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INTRODUCTION

This publication is intended as a relative characterization of karst
and its associated hazard potential for regional planning and preliminary
evaluations. It is the third in a sequence ol karst feature maps (Hubbard,
1983 & 1988) resulting from an 1nitiative to map the karst of Virginia.
The term “karst” refers to terrain characterized by solution of bedrock,
underground drainage, and distinctive landforms and features such as
sinkholes, solutionally etched and pinnacled bedrock, and caves. As on
the previous karst maps, sinkholes and cave entrances are illustrated, but
this map also indicates stream insurgences (sink-points) and springs. The
distribution and intensity of the mapped featurcs arc intended to convey
a comparative sense of the degree of karstification throughout the mapped
region (including the two previous karst maps). Karst hazards are process
driven and reflect the degree of stability of karst features and processes
under the existing geomorphic (landscape) and hydrologic conditions.
Karstlands are one of the more unstable terrains, especially in response
to changes in land-use.

In Virginia, the most significant karst development is exhibited
in the Paleozoic limestones and dolostones of the Valley and Ridge
physiographic province. The southern segment of the Virginia portion of
this province is presented in this report. The study area is bounded to the
north by the Virginia-Kentucky and Virginia-West Virginia State boundaries;
to the south by the Virginia-Tennessee State boundary and clastic, volcanic,
and plutonic rocks of the Blue Ridge province; and to the cast by the 815
meridian of longitude. Parts of threc major drainage basins (the Powcll
River, Clinch River, and Holston River tributaries of the upper Tennessee
River Basin; the Big Sandy River Basin; the New River Basin) are
represented 1n the study area (inset map).

The regional distribution of carbonate rocks (un-shaded map
arcas dcfining limestonc and dolostonc map units) was compiled from
published, manuscript, compilation and field interpretation maps on file
at the Division of Mineral Resources (see Geologic Relerences Used in
Compilation of the Map). The surficial distribution of carbonate rocks
(un-shaded arcas) generally defines the distribution of karst with the
notable exception of where thin layers of non-carbonate rocks overlay
karstified carbonate rocks. Non-carbonate rock mantled karst, where
thinly mantled, may be recognized by the presence of sinkholes and caves
in shaded map areas in strike alignment with fold structures. Sinkholes
in non-carbonate rock mantled karst tend to be bedrock collapse sinkholes,
which otherwise are rare. The various stratigraphic map units are lumped
into seven geologic map units in this report. They are the same divisions
used in the northern (with the exception of unit 7 - Mississippian limestones)
and central karst reports: 7 — limestones (Upper Mississippian); 6 —
noncarbonatcs (Lower Pennsylvanian to Prccambrian, shaded map unit)
that are dominantly clastic rocks except along the southeastern edge of
the study area where volcanic and plutonic rocks also are present; 5 —
limestones (Silurian, includes Devonian in northern and central maps);
4 — limestones of the Powell Valley, western, and central belts (Upper
and Middle Ordovician); 3 — limestones of the eastern belt (Middle
Ordovician); 2 — limestones and dolostones of the fault-truncated central
belt (Lower Ordovician), not present in this report; and 1 - limestones
and dolostones (Lower Ordovician and Cambrian). "

WARNING! The selected karst features and geologic unit
boundaries on this map may not be spatially located as depicted with
respect to the cultural and hydrological base map features (Hubbard,
2001). The base map used in this report contains significant scale and
spatial irregularities, especially with respect to cultural features.
Refer to the MAP LIMITATIONS and DISCLAMER sections of this
report. Persons interested in information contained in this report
are advised to read the whole report. The data conveyed in this report
is limited, has not been field checked, and is not suited for site specific
use.

CHARACTERIZATION OF KARST

Virginia’s Valley and Ridge province karstlands are developed
in relatively impermeable Cambrian to Mississippian-aged carbonate
rocks. The dissolution of these Paleozoic limestones and dolostones
occurs at the rock surface and along partings and [ractures within the
rock. The surficial dissolution patterns of the bedrock are referred to as
karren. Because of the folded and faulted nature of the Valley and Ridge
carbonate rocks there are many fractures and open partings within the
host rocks. These fractures and partings provide solutional paths for
significant water movement through the deformed bedrock. After individual
pathways within the bedrock solutionally enlarge to a size where the water
flow through them becomes turbulent they arc referred to as conduits.
Some conduits enlarge to a size large enough for humans to pass through
them and are termed caves. Appalachian karstlands typically contain a
mantle or covering of unconsolidated overburden. This overburden cover
obscures the solutional irregularity of the bedrock surface and the location
of many of the bedrock/overburden interface drains, termed epikarst
drains, that link the surficial drainage and the major conduits of the karst
aquiler. The residual, colluvial, and alluvial overburden ranges from
absent to more than 300 feet (90 m) in thickness. Extreme variations in
overburden thickness can occur locally within lateral distances of a few
feet in some areas. The unconsolidated overburden is subject to differential
subsidence at sites where bedrock is preferentially dissolved. The resulting
closed-contour depressions are called subsidence sinkholes. Other sinkholes
form catastrophically as soil voids, that form at epikarst drains by the
winnowing of overburden into solutional bedrock openings, fail and
collapse through the soil column to the land surface. Most contemporary
sinkhole failures are linked to variations in the local hydrology, either
due to natural or human induced changes in groundwater levels or to
changes in the amount or location of runoff. Sinkholes are under-drained
by conduits or cpikarst drains, but most cpikarst drains arc unmarked by
sinkholes or other subsidence features. As karst develops, there is a shift
from surficial to subsurface drainage as surficial waters are captured by
subsurface conduits and caves. Surface streams may lose their water over
a distance or at a sink point, commonly called a insurgence (swallet).

There are four types of features we see in karst and can use to
help define or characterize karst: karren, sinkholes, caves, and subsurface
drainage. In a bare karst, the karren patlern and the larger pattern of
bedrock topography channel precipitation runoff to minor and major
bedrock drains. Many of the larger drains are obvious gaping conduits
(cave entrances) in closed depressions and some of these are the sink-
points for surface streams. Other large drains or cave entrances have
been geomorphically isolated, by stream capture and erosion, from normal
flow regimes and only are active as overflow features during extreme
precipitation and flood cvents. Even though the entrances to many caves
are no longer or rarely hydrologically active, distal portions of these caves
may be active hydrological components of the aquifer. The internal

drainage within the bedrock can be quite complex, especially i deformied
carbonate host rock where the natural plumbing network of caves can be
thought of as a leaky system of redundant and possibly interconnected
conduits of varied sizes and configurations. Studies of the caves can
provide clues o the complexity of an aquiler. Such studies, coupled with
tracer studies of surface msurgences and springs during low, normal, and
high flow hydrologic regimes may provide some understanding of the
overflow patterns of the karst aquifer. In covered karst, much of the
active surficial drainage is masked by overburden. Sinkholes are obvious
insurgence points for runoff, however drainage occurs along the soil/bedrock
mterface to these infiltration points and many other masked epikarst drains
cven in the interim between runoff gencrating storm cvents.

Featured Elements

As on the two previous karst maps for the northern (Hubbard,
1983) and central (Hubbard, 1988) portions of the Vallcy and Ridge
Province of Virginia, sinkholes and cave entrances are plotted on this
map. This southern karst map also depicls springs and insurgences
(swallets).

The 31,239 sinkholes illustrated on this map are defined as
shallow and basin-like to steep-sided and funnel-shaped, closed contour
depressions in unconsolidated overburden. These sinkholes: are subsidence
[leatures; may be subjected (o karst [looding; are recharge and potential
contaminant pathways to the karst aquifer. The term sinkhole is used in
this report to include a number of different closed-contour karst features
such as: blind valley, doline, karst window, closed polje, and uvala.
General references to these features include Monroe (1970), Jennings
(1971), Sweeting (1973), and Field (1999).

The sinkholes (Figure 1) were identified by stercoscopic viewing
of cloudless latc fall or winter or carly spring scencs of low altitude
(12,000 feet; 3,600 m), panchromatic aerial photography. They range
from a minimum of about 30 feet (9 m) across to the 22,200 feet (4.2
miles; 6.8 km) long Dungannon polje. Only questionable features were
field checked to refine closed-depression topographic signatures. Although
the use of remote sensing methods with stero-pairs of low altitude
photography usually results in the identification of many sinkholes not
identified on standard topographic maps, those observed represent a
fraction of the actual number of sinkholes in a karst area. Most of the
remotely sensed sinkholes that are not scen on their respective topographic
map are those at elevations between the contour intervals of the map.

Figure 1. Sinkholes were identified by stereoscopic viewing of cloudless
late fall or winter or early spring scenes of low altitude (12,000 feet; 3,600
m), panchromatic aerial photography. The smallest remotely sensed
sinkholes were about 30 feet (9 m) across.

During field reconnaissance of questionable features, many other sinkholes
were observed that had not been sensed remotely and which were of size
ranges above and below the practical minimum observable size of 30 feet
(9 m) in diameter. Many of these non-sensed sinkholes were in wooded
areas or were (00 shallow either for shadow delinition or to dilferentiate
with wing-tilt generated false slope topography on unrectified photo
imagcery.

Caves are defined as naturally occurring voids, large enough for
a person to enter (Figure 2). Presently, 3946 caves are known statewide.
They range in length from a minimum of 15 feet (5 m) to over 21 miles
(34 km). The overwhelming majority of these caves formed by solution
of the host carbonatc rock along partings and fracturcs. They develop as
groundwater flowpaths and under phreatic conditions - they represent
usable storage in the carbonate host rocks of the Valley and Ridge province.
Many of our known caves are paleoconduit segments that are no longer
active as recharge pathways, however they generally continue beyond the
humanly untraversable boundaries, we know as their ends, and are linked
to the karst aquifer and represent potential contaminant pathways. Only
entrance locations are provided on this map. Location relerences include
Douglas (1964), Holsinger (1975), and the Virginia Speleological Survey
(P.C. Lucas, proprictary data, 1992-2001).

Figure 2. Caves are defined as naturally occurring voids, large enough
Jfor a person to enter. This small boulder strewn entrance leads to a mile
of solutional cave passage.

The 627 stream insurgences (swallets) (Figure 3) illustrated on
this map were remotcly sensed by the same methods as the sinkholcs.
Because of the nature of the internal drainage in karst, much of the surficial
drainage 1s intermittent and dependent on groundwater levels and
precipitation rate and history. Almost all karst sinkholes represent potential
sites of insurgence of surficial drainage. Only those active insurgenses
that were remotely sensed from aerial photography are mapped as
insurgences. These features: mostly are in sinkholes or other subsidence
[eatures; may be subject to karst [looding; represent recharge and potential
contaminant pathways to the karst aquifer.

Ligure 3. The stream insurgences (swallets), illustrated on this map, were
remotely sensed by the same methods as the sinkholes.

The 618 springs marked on this map were located by remole
sensing of low altitude aerial photography and topographic map locations
(Figure 4). Because of the characteristic flashy flow of karst conduits,
some of the springs depicted may be of an intermittent nature, but were
observed flowing under hydrological conditions imaged on the acrial
photography.

These selected karst features are linked to potential karst hazards
that arc discusscd in a scparatc scction of this publication. Map pattcrns
of the selected sinkholes, cave entrances, stream insurgences, and springs
commonly betray the influence of various geologic factors affecting karst
development; including lithology, structure, hydrology, and the character
of overburden.

Figure 4. The springs marked on this map were located by remote sensing
of low altitude aerial photography or copied from topographic maps.

Lithology

Lithology is of primary importance to karst development. The
sinkholes, caves, and insurgences illustrated in this report are, at least in
part, the result ol dissolution of carbonate rock. Most of the sinkholes
and insurgences are formed in the residual or colluvium/alluvium
(overburden) mantling the carbonate bedrock. A very small percentage
of sinkholes and insurgences occur in non-carbonate rocks because of the
dissolution of an underlying carbonate strata and the subsequent collapse
or subsidence of overlying non-carbonate strata. Examples of this condition
are found in the East Stone Gap area, where the Wildcat Valley Sandstone
ovetlics carbonate rocks of the Hancock Formation (scc geologic maps
of Henika, 1988 and Nolde and others, 19806).

Lithologic influences on karst development are grossly
demonstrated on a regional scale in this report. Carcful examination of
the karst map reveals numerous northeasterly trends of sinkholes, caves,
insurgenecs, and springs. Some of these lincar or curvilincar concentrations
of sinkholes, caves, insurgences, and springs are developed in specific
catbonate strata and can be identified by strike oriented trends of features
which extend parallel to the mapped contacts of the geologic map units.

Structure
Structural inf{luences on karst development are closely linked to

lithological influences. Karst development along a fold axis may be the
result of both lithologic and structural influences. Joints and cleavage in
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folded and faulted carbonate rocks influence karst development through
increased permeability through fractures (Hubbard, 1984) and subsequent
solutional conduit development. Some linear trends of karst features have
been demonstrated to coincide with fold axes (Hubbard, 1981).

1n the southern karst area, as in the northern (Hubbard, 1983)
and central (Hubbard, 1988) arcas, both anticlinal and synclinal structures
were obscrved to show cnhanced karst development. Regional scale
examples include the Powell Valley anticline in Lee County and its
plunging nose in Wise County (A on Figure 5); the dome-like Burke’s
Garden anticline in Tazewell County (B on Figure 5); the Early Grove
anticline at Shelleys in Scott and Washington Counties (C on Figure 5);
a complex of adjacent anticlinal and synclinal folds in Wards Cove and
Thompson Valley and Short and Knob Mountains in Tazewell County (D
on Figure 5); the Rye Cove syncline in Scott County (E on Figure 5;
Hubbard and Holsinger, 1981). Inthe folded and faulted Valley and Ridge
province, structure commonly is responsible for the gross pattern of
carbonate rock exposed to weathering processes.

Figure 5. Both anticlinal and synclinal structures were observed to show
enhanced karst development. Regional scale examples include the Powell
Valley anticline in Lee County and its (4) plunging nose in Wise County;
the (B) dome-like Burke'’s Garden anticline in Tazewell County; the (C)
Early Grove anticline at Shelleys in Scott and Washingion Counties; a
(D) complex of adjacent anticlinal and synclinal folds in Wards Cove and
Thompson Valley and Short and Knob Mountains in Tazewell County;
the (E) Rye Cove syncline in Scott County.

Hydrology

Karst is a solutional terrain and obviously dependent on hydrology
for the how and where as well as the degree of its development. All four
types of the selected features mapped in this report are linked to hydrology
- genetically as well as functionally. The interaction of hydrology with
carbonate rocks, especially folded and faulted carbonate rocks, leads to
a complex terrain. An important aspect of this terrain is the topography,
which is not illustrated on this map. Under the present temperate climate,
carbonate rocks are not as resistant as their clastic sedimenlary counierpars.
Commonly, the more resistant clastic sedimentary rocks form geomorphic
features with higher topographic expression than the adjacent carbonate
terrain. The water draining from these resistant rocks tends toward acidity
and flows toward the lower relief soluble carbonate host rocks. Karst
development can be intense and abrupt at these down-flow clastic/carbonate
boundaries as seen at Burkes Garden and along the edge of many other
non-catbonatc/carbonatc boundarics on this map, including the
northwestern-most belt of Mississippian carbonate rocks in Abbs Valley
(labeled on 7.5-minute maps, but not this map) in Tazewell County near
the Virginia- West Virginia boundary.

Two of the major hydrologic influences on karst development
arc hydraulic gradicnt and fluctuation of groundwater levels. Hack (1963)
notes that sinkholes are more abundant in close proximity to streams. A
steep hydraulic gradient near an entrenched stream, 1n combination with
the convergence of groundwater to the stream, tends to enhance karst
development. Karst features are concentrated locally over carbonate strata
along deeply entrenched stretches of the Clinch River, North Fork Holston
River, and Copper Creek (especially just north of Gate City) on 7.5—minute
scale maps, although this patlern is not as striking on this map partly due
to the lack of topographic differentiation between the low relief flood
plains and the adjacent karstified highlands.

Hydrological influences also are significant in karst development
because they may trigger recognizable changes in the landscape not only
within a human lifetime, but instantancously. The maturity and stability
of a karst terrain is a function of the rate and pattern of infiltration of
precipitation and surface watcrs. New runoff patterns or incrcased runoff
in the same pattern may trigger subsidence in a given karst area. Subsidence
is one of a series of geohazards associated with the processes active in
karst.

POTENTIAL KARST HAZARDS

The potential geo-hazards of karst terrains can be calegorized
into three major concerns: 1) differential subsidence or collapse, 2)
pollution of groundwaters, and 3) sinkhole flooding.

Although the closed-contour depressions we refer to as sinkholes
occur even in uncovered karst, most Valley and Ridge sinkholes form by
the dilferential settling ol overburden materials. Settling or subsidence
of overburden results from various mechanisms (Sowers, 1976), including
compaction duc to loading, compaction duc to dewatcring, scttling as
materials are removed by groundwater flow, stoping or raveling of materials
into void space, and instantaneous collapse into void space. Many of these
processes are naturally and continuously active in karst areas. Human’s
attempts to prevent or deter these dynamic processes may result in their
acccleration or additional process gencrated hazards.

A field of sinkholes is readily recognized as a site requiring
special developmental considerations. Fortunately, not all karst areas are
densely populated with sinkholes, caves, and isurgences. It is important
to understand that the stability of karstland is a reflection of the past and
present geomorphological and hydrological interactions. Changes in land-
use, especially change toward more intensive uses, may enhance karst
hazards even where no sinkholes presently exist.

Fluctuations of groundwater level, either rapid or over extended
time periods, are known as a cause of sinkhole formation and ground
subsidence (Foose, 1967 and 1968; Foose and Humphreville, 1979;
Newton and Hyde, 1971; Newton and others, 1973; Newton, 1976).
Especially at risk are sites where the groundwater level is above the
soil/bedrock interface. The size of these features increases with the
thickness of unconsolidated debris and with the magnitude of the
groundwater lowering (Foose, 1968). The more rapid the reduction in
water level, the more violent and commonly extensive (for deep overburden)
the subsidence and or collapse of the overlying and surrounding surface.
Virtually any site overlying carbonate rocks, where the depth to bedrock
is greater than the depth to groundwater level, poscs a potontial for
subsidence if there are significant fluctuations of groundwater levels.
Rapid groundwater withdrawals from water wells can resull in local
desaturation of soils above the bedrock surface and subsidence or collapse
of dewatered soil/bedrock interface voids. Longer-term groundwater-level
reductions occur during droughts and may result in subsidence problems.
Collapse or subsidence also may be initiated after soil materials comprising
soil void roofs have dried-out [rom a lowering of groundwater levels and
these materials are rewetted (heavy rainfall). Excessive hydration results
in a reduction of the shear strength of overburden matcrials and the
potential for soil arch failure and collapse into void spaces. The propagation
of sinkholes by karst groundwater level fluctuation is a concern because
groundwater resource utilization for residential and suburban land-use
can trigger subsidence.

The usc of sinkholcs for “drainage outfalls™ is risky. Even the
best conceived building project alters the equilibrium of the landscape.
Ground surfaces are disturbed and artificial and impenmeable surfaces
are introduced. Increases of runoff are generated by impermeable surfaces
and changes in cover vegetation. The usc as outfalls of apparently “stable”
sinkholes, which show no active subsidence or localized flooding prior
to development, is tempting but should be avoided. Increased hydrologic
input to sinkholes can reactivate subsidence or collapse of existing [ealures
as well as propagate new sinkholes (Kemmerly, 1980). The larger the
volume of outfall the greater the risks.

Pollution of groundwater resources is a well-known problem in
karst. Sinkholes represent recharge points for the karst aquifer. Liquid
wastes dumped into sinkholes or caves can enter the karst aquifer undiluted.
Dumped waste materials, leaks, spills, or other discharges that enter the
ground and subscquently the karst aquifer may compromisc ncarby public
water supplies, residential wells, or recreational waters. Case examples
include groundwater contamination by: detergent in the Jonesville area
of Lee County; petroleum products in the Gibson Station area of Lee
County (Figure 6) and Powell Valley in Wise County; leachate of sawdust
in The Cedars arca ncar Joncsville in Lee County. The detergent that
contaminated the Jonesville public water supply was reportedly associated
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with an oil-drilling operation during the Spring of 1984 (Virginia Water
Resources Research Center, 1984). The Gibson Station petroleum product
contamination was determined to have originated from a leaking
underground storage tank, which was subsequently removed (Hubbard
and Ballour, 1993). Powell Valley groundwater contamination by petroleum
product was a reoccurring problem during the 1990s. Leachate from
sawdust piles in The Cedars contaminated groundwater and extirpated
the Lee County isopod from one of its two known habitats in 1987. This
species of isopod was subsequently listed as a Federally protected
Endangered Species and action was taken to remediate the site. The
groundwater quality has improved, but the isopod has yet to re-populate
this groundwatcr habitat. Storm watcr runoff from road surfaccs transports
contaminants such as heavy metals, road salts, nutrients, bacteria, and
hydrocarbons (Stephenson and Beck, 1995). At many sites in southwest
Virginia karst, highway designs direct road surface runoff to groundwater
recharge features such as sinkholes and cave entrances (Figure 7). Such
designs efficiently remove water from road surfaces but they do not
adequately address the contaminants in the runoff. An even greater
concern is how elliciently such designs will direct the hazardous wasles
and other toxic materials routinely transported along highways into karst
aquifers in the event of an accident. U.S. Department of Transportation
(DOT) and Environmental Protection Agency data indicate that highway
transportation of hazardous materials is a relatively high-risk industry
(Padgett, 1993).

Figure 6. Petroleum product stain on cave formation in the Gibson Station
area of Lee County.

Figure 7. This rock-lined ditch directs road surface runoff along the path
of a sinking stream and into a groundwater recharge cave. Such designs
efficiently remove water from road surfaces but they do not adequately
address the contaminants in the runoff or, in the event of an accident, other
toxic materials routinely transported along highways..

The differential solution of carbonate rocks characteristically
results in an irregular or pinnacled bedrock surface. Some pinnacles are
overlain by soil thicknesses that provide insufficient filtration for drain-
field effluents. Septic drain fields should not be proximal to sinkholes
because sinkholes and their underdraining conduits rarely contain sufficient
filtration capacity to adcquatcly filter pathogens from these discharges
before they recharge the aquifer. Anecdotal stories of household sewage
directed into bedrock fractures and caves in the Gibson Station and Rose
Hill areas of Lee County and Banners Corner in Russell County were
heard during the field investigation for this report. A houschold waste
discharge pipc in a sinkhole in the Rye Cove of Scott County is illustrated
in Figure 8. The developer of a 1990s housing subdivision in the Maple
Grove Church area of Russell County platted and built multiple single
family houses within a sinkhole. Each of the houses has its own septic
drainage field in the back yard and a water-well in the front yard — all
within a single sinkhole.

The dumping of solid wastes, such as dead animals, garbage,
and refuse, tnto sinkholes or caves 1s a hazard (o groundwater resources.
Sinkhole dumping is prohibited by existing state laws (Code of Virginia,
Title 10.1, Chapter 10, Scetion 10.1-1005), yet these practices continuc.

Figure 8. A pipe discharges household waste in a sinkhole in the Rye
Cove area of Scott County.

Flooding problems in karst terrain are exacerbated by two human
induced conditions: the clogging of natural drains during construction
and increases in runofT due to landscape modifications. Inadequate siltation
controls during construction can cause the clogging of the epikarst drains
by sediment-laden runoll. Restricted infiltration at the epikarst drains
results in ponding, or flooding of sinkholes. Flooding hazards in karst arc
enhanced by the increased runoff of residential, commercial, and industrial
site surfaces. The increased runoff from impermeable surfaces such as
roads, parking lots, and roofs is significant. Much of the precipitation that
would have percolated directly into undeveloped karstland is rapidly
introduced into surface and subsurface drainage networks. Such increases
in runoff can quickly cxcced the drainage capacity of the cpikarst drains
to the subsurface systems and create ponding and flooding. In severe
cases, excessive runofl can overwhelm the capacity of natural subsurface
drainage systems, causing water to back-up into sinkholes under the high
hydraulic heads in the under-draining cave systems (Crawford, 1981).

PSEUDOKARST FEATURES

Two types of pseudokarst “sinkholes™ have posed identification
problems in this study area. Sinkhole-like features, known as sag ponds,
are seen in some landslide deposits, but similar pseudokarst [eatures form
by rockfalls of ridge forming Silurian sandstones in the study area. A
local cxample of a debris dam closed depression, known as the Goosc
Nest (Figure 9), is located on Cumberland Mountain in Lee County.

A second type of sinkhole-like feature is the result of the
prospecting and mining of lead-zinc ores (into the early 1900s - Currier,
1935; Watson, 1905), iron (until about 1917 - Stose and Stose, 1957) and
mangancsc orcs (Stcad and Stosc, 1943). Residual/replacement orcs of
the Shady Dolomite formed in paleo-epikarst drains and were worked by
open cut and pit mining techniques. After years of erosion, these excavations
resemble sinkholes. Some mined features are serving in a reactivated
role as epikarstic drains and presenlty are active karst features.

Figure 9. An example of landslide debris damming forming a closed
depression type feature that locally is known as the Goose Nest.

CAVE RESOURCES

Ninety- six percent of Virginia’s known caves are located on
privatcly owned land and arc not open to public usc without permission
of the landowner. A number of these caves have further restrictions placed
on visitation related to the protection of water resources, the protection
of threatened or endangered species and their habitat, and archacological,
paleontological, and other scientific studies. Virginia’s caves are protected
by the Virginia Cave Protection Act (Codc of Virginia Title 10.1, Chapter
10, Sections 10.1-1000 through 10.1-1008.) or the Federal Cave Resources
Prolection Act of 1988 (Pub. L. 100-691, Nov. 18, 1988, 102 Stat. 4546
(Title 16, Sec. 4301 et seq.)). For further information regarding cave
resources, please contact: the Virginia Speleological Survey, HCR 03 Box
104, Burnsville, Virginia 24487; the Virginia Cave Board, Virginia Division
of Natural Heritage, Department of Conservation and Recreation, 217
Governor Street, 3rd Floor Richmond, VA 23219.

MAP LIMITATIONS

The data conveyed on this map: karst features, geological
boundaries, and drainage basins were mapped at a precision suitable for
presentation at the regional scale of 1:250,000. For the majority of the
sinkholcs mapped, the minimum symbol size cxceeds the size of the actual
feature by as much as an order of magnitude. In some places the density
of sinkholes prevented adjustments of individual karst features with respect
to the oversized symbols representing cultural map features resulting in
distortions in the relationships of cultural and karst features (Hubbard,
2001). Very few of the remotely sensed karst features illustrated on this
map were field checked. There has been no work done, at the date of
publication, to determine a reliability estimate of any of the sinkholes,
msurgencies, or springs by ground truth. Nor have field accuracy checks
been done for the interpretive rock unit contacts in unpublished map arcas.
When field reconnaissance of specific questionable mterpretive features
was made, many sinkholes, that were not remotely sensed, were observed.
Hydrological drainage basin boundaries were based on topographic data.

No data depicted on this map are suitable for site-

specific studies.
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EXPLANATION

7
Mississippian limestone
Cove Creck Limestone, [Fido Sandstone], Greenbrier Limestone,

Newman Limestone, Gasper Limestone, Ste. Genevieve Limestone,
Hillsdale Limestone, Warsaw Limestone, [Little Valley Limestone].

Clastics

Wise Formation, Gladeville Sandstone, Norton Formation, Bluestone
Formation, Princeton Sandstone, Hinton Formation, Bluefield Formation,
Lee Formation, Pocahontas Formation, Penninglon Formation, Little
Valley Formation (Kingsport Quadrangle)? Maccrady Formation, Price
Formation, Granger Formation, Chattanooga Shale, Millboro Shale,
Huntersville Chert, Wildcat Valley Sandstone, Rose Hill Formation,
Rockwood Formation, Clinton Formation, Clinch Sandstone, Juniata
Formation, Scquatchic Formation, Reedsville Shale, Martinsburg
Formation, Knobs Formation

5
DSIs

Hancock Dolomite [Limestone], Tonoloway Limestone, Cayugan
Group, Onondaga Limestone (Hayters Gap)

4
Oml

Trenton Formation, Eggleston Limestone, Moccasin Formation,
Lowville Limestone, Hardy Creck Limestone, Ben Hur Limestone,
Woodway Limestone, Witton Limestone, Bowen Formation, Hurricane
Bridge Limestone, Martin Creck Limestone, Rob Camp Limestone,
Poteet Limestone, Stones River Gr. Rockdell Limestone, Lincolnshire
Limestone, Five Oaks Limestone

3
Oml

Lenoir Limestone, Moshiem Limestone

1
oC

Southeast of Pulaski Fault: Beekmantown Group, Stonchenge
Formation, Conococheague Formation, Elbrook Formation, Waynesboro

Formation, Shady Dolomite

Northwest of Pulaski Fault: Elway Limestone., Blackford Formation,
Dot Limestone, Mascot Dolomitc, Beckmantown Dolomitc., Ncwala
Dolomite, Kingsport Dolomite, Longview Dolomite. Chepultepec
Dolomite, Copper Ridge Dolomite., Maynardville Limestone,
[Rodgersville Shale, Nolichucky Shale, Conasauga Shale], Rutledge
Limestone, Honaker Dolomite, [Pumpkin Valley Shale], Rome
Formation
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such as this one. DMR's mterpretations of data from multiple sources are reflected 1n this map. Reasonable
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resolution, rectification, postional accuracy, development methodology, interpretations of source data, and
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