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The following descriptions consist of a compilation of several sources, including field notes 
and m easured sections, data from shallow (<10 m [33 ft]) cores collected during the course 
of m apping, U.S. Departm ent of Agriculture Natural R esources Conservation S ervice 
databases, and lithologic and other data in S wineford (1955) and W alters (1961). 

 
GEOLOGIC U NITS 
CENOZOIC 

Quaternary System  
Pleistocene-Holocene 

U nd ifferentiated  flood plain alluvium  — Floodplain deposits are associated with most of 
the principal stream s in S umner County, including the Arkansas, Ninnescah, and Chikaskia 
rivers. Most stream s in the county have undergone deep incision during the latest Holocene 
and have recently re-established floodplains within the incised channels in some areas. 
Hence, floodplain deposits are likely less than 1,000 years old. Floodplain alluvium is 
composed of silt, sand, and gravel and is relatively thin, probably not ex ceeding 20 ft (6 
m) in thickness.  
Alluvial terrace d eposits —  S tream terrace deposits are present in all m ajor stream valleys 
in the county. R adiocarbon and lum inescence ages indicate that terrace deposits are late 
Pleistocene to Holocene in age (30,000–1,500 yr B.P.). Terrace deposits are composed of 
clay, silt, sand, and gravel and likely do not ex ceed 70 ft (20 m) in thickness. Terrace 
alluvium in the principal stream valleys tends to be coarser grained, being chiefly derived 
from upland alluvial deposits (Q al2) in the county as well as sedim ents comprising the High 
Plains succession in adjacent western counties (e.g., Kingm an and Harper). Terrace 
deposits in sm aller stream valleys are prim arily derived from local shale units of the 
Perm ian S umner Group (Pn and Pwe) and therefore tend to be finer grained. 
U pland alluvium  —  Upland alluvial deposits are extensive in S umner County and are 
found well above (up to 65 ft [20 m ]) and often distant from modern stream valleys. Upland 
alluvium is composed chiefly of silt, sand, and gravel. These deposits are reddish brown in 
color and coarser sedim ents are typically arkosic. Upland alluvium m ay be up to 90 ft (27 
m) thick. 
Dune sand — Isolated eolian sand deposits occur prim arily on floodplain (Q al1) and 
terrace (Q t) surfaces in S umner County. These deposits are associated with m ajor stream s 
(e.g., the Arkansas and Chikaskia rivers) as they provide the source for the windblown 
sedim ents. Lum inescence dating of the Hutchinson dunes, which m antle alluvial deposits 
of the Arkansas R iver in R eno County, indicate that eolian sand deposition has most 
recently occurred episodically over the last 2,100 years (Halfen et al., 2012). Dune sand 
thickness is highly variable but is generally less than 30 ft (9 m) thick. 
 

PALEOZOIC 
Perm ian System  
Leonard ian Series 

Ninnescah  Sh ale —  The Ninnescah S hale of the Perm ian S umner Group crops out in the 
western third of the county and is mostly composed of blocky brownish-red dolom itic or 
calcareous silty shale with beds of gray shale, argillaceous lim estone and dolom ite, and 
calcareous siltstone. The different colors of the beds give the outcrops a banded 
appearance. Its m ax im um thickness is about 450 ft (137 m), but only about 250 ft (75 m) 
is present in S umner County. 
Wellington Form ation — The W ellington Form ation ranges from 40 to 650 ft (12 to 198 
m) in thickness and consists principally of gray to greenish-gray shale with m inor amounts 
of lim estone, dolom ite, siltstone, gypsum, and anhydrite, representing m arine, brackish, 
and freshwater environm ents (S wineford, 1955; W alters, 1961). The W ellington Form ation 
contains the following form ally recognized m em bers, in ascending order: the Hollenberg 
Lim estone, the Carlton Lim estone, the Hutchinson S alt, and the Milan Lim estone, as well 
as two unnam ed m em bers (S awin et al., 2008). The W ellington Form ation is bounded by 
the Nolans Lim estone below and the Ninnescah S hale above. Throughout the county, the 
form ation either crops out or is covered unconform ably by Q uaternary deposits. 
The Hollenberg Lim estone is a persistent bed of argillaceous, dolom itic lim estone and 
comprises the lower 40 ft (12 m) of the form ation. The Carlton Lim estone prim arily 
consists of gray-green shales containing num erous discontinuous thin (<0.5 ft [15 cm ]) 
beds of lim estone and can be up to 60 ft (18 m) thick. The m iddle part of the W ellington 
Form ation is composed of the Hutchinson S alt Mem ber. No outcrops of this m em ber are 
present in the county because of its high solubility. The Hutchinson S alt Mem ber is thickest 
in the northwest part of the county but likely does not ex ceed 150 ft (45 m). A distinct color 
change from gray-green to red and purplish-red shale occurs in the upper part of the 
W ellington Form ation. The Milan Lim estone m arks the top of the W ellington Form ation 
and m ay be as m uch as 8 ft (2.5 m) thick. It consists of one to three thin beds of dolom itic 
lim estone containing bright-green copper carbonate. In m any places in S umner County, the 
Milan cannot be recognized; hence the contact between the W ellington Form ation and the 
overlying Ninnescah S hale is indefinite.   
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Inset sh ow ing m apped lineam ents as potential surface expressions of 
structural features (e.g., faults, folds, joints, ridges). S outh-central Kansas, 
like other parts of the central and eastern United S tates, resides in a region of 
relatively low historical and instrum entally recorded seism icity. Despite this, 
the state has experienced approx im ately 3,500 earthquakes since 2013, with 
more than 130 of the events recorded as m agnitude 3.0 or greater. This recent 
spate of seism icity raises concerns about the potential risk that structural 
features (faults, folds, joints, and ridges) m ay pose for moderate to large 
earthquakes. Investigations into the size or extent of these faults include 
m apping previously unrecognized surface features, such as lineam ents, that 
m ay reflect more deeply seated structural features. 
Lineam ents were m apped using aerial photography and bare-earth LiDAR  
Digital Elevation Models (DEMs), based on one or more of the following 
criteria: (1) V isible offset in m arker beds; (2) relatively low- to high-relief 
linear ridges that are not obvious geomorphic features due to erosion, 
slumping, subsidence, or dune form ation; (3) linear ridges that cross drainage 
divides; (4) ridges that display curvilinear or backstepping (en echelon) 
configurations; (5) rectilinear or parallel drainage patterns; and (6) linear 
drainage patterns that align across drainage divides. 

Elevation contours are presented for general reference.  Used in the U.S. Geological S urvey’s current US Topo 
1:24,000-scale topographic m ap series, they were generated from hydrographically im proved 1/3 arc-second 
National Elevation Dataset (NED) data and smoothed during processing for use at 1:24,000 scale.  In som e 
places, the contours m ay be more generalized than the base data used for compilation of geologic outcrop 
patterns.  Outcrop patterns on the m ap will typically reflect topographic variation more accurately than the 
associated contour lines.  R epeated fluctuation of an outcrop line across a contour line should be interpreted as an 
indication that the m apped rock unit is m aintaining a relatively constant elevation along a generalized contour. 
1-m eter LiDAR  hillshades (2010 im agery) and 1-foot Kansas NG911 digital im agery were used as references in 
the digital m apping. USDA Natural R esources Conservation S ervice (NR CS) S SUR GO data, and other geologic 
m aps and bulletins were used to supplem ent the m apping. Field m apping was undertaken from October, 2018 to 
May, 2019. R oads and highways are shown on the base m ap as represented by data from the U.S. Census 
Bureau. U.S. Departm ent of Agriculture – Farm S ervices Agency (USDA-FSA) National Agriculture Im agery 
Program (NAIP) im agery also was used to check road locations.  
S haded relief is based on 1-m eter hydroflattened bare-earth DEMs from the S tate of Kansas LiDAR  Database. 
The DEM im ages, in ER DAS IMAGINE form at, were mosaicked into a single output DEM, downsampled to 2-
m eter resolution, and reprojected to decim al degrees. The output DEM was then  converted to a hillshade, a 
m ultidirectional shaded-relief im age using angles of illum ination from 0°, 225°, 270°, and 315° azim uths, each 
45° above the horizon, with a 4x vertical ex aggeration. 
This geologic m ap was funded in part by the USGS National Cooperative Geologic Mapping Program , award 
num ber G18AC00197 (FY 2018). 
This m ap was produced using the ArcGIS system developed by Esri (Environm ental S ystem s R esearch Institute, 
Inc.). 
This m ap is a prelim inary product and has had less scientific and cartographic review than the Kansas Geological 
S urvey’s M-series geologic m aps. KGS  does not guarantee this m ap to be free from errors or inaccuracies and 
disclaim s any responsibility or liability for interpretations m ade from the m ap or decisions based thereon. 
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