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38°52'30" | (Rising Sun) 38°52'30" Correlation Of Map Units Geologic Summary recently, the river crested at 60 ft at Cincinnati on Feb. 2, 2018, and flooded parts of Cincin-
nati, Covington, Aurora, and multiple other localities along the river; for comparison, the
modern development Stopes Tributaries Onio River Uplands The Patriot 7.5-minute quadrangle is located in Boone, Gallatin, and Grant Counties of  historic flood of 1937 crested at 80 ft.
Gl af3 | i- Qal Qaf Qafp - northern Kentucky in the Outer Bluegrass physiographic province (McFarlan, 1943). Broad
‘ 3 % to narrow ridges, steep hillsides, and the Ohio River Valley characterize the topography of ~ Disclaimer
SN N Qatt e the quadrangle. The Ohio River has been made navigable by a series of high-level dams, and ~ Although these map data have been processed successfully on a computer system at the
A =a r g o the Markland Locks and Dam controls the river level in this area (Ray, 1974). The bedrock ~ Kentucky Geological Survey, no warranty, expressed or implied, is made by KGS regarding
SH—= = | geology, originally mapped by Swadley (1969), consists, from oldest to youngest, of the  the utility of the data on any other system, nor shall the act of distribution constitute any such
' - = Point Pleasant Formation, the Kope Formation, the Fairview Formation, the Bellevue  warranty. KGS does not guarantee this map or these digital data to be free of errors or inaccu-
“Wisconsinan” { Qitt Qot1 Qes fl= |2 Tongue of the Grant Lake Limestone, and the Bullfork Formation. The Point Pleasant Forma-  racies. Some cultural features originate from data sources other than KGS, and may not align
2 % tion is approximately 50 to 90 percent limestone and the remainder is shale; it is more than  with geologic features on this map. KGS disclaims any responsibility or liability for interpre-
T |3 =< 55 ft thick and occurs along the lower hillsides near the Ohio River and tributary streams.  tations from this map or digital data, or decisions based thereon.
7 % The Kope Formation consists of approximately 80 percent shale and 20 percent limestone, is
g|® 190 to 235 ft thick, and is exposed along stream valleys and hillsides. The Fairview Forma- ~ Acknowledgments
Qi < tion is interbedded limestone (50 percent) and shale (50 percent), 105 to 115 ft thick, and ~ This map was generated using new field mapping along with compilation of unreleased and
S occurs as a resistant unit on ridgetops. The Bellevue Tongue of the Grant Lake Limestone  previously published data, and was funded in part by the U.S. Geological Survey’s National
consists of rubbly-weathering limestone 3 to 5 ft thick on ridgetops. The Bullfork Formation =~ Cooperative Mapping Program under the STATEMAP program authorized by the National
is interbedded limestone (approximately 50 percent) and shale (50 percent), more than 45 ft ~ Geologic Mapping Act of 1992, Grant No. G17AC00255, and by the Kentucky Geological
thick, and occurs as thin caps on higher ridges in the quadrangle (Swadley 1969a). All forma-  Survey. Field mapping was completed by Max Hammond, Antonia Bottoms, and Steve
Description Of Map Units tions are fossiliferous. Martin from July 2017 to June 2018. The authors thank Meg Smath and William Andrews for
reviews. Cartography is by Emily Morris.
Artificial fill, engineered (modern) Multiple advances and retreats of the Laurentide ice sheet throughout the Pleistocene contin-
Engineered fill that includes compacted material used for road embankments, roadway inter- uously adjusted the landscape of the central United States, including the Covington quadran- References Cited ' ‘ o ' '
< changes, dams, major commercial development, and levees. Narrow areas of fill along gle. Pre-Illinoian glaciation in the Early Pleistocene impounded the Teays River system,  Agnello, T., 2009, Overview and field reconnaissance of landsliding in the Tri-State region
8 railroads and most highways are not differentiated. causing widespread avulsion of the Teays and its tributaries (Teller, 1973; Ray, 1974; of Kentucky, Ohio, and Indiana (Kentucky Society of Professional Geologists annual field
8 Andrews, 2004). Deep incision of bedrock valleys, headward erosion of tributaries, and conference, Highland Heights, Ky., Nov. 14, 2009): Kentucky Society of Professional
i Artificial fill, mine and quarry spoil (modern) development of a prominent weathering horizon throughout the region characterized the Geologists, 22 p.
Disturbed areas associated with the mining of natural resources. Sand and gravel are excavat- Yarmouth interglacial stage that followed the.pre-'llhnman glac1at1qns (e.g., Durrell, 1961; . . . . .
ed from glacial outwash along the Ohio River. A limestone quarry is also present in the Ray, 1974). The present day course of the Ohio River was broadly in place before Illinoian ~ Andrews, W.M., 2004, Geologic controls on Plio-Pleistocene drainage evolution of the
, Kentucky River in central Kentucky: Lexington, University of Kentucky, 216 pp.
eastern part of the quadrangle, glacmtlon in ‘ghe Middle Pleistocene, which then served as the approximate limit of Illinoian y y g
ice and a drainage for outwash (Ray, 1974; Andrews, 2004; Potter, 2007). The Sangamon
_ P interglacial marked another period of Ohio River degradation, incising and removing much ~ Crawford, M.M., 2014, Kentucky Geological Survey landslide inventory: From design to
o 1-,af3% grtlficml fill, other (modern) . of the Illinoian deposits (Ray, 1974; Andrews, 2004; Potter, 2007). Late Pleistocene Wiscon- application: Kentucky Geological Survey, ser. 12, Information Circular 31, ser. 12, 18 p.
i g isturbed sediment associated w1‘th. the development of dense;ly 'populated ne.lghborhoods sinan ice did not reach Kentucky, but the Ohio River was used to transport high volumes of
and urban areas, or areas where original topography has been significantly modified. outwash (Ray, 1974; Andrews, 2004; Potter, 2007). The Holocene has been marked by  Durrell, R.H., 1961, The Pleistocene geology of the Cincinnati area, in, Guidbeook for Field
relatively continuous period of erosion, river degradation, and soil development. Trips, Cincinnati Meeting, Geological Society of America, p. 45-74.
7 Alluvium, river floodplain (Holocene)
. Qafp Silt, sand, and gravel, brown to dark brown, regionally derived limestone, siltstone, and igne- Surficial Geology Froedge, R.B., and Weisenberger, B.C., 1980, Soil survey of Grant and Pendleton Counties,
Wade Creek ous and metamorphic rocks from glacial deposition (Fig. 1). Modern river floodplain. Unit is This map shows the surficial geology above bedrock mapped at 1:24,000 scale or larger. The Kentucky: U.S. Department of Agriculture—Soil Conservation Service, 97 p.
up to 20 ft thick. units described here reflect natural processes that are collectively operating as a dynamic
geomorphic system (Newell, 1978). The primary mechanisms of sediment transport and ~ McFarlan, A.C., 1943, Geology of Kentucky: Lexington, University of Kentucky, 531 p.
Alluvium, small creek floodplain (Holocene) deposition in the area are flowing water (alluvial and glaciofluvial deposits), gravity/mass
Qal Clay, silt, sand, gravel, and boulders; brown, dark yellowish brown, and dark brown. Imbri- movement (colluvium), and glacial advances in the Pleistocene, which are sometimes com- ~ Nelson, H.L., Jr., 2002, Spatial database of the Lawrenceburg, Aurora, and Hooven quadran-
Ve 25 i cated slabs of locally derived limestone and carbonate shale deposited in small tributaries and plexly interrelated. Mapping was based on field observation, interpretation of LiDAR eleva- gles, qune County, Kentucky: Kentucky Geological Survey, ser. 12, Digitally Vectorized
(A associated floodplains. Sediment provenance is local, but can include quartz, chert, and igne- tion data, soil surveys (Weisenberger and others, 1989; Froedge and Weisenberger, 1980), Geologic Quadrangle Data DVGQ-989. Adapted from Swadley, W C, 1972, Geologic map
)” + 7 SR ous and metamorphic rocks that have been reworked from sediments with regional prove- and previous studie from the area (Price, 1964; Swadley, 1969a). Digital elevation model, of the Lawrenceburg, Aurora, and Hooven quadrangles, Boone County, Kentucky: U.S.
W (== .\J- A nance. Crossbeds with downstream paleocurrent directions occur locally. Thickness of alluvi- sllope map, contours of various intervals, and a relative elevation model (relative to the water Geological Survey Geologic Quadrangle Map GQ-989, scale 1:24,000.
<Creet um is up to 10 ft, and bedrock is commonly exposed in stream bottoms (Swadley, 1969a). elevation of the Ohio River) were derived from 1 m resolution LiDAR point cloud and used . . .
38°50'0" —| \ S 38°50'0" Alluvium underlying floodplain of Big Bone Creek at village of Big Bone consists of dark as basemaps gnd interpretation in the map area. Delineation and identification of all map  Newell, W.L., 1978, Unde.trstandlng natpral systems—A perspective for land-use planning in
Fisk Cre,,, gray, silty clay and sandy silt as much as 30 ft thick that locally contains fossil remains of units are restricted by the scale of this map. Appalachian Kentucky: U.S. Geological Survey Bulletin 1438, 50 p.
Pleistocene mammals including mammoths, mastodons, bison, musk oxen, and horses Sediment associated with the modern floodplain of the Ohio River (Qafp) has been derived ~ Potter, P.E., 2007, Exploring the geology of the Cincinnati/northern Kentucky region:
A (Schultz and others, 1963). from a regional source(s) and deposited along the main course of the Ohio River (Fig. 1); Kentucky Geological Survey, Special Publication, 8-12, 128 p.
{({f’ - . Qafp is relatively narrow, given the relatively wide width of the Ohio River Valley, but is
- ;Qaf%]} Alluvial fan (Holocene) ) ) ) ) controlled by a series of dams, locks, and levees. In contrast, alluvium in valley bottoms of ~ Price, W.E., Jr., 1964, Geology and hydrogeology of alluvial deposits along the Ohio River
a1 4 ~ Silt, sand, gravel, and boulders. Sediment is 100311}{ derived. POOﬂY sorted. Present in water- smaller creeks, streams, and tributary valleys is characterized with sediment of a local prove- between Newport and Warsaw, Kentucky: U.S. Geological Survey Hydrogeologic Inven-
h sheds where smaller stream mouths enter a larger tributary. Alluvial fans are usually associat- nance (Qal). Alluvial fans (Qaf) occur where steep creeks and drainages enter low-relief tory Atlas HA-98.
ok A ed with lobe-shaped contours. Maximum thickness is up to 20 ft, but unit gradually thins valleys and terraces, which lowers stream velocity and causes abandonment of the sediment
S Bt downslope to the fan margin. Fans present in the outwash terraces are very sandy and made load. Ray, L.L., 1974, Geomorphology and Quaternary geology of the glaciated Ohio River
“eck ¥ up of sediments from the outwash. Valley—A reconnaissance study: U.S. Geological Survey Professional Paper 826, 77 p.
Three generations of regional terraces have developed along the Ohio River in the Patriot
e Colluvium, undifferentiated (Holocene) quadrangle (Fig. 1), each generation with terrace treads that progressively decrease in eleva- ~ Schultz, C.B., Tanner, L.G., Whitmore, F.C., Jr., Ray, L.L., and Crawford, E.C, 1963, Paleon-
- ch ~ Clay, silt, sand, gravel, and boulders, dark yellowish brown to dark olive brown. Consists of tion downstream. Qatl (lowest) and Qat2 are alluvial terraces predominantly composed of tologic investigation at Big Bone Lick State Park, Kentucky: A preliminary report:
B locally derived residuum and bedrock fragments (slabs of limestone and shale), commonly reworked outwash (Qotl). Qotl is the highest terrace recognized in the quadrangle, and Science, v. 142, no. 3596, p. 1167-11609.
2 with scattered bedrock exposure. Soil horizons are not distinguishable; contacts inferred from represents glacial outwash deposition during the Late Pleistocene Wisconsinan glaciation. ) _
R LiDAR-derived slope angles greater than 12° and hummocky contours; deposits on Kope High sediment volumes and aggradation are implied by the relatively high elevation of Qotl Swadley, W C, 1969a, Geologic map of parts of the Patriot and Florence quadrangles,
’%? Formation mapped from slope angles greater than 10—12°. Deposits occur along slopes of (Figs. 1, 2, 3), loqal deposition of outwash and 1mp‘o'undm'en.t at moqths of tributaries (Big north—central Kentucky: U.S. Geological Survey Geologic Quadrangle Map GQ-846,
N stream valleys and artificial cuts along roadways. Unit generally less than 4 ft thick. Contact ggﬁznalslgngzl?é eI;Sl)C l;rggel:lgsi)r,lteeul};lré?:(lil s;fﬁztgeﬁﬁsfstfggex tgég;getstgr?clil tﬁg’evalelgg srrganl;)?ci seale 1124000
with residuum on hilltops is gradational, and generally sharp with alluvium. on west- and southwest-facing slopes; loess has not been differentiated, but commonly over- ~ Swadley, W C, 1969b, Geologic map of the Union quadrangle, Boone County, Kentucky:
- ~ - Colluvium, accumulation zone (Holocene) lies glacial outwash and residual soils (Qr) on ridgetops. U.S. Geological Survey Geologic Quadrangle Map GQ-779, scale 1:24,000.
§ S Clay, silt, sa}nd, grayel, and boylders, poorly s‘orted. Unit 1nclud§s local areas of w1ndb10\yn Upland deposits mostly consist of colluvial slopes and residual soils. Residuum (Qr) has  Swadley, W C, 1971, Geologic map of the Rising Sun quadrangle, Boone County, Kentucky:
g g sand and silt deposited on hillslopes, margins of lake deposits; possibly overlaps with developed on low-relief ridgetops from in-situ weathering and erosion of the underlying U.S. Geological Survey Geologic Quadrangle Map GQ-929, scale 1:24,000.
= outwash and river terraces near Fhe hl'llslope. Unit rpapped bgsed on decreasing slope angle, limestones and shales. High-level fluvial deposits (Qhf) of the Old Kentucky River have
hummocky topography, and thickening of colluvial deposits near the base of the slope. been mapped in the southern and eastern parts of the quadrangle and occupy paleochannels ~ Swadley, W C, 1972, Geologic map of the Lawrenceburg, Aurora, and Hooven quadrangles,
Approximately 5-30 ft thick. entrenched in bedrock. The Old Kentucky flowed north and was tributary to the Teays River, Boone County, Kentucky: U.S. Geological Survey Geologic Quadrangle Map GQ-989,
........ the major drainage system of the Midwest in the Pliocene-Early Pleistocene (Durrell, 1961; scale 1:24,000.
Fot - ~ Alluvium, fluvial terrace generation 1 (Holocene) Ray, 1974; Andrews, 2004; Potter, 2007). Qr and Qhf are largely mantled by steep slopes of
& j Silt, sand, and clay, brown, dark yellowish brown, and dark brown. Deposit consists of colluvium (Qc). Most slopes of Qc are coincident with the underlying shale-dominated Kope  Teller, J.T., 1973, Preglacial (Teays) and early glacial drainage in the Cincinnati area, Ohio,
& reworked glacial material, silt, and sediment carried by the river. First benched terrace above Formation. Accumulations of colluvium (Qca) are common at the base of colluvial slopes, Kentucky, and Indiana: Geological Society of America Bulletin, 84, 11, p. 3677-3688.
the floodplain of the Ohio River (Fig. 1); terrace is benched into the outwash plain. Unit is up and may also include and/or overlie eolian deposits (sand and loess) and lacustrine
to 20 ft thick. sediments. Thompson, M.F., 2002, Spatial database of the Rising Sun quadrangle, Boone County,
\, s Run Kentucky: Kentucky Geological Survey, ser. 12, Digitally Vectorized Geologic Quadran-
S Ru Alluvium, fluvial terrace generation 2 (Late Pleistocene? — Holocene) Geologic Hazards . _ _ gle Data DVGQ-929. Adapted from Swadley, W C, 1971, Geologic map of part of the
- Silt, sand, and clay, brown, dark yellowish brown, and dark brown. Deposit consists of Landshd.es pose a potential threat in nqrthern Kentucky. Very fevy landslides have been Rising Sun quadrangle, Boone County, Kentucky: U.S. Geological Survey Geologic
reworked glacial material, silt, and sediment carried by the river. Second benched terrace mialr)r?eai ;I; gﬁ;g:iatrlg[; qglaedrlgggze,Fboli‘;tl};{)ifgl?lf (;Iclcr:)gr eo;; isltee;;; dcc;lh;vge::les;ggis.t%hizy gglléu:[ Quadranlge Map GQ-929, scale 1:24,000.
: R : . : : : viu w u y u vemen
??;Z?Stﬁg tf(l)o;(():l %iﬁi c(1)<f the Ohio River (Fig. 1); terrace is benched into the outwash plain. when not properly drained or when the slope is steepened. Landslide movement in colluvium  Tyra, M.A., 2002, Spatial database of the Patriot and Florence quadrangles, north-central
’ is most common during the spring and winter, when precipitation is greater than in other Kentucky: Kentucky Geological Survey, ser. 12, Digitally Vectorized Geologic Quadran-
Sand Run . Eoli d (Late Plei seasons (Agnello, 2009). Many landslides are associated with some type of human distur- gle Data DVGQ-846. Adapted from Swadley, W C, 1969, Geologic map of parts of the
‘ Qes | SO ?n, Zan-l ( ate helstocene) dark vellowish d 1 1 d 1 bance, such as improper drainage or steepening of slopes during construction of roads, Patriot and Florence quadrangles, north-central Kentucky: U.S. Geological Survey
. ! and and silt, grayish orange to dark yellowish orange, moderately well sorted, angular to homes, or other structures (Crawford, 2014). Other surficial deposits in the area are prone to Geologic Quadrangle Map GQ-846, scale 1:24,000.
subrounded, unconsolidated. Largely quartz, but contains some feldspar, rock fragments, landslides as well. Artificial fill, particularly above and below roadways, is susceptible to
[T mica, and coal. No bedding observed. Sand occurs most commonly on west- and south- landslides (Crawford, 2014). Weisenberger, B.C., Dowell, C.W., Leathers, T.R., Odor, H.B., and Richardson, A.J., 1989,
L INDIANA - west-facing slopes adjacent to large areas of Wisconsinan outwash, indicating deposition by Soil survey of Boone, Campbell, and Kenton Counties, Kentucky: U.S. Department of
38°47'30" | e 38°47'30" prevailing southwesterly wind. Normally poorly exposed. Unit is up to 15 ft thick. Flooding is a common occurrence along the Ohio River Valley with regular deposition on Agriculture, Soil Conservation Service, 69 p.
Qafp and Qatl. Several catastrophic floods have occurred, in 1937, 1945, and 1997. Most
Z Lacustrine, terrace generation 1 (Late Pleistocene)
_ Qi1 Clay, silt, and sand, yellowish brown to yellowish gray. Yellowish orange, calcareous concre-
tions common. Stringers of pebbles occur locally. Interbedded clay, silt, and sand. Unit 8 Figure 1. Relative elevation § Figure 2. Detailed photo-
contains some glacially derived pebbles and large amounts of glacial sand near mouths of | model of the Ohio River Valley graph of Qotl outwash
streams. Laminated to thinly bedded. Grades downstream into outwash, and upstream into near Steele Bottom. Color showing poorly  sorted
alluvium. Up to 60 ft thick. Unit well developed along lower part of Gunpowder Creek. Well f scale represents el evation in sand, gravel, and silt. Grav-
exposed at mouth of Big Bone Creek, where it consists of light brown, thin-bedded sand M feet relative to the water level els are rounded, generally
_ interbedded with bluish gray, thin-bedded to laminated plastic clay and silty clay overlain by ; = of the Ohio River. Notice the less than 1 in, and include
obscurely bedded silty clay containing calcareous and limonitic nodules. Also well exposed SRS € distinct breaks, which corre- | igncous and metamorphic
in roadcut 0.5 mi southwest of junction of Craigs Creek and Vera Cruz Branch, where it =y 7 J spond to mapped terraces 7 rocks, limestone, and coal.
consists of dark yellowish orange silty clay interbedded with light gray to grayish orange silt (Qafp, Qatl, Qat2, Qot1)
in beds 0.5 to 3 in. thick that contain numerous calcareous concretions. Equivalent to unit \ ’ ’ ’ '
mapped as older alluvium in Union and Patriot quadrangles (Swadley, 1969a, b).
Outwash, terrace generation 1 (Late Pleistocene)
Sand and gravel. Gravel is light brownish gray to light reddish brown, well to poorly sorted,
well rounded; includes fragments of limestone, siltstone, dolomite, quartz, chert, quartzite,
granite, gneiss, schist, fine-grained igneous and metamorphic rocks, and coal; fragments
mostly less than 6 in. across; contains a few well-rounded boulders as much as 3 ft in diame-
ter and locally derived slabs of limestone as much as 1 ft in diameter; locally, gravel is
cemented by calcite; commonly overlain by 5-20 ft of sand (Figs. 2, 3). Sand is reddish
brown to brownish gray, very fine to coarse, poorly to well sorted; locally silty and clayey;
detrital coal is locally common along bedding planes; occurs as matrix in gravel and as beds
JJJJJJ and lenses; outwash in tributary valleys is composed almost entirely of sand (Swadley,
1969a). Laminated to massive, and commonly crossbedded. Outwash terrace tread surfaces
are approximately 525 ft elevation (Fig. 1). One boring near Duke Energy Power Plant
(Rising Sun quadrangle) indicates depth to bedrock is 186 ft. Unit previously mapped as
Wisconsinan and interpreted to overlie outwash of Illinoian age (Swadley, 1969a). Upstream
from the mouth of the Great Miami River, outwash consists of medium and coarse sand
containing only scattered pebbles.
High-level fluvial deposits (Pliocene? — Early Pleistocene)
Silt, sand, clay, and gravel, yellowish brown to dark yellowish brown. Gravel consists of
well-rounded quartz pebbles, rounded to subangular chert pebbles and cobbles, and abundant
geodes (Swadley, 1972). Thickness is approximately 30 ft. Preglacial fluvial deposits are
commonly very weathered, but the contact with the underlying bedrock is sharp. Exposed
only along steep banks of creeks and streams.
—— « 7 : Residual soil (Pleistocene? — Holocene)
NG ~ ‘ 16)\\ ' == —\\\ e = 8 Silt and clay, dark brown to yellowish brown. In-situ weathering of bedrock, locally integrat-
\‘\ V?!-)" N _&/ N , 7" Ay 8 \ W« & TN\ 3“‘,; Lk 7 ed with loess. Unconsolidated. Found overlying bedrock in uplands throughout the quadran-
\‘\w gf/‘ﬁm“(w; e I - W e \ S f’/ N N ,)‘A\‘a ﬁ%’f ;" e gle. Typically less than 12 ft thick. Contact with adjacent colluvium is gradational.
7 Q) ! 2 = ‘ = --..........' 1 e ] ) N\ W\ \);“\ A“ £/ = % Sk
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(Glencoe) Figure 3. High wall of glacial outwash (Qotl) in a sand and gravel quarry near Warsaw. Notice the massive cross beds and sand-silt channel deposits. Geologist in middle left for scale.
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