
DESCRIPTION OF UNITS
AR TIFICIAL FILL—Natural or artificial talus, slumps, and tailing s cov ering  formally exposed areas 
around activ e and inactiv e mining  operations
ALLU V IU M—Clay, silt, sand, and some g rav el composed of locally deriv ed unconsolidated sediment 
deposited in ch annels and on flood plains of modern streams.  
OLDER  ALLU V IU M—Clay, silt, sand, and some g rav el composed of locally deriv ed unconsolidated 
sediment located betw een 1.5 to 6 meters abov e and adjacent to modern flood plains and alluv ial 
v alleys.
TER R ACE SAND—Mostly unconsolidated sand, silt, and clay, with  little to no g rav el-sized material.  
U nit formed at sev eral lev els along  former courses of present-day riv ers and streams.
TER R ACE GR AV EL— U nconsolidated g rav el, sand, silt, and clay deposited at sev eral lev els abov e 
and along  th e  former courses of modern riv ers and streams.
DU NE SAND—Generally windblown, fine- to v ery fine-g rained, unconsolidated sand formed into 
definite dune structure and ridg es. Deposits most likely deriv ed from Aeolian reworking  of modern 
and older alluv ial and terrace deposit, often v eg etated except for most recently formed structures.
COV ER  SHEET SAND—Composed of unconsolidated windblown, v ery fine-g rained sand and silt 
deposited as a featureless plain. Deriv ation similar to th at of dune deposits.
SU MNER  GR OU P —Th e Sumner Group includes primarily reddish -brown sh ales and siltstones th at 
are stratig raph ically equiv alent to th e W elling ton Formation and th e Garber Sandstone of central 
Oklah oma. Only th e basal 10 to 15 meters exposed along  th e far western parts of th e quad.
CHASE GR OU P —Along  th e Kansas-Oklah oma border, th e g roup is comprised of four limestone 
and th ree sh ale members. In descending  order, th ey are:  th e Nolans Limestone at top, Odell 
Sh ale, W infield Limestone, Doyle Sh ale, Barneston Limestone, Matland Sh ale, and th e W reford 
Limestone at base. Only th e more prominent limestone members are sh own. Ov erall, th e Ch ase 
Group consists ofmulticolored calcareous, silty claysh ales, claystones, and mudstones  
interlayered with  prominent, escarpment forming  limestone interv als. Important limestones 
include, in descending  order:  1) th e Hering ton Limestone, a 1.5 meter th ick, th in-bedded, 
arg illaceous, carbonate mudstone, th e top of w h ich  marks th e top of th e Ch ase Group; 2) th e 
W infield Limestone (P cg w), a 3.5 meter th ick limestone consisting  of two th in-bedded ch erty 
carbonate mudstones to wackestones separated by a th in sh ale interv al; 3) th e Fort R iley 
Limestone (P cg f), a unit th at is v ariable in ch aracter but is g enerally ~6 meters th ick and consists 
of a low er molluscan and alg al limestone interbedded with  g ray sh ale and ov erlain by a th ick 
sandstone; and 4) th e W reford Limestone, w h ich  represents th e base of th e g roup, and rang es 
from ~1/2 to 5 meters th ick and consists of a low er, middle, and upper zone. Th e low er and 
middle zones consist of g ray, th ick-bedded, alg al limestone th at is sandy in some areas. W h en 
sandy, th e rock is brown to yellow in color and commonly w eath ers into larg e rectang ular blocks. 
Th e upper zone consists of interbedded g ray, th in-bedded, non-fossiliferous limestone with  g ray 
sh ale. Alg al pellets are present with in th e limestone.
   Total th ickness of th e Ch ase Group is ~91 meters.
COU NCIL GR OV E GR OU P —Along  th e north ern border of Oklah oma and extending  south , th e 
g roup is comprised of a number of th in limestone packag es interbedded with  sh ale. In 
descending  order, th ey are:  th e Speiser Sh ale at th e top, Funston Limestone, Blue R apids Sh ale, 
Crouse Limestone, Easly Creek Sh ale, Bader Limestone, Stearns Sh ale, Beattie Formation, 
Eskridg e Sh ale, Grenola Formation, R oca Sh ale, R ed Eag le Formation, Joh nson Sh ale, and th e 
Foraker Formation at base. Only th e more prominent limestone members are sh own. Ov erall, th e 
upper part of th e Council Grov e Group consists of red sh ales and lenticular sandstones with  th in 
interbedded limestones. Th e low er part consists of fine-g rained sandstones and red to g ray 
sh ales interbedded with  th in fossiliferous limestones. Important limestones include, in descending  
order:  1) th e Cottonwood Limestone (IP P cg c) of th e Beattie Formation is a 1 meter th ick resistant 
bed of lig h t g reenish -g ray limestone; 2) th e Nev a Limestone (IP P cg n) of th e Grenola Formation is 
3 to 4 meters th ick and consists of th ree limestone zones separated by and interbedded with  
sh ales. Th e low er zone consists of a lig h t g ray to blue-g ray, dense limestone. In parts it is ch erty 
and/or slig h tly fossiliferous (fusulinids). Th e middle zone is a lig h t g ray, arg illaceous, slig h tly 
fossiliferous (fusulinids), limestone with  abundant ch ert locally. Th e upper zone is a lig h t g ray to 
yellow ish , massiv e to th in-bedded limestone w ith  abundant fusulinids and locally rich  in ch ert; 3) 
th e R ed Eag le Formation (IP P cg r) constitutes th e boundary betw een th e P ermian and 
P ennsylv anian P eriods. It is poorly exposed and absent in some areas. Th e limestone is g ray, 
lig h t g ray, or off-w h ite in color and can be subdiv ided into a low er, middle, and upper zones, each  
about 1.2 meters th ick. Th e low er and upper limestones are th in-bedded, and th e middle 
limestone is medium- to th ick-bedded; 4) th e Long  Creek Limestone (IP P cg l) is th e upper 
member of th e Foraker Formation and is ~3.5 to 5 meters th ick, poorly exposed, and th in- to 
medium-bedded. Th e limestone is ch ert-bearing  and fusulinid-rich  in some areas; 5) th e Americus 
Limestone is th e low er member of th e Foraker Formation and represents th e base of th e Council 
Grov e Group. It is ~3 meters th ick and contains limestones separated by th in sh ale interv als. In 
particular, it contains two low er massiv e limestones th at are g ray, crystalline, dense, and 
fossiliferous, with  abundant fusulinids, separated by a marly, extremely fossiliferous (fusulinid-
rich ) sh ale.
   Total th ickness of th e Council Grov e Group is ~145 meters.  
ADMIR E GR OU P —Consists of undifferentiated red and g ray sh ales, fine-g rained sandstones, 
and undisting uish able th in, fossiliferous limestones. Th e only prominent member is th e Fiv e P oint 
Limestone th at occurs in th e middle of th e g roup and w h ich  w as unmappable at th is scale.  Total 
th ickness of th e g roup is ~43 meters.
W ABAU NSEE GR OU P —Along  th e Kansas-Oklah oma border, th e g roup is comprised of six 
limestone and six sh ale members. In descending  order, th ey are:  th e W ood Siding  Formation at 
top, R oot Sh ale, Stotler Limestone, P illsbury Sh ale, Zendale Limestone, W illard Sh ale, Emporia 
Limestone, Auburn Sh ale, Bern Limestone, Scranton Sh ale, Howard Limestone, and th e Sev ery 
Sh ale at base. Only th e more prominent limestone members are sh own. Ov erall, th e W abaunsee 
Group consists of massiv e limestone beds with  interbedded calcareous, arg illaceous, and 
arenaceous sh ale. Important  limestones include, in descending  order:  1) th e Brownv ille 
Limestone at th e top of th e W ood Siding  Formation constitutes th e top of th e W abaunsee Group. 
It is ~2 meters th ick and consists of two limestone beds, both  ~0.4 meters th ick, separated by 
g ray, calcareous sh ale. Th e low er limestone bed is silty, lig h t g ray to buff, and fossiliferous. 
Fossils include frag ments of brach iopods, ech inoids, and pelecypods, w h ich  are often replaced 
by calcite.  is also present, especially in th e upper part of th e low er bed. Th e upper bed is Myalina
lig h t g ray to tan, arg illaceous, and fossiliferous. Fossils include fusulinids, w h ich  increase in size 
upw ard, and crinoid stems, w h ich  are abundant on th e surface of th e rock; 2) th e Grayh orse 
Limestone (w g g ) in th e middle of th e W ood Siding  is ~1 meter th ick and consists of two lig h t *
g ray limestone beds separated by a g reenish -g ray sh ale with  intercalated limestones. Th e low er 
limestone bed is fossiliferous, with  bryozoans, ech inoids, brach iopods, and mollusks, w h ich  are 
replaced by calcite. Th e upper limestone bed is well-indurated, ferrug inous, and sparsely 
fossiliferous; 3) th e Elmont Limestone (w g e) at th e top of th e Emporia Limestone is ~3 meters *
th ick and consists of two limestone beds separated by a g ray sh ale. Th e low er bed is g ray and 
contains abundant fusulinids. Th e upper bed is brown, irreg ularly-bedded, and fossiliferous; 4) th e 
R eading  Limestone (w g r), located at th e base of th e Emporia, is 6 meters th ick and consists of *
four limestone beds separated by g ray sh ales. Th e low er and upper limestones are alg al pellet 
limestones with  irreg ular upper surfaces. Th ey are fossiliferous to locally fossiliferous, with  
pelecypod frag ments in th e low er limestone. Th e middle two limestones are g ray to dark g ray, 
dense, brittle, and fossiliferous. Th e upper-middle limestone contains fusulinids, alg al pellets, 
h orn corals, and g astropods locally. Th e sh ale betw een th e low er and low er-middle limestones 
contains a th in coal and underclay; 5) th e W akarusa Limestone (w k) at th e top of th e Bern *
Limestone is 0.5 to 1.5 meters th ick and consists of limestone beds separated by interv ening  
sh ales. Th e limestone beds are dense and dark g ray to steel blue in color. Th ey are sometimes 
brittle and/or display conch oidal fracture. Fossils present include fusulinids, brach iopods, 
bryozoans, and concentrically laminated alg al org anisms (alg al pellets) th at h av e been called 
“Cryptozoon.” Th e sh ales are g ray, calcareous, and fossiliferous; and 6) th e Ch urch  Limestone 
(ch ), in th e middle of th e How ard Limestone, correlates w ith  th e Bird Creek Limestone of *
Oklah oma and stratig raph ically occurs no more th an 20 to 30 feet abov e th e base of th e 
W abaunsee Group. It consists of a persistent  ~0.5 to 1 meter th ick bed of dark g ray to black, 
dense, well-indurated, brittle limestone containing  sparse fusulinids, bryozoans, and brach iopods. 
Subconch oidal fractures are also present.
   Total th ickness of th e W abaunsee Group is ~210 meters.
SHAW NEE GR OU P — In th e north , th e g roup is comprised of four limestone and th ree sh ale 
members. In descending  order, th ey are:  Topeka Limestone at top, Calh oun Sh ale, Deer Creek 
Limestone, Tech umseh  Sh ale, Lecompton Limestone, Kanw aka Sh ale, and th e Oread Limestone 
at base. Only th e more prominent limestone members are sh own. Ov erall, th e g roup is 
ch aracterized by interbedded interv als of claysh ale, silty claysh ale, and mudstone of v arying  
th ickness, with  predominantly yellow-brown weath ering  limestones. Mapped interv als with  th e 
Sh aw nee Group include:  1) th e Turkey R un Limestone (tr), w h ich  represents th e top of th e *
g roup and correlates with  th e Coal Creek Limestone of th e top of th e Topeka Formation of 
Kansas, is 0.3 to 0.6 meters th ick, v aries in ch aracter, and is poorly exposed in some areas. It is 
sometimes a dark g ray, sh aly, fossiliferous limestone. Oth er times it is a pellet limestone, with  
lig h t g ray to blue limestone balls, 1 to 5 millimeters in diameter, in a dark g ray matrix of sandy 
limestone; 2) th e Beil Limestone (bl), is 2.2 to 4 meters th ick, v aries in ch aracter, and is poorly *
exposed in some areas. W h ere th e limestone is th icker to th e north , it h as massiv e-bedding  and a 
pitted surface. South w ard, th e limestone becomes th inner, wav y-bedded, and more interbedded 
with  sh ales. Th e limestone may become a calcareous sandstone to th e south  as w ell. Th e 
limestone contains fusulinids, crinoid frag ments, and coral; and 3) th e Leav enworth  Limestone 
(IP lv), a sing le (<1 meter th ick) bed of medium g ray, cabonate mudstone with  abundant fusulinids. 
Th e bed pinch es out near th e south ern boundary of th e P aw h uska Sh eet.
   Total th ickness of th e Sh aw nee Group ~70 meters.
DOU GLAS GR OU P — In th e north , th e g roup is comprised of two predominant clastic members, 
th e upper Lawrence Formation and th e basal Stang er Formation, as well as a number of minor 
limestone beds.  Important limestones include: 1) th e Labadie Limestone (dg l), a g ray to w h ite, *
w av y-bedded, fractured, brach iopod-bearing  limestone. It is 1 to 3 meters th ick, th inning  to th e 
north , and roug h ly correlates to th e Haskell Limestone of th e Doug las Group of Kansas 
nomenclature, and is found at th e base of th e Lawrence Formation.  Oth er limestones include, 
but w ere not mapped, th e Amazonia Limestone of th e Lawrence, and th e W estph alia Limestone 
of th e Strang er Formation.  Th e Doug las Group interfing ers with  th e V amoosa Group lith olog ies 
as Doug las limestones pinch  out to th e south .
   Total th ickness of th e Doug las Group ~122 meters
ADA GR OU P —Contains interbedded g ray sh ales, lenticular sandstones, and limestones, and 
correlates with  th e low er part of th e W abaunsee Group and th e upper part of th e Sh aw nee 
Group. Important limestones include:  1) th e W akarusa Limestone (wk), w h ich  occurs 10 to 20 *
feet below th e top of th e g roup. See detailed description under th e W abaunsee Group; 2) th e 
Ch urch  Limestone (ch ), w h ich  correlates to th e Bird Creek Limestone of Oklah oma. See *
detailed description under th e W abaunsee Group; 3) th e Turkey R un Limestone (tr), w h ich  *
correlates with  th e Coal Creek Limestone of th e top of th e Topeka Formation of Kansas. See 
detailed description under th e Sh aw nee Group; and 4) th e Beil Limestone (bl), w h ich  *
constitutes th e base of th e Ada Formation. See detailed description under th e Sh aw nee Group. 
Th e P aw h uska Formation of Oklah oma is bounded abov e and below by th e Turkey R un 
Limestone and th e Beil Limestone, respectiv ely, but is not sh own on th is map.
   Total th ickness of th e Ada Formation is ~38 meters.
V AMOOSA GR OU P —On th e P aw h uska Sh eet, th e V amoosa Group consists of locally 
calcareous, g ray-g reen, blue-g reen, and maroon sh ale; siltstone; fine- to coarse-g rained 
sandstone; and th in limestones. It correlates roug h ly with  th e low er h alf of th e Sh aw nee Group 
and th e upper h alf of th e Doug las Group of Kansas.  Th e Leav enworth  Limestone (lv; see *
detailed description under th e Sh aw nee Group) is th e only mappable limestone found in th e 
g roup.  Th e base of th e Ch esh ew alla Sandstone marks th e base of th e V amoosa Group; it is a ~2 
to 6 meters th ick, fine-g rained, moderately w ell-cemented, and cross-bedded, arg illaceous quartz 
arenite th at roug h ly correlates with  th e Tong anoxie Sandstone of Kansas.
   Total th ickness rang es from ~120 to 190 meters.
TALLANT FOR MATION—Consists of g reenish -g ray and g rayish -blue sh ale, sandstone, and th in 
limestone beds.  It correlates with  th e W eston Sh ale of th e Stang er Formation at th e base of th e 
Doug las Group of Kansas.  Th e Big h eart Sandstone marks th e base of th e Tallant Formation. 
Th ickness rang es from ~30 to 75 meters.
BAR NSDALLFOR MATION—Consists of blue-g ray sh ale, buff siltstone and fine-g rained  
sandstone, and th in limestone beds. Total th ickness of formation rang es from ~40 to 50 meters, 
increasing  north w ard.
W ANNFOR MATION—Consists of sh ale and fine- to medium-g rained sandstone with  many th in  
layers of fossiliferous limestone.  Total th ickness of formation rang es from 15 to 122 meters.
IOLA FOR MATION—Consists of interbedded limestone, calcareous sandstone, and sh ale. Only 
th e upper 5 to 10 meters exposed on th e sh eet.
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DU NE SAND—Generally windblown, fine- to v ery fine-g rained, unconsolidated sand formed into 
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Sh ale, W infield Limestone, Doyle Sh ale, Barneston Limestone, Matland Sh ale, and th e W reford 
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Group consists ofmulticolored calcareous, silty claysh ales, claystones, and mudstones  
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include, in descending  order:  1) th e Hering ton Limestone, a 1.5 meter th ick, th in-bedded, 
arg illaceous, carbonate mudstone, th e top of w h ich  marks th e top of th e Ch ase Group; 2) th e 
W infield Limestone (P cg w), a 3.5 meter th ick limestone consisting  of two th in-bedded ch erty 
carbonate mudstones to wackestones separated by a th in sh ale interv al; 3) th e Fort R iley 
Limestone (P cg f), a unit th at is v ariable in ch aracter but is g enerally ~6 meters th ick and consists 
of a low er molluscan and alg al limestone interbedded with  g ray sh ale and ov erlain by a th ick 
sandstone; and 4) th e W reford Limestone, w h ich  represents th e base of th e g roup, and rang es 
from ~1/2 to 5 meters th ick and consists of a low er, middle, and upper zone. Th e low er and 
middle zones consist of g ray, th ick-bedded, alg al limestone th at is sandy in some areas. W h en 
sandy, th e rock is brown to yellow in color and commonly w eath ers into larg e rectang ular blocks. 
Th e upper zone consists of interbedded g ray, th in-bedded, non-fossiliferous limestone with  g ray 
sh ale. Alg al pellets are present with in th e limestone.
   Total th ickness of th e Ch ase Group is ~91 meters.
COU NCIL GR OV E GR OU P —Along  th e north ern border of Oklah oma and extending  south , th e 
g roup is comprised of a number of th in limestone packag es interbedded with  sh ale. In 
descending  order, th ey are:  th e Speiser Sh ale at th e top, Funston Limestone, Blue R apids Sh ale, 
Crouse Limestone, Easly Creek Sh ale, Bader Limestone, Stearns Sh ale, Beattie Formation, 
Eskridg e Sh ale, Grenola Formation, R oca Sh ale, R ed Eag le Formation, Joh nson Sh ale, and th e 
Foraker Formation at base. Only th e more prominent limestone members are sh own. Ov erall, th e 
upper part of th e Council Grov e Group consists of red sh ales and lenticular sandstones with  th in 
interbedded limestones. Th e low er part consists of fine-g rained sandstones and red to g ray 
sh ales interbedded with  th in fossiliferous limestones. Important limestones include, in descending  
order:  1) th e Cottonwood Limestone (P cg c) of th e Beattie Formation is a 1 meter th ick resistant *
bed of lig h t g reenish -g ray limestone; 2) th e Nev a Limestone (P cg n) of th e Grenola Formation is *
3 to 4 meters th ick and consists of th ree limestone zones separated by and interbedded with  
sh ales. Th e low er zone consists of a lig h t g ray to blue-g ray, dense limestone. In parts it is ch erty 
and/or slig h tly fossiliferous (fusulinids). Th e middle zone is a lig h t g ray, arg illaceous, slig h tly 
fossiliferous (fusulinids), limestone with  abundant ch ert locally. Th e upper zone is a lig h t g ray to 
yellow ish , massiv e to th in-bedded limestone w ith  abundant fusulinids and locally rich  in ch ert; 3) 
th e R ed Eag le Formation (P cg r) constitutes th e boundary betw een th e P ermian and *
P ennsylv anian P eriods. It is poorly exposed and absent in some areas. Th e limestone is g ray, 
lig h t g ray, or off-w h ite in color and can be subdiv ided into a low er, middle, and upper zones, each  
about 1.2 meters th ick. Th e low er and upper limestones are th in-bedded, and th e middle 
limestone is medium- to th ick-bedded; 4) th e Long  Creek Limestone (P cg l) is th e upper member *
of th e Foraker Formation and is ~3.5 to 5 meters th ick, poorly exposed, and th in- to medium-
bedded. Th e limestone is ch ert-bearing  and fusulinid-rich  in some areas; 5) th e Americus 
Limestone is th e low er member of th e Foraker Formation and represents th e base of th e Council 
Grov e Group. It is ~3 meters th ick and contains limestones separated by th in sh ale interv als. In 
particular, it contains two low er massiv e limestones th at are g ray, crystalline, dense, and 
fossiliferous, with  abundant fusulinids, separated by a marly, extremely fossiliferous (fusulinid-
rich ) sh ale.
   Total th ickness of th e Council Grov e Group is ~145 meters.  
ADMIR E GR OU P —Consists of undifferentiated red and g ray sh ales, fine-g rained sandstones, 
and undisting uish able th in, fossiliferous limestones. Th e only prominent member is th e Fiv e P oint 
Limestone th at occurs in th e middle of th e g roup and w h ich  w as unmappable at th is scale.  Total 
th ickness of th e g roup is ~43 meters.
W ABAU NSEE GR OU P —Along  th e Kansas-Oklah oma border, th e g roup is comprised of six 
limestone and six sh ale members. In descending  order, th ey are:  th e W ood Siding  Formation at 
top, R oot Sh ale, Stotler Limestone, P illsbury Sh ale, Zendale Limestone, W illard Sh ale, Emporia 
Limestone, Auburn Sh ale, Bern Limestone, Scranton Sh ale, How ard Limestone, and th e Sev ery 
Sh ale at base. Only th e more prominent limestone members are sh own. Ov erall, th e W abaunsee 
Group consists of massiv e limestone beds with  interbedded calcareous, arg illaceous, and 
arenaceous sh ale. Important  limestones include, in descending  order:  1) th e Brownv ille 
Limestone at th e top of th e W ood Siding  Formation constitutes th e top of th e W abaunsee Group. 
It is ~2 meters th ick and consists of two limestone beds, both  ~0.4 meters th ick, separated by 
g ray, calcareous sh ale. Th e low er limestone bed is silty, lig h t g ray to buff, and fossiliferous. 
Fossils include frag ments of brach iopods, ech inoids, and pelecypods, w h ich  are often replaced 
by calcite.  is also present, especially in th e upper part of th e low er bed. Th e upper bed is Myalina
lig h t g ray to tan, arg illaceous, and fossiliferous. Fossils include fusulinids, w h ich  increase in size 
upw ard, and crinoid stems, w h ich  are abundant on th e surface of th e rock; 2) th e Grayh orse 
Limestone (w g g ) in th e middle of th e W ood Siding  is ~1 meter th ick and consists of two lig h t *
g ray limestone beds separated by a g reenish -g ray sh ale with  intercalated limestones. Th e low er 
limestone bed is fossiliferous, with  bryozoans, ech inoids, brach iopods, and mollusks, w h ich  are 
replaced by calcite. Th e upper limestone bed is well-indurated, ferrug inous, and sparsely 
fossiliferous; 3) th e Elmont Limestone (IP w g e) at th e top of th e Emporia Limestone is ~3 meters 
th ick and consists of two limestone beds separated by a g ray sh ale. Th e low er bed is g ray and 
contains abundant fusulinids. Th e upper bed is brown, irreg ularly-bedded, and fossiliferous; 4) th e 
R eading  Limestone (IP w g r), located at th e base of th e Emporia, is 6 meters th ick and consists of 
four limestone beds separated by g ray sh ales. Th e low er and upper limestones are alg al pellet 
limestones with  irreg ular upper surfaces. Th ey are fossiliferous to locally fossiliferous, with  
pelecypod frag ments in th e low er limestone. Th e middle two limestones are g ray to dark g ray, 
dense, brittle, and fossiliferous. Th e upper-middle limestone contains fusulinids, alg al pellets, 
h orn corals, and g astropods locally. Th e sh ale betw een th e low er and low er-middle limestones 
contains a th in coal and underclay; 5) th e W akarusa Limestone (IP w k) at th e top of th e Bern 
Limestone is 0.5 to 1.5 meters th ick and consists of limestone beds separated by interv ening  
sh ales. Th e limestone beds are dense and dark g ray to steel blue in color. Th ey are sometimes 
brittle and/or display conch oidal fracture. Fossils present include fusulinids, brach iopods, 
bryozoans, and concentrically laminated alg al org anisms (alg al pellets) th at h av e been called 
“Cryptozoon.” Th e sh ales are g ray, calcareous, and fossiliferous; and 6) th e Ch urch  Limestone 
(IP ch ), in th e middle of th e How ard Limestone, correlates with  th e Bird Creek Limestone of 
Oklah oma and stratig raph ically occurs no more th an 20 to 30 feet abov e th e base of th e 
W abaunsee Group. It consists of a persistent  ~0.5 to 1 meter th ick bed of dark g ray to black, 
dense, well-indurated, brittle limestone containing  sparse fusulinids, bryozoans, and brach iopods. 
Subconch oidal fractures are also present.
   Total th ickness of th e W abaunsee Group is ~210 meters.
SHAW NEE GR OU P — In th e north , th e g roup is comprised of four limestone and th ree sh ale 
members. In descending  order, th ey are:  Topeka Limestone at top, Calh oun Sh ale, Deer Creek 
Limestone, Tech umseh  Sh ale, Lecompton Limestone, Kanw aka Sh ale, and th e Oread Limestone 
at base. Only th e more prominent limestone members are sh own. Ov erall, th e g roup is 
ch aracterized by interbedded interv als of claysh ale, silty claysh ale, and mudstone of v arying  
th ickness, with  predominantly yellow-brown weath ering  limestones. Mapped interv als with  th e 
Sh aw nee Group include:  1) th e Turkey R un Limestone (Iptr), w h ich  represents th e top of th e 
g roup and correlates with  th e Coal Creek Limestone of th e top of th e Topeka Formation of 
Kansas, is 0.3 to 0.6 meters th ick, v aries in ch aracter, and is poorly exposed in some areas. It is 
sometimes a dark g ray, sh aly, fossiliferous limestone. Oth er times it is a pellet limestone, with  
lig h t g ray to blue limestone balls, 1 to 5 millimeters in diameter, in a dark g ray matrix of sandy 
limestone; 2) th e Beil Limestone (IP bl), is 2.2 to 4 meters th ick, v aries in ch aracter, and is poorly 
exposed in some areas. W h ere th e limestone is th icker to th e north , it h as massiv e-bedding  and a 
pitted surface. South w ard, th e limestone becomes th inner, wav y-bedded, and more interbedded 
with  sh ales. Th e limestone may become a calcareous sandstone to th e south  as w ell. Th e 
limestone contains fusulinids, crinoid frag ments, and coral; and 3) th e Leav enworth  Limestone 
(IP lv), a sing le (<1 meter th ick) bed of medium g ray, cabonate mudstone with  abundant fusulinids. 
Th e bed pinch es out near th e south ern boundary of th e P aw h uska Sh eet.
   Total th ickness of th e Sh aw nee Group ~70 meters.
DOU GLAS GR OU P — In th e north , th e g roup is comprised of two predominant clastic members, 
th e upper Lawrence Formation and th e basal Stang er Formation, as well as a number of minor 
limestone beds.  Important limestones include: 1) th e Labadie Limestone (Ipdg l), a g ray to w h ite, 
wav y-bedded, fractured, brach iopod-bearing  limestone. It is 1 to 3 meters th ick, th inning  to th e 
north , and roug h ly correlates to th e Haskell Limestone of th e Doug las Group of Kansas 
nomenclature, and is found at th e base of th e Lawrence Formation.  Oth er limestones include, 
but w ere not mapped, th e Amazonia Limestone of th e Lawrence, and th e W estph alia Limestone 
of th e Strang er Formation.  Th e Doug las Group interfing ers with  th e V amoosa Group lith olog ies 
as Doug las limestones pinch  out to th e south .
   Total th ickness of th e Doug las Group ~122 meters
ADA GR OU P —Contains interbedded g ray sh ales, lenticular sandstones, and limestones, and 
correlates with  th e low er part of th e W abaunsee Group and th e upper part of th e Sh aw nee 
Group. Important limestones include:  1) th e W akarusa Limestone (Ipw k), w h ich  occurs 10 to 20 
feet below th e top of th e g roup. See detailed description under th e W abaunsee Group; 2) th e 
Ch urch  Limestone (IP ch ), w h ich  correlates to th e Bird Creek Limestone of Oklah oma. See 
detailed description under th e W abaunsee Group; 3) th e Turkey R un Limestone (IP tr), w h ich  
correlates with  th e Coal Creek Limestone of th e top of th e Topeka Formation of Kansas. See 
detailed description under th e Sh aw nee Group; and 4) th e Beil Limestone (IP bl), w h ich  
constitutes th e base of th e Ada Formation. See detailed description under th e Sh aw nee Group. 
Th e P aw h uska Formation of Oklah oma is bounded abov e and below by th e Turkey R un 
Limestone and th e Beil Limestone, respectiv ely, but is not sh own on th is map.
   Total th ickness of th e Ada Formation is ~38 meters.
V AMOOSA GR OU P —On th e P aw h uska Sh eet, th e V amoosa Group consists of locally 
calcareous, g ray-g reen, blue-g reen, and maroon sh ale; siltstone; fine- to coarse-g rained 
sandstone; and th in limestones. It correlates roug h ly with  th e low er h alf of th e Sh aw nee Group 
and th e upper h alf of th e Doug las Group of Kansas.  Th e Leav enworth  Limestone (IP lv; see 
detailed description under th e Sh aw nee Group) is th e only mappable limestone found in th e 
g roup.  Th e base of th e Ch esh ew alla Sandstone marks th e base of th e V amoosa Group; it is a ~2 
to 6 meters th ick, fine-g rained, moderately w ell-cemented, and cross-bedded, arg illaceous quartz 
arenite th at roug h ly correlates with  th e Tong anoxie Sandstone of Kansas.
   Total th ickness rang es from ~120 to 190 meters.
TALLANT FOR MATION—Consists of g reenish -g ray and g rayish -blue sh ale, sandstone, and th in 
limestone beds.  It correlates with  th e W eston Sh ale of th e Stang er Formation at th e base of th e 
Doug las Group of Kansas.  Th e Big h eart Sandstone marks th e base of th e Tallant Formation. 
Th ickness rang es from ~30 to 75 meters.
BAR NSDALLFOR MATION—Consists of blue-g ray sh ale, buff siltstone and fine-g rained  
sandstone, and th in limestone beds. Total th ickness of formation rang es from ~40 to 50 meters, 
increasing  north w ard.
W ANNFOR MATION—Consists of sh ale and fine- to medium-g rained sandstone with  many th in  
layers of fossiliferous limestone.  Total th ickness of formation rang es from 15 to 122 meters.
IOLA FOR MATION—Consists of interbedded limestone, calcareous sandstone, and sh ale. Only 
th e upper 5 to 10 meters exposed on th e sh eet.
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