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Valentine Formation of Ogallala Group (late Miocene)  
Domina ntly unconsolidated, we ll-sorted, white, lig h t g ray, ve ry pa le b rown, lig h t b rown, and pa le ye llow, 
ve ry fine to m edium sa nd with a distinct “salt a nd pe ppe r” a spect du e to th e pre se nce of dark mine ra l 
g rains.  A distinct u nit of lig h t g ray to pa le ye llow sa ndy siltstone (Corne ll Dam Me m b e r of Skinne r a nd 
Joh nson, 1984) is pre se nt re g iona lly in th e lowe r Vale ntine Form a tion.  Local carb ona te -ce m e nted 
sa ndstone stra ta or m a sse s a ppe a r in th e Va le ntine Form a tion in th e N orde n Qu adra ng le.  Rou nded, 
irre g u la r m asse s or larg e r le nse s of g ray to g re e nish g ray, opa line -silica-ce m e nted sa ndstone also 
a ppe a r loca lly in th e b a sa l Vale ntine Form a tion (Crookston Bridg e Me m b e r of Skinne r e t al., 1968).  This 
m a pping  u nit m ay also include  th in, sandy collu viu m de riv ed from th e Va le ntine Form a tion, which m ay 
b e difficult to disting uish from th e form a tion itse lf. 
S kinner et a l. (1968) and S kinner a nd Johnson (1984) subdivided the fluvia l sedim ents of the V a lentine 
Form a tion into the following m em bers, in ascending stra tigra phic order: Cornell Da m , Crookston Bridge, 
Devil’s Gulch, a nd Burge m em bers.  Alm ost a ll of the V a lentine Form a tion is unconsolida ted sedim ents.  
The m a xim um  thickness of the V a lentine Form a tion exceeds 200 ft or 61 m  in the m a pped area.  Fossils 
rem a ins from  the lower three m em bers of the V a lentine Form a tion fa ll within the la te Barstovia n 
NALMA (Ba2 of Tedford, et a l. 2004) ranging from  a pproxim a tely 12.6-14.0 Ma.  The Burge Mem ber 
lies within the early Clarendonia n NALMA (Cl1 of Tedford, et a l., 2004) roughly 12.0-12.5 Ma. 
 

Nov

Cap Rock Member of Ash Hollow Formation of Ogallala Group (late Miocene)  
White to pa le ye llow, we a kly to m ode ra te ly indura ted, carb ona te -ce m e nted, ve ry fine to m edium 
sa ndstone a nd silty sandstone, with a distinct “sa lt a nd pe ppe r” aspect; contains rhizolith s in m a ny 
place s. 
The Ca p R ock Mem ber (S kinner et a l., 1968; S kinner and Johnson, 1984) of the Ash Hollow Form a tion is 
m a pped as a separate unit only where it ca n be distinguished in a eria l im a gery.  Thus, it is m a pped chiefly 
on the south- a nd west-fa cing edges of the rolling upla nds north of the Niobrara R iver a nd at the rim  of 
the river’s deep ca nyon.  The Ca p R ock m em ber is thicker in the Norden Qua dra ngle tha n it is in the 
vicinity of V a lentine, Nebraska to the west.  
 

Noahcr

Ash Hollow Formation of Ogallala Group, undifferentiated (late Miocene)  
Mostly unconsolidated, we ll-sorted, white, lig h t g ray, ve ry pa le b rown, lig h t b rown, and pa le ye llow, fine 
to m edium sa nd with a distinct “sa lt a nd pe ppe r” a spect du e to th e pre se nce of dark mine ra l g rains.  
Thin, white, carb ona te -ce m e nted sa ndstone s e xist within th e u nit, as we ll a s th e m uch th icke r, b a sa l 
m e m b e r of th e form a tion (Cap Rock Me m b e r), which is m a pped as a se pa ra te u nit only wh e re it is 
disce rnib le in a e ria l im a g e ry.  White, lig h t g ray, ve ry pa le b rown, and pale ye llow, soft, calca re ou s 
siltstone s a nd sa ndy siltstone s are com m on, b u t volu m e trically su b ordinate com pone nts of th e Ash 
Hollow Form a tion.  This m a pping  u nit m ay also include  th in re sidu u m a nd collu viu m de rived from th e 
we a th e ring  of th e Ash Hollow Form a tion. 
The fluvia l sedim ents of the Ash Hollow Form a tion (Figs. 1, 6-8) were subdivided by S kinner a nd 
Johnson (1984) into a lower m em ber (Cap R ock Mem ber, which m a pped separately where discernible in 
a eria l photogra phs) a nd a thicker, overlying m em ber (Merritt Da m  Mem ber) in the Niobrara  R iver V a lley.  
W here the Ca p R ock Mem ber is m a pped as a separa te unit, overlying strata are those of the Merritt Da m  
Mem ber.  The tota l thickness of the Ash Hollow Form a tion is a pproxim a tely 100 ft or 30.5 m  in the 
m a pped area.  Fossil rem a ins from  the Ash Hollow Form a tion belong to the m edia l to la te Clarendonia n 
NALMA (Cl2 a nd Cl3 of Tedford, et a l., 2004) ranging in a ge from  9.5-12.0 Ma.  In m uch of the northern 
ha lf of the m a p, the Ash Hollow Form a tion a ppears to have undergone extensive eolia n erosion during the 
Late Pleistocene a nd Holocene.   
 

Noah

Broadwater Formation (Pliocene-?early Pleistocene) 
Pale b rown to ye llowish b rown, fine- to coa rse-g rained, crysta lline pe b b le g ra v e ls, a nd fine- to ve ry 
coa rse-g rained sa nds a nd pe b b ly sa nds. 
S kinner a nd Hibberd (1972) described sa nds a nd gravels at high eleva tions in the genera l vicinity of the 
m a pped area as the “Long Pine Form a tion.”  These sedim ents are now considered in Nebraska to be the 
Broa dwa ter Form a tion, a deposit produced by m a jor bedloa d rivers (the a ncestra l Platte R iver system ) 
dra ining the R ocky Mounta ins to the west.  It is very likely tha t the Broa dwa ter Form a tion was m uch 
m ore continuous a nd sheetlike in its geom etry prior to the la te Pleistocene.  Eolia n a nd strea m  erosion in 
the upla nds north of the Niobrara R iver have left m ere rem na nts of the unit, m a ny of which tend to be 
elonga te from  northwest to southea st.  This orienta tion is para llel to the direction of strong winds during 
the Late Pleistocene, suggesting tha t wind pla yed a m a jor erosive role. 
 

Nb

Topographically high alluvial terrace fills of Niobrara River ( late Pleistocene) 
Lig h t g ray, pa le ye llow, g rayish b rown, and ve ry pa le brown, ve ry fine to fine sa nd and silty sa nd with 
minor g ra v e l consisting  of cla sts of white, carb ona te -ce m e nted, ve ry fine to m edium sa ndstone (de rived 
from th e e rosion of th e Ash Hollow Form a tion), as we ll a s crystalline lith olog ie s.  Qant3 m ay ove rlie thin 
sa nds of th e Va le ntine Form a tion or siltstone s of th e Rose b ud Form a tion.  
This m a pping unit represents the fill of the prom inent high terra ce on the south side of the Niobrara R iver.  
These sedim ents have been referred to as the “Connely Fla t Beds” by Larson (2001) and J a cobs et a l. 
(2007), and fossils from  them  are assigned to the R a nchola brea n North Am erica n La nd Ma m m a l Age 
(NALMA). 
 

Qf Quaternary alluvial fan (Holocene; early 21st cenruty)  
Ve ry fine to fine sa nd and silty ve ry fine  to fine sa nd. 
There are a few, very sm a ll a lluvia l fa ns on the lowest a lluvia l terra ce a nd on the floodpla in a long the 
north side of the Niobrara R iver in sections 33 and 34 of T. 33 N., R . 23 W .  These very sm a ll fa ns a ppear 
to have been form ed beca use from  enha nced erosion a nd loca l deposition in the a fterm a th of the extensive 
July 2012 wildfires in the Niobrara R iver V a lley. 
 

Qal Quaternary alluvium of smaller streams (Holocene, including modern)  
Ve ry fine to fine sa nd with minor silt, silty sa nd, and g ra v e l. 
Alluvium  of lower-order strea m s is m a pped as Qa l.  In the m a pped area, these deposits are 
overwhelm ingly dom ina ted by sa nd. 
 
Quaternary alluvium of terraces of smaller streams (Holocene, including modern)  
Ve ry fine to fine sa nd with minor silt, silty sa nd, and g ra v e l. 
This m a pping unit is textura lly the sa m e as m a pping unit Qa l a nd genetica lly rela ted to it.  Qa lt represents 
young terra ces of lower-order strea m s produced by entrenchm ent in very recent geologic tim es, including 
the 20th century. 
 

Qalt

Colluvium derived from strata of the Ogallala Group (Quaternary) 
Ve ry fine to fine sa nd and pe b b le s to b ou lde rs of carb ona te -ce m e nted sa ndstone. 
This m a pping unit is colluvium  eroded loca lly from  the sa ndstone of the Ca p R ock Mem ber of the Ash 
Hollow Form a tion, the overlying Merritt Da m  Mem ber, and the underlying V a lentine Form a tion.  It m a y 
interfinger with Quaternary terra ce deposits of the Niobrara R iver downslope. 
 

Qcor Colluvium and residuum (Quaternary) 
Ve ry fine to fine sa nd, or sa nd with loca lly de rived calca re ou s sa ndstone a nd/or siltstone fra g m e nts; m ay 
also contain coa rse r sa nd and g ra v e l cla sts. 
This m a pping unit is thin regolith derived from  the wea thering a nd erosion of the R osebud Form a tion a nd 
from  the erosion of the overlying Oga lla la Group.  It m a y a lso conta in m a teria l eroded from  Quaternary 
terra ce fills in som e pla ces. 
 
Sandstone talus (Holocene)  
Discontinu ou s accum u la tions of su b a ng u la r to a ng u la r cob b le s to larg e b ou lde rs of fria b le sandstone. 
This m a pping unit includes the m ore prom inent a ccum ula tions of ta lus blocks (as m uch as severa l m eters 
in length) from  the erosiona l retrea t of the ca nyon-rim  escarpm ent form ed by the Ca p R ock Mem ber of 
the Ash Hollow Form a tion.  These ta lus blocks lie atop unconsolida ted sa nds of the V a lentine Form a tion 
a nd/or sa ndy colluvium .   
 

Qan1 Historical alluvium of present Niobrara River (modern; 20th century) 
Lig h t g ray to ve ry pa le b rown, ve ry fine to fine sa nd with minor, fine g ra v e l. 
This m a pping unit encom pa sses recent historica l a lluvium  of the present Niobrara R iver.  Areas m a pped 
as Qa n1 have a risk of flooding during the river’s rare high-sta ge flows. Essentia l a ll of the area s area s 
m a pped as Qa n1 are within the cha nnel belt of the Niobrara R iver as it was roughly delinea ted in the 
origina l Genera l La nd Office surveys of 1875.  This observation, together with the exa m ina tion of 
historica l a eria l photogra phs, suggests a pprecia ble narrowing of the cha nnel belt a nd the a ccretion of 
form er dista l bra id cha nnels a nd bars during the past 140+ years, a nd chiefly a fter the 1930s. 
 
Older (distal) alluvium of present Niobrara River (Holocene ; post- 1875) 
Lig h t g ray to ve ry pa le b rown, ve ry fine to fine sa nd with minor, fine g ra v e l. 
This m a pping unit encom pa sses a lluvium  of the present Niobrara R iver tha t is older a nd m ore dista l from  
the river tha n is m a pping unit Qa n1, and a lso higher in eleva tion tha n the la tter m a pping unit.  Most of the 
tota l area m a pped as Qa n2 lies inside of the lim its of the cha nnel belt of the Niobrara R iver as it was 
delinea ted in the origina l Genera l La nd Office surveys of 1875.  W e urge ca ution in the interpreta tion of 
a ge rela tionships on the basis of the 1875 surveys, however, beca use the course of the Niobrara R iver 
a ppears to be highly a pproxim a ted. Areas m a pped as Qa n2 have a very m inor risk of flooding during the 
rare high-sta ge flows on the Niobrara R iver, if there is a ny flood risk at a ll.   
 

Qes Eolian sands of the Nebraska Sand Hills (late Pleistocene and Holocene) 
Lig h t b rownish g ray, ve ry pa le b rown, pale b rown, and brown, we ll-sorted, ve ry fine to fine sa nd. 
This m a pping unit represents eolia n sa nds at the northern m argin of the Nebraska S a nd Hills.  Barcha noid 
ridge dunes gra dua lly decrease in width a nd height southwestward a cross Cherry County, west of the 
present m a pped area.   Although the dunes m a pped within Qes are the largest ones in the qua dra ngle, they 
are still sm a ller a nd less distinct tha n the larger dunes south a nd southwest of the m a pped area. 
 

Qeso Eolian sands (Holocene) atop shallow strata of the Broadwater Formation and the Ash Hollow 
Formation of Ogallala Group (Holocene)  
Lig h t g rayish b rown to g rayish b rown, ve ry we ll-sorted, ve ry fine to fine sa nd atop m uch lig h te r-colored 
sa nds a nd fria b le siltstone s a nd sa ndstone s of th e Ash Hollow Form a tion. 
Coppice a nd indistinct dom e dunes are com m on in areas m a pped as Qeso, but eolia n sa nds in these areas 
are very thin in com parison with those of m a pping unit Qes.  Interdune areas m a y be eroded into the 
underlying Broa dwa ter a nd Ash Hollow form a tions.  S a nds of m a pping unit Qeso are finer tha n those of 
the Broa dwa ter Form a tion a nd la ck pebbles.  They are a lso very well-sorted a nd distinctly browner in 
color tha n are the sa nds a nd sa ndstones of the underlying Ash Hollow Form a tion. 
 

Qant3e Topographically high alluvial terrace fills of Niobrara River ( late Pleistocene) 
Lig h t g ray, pa le ye llow, g rayish b rown, and ve ry pa le brown, ve ry fine to fine sa nd and silty sa nd with 
minor g ra v e l consisting  of cla sts of white, carb ona te -ce m e nted, ve ry fine to m edium sa ndstone (de rived 
from th e e rosion of th e Ash Hollow Form a tion), as we ll a s crystalline lith olog ie s.  Qant3 m ay ove rlie thin 
sa nds of th e Va le ntine Form a tion or siltstone s of th e Rose b ud Form a tion.  
This m a pping unit represents the fill of the prom inent high terra ce on the south side of the Niobrara R iver.  
These sedim ents have been referred to as the “Connely Fla t Beds” by Larson (2001) and J a cobs et a l. 
(2007), and fossils from  them  are assigned to the R a nchola brea n North Am erica n La nd Ma m m a l Age 
(NALMA). 
 

Qant1 Topographically low alluvial terrace fills of Niobrara River (Holocene?) 
Lig h t g ray, g rayish b rown, and ve ry pa le b rown, ve ry fine to fine sa nd with minor g ra v e l consisting  of 
white sa ndstone cla sts (se e forth coming  de scription) and crysta lline lith olog ie s.  Contains loca lized 
pe b b le to cob b le g ra v e ls domina ted by cla sts of white, carb ona te -ce m e nted, ve ry fine to m ediu m 
sa ndstone (de rived from th e e rosion of th e Ash Hollow Form a tion), cob b le s and bou lde rs of opa line -
silica-ce m e nted sa ndstone (de rived from th e e rosion of th e Va le ntine Form a tion), and carb ona te nodu le s 
a nd siltstone cla sts e roded from th e Rose b ud Form a tion. 
This m a pping unit covers the lowest terra ces of the Niobrara R iver, which lie well a bove the level of 
m a pping units Qa n1 a nd Qa n2.  Deposits of m a pping unit Qa nt1 deposits proba bly overlie the eroded 
R osebud Form a tion or the basa l V a lentine Form a tion.  They exceed 3 m  in thickness in m a ny pla ces. 
 
Topographically intermediate alluvial terrace fills of Niobrara River ( late Pleistocene) 
Lig h t g ray, pa le ye llow, g rayish b rown, and ve ry pa le brown, ve ry fine to fine sa nd and silty sa nd with 
minor g ra v e l consisting  of cla sts of white, carb ona te -ce m e nted, ve ry fine to m ediu m sa ndstone (de rived 
from th e e rosion of th e Ash Hollow Form a tion), as we ll a s crystalline lith olog ie s.  This m a pping  u nit 
include s a promine nt, ve ry dark brown, clay-rich pa le osol with promine nt b locky structure a nd fila m e nts 
of white ca rb ona te.  Qant2 de posits m ay exce ed 7 m in thickne ss a nd th ey a re h e a vily dissected, m a king  
th e fill te rrace th ey com pose le ss promine nt th a n lowe r a nd hig h e r te rrace s of th e N iobra ra Rive r.  
This m a pping unit encom pa sses fill terra ces of the Niobrara R iver at interm edia te levels between the 
highest a nd lowest terra ces thereof (i.e., m a pping units Qa nt1 a nd Qa nt3). 
 

Rosebud Formation (late Oligocene) 
Domina ntly m a ssive a nd prism a tic- to su b a ng u la r-b locky-we a th e ring  siltstone, ve ry pa le b rown, lig h t 
b rown, ye llowish b rown, or b rown wh e n dry, and in com m only appe a ring  reddish b rown a nd dark 
reddish b rown wh e n we t.  Th e u ppe rm ost 1-3 m of siltstone b e low th e form a tion’s u ppe r contact m ay b e 
pa le ye llow or white wh e n dry. Wa vy, h orizonta l to slig h tly inclined, irre g u la r, white to pa le ye llow b a nds 
= 5 cm in thickne ss a nd spaced at ve rtical dista nce s of a few ce ntim e te rs to a few decim e te rs, a re com m on 
in th e m assive to b locky- and prism a tic-we a th e ring  siltstone s in th e u ppe r pa rt of this form a tion a nd 
re nde r it re adily ide ntifia b le in ou tcrop.  Prism a tic and blocky structu re, a s we ll a s oth e r fe a tu re s, 
ide ntify a pe rva sive pedog e nic ove rprint in Rose b ud Form a tion siltstone s.  In addition to th e domina nt, 
b a nded siltstone s lith ofacie s, su b ordina te lith ofacie s include: (1) m a ssive ve ry pa le b rown; lig h t 
ye llowish b rown, and brown siltstone s th a t do not e xh ibit blocky we a th e ring , (2) b u rrowed siltstone s 
e xh ibiting  th e sa m e rang e of colors (Fig . 4); (3) le nticula r to sh e e tlike fria b le sa ndstone s of va rying  
th ickne ss; and (4) le nticula r, intra form a tiona l, and typically cla st-su pported, g ra nu le to cob b le b reccias 
a nd cong lom e ra te s consisting  of su b a ng u la r to su b rou nded siltstone cla sts (Fig . 5). Larg e, sh e e tlike sa nd 
bodie s a re ve ry ra re in th e Rose b ud Form a tion in th e re g ion.   
The strata m a pped herein as the R osebud Form a tion have long been recognized as a distinct unit within 
the Arikaree Group (e.g., S kinner et a l., 1968; S kinner a nd Johnson, 1984).  The exa ct identity a nd a ge of 
a ll of the strata grouped under the na m e “R osebud” in Nebraska a nd South Da kota, however, have been 
deba ted for som e tim e (Martin, 2011).  The strata m a pped as R osebud Form a tion in the Cornell Da m  
Qua dra ngle are a coherent set of distinctive lithofa cies tha t, in the context of evolving regiona l 
stratigra phic schem es, are a lm ost certa inly of la te Oligocene a ge (Martin, 2011).  Future work m a y better 
constra in the a ge of this form a tion. The R osebud Form a tion is indisputa bly terrestria l in origin, but 
exceedingly little interpreta tion of its depositiona l environm ents has yet been m a de.  S heer cliff-fa ce 
exposures of the R osebud Form a tion in the m a pped area are difficult to exa m ine in deta il, but they are 
clearly dom ina ted by siltstones, which m a y be floodpla in fines, loessic deposits, or a com bina tion of both.  
Cut-a nd-fill within sequences of thin siltstones a nd siltstone-cla st conglom erates are prom inent in a few 
exposures.  These sequences are interpreted to be gully-fill deposits or the deposits of sm a ll strea m s.  One 
exposure of the upper R osebud Form a tion exhibits a com para tively thick (> 3 m ) sheetlike sa nd body 
with m a croform  a ccretion surfa ces indica tes bar a ccretion within a fluvia l cha nnel of m odest depth.  
There is a prom inent brea k in slope at the conta ct between the V a lentine a nd R osebud form a tions, the 
la tter unit form ing prom inent cliffs a nd benches a long the Niobrara R iver.  S trea m  knickpoints, 
particularly in the form  of wa terfa lls ha ve developed in m a ny pla ces within the Niobrara R iver V a lley at 
the upper conta ct of the R osebud Form a tion. 
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