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CENOZOIC ROCKS 
Alluvium — Alluvial sediments of th e major rivers and smaller streams are Holocene in age and are composed of 
sand, gravel, silt, and clay (M cLaugh lin, 1949). In th e Paw nee R iver valley, th e upper part of th e alluvium 
consists primarily of clay w ith  some sand and silt. Th icknesses range from 15 to 50 ft (5 to 15 m) but average 
about 30 ft (9 m). A th ick deposit of sand and gravel lying beneath  th e upper clay deposits yields large quantities 
of w ater to w ells in th e valley. Th e total th ickness of th e Paw nee R iver alluvium ranges from 65 to 138 ft (20 to 
42 m), w ith  an average th ickness of 105 ft (32 m) (M cLaugh lin, 1949). In contrast to th e Paw nee R iver alluvium, 
th e Arkansas R iver alluvium contains no th ick clay deposits, alth ough  localized clay layers may occur. Th e 
Arkansas R iver alluvium contains sandy soils overlying th ick beds of sand and gravel. As a result, th e rech arge 
rate of w ells is greater in th e Arkansas R iver valley th an in th e Paw nee R iver valley. Th e Arkansas R iver 
alluvium ranges from 18- to 135-ft (6- to 41-m) th ick, w ith  an average th ickness of about 61 ft (19 m) 
(M cLaugh lin, 1949).  
U pland interm ittent lak e (playa) d eposits— S h allow  basins, also know n as playas or buffalo w allow s, h ave 
developed in th e upland loess deposits, mainly south  of th e Paw nee R iver. Th e origin of th ese features is usually 
attributed to w ind deflation, animal activity, dissolution, or some combination of th ese processes. Th e age of th e 
playas probably ranges from late Pleistocene to Holocene. Playa basins range in size from less th an an acre to tens 
of acres. Th e basin fill consists of re-deposited silt and fine sand from th e loess. In th e larger basins, a calich e 
layer typically develops a few  feet below  th e basin floor. Th e average th ickness of th e basin fill is approximately 
6 ft (2 m). 
Eolian dune sand— Inactive sand dunes are present in much  of th e area south  of th e Arkansas R iver in Paw nee 
County and are Pleistocene to Holocene in age. Th e dune areas closest to th e Arkansas R iver are grass-covered, 
moderately steep, irregular h ills surrounding relatively small, undrained basins. A few  active dunes may occur 
locally. Th e dune sand is composed of moderately w ell-rounded fragments of quartz w ith  lesser amounts of silt 
and clay and is mostly derived from th e Arkansas R iver valley (M cLaugh lin, 1949; Arbogast, 1998). Th e 
th ickness of th e dunes ranges up to 50 ft (15 m) (M cLaugh lin, 1949). 
Active sand—Active sand areas are being rew orked and re-deposited by w ind. Active sand areas are typically 
expressed as blow outs w ith in th e sand dune map unit. 
Sh eet sand—Th e sh eet sands are older remnants of th e sand-dune topograph y ch aracterized by a much  flatter 
surface of broad, undulating sw ells and sw ales. Th e sh eet sands h ave developed a th ick, h eavy soil th at is 
extensively cultivated (M cLaugh lin, 1949). Th e th ickness of th e sh eet sands is approximately 12 ft (4 m). 
Loess—Uplands in th e county are mantled by loess composed of w ind-deposited silt and minor amounts of clay 
and fine sand. Th e loess is calcareous and buff in color. Th e age of th e loess ranges from late Pleistocene to 
Holocene. It h as an average th ickness of about 6 to 10 ft (2 to 3 m). 
Terrace valley fill— Terrace valley fill is primarily derived from th e erosion of sedimentary rocks in and w est of 
Paw nee County and occurs along th e Paw nee and Arkansas rivers. Th e fill consists of ligh t-tan to brow n clay and 
silt containing some calich e and interbedded fine to coarse sand w ith  some gravel. Clays are blocky and typically 
brow n, but range in color from w h ite to brigh t green and blue. S ilt is poorly consolidated except w h ere cemented 
by calcium carbonate. S and and gravel are poorly sorted, containing fragments of sandstone, limestone, and 
ironstone derived from w eath ering of th e Greenh orn Limestone, Carlile S h ale, and Dakota Formation 
(M cLaugh lin, 1949). Tw o terraces (Q t1 and Q t2) w ith in th e Paw nee R iver valley h ave been differentiated and lie 
20 ft (6 m) (Q t1) and 50 ft (15 m) (Q t2) above th e valley floor (M cLaugh lin, 1949; M andel, 1994). 
Ogallala Form ation— Th e Ogallala Formation is M iocene and earliest Pliocene in age and is composed of silt, 
sand, and gravel sediments transported by streams flow ing eastw ard from th e R ocky M ountains. Th ese sediments 
are variously cemented (ranging from unconsolidated to calich e-type deposits) w ith  calcium carbonate. 
Th rough out th e Ogallala, th ick calich e beds, referred to regionally as “mortar beds,” are irregularly and 
discontinuously exposed (M oss, 1932). S ilt dominates th e Ogallala and commonly occurs in poorly sorted and 
lenticular bodies. Th in, isolated outcrops of Ogallala occur only in th e extreme south w est corner of th e county.  

MESOZOIC ROCKS 
Carlile Sh ale—Th e Cretaceous Carlile S h ale is composed of th ree members, in ascending order: th e Fairport 
Ch alk M ember, th e Blue Hill S h ale M ember, and th e Codell S andstone M ember. Th e Blue Hill Sh ale Mem ber 
and th e Cod ell Sandstone Mem ber h ave not been observed in th e county (M cLaugh lin, 1949; Hattin, 1962; 
M cKellar, 1962; W allace and Nelson, 1988). Th e Fairport Ch alk  Mem ber is an olive-gray to dark-gray, blocky, 
fossiliferous, ch alky sh ale w ith  flat concretions intercalated w ith  ch alk and ch alky limestone beds and a few  th in 
bentonite beds (M oss, 1932; Hattin, 1962). Th icker, more resistant beds of ch alky limestone are more common 
near th e base of th e Fairport ch alk and form small bench es. Th e upper beds erode more easily and form rounded, 
soil-covered h ills (Fish el, 1952). Outcrops occur along stream valleys in th e north ern part of th e county. Th e total 
th ickness of th e Carlile S h ale in Paw nee County is h ard to determine because of poor exposures, but now h ere is it 
believed to be more th an 100 ft (30 m) th ick (M cLaugh lin, 1949). 
Graneros Sh ale and Greenh orn Lim estone—In Paw nee County, th e Graneros S h ale and Greenh orn Limestone 
are poorly exposed and undifferentiated. Th e Graneros Sh ale is a dark-gray to black, fissile, argillaceous sh ale 
th at may contain sandy sh ale and sandstone (M cLaugh lin, 1949). W h ere th e Graneros crops out in north-central 
and w est-central Kansas, th e th ickness ranges from 24 to 40 ft (7 to 12 m), averaging about 30 ft (9 m) (Hattin, 
1965). M cLaugh lin (1949) believed th e th ickness does not exceed 35 ft (11 m) in Paw nee County. Th e overlying 
Greenh orn Lim estone h as four members, in ascending order: th e Lincoln Lim estone Mem ber, th e Hartland 
Sh ale Mem ber, th e Jetm ore Ch alk  Mem ber, and th e Pfeifer Sh ale Mem ber. Lack of good exposures makes 
differentiating th e members difficult. Generally, th e Greenh orn Limestone is composed of alternating beds of 
th inner (usually less th an 1 ft [0.3 m]) beds of ch alky to crystalline limestone and th icker beds of gray, ch alky 
sh ale th at contain th in beds of bentonitic clay (M cLaugh lin, 1949). Th e Fence-post limestone bed is located at or 
near th e top of th e formation (M cLaugh lin, 1949; Hattin, 1975). Th e th ickness of th e Greenh orn averages 100 ft 
(30 m) in R ush  County (M cNellis, 1973) and is th ough t to be of similar th ickness in Paw nee County.  
Dak ota Form ation—S everal isolated outcrops of th e Dakota Formation occur in Paw nee County, most notably 
near Burdett, Garfield, and Larned. Based on limited outcrops and cuttings from more th an 100 test h oles, 
M cLaugh lin (1949) described th e Dakota as buff, yellow -brow n, and brow n fine-grained, lenticular sandstone and 
variegated sandy clay and clay. Th e sandstone may be th in-bedded to massive but generally is strongly ripple-
marked and cross-bedded. Alth ough  sandstone dominates th e outcrops, th e Dakota is predominantly clay and 
sandy clay (Plummer and R omary, 1942; Fish el, 1952). Topograph ic expression is variable and depends on 
cementation. W ell-cemented portions of th e Dakota form bluffs near Larned, w h ile low , smooth  h ills are 
ch aracteristic w h ere th e sandstone is poorly cemented. In a few  places in th e county, zones of h ard, calcite-
cemented “quartzitic” sandstone w eath er out as rounded boulders or form resistant ledges (M cLaugh lin, 1949). 
Th e Dakota underlies most of Paw nee County, w h ere th e average th ickness is th ough t to be about 200 ft (61 m) 
(M cLaugh lin, 1949). 
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GENERAL GEOLOGY 
Paw nee County covers an area of approximately 755 mi2 (1,955 km2) (M cLaugh lin, 1949), of w h ich  about 0.38 
mi2 (0.98 km2), or 0.05%, is surface w ater. Th e surficial sedimentary rocks are Cretaceous to Neogene in age and 
are dominated by sh ales, ch alky sh ales, ch alks, ch alky limestones, and some sandstone. Th e dip of th e strata is 
generally to th e w est. Th e oldest rocks exposed in th e area— from th e Dakota Formation— w ere deposited in a 
near-sh ore environment th at w as subsequently covered by seas represented by th e deposition of th e Graneros 
S h ale, Greenh orn Limestone, and Carlile S h ale (M cLaugh lin, 1949). Th e Ogallala Formation, th e youngest unit, 
w as deposited by streams th at carried debris from th e R ocky M ountains (M cLaugh lin, 1949). Th e unconformity 
betw een th e Cretaceous and Neogene rocks represents a period of erosion and/or non-deposition th at lasted about 
75 million years. Unconsolidated materials overlying th e Neogene and Cretaceous rocks— loess, sh eet sand, dune 
sand, playa deposits, terraces, and alluvium— are Pleistocene and Holocene in age. Currently, alluvium is being 
deposited along streambeds, and some dune areas h ave active blow outs. 
GEOMORPHOLOGY 
Paw nee County is represented by th ree ph ysiograph ic regions: th e Smoky Hills, High  Plains, and Arkansas R iver 
Low lands. Th e area north  of th e Paw nee R iver lies w ith in th e Smoky Hills (S ch oew e, 1949), w h ich  take th eir 
name from th e h aze th at sometimes forms in th e valleys in th e early morning (Kansas Geological S urvey, 2014a). 
Th e south w est portion of th e county lies w ith in th e High  Plains ph ysiograph ic region. Th e Arkansas R iver 
Low lands, rough ly defined as th e area south east of th e Arkansas R iver, w as created by fluvial erosion and 
deposition over th e past 10 million years (M cLaugh lin, 1949; S ch oew e, 1949). Paw nee County is relatively flat 
and h as maximum topograph ic relief of about 380 ft (116 m) (M cLaugh lin, 1949). Th e h igh est topograph ic area 
(approximately 2,300 ft [701 m]) is located in th e south w est part of th e county. Th e low est elevation 
(approximately 1,920 ft [585 m]) occurs w h ere th e Arkansas R iver exits th e county at th e Barton-Paw nee county 
line.  
Fluvial erosion and dissection of th e surficial geology by streams are th e primary controls on th e geomorph ology 
of th e area and h ave resulted in th e development of th e w ide Arkansas R iver and Paw nee R iver valleys. 
Numerous smaller creeks dissect and drain th e upland regions in th e north ern and south w est portions of th e 
county. Th e Paw nee R iver is th e largest tributary to th e Arkansas R iver. Early travelers and soldiers stationed at 
Fort Larned on th e S anta Fe Trail used th e Paw nee R iver and one of its oxbow  lakes as natural protection for th e 
fort (Keller-Lynn, 2008). Th e fort’s buildings w ere built out of sandstone from th e Dakota Formation, w ith  
w indow sills made from th e Fence-post limestone bed of th e Greenh orn Limestone. S andstone from th e Dakota 
w as quarried at Jenkins Hill about 2.5 mi (4.0 km) east of th e Fort Larned Historic S ite (Keller-Lynn, 2008).  
Th e south east portion of th e county is dominated by w ind-blow n landforms, including dunes, sh eet sands, and 
blow out features. Small, localized lakes form w h en w ater collects in th e blow out depressions.  
MINERAL RESOU RCES 
S and and gravel, used primarily for road metal, are mined from terrace and alluvial deposits in th e Paw nee R iver 
and Arkansas R iver valleys in Paw nee County (M cLaugh lin, 1949; Kansas Geological S urvey, 2014b). Th e 
Fence-post limestone bed of th e Greenh orn Limestone h istorically h as been used for fence posts and building 
stone. Th e Dakota Formation w as also used for building material (M cLaugh lin, 1949; Keller-Lynn, 2008).  
Oil and gas are important resources in Paw nee County. Oil production h ad declined to a low  of 110,690 barrels of 
oil from 136 w ells in 2005 but h as since increased to 369,227 barrels from 195 w ells in 2014. In addition, 115 
w ells produced 758,017 million cubic feet (mcf) of gas in 2014. Cumulatively, more th an 47,000,000 barrels of 
oil and 140,000,000 mcf of gas h ave been produced in Paw nee County (Kansas Geological S urvey, 2014c).  
WATER RESOU RCES 
Groundw ater supplies irrigation, domestic, stock, industrial, and municipal w ater in Paw nee County, mainly from 
th e unconsolidated sediments in th e Paw nee R iver and Arkansas R iver valleys. Numerous irrigation w ells occupy 
th e Paw nee R iver and Arkansas R iver valleys (Kansas Geological S urvey, 2014d). Dakota Formation sandstones 
are also important sources of irrigation w ater, mainly around and south of R ozel. Th e Dakota is also used for 
small domestic and stock w ells (M cLaugh lin, 1949). Th e Greenh orn Limestone and Carlile S h ale provide small, 
unreliable quantities of w ater to a few  domestic and stock w ells in north ern Paw nee County (M cLaugh lin, 1949). 
S everal deep (400 to 750 ft) w ells in Permian rocks h ave flow ed salt w ater to th e surface (M cLaugh lin, 1949).  
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Elevation contours, from th e USGS US Topo dataset, are presented for general 
reference. Th ey w ere generated from 1/3 arc-second National Elevation Dataset 
(NED) digital elevation models (DEM s), filtered to smooth  th e arcs. Th e NED 
data w ere modified by th e National Hydrograph y Dataset (NHD) features for 
better integration betw een h ypsograph y and h ydrograph y. In some places th e 
contours may be more generalized th an th e base maps used for compilation of 
geologic contacts. Contacts on th e map w ill typically reflect topograph ic variation 
more accurately th an th e associated contour lines. R epeated fluctuation of a 
contact across a contour line indicates th at th e mapped rock unit is maintaining a 
relatively constant elevation along a generalized contour. 
 
Th e geology w as mapped in th e field using USGS 7.5’ 1:24,000-scale 
topograph ic maps. 
 
R oads and h igh w ays sh ow n on th e base map as represented by data from th e 
Kansas Department of Transportation (KDOT) and oth er sources.  U.S. 
Department of Agriculture – Farm S ervices Agency (USDA-FSA) National 
Agriculture Imagery Program (NAIP) imagery also w as used to ch eck road 
locations. 

S h aded relief is based on 1-meter h ydroflattened bare-earth DEM s from th e S tate 
of Kansas LiDAR  Database. Th e DEM  images, in Erdas Imagine (.img) format, 
w ere mosaicked into a single output DEM  in Esri file geodatabase raster format. 
Th at DEM  w as th en dow nsampled to 2-meter resolution and subsequently 
converted to geograph ic coordinates. Th e output DEM  w as th en converted to a 
h illsh ade, a multidirectional sh aded-relief image using angles of illumination 
from 0°, 225°, 270°, and 315° azimuth s, each  45° above th e h orizon, w ith  a 4x 
vertical exaggeration. 
 
Th is geologic map w as funded in part by th e USGS National Cooperative 
Geologic M apping Program and by th e National Park S ervice. 
 
Th is map w as produced using th e ArcGIS system developed by ES R I 
(Environmental S ystems R esearch  Institute, Inc.). 
 
Th e Kansas Geological S urvey does not guarantee th is map to be free from errors 
or inaccuracies and disclaims any responsibility or liability for interpretations 
made from th e map or decisions based th ereon. 
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M ap sh ow s th e locations of th e 24 quadrangles used in th e 
digital compilation of th e Paw nee County map.  Th e index 
sh ow s th e names of each individual 7.5-minute quadrangle map. 

or visit th e Kansas Geological S urvey w ebsite at w w w .kgs.ku.edu

Computer compilation and cartograph y by th e Kansas Geological
S urvey's Cartograph ic S ervices unit.  For purch ase information, or
for information about oth er KGS maps or publications, please call

Publication Sales
(785) 864-2157


