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1.0 Summary 
Geologic issues that impact the development of transportation corridors in the Bowling 
Green region (Plate 1) relate primarily to the protection of sensitive karst groundwater 
systems.  Most of the region is underlain by limestone, but different geologic units are 
more or less susceptible to karst development.  Differences in limestone solubility and 
presence of impediments to solution processes has resulted in various degrees of 
formation of karst features such as sinkholes and caves.  Maps accompanying this report 
show the distribution of geologic and topographic units and their associated hydrologic 
characteristics.  

Areas with low topographic relief that are desirable as corridor locations also contain 
large numbers of karst features.  A pronounced escarpment presents an obstacle for 
northerly routes, and the adjacent plateau is also underlain by numerous caves and 
vertical shafts. 

Karst groundwater basin boundaries have been approximately delineated through dye 
tracing and show the probable routes for drainage of subsurface water.  These routes do 
not show the accurate locations of underground caves or conduits, but represent vectors 
that connect dye insertion locations to dye detection points. Because the rate of water 
movement in underground karst systems is very high, extra precautions must be made to 
protect these systems from contamination.   

Other geologic concerns are present in the area, including faults, expanding shales, and 
asphalt-bearing sandstone, but these are minor relative to karst issues and do not 
immediately affect the proposed corridors. 

 

2.0 Topograpic and geologic regions 
The study area encompasses four topographically and geologically distinct regions (Plate 
2).  The topographically-low southern area is separated from the topographically higher 
northern part by the Dripping Springs Escarpment.  The escarpment marks the southern 
edge of a regional plateau that lies as much as 350 ft above the plain.  Two geologic 
regions are north of the escarpment and two are south of the escarpment. 

2.1 Caseyville Hills.  The northernmost part of the study area is underlain by 
Pennsylvanian-age coal-bearing sandstone and shale.  These rocks form 
narrow, steep ridges and broad alluvial valleys. 

2.2 Mammoth Cave Plateau.  The region immediately north of the Dripping 
Springs Escarpment is underlain by interbedded limestone, sandstone and 
shale of Mississippian age. It is characterized by high relief, narrowly incised 
stream valleys, broad flat ridge tops, and wide karstic valleys that are 
underlain by extensive cave systems. 

2.3 Western Pennyroyal (Sinkhole plain).  Immediately south of the Dripping 
Springs Escarpment is a very low-relief plain underlain by relatively pure 



limestone of Mississippian age.  The northern half of this area has lower relief 
than the southern half. 

2.4 Central Pennyroyal.  The southernmost part of the study area is underlain by 
impure limestone of Mississippian age.  These rocks are associated with 
moderate to high relief and incised, narrow valleys. 

 

3.0 General Geologic Conditions 
3.1 Geologic structure and age.  The geologic strata in the study area dip 

generally to the north exposing progressively younger rocks in that direction 
(Figure 1).  Limestone units that are exposed at the surface within the sinkhole 
plain occur in the near subsurface under the Mammoth Cave Plateau.  The 
youngest rocks in the study area are the Pennsylvanian sandstones in the 
Caseyville Hills. 

3.2 Susceptibility to karst.  Most of the study area is underlain by carbonate-rich 
rocks that have developed a variety of karst features including sinkholes, 
caves, and karst valleys (Figure 2).  The degree of karst development is 
related to a number of factors, among which are the solubility of the limestone 
and its exposure to chemically agressive waters.  Plate 3 is a simplified 
geologic map that classifies the geologic units on the basis of solubility 
(potential for karst development) and shows two kinds of features that inhibit 
karst development.  (1). In the south, the older limestone units are rich in chert 
and insoluble silica, and therefore little karst is present in that area.  (2). Under 
the Mammoth Cave Plateau, some limestones are interbedded with shale 
layers, and these impermiable lithologies may inhibit development of some 
surface karst (e.g., sinkholes) in rocks that would otherwise be susceptible.  
However, these thin limestone units are equally susceptible to dissolution by 
subsurface water flow.   

3.3 Leitchfield Formation.  A formation of red and green shale (Plate 4) is found 
near the boundary of the Mammoth Cave Plateau and Caseyville Hills regions.  
These shales are highly slaking, susceptible to moisture, and difficult to 
vegetate. Existing new construction in the area applies limestone rock cover to 
very low-sloping cuts to stabilize this formation. 

3.4 Tar Springs ashphalts.  A sandstone formation that occurs on the Mammoth 
Cave Plateau (Plate 4) contains solid asphalt in pore space, dikes, and veins.  
This material may be a local source for construction material but may also 
increase land acquisition costs. 

3.5 Western Kentucky coal field. The Caseyville Hills region contains a number 
of minor coal beds.  These are unlikely to represent a significant resource, but 
may have been locally surface mined in the past.  Shale beds that occur with 
the coals may be susceptible to landslides and slumps. 

 

 



3.6 Faults.  There are a number of faults that occur in the Mammoth Cave Plateau 
along the northwest border of the study area (Plate 4).  Faults are unlikely to 
be undergoing active movement but are associated with deformed strata that 
are susceptible to slumping or landslides in road cuts. 

 

4.0 Karst features 
The study area lies within one of the most highly developed karst regions in the state.  
Mammoth Cave National Park lies immediately northeast of the proposed transportation 
corridors.  Karst is environmentally sensitive because of the potential for contaminants 
associated with transportation routes entering the groundwater system and because of the 
possibility of intersecting cave systems and collapse structures during road construction.  
Rates of contaminant movement in karst systems are high compared to granular aquifer 
groundwater systems.  Building roads in karst terrains requires additional geotechnical 
assessment and more costly design engineering.  A number of different kinds of karst 
features are present in the study area (Figure 2, Plate 5). 

4.1 Sinkholes.  Simple closed depressions, usually circular in form, are found in 
abundance within the low-relief Western Pennyroyal region.  These sinkholes 
collect water from surface drainage and funnel it into the groundwater system 
of caves and conduits.  Sinkholes may be shallow (5-10 ft) to deep (40-50 ft) 
depending on local groundwater and geologic conditions. Sinkholes are 
classified according to how they form.  Dissolution sinkholes form by near-
surface solution of limestone substrate and may have various amounts of 
unconsolidated sediment infill.  Collapse sinkholes form by subsidence related 
to failure of underlying cave or conduit caprock or overlying soils.  Most 
sinkhole collapses occur when covering soils are weakened through repeated 
water saturation.  A much smaller number of collapse sinkholes are related to 
failure of bedrock caps overlying shallow caves. The latter type requires more 
extensive engineering in order to protect the associated cave passages.  There 
is no complete inventory of sinkhole features according to genesis within the 
area and assessment and this would be required during preconstruction design.  
The primary design objective is to disperse water drainage to avoid 
concentrated recharge into karst features. 

4.2 Karst valleys and compound sinkholes.  These are larger depressions that 
have no surface outlet for drainage.  They contain numerous individual 
sinkholes that funnel water into the subsurface.  Karst valleys are common 
where surface streams sink into a swallet and along the margin of the 
Mammoth Cave Plateau.  Large complex sinkholes are prevalent at the base of 
the Dripping Springs Escarpment.  Both kinds of features are more prone to 
sinkhole flooding during high rainfall conditions. 

4.3 Lost River Chert.  Highly soluble limestones that occur in the sinkhole plain 
exhibit different amounts and types of karst development.  One reason for this 
difference is a distinct chert layer that separates two limestone units.  The 
overlying limestone has many fewer distinct sinkholes, but where the chert 
bed is eroded, the underlying limestone is more susceptible to sinkhole 



development (Plate 5).  The chert bed acts as an aquitard and results in an 
irregular perched water table where it is present (north of the magenta line on 
Plate 5).  This area was more susceptible to formation of broad, complex 
sinkholes.  It is important to note that the degree of karstification is not 
necessarily reflected by the number of sinkholes expressed at the surface.  
Some sinkholes may be concealed by infilling of sediment, and areas with 
fewer sinkholes may still have extensive subsurface karst development. 

4.4 Vertical shafts.   Vertical karst conduits that drain water into underlying 
caves are present throughout the study area, but particularly common at the 
edge of the Mammoth Cave Plateau.  These features are not well documented, 
and are therefore difficult to plan for prior to construction. Frequency of 
vertical shafts along the escarpment may be as high as 80%.  Shaft size ranges 
from 3 ft diameter and 12 ft deep to 60 ft diameter and 120 ft deep.  

4.5 Intermittent lakes.  Some sinkholes (or other low-lying areas) may back up 
with water that cannot be accommodated in underlying passages during 
periods of high rainfall.  The resulting lakes can create flooding conditions for 
short periods of time (hours to days).  Intermittent lakes are typically 
associated with surface runoff into karst valleys or groundwater rise into 
compound sinkholes.  Hydrologic conditions that result in sinkhole flooding 
vary according to site conditions (conduit geometry and cachement area), as 
well as soil conditions and rainfall distribution. 

4.6 Subjacent karst.  Some rock units that have low solubility and occur as cap 
rock on the Mammoth Cave Plateau develop karst depressions due to 
dissolution of underlying limestone units. 

4.7 Springs.  Springs occur at the location where the groundwater carrying 
passage discharges to the surface.  Base level springs along major streams and 
rivers are important discharge points for karst groundwater drainage. Because 
these springs are the terminus of related tributary karst conduits, they are 
critical monitoring locations for groundwater contamination. Turnhole Spring 
on the Green River and Graham Spring on the Barren River are two of several 
major spring locations in the region that drain most of the study area. 

4.8 Caves.  Cave systems are prevalent in the near subsurface throughout the 
study area.  Those within the Mammoth Cave Plateau are well known and 
explored, but others are present throughout the sinkhole plain.  At least two 
levels (representing different ages of development) of cave passages are 
present under the sinkhole plain. The older cave systems are generally only 
intermittently flooded or abandoned and occur at depths as shallow as ten ft.  
The younger cave systems carry most of the active groundwater and occur at 
depths as great as 100 ft.  Caves are sensitive ecosystems that can be affected 
by contaminants in groundwater and can be compromised during construction 
of cuts.  Cave passages that underlie roadways may also be susceptible to 
collapse (see section 4.1). 

 



5.0 Hydrology 

5.1 Major rivers.  Two major river systems are found within the study area (Plate 
6).  The Barren River and its tributaries flow to the northwest, crossing the 
sinkhole plain.  The Green River flows west across the Mammoth Cave 
Plateau and joins the Barren River at the northwest corner of the study area.  
Alluvial valleys composed of unconsolidated sand and clay are typically 1,000 
to 2,500 ft wide in the area, but widen to 3,000 to 5,000 ft where the rivers 
cross the soft sedimentary rocks of the Caseyville Hills region.  Alluvial 
valleys require additional geotechnical evaluation because they are sources of 
drinking water and are potential locations for archeological sites. 

5.2 Streams.  Small tributary streams are present overlying geologic units that are 
relatively insoluble.  Streams along the southern margin of the sinkhole plain 
sink into swallet holes where the water travels into the subsurface 
groundwater system (Plate 5).  There are few surface streams within the main 
portion of the sinkhole plain—groundwater is recharged across the entire area 
but especially where it is collected into the numerous sinkholes.  

5.3 Karst groundwater basins.  Unlike surface streams, karst groundwater may 
travel in unpredictable paths in the subsurface.  Because there is often more 
than one level to cave systems, water can rise into higher passages and flow in 
different directions under certain hydrologic conditions. Hydrologic 
conditions that result in groundwater overflow vary according to conduit 
geometry and depth, as well as local soil conditions and rainfall distribution at 
the time of high rainfall events. Karst scientists perform dye tracing to model 
the underground flow of water.  Dye is injected into sinking streams and 
detected at springs in the vicinity.  Networks of interconnected underground 
flow paths have been used to delineate karst groundwater basins (Ray and 
Currens, 1998, 2000).  Two large basins have been designated within the 
study area that impact the planning project—the Turnhole Spring Basin and 
the Graham Spring Basin. Plate 7 shows the approximate boundary of the 
individual basins and their inferred flow paths in the subsurface.  The Graham 
Spring Basin collects water from streams on the southern edge of the sinkhole 
plain, and drains westward toward Bowling Green.  The Graham Spring itself 
is one of the largest in Kentucky, and a potential future water source for 
Bowling Green and Warren County.  The Turnhole Spring Basin collects 
water from streams on its southern boundary and surface sinkholes and flow 
paths are northward through Mammoth Cave National Park and into the Green 
River. It is known that under very high rainfall conditions, water from one 
basin can rise into higher (older) cave passages that may flow into an adjacent 
basin. No dye traces to date are known to have detected this behavior in these 
two basins although this possibility is currently under investigation. In 
addition to the possibility of interconnectivity, there is also some uncertainty 
about the precise position of the boundary between adjacent basins. 
Additional groundwater dye-tracing experiments can be used to improve the 
accuracy of these boundaries. 



6.0 Recommendations 
Alternative corridor locations proposed for this study area are shown on Plate 8.  
Corridors for Interstate 66 are numbered on the diagram, while Bowling Green outer 
beltway locations are given letters.  Portions of corridors are coincident with those of 
others in some locations.  Proposed corridors are grouped according to whether they 
primarily utilize existing I-65 (central route) or are north or south of I-65. 

6.1 Southern route (Corridor 23).  The best locations for new road construction 
that would minimize impacts to the groundwater environment are in the south 
of the study area.  Alignments along the southern edge of the Graham Springs 
groundwater basin, or in the Central Pennyroyal region are preferred.  Such 
routes should exit the Nunn Parkway prior to entering the Turnhole Springs 
groundwater basin that flows through Mammoth Cave National Park.  This 
placement would have the added advantage of reducing existing traffic at the 
western terminus of the Nunn Parkway which is situated in the Turnhole 
Springs Basin. 

6.2 Central route (Corridor 12).  This route will be primarily located in the 
sinkhole plain that is environmentally sensitive.  However, reconstruction of 
existing I-65 may minimize additional environmental impacts to the study 
area. Extensive geotechnical evaluation will be required in order to minimize 
impacts to karst features. 

6.3 Northern routes (Corridors 2, 4, 5, 10, 11).  Northern routes require 
crossing the sinkhole plain, the Dripping Springs Escarpment, and the 
Mammoth Cave Plateau with new construction.  Such routes should minimize 
exposure to the Turnhole Spring groundwater basin and maximize use of the 
relatively flat-lying sandstone caprock on the Mammoth Cave Plateau.  
Portions of corridors along the edge of the escarpment are likely to encounter 
numerous vertical karst conduits during construction.  Northern routes cross 
the steepest, most rugged topography. 

6.4 Outer Beltway.  Bowling Green outer beltway routes are primarily located 
within the sinkhole plain and have the same conditions as those discussed 
about.  None of the alternatives are preferred on the basis of geology. 
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