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 Description of Map Units

Artificial fill, engineered (modern)
Engineered fill that includes compacted material used for major road embank-
ments, roadway interchanges, dams, levees, and major urban development where 
original topography has been significantly modified.

Artificial fill, other (modern)
Areas associated with the development of densely populated neighborhoods and 
urban areas where original surficial geologic deposits have been significantly 
disturbed. Displayed as overlay.

Colluvium, undifferentiated (Holocene)
Sand, silt, and clay, strong brown (7.5YR 5/8) to yellowish brown (10YR 5/6), 
poorly sorted. Sediments derived from lithologic material(s) upslope (Qr), and 
commonly include variably sized fragments of local bedrock that include lime-
stone, sandstone, and shale (PZ). Mapped on slopes of knobs and ridges greater 
than 12° mostly in the southwestern corner of the quadrangle, but also present in 
karst basins, sinkholes, and valleys across the Pennyroyal region. Thickness consis-
tent on slopes up to 10 ft, but highly variable because of karst development in 
underlying limestones, reaching up to at least 20 ft. Upper contact with parent 
material interpreted as gradational. Does not display well-developed soil horizons. 
Partially correlative with “slumped sandstone and shale” of Kepferle (1963) and 
Vertrees silty clay loam (46 percent area), Vertrees silt loam (10 percent area), 
Riney loam (9 percent area), Cumberland silt loam (6 percent area), and minor 
proportions of other soil series (Arms and others, 1979).

Colluvium, accumulation zone (Holocene)
Silt, clay, sand, and gravel, poorly sorted. Mostly quartz with variable proportions 
of muscovite, feldspar, biotite, goethite, and clay minerals. Accumulations of sedi-
ments derived from lithologic material(s) upslope (Qc) at base of slopes, character-
ized by wedge-shaped landforms with slopes less than 12°; commonly consist of 
variably sized fragments of local bedrock that include limestone, sandstone, and 
shale (PZ). Thicknesses up to 10 ft, commonly decreasing toward lower contacts. 
Upper contact interpreted as gradational; lower contact interpreted to interfinger 
with base lithology. Soil horizons commonly developed. Partially correlative with 
Caneyville-Rock outcrop complex (23 percent area), Cumberland silt loam 
(17 percent area), Vertrees silty clay loam (7 percent area), Ramsey-Steinsburg-Al-
legheny complex (7 percent area), Wellston silt loam (6 percent area), and minor 
proportions of other soil series (Arms and others, 1979).

Landslide deposit (Holocene)
Clay, silt, sand, gravel, and variably sized fragments of local bedrock, very poorly 
sorted. Derived from local lithologic material (Qc and PZ). Landslide deposits 
characterized by head and lateral scarps; commonly exhibits hummocky terrain. 
Contacts mapped as sharp along scarps.

Alluvium, small creek floodplain (Holocene)
Silt, sand, clay, and gravel, dark yellowish brown (10YR 5/4) to yellowish brown 
(10YR 5/6), poorly sorted. Mostly muscovite and subangular to subrounded quartz. 
Locally derived sediments in small creeks, streams, and tributaries up to 30 ft thick, 
and in karst basins and sinks of variable extent (many areas too small to depict at 
this map scale) and thickness (up to at least 40 ft). Contacts are commonly sharp but 
locally interfingered with Qc and Qr. Partially correlative with Qal of Kepferle 
(1963) and Vertrees silt loam (11 percent area), Hagerstown silt loam (8 percent), 
Cumberland silt loam (8 percent), Allegheny-Lenberg-Caneyville complex 
(7 percent area), Bedford silt loam (7 percent area), and minor proportions of other 
soil series (Arms and others, 1979).

Alluvial fan (Holocene)
Sediment is locally derived from surficial and bedrock lithologic material. Thick-
ness decreases toward lower contacts. Lobe-shaped landforms located at mouths of 
small tributaries along upper section of Funks Run. Contacts are sharp, but locally 
gradational with upper and lateral Qc and Qca. Partially correlative with Qal of 
Kepferle (1963) and Frondorf-Lenberg silt loam (91 percent area) and Newark silt 
loam (9 percent area) (Arms and others, 1979).

Residuum (Early Pleistocene?–Holocene)
Silt, sand, and clay, mostly dark red (2.5YR 3/6) to dark yellowish brown (10YR 
4/6) in the Pennyroyal and strong brown (7.5YR 4/6) to yellowish brown (10YR 
5/8) in the Dripping Springs Escarpment and Mammoth Cave Plateau, poorly to 
moderately sorted. Mostly subangular to subrounded quartz with illite and variable 
proportions of feldspar, biotite, calcite, and other clay minerals. Loess is commonly 
incorporated into Qr throughout the quadrangle. Mapped on low-relief areas with 
slopes less than 12° in the sinkhole plain and in uplands of knobs, hills, and ridges. 
Karst development in sinkhole plain is pervasive and thickness is highly variable 
and up to at least 90 ft; thickness of upland Qr is more consistent and up to 10 ft. 
Mapped extent of Qr includes localized areas of Qal and Qc that are too small to be 
depicted at this map scale. Partially correlative with “slumped sandstone and shale” 
of Kepferle (1963) and Lawrence silt loam (28 percent area), Pembroke silt loam 
(10 percent area), Bedford silt loam (7 percent area), and minor proportions of other 
soil series (Arms and others, 1979).

Bedrock (Mississippian)
Predominantly the Big Clifty Sandstone Member of the Golconda Formation, but 
also includes older limestones, sandstones, and shales. The Big Clifty Sandstone 
Member is associated with cliff-forming exposures near the peaks of ridgetops and 
knobs. Artificial exposures of bedrock may occur along highways, railroads, and 
areas of excavation and development, but often weather quickly to colluvium.

Qca

Pz

Geologic Summary

The Howe Valley 7.5-minute quadrangle is located in the Pennyroyal, part of the Missis-
sippian Sinkhole Plain physiographic province (McFarlan, 1943), west of Elizabethtown 
in Hardin County. Topography is mostly characterized by a low-relief karst plain that has 
been modestly incised by the headwaters of the Rough River (lowest elevation in the 
quadrangle at almost 600 ft) and its tributaries. The quadrangle is also characterized by 
steep knobs, hills, and ridges of the Dripping Springs Escarpment, with the highest eleva-
tion at more than 1,000 ft at Blueball Hill in the northeastern corner. Kepferle (1963) 
mapped the bedrock geology of the quadrangle, which was later digitized by Crawford 
(2002). Upper Mississippian bedrock is exposed throughout the quadrangle and dips 
gently to the southwest. The oldest unit mapped in the quadrangle is the St. Louis Lime-
stone, which is exposed throughout the northeastern half of the quadrangle. The Ste. Gen-
evieve Limestone overlies the St. Louis and is exposed along the northern boundary of the 
quadrangle. Younger rocks are confined to the knobs and ridges of the Dripping Springs 
Escarpment, including the Paoli Limestone, Beaver Bend Limestone, Mooretown Forma-
tion, Sample Sandstone, Reelsville Limestone, Golconda Formation (Beech Creek Lime-
stone, Big Clifty Sandstone, and Haney Limestone Members), and Hardinsburg Sand-
stone; the Big Clifty and Hardinsburg Sandstones cap most of the high ridges and knobs. 
A series of northeast-trending faults, which are splays from the Rough Creek Fault 
System, cut bedrock in the northwestern corner and southern boundary of the quadrangle.

Methods
This map was generated using new field mapping, sample analysis, LiDAR elevation data 
(5-ft average horizontal spacing) and derivative maps, aerial imagery, and data compiled 
from water-well logs, oil and gas records, Kentucky Transportation Cabinet geotechnical 
reports, and landslide inventory mapping from Crawford (2014). Sinkholes in Hardin 
County were identified using the random forests algorithm by Zhu and Pierskalla (2016). 
The extent of colluvium was determined using image classification analysis to detect 
areas exceeding slope stability (determined at approximately 12° by field and geotechni-
cal evidence). Samples were described by Munsell color and petrography. Grain-size anal-
ysis was performed on sediment fractions of less than 2 mm with a laser particle analyzer; 
results were interpreted using methods discussed in Folk (1966) and grain size is reported 
using the modified Wentworth scale. Samples representative of major map units were 
analyzed by X-ray fluorescence and X-ray diffraction for bulk chemistry and mineralogy, 
respectively. Previously published reports by Kepferle (1963) and Arms and others (1979) 
were also used for interpretation. The complete digital dataset for this map was published 
in Massey and others (2021).

Surficial Geology
The lithologic units described here reflect deposits of natural processes operating as an 
integrated, dynamic, geomorphic system (Newell, 1978). The primary mechanisms of 
sediment transport and deposition in this area are flowing water (fluvial processes), wind 
(eolian processes), and gravity/mass movement (colluvial processes). Residual soils are 
interpreted to have accumulated as a result of in-situ chemical weathering of underlying 
bedrock, soil production, erosion, and integration with transported sediments. All these 
processes can be complexly interrelated.

The low-relief sinkhole plains of the Pennyroyal in the northeastern half of the Howe 
Valley quadrangle are characterized by dense clusters of sinkholes, and mapped as residu-
um (Qr) and water-dominated alluvial deposits (Qal). Qr immediately overlies bedrock 
(PZ), although its thickness in the sinkhole plain is highly variable because of extensive 
karstification in the underlying limestones. Petrography and grain-size analysis reveal an 
abundance of medium- to fine-silt–size, subangular to subrounded quartz grains (Figs. 2B, 
3). The dominant mode of silt-size quartz suggests a significant component of loess 
throughout the area, also noted by Kepferle (1963). The variable proportions of silt, sand, 
and clay suggest multiple sediment sources and degrees of pedogenesis for Qr, which we 
interpret as in-situ weathering of carbonate bedrock and integration with windblown and 
clastic (formerly overlying bedrock) sediments. Merino and Banerjee (2008) and Driese 
and others (2011) reached similar conclusions in their studies of similar geologic settings. 
Munsell hue of Qr samples appears to be correlated with physiographic setting (Fig. 3), as 
samples collected in the Pennyroyal tend to have more reddish hues (2.5YR to 10YR) 
compared to samples collected in the Dripping Springs Escarpment and Mammoth Cave 
Plateau that have more brown and yellowish hues (7.5YR to 10YR). This suggests that 
limestone bedrock parent material plays a role in the distinctive reddish color of terra 
rossa in the area. 

Alluvial sediments are divided between two distinct geomorphic settings: fluvial (Rough 
River headwaters and its tributaries) and karst basins (sinkholes, sinking streams, karst 
valleys). Rough River, Mays Run, and their tributaries have the most extensively mapped 
deposits of Qal. The average sample of Qal in the Howe Valley quadrangle is character-
ized by high proportions of sand relative to other lithologies (Fig. 2A). Alluvial fan depos-
its (Qaf) are not common in the Howe Valley quadrangle, but have been mapped in a small 
tributary in the northeastern corner (Funks Run), and interpreted as water-dominated 
debris-flow deposits. Karst-basin alluvial deposits have formed from surface-water runoff 
and deposition in karst depressions; this variety of Qal is often mixed with Qr and Qc, and 
common throughout the quadrangle, though mostly below the scale of this map (Fig. 2).

Slope deposits are mostly gravity controlled and are also developed in two distinct settings 
in the Howe Valley quadrangle: knobs, hills, and ridges, including the Dripping Springs 
Escarpment, that extend above the sinkhole plain (Qc, Qca, and Qls), and the sinkhole 
plain itself (Qc). Knobs, hills, and ridges are concentrated in the southwestern corner of 
the quadrangle, but are also scattered throughout. Qr in the uplands is similar to that found 
in the sinkhole plain, except the uplands thickness is more consistent, reaching depths up 
to 10 ft; exposures of bedrock (PZ) are commonly located between the contacts of overly-
ing Qr and underlying Qc. The steepest slopes (greater than 12°) are interpreted as actively 
moving deposits of colluvium (Qc) and characterized by sediments formerly located 
upslope (Qr in the uplands) and fragments of local bedrock. Landslides (Qls) are common 
in steep slopes of Qc in the Howe Valley quadrangle. Accumulations of Qc at the base of 
slopes (Qca) are stable, older, and display a higher degree of pedogenesis (Fig. 1A). Collu-
vial deposits are also common across the sinkhole plain, where fragments of bedrock 
(limestone, shale, and formerly overlying sandstone and siltstone) are often mixed with 
Qal and Qr in the bottoms of sinkholes and karst depressions; these areas are below the 
scale of this map.

Disclaimer
Although these map data have been processed successfully on a computer system at the 
Kentucky Geological Survey, no warranty, expressed or implied, is made by KGS regard-
ing the utility of the data on any other system, nor shall the act of distribution constitute 
any such warranty. KGS does not guarantee this map or these digital data to be free of 
errors or inaccuracies. Some cultural features originate from data sources other than KGS, 
and may not align with geologic features on this map. KGS disclaims any responsibility 
or liability for interpretations from this map or these digital data, or decisions based there-
on.

Acknowledgments
This map was generated using new field mapping along with compilation of unpublished 
and previously published data, and was funded in part by the U.S. Geological Survey’s 
National Cooperative Mapping Program under the STATEMAP program authorized by 
the National Geologic Mapping Act of 1992, Grant No. G20AC00291, and by the Ken-
tucky Geological Survey. Field mapping was completed by Antonia Bottoms and Max 
Hammond from July 2020–May 2021; digital analysis was performed by Matthew 
Massey, Max Hammond, and Michele McHugh; database management and editing were 
performed by Matthew Massey; cartography was performed by Emily Morris.

References Cited
Arms, F.S., Mitchell, M.J., Watts, F.C., and Wilson, B.L., 1979, Soil survey of Hardin and

LaRue Counties, Kentucky: U.S. Department of Agriculture–Soil Conservation 
Service, 158 p.

Crawford, M.M., 2002, Spatial database of the Howe Valley quadrangle, Kentucky: Ken-
tucky Geological Survey, ser. 12, Digitally Vectorized Geologic Quadrangle Data 
DVGQ-232. Adapted from Kepferle, R.C., 1963, Geologic map of the Howe Valley 
quadrangle, Kentucky: U.S. Geological Survey Geologic Quadrangle Map GQ-232, 
scale 1:24,000.

Crawford, M.M., 2014, Kentucky Geological Survey landslide inventory: From design to 
application: Kentucky Geological Survey, ser. 12, Information Circular 31, 18 p., 
DOI:10.13023/kgs.ic31.12.

Driese, S.G., Schultz, B.S., and McKay, L.D., 2011, Genesis of clay-rich soils from 
carbonate bedrock on upland surfaces in the Valley and Ridge Province, eastern Tennes-
see, USA: Southeastern Geology, v. 48, no. 1, p. 1–22.

Folk, R.L., 1966, A review of grain-size parameters: Sedimentology, v. 6, p. 73–93, 
DOI:10.1111/j.1365-3091.1966.tb01572.x.

Kepferle, R.C., 1963, Geologic map of the Howe Valley quadrangle, Kentucky: U.S. Geo-
logical Survey Geologic Quadrangle Map GQ-232, scale 1:24,000.

Massey, M.A., Bottoms, A.E., Hammond, M.L., III., and McHugh, M.M., 2021, StateMap 
2020-2021: New surficial geologic mapping along the I-65 corridor in Hardin County, 
Kentucky: Kentucky Geological Survey Research Data, https://doi.org/10.13023/kgs.

   data.2021.04.

McFarlan, A.C., 1943, Geology of Kentucky: Lexington, University of Kentucky, 531 p.

Merino, E., and Banerjee, A., 2008, Terra rossa genesis, implications for karst, and eolian 
dust: A geodynamic thread: Journal of Geology, v. 116, p. 62–75, DOI:10.1086/524675.

Newell, W.L., 1978, Understanding natural systems—A perspective for land-use planning 
in Appalachian Kentucky: U.S. Geological Survey Bulletin 1438, 50 p.

Zhu, J., and Pierskalla, W.P., Jr., 2016, Applying a weighted random forests method to 
extract karst sinkholes from LiDAR data: Journal of Hydrology, v. 533, p. 343–352, 
DOI:10.1016/j.jhydrol.2015.12.012.

ab21-134

ab21-094

Figure 1. (A) Qca in the Mammoth Cave Plateau and Dripping 
Springs Escarpment. Notice mix of sediment, bedrock fragments, 
and bedrock outcrop (PZ). (B) Qr in the knobs of the Dripping 
Springs Escarpment.
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Figure 2. Grain-size distributions of mean (A) Qal (n=9) and (B) Qr (n=32) samples collected in the Howe Valley quadran-
gle. Both lithologies are similar, which may be due to heterogeneity of mapped Qr and sub-map-scale alluvium in sinkholes. 
White curve=mean cumulative frequency; black curves=cumulative frequency of individual samples; blue polygon=one 
standard deviation above and below cumulative frequency; gray bars=mean volume per bin.
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Figure 3. Plain-light photomicrographs of Qr from the Mammoth Cave Plateau (A) and Pennyroyal (B). Notice the deep red 
color in the Pennyroyal, which is characteristic of the area. Minerals are mostly quartz (high relief) and clay minerals (dark).
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