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INTRODUCTION Lower (Middle?) Cambrian rocks, undifferentiated, lower members of Gatesburg Formation, undivided, U 75° West
. . . . . Mahantango, and Marcellus Formations, Mauch Chunk Formation (only in the south and western parts of the state " VALLEY
Karst is a landscape produced by dissolution of rocks and the development of integrated subterranean drainages where it contains the Loyalhanna, Greenbrier, Wymps Gap and Deer Valley Limestone Members, spans both Valley
dotmmated byk%‘elﬂovglpiigmﬁnd wlater m stolutlonally. enlarggdl condultg. Karﬁt laridsca ‘;.S tth’JC%Sy mclut()le dcavli and Ridge and Plateau Provinces), the Millbach Formation, Millbach and Schaefferstown Formations, undivided, &
entrances, sinkholes, blind valleys, losing streams, springs and large and small-scale solution features on bedroc . : . : . : <\]®
surfaces. Water-bearing rocks beneath the surface containing solutlgonally enlarged pores, fractures, or conduits are Mldn.es. dl\/éemger Og the (lgatesbtl}rg Ft(})lrmatfni, the Nlttla?y gollgmatlo?, Nlttarzly %gd dSt?ﬁlehgnge/ garke 1(-7)01‘tmlat10ns, ) * GC
referred to as karst aquifers. About 40% of all ground water extracted in the United States comes from karst aquifers undivided, ‘nondaga rormation through toxono Isiand tormation, undivided, the tinondaga, Untelaunce, R GC M
(Karst Waters Institute). Pinesburg Station, Pleasant Hill, Richland, and, Rickenbach Formations; Ridgeley Formation through Coeymans GCG Clinto
Karst means many things to many }i)eople. To most cavers and many speleologists, karst means areas containing Formation undivided, Rockdale Run and Shadygrove Formations; Shriver, Mandata, Corriganville, and New Creek
caves. To engineers, home builders, local governments, and insurance companies karst is exemplified by the Members of Old Port Formation undivided; the Snitz Creek Formation; Snitz Creek and Buffalo Springs Formations, MG‘
occurrence of sinkholes and subsidence hazard. To hydrologists, well drillers, and environmental consultants, the undivided; the St. Paul Group; the Stonehenge Formation; Stonehenge and Larke Formations; the Tomstown é Frankiin
focus on karst may be more limited to karst aquifers and springs. ) ) ) Formation; Valentine Member of Benner Formation; Vintage, Warrior, and Wills Creek Formations; Wills Creek &/ M
. Precise figures are not available, but ground collapses in karst areas in the United States require hundreds of Formation through Mifflintown Formation, undivided; Zooks Corner and Zullinger Formations. Some of these units &&) S
millions of dollars in repair and mitigation costs each year. Most karst in the United States is formed in either are locally overlain by glacially derived sediments in parts of Monroe, Luzerne, Columbia, and Lycoming Counties A
%arbonate or l?Vaporlte rocks.d "léhls map depicts only areas of carbonate rock outcrop, the chief host for karst in the northeast part of the state (K_TYPE=FFCG) (?V GC
ormation in the eastern United States. . = el . . _ . )
The U.S. Geological Survey (USGS), in cooperation with the National Cave and Karst Research Institute In the Appalachian Plateau of Pennsylvania, units that are potentially karstic (K_TYPE=GC, GCG) include: the &/ c ‘
(NCKRI), the National Speleological Society (NSS), and various State geological surveys is working on a new Mauch Chunk, and Allegheny Formations, and Monongahela Group. Areas defined by these formations greatly
national karst map that will delineate areas of karst and karst-like features nationwide. This product attempts to overstate the potential karst area, as both are primarily clastic units; however, each contains limestone known to be CENTRAL N Essex
identify potentially karstic areas of the Ap]palachian states as defined by the Appalachian Regional Commission karstic. The Mississippian Mauch Chunk Formation contains the Loyalhanna, Greenbrier, Wymps Gap, and Deer LOWLAND (?»
(ARC), with the addition of the state of Delaware. This map is labeled preliminary because there is an expectation Valley Limestone Members and the Pennsylvanian Allegheny Formation contains the Vanport Limestone Member. S 2 &c
that it will be revised and updated as part of a new, national karst map. The ARC is a federal-state partnership that The Loyalhanna and Vanport Limestones are the primary cave-bearing units in western Pennsylvania (White, 1976).
works with the people of Appalachia to create opportunities for self-sustaining economic development and improved Areas underlain by the Allegheny Formation taken from the state geologic map were reduced and altered based on = Jefferson e & “.. GCG
(s](l)lc?il(l)t-}écgrﬁorlgié HI}t/SSi fgﬁgr ;iij;)c?rfgcocl)lrrlltitehse( ﬁlgcaltt)mn of counties in the Appalachian highlands and some the description of the distribution of the significant limestone facies in that unit by Rice and others (1994). 45° North
This product is intended to broadly delineate areas likely to contain karst features of any type, but primarily B The dPi:an}Itlvanlgn %\Aonﬂngal_ltelalGroull)l, ‘g}gfh §rops l?lut Hﬁ/fhe Eouth%Vf}fte{jn gorrtler Ofl:Ehe stat‘ge, cpnttahlns thet 24
caves and sinkholes. Since this map displays data at a regional scale for a future depiction of karst areas at a national enwood limestone (informal unit, also called the Sewickley Member of the Uniontown Formation in the pas : Lewis
scale, it does not contain discrete karst features such as caves, sinkholes, and springs. Therefore, this dataset should (Berryhill and others, 1971)) which is significantly thick (as much as 70 ft). No references mentioning the presence ’
not be used for site-specific research, but rather as an indicator that karst features may occur in, but not be limited to, of caves é’Vgr(ekf_()undlfor thc;fBeanod, but it dIO‘?S Clonté}ifl g@rStEPﬂngS and r12u§1:[ ;;gaitch'f}‘f solutionally enl'arlgfed M *
certain areas. joints and bedding planes, if not minor caves. It is classified in this report as K =IC. The greatest potential for
METHODOLOGY caves in the Benwood probably occurs adjacent to incised river valleys, much like the caves in the Vanport 0 ﬂmo W MG Wa c
Limestone described by Sasowsky and others (2003). The outcrop area of the Benwood limestone extends to the ime
. . . west, across the northern West Virginia panhandle into eastern Ohio and to the southwest into northern West (E' R
. drMinly }fai:tors affect the deivelopment anfl degreelof c}eﬁ/e(lioplment of léarst ina par(tllculaybairea.hThese 1t%clude: Virginia and southeastern Ohio gima p B LﬂK Oswego C
edrock lithology, climate, geologic structural setting, local hydrologic gradient, etc., and possibly a history of rising : - : : P : PLATEAUS
thermal or acidic waters. The areas delineated by this map were subdivided on the basis of only a few factors, ¢ l"llg[le'/Ijennsyllvanlat(}teologlc/a:l Surve}/hhas b(f e/n_ﬁl‘iEVfl?’dmfapll)tmg karIs<t featltufresuelmd malntamts an onthne daicabase GCG . GC
expanded below. See Palmer (2007) for a comprehensive discussion of karst geolog?/. at: htlp://www.denr.stale.pa.us/topogeorhazards/sixhoic/delault.asp.  Rarst lcature maps at county scale are neid Safatogs
The study area includes parts of the Atlantic Coastal Plain, Piedmont, Blue Ridge, Valle(%r and Ridge, available as Pennsylvania Geological Survey Open-file Reports for several Pennsylvania counties, including Adams, ’ A Fulton ~ J
Alppalachian Plateaus, Adirondack, St. Lawrence Valley, Interior Low Plateaus, Central Lowland, and Gulf Coastal Berks, Bucks, Centre, Chester, Cumberland, Dauphin, Franklin, Lancaster, Lebanon, LeHigh, Montgomery, Orl GC
Plain Physiographic Provinces (Fenneman, 1946). Since the physiographic divisions, provinces, and sections reflect Northhampton, and York (http://www.dcnr.pa.us/topogeo/pub/opentile,aspx). Karst density maps are also available _ €ans \ Wayne N 4 Q
terrain texture, rock type, geologic structure and history, and erosional history, they broadly incorporate several of for Center County (Reese and Kochanov, 2005) and South-Central and Southeastern Pennsylvania (Kochanov and Niagarg Monrge ‘\ Mentge
the factors known to influence karst development. As such, they have the potential to make a convenient and useful Reese, 2003). PIEDMONT . Onongagg~-., J & GC Mmery h
framework for organizing karst areas into regions. . . . . . Pennsylvania currently hosts nine commercial caves scattered across the state from east to west in the Piedmont, GGe Madison ) enect R
d Itlls. afumeid gha{ mn tliete):flstemkUmtelcll Stafes, where thgrg ‘? relativel .abundaﬁt rainfall, lﬁarslt( Wll,tl) form in area(sl Valley and Ridge and Appalachian Plateau provinces. Several regional or county-based descriptions of Pennsylvania Geneses Proa ' csse
underlain by relatively soluble rocks such as limestone and dolomite. This was the approach taken by Davies an : ) y : : o J >
others (1984) in producing the National Atlas karst map at a scale of 1:7.5 million. A digital version, %]ncluding the ng; havedt;;ehr}tpu‘tl)ggléed. Ashbrook (1991), LaRock (1976), Mostardi and Durant (1991), Reich (1974), Snyder COASTAL PLAIN i Ao GC Ontario - / Albiny,
Geologic Information System (GIS) data, of the Davies and others map is available at the USGS National Atlas web (1989), an ite (1976). . . 0 150 300 Kiometers = Otsego Schoharie
page at: http://nationalatlas.gov/natlas/Natlasstart.asp. One NSS annual convention was hosted in Pittsburgh, Pennsylvania, in 1954. L FFC
Delineation of potentially karstic rocks for this map was based primarily on the bedrock geology and lithologic Erie Wyomin Vingston Yate Cortlang
descriptions provided by individual state geologic maps. Most formation and group names and descriptions were New Jersey < S Chenango
checked against the online USGS geologic names lexicon (GEOLEX) for correct usage, additional lithologic FEC
descriptions, and primary references (http://ngmdb.usgs.gov/Geolex/geolex home.html). ) New Jersey occupies parts of the Coastal Plain, Piedmont, and Valley and Ridge Physiographic Provinces. i Tompkins Greene Colump;
thi kLevel ‘}f l?durzﬁm% met?imorpltlc rade, geol(iglc physl((l)gr?hglghsettlngl,t large fiC?I{Je,ts.thtufral regime, anc} Potentially karstic areas of New Jersey were identified by the distribution of carbonate rock units on state 2o Schuyler
oltcenl}c?:lsl Oka%s%icclabzdr gg{ve gzeh a:gelzl(li wl?eT%( 15)(})3 ”coirrllmt heéeGIS gat?t?;s 0 ngrsh esz 11;; e1.011 10) Sggg;a%eggﬁl geologic maps (Dalton, R.F., 1996a; Owens and others, 1995a and b). This selection was done by Donald ] ] ] ] ] ] Delaware
p p P — . : ) ~ Monteverde, New Jersey Geological Survey, who provided vector graphic files, which were then converted to GIS. Figure 1. Appalachian states (red outlines), physiographic provinces (gray areas)(from Fenneman, 1946), st
unconsolidated calcareous sediments (CPU), 2). Coastal Plain carbonate rocks (CPCR), 3). Triassic and Jurassic X . ; . : ) f alacially derived surficial d its >50 ft thick (vell from Soll d Packard. 1998) th euben
D : i In the Coastal Plain, the Cretaceous Mount Laurel Formation contains sufficient calcareous material, chiefly areas or glacially derived surticial aeposits ick (yellow areas)(from Soller and Packard, ), the 80° West Ti Broome
basin-fill calcareous sedimentary rocks (TJB), 4). Gently folded to flat-lying carbonate rocks (GC), 5). Carbonates . : X ; . Appalachian structural front (black i d bound  the Appalachian Reaional C S i es C Allegany 0ga
interbedded with relatively insoluble sedimentary rocks (IC), 6). Folded and faulted carbonate rocks (FFC), and 7) b;valve shells, so that broad, s.hallow smkholgs are prpduced by solutlop. The Eocene Vincentown .Forma‘uon, a ppalachian structural front (black line), and boundary of the Appalachian Regional Commission (green line). (?) o attaraygys Chemung
Marble (M). Several of these map units are further subdivided into areas overlain by significantly thick (>50 ft (15 highly calcareous greensand, is also susceptible to dissolution. There is no development of solution and flow ‘ Utauqua ]
m.)) glacially-derived surficial deposits. See the Description of Map Units for a more detailed discussion of each conduits in these relatively unconsolidated materials, and thus, no cave formation and very little potential for (&@\J Ulsiffr Duteh
unit. collapse. These areas are classified K TYPE=CPU. Chess
The boundary between the steepliy folded and faulted rocks found chiefly in the Agpalachian Valley and Ridge In the Piedmont and Valley and Ridge Provinces karst occurs in the Proterozoic Franklin and Wildcat Marbles Susqueh
Province (FFC) and the gently-folded to flat-lying rocks found chiefly in the Appalachian Plateaus Province (GC) = ; anna Suliiv.
C ! gently ymg nd y ppal ! (Monteverde and Dalton, 2002)(K_TYPE=M). Erie an MG
V‘ias delineate g us!n}% ﬁhe ﬁlle;gany }sl‘gructura}l froglt frgm. Williams (1978). This line approximates, but does not Karst occurs in the Valley and Ridge Province in the Jacksonburg Limestone, Kittatinny Supergroup, and Ti Bradforg
always coincide with the physiographic province boundaries. : : Ty : _ERC ’ ioga ayn
Areas overlain by widespread glacially derived sediments of 50 ft or greater (>15 m.) thickness were classified Mld‘g‘f P?llf'OZOIC carbotrllat}els Olt; Iaate Sllurlarflfant(i Eatrllly 13627911)112;_11 agef%(:?f{mti FFC ZKIld F lJ:CG). Oonlv 11 of 142 (E‘ Warren MeKean Potter -
as a different map unit. This thickness is arbitary and was selected because it is assumed to be thick-enough to actation apparently has had a major eliect on the distribution of karst Ieatures in ‘New Jersey. Unly 110 %(K, FFCG Putnam »
obscure the surface expression of all but the largest karst features and was one of the thickness classes of the GIS known New Jersey caves are 1003@(1 south Of the glacial terminal moraine (Montgverde aqd Dalton, 2002). L Wyomin Orange ”
data set used to overlay glacial sediments over the karst map (Soller and Packard, 1998). Pavey and others (2002) However, Dalton (1996b) suggested increased sinkhole development south of the terminal moraine due to a more 4 Lake Ashtabyig Crawforq 9 ackawann < 7
noted that in Ohio, sinkholes were expressed throuigh as much as 20 ft of non-carbonate material. No attempt has mature weathering profile. \3; Sullivan Pike estche ﬁ
been made in this version to address the effects of glacial removal of rocks and karst from northern parts of the map “Caves of New Jersey” (Dalton, 1976) describes caves in the state. vV o Forest g stey 3
area Idurmg the Plels%ocene. K ky (Payl Jc 2001) and Ohio (P d others, 2002) William Fuiton y o = Cameron FECG ocklan
n some states, for example Kentucky (Paylor and Currens, an 10 (Pavey and others, , a state Delaware & 7 €auga Lycom S 9
karst map already existed, and these data were 1>rllcorporated into this map and reclassified to match the scheme used Uyahoga . Venango I Luzerng s, assai
here. Delaware is not, technically, one of the Appalachian states but it has been included in this map because it is o San. = Trumbu Mercer X‘ Clinton Mohro 4 Berge Suffolk
KARST IN THE STATES surrounded by Appalachian states. Most of Delaware lies in the Atlantic Coastal Plain Province, with the exception Defiance nry od . e Ly i GC oly FECG Z ‘ "
of a small area in the northernmost part of the state that lies in the Piedmont. . GC Orain aron Jefferson c g Morris N
This map was compiled from a variety of sources at regional and state scales. Source data sets had resolutions The only areas identified as potentially karstic in Delaware are a few places delineated by the outcrop of /i s Portage G = CE / arbon /7 "~m (Esse ueen assau
ranging from scales of 1:1,000,000 to 1:24,000. Although every effort was made to resolve discontinuities across Cockeysville Marble in the extreme northernmost part of the state (Spoljaric and others, 1976)(K_TYPE=M). It is v Huron Medina ummit N Clearfiglq u '
state boundaries, some still exist as a result of differences in scale, ma}]pp}ng phlloso(i)hy, and comprehensiveness of possible that areas of potentially karstic Coastal Plain units identified in New Jersey may extend along strike to the Pa(l_(:'dinlg 4 Maho, Leltvreroe { ortha . Unio, in
lithologic descriptions between the disparate data sets. This compilation, printed at a scale of 1:2,000,000, is southwest from New Jersey, across the upper Delaware Bay, and into northern Delaware. Only one cave , Beaver G Py Ha ¢ B erlang » » M X S
intended to be used at scales of 1:1,000,000 and smaller. This map should not be used for site-specific analysis. The Valley cave in Newcastle County, is reported from Delaware. This is not a solution cave, rather a rock shelter and noock L ‘ Iy B Y - Schuylki “ erdon mond
karst distribution of each state is discussed separately, with a brief description of the physiographic setting, data fissure cave in insoluble metamorphic rock (Speece, 1977) Almistrong TJB Omers
sources, and principal karst and cave areas. A note is made of past NSS national conventions held in each state. Most ’ ’ Wert Crawforg Ashiang Wayne Stark Colump: iddi
NSS conventions were accompanied by a guidebook with references to the caving resources in the state or region Marviand Richiang Umbiang . p ~ = ese
where the meeting was held. The GIS data are also organized by state with each polygon incorporating a state arylan en eaver Ndiang ; ' B “
attribute. This product is intended as an overview, and not an exhaustive discussion or bibliography of the caves and . L ) L o Dauopi X o 7 Buck / M Mori,
karst of the Appalachian states. All website addresses were checked at the time of publication. Because of the Maryland spans an area, from east to west, of Atlantic Coastal Plain, Piedmont, Valley and Ridge, and Carroll ; o Cambrig ] uphirr - S /TIB ercer outh
ephemeral nature of such addresses, no guarantee is made of their currency or even existence at the time of reading. Allegheny Plateaus Provinces. Lithologic units and descriptions for areas from the Coastal Plain are from an oni Holmes cdek] 4 . Alleghermdd] o ; ' =\ - ¥
unpublished map of the Atlantic Coastal Plain (W.L. Newell, unpub. data, 2008). Descriptions of rocks from the rest Mer 1\ Morrow Vg ) 1 R e ’%"ﬁf‘;? T unfli = B ontgomery
New York of the state were obtained from a lithogeochemical map of the Chesapeake Bay watershed (Peper,and others, 2001). p Tuscarawas . @g%n gLl A . " % ¥y . : -
. . . . . . . Outcrop areas of Calvert, Choptank, and St. Marys Formations, undivided, which contain local concentrations nox iy o bl % S . i lana?™ 1 ) ~ L
A dirljri‘iygc{ogfiggfggiep\h/}eﬁllg}%r%glgallggﬁggsf’ a%g:u(s)f;r];g éélﬁ?;%%gﬁg?é glr%ﬁ’nlgéesdmoma Valley and Ridge, of shelly calfcareous material, are tlI:e only potentiall;ykarstic areas identified in the Maryland part of the Atlantic : 5 e i Coshocton Hare %ﬁ\ »; : 'y - Y y T/JB - A MWade#his \CPU Ocean
1 1 p > : ’ ] i = I - Degj it e ; ’ ‘ { Ste
Potential karst units for New York were derived from a rock-type map produced by the New York State Coasltaltglaa\rjl(K_lTﬁgPI})E' dCPU)‘t the Cock 1le Marbl tin H d and Balti Counti d th S 4 ingt % 2 g > " Delaw Burlington
Geological Survey at a scale of 1:1,000,000 (Fickies and Fallis, 1996). This map identified areas of carbonate rock n the Maryland tiedmont, the Lockeysvile Marble crops out in Howard and batiimore Lounties and the . R .l . 7 = s i
classified as: limestone and dolostone, limestone and dolostone with shale, limestone and dolostone with sandstone Wakefield Marble occurs in Frederick and Carroll Counties. Caves and sinkholes are reported in these units (Franz " ; ‘ s / g - TJB York A €
and shale, marble and marble with inter-layered crystalline rock. Because of this scheme, potential areas in the karst and Slifer, 1971)(K_TYPE=M). o , o i Mi icking Guemsey B Omerset Fuftdrll/ \ Adams 77 S ! Iotcester
of mixed lithologic units are overstated. Areas of soluble rock overlain by thick deposits of glacially derived The Frederick Valley, in Frederick County, is an inlier of Valley and Ridge-type rocks and Triassic and Jurassic Muski - Lé lé ’ A’T JB ”
sediment may be found locally throughout the state. These overlying sediments profoundly affect the expression of basin rocks in the Piedmont Province. Triassic and Jurassic limestone-clast conglomerates of the Leesburg Member lin Skingum G & b > j
karst features. These areas were identified by extracting polygons indicating a glacial overburden greater than 50 ft of the Bull Run Formation extend northward along the western edge of the Culpeper basin from Loudoun County, ; Marshaly e o & ) S il New c ale Atlanti
thick from the dataset of Soller and Packard (1998) and intersecting them with the polygons delineated in the New Virginia through the southern half of Frederick County. These conglomerates are known to be karstic S £ g ,/ Carrojy / 7 Harforq i
YorkTrﬁ)ecrlé g};genr(;l?)%t(gr:tci];if; l%ggsgglllllrsﬁt; giggr)l'tiﬁed in the Atlantic Coastal Plain of New York. In the Piedmont in (K_T'YPE=TJB). The Cambrian Frederick Formation is the primary karstic unit in the Frederick Valley. It is overlain g Fairfigjq Perry e Monrog E J éany / e | h‘f / t
| . 2 <. . . . . . I M s y y & ~
the southeastern part of the state, marble and marble with interlayered crystalline rock occurs in Dutchess County. b]%’ the Gﬁpvfogznrl?t?%%ll%%gas a smaller areal extent but develops a higher density of karst than the Frederick : R e Wi o gia / pan ! Fred8fic1/ e berla
In the narrow Valley and Ridge Province, areas of Paleozoic carbonate rock outcrop were mapped as potentially (Brezinski, K S=FFC). . . . ) . away Morgan etzel _ Garrett Bey (4 :
karstic units (K_TYPE=FFC and FFCG). A belt of Silurian and Devonian limestone and dolomite extend from In the Valley and Ridge Province, potentially Karstic units include: the Tomstown Dolomite, and the » by Preston ; ' c Y Baitjm y Kent Cape %
south-southwest to north-northeast along the west flank of the Hudson River Valley through Orange, Sullivan, Waynesboro Formation, Elbrook Limestone, Conococheague Limestone, Stonchenge Limestone, Rockdale Run Hocking Wa Tyler 4 . O\ ) Z ¢ M 4
Ulster, and Green Counties. At the north end of the province, Cambrian and Ordovician limestone and dolostone Formation, Pinesburg Station Dolomite, Chambersburg Limestone and St. Paul Group undivided [previously called 5 : & =70FEl . Hampsh / HOWard
crop out in Rensselaer, and Washington Counties. These rocks continue to crop out to the north in the St. Lawrence the Stones River Group], Tonoloway Limestone, and the Helderberg Group (K TYPE=FFC). The Tomstown rren ' asan Taylor | |C Fd Vi 5 An%%e” Kent
Ea ley PrOéfmcet in Essex and Clinton Counties and along the shore of the St. Lawrence River in Franklin and St. Dolomite in the Great Valley area of Washington County contains more caves than any other formation in Maryland ’ Ross Athens Doddridgge Hantison (\’ Montgomery °
awrence Counties. ) ) . ) L Franz and Slifer, 1971). : i tou
The Adirondack Province comprises metamorphic rocks and contains marble and marble with interlayered ( The Greenbrier L)imestone is the primary karst forming unit in the Appalachian Plateaus Province and s Vinton Wood Ritchie Barbo Tuck Gyant M- ) TJB € Al
crystalline rock (K_TYPE=M and MG). These areas currently overstate the actual extent of potentially karstic rocks. Maryland’s longest cave, Crabtree Cave, in Garret County, is developed in it (K_TYPE=GC) Hamj GC Highlang ur & fq \ A ardlin 40° North
Two belts of Silurian to Devonian dolostone and limestone trend from east to west across the northern part of r}f) . 26%01 “tod on the karst hvd 1 yf’ the H P A Vallev (Great Vallev). The relationshi = Meigs Hard, A N Anli '99ton albot
the Appalachian Plateaus Province from Albany County into Onondaga County. These belts continue to the west into uigon (2001) reported on the karst hydrogeology of the Hagerstown Valley (Great Valley). The relationship o } Pike Wirt Lewis ) Fairfax p;
the Central Lowlands through the counties south of Lake Ontario to the Niagara River. These areas are classified as between the stratigraphy and karst development in the Frederick Valley has been described by Brezinski (2004). The ermont Jackson Gil e 8, - A Sussdy
K TYPE=GC and GCG. “Caves of Maryland” (Franz and Slifer, 1971) is the classic state cave publication, superceding an earlier book by Boone o , - mer Upshur / ! Geor
" The most popular caving area in New York is the area along the eastern edge of the Appalachian escarpment Davies (1950). The Maryland Geological Survey hosts a karst and a cave information page on the internet entoh ~amRpel| Brown Y alhoy Randolgh 4/ ier \ Prince &
southwest of Albany. The largest concentration of caves extends from the Onesquethaw Creei Valley westward to http://www.mgs.md.gov/esic/features/caves.html. Adams Scioto Galli ackson £ /X / Réppahanng, Witliam
the area of Cobleskill. Howe Caverns, New York’s best known commericial cave, is developed in the The NSS held its 1952 annual convention in Hagerstown, Maryland. i . IE] M. B F{e Alefdn M Charles Calviert Orchester
Sllurlan—Deﬁfol?lan Coeymans, Marl;lllu}sl, 'lend Rondout Limestones in this area of Schoharie County. A description of 7 Satiaty S oane axton A/ L Wic
caves in Schoharie County was published by the NSS in 1966. endleton|Bracken ~ [ ¢ Cul mico
New York has hosted one NSS national convention, in Cobleskill in 1991. imb| Carrolj Grant = wren Roc i ey Staffo Q
85° West Greeny Webster Madison rys Orcestdr
Pennsylvania Owen Obertso Lewis . Putnam Clay ing:Ge S :
. org Oferset,
. . . . . /, He ; y/ JJB—4 Fé
Pennsylvania spans, from east to west, the Piedmont, Blue Ridge, Valley and Ridge, and Appalachian Plateaus / OldHam ‘% Harrisop Fleming Boyq Cabel) Kana Pocahonts, Greene Qrﬁnge Spotsylyani W $
Provinces and is underlain by chiefly Paleozoic sedimentary rocks. Pleistocene glacial sediments, locally more than b Nichola Chrte wha Nicholag y g FF ant ©Stor
50 ft thick, overly the bedrock in northern parts of the state (Soller and Packard, 1998). Scott £ g //
Potentially karstic units for Pennsylvania were derived from a digital version of the 1:250,000-scale state Shelby- |-rankiih B R Li )/ s Caroline : Nérth )
geologic map published on the internet by the Pennsylvania Geological Survey (Miles and others, 2001). Q Jefferson ¥ Ourbon Owary Wayne incain [/ Albemarje Louisa ichmon 5 and . %
In the Piedmont, {)rimarily in Chester County, Lower Paleozoic marbles that may be karstic (K_TYPE=M) ) Bath Elliott L . 77 Esse ‘ {
include the Cockeysville, Franklin, and Wakefield Marbles. Triassic limestone conglomerates are found in Mesozoic Q{[ "VE’Q A Fa awrence Boone Fayette crdl 8 / TJB— - %
basins in a northeast to southwestward-trending belt in Berks, Lancaster, Lebanon, York, and, Adams Counties Pencer Anders C0dforqg "ayette Ntgome Snbrier /4 Fluvanng » > t ack éy
(K_TYPE=TJB). O Meade Bulitf 9, Clark Wisnites R Neison Hanover = Sagiag Wilemeac, QUden
No karstic units were identified in the Blue Ridge Province of Pennsylvania. . (\X anc Morgan GC| / /Aiedh Goochlang id QS
In the Valley and Ridge Province, including the Hamburg klippe, 1potentlall karstic rock units range from Early O H Ssamj Powel Johnson Mart Logan Ralei /
to Late Paleozoic ages. These are classified K_TYPE=FFC. Units (listed alphabetically) include the: Allentown, enderson . Breckinridge Nelson Mercer n Mi aleigh 7 / ~FFC Po
Annville, and Axemann Formations; Beekmantown Group, Bellefonte and Axemann Formations, undivided, Benner Daviess Hardin Washj Madi Wolfe Magoffin "Ngo / ' Amherst Buckingham Whatan I New Kent ws N,
and Loysburg Formations undivided, Bloomsburg and Mifflintown Formations, undivided, Buffalo Springs Union Sfington Gatr adison,, | Estilf Wyam: Summers M Cymberidn Henric olic o
Formation, Buttermilk Falls Limestone, Chambersburg, and Coburn Formations, Coburn through Nealmont GC Boyle » Lee Floyd yoming ME 7 Ny 4 Chesterfig) d
Formations, undivided, Conestoga Formation, Decker through Poxono Island Formations, undivided, Elbrook and Webste McLea N Mario B y i d Charles cit, %n,"'t
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West Virginia

West Virginia is situated chiefly in the Valley and Ridge and Appalachian Plateaus Provinces with a very thin
sliver of Blue Ridge along the northeastern edge of the eastern panhandle in Jefferson County. No karst is reported
in the Blue Ridge. The Valley and Ridge in the eastern part of the state comprises folded and faulted Paleozoic
sedimentary rocks. Upon weathering and erosion, the coarser siliciclastic rocks form ridges, and the shales and
carbonate form rocks valleys. Karstic units in these areas are classified K TYPE=FFC. The Applachian Plateaus in
the western part of the state comprise gently folded to flat lying upper Paleozoic rocks, which are exposed in broad
areas or dendritic belts along incised stream valleys. Karstic units in this area are classified K TYPE=GC. Most of
West Virginia karst is developed along linear carbonate valleys in Cambrian to Mississippian carbonates in both the
Valley and Ridge and Appalachian Plateaus Provinces.

A digital karst map of West Virginia was produced by the West Virginia Bureau of Public Health (1998) by
extracting the limestone and dolomite units from the statewide geologic coverage (Cardwell and others, 1968) to
create a separate karst GIS coverage. This was used as the basis for the West Virginia portion of this map along with
the addition of areas of the Pennsylvanian Monongahela Group in Monongalia, Marion, and Harrison Counties in the
north-central part of the state. The Monongahela Group includes the Benwood limestone (informal unit), which is
significantly thick (as much as 70 ft)(K_TYPE=IC). No references mentioning the presence of caves were found for
the Benwood. The aerial extent of the Monongahela Group was digitized from a scan of the West Virginia state
geologic map (Cardwell and others, 1968), but arbitrarily limited to approximately the area indicated by Davies and
others (1984) in chiefly Monongalia, Marion, and Harrison Counties. Small, sparsely distributed areas of this unit
also occur in Preston and Mineral Counties. Unfortunately Davies and others (1984) did not document the reasons
for classifying this unit as karstic.

Similar to Virginia, West Virginia was the location of some of the earliest cave exploration and research in the
United States. The “Caverns of West Virginia” revised, supplemented, and republished by the West Virginia
Geological Survey (Davies, 1958; 1965) is the classic state cave book. More recently the West Virginia
Speleological Survey has issued a series of bulletins on West Virginia caves and karst (http://www.wvass.org/).
Jones (1997) published a Karst Hydrology Atlas of West Virginia with numerous spring descriptions and dye-trace
maps.

West Virginia has several notable karst areas. The eastern Panhandle, comprising Berkeley and Jefferson
Counties has numerous sinkholes, springs and caves developed in lower Paleozoic carbonates of the Great Valley.
Caves are most plentiful in areas adjacent to the Potomac River, which incises the valley along the northern state
border. Pendleton County is famous for areas of chiefly Ordovician and Devonian limestone with numerous caves
and other karst features developed in them. Germany Valley, a breached anticline in Ordovician limestone in the
west-central part of Pendleton County, contains Schoolhouse, Hellhole, and other historically notable caves. To the
west of the Allegheny structural front, belts of Mississippian Greenbrier Limestone crop out and produce some of
West Virginia’s largest caves and most spectacular sinkhole plains. The most intense karst development is in the area
of the valley of the Greenbrier River in Pocahontas, Greenbrier, and Monroe Counties in the southeastern part of the
state. Notable caves in this area include Organ Cave and the Friars Hole system.

West Virginia has hosted 4 NSS national conventions: Charleston, 1951; Morgantown, 1976; Elkins, 1983, and
Daily, 2000.

Ohio

Ohio lies in the Appalachian Plateaus, Interior Low Plateaus, and Central Lowland Provinces. The karst areas
for Ohio were derived from a state karst map developed by the Ohio Geological Survey (Pavey and others, 2002) that
shows areas of known and probable karst. Most Ohio karst is developed on relatively flat-lying Ordovician, Silurian,
and Devonian carbonate rocks in the Central Lowlands in the southwestern part of the state. Most of the Ordovician
and Devonian karstic rocks are limestone and shaley limestone. Most of the Silurian rocks are dolomite. The bedrock
of the northern part of the state is overlain by glacially derived sediments that profoundly suppress the expression of
karst features. These areas were identified by extracting polygons indicating a glacial overburden greater than 50 ft
thick from the dataset of Soller and Packard (1998) and intersecting them with the polygons delineated in the Ohio
karst map (Pavey and others, 2002). Most of the potentially karstic areas delineated in Ohio on this map are classified
as K TYPE=GC and GCG.

In the Appalachian Plateaus a small area of potentially karstic rocks was added to the eastern edge of the state
in Mahoning County. This is based on reported caves and karst features in the Pennsylvanian-aged Vanport
Limestone in Pennsylvania (Sasowsky and others, 2003) and the existence of similar lithology in eastern Ohio (Rice
and others, 1994). In addition, areas of Monongahela Group, that contain the Benwood limestone (informal unit)
outcrop were extended from Pennsylvania to the southwest into the West Virginia Panhandle and into Belmont,
Jefferson, and Harrison Counties the eastern part of Ohio (K_TYPE=IC). These areas are arbitrarily cut off to the
west approximating areas mapped by Davies and others (1984). Unfortunately, that publication does not document
the reasons for classifying this unit as karstic. These areas are chiefly clastic bedrock with some freshwater
limestones exposed in the sides of stream valleys. The Ohio Geological Survey does not classify this unit as karstic
and only a few informal, references were found mentioning small karst springs and thin karst aquifers in these rocks.
Future work may refine the areas delineated or may support elimination of these areas from future versions the map.

The USGS is mapping components of shallow, conduit-dominated karst aquifers in the Interior Low Plateaus
Province of Kentucky, Tennessee, Indiana, Alabama, and Ohio based on topographic and other data (Taylor and
others, 2005).

Caves in Ohio are distributed relatively evenly across the western part of the state in areas without thick glacial
deposits. Six commericial caves are currently operating in Ohio, two on South Bass Island in Lake Erie, and the rest
in the central part of the state.

Virginia

The state of Virginia spans the Atlantic Coastal Plain, Piedmont, Blue Ridge, Valley and Ridge, and
Appalachian Plateaus Provinces. Bedrock units with carbonate lithologies were identified from map descriptions
accompanying the digital state geologic map (Virginia Division of Mineral Resources, 2003). Mapped areas of
carbonate rocks in the Valley and Ridge Province were further edited over regional karst maps of Hubbard (1983,
1988, 2001) to improve detail and accuracy. Data from an unpublished map of the Atlantic Coastal Plain (W.L.
Newell, unpub. data, 2008) were used to modify some Coastal Plain areas near the Virginia-North Carolina state line
in the southeastern part of the state.

In the Coastal Plain, parts of the Chesapeake Group develop broad, shallow sinkholes due to dissolution of shell
concentrations, chiefly in the Yorktown Formation. Some of these sinkholes contain ecologically significant
wetlands (K TYPE=CPU).

In the Piedmont, a small area of Frederick Limestone extends to the south across the Potomac River from
Frederick County, Maryland into the northern part of Loudoun County, Virginia (K _TYPE=FFC). Triassic to
Jurassic rift basins in the Virginia Piedmont contain Newark Supergroup conglomerates, some of which contain a
large percentage of limestone clasts. The Leesburg Member of the Balls Bluff Siltstone in the northern Culpeper
basin is known to contain sinkholes, small caves, and karst springs (Douglas, 1964) (K_TYPE=TJB). This karst area
extends from Loudoun County, Viginia to the north into Frederick County, Maryland, where it is a significant karstic
unit (Brezinski, 2004). The Everona Limestone crops out in a narrow band from southwest to northeast in central
Orange County. A small area of Candler Formation limestone crops out in western Buckingham County. Both are
classified as K TYPE=FFC.

Narrow belts of banded marble Alligator Back Formation crop out in the Blue Ridge and Piedmont in Franklin,
Pitttsylvania, Campbell, Appomattox, Amherst, Nelson, and Buckingham Counties. Small areas of unnamed marble
also crop out along the eastern part of the Blue Ridge in Madison, Culpeper, and Loudoun Counties. All of these
units are classified K TYPE=M.

In the Valley and Ridge, potentially karstic units (K TYPE=FFC) include: the Beekmantown Group
[particularly in the Great Valley]; Chepultepec and Copper Ridge Formations undivided; Conococheague
Formation; Cove Creek Limestone; Edinburg Formation, and Lincolnshire and New Market Limestones, undivided;
Elbrook Formation; Greenbrier Limestone; Hancock Formation, Rose Hill Formation and Clinch Sandstone,
undivided [only the Hancock is a carbonate]; Hardy Creek Limestone through Dot Limestone; Juniata, Oswego,
Martinsburg (Reedsville and Dolly Ridge Formations), and Eggleston Formations, undivided [only the Dolly Ridge
and Eggleston are carbonates]; Juniata, Reedsville, Trenton, and Eggleston Formations [only the Trenton and
Eggleston are carbonates]; Knobs Formation, Paperville Shale, and Lenoir and Mosheim Limestones, undivided [the
Knobs and Paperville are not carbonates] ; Lower Devonian and Silurian rocks, undifferentiated [includes the
Helderberg Group carbonates and the Oriskany Sandstone]; Mascot and Kingsport Dolomites, undivided; Moccasin
or Bays Formation through Blackford Formation [only the Moccasin is a carbonate]; Nolichucky and Honaker
Formations undivided; Nolichucky Formation and Maryville Limestone undivided; Ridgeley Sandstone, Helderberg
and Cayuga Groups, undivided [limestone and dolomite in the Helderberg Group are the chief carbonates];
Sequatchie Formation, Reedsville Shale, Trenton Limestone, and Eggleston Formation undivided; Tomstown
Dolomite; Shady Dolomite; Waynesboro Formation and Tomstown Dolomite undivided. A small area near the town
of Saltville, Smyth County, has experienced local subsidence associated with historic extraction of salt and gypsum
from the Maccrady Shale.

No potentially karstic units were mapped in the Appalachian Plateaus Province, located in the extreme
southwestern part of the state, where most of the bedrock is Pennsylvanian siliciclastic rocks.

Virginia is one of the earliest states with a cave exploration legacy, including America’s first published cave
map, drawn by Thomas Jefferson (1787). Classic Virginia cave references include: “The Caverns of Virginia”
(McGill, 1933), “The Caves of Virginia” (Douglas, 1964) and “Description of Virginia Caves” (Holsinger, 1975).
As of 2002 the Virginia Cave Survey reported more than 4000 cave mark (Lucas and Collings, 2002).

Sinkhole distributions in various parts of Virginia have been mapped by the Virginia Department of Mineral
Resources (Hubbard, 1983, 1988, 2001).

Most Virginia karst occurs in the Valley and Ridge Province along the western margin of the state. The
Shenandoah Valley area is well-known for show caves including Luray Caverns and Grand Caverns (Weyers Cave);
both developed in lower Paleozoic carbonate rocks. Further to the west in Highland and Bath Counties, Burnsville
Cove is famous as the home of Breathing Cave and the Butler Cave-Sinking Creek system and the location of
numerous karst geological investigations (White, 2003). The Burnsville Cove caves are developed in
Silurian-Devonian carbonates. Karst is very well developed in areas of Greenbrier Limestone in Scott, Lee, and Wise
Counties in the far western part of the state. The longest cave in Virginia, the Omega Cave system, is located in Wise
County.

Virginia has hosted five NSS national conventions: Natural Bridge, 1955 and 1957; Mountain Lake, 1963; and
Blacksburg, 1971 and 1995.

Kentucky

Kentucky spans, from east to west, parts of the Valley and Ridge, Appalachian Plateaus, Interior Low Plateaus,
and Mississippi Alluvial Plain Provinces. The Kentucky Geological Survey has published a karst map of the state at
1:500,000 scale (Paylor and Currens, 2001) that divides the state into areas of high, moderate, and low potential for
karst development, based on lithology. This map was accepted in its entirety for coverage of the karst areas of
Kentucky, except the areas with low karst potential which were deleted, and the areas of moderate to high potential
that were combined and mostly classified as potential karst in gently-folded to flat-lying carbonates (K_TYPE= GC).
In future versions these areas may be delineated. Most Kentucky karst is developed on Mississippian limestone along
the edge of the Appalachian Plateaus in the eastern part of the state and in the western part of the state in areas
flanking the Jessamine (Lexington) dome and the Cincinnati arch. A solitary thin belt of karstic Mississippian
limestone is also exposed along the Pine Mountain thrust in eastern Kentucky in Whitley, Bell, Harlan, Letcher, and
Pike Counties (K TYPE=FFC). Karst is also well-developed in the Ordovician-aged limestone and dolomite
exposed in the core of the Jessamine (Lexington) dome, the Bluegrass region, in the environs of the city of
Lexington.

The Kentucky Geological Survey (http://www.uky.edu/KGS/) actively studies karst issues and has incorporated
discrete karst features such as springs, dye-traces, and spring-shed basins into many of their digital geologic maps.
They also have a sinkhole database that can be downloaded from the internet by county
(http://www.uky.edu/KGS/gis/sinkpick.htm). This database was used by Florea (2006) in an analysis of coincidence
of sinkhole locations and geologic structure in Kentucky. A pair of maps assessing the ground-water contamination
potential and sinkhole flooding and collapse hazards for Kentucky karst have been published by Crawford and
Webster (1986a and b). Numerous karst and cave papers have been published in association with multidisciplinary
studies in and around the Mammoth Cave National Park area.

The USGS is mapping components of shallow, conduit-dominated karst aquifers in the Interior Low Plateaus
Province of Kentucky, Tennessee, Indiana, Alabama, and Ohio based on topographic and other data (Taylor and
others, 2005).

Kentucky is famous for the numerous and large cave systems developed in the central Kentucky karst.
Mammoth Cave, the most famous of all, is the world’s longest cave with a published, mapped length of 367 mi (590
km) as of August 1, 2007 (Gulden, 2007).

Four NSS annual conventions have been held in Kentucky: Louisville, 1953; Bowling Green, 1981; and
Frankfort, 1985; and Mt. Vernon, 2001.

Tennessee

Tennessee contains areas of the Blue Ridge, Valley and Ridge, Appalachian Plateaus, Interior Low Plateaus,
Eastern Gulf Coastal Plain, and the Mississippi Alluvial Plain provinces. Bedrock units with carbonate lithologies
were identified from map descriptions accompanying the digital state geologic map (Tennessee Division of Geology,
1966; Greene and Wolfe, 2000).

No lithologic units in the Tennessee Blue Ridge were identified as potentially karstic.

Lithologic units identified as being potentially karstic in the Valley and Ridge Province include the: Bangor
Limestone and Hartselle Formations, undivided (only in the extreme western parts of the province); Bigby-Cannon
Limestone; Carters Limestone; Chepultepec Dolomite; Chickamauga Group; Copper Ridge Dolomite; Conasauga
Group; Conococheague Limestone; Devonian rocks undifferentiated; Greasy Cove Formation; Holston Formation;
Honaker Dolomite; Jonesboro Limestone; Kingsport Formation; Knox Group; Lenoir Limestone; Longview
Dolomite; Mascot Dolomite; Maryville Limestone; Maryville Limestone, Rogersville Shale, and Rutledge
Limestone undivided; Maynardville Limestone; Monteagle Limestone (only in the extreme western parts of the
province); Newala Formation; Newman Limestone; Nolichucky Shale; Ottosee Shale; Upper Ordovician rocks
undifferentiated; Ordovician breccia; Pennington Formation (western part); Ridley Limestone (westernmost part of
Province); Rogersville Shale (westernmost); Rutledge Limestone; Sequatchie Formation; Shady Dolomite; Silurian
rocks undifferentiated (westernmost); Sneedville Limestone; St. Louis and Warsaw Limestones, undivided (in
westernmost), unnamed limestone unit of Martinsburg Shale; Wells Creek Dolomite and Knox Group, undivided;
and the Wells Creek Formation. These were all classified K TYPE=FFC.

In the Appalachian Plateaus Province, potentially karstic lithologic units (K TYPE=GC) include: the Bangor
Limestone and Hartselle Formation, undivided (also in western Valley and Ridge); Lebanon Limestone; Monteagle
Limestone (also in western valley and ridge); Pennington Formation (also in western Valley and Ridge).

Potentially karstic lithologic units in the Interior Low Plateaus (K TYPE=GC) are the Pierce and Murfreesboro
Limestones undivided; Ridley Limestone; Rogersville Shale; Silurian rocks undifferentiated; Ste. Genevieve
Limestone; St. Louis and Warsaw Limestones, undivided; Wells Creek Dolomite and Knox Group, undivided
(limited to the Wells Creek structure).

Potentially karstic units in the Gulf Coastal Plain are few in number and limited to the area near the Mississippi
border. These include the areas underlain by the Demopolis Chalk which extends for a short distance from
Mississippi northward into Tennessee, where it becomes a non-karstic marl and calcareous clay (Tennessee Division
of Geology, 1966) (K_TYPE=CPU). The belt defined by the Ripley Formation extending out of Mississippi from the
south is terminated in McNairy County as it grades into the Coon Creek Formation, a micaceous sand (Tennessee
Division of Geology, 1966)(K_TYPE=CPU). The area defined by the Clayton Formation extends northward out of
Mississippi into Hardeman County, where it is mapped as part of the Midway Group and contains an impure
fossiliferous limestone at its base (K_TYPE=CPCR).

The Tennessee Division of Geology has published an information booklet on subsidence and sinkholes in the
eastern part of the state (Kohl, 2001). A karst hazards map of Tennessee was published by Miller (1977) showing
“karst areas” based primarily on lithology and “areas with a high density of karst features” based on topographic data
and ground observations. A more recent map showing a grid of values for an index of karstification, based on a
sinkhole index derived from analysis of topographic contour lines, was produced by Shofner and others (2001).

The USGS is mapping components of shallow, conduit-dominated karst aquifers in the Interior Low Plateaus
Province of Kentucky, Tennessee, Indiana, Alabama, and Ohio based on topographic and other data (Taylor and
others, 2005).

The largest concentration of caves occurs in Mississippian limestone, particularly in the south-central part of the
state, which is part of the Tennessee, Alabama, and, Georgia (TAG) caving region, famous for large pit caves. The
Tennessee Cave Survey (TCS) reports over 8,900 caves in its files as of 2006 (Tennessee Cave Survey, 2006). An
organization called “Tennessee Caves” has established a website on the internet that enables users to search by
county for descriptions of Tennessee caves (http://www.tennesseecaves.com).

Tennessee is tied with Virginia for having hosted the most NSS national conventions (5): Nashville, 1956;
Gatlinburg, 1958; Chattanooga, 1961; and Sewanee, 1989 and 1998.

North Carolina

North Carolina spans an area extending from the Atlantic Coastal Plain in the east through the Piedmont and
Blue Ridge provinces to the west. Potentially karstic areas were delineated from the digital state geologic map (North
Carolina Geological Survey, 1999) with some modification in the Coastal Plain using data from an unpublished map
of the Atlantic Coastal Plain (W.L. Newell, unpub. data, 2008).

In the Coastal Plain, unconsolidated units with significant calcareous horizons (K_TYPE=CPU) include: the
Yorktown and Duplin Formations, undivided, in areas north of the Neuse River. South of the river, these carbonates
are indurated into limestone. The upper part of the Peedee Formation contains patchy distributions of limestone.

Costal Plain limestones (K_TYPE=CPCR) include the Yorktown and Duplin Formations, undivided, in arecas
south of the Neuse River; the River Bend Formation; Castle Hayne Limestone; and the Peedee Formation, which has
patches of sandy molluscan-mold limestone in its upper part. The belt represented by the Yorktown and Duplin
Formations is relatively broad in North Carolina, compared to the area of comparative strata to the north in Virginia.
This is because various overlying surficial, siliciclastic units were mapped together with carbonates in Virginia.

In the Piedmont, rocks of the Brevard fault zone were mapped as potentially karstic since they contain lenses of
marble. This belt extends from Caldwell County to the southwest into South Carolina. ~An area of Blacksburg
Formation, a sericite schist and phyllite containing the Gaffney Marble Member (Horton, 1984) extends from
Catawba County to the southwest into Cherokee County, South Carolina. A body of metagraywacke and
muscovite-biotite schist containing minor marbles was mapped in the central Piedmont in Yadkin, Forsyth, Surry,
Stokes, and Rockingham Counties. All of these areas were classified as K TYPE=M.

In the Blue Ridge, units with potential for karst include: the Anakeesta Formation, which locally contains some
thin limestones and dolomites; the Pigeon Siltstone, which contains silty metalimestones and the Sandsuck

Formation which contains minor metalimestone. All three units crop out in the Smokey Mountains along the
North Carolina — Tennessee border. The Shady Dolomite and Rome Formation also locally crop out in the Blue
Ridge, where they are exposed in structural windows. Linville Caverns, North Carolina’s only commercial cave, is
located in a belt of these rocks in northern McDowell County. These areas were classified as K TYPE=FFC.

Two belts of Murphy Marble occur in Cherokee County in the extreme southwestern part of the state. One
strikes southwestward to the Georgia state line, but was not mapped as a distinct unit in Georgia (Alhadeff and
others, 2001). Areas of metasiltstone, locally containing marble, were mapped in Avery and Watauga Counties.
These areas were classified as K TYPE=M.

The North Carolina Geological Survey reports sinkhole collapse hazard potential in the Coastal Plain counties
of Brunswick, New Hanover, Pender, Onslow, Jones, Craven, Lenoir, and Beaufort. These areas are underlain by
the Castle Hayne Limestone, and the Belgrade and River Bend Formations
(http://www.geology.enr.state.nc.us/Geologic_hazards sink holes karst/sinkholes.htm).

North Carolina is not known for a large number of solution caves. Bat Cave in Henderson County, the longest
cave in the state at a little over a mile of passage, is a fissure cave formed in gneiss (Gulden, 2007).

South Carolina

South Carolina lies in the Atlantic Coastal Plain, Piedmont, and Blue Ridge Provinces. Source data for the Blue
Ridge and Piedmont Provinces came from Horton (2001) and for the Coastal Plain from an unpublished map of the
Atlantic Coastal Plain (W.L. Newell, unpub. data, 2008).

Unconsolidated calcareous sedimentary units (K_TYPE=CPU) in the South Carolina Coastal Plain include the
Duplin Formation, which is locally calcareous. It has been suggested that karstic solution in the Duplin may be
responsible for formation of some Carolina bays (Willoughby, 2007). The Duplin outcrop belt extends for a short
distance to the southwest into Georgia and northeastward through North Carolina.

Lithologic units identified as bearing potentially karstic carbonate rocks in the Coastal Plain (K_TYPE-CPCR)
include the Goose Creek Limestone (Bear Bluff Formation of Campbell, 1992), Waccamaw Formation, and Peedee
Formation; Peedee Formation and Providence Sand, undivided; and, Peedee and Black Creek Formations,
undivided.

Three areas of potential for karst formation in the Piedmont were mapped where metamorphic rocks containing
marble crop out. The first straddles the Laurens and Union Counties line and comprises a mass of biotite gneiss with
interlayered marble and other lithologies (Horton, 2001). The second is an area defined by the outcrop of the
Blacksburg Formation, a sericite schist and phyllite, containing the Gaffney Marble Member (Horton, 1984). This
area is located in Cherokee County and extends across the northern state border into North Carolina. The third area
is a belt in Oconee County along the Brevard fault zone, which contains mylonites and marbles. This belt, along the
boundary between the Piedmont and Blue Ridge Provinces, probably extends to the southwest into Georgia, but was
not mapped as a discrete unit on the Georgia state map (Alhadeff and others, 2001). These areas were classified as
K _TYPE=M.

Although not generally know as a cave state, there is a “Caves of South Carolina” book (Holler, 2000).

Georgia

Georgia lies in the Atlantic and Gulf Coastal Plains, Piedmont, Blue Ridge, Valley and Ridge, and Appalachian
Plateaus Provinces. The small area of the Appalachian Plateaus Province in the northwest corner of Georgia lies east
of the Allegheny structural front, and so geologically is considered part of the folded and faulted Appalachians.

A combination of sources was used for delineation of potentially karstic strata in Georgia: Data for the Atlantic
Coastal Plain primarily came from an unpublished map of the Atlantic Coastal Plain (W.L. Newell, unpub. data,
2008). In southwestern Georgia in Decatur, Grady, and Mitchell Counties, an unpublished sinkhole data set supplied
by Roger Moore, a National Speleological Society member, was used to delineate additional areas of karst. The
digital state geologic map by Alhadeff and others (2001), which is based on the sate geological map of Lawton and
others (1976), was used for the Coastal Plain, Piedmont, Blue Ridge, and Valley and Ridge Provinces.

Unconsolidated sediments with a calcareous component in the Georgia Coastal Plain (K_TYPE=CPU) include
areas of the Duplin Formation extending to the southwest from an outcrop belt in South Carolina into parts of
Screven, Effingham, and Bulloch Counties.

Indurated carbonate-bearing units in the Georgia Coastal Plains with potential for karst (K_TYPE=CPCR) are:
the the Goose Creek Limestone, which extends in a belt along the eastern part of the Coastal Plain from north to
south from Effingham County through Charlton County and into the state of Florida. An area of exposure of
dolomite of the Hawthorn Formation occurs in Decatur, Grady, Thomas, Brooks, Lowndes, Echols, Mitchell,
Colquitt, Cook, Berrien, Worth, and Tift Counties along the southern state line. Both caves and sinkholes are
developed in this unit. A small area of Washington County contains the Sandersville Limestone Member of the
Barnwell Formation, which has its type section exposed in a sinkhole (Huddleston and Hetrick, 1985).

Eocene, Oligocene, and Miocene carbonates including the Hawthorn Formation, and Ocala and Suwannee
Limestones, undivided, crop out in a belt across the middle of the state from South Carolina to the southwest into the
Georgia-Alabama-Florida tri-state area. This belt is dissappears to the west at the Alabama state line (Chattahoochee
River) where it becomes mantled by younger siliciclastic sediments. Numerous sinkholes are developed on this
outcrop belt in southwestern Georgia and in adjacent areas (not delineated on this map) where a thin mantle of
siliclastic sediments lies over the carbonates. A small area of Cooper Marl, which contains sandy, phosphatic
limestone, was mapped in Emanuel and Jenkins Counties in the northeastern part of the state.

In the Georgia Piedmont, small areas of marble and calcareous mica schist/micaceous marble/mica schist are
mapped as K TYPE=M in Gilmer, Pickens, and Cherokee Counties. Several cave locations appear to be associated
with these areas (Anderson, 1993). It is possible that pods of marble also exist locally along the Brevard fault zone
which extends from the Georgia-South Carolina line in Habersham County across the state to the southwest through
Heard County and into Alabama.

No carbonate rocks were mapped for the small area of Blue Ridge Province in Georgia.

In the Valley and Ridge, and Appalachian Plateaus Provinces, potentially karstic units include the: Bangor
Limestone, Chota Formation, Conasauga Group, Copper Ridge Dolomite, Devonian and Mississippian rocks,
undifferentiated, Fort Payne Chert, Holston Limestone, Knox Group undifferentiated, Newala Limestone,
Pennsylvanian rocks, undifferentiated, Sandersville Limestone, Shady Dolomite, and an unnamed limestone
member in Floyd County. All of these areas were classified as K TYPE=FFC.

Most solution caves in Georgia are located in the Valley and Ridge, and Appalachian Plateaus Provinces
(Anderson, 1993). This falls into the Tennessee, Alabama, and, Georgia (TAG) caving region. The Mississippian
aged Bangor Limestone is the most cave-rich lithologic unit in the state (Anderson, 1993).

Alabama

Alabama lies within the Eastern Gulf Coastal Plain, Piedmont, Blue Ridge, Valley and Ridge, and Appalachian
Plateaus Physiographic Provinces. These areas are underlain by Proterozoic to Holocene sedimentary and
metamorphic rocks.

Bedrock units with carbonate lithologies were identified from map descriptions accompanying the digital state
geologic map (Geological Survey of Alabama, 2006).

Potentially karstic unconsolidated sedimentary units in the Coastal Plain (K TYPE=CPU) include the:
Demopolis Chalk, Mooreville Chalk, and the Prairie Bluff Chalk. There is a slight discontinuity across the
Mississippi state line in the area defined by the outcrop belt of the Mooreville Chalk because extensive overlying
surficial alluvial and terrace deposits were mapped along with this unit in Alabama but not in Mississippi.

Potentially kastic, indurated carbonate-bearing units in the Coastal Plan (K_TYPE=CPCR) include the: Jackson
Group, Oliogocene rocks undifferentiated, Porters Creek Formation, and the Salt Mountain Limestone. A cluster of
cave locations (David Culver, unpub. data) along the upper part of the Chipola River drainage in Houston County,
in the southeast corner of the state suggests that the karstic Eocene limestone belt mapped in the southwestern part
of Georgia extends, at least in the shallow subsurface, into this part of Alabama.

Several belts of Paleozoic carbonate rocks extend from the northeastern corner of the state to the central part of
the state in the Valley and Ridge Province. Potentially karstic bedrock units in these rocks (K_TYPE=FFC) include
the: Athens Shale, Bangor Limestone, Bibb Dolomite, Brierfield Dolomite, Chepultepec and Copper Ridge
Dolomites, undivided, Chickamauga Limestone, Conasauga Formation, Copper Ridge Dolomite, Floyd Shale,
Gooch Branch Chert , Inman Formation, Ketona Dolomite, Knox Group, Leipers Limestone, Lenoir Limestone and
Athens Shale, undivided, Longview Limestone, Monteagle Limestone, Newala Limestone, Newala, and Longview
Limestones undivided, Pennington Formation, Pride Mountain Formation, Sawyer Limestone Member of the
Brewer Phyllite, Sequatchie Formation, Shady Dolomite, Tuscumbia Limestone, and the Tuscumbia Limestone and
Fort Payne Chert, undivided.

The Fort Payne Chert was originally included as a potentially karstic unit, because it contains limestone.
However, it was eliminated after a comparison with the lithologic description of its occurrence in Tennessee as well
as the distribution of caves in the area based on a regional cave location database (David Culver unpub. data). The
cave location data do suggest that cave entrances may be concentrated near the contact with the overlying
Mississippian Tuscumbia Limestone, possibly due to perching of water above the chert-rich Fort Payne.

Gently folded and faulted Paleozoic rocks in the northern and northwestern part of the state (K_TYPE= GC)
include the: Bangor Limestone, Bangor and Monteagle Limestones, undivided, Monteagle Limestone, Pennington
Formation, Pride Mountain Formation and Monteagle Limestone, undivided, Pride Mountain Formation,
Sequatchie Formation, Silurian rocks undifferentiated, and the Tuscumbia Limestone.

The Alabama part of the Blue Ridge province contains potentially karstic marbles (K_TYPE=M) including: the
Chewacla Marble, Gantts Quarry Formation, Sawyer Limestone Member of the Brewer Phylite, and the

Shelvin Rock Church Formation. These occur in Talladega, Shelby, Chilton, and Lee Counties in the central part of
the state.

The Geological Survey of Alabama has a Geological Hazards Program with information on sinkholes and
subsidence hazards available on the internet at: http://www.gsa.state.al.us/gsa/geologichazards/index.html. A
generalized state map of areas of active sinkholes shows subsidence in the Jackson Group of the Coastal Plain
(K_TYPE= CPCR), small areas of Chewacla Marble in the Piedmont in Lee County (K_TYPE=M), and throughout
the potentially karstic areas delineated for the Valley and Ridge and Appalachian Plateaus Provinces.

The USGS has a project that is mapping components of shallow, conduit-dominated karst aquifers in the Interior
Low Plateaus Province of Kentucky, Tennessee, Indiana, Alabama, and Ohio based on topographic and other data
(Taylor and others, 2005).

The northeastern corner of the state, which contains karstic Cambrian to Mississippian limestone units is part of
the Tennessee, Alabama, and, Georgia (TAG) caving region famous for large pit caves. As of 2006, there were 4231
caves listed in the records of the Alabama Cave Survey (Hall, 2006).

The NSS has held 2 national conventions in Alabama, one in Birmingham in 1967, and the other in Huntsville
in 2005.

Mississippi

Physiographically, Mississippi lies mostly in the Eastern Gulf Coastal Plain Province with a very minor portion
in the northeastern part of the state in the Appalachian Plateaus. The state is primarily underlain by sedimentary
rocks of Holocene to Cretaceous age with a small area in the northeastern corner of the state underlain by Devonian,
Mississippian, and Pennsylvanian sedimentary rocks. Geologic units with potential for karst development were
extracted from state Geologic maps (Bicker, 1985; Booth and Schmitz, 1983).

Coastal Plain unconsolidated sedimentary units (K_TYPE= CPU) include the: Demopolis Chalk; Mooreville
Chalk; Prairie Bluff Chalk and Owl Creek Formations south of an arbitrary point in mid-Pontotoc County where it
grades to the north into the Owl Creek Formation which is glauconitic, sandy clay. The area defined by the
Demolpolis Chalk was extended for a short distance into Tennessee where it becomes a marl and calcareous clay
(Tennessee Division of Geology, 1966). There is a slight discontinuity across the Alabama state line in the area
defined by the outcrop belt of the Mooreville Chalk. This is because extensive overlying surficial alluvial and terrace
deposits were mapped in Alabama and not in Mississippi. Similarly, there is a slight discontinuity were the Coastal
Plain karstic units pass to the north from Mississippi into Tennessee

Coastal Plain carbonate-rock-bearing units (K_TYPE= CPCR) include the: Clayton Formation; Cook Mountain
Formation (only in counties south of the Pearl River) in the southeastern part of the state, where it contains
limestone; Forest Hill Formation and Red Bluff Clay in Wayne and Clarke Counties, in the southeastern part of the
state, where the lower part contains thin limestones; Porters Creek Formation, Ripley Formation minus the McNairy
Sand Member in areas south of Oktibbeha County, east-central part of state, where it is a sandy micaceous chalk; and
the Vicksburg Group and Chickasawhay Limestone. The area defined by the Ripley Formation is terminated in
nearby Tennessee as it grades into the Coon Creek Formation, a micaceous sand (Tennessee Division of Geology,
1966). The belt of Clayton Formation was extended into Hardeman County, Tennessee where it is mapped as part of
the Midway Group and contains an impure fossiliferous limestone at its base.

Gently folded and faulted Paleozoic carbonate rocks (K TYPE=GC) in the northeastern corner of the state
include the Chatanooga Shale, which contains limestone; the Chester Group; and Meramac and Osage (Late
Mississippian) limestones, particularly the Tuscumbia Limestone.

A recent inventory of caves in Mississippi catalogued and identified 48 caves, some of which are not karst caves
(Mylroie and others, 2005). All the caves reported are short and sparsely distributed.
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