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cavern, which later collapses. This is one Léﬁ(ington is known as Thé I;|-o-r§e Capital of the Wo.r-ld. The phosphatic limestones uhderlying the Inner
Daniel I. Carey and Martin C. Noger

of the most difficult situations to detect, Bluegrass create a gently rolling topography and fertile soils that provide the foundation for the strong
and the possibility of this situation agricultural and thoroughbred horse industries. The Kentucky Horse Park will host the 2010 Alltech

Kentucky Geological Survey
Paul Howell

b th truct ts | Fédération Equestre Internationale World Equestrian Games, bringing $150 million to the community.
enea X a structure Warran S msurance_ Photo by Dan Carey, Kentucky Geological Survey.
protection for homes built on karst terrain.
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Construction on Limestone Terrain

Limestone terrain can be subject to subsidence
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Keeneland

In "B," a heavy structure presumed to lie
above solid bedrock actually is partially
supported on soft, residual clay soils that
subside gradually, resulting in damage to
the structure. This occurs where inadequate
site evaluation can be traced to lack of
geophysical studies and inadequate

core sampling. "C" and "D" show the

close relationship between hydrology

and subsidence hazards in limestone

Preserving the Character of the Land
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An army of new residential homes advances on the horizon beyond horse farms off Ky. 1681. Photo by Dan Carey,
Kentucky Geological Survey.
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terrain. In "C", the house is situated on A
porous fill (light shading) at a site where g AL s ;:ﬁ"
' T it R e An uplifting experience that will not be appreciated! Left: All is well in this newly built home
Surface-and g_roundwater dramag-e move Preservation of the character of the land was a high priority in the design of ~ S until 5vaterg frorg ercolation, drains Iawnpg rinklers, leaking sewers, or water rr)wlains soaks
supporting soil (darker shading) into the new 4-lane Paris Pike. This required a spacious green median and, in i3 ; ;om b , OTAS, 18U SPTECr>: 9 SOWETS,
voids in limestone (blocks) below. The locati ) d qt " pf hist 9 ; ; Pﬁ ¢ P swelling soil beneath the foundation. nght.: With time, expar)ghng 30|!s exert several tons
| ic th | ' db some cases, relocation and reconstruction ot historic sione fences. Fhoto S Ta " per square foot of pressure on the foundation and shallow pilings. Without remedial measures,
= 'na.tura _process Is t. en accelerated by 5 = by Dan Carey, Kentucky Geological Survey. s pll the house will actually become deformed, and shatter masonry and windows. Remedies vary
5 o <AL infiltration through fill around the home. S e e e S R T il from mere maintenance that keeps drainage away from the house to expensive reconstruction
. S "D" Sholws a karst site where normal Keeneland is world-renowned for its thoroughbred racing and sales. Photo by Jim N I i I of foundations. Prior site planning that takes geology into account is always preferable to
" rainfall is absorbed by subsurface Rebmann, Lexington—Fayette Urban County Government, Division of Planning. e dealing with problems after a structure is built. From AIPG (1993).
conduits, but water from an infrequent o7 AN
heavy storm cannot be carried away | Tobacco . _ il D s Al : il Nl = R SN T e — Limestone—Shale Interface
quickly enough to prevent flooding of ' P a1 T T o et i : i 4> It e, Ll N s ! W . Farmland east of Lexington protected through the Purchase of Development Rights (PDR) program. The landowner sells the
low-lying areas. Adapted from AIPG (1993). el . el Y ol ' i s, g © I Bs 2 4 L i % B Al il (1L ol e | ks 68 \1 development rights in perpetuity for the difference between the agricultural use value and the future development value. The
2 ? ' k. e & 9087 “F o gl E o I i 3503 : a A / PDR program encourages rural preservation and planned growth by reserving large contiguous rural areas. The goal of the
EXPLANATION i I iy L o- , 3 -~ b L Z N g ’\ PDR program is to purchase 50,000 acres by the year 2020. Photo by Dan Carey, Kentucky Geological Survey.
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Flooding in a karst basin. Sinkhole swallets and solution channels are Watershed bounda Division of Planning. ) ; 8 / s ‘k il u . o | o | - ) [ i J S5 ment, wet basements, aqd failure of Qnsne waste\_/vater treatment systems. These
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In the North and South Forks of Elkhorn Creek, Hickman Creek, and , A.dd't'onal Resourcg S o K : : | J c A Geezpiis QZ&» H o D g =l 1 u 182,780 acres (285.6.0 square miles) ri
Boone Creek and their major tributaries, most drilled wells in the valleys Listed below are Web sites for several agencies and organizations that may be ' [ (a1 o A A U B N | Nl | AR Uil entervile | a\a : ) . . : i
will produce enough water for a domestic supply at depths of less than of assistance in Fayette County: 3 all i L e / -y | « P il -

100 feet. Wells located in the creek valleys and the uplands of the north- ) %0 < el i ) t 87 7 Vi ( Wl Al N Nt ‘ Historical data from the Division of Planning, Lexington—Fayette Urban
ern and western two-thirds of the county and in the upper reaches of the www.lfucg.com—Lexington-Fayette Urban County Government < [ Soythsrn, 3 2\ ) s el I pi é@éb_ | . B County Government.
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supply except during dry weather. In the upland areas of the eastern third o : : ; ) e www.kentucky.com—Lexington Herald-Leader , , , e N i : IR i R ety 88 % 1 e References Cited
of Fayette County (about 10 percent of the county), most drilled wells will - i, e IO i gt A — i ces.ca.uky.edu/fayette/—University of Kentucky Co_opgratlve Extension Service 3 : e ! & I i 2 8 o . American Institute of Professional Geolodists. 1993. The citizen's auide t logic hazards: 134
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& > > & - difficult to difficult to _ { locally fast drainage sinks; rock excava- | sinks. sinks; small area; areas of level land. rock; many sinks. Severe—A severe limitation is one that is difficult to overcome and commonly is ! S e 9~ ‘ View the KGS World Wide Web logical Survey Geologic Quadrangle Map GQ-764, scale 1:24,000.
N S« A1 & excavate. through fractures tion; possible drain- possible drainage not feasible because of the expense involved. J ) ! | Wi site at: Nelson, H.L., Jr., 2000c, Spatial database of the Nicholasville quadrangle, Jessamine and
» @ ) > and sinks to water age problems. problems. . ‘ £ 1 DN ; ) ; = : ;
(gfo G F< O\ g table; possible LAND USES el [} o il g il sk www.uky.edu/kgs Fayette Counties, Kentucky: Kentucky Geological Survey, ser. 12, Digitally Vectorized Geologic
S ¢ F A\\(/ETTE groundwater con- . l il | 9 Wy s Quadrangle Data DVGQ-767. Adapted from MacQuown, W.C., Jr., 1968, Geologic map of
tamination. Septic tank disposal system—A septic tank disposal system consists of a septic tank L ’ il ) i %@ the Nicholasville quadrangle, Jessamine and Fayette Counties, Kentucky: U.S.
\ $é : : B — : : — : — : — : — and a filter fie.ld. The_filtgr fi.eld is a §ubsurface tile sy.stemllaiq in such a way thgat effluent 0 2 W) : | ) % Geological Survey Geologic Quadrangle Map GQ-767, scale 1:24,000.
go O\?;(/ O O 5. Siltstone Good foundation Severe limitations. Severe limitations. | Slight to moderate Slight limitations. Slight limitations. None. None. Slight limitations Slight to moderate | Moderate limitations. from the septic tank is distributed with reasonable uniformity into the natural soil. &l il o h i il & Nelson, H.L., Jr., 2000d, Spatial database of the Richmond North quadrangle, Madison and N
{gfo \OQ\\Q, & O material. Moderately | Impermeable; Rock excavation; limitations. Subgrade | Subgrade requires Local seeps. where topo- limitations. Rock excavation; in \ , e NS \‘ o bt \ * Fa ett’e (.JO.l’Jnti.éS Kent’uck - Kentuckv Geological Survev. ser. 12. Digitall \}ectorized Geologic o e e e e T e e TP A Lk P e s T
N O - difficult to difficult to | joints tight. poor drainage. requires drainage; drainage; shallow graphically suit- narrow trenches, Residences—Ratings are made for residences with and without basements because the degree o \ S /» | ! N\ [l Q yd le Dat ’DVGQ 5é3 Adapt Bé f g é,’c 1.967’ Gg | Y. f the Ri hg d Geologic map showing existing ponds located below the seepage zone in the
excavate. rock excavation. cuts can be ripped. able. pneumatic equipment of limitation is dependent upon ease and required depth of excavation. For example, excavation in ‘ o NI s = M d Surf. Faul uadrangie Lata ) - Fdapted from Simmons, .., ,_2eologic map of tné Richmon illustrati b Ponds should b tructed that th i ill
required; locally, limestone has greater limitation than excavation in shale for a house with a basement. i (i g Wit i Al B esuard W\ Y appe urface Faults North quadrangle, Madison and Fayette Counties, Kentucky: U.S. Geological Survey rustration above. Fonds should be constructed so that the Springs or Seeps wi
A Oeo blasting roquired. o e e ) £ il i 1 ‘ -,‘ J B Faults are common geologic structures Geologic Quadrangle Map GQ-583, scale 1:24,000. always be above the level of the pond surface. lllustration by Paul Howell, u.S.
Q@%\V\ \OQ%{Y‘ High\_/(\;ays tjnd strlfets(j—Refers to.pavedbroaccijs in wgigh cutsba?d fillﬁ are I'rpade.in hill?{ tgpography, and al (2 — /4 &5% At it S ) 8§ :.° across Kentucky, and have been mapped Nglsoln’ HLls Jr. 2001a, ?gag?| -?altlati?set of thg gentlen{i”% qugdran?leﬁ) cteng?) ggnéggkﬁd}(er:t?ky Department of Agriculture—Natural Resources Conservation Service.
~ A 6. Dolomite Excellent foundation |Not applicable. Not applicable. Severe limitations. Moderate limitations. | Not applicable. Not applicable. Moderate to slight Slight limitations. Severe limitations. | Severe limitations. considerable work is done preparing subgrades and bases before the surface is applied. 1000 k ) | ‘ / D ‘ in many of the Commo_nwealth's counties. frgr?‘lng:r:ﬂazayugeg ’ E:]ra Cr,essl;gr:\:nyE%Rc o1r|92é-:*7 G:?)Ic())%lic(:: muaap gef‘?ﬁee Ceantaerville QL_,Ia drénglzp e
matenatl. Difficult to RtOCK e)|<cavat|on; RtOCk e)|<cava.t|on; I|m|t3t|3nsi. Steep Reservoir might Rock excavation. Access roads—These are low-cost roads, driveways, etc., usually surfaced with crushed stone or a thin layer of 1 . & Th.e fz':!ults Shf)Wh on this map represent central Kentu’cky: U.S. Geological ’Surve)’/ Geol,ogic Quadrangle Map GQ-653, scale 1:24,00,0.
excavate. steep siopes. steep s Opgs, WQO e. S.Op.es' leak where rocks blacktop. A minimum of cuts and fills are made, little work is done prepal‘ing a Subgrade, and genel’ally Only a thin .Selsmlc aCtIVIty that Occurred Several Nelson H L Jr 2001b S atlal database of the Geor etown uadran |e Scott and Fa ette Countles
narrow ravines. Slight limitations re faulted. : UTr - - ) > il » AL, Jr, » 9P g q gle, Y/ ;
; a base is used. The degree of limitation is based on year-around use and would be less severe if not used during the o Ji 2 . / million years ago at the latest. There has K kv: K kv Geological 12 Diqitallv V. ized Geologi d le D
or forest reserve or inter and early spring. Some types of recreation areas would not be used during these seasons S B iVi f i entucky: Kentucky Geological Survey, ser. 12, Digitally Vectorized Geologic Quadrangle Data
FAYETTE natural history park. win y spring. yp 9 : $ ;C =N ¢ beené‘odaﬁt“t"ty aISon.g these kaU"S In e DVGQ-605. Adapted from Cressman, E.R., 1967, Geologic map of the Georgetown quadrangle,
i . . . - . recorded history. Seismic risk associate i - i '
7. Limestone Excellent foundation | Severe limitations. Not applicable. Severe limitations. Moderate limitations. | Not applicable. Not applicable. Moderate to slight Slight limitations. Severe limitations. | Severe limitations. Light industry and malls—Ratings are based on developments having structures or equivalent load limit requirements 7 Q with these faulg is very low. Faults mav be GSQC_%%; nd F?y?’ftze‘l%%%ntles’ Kentucky: U.S. Geological Survey Geologic Quadrangle Map
material. Difficult to | Impermeable rock; Rock excavation; Rock excavation; limitations. Steep Reservoir might Rock excavation. of three stories or less, and large paved areas for parking lots. Structures with greater load limit requirements would §>< A . L ry ’ . y , Scale .24, : . . .
- excavate. |0ca"y fast drainage Steep S|0peS. Steep S|0peS' wooded SlOpeS. leak where rocks norma”y need footings in solid rock, and the rock would need to be core drilled to determine presence of caverns, 197 ' P é aSSOCIated Wlth |ncreased fl'aCtUI'Ing Of bed' Nelson, HL, JI’., 2001 C, Spatla| qatabase of the Versal||eS quadrangle, Kentucky: Kentucky Geolog|ca|
through fractures; narrow ravines. Slight limitations are faulted. cracks, etc. w2 )’ R rock in the immediately adjacent area. This Survey, ser. 12, Digitally Vectorized Geologic Quadrangle Data DVGQ-325. Adapted from Black,
danger of ground- Slight limitations for forest reserve or . . o . rp y i) 1=l \ﬁ i iy fracturing may influence slope stability and D.F.B., 1964, Geology of the Versailles quadrangle, Kentucky: U.S. Geological Survey Geologic
water contamination. yvhﬁre tqtp%gi]raph- natural history park. Intensive recreation—Athletic fields, stadiums, etc. ; O’@’ i groundwater flow in these limited areas. PQuIadraRnlg_llell\l/lap G?‘3C2:5, 2?:?'&1 32460%0- G 2004, AGIS  karst sinkholes |
ically suitable. aylor, R.L., Florea, L., Caudill, M., and Currens, J.C., , coverage of karst sinkholes in
- d Extensive recreation—Camp sites, picnic areas, parks, etc. 0e° K)éntucky: Kentucky Geological Survey, ser. 12, Digital Publication 5, 1 CIZg)]-ROM.
8. Limestone, Excellent foundation | Severe limitations. Severe to moderate | Slight to moderate Slight limitations. Slight to moderate None. None. Severe limitations. Severe limitations. | Severe limitations. ) ﬁ_ﬁ Sims. R.P.. Preston. D.G.. Richardson. A.J.. Newton. J.H.. and Isrig D. 1968. Soil survey of Fayette
irregularly material. Difficult to | Impermeable rock; limitations. Rock limitations. Rock Local drainage limitations, depen- Leaky reservoir Rock excavation. Reservoir areas—The floor of the area where the water is impounded. Ratings are based on the permeability of the rock. 1 Radon C ntv. Kentuck "U S Department of Aaricult S i C tic S c 62
bedded excavate. locally fast drainage | excavation; locally, | excavation; locally, problems from ding on topography. rock; locally, con- @@ Rad Ith h not widelv distributed in Kentucky i i ounty, Kentucky: U.S. Department of Agriculture, Soil Conservation Service, p..
through fractures; upper few feet may | upper few feet may | seeps or springs; Rock excavation; ditions may be Reservoir embankments—The rocks are rated on limitations for embankment material. I S adon gas, althougn not wigely distributed in Kentucky in amounts Thompson, M.F., 2000, Spatial database_ qf the Keene_quadrangle_, central Kentucky:
danger of ground- be rippable; sinks be rippable; sinks sinks common. locally, upper few favorable; sinks : O 5 above the Environmental Protection Agency'S maximum recom- KentUCky GeO|Oglca| Survey, ser. 12, Dlglta”y Vectorized GeO|Og|C Quadrangle Data
water contamination. | common; drainage [ common; local feet may be common. Underground utilities—Included in this group are sanitary sewers, storm sewers, water mains, and other pipes that require mended limit of 4 picocuries per liter, can be a local problem. Unit 9 DVGQ-440. Adapted from Cressman, E.R., 1965, Geologic map of the Keene quadrangle, central
required. drainage problems. rlppable;.simksI fairly deep trenches. on the map, the Tanglewood Limestone, may contain high levels of Kentgcky: u.S. _Ggologlca! Survey Geolqglc Quadrangle Map GQ-440, sca_le 1:24,000.
' ~Mineral Resources 7 and several other limestones in the state locally contain the phos- Yﬁngi X'lz( ioo,:’ ipa(t?:al ?at?b?sse of the ParleWS_sttqllJlaci;an?Ig, Bg‘gboln andQFayoclette ?O‘B”t'tes’
ERAEHE 9. Limestone, Excellent foundation | Severe limitations. [ Severe to moderate | Slight to moderate Slight limitations. Slight to moderate None. None. Severe to moderate [ Severe limitations. | Severe limitations. R . \ | ( ; phate mineral apatite. Uranium is sometimes part of the apatite D(\e/nGlg 1XI.6262\3C y defo oglga l;)r\_/c?y, S\?\;'F g 9!794 aGy Iec_orlze fez O?DIC ; u\?V rangie Lata
[ Quatemary ? 50 Miles evenl material. Difficult to | Impermeable rock; | limitations. Rock limitations. Rock Local drainage limitations. Rock limitations. Leaky Rock excavation. : 95 & ‘ truct d when the limest th the phosphat - - Adapted from Outerbridge, W.F., » Geologic map of the Paris West.
; o T Y y ( I _ . , 3 , . ‘ structure, and when the limestone weathers away the phosphates le. B E C K kv: U.S. Geol 'S Geol
[ TentiaryiCretaceous Scale bedded excavate. locally fast drainage | excavation; locally, |excavation; locally, problems. excavation; locally, reservoir rock; : o : : : : quadrangle, Bourbon and Fayette Counties, Kentucky: U.S. Geological Survey Geologic
_ _ - e @ containing uranium become concentrated in the soil and ultimately le Map GQ-1162. scale 1:24.000 3
[ Fennsylvanian . through fractures; upper few feet may |upper few feet may upper few feet may locally, conditions '78 ) ) ) . Quadrangle Map GQ , scale 1:24, . A A = 5
[ Mississippian danger of ground- | be rippable; solution |be rippable; solution be rippable; solution may be favorable; ; %, : can g'V? rltlse torrugh It;avels of ragog._ A:d:e"‘é?reas of I‘lggh.radon Zhang, Q., 2001, Spatial database of the Lexington West quadrangle, Fayette and Scott Counties, ; AR S R R AT N S
I D<vonian 38 water contamination. | channels common; |channels common; channels; local solution channels 7y (A concen .ra IoNs have been recordeda In the bluegrass region. Kentucky: Kentucky Geological Survey, ser. 12, Digitally Vectorized Geologic Quadrangle Data . .
I siurian local seepage local seepage seepage problems. common. J’@L Homes in these areas should be tested for radon, but the home- DVGQ-600. Adapted from Miller, R.D., 1967, Geologic map of the Lexington West quadrangle, g\ggrzsaﬁgdél:(?ﬁstgz{%éaeft?;TJFt?;r? gég:s Kgg:‘/i?_ﬁ%‘;g{se Park. Photo by Jim
[ Ordovician problems. problems. 7 Q. owner should keep in mind that the health threat results from Fayette and Scott Counties, Kentucky: U.S. Geological Survey Geologic Quadrangle Map ’ 9 y Y '
i i i i GQ-600, scale 1:24,000.
——v— Faulls _ : / relatively high Ievgls of exposure over Iong p_erlods of time, and , ,
10. Shale and Good to excellent Severe limitations. Slight to moderate | Slight to moderate | Slight limitations. Slight limitations. None. None. Slight limitations. Slight limitations. | Moderate limitations. 7/ the remedy may simply be additional ventilation of the home.
limestone foundation material. | Impermeable rock. limitations. Earth limitations. Earth Local seeps. Rock generally Most favorable sites Highly variable — . ),
37 interbedded Moderately difficult and rock excava- and rock excava- rippable in shallow are in this unit; local- amount of rock : =" Scale 1 :48,000
to difficult to tion; poor drainage. | tion; local seeps; cuts; local seeps. ly, impermeable and earth excavation. i = - N, ' .
excavate. subgrade requires rock and underlain W e 1‘ > B R = e | Acknowledgments 1 inch equals 3/4 mile
drainage. by fissured lime- = e - NPT . = Geology adapted from Ciszak (2000), Curl (2001), Murphy (2001), Nelson (2000a-d, 2001a-c), Thompson (2000), Yang (2001) and Zhang (2001). .
stone. Vl:"c",’m Materials (_30' prqduces aggregate for the construction industry from This publication is adapted from Johnson and Hopkins (1966). Locations of urban service boundaries, streets, rails, and major sinkholes provided 2 0 2 4 6 Miles
89" 88’ g7° 86° 85° 84’ 83° 82° this limestone (unit 7) mine at the corner of Manchester and S. Forbes in by the Lexington-Fayette Urban County Government's Geographic Information System department. Other sinkholes from the U.S. Department of T e e —

Lexington. Photo by Jim Rebmann, Lexington-Fayette Urban County Govern-

n. T . Agriculture—Natural Resources Conservation Service, Soil Survey Geographic database (SSURGO). Thanks the LFUCG—-Division of Planning
ment, Division of Planning.

For more information on Kentucky geology, go to www.uky.edu/KGS/geoky. for data and review.
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