...................................................................31
Montpelier metanorthosite................................................51
Monumental Mills Formation...........................................29
Moorings unit....................................................................63
Mosheim Limestone..........................................................12
Murat limestone.................................................................14
Mount Rogers Formation................................................31


N


Nanjemoy Formation.........................................................64
Nassawadox Formation......................................................62
Needmore Formation...........................................................8
Newark Supergroup  ( Lower Jurassic)............................68
Newark Supergroup   (Upper Triassic)............................68
Newman Limestone............................................................5
New Creek Limestone..........................................................9
New Market Limestone.....................................................14
New River Formation........................................................3
Nolichucky Formation.......................................................16
North View granite..............................................................49
Norton Formation.................................................................1


O


Occohannock Member........................................................62
Occoquan granite...............................................................42
Old Church Formation......................................................64
Old Mill Branch Metasiltstone...........................................39
Old Rag granite................................................................33
Oranda Formation.............................................................12
Oswego Formation............................................................12


G


Garrisonville Mafi c Complex............................................43
Georgetown Intrusive Suite................................................42
Gladeville Sandstone............................................................1
Goldvein pluton................................................................42
Grainger Formation.............................................................5
Greenbrier Limestone..........................................................5
Greenstone and interbedded metasedimentary rocks........31
Green Springs pluton........................................................41


H


Hampshire Formation..........................................................6
Hampton Formation...........................................................18
Hancock Formation...........................................................10
Hardy Creek Limestone.....................................................13
Harlan Sandstone................................................................1
Harpers  Formation............................................................18
Healing Springs Sandstone.................................................8
Helderberg Group................................................................8
Hinton Formation................................................................4
Hitt Mountain Alkali Feldspar Syenite.............................32
Holly Corner Gneiss.........................................................46
Honaker Formation............................................................17
Huntersville Chert................................................................8
Hurricane Bridge Limestone.............................................13
Hyco Formation.................................................................48


I


Indian Run Formation........................................................40


J


Joynes Neck Sand.............................................................62
Juniata Formation...............................................................11


K


Kanawha Formation............................................................3
Keefer Sandstone.................................................................9
Kent Island Formation......................................................62
Keyser Formation................................................................9
Kingsport Dolomite...........................................................15
Knobs formation................................................................12
Knox Group.......................................................................14
Konnarock Formation........................................................31


L


Lahore Complex.................................................................42
Lake Barcroft Metasandstone..........................................39
Lake Jackson pluton.......................................................42
Laurel Mills Granite........................................................32
Leatherwood Granite.........................................................40
Lee Formation......................................................................3
Lenoir Limestone..............................................................12
Licking Creek Limestone..................................................8
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P


Paperville Shale.................................................................12
Pennington Group...............................................................4
Petersburg Granite............................................................52
Pinesburg Station Dolomite..............................................15
Piney Branch Complex....................................................39
Piney Point Formation.....................................................64
Pocahontas Formation..........................................................3
Pocono Formation................................................................6
Popes Head Formation......................................................39
Poquoson Member..............................................................61
Poteet Limestone................................................................13
Potomac Formation............................................................64
Price Formation...................................................................5
Princeton Sandstone.............................................................4
Pumpkin Valley Shale........................................................17
Purcell Branch Formation................................................40


Q


Quantico Formation...........................................................43


R


Red Oak pluton.................................................................48
Reedsville Shale.....................................................10, 11, 12
Rich Acres Formation.......................................................40
Ridgeley Sandstone..............................................................8
Rivanna Granite................................................................33
Robertson River Igneous Suite.........................................32
Rob Camp Limestone.....................................................13
Rockdale Run Formation..................................................15
Rockfi sh River pluton......................................................32
Rocky Gap Sandstone.......................................................8
Rogersville Shale...............................................................16
Rome Formation................................................................17
Roseland anorthosite........................................................33
Rose Hill Formation............................................................9
Rutledge Formation...........................................................16


S


Schaeffer Hollow granite..................................................33
Sedgefi eld Member...........................................................61
Sequatchie Formation........................................................10
Shady Dolomite.................................................................17
Shelton Formation.............................................................43
Shirley Formation..............................................................61
St. Marys Formation..........................................................63
State Farm Gneiss............................................................51
Station Hills Phyllite........................................................39
Stonehenge Limestone.......................................................16
Striped Rock granite......................................................32
Stuart Creek Gneiss......................................................37
Swift Run Formation.......................................................28
Sykesville Formation.........................................................39


T


Tabb Formation.................................................................61
Ta River Metamorphic Suite..............................................45
Ta River Metamorphic Suite, (undivided).......................45
Tomstown Dolomite.....................................................17, 25
Tonoloway Limestone.........................................................9
Trenton Limestone............................................................10
Tuscarora Formation............................................................9


U


Unicoi Formation...............................................................18


V


Virgilina greenstone...........................................................48


W


Wachapreague Formation..................................................62
Waynesboro Formation.....................................................17
Weverton Formation..........................................................18
White Oak Alkali Feldspar Granite................................32
Wildcat Valley Sandstone.....................................................6
Wills Creek Formation......................................................9
Windsor Formation............................................................62
Wise Formation....................................................................1
Woodway Limestone..........................................................13


Y


Yorkshire Formation..........................................................39
Yorktown Formation..........................................................63
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