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MAP S YMBOLS  
 
Formation contact 
 
S h annon S andstone Member of Cody S h ale—Base of un it shown 
 
Fault—Bar a n d b a ll on down thrown b lock; arrows in dica te rela tive direction of ob lique-slip 
m ovem en t.  No in dica tion on fa ult tra ce in dica tes un determ in ed m otion.  Dashed where 
approxim a tely loca ted a n d dotted where con cea led b y surficia l deposits 
 
Anticline—T ra ce of a xia l pla n e a n d direction  of plun ge com piled from  source m appin g or 
determ in ed b y field dip m easurem en ts a n d b y photo in terpreta tion.  Dashed where 
approxim a tely loca ted; dotted where con cea led b y surficia l deposits.  Asym m etric 
a n ticlin es are shown b y shorter arrow on steeper lim b  
 
Cloud Creek terrestrial impact structure—S hort dashed lin e in dica tes outside b oun dary of 
cen tra l pea k; dashed lin e with b ars in dica tes a n n ular trough fa ult.  Both lin es are con cea led; 
structure is a t the level of the Jurassic-T riassic un con form ity.  L oca tion, description, a n d 
term in ology from  S ton e (1999) a n d S ton e a n d T herria ult (2003) 
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DES CRIPTION OF MAP UNITS  
 

Quaternary surfic ial deposits 
 
Qa Alluv ial deposits (Holocene)— U n consolida ted a n d poorly consolida ted cla y, silt, sa n d, a n d 

gra vel, m a in ly in cha n n el or m ea n der b elt of creeks a n d rivers. In cludes lowest level terra ce 
deposits in m a n y of the strea m  va lleys 

 
Qac Mixed alluv ium and colluv ium  (Holocene/Pleistocene)— S a n d, silt, cla y, a n d gra vel deposited 

m a in ly a lon g in term itten t strea m s a n d rivers; in cludes slope wash a n d sm a ller a lluvia l fa n  
deposits tha t coa lesce with a lluvium  a n d youn gest low level terra ce deposits 

 
Qs Windb lown sand (Holocene/Pleistocene)— Prim arily gra y quartz sa n d; in cludes a ctive a n d 

in a ctive (sta b ilized) sa n d dun es tren din g southwest to northeast, especia lly in the area northeast 
of Casper 

 
Qt Terrace deposits (Holocene/Pleistocene)— Beds of peb b le a n d cob b le gra vels a n d len ses of silt 

a n d sa n d loca lly cem en ted b y ca lcium  carb on a te. Consist of un correla ted terra ces occurrin g 
a lon g presen t dra in a ges, a few feet (0.6 m ) to severa l hun dred feet (61 m ) a b ove m odern flood 
pla in s 

 
Tertiary sedimentary rocks 
 
Tw Wasatch  Formation (Eocene and Paleocene?)— L en ticular in terb eds of gra y to light-brown, 

fin e- to coarse-gra in ed, loca lly con glom era tic, feldspa thic to arkosic, cross-b edded sa n dston e; 
dark- to light-gra y or brown or green ish-gra y sha le, cla yston e, a n d siltston e. S ub b itum in ous a n d 
lign itic coa l b eds a n d carb on a ceous sha les occur loca lly. T hickn esses of over 2,400 feet (730 m ) 
in the Powder River Basin, b ut on ly the lowerm ost part exposed on this qua dra n gle (description 
b ased on Kohout, 1957) 

 
Fort Union Formation 

 
Tftl Tongue River and Lebo S h ale Members undiv ided (Paleocene)— Y ellowish-gra y sa n dston e 

a n d siltston e; coa ls a n d carb on a ceous sha les; a n d, loca lly, thin  len ses of con glom era te.  
T hickn ess ra n ges from  a b out 1,725 to 2,825 feet (525 to 861 m ) (Denson a n d others, 1995) 

 
Tft Tullock Member (Paleocene)— Distin guished from  the con form a b ly overlyin g L eb o Mem b er 

b y its dra b  appeara n ce a n d m a ssive sa n dston e un its. In terb edded ta n  to b uff sa n dston e, siltston e, 
dark brown a n d gra y carb on a ceous sha le, a n d thin  coa l b eds. T hickn ess 750 to 1,850 feet (229 
to 564 m ) (description a n d thickn esses from  Den son a n d others, 1995) 

 
Upper Cretaceous sedimentary rocks 
 
 Lance and Meeteetse formations and Lewis S h ale undiv ided 
 
Klml Lance Formation— Gra y sha le a n d dra b  b rown, m assive len ticular, con cretion ary sa n dston e; 

thin  coa l b eds in lower ha lf. In southwestern corn er of qua dra n gle consists of white to light gra y 
sa n dston e, m assive to cross-b edded, a n d thin  b eds of carbon a ceous a n d gra y sha le. T hickn ess 
1,000 to 2,500 feet (300 to 760 m ) (Ver Ploeg a n d others, 2004) 

 
  Meeteetse Formation— L ight-gra y fria b le sa n dston e in terb edded with dark-gra y carb on a ceous 

sha le a n d yellowish-colored b en ton itic cla yston e. On ly occurs in southwestern corn er of 
qua dra n gle where it is com b in ed with the L a n ce Form a tion a n d overlyin g a n d un derlyin g 
ton gues of the L ewis S ha le. T hickn ess 400 feet (122 m ) (description from  Csern a a n d others, 
1983) 

Kfh Fox Hills S andstone— Brown ish gra y to yellow-brown sa n dston e in terb edded with siltston e a n d 
dark sa n dy sha le con ta in in g m arin e fossils. T he sa n dston e is chara cterized as a coarsen in g 
upward sequen ce. T hickn ess approxim a tely 150 to 200 feet (45 to 60 m ) (Ver Ploeg a n d others, 
2004) 

 
Kle Lewis S h ale— In Powder River Basin consists of dark-gra y sha le with thin  la m in a e of light- gra y 

siltston e; fin e-gra in ed sa n dston e in upper ha lf of un it. U pper 15 feet (5.5 m eters) gra des in to 
light colored sa n dston e of the Fox Hills Form a tion. Con ta ct with Fox Hills pla ced a t 6-in ch 
(15-cm )-thick b en ton ite la yer. T hickn ess a b out 1,000 feet (300 m ) (description a n d thickn ess 
m odified from  L ove a n d others, 1979). In southwestern corn er of qua dra n gle consists of a 171-
foot (52 m )-thick upper m arin e ton gue of light to dark gra y sha le a n d a 305-foot (93 m )-thick 
lower m arin e ton gue of light to dark gra y sha le, separa ted b y 400 feet (122 m ) of non-m arin e 
Meeteetse Form a tion (Csern a a n d others, 1983)   

 
Kmv Mesaverde Formation— L ight gra y to yellowish gra y fin e- to m edium -gra in ed sa n dston e a n d 

in terb edded dark green ish gra y sha les, with a b rown carb on a ceous sha le n ear the top. Capped 
b y the T eapot S a n dston e Mem b er (not m apped separa tely), a n  8-foot (2.4 m )-thick white fin e-
gra in ed cross-b edded sa n dston e. Parkm a n  S a n dston e Mem b er (not m apped separa tely) in lower 
part of form a tion com m on ly con ta in s brown wea therin g ca lcareous con cretions. T hickn ess up 
to 750 feet (229 m ) (Ver Ploeg a n d others, 2004) 

 
Kc Cody S h ale— Dark gra y ca lca reous fossiliferous m arin e sha le in terb edded with light gra y fin e-

gra in ed sa n dston e, with n um erous b en ton ite b eds in the upper two-thirds of the form a tion. 
S eptaria n  con cretions com m on throughout the sha le un its. An upper gla ucon itic fin e-gra in ed 
sha ly sa n dston e (S ha n n on S a n dston e Mem b er) approxim a tely 100 feet (30 m ) thick occurs 
a b out 1,000 feet (300 m ) b elow the top of the form a tion. T hickn ess 3,000 to 3,300 feet (900 to 
1,000 m ) (description a n d thickn ess m odified from  Kohout, 1957) 

 
Kf Frontier Formation—Gra y to b la ck sha le, a n d siltston e, b en ton ite b eds, a n d “sa lt a n d pepper” 

sa n dston e. First Wa ll Creek S a n dston e Mem b er form s top a n d S econ d Wa ll Creek S a n dston e 
Mem b er occurs lower in the section. Con ta ct with the un derlyin g Mowry S ha le is a t the b ase of 
a 4- to 6-foot- (1.2 to 1.8 m )- thick b en ton ite b ed, loca lly referred to as the “Cla y S pur 
Ben ton ite”. T hickn ess approxim a tely 800 to 850 feet (240 to 260 m ) (description a n d thickn ess 
m odified from  Ver Ploeg, 2004) 

 
Upper and Lower Cretaceous sedimentary rocks 
 
Kmt Mowry S h ale, Muddy S andstone, and Th ermopolis S h ale undiv ided 
 
 Mowry S h ale (Upper Cretaceous)— Hard, dark gra y siliceous sha le tha t wea thers silver gra y 

a n d con ta in s thin  b en ton ite b eds a n d a b un da n t fish sca les. L ower un it is dark gra y to b la ck 
nonresista n t sha le with thin  in terb edded white fin e-gra in ed ledge-form in g sa n dston e n ear the 
b ase, gra din g in to the un derlyin g Muddy S a n dston e. Con ta ct with overlyin g Fron tier Form a tion 
is a t the b ase of the persisten t “Cla y S pur Ben ton ite.”  T hickn ess approxim a tely 350 feet (107 
m ) (description a n d thickn ess m odified from  Ver Ploeg, 2004) 

 
 Muddy S andstone (Lower Cretaceous)— T a n  to gra y fin e- to m edium -gra in ed fria b le to well 

lithified sa n dston e tha t is 5 to 30 feet (1.5 to 9 m ) thick.  Easily iden tified b y its dra b  color a n d 
gra in s of b la ck m in era ls (description a n d thickn ess m odified from  Ver Ploeg, 2004) 

 
 Th ermopolis S h ale (Lower Cretaceous)— Dark gra y to b la ck soft fissile sha le with som e 

in terb edded b en ton ite la yers. Ironston e con cretions appear in  the lower portion of the form a tion. 
T hickn ess 160 to 200 feet (49 to 60 m ) (description a n d thickn ess m odified from  Ver Ploeg, 
2004) 

 
Lower Cretaceous and Jurassic sedimentary rocks 

KJm Cloverly and Morrison Formations undiv ided 
 
 Cloverly Formation (Lower Cretaceous)— A tripartite un it consistin g of a b asa l ta n  to white, 

coarse-gra in ed sa n dston e a n d chert peb b le con glom era te, loca lly cross-b edded; a n d overla in  b y 
variega ted b uff a n d purple cla yston es in terb edded with thin  b la ck sha le b eds in the m iddle; a n d 
a n  upper gra y to b uff to brown, fin e- to coarse-gra in ed, resista n t sla b b y sa n dston e a n d siltston e, 
loca lly referred to as the “Rusty Beds.” T hickn ess approxim a tely 100 to 300 feet (30 to 90 m ) 
(description a n d thickn ess m odified from  L ove a n d others, 1979) 

 
 Morrison Formation (Upper Jurassic)— Pa le-green , olive-green , b lue-green  to m aroon a n d 

cha lky, white, variega ted ca lcareous a n d b en ton itic cla yston es in terb edded with light-gra y, fin e-
gra in ed, fria b le, cross-b edded silty sa n dston es. Dinosa ur bon es a n d b on e fra gm en ts are com m on  
in the upper part of the section. T hickn ess approxim a tely 100 to 300 feet (30 to 90 m ) 
(description a n d thickn ess m odified from  L ove a n d others, 1979) 

 
Js S undance Formation (Upper and Middle Jurassic)— U pper part is gra y to green ish-gra y 

gla ucon itic sha le with a n  upper la yer consistin g of sla b b y sha le a n d ca lcareous sa n dston e tha t 
wea thers brown a n d is slightly gla ucon itic. Middle part is red a n d gra y non gla ucon itic sa n dston e 
a n d sha le a n d thin  gypsum  a n d lim eston e b eds. L ower part is thick-b edded gra y to pin k 
sa n dston e. T hickn ess approxim a tely 550 feet (170 m ) (description a n d thickn ess m odified from  
L ove a n d others, 1979) 

Triassic and Permian sedimentary rocks 
 
!Pcg Ch ugwater Group and Goose Egg Formation undiv ided— Com b in ed thickn ess approxim a tely 

500 to 1,300 feet (150 to 400 m )  
  
 Ch ugwater Group (Triassic)— In cludes from  top to bottom , Popo Agie Form ation, Crow 

Moun ta in  S a n dston e, Alcova L im eston e, a n d Red Pea k Form a tion. T he Popo Agie in cludes 
lower lim eston e un it with upper ocher a n d purple m udston es; the Crow Moun ta in  is reddish- 
ora n ge sa n dston e, loca lly referred to as the Jelm  Form a tion; the Alcova is purplish gra y sla b b y 
a lga l lim eston e; a n d the Red Pea k is red sha le, siltston e, a n d fin e-gra in ed sa n dston e (description 
a n d thickn ess m odified from  L ove a n d others, 1979)  

 
 Goose Eg g Formation (Permian)— dark-red to reddish-ora n ge sha le a n d siltston e with 

in terb edded gypsum , a lga l lim eston e, a n d dolom ite, m a in ly in  the lower part (description a n d 
thickn ess m odified from  L ove a n d others, 1979)  

 
Pennsylvanian and Mississippian sedimentary rocks 
 
$Mta Tensleep S andstone and Amsden Formations undiv ided 
 
 Tensleep S andstone (Pennsylvanian)— White to b uff, m edium - to fin e-gra in ed, m assive 

sa n dston e; in terb edded with thin  cherty lim eston e a n d dolom ite b eds, especia lly toward the 
b ase. U pper a n d m iddle sa n dston es are usua lly chara cterized b y large-sca le cross-b eds. 
T hickn ess approxim a tely 350 to 400 feet (105 to 120 m ) (description a n d thickn esses from  Ver 
Ploeg, 2004) 

   
 Amsden Formation (Pennsylvanian and Upper Mississippian)— In cludes from  top to 

bottom , gra y to purplish lim eston e a n d dolom ite, in terb edded with sha le, siltston e, a n d 
sa n dston e; reddish-brown to m aroon sha le a n d siltston e with thin  b eds of sa n dston e a n d 
carb on a tes; a n d gra y to b uff, fin e- to m edium -gra in ed, cross-b edded sa n dston e. Persisten t 
sa n dston e a t b ase is prob a b ly U pper Mississippia n  Darwin  S a n dston e Mem b er. T hickn ess 
approxim a tely 125 to 330 feet (38 to 100 m ) (description a n d thickn esses from  Ver Ploeg, 2004) 
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UTM GRID CONVERGENCE (GN)
1979 MAGNETIC DECLINATION (MN) AT CENTER OF SHEET
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