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Abstract

This project obtained information on geologic resources within Shenandoah National Park
(SHEN) that are of interest to the Rock Outcrop Management Project (ROMP). Many geologic
factors influence the occurrence and nature of the 50 rock exposure sites selected by the project,
including bedrock composition, exposure morphology, regional geologic history, physical
stability, and geographic location. The three main bedrock types within SHEN, and their
associated geologic structures, create distinctly different rock exposure patterns and habitats that
directly affect vegetation growth patterns. There appears to be a direct correlation between ease
of visitor access and level of physical impact observed, assessed through the prevalence of social
trails, rock graffiti, trash, soil & vegetation damage, and other factors. General-purpose
visitation, rather than rock climbing, appears to be the dominant producer of such impacts.
Although many of the sites contain features of geologic interest, such as well-formed minerals or
structures, none of the features identified appear to be under any direct threat from human
activity or physical processes.

Executive Summary

The bedrock geology of Shenandoah National Park directly influences the location, physical
character, and soil chemistry of open rock exposures within the park, and thus the vegetation
communities that rely upon these exposures. Three fundamentally different rock types
(igneous/metamorphic, greenstone, and metasedimentary) occur within discrete areas and
elevations of the park, producing unique outcrop patterns and generating physically and
chemically distinct landforms and habitats. For example, greenstone lava flows cap many of the
highest peaks in the park, tend to produce high-elevation southwest to west facing cliff sites and
gentle eastern slopes with deep canyons, create more open ledges than other rock types, and are
particularly supportive of diverse vegetation communities due to their mineral/chemical
composition. Documenting these patterns allows a deeper understanding of the rare plant and
animal communities that rely upon open rock exposures within the park.

Bedrock geology also affects, and is affected by, patterns of human use. For example, rock
climbing activity is centered on areas where geologic processes have created suitable exposures,
and visitors are drawn to overlooks, vistas, and peaks dominated by open rock. The location,
orientation, and physical character of such places are directly related to the geologic processes



that created them. In turn, human activities can have a noticeable impact on open rock areas.
Development of social trails, stripping of soils, scratching of graffiti into rock surfaces,
collection of minerals or samples, and various climbing impacts all contribute to altering the
natural state of geologic resources within the park.

The purpose of this project is to document and interpret the geologic resources and processes that
affect sites within the Rock Outcrop Management Project (ROMP). Between April 2005 and
September 2006, 50 sites (see Fig. 1 and Tables 1-3) were studied and mapped in detail. Final
reports (Appendix F) were produced for each site that document the bedrock composition,
exposure morphology, regional geologic history, physical stability, and geographic location.

Collected data and observations support the conclusion that different rock types produce unique
outcrop patterns and thus unique ecological habitats. For example, greenstone areas are most
likely to contain cliffs and ledges, igneous/metamorphic basement rock areas are most likely to
contain rounded faces, and metasedimentary areas are most likely to contain large amounts of
talus (see Fig. 2 and Appendix B for definitions). Assessment of the physical condition of ROMP
sites (see Fig. 3 and Table 4) shows a direct correlation between ease of visitor access and level
of impact observed. Exceptions to this trend occur at certain popular, though difficult to access,
sites such as Old Rag Mountain. The majority of impacts appear to be related to general-purpose
visitation rather than climbing specifically. Although many of the sites contain features of
geologic interest (see Fig. 4 & 5) such as well-formed minerals or structures, none of these
features appear to be under any direct threat from human activity or physical processes.
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Significant Findings

* Bedrock composition, internal structures, and other geologic factors directly affect the location
and physical nature of open rock exposures, and thus the natural habitats and recreational
opportunities these exposures provide.

* There is a correlation between ease of visitor access and level of physical impact observed at

rock exposure sites, with a few exceptions. Every site with a form of trail access showed some
level of impact, while remote sites showed little to no impact.
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* No specific features of geologic interest appear to be under any direct threat from human
activity or physical processes, although the general condition of the rock exposures may show
significant degradation.

Management Recommendations

* No specific management tasks are needed to preserve features of significant geologic interest
within ROMP sites, beyond the park policies already in place.

* Existing impacts to geologic or physical features are difficult to mitigate; e.g. graffiti scratched
into rock cannot be removed. Any efforts directed this way should focus on prevention rather
than mitigation.

* Efforts to reduce ongoing impact to geologic resources within ROMP sites could include
closure of social trails, limitation of access to rock exposure areas through signage or low rope
lines, and changes to interpretive literature and/or trail guides.

Introduction

Geologic processes operate over a wide range of time, distance, and rates. While many are no
longer active, or operate at time scales not readily intuitive to people, their results continue to
influence a wide variety of physical and chemical features within landscapes. For this reason,
understanding geologic history is key to a robust investigation of ecological environments
dependent on rock exposures.

Geologic studies of the Blue Ridge Mountains, and the Shenandoah area in particular, have been
occurring since the turn of the past century. In 1976, Thomas Gathright of the Virginia
Department of Mineral Resources published a volume entitled “Geology of the Shenandoah
National Park, Virginia”, which provided a comprehensive description of the geologic history
and resources of the park as understood at the time. With the development and acceptance of
plate tectonic theory (culminating in the 1970s and 1980s), and introduction of new analytical
methods, ongoing research provided an increasingly accurate reconstruction of the geologic
processes that influenced the bedrock and landscape of SHEN and the surrounding regions (e.g.
Badger et al. 2004, Burton and Southworth 2004, Tollo et al. 2004, and Morgan et al. 2004).

SHEN contains three major bedrock units of different age and composition:
igneous/metamorphic, greenstone, and metasedimentary (Gathright, 1976). The oldest bedrock is
composed of a complex set of igneous and metamorphic rocks formed over 1 billion years ago
(the old “Pedlar Formation”, referred to in this report as “basement rocks”. See Appendix C or E
for clarification). This classification includes the Old Rag Granite, a distinct rock type within the
basement rocks. These rocks are capped by a thick sequence of basaltic lava flows, erupted onto
the surface around 570 million years ago (the Catoctin Formation). There is a thin, intermittent
layer of sediments between the Catoctin and the basement rocks, known as the Swift Run
Formation. The Catoctin is overlain by several thousand feet of mixed sedimentary rocks, mostly
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sandstones, siltstones, and shales (the Chilhowee Group). This entire sequence was physically
and chemically altered by metamorphic processes generated during the formation of the
Appalachian Mountains; thus the basaltic lavas became a related rock called greenstone, and the
sedimentary rocks were folded and fused into related metasedimentary rocks such as quartzite
and phyllite. Each of the three main bedrock formations (Basement, Catoctin, Chilhowee) have
distinct chemical and physical properties that directly influence the surrounding landscape and
vegetation communities. For more detail on the geologic formations and history of Shenandoah,
see Appendices C and D.

Areas of exposed rock are common on all bedrock types within SHEN. Such exposures are found
especially at high elevations, along ridgelines and waterfalls, and in other attractive and dramatic
settings. These areas are naturally popular with visitors, as rock exposures tend to provide clear
views and obvious recreational opportunities. Visitor use of these areas may range from passive
activities such as resting and picnicking to active uses such as scrambling and climbing. The
shape and location of any given rock exposure naturally affects if and how it is used by visitors,
as does the means of access to the area.

The geologic field work conducted for this project focused on three major factors:

* Physical characterization of the landscape - What is the actual appearance and nature of the
landscape at the site, independent of scientific interpretation?

* Geological characterization of the bedrock — What is the bedrock composition and structure of
the site, and what geologic processes originally formed this rock?

* Geomorphic interpretation of the landscape — What processes and features combined to create
the physical landscape present at the site today?

In addition, several other factors were studied or considered during this project:

* Mapping for future study — Developing a detailed map of exposure locations and access routes
for use by current and future researchers in studying and/or managing the site.

* Assessment of human impacts — How has human use affected the physical nature of the site?

* Assessment of access potential — How easy is it for humans to reach and use the site?

Study Area

The ROMP includes 50 study sites, distributed throughout the park (see Figure 1 and Tables 1-
3). These sites were selected from a large pool of candidates, initially identified by J. Young
(United States Geologic Survey) using a computer algorithm to locate and delineate all possible
sites of open rock within the park as visible on satellite and/or aerial imagery. This database was
compared with a Digital Elevation Model (DEM)-based slope model of the park in order to
further identify possible cliff/outcrop areas that may not have been obvious from overhead
imagery. These data were used to confirm and constrain the location of known rock exposure
areas, and to select several previously unknown or unvisited sites for possible inclusion in
ROMP surveys.
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Site selection was based on numerous factors, including perceived or documented threat to
vegetation communities, bedrock geology, visitor use history, elevation/aspect, and in some
cases the site’s remoteness or pristine condition. Final site boundaries were drawn by cooperators
from the Virginia Department of Conservation and Recreation using initial GIS data provided by
J. Young of the USGS. Of the 50 sites, 32 are located on greenstone bedrock (which tends to
support the most ecologic diversity), 10 on granitic/metamorphic (basement) bedrock, 7 on
metasedimentary bedrock, and 1 contains exposures of both greenstone and basement rock (C69,
Whiteoak Canyon).

Site access ranges from areas adjacent to Skyline Drive to remote sites involving long
backcountry hikes and negotiation of significant topography. Most sites include steep, rugged
areas of rock exposure, including sheer cliffs and semi-stable boulder fields. Thick vegetation is
also common and is often a significant barrier to navigation. The average site covers an area
approximately 170m x 460m, though the site boundaries are drawn generously and include a
wide buffer of matrix forest adjacent to the rock exposures. In a few cases, site boundaries were
altered to reflect the presence or absence of exposure areas near or outside the initial line.

Methods

This study consisted primarily of field mapping and personal observation of open rock exposures
within the site boundaries established for the ROMP (for the purposes of this report, “open rock
exposures” are those which are largely exposed to the sun, i.e. not covered or shaded by forest).
All field work was conducted by geology consultant Eric Butler between April 2005 and
September 2006, in cooperation with researchers from the United States Geologic Survey
(USGS) and Virginia Department of Conservation and Recreation (VADCR). Field work
consisted primarily of visiting each site and exploring the area within and near the established
site boundary thoroughly on foot, on and off-trail, in order to fully document the location and
nature of rock exposures, and their access routes. Throughout the site visit, observations and data
were collected and noted on field data sheets. Later, these data were compiled into a database
along with photos, maps, GPS data, and narrative summarized into individual site reports.

Study Design

The ROMP Detailed Implementation Plan summarizes the purpose of the geology survey as
follows: “Classify geologic composition and condition of cliff resources”. Following this broad
guidance, a more detailed study plan was developed to assess the questions discussed above.
While other studies of human impact on rock exposure-related vegetation have occurred (e.g.
Camp and Knight, 1998), a lack of comparable geologically-focused studies led to a new design
process, intended to produce a study uniquely formulated to the needs of the ROMP at SHEN.
Several drafts of data sheets were developed and adapted, based on field tests and input from
other cooperators including the National Park Service (NPS), United States Geologic Survey
(USGS), and Virginia Department of Conservation (VADCR).

Certain types of data were considered but rejected as being less relevant to or realistic for the
study, including falling hazard, percent lichen coverage, and soil classifications. Other types of
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data were added, including space for geomorphic interpretations (at the request of VADCR
researchers) and a five-part classification of rock exposure morphology (see Fig. 2 and Appendix
B). This latter effort was designed specifically for Shenandoah rock exposures, in order to
identify and distinguish morphologies present within the park that create distinctly different
vegetation habitats. Certain data were intended primarily to characterize the conditions at each
individual site (such as vegetation thickness and stability), while others were additionally
intended to provide useful comparisons between sites (such as geomorphic classification and
impacts).

The final data sheet (Appendix A) offers space to note field observations relevant to all questions
on a single form, while the attached photo/GPS log sheet offers sufficient space for most sites on
another single form. These final formats have not been changed through subsequent field work.
See “Field Data Collection” below for more details.

Field Mapping

Each site was initially mapped in the field in conjunction with significant off-trail exploration in
order to document the location of open rock exposures, access routes, significant features, and
any other necessary geographic information. Initial field maps were drawn on a base map
prepared in a GIS, containing the site boundary, topographic information, and existing
trails/roads. GPS points were taken in the field to mark the location of important exposures or
other features, and other information marked relative to the location of these points. GPS points
were given a unique sequential number with the site code as a suffix; thus G059-C02 is the fifty-
ninth point taken during the project and relates to C02 (Betty’s Rock). Later, these points were
entered into a GIS and used to produce a more complete map, on which the relevant geographic
and navigational information was redrawn by hand to ensure accuracy and efficiency. These final
maps were then scanned to produce JPG and PDF files. Examples of each stage of map
development are given in Appendix A.

Two final maps were prepared for each site. A detailed field map documents the location of all
open rock exposures, hazards, routes, and other info within the site boundary, while a broader
regional map shows surrounding topography and full access routes from the best point of entry
(usually Skyline Drive, occasionally outside roads). These maps were not intended to be truly to-
scale, as this was deemed outside the scope and resources of the project. The field maps are
reasonable representations of the physical location and nature of open rock exposures within the
site. Where practical and meaningful, rough stratigraphic and/or topographic cross-sections were
included on the maps to illustrate certain details about the site.

Field Data Collection

A comprehensive data sheet (see Appendix A) was designed to facilitate collection of necessary
information. This sheet was divided into five fundamental categories:

* Geographic Characteristics — Location, elevation, dimensions, access, and other descriptions.
* Physical Characteristics — General description & nature of the site’s landscape and vegetation.
* Geologic Characteristics - Bedrock composition, structures, and important resources.
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* Geomorphic Characteristics — Analysis of processes and features that have or continue to
influence the landscape at the site.
* Human Effects — Potential for visitor access, and assessment of human impact on the site.

Whenever possible, data related to these categories were collected using a rating system,
allowing for efficient comparison of data among different sites. For example, human impacts
were assigned a rating based on a four-point scale from Pristine-Mild-Moderate-Heavy, with
corresponding definitions (see Fig. 3 and Appendix B). In addition, specific notes were taken to
document unique feature at each site. This combination allows for consistent individual
assessment of each site as well as overall data analysis.

Five classifications of rock exposure morphology within SHEN were defined for this project (see
Fig. 2 and Appendix B). During a site visit, relative amounts of these different morphologies
were observed and noted. At the conclusion of mapping, the relative abundance of each
morphology was estimated as a percentage of the total open rock exposures (not of the entire
site). Thus, a site dominated by tall cliffs capped by narrow ledges and a small band of open talus
at the base might be listed as 70% cliff, 20% ledge, and 10% talus. It is important to note that
these data are estimates only, as it was not deemed practical or necessary to attempt to measure
rock exposure dimensions to a degree that would rigorously distinguish the results from careful
estimation. It is also important to note that these data refer only to open rock exposures (e.g. non-
forested), as these are the only areas of interest, botanically and ecologically, to the ROMP.
Cliffs, outcrops, or other visible bedrock enclosed in forest were not usually included in mapping
or morphology estimates, though they were taken into account when studying and describing the
overall geology of the site.

Data Management

A Microsoft Access database was developed by the Natural Resources Data Manager (A.
Williams) at Shenandoah National Park (SHEN) to manage all project data. Written, numeric,
and image data were entered by site number, but are fully searchable by any category. In
addition, image information and GPS data within the database are linked to the project GIS file.

Site Reports

The ROMP geologic database generates written site reports by compiling relevant data into a
standardized format. These site reports are generally between six and eight pages long,
depending on the complexity of the site. The reports contain all written observations and
analyses for the site, with associated numerical data and ratings, along with photos, GPS data,
and maps. Each report is finalized in PDF format. See Appendix F for copies of all 50 site
reports.
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Significant Findings or Results
Geologic Influences on Rock Exposures

Many geologic factors interact to affect the location and nature of rock exposures. The bedrock
lithology of a site reflects not only the original geologic processes that formed the rock, but any
later processes that affected it (such as faulting, metamorphism, or folding). Both the mineral
composition of the rock and the physical structures imposed upon it by outside forces (such as
faults, jointing, or cleavage) combine to shape specific rock exposures. For example, areas
whose bedrock contains more fractures, layering, or other planar features tend to have higher
percentages of ledges and talus than areas with more massive (structureless) bedrock, which tend
to form more cliffs and rounded faces.

There are significant differences in the nature of rock exposures formed from the different
lithologies present within SHEN (see Fig. 6 & 7). Greenstone areas most commonly form
significant lines of cliffs and ledges, and open talus areas are not uncommon. In basement rock
areas, smooth rock faces are far more common than in the other rock types, isolated outcrops are
about as likely as significant cliffs, and ledges are rare. Metasedimentary areas tend to produce a
mixture of cliff, outcrop, and ledge, but are often dominated by large, open talus fields. As
ROMP sites were not selected as a representative sample of the park, some of the results shown
in Figure 6 are admittedly skewed by the selection criteria or nature of certain sites, particularly
considering the relatively low number of basement and metasedimentary sites. For example,
several metasedimentary sites were chosen specifically because they consisted of large talus
fields; in contrast, the expansive cliffs and open faces of Old Rag Mountain pull the basement
rock results in that direction. Despite these limitations, the distinctions suggested by these data
match up well with observed differences between lithologies both within ROMP sites and
throughout SHEN as a whole. For a more thorough discussion of the geologic factors affecting
rock exposures, and the typical patterns associated with each geologic formation present in
Shenandoah, see Appendix B.

Impacts Assessed

Observed human impacts varied widely between and within ROMP sites. Evidence of impact
included social trails, trampled or absent vegetation, compacted or stripped soil, polished or
tarnished rock surfaces, unusual lichen patterns (or lack of lichens), rock graffiti, trash, fire rings,
and footprints. Impact ratings assigned in this study considered both the worst impact observed
and the overall physical condition of the site; even the most impacted sites included areas of
lesser or no impact. This study focused on general physical impacts and those related to the
geologic resources present, and did not assess specific plants or communities.

Comparison of Results
Comparing results from this and related ROMP studies (Table 4) offers additional insight into
the nature of site impact patterns. Impact assessment data were collected between 2005 and 2006

by three sources: a social science team from Virginia Tech (VT), the geology consultant, and a
stewardship biologist from the Virginia Department of Conservation and Recreaction (VADCR).
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The VT researchers conducted detailed surveys of specific impact evidence, defined as “areas of
reduced vegetation cover caused by human trampling”. These included impact zones above and
below cliff areas, campsites, and social trails (paths developed through visitor use, not
maintained by NPS). The geology consultant gave the sites a more general rating based on the
overall physical condition of the rock exposures, considering such elements as rock graffiti,
garbage, soil stripping, and social trails. Sites were rated on a 4-point scale from Pristine-Mild-
Moderate-Heavy (see Figure 3 and Appendix B for definitions). The potential for visitor access
was also rated on a 4-point scale from Remote-Difficult-Moderate-Easy. The VADCR
stewardship biologist also rated sites based on a general rating of overall condition, focusing on
condition of plant communities and presence of invasive species, but used a 3-point scale from
Pristine-Minor-Major.

As of October 2006, complete assessment data from VADCR were not available. Preliminary
comparisons are discussed here, and the report will be updated with complete results and
discussion when the data become available. To this point, the geologist and VADCR assessments
are in close agreement; for the 36 sites rated by both, “Major” generally corresponded to
“Heavy” while “Minor” generally straddled the difference between “Moderate” and “Mild”.
“Pristine” sites were almost always in agreement between the two studies. In addition, the
observed impact level of a site appears to be directly related to its accessibility to visitors. Sites
with no trail access were largely pristine, while all sites with easy access were impacted to some
degree. Where exceptions occur, other factors such as popularity and terrain are often involved.

Sources of Impact

Most impact identified by this study appeared to be related to general-purpose visitor activities
other than rock climbing (hiking, backpacking, vista enjoyment). These impacts were focused on
areas directly reached by trail, and consisted largely of scratched graffiti, stripped soil, social
trail development, and trash. Signs of climbing impact were found mostly at sites known to be
recommended for climbing (e.g. Horst 2001) such as Old Rag Mountain, Little Stony Man, and
North Marshall. Examples of climbing-specific impact include trampling and social trail
development along cliff bases, equipment left in or near the rock (e.g. bolts, crash pads, and
ropes), and cutting or disturbance of vegetation and lichens on and around cliff areas. However,
in most areas where these impacts were present, day-use impacts were still the dominant human
process observed. One significant exception to this correlation was the north face of Hawksbill
Mountain, where apparent ice-climbing impacts (multiple occurrences of deep, parallel scratches
in bedrock presumably from crampons) were found in an otherwise remote and pristine area. A
subsequent visitor encounter confirmed recent ice-climbing activity in this location.

Impacts/Threats to Geologic Resources

Many sites contained features of geologic interest, such as columnar joints, unusual mineral
deposits or formations, cross-bedding or other sedimentary structures, exposures of
stratigraphically important units, fossils, and generally attractive rock formations. Most of these
features, however, are of primary interest to geologists, and would often not be evident to the
average visitor without identification and/or interpretation. In addition, most features are solid
enough, large enough, and/or common enough not to warrant specific efforts at preservation in
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any one place. The greatest human threat to geologic resources in Shenandoah is probably
collection of loose rock samples by visitors, and such activity could not be observed or
documented by this study. The general condition of the rock exposures is certainly degraded in
places by human actions (graffiti, trampling, etc.) but no evidence of specific threats to
individual features of interest was found. It should be noted that features which could require
special attention do exist in the park, but not within the sites studied for ROMP.

Discussion and Management Recommendations

The primary factor affecting rock exposure impact appears to be ease of access for visitors. This
factor takes two forms; ease of access from a trailhead, and ease of access from along a trail. The
former reflects hiking distance and topography; a site several trail miles from the nearest road,
with significant topography to negotiate, might reasonably be expected have much lower
visitation than one very close to a road. The latter reflects visitors’ ability to reach a specific
exposure from a trail; a ledge just a few meters from a trail, but blocked by thick vegetation and
no obvious access route, may have far less impact than a ledge farther from the trail but with an
obvious social trail leading to it. This pattern is particularly common in long, linear sites with
repeated exposures, such as North Marshall and South Marshall, where the impact of any
individual exposure seems directly related to the presence (or not) of a social trail linking to the
Appalachian Trail (which runs through the forest adjacent to the cliffs).

Another important factor appears to be the relative popularity/advertisement of a site. Certain
areas within the park are commonly mentioned in hiking or interpretive guides (e.g. Old Rag
Mountain), have park signs and/or parking lots devoted to them (e.g. Blackrock South District),
or are simply well-known and prominent landmarks (e.g. Mary’s Rock). Any of these factors can
result in a site receiving a higher visitation rate (as estimated by impact level) than its
accessibility might otherwise imply.

These results suggest that most management initiatives related to ROMP should focus primarily
on biological resources. No sites studied require any special management attention to geologic
resources, beyond general park policies already in place (prohibition of sample collection,
alteration of resources, etc.). In most cases, mitigation of existing impacts would be difficult if
not futile (rock graffiti cannot be removed, privately collected samples will not be returned,
eroded outcrops cannot be rebuilt), and so the focus should be on preventative measures. Any
management activity intended to preserve biological resources will likely also serve to protect
geologic resources from further impact. Therefore, mitigation efforts might best be focused on
affecting how visitors learn about and access rock exposure areas. It is unlikely that the existing
popularity and general knowledge of sites could be altered, but lesser-known threatened sites
could be excluded from further publications, signage, or otherwise protected from further
discovery.

Decisions on prevention/mitigation efforts for individual sites are outside the scope of this study
at this time, but the author has observed the successful use of low-cost, low-impact methods
(single ropes delineating sensitive areas, small signs with simple symbols or wording) in the
Green Mountains (Vermont) and Tettegouchee State Park (Minnesota). Often these methods are
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partially self-regulating, as visitors observing others in non-compliance may say something in
person, or to park staff, thus assisting the effort.

Conclusions

Geologic factors such as bedrock lithology, structures, and geologic history/processes contribute
significantly to the physical location and character of open rock exposures within Shenandoah
National Park. Within ROMP sites studied to this date, protection of geologic resources will
require no special actions by park resource managers that are not already part of park regulations,
or that will not be adopted to protect biological resources. Human impacts on open rock
exposures are directly related to the ease of access routes to the site, and are predominately
linked to general-purpose visitation, while climbing-specific impacts are found only in a few
well-known areas. Therefore, management activities should focus on public education and/or
altering visitor use patterns rather than significant closures or restrictions.
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Generalized bedrock geology of SHEN c13 Ccl4
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Figure 1. ROMP site locations and bedrock composition.
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Cliff — Near-vertical exposure that dominates or creates
surrounding topography. Usually continuous
across slope, though may be interrupted by talus
slopes or other erosional features. Generally
sheer, with minor ledges along the vertical drop.

Face — Continuous, rounded, gently sloping exposure
(<45) of smoothly weathered rock. Not steep
enough to be a cliff, too continuous and smooth to
be an outcrop, and too sloping and rounded to be
a ledge.

Outcrop — Intermittent exposures that stand out from
surrounding topography but do not influence it.
Most commonly sloping, rugged exposures with
many associated ledges. May also consist of
intermittent protruding rock ribs that are not
continuous or wide enough to be a cliff.

Ledge — Near-horizontal exposure along top or sides of
cliffs and outcrops, where a local break in slope
occurs, but trees and thick soil have not yet
accumulated. Often hosts vegetation.

Talus — Continuous to scattered rock debris with little
to no soil development, covering general
topography. May or may not be associated with

Cliff in-place bedrock exposures.
Face Outcrop
Ledge Talus

Figure 2. Photographic key to rock exposure classifications used for the ROMP at SHEN.
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Heavy impact (C31, Mary’s Rock)
Definition: ubiquitous impacts; trails and compaction
are prevalent, rocks are carved, polished, or otherwise

obviously impacted, trash or other debris may be
common, vegetation severely diminished.

Moderate impact (C02, Betty’s Rock)
Definition: significant impacts; trails and compaction
are common, areas of use are clearly visible, vegetation
clearly affected and diminished.

Mild impact (C11, Crescent Rock South)
Definition: minor impacts; minor trails, slight
compaction, vegetation sporadically affected,

most of site is untouched.

Pristine (C40, Pass Mountain)
Definition: no impacts; trails/compaction
nonexistent, absolutely no signs of
human use or visitation.

Figure 3. Photographic key to physical impact ratings used for the ROMP at SHEN.
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(a) Joints (Mary’s Rock)

(c) Fractures (Calvary Rocks)

(a) Joints —Large, planar, parallel
fractures with a consistent
orientation, generally more widely
spaced than fractures or cleavage.

(b) Foliation — This is a banded
texture within an igneous/
metamorphic rock that is formed by
planar zones of minerals segregated
by individual type.

(c) Fractures — These are random
cracks within the rock, not
uniformly planar and parallel like
joints, and not related to mineral
orientations like foliation or
cleavage.

(d) Dike — This is an intrusion of
dark igneous rock that generally
follows a joint and forms a thin,
planar body within the host rock.

(e) Cleavage — This creates a thin,
platy set of fractures oriented in a
roughly similar direction, and
related to orientation of minerals
such as chlorite. Much more densely
occurring than joints, and more
aligned than fractures.

(f) Layering — A planar structure
internal to the rock, formed by
deposition of sediment, and not
segregated by mineral type &
orientation as in foliation. May cut
across older layers at different
angles, forming cross-bedding (as
seen here).

(b) Foliation (Pinnacles)

(d) Dike (Old Rag Mountain)

(e) Cleavage (Betty’s Rock)

(f) Layering (Brown Mountain)

Figure 4. Examples of common geological structures found within SHEN.
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(a) Volcanic breccia (Gooney Run)

(c) Copper minerals (Franklin Cliffs)

(a) Volcanic breccia — Found
between lava flows within the
Catoctin Formation. It is formed as
flowing lava “rips up” fragments of
rock and sediment from the ground
surface and mixes them into a new
layer of rock containing angular
fragments of various lithologies.

(b) Columnar jointing — A near-
hexagonal fracture pattern formed
in cooling lava flows, creating
apparent columns within the rock.

(c) Mineral deposits — Thin layers
containing copper, iron, and other
metals are common within certain
parts of the Catoctin greenstones
and Chilhowee quartzites. These
metallic minerals can often display
brilliant colors, unusual crystal
forms, or other attractive features.

(d,f) Skolithos — The only common
fossil in Shenandoah, this “trace
fossil” consists of preserved worm
burrows in sedimentary rock. These
burrows usually occur as clusters of
thin, linear, straw-like features.

(e) Rounded boulders — Granitic
areas often contain free-standing,
rounded boulders that perch atop
cliffs and peaks. Their formation is
controlled by joint sets, which
create angular blocks that are
gradually smoothed into rounded
forms by weathering processes.

(b) Columnar jointing (Hawksbill)

(d) Skolithos (Calvary Rocks)

(e) Rounded boulders (Old Rag Mountain)

(f) Skolithos (Brown Mountain)

Figure 5. Examples of common features of geologic interest found in SHEN.
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Figure 6. Average exposure morphologies by bedrock lithology.
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Figures 6 and 7 are based on the five distinct bedrock exposure morphologies defined for this
project (see Fig. 2 for definitions and photos). At each site, the percentage of total open rock
exposure composed of each morphology was estimated and recorded (Fig. 7). When these
figures are averaged (Fig. 6) the impact of bedrock composition on the physical nature of rock
exposures is clear. For the purposes of these comparisons, the only site with two lithologies
present (Whiteoak Canyon, C69) was included within Basement Rock as the granitic exposures

within the site were far more extensive and open than the Greenstone exposures.
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Table 1. ROMP study sites and associated bedrock, sorted by site number

Site ID # | SHEN District | Site Name Site Bedrock

C02 Central Bettys Rock Greenstone (Catoctin)
CO03 North Big Devils Stairs Greenstone (Catoctin)
C04 Central Blackrock Central District Greenstone (Catoctin)
CO05 South Blackrock South District Quartzite (Chilhowee)
C07 North Browntown Valley Overlook Greenstone (Catoctin)
CO08 South Calvary Rocks / Chimney Rock Quartzite (Chilhowee)
C10 Central Crescent Rock Overlook Greenstone (Catoctin)
Cl1 Central Crescent Rock South Greenstone (Catoctin)
C12 Central Dean Mountain Ridge Greenstone (Catoctin)
C13 North Dickey Hill Greenstone (Catoctin)
Cl14 North Dickey Ridge Greenstone (Catoctin)
Cl15 Central Franklin Cliffs North Greenstone (Catoctin)
Cl16 Central Franklin Cliffs Overlook Greenstone (Catoctin)
C17 Central Franklin Cliffs South Greenstone (Catoctin)
CI18 South Goat Ridge Greenstone (Catoctin)
C19 North Gooney Manor Overlook Greenstone (Catoctin)
C20 Central Halfmile Cliff Greenstone (Catoctin)
C21 Central Hawksbill N slope outcrops Greenstone (Catoctin)
C22 Central Hawksbill summit Greenstone (Catoctin)
C23 South Hightop Greenstone (Catoctin)
C24 North Hogback Mtn spur Basement rock

C27 North Little Devils Stairs Greenstone (Catoctin)
C28 Central Little Stony Man Greenstone (Catoctin)
C29 South Loft Mountain summit Greenstone (Catoctin)
C31 Central Marys Rock Basement rock

C32 Central Millers Head Basement rock

C34 Central Nakedtop Upper East Slope Basement rock

C35 North North Marshall summit Greenstone (Catoctin)
C36 Central Old Rag southside Old Rag granite

C37 Central Old Rag summit east Old Rag granite

C38 North Oventop Old Rag granite

C39 North Overall Run Falls south Greenstone (Catoctin)
C40 North Pass Mountain Greenstone (Catoctin)
C41 Central Pinnacles Basement rock

C42 South Powell Gap cliff Metasediments (Swift Run)
C44 South Rocky Mountain Quartzite (Chilhowee)
C45 South Sawlog Ridge Greenstone (Catoctin)
C46 North South Marshall cliff Greenstone (Catoctin)
C47 Central Stony Man summit Greenstone (Catoctin)
C49 South Trayfoot Saddle boulderfields E Quartzite (Chilhowee)
C50 Central Upper Devils Ditch Basement rock

C60 Central Hawksbill N slope talus Greenstone (Catoctin)
C62 Central Old Rag summit west Old Rag granite

C63 North Overall Run Falls north Greenstone (Catoctin)
C64 South Brown Mountain Quartzite (Chilhowee)
C65 South Trayfoot Saddle boulderfields W Quartzite (Chilhowee)
C66 Central Field Hollow Cliff Greenstone (Catoctin)
C67 Central Bearfence Greenstone (Catoctin)
C68 Central Rose River Greenstone (Catoctin)
C69 Central Whiteoak Canyon Greenstone/Basement
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Table 2. ROMP study sites and associated bedrock, sorted by park district

Site ID # | SHEN District | Site Name Site Bedrock

CO03 North Big Devils Stairs Greenstone (Catoctin)
C07 North Browntown Valley Overlook Greenstone (Catoctin)
C13 North Dickey Hill Greenstone (Catoctin)
Cl14 North Dickey Ridge Greenstone (Catoctin)
C19 North Gooney Manor Overlook Greenstone (Catoctin)
C24 North Hogback Mtn spur Basement rock

C27 North Little Devils Stairs Greenstone (Catoctin)
C35 North North Marshall summit Greenstone (Catoctin)
C38 North Oventop Old Rag granite

C39 North Overall Run Falls south Greenstone (Catoctin)
C40 North Pass Mountain Greenstone (Catoctin)
C46 North South Marshall cliff Greenstone (Catoctin)
C63 North Overall Run Falls north Greenstone (Catoctin)
C02 Central Bettys Rock Greenstone (Catoctin)
C04 Central Blackrock Central District Greenstone (Catoctin)
C10 Central Crescent Rock Overlook Greenstone (Catoctin)
Cl1 Central Crescent Rock South Greenstone (Catoctin)
C12 Central Dean Mountain Ridge Greenstone (Catoctin)
Cl15 Central Franklin Cliffs North Greenstone (Catoctin)
Cl16 Central Franklin Cliffs Overlook Greenstone (Catoctin)
C17 Central Franklin Cliffs South Greenstone (Catoctin)
C20 Central Halfmile Cliff Greenstone (Catoctin)
C21 Central Hawksbill N slope outcrops Greenstone (Catoctin)
C22 Central Hawksbill summit Greenstone (Catoctin)
C28 Central Little Stony Man Greenstone (Catoctin)
C31 Central Marys Rock Basement rock

C32 Central Millers Head Basement rock

C34 Central Nakedtop Upper East Slope Basement rock

C36 Central Old Rag southside Old Rag granite

C37 Central Old Rag summit east Old Rag granite

C41 Central Pinnacles Basement rock

C47 Central Stony Man summit Greenstone (Catoctin)
C50 Central Upper Devils Ditch Basement rock

C60 Central Hawksbill N slope talus Greenstone (Catoctin)
C62 Central Old Rag summit west Old Rag granite

C66 Central Field Hollow Cliff Greenstone (Catoctin)
C67 Central Bearfence Greenstone (Catoctin)
C68 Central Rose River Greenstone (Catoctin)
C69 Central Whiteoak Canyon Greenstone/Basement
CO05 South Blackrock South District Quartzite (Chilhowee)
CO08 South Calvary Rocks / Chimney Rock Quartzite (Chilhowee)
Cl18 South Goat Ridge Greenstone (Catoctin)
C23 South Hightop Greenstone (Catoctin)
C29 South Loft Mountain summit Greenstone (Catoctin)
C42 South Powell Gap cliff Metasediments (Swift Run)
C44 South Rocky Mountain Quartzite (Chilhowee)
C45 South Sawlog Ridge Greenstone (Catoctin)
C49 South Trayfoot Saddle boulderfields E Quartzite (Chilhowee)
C64 South Brown Mountain Quartzite (Chilhowee)
C65 South Trayfoot Saddle boulderfields W Quartzite (Chilhowee)
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Table 3. ROMP study sites and park district, sorted by bedrock type

Site ID # | SHEN District | Site Name Site Bedrock

CO03 North Big Devils Stairs Greenstone (Catoctin)
C07 North Browntown Valley Overlook Greenstone (Catoctin)
C13 North Dickey Hill Greenstone (Catoctin)
Cl14 North Dickey Ridge Greenstone (Catoctin)
C19 North Gooney Manor Overlook Greenstone (Catoctin)
C27 North Little Devils Stairs Greenstone (Catoctin)
C35 North North Marshall summit Greenstone (Catoctin)
C39 North Overall Run Falls south Greenstone (Catoctin)
C40 North Pass Mountain Greenstone (Catoctin)
C46 North South Marshall cliff Greenstone (Catoctin)
C63 North Overall Run Falls north Greenstone (Catoctin)
C02 Central Bettys Rock Greenstone (Catoctin)
C04 Central Blackrock Central District Greenstone (Catoctin)
C10 Central Crescent Rock Overlook Greenstone (Catoctin)
Cl1 Central Crescent Rock South Greenstone (Catoctin)
C12 Central Dean Mountain Ridge Greenstone (Catoctin)
Cl15 Central Franklin Cliffs North Greenstone (Catoctin)
Cl16 Central Franklin Cliffs Overlook Greenstone (Catoctin)
C17 Central Franklin Cliffs South Greenstone (Catoctin)
C20 Central Halfmile Cliff Greenstone (Catoctin)
C21 Central Hawksbill N slope outcrops Greenstone (Catoctin)
C22 Central Hawksbill summit Greenstone (Catoctin)
C28 Central Little Stony Man Greenstone (Catoctin)
C47 Central Stony Man summit Greenstone (Catoctin)
C60 Central Hawksbill N slope talus Greenstone (Catoctin)
C66 Central Field Hollow Cliff Greenstone (Catoctin)
C67 Central Bearfence Greenstone (Catoctin)
C68 Central Rose River Greenstone (Catoctin)
Cl18 South Goat Ridge Greenstone (Catoctin)
C23 South Hightop Greenstone (Catoctin)
C29 South Loft Mountain summit Greenstone (Catoctin)
C45 South Sawlog Ridge Greenstone (Catoctin)
C24 North Hogback Mtn spur Basement rock

C31 Central Marys Rock Basement rock

C32 Central Millers Head Basement rock

C34 Central Nakedtop Upper East Slope Basement rock

C41 Central Pinnacles Basement rock

C50 Central Upper Devils Ditch Basement rock

C69 Central Whiteoak Canyon Greenstone/Basement
C38 North Oventop Old Rag granite

C36 Central Old Rag southside Old Rag granite

C37 Central Old Rag summit east Old Rag granite

C62 Central Old Rag summit west Old Rag granite

C42 South Powell Gap cliff Metasediments (Swift Run)
CO05 South Blackrock South District Quartzite (Chilhowee)
CO08 South Calvary Rocks / Chimney Rock Quartzite (Chilhowee)
C44 South Rocky Mountain Quartzite (Chilhowee)
C49 South Trayfoot Saddle boulderfields E Quartzite (Chilhowee)
C64 South Brown Mountain Quartzite (Chilhowee)
C65 South Trayfoot Saddle boulderfields W Quartzite (Chilhowee)
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Table 4. Site impact assessments from cooperating researchers’.

Site Site Name CIiff top CIiff base Campsites Social Geologist’s Geologist’s Biologist’s
ID # (VT) impact sites (VT) trails access rating impact impact
impact sites (VT) (VT) rating rating
C02 Betty’s Rock 1 0 0 3 Easy Heavy Major
C03 Big Devil’s Stairs No data No data No data No data Difficult Mild Minor
C04 Blackrock Central D 2 0 0 3 Easy Heavy Major
C05 Blackrock South D No data No data No data No data Easy Moderate Minor
C07 Browntown Valley No data No data No data No data Remote Pristine Pristine
C08 Calvary Rocks 2 0 1 0 Difficult Mild --
C10 | Cres. Rock Overlook 2 0 0 1 Easy Heavy Major
Cl1 Crescent Rock South No data No data No data No data Easy Moderate Minor
Cl12 Dean Mountain No data No data No data No data Remote Pristine Pristine
C13 Dickey Hill No data No data No data No data Remote Pristine --
Cl4 Dickey Ridge No data No data No data No data Remote Pristine Pristine
C15 | Franklin Cliffs North No data No data No data No data Moderate Mild Minor
Cl6 Fr. Cliffs Overlook 2 0 0 1 Easy Heavy Major
C17 | Franklin Cliffs South No data No data No data No data Moderate Mild Major
C18 Goat Ridge No data No data No data No data Remote Pristine --
C19 | Gooney M. Overlook 0 0 0 1 Easy Moderate Minor
C20 Halfmile CIiff No data No data No data No data Remote Pristine Pristine
C21 Hawksbill N. Face No data No data No data No data Remote Mild Pristine
C22 Hawksbill Summit 5 0 0 4 Moderate Heavy Major
C23 Hightop No data No data No data No data Moderate Moderate Minor
C24 Hogback Mt Spur No data No data No data No data Remote Pristine --
C27 Little Devils Stairs No data No data No data No data Difficult Mild --
C28 Little Stony Man 5 3 3 6 Moderate Heavy Major
C29 Loft Mountain 2 0 2 1 Easy Moderate Major
C31 Mary’s Rock 2 0 1 5 Moderate Heavy Major
C32 Millers Head No data No data No data No data Moderate Mild --
C34 Nakedtop No data No data No data No data Remote Pristine --
C35 North Marshall 8 0 2 10 Easy Moderate Minor
C36 Old Rag Southside 0 3 0 2 Remote Mild --
C37 Old Rag Summit E. No data No data No data No data Difficult Heavy Minor
C38 Oventop No data No data No data No data Difficult Mild Pristine
C39 Overall Run S. No data No data No data No data Remote Pristine --
C40 Pass Mountain No data No data No data No data Moderate Moderate Minor
C41 Pinnacles No data No data No data No data Moderate Mild --
C42 Powell Gap Cliffs No data No data No data No data Moderate Mild Minor
C44 Rocky Mountain No data No data No data No data Difficult Moderate Minor
C45 Sawlog Ridge No data No data No data No data Remote Pristine Pristine
C46 South Marshall 3 0 0 2 Moderate Moderate Minor
C47 Stony Man Summit 3 0 0 4 Moderate Heavy Major
C49 Trayfoot W. No data No data No data No data Difficult Pristine Pristine
C50 Upper Devil’s Ditch No data No data No data No data Remote Pristine Pristine
C60 Hawksbill N. Talus No data No data No data No data Moderate Mild Minor
C62 Old Rag Summit W. 5 0 1 17 Difficult Heavy Major
C63 Overall Run Falls N 4 0 0 0 Difficult Heavy --
Co64 Brown Mountain No data No data No data No data Difficult Mild Minor
C65 Trayfoot E. No data No data No data No data Difficult Pristine Pristine
C66 Field Hollow No data No data No data No data Remote Pristine Pristine
C67 Bearfence No data No data No data No data Difficult Heavy --
C68 Rose River No data No data No data No data Remote Pristine --
C69 Whiteoak Canyon No data No data No data No data Moderate Mild -

'Studies conducted by a social science team (Virginia Tech), geology consultant (NPS), and

stewardship biologist (Virginia Department of Conservation and Recreation). VT selected 17
sites for detailed study, while the other cooperators visited all 50 sites. VADCR rankings are
temporarily presented here as incomplete pending final release of data.
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Appendix A. Example data sheets and maps

Table of Contents
Blank field data Sheet. .. ... ..o e 32
Blank field photo/GPS 10g. ... 33
Example completed field map..........co.oiiiii i 34
Example blank final map........c..ooiiiii i e 35
Example redrawn final map..........coooiii i 36
Example final regional map............oooiiii i 37

See Appendix B for definitions of terminology found on these sheets.
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Appendix A. (continued).

Blank field data sheet
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Appendix A. (continued).

Blank field GPS/photo log
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Appendix A. (continued).

Example completed field map
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Appendix A. (continued).

Example blank final map
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Appendix A. (continued).

Example redrawn final map
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Appendix A. (continued).

Example final regional map
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Appendix B. Definitions of terms used in data collection and analysis

Table of Contents
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GeomOrphiC CharaCteriStiCS. .. .uu ettt et e e e 40
Human Effects. ... e 41

39



Appendix B. (continued).
Geographic Characteristics

UTM Coordinates — Coordinates of site centerpoint as calculated by GIS.
Elevation — range of elevation between bottom and top of site (i.e. 2600°-2750").
Dimensions — X and Y dimensions of site, measured on GIS.

Physical Characteristics

Vegetation — Overall thickness and condition of vegetation in site, re. ease of mobility.
dense: dominant thickets of vegetation significantly impede navigation.
moderate: mix of thickets and open forest, ease of navigation varies.
open: vegetation is not a significant barrier to navigation.

Physical description — Summary of general nature and appearance of site (not scientific).

Geologic Characteristics

Lithology — description & identification of major rock units found at site, including mineralogy,
provenance, and history as necessary.

Structure — description of any important structures in rock, such as faults, folds, or joints,
including measurements & interpretation if possible.

Other — any other necessary observations, potentially soils, springs, views, fossils, etc.

Geomorphic Characteristics (see Fig. 2 for examples)

Cliff — Near-vertical exposure that dominates or creates surrounding topography. Usually
continuous across slope, though may be interrupted by talus slopes or other erosional
features. Generally sheer, with minor ledges along the vertical drop.

Face — Continuous, rounded, gently sloping exposure (<45) of smoothly weathered rock. Not
steep enough to be a cliff, too continuous and smooth to be an outcrop, and too large and
rounded to be a ledge.

Outcrop — Intermittent exposures that stand out from surrounding topography but do not
influence it. Most commonly sloping, rugged exposures with many associated ledges. May
also consist of intermittent protruding rock ribs that are not continuous or wide enough to be
a cliff.

Ledge — Near-horizontal exposure along top or sides of cliffs and outcrops, where a local break
in slope occurs, but trees and thick soil have not yet accumulated. Often hosts vegetation.

Talus — Continuous to scattered rock debris, clast-dominated with little to no soil development,
covering general topography. May or may not be associated with in-place bedrock exposures.

% Exposure — Percentage of total exposed rock (not of whole site) consisting of a certain
geomorphic type. Estimated from field observations, should not be considered a quantitative
measurement.

Max Relief — Greatest vertical distance between top and bottom of a single unit of a certain
geomorphic type. Estimated from field observations, should not be considered a quantitative
measurement.
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Appendix B. (continued).
Geomorphic Characteristics (continued)

Max Slope — Steepest slope encountered in the site’s surrounding topography, not including the
rock exposures.
Aspect — Orientation(s) of rock exposures, recorded by alphabetic bearing (i.e., NW, SSE).
Texture — Overall surface morphology of the bedrock.
fractured: Widespread cracks, joints, or other breaks which dominate the surface. Generally
no common surface identifiable.
rough: uneven a