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ABSTRACT -

After the discovery of oil and’ggs in commercial

| quantitiés in western Nebraska in 1949, there was an

exploration “boom" that resulted in the drilling of more -
_~than eight thousand wells, wainly ia the sohthwestern pari
" of the Nebraska pnnhnhdle. Electric logs for most of these Ji
wells, together with some welxs sanples and information |
- derived from supplementary subsurface and surtace |
invastigations; élloﬁ':éasonable intétyretatiunq of the |
subsurface étfntigfaphy'and structure. The paleotdpogrnphyvf
also has been reconstructod for solected horizons in the |
| Tertiary and Ploistecene, but only goncralized paleogeographic
interpretatiens are presently pos:lble fer the upper part of
the Cretaceous because of difficultias in evaiuating the
. effects of structura., 3 |
i ' Two paleotopographic maps, and a prcliminary paleogeologic
'vmap, have been propnred for tho ttuncatnd surface underlain
'by Cretaceous and sose oldor rocks an& ovorlain by Tertiary,
principally Chadron (Enrly_Oligoceno), Special emphasis has  
‘-'beeh placed upon this Pre¥Tertiiry.8urfa;e'and unéonformity’
in the presoni 1nvast1gstioh,,and a rqéonstruciion-of‘tho
ancient drainages and divides has been attbmﬁfod‘for the
best-known area. The draiﬁage net is interpreted as
consisting mostly of subsequent patterns in that part of
western Nebraska for which there is BQst céntrqi; but
eléowherg there may be relics of supqrimposadveoﬁgequent -

-patterns. In the~southwesternvparti§£ the Nebraska panhandle; |

T




it is to be noted that the drainage divides of the

~ Pre-Tertiary Shrf;co coincide with productive oil and gas -

trends of the "Dakota,” whqreds aqaifﬁrs'pbtgntiglly useful'f

»'in_secondary~racovery cpérntions occur axially along the
“ancient streams. ‘Some reflection of the Pre-Chadron or

| B ﬂérly Chadron landscape seems to 6ccuf even in tha-‘

successional, ovarlying topographies from Chadron to

[Reccnt.

The sediments that overlie. the Pra~Tertinry Snrface  7“w

" mBy be classified at each successivw horizon as either

'“valley" or "uglan ", The younger valley trends are

e’

commonly situated abave earlier valleys. and coarso clastics :

: ara 1imitad to these situations, whereas on the successive ﬁff

drainage divides the tuplan v sodimonts seen to consist
mostly of ' drapod" or "uantling" 1oessic sila and sand.

However, slopes may be. expected to cantain, in places at

| least, some calluvial uprons,iand even’ sand dunes are ‘

" expectable. The “gg and" sediments of the Tertiary

subsurface.are thus suggestive of those areas in Nebraské o

: where even today there are looss and sand blankets of

¢onsideruble importance, but thay seem to be more widespread
in subsurface situstions than one would expect from outcrop *l-
studies of the Tertiary in waétorn Nebfnska. This may be
because the '"valleys" of the Tertiury are what we see |

mainly today in outcrop, vhereas the ancient divides are

often buried bensath the present “gg ds" and seldom

 glimpsed - or, when soén,'not aiway: fully appreciated.




| ~ INTRODUCTION
‘This'réport presents the results of a cdmprahansive
study of the Pre-Tertiary Surface in wastarh Nebraska and

of the stratigraphic rmlntiens above and 1mmadinte1y belaw -5

it. About eight ‘thousand wells have been drilled in the

" region of 1nvestigation. purticulurly in the southwestern
*ﬁPanhandlaﬂy and the logs for most of‘thase have been o
_giilize&‘in preparing the maps'andcros#-séégioﬁs, as 3311 a
.és'in prajoétihg the surfnce g&ciogy’ahé sfrﬁctura into the"l»

- subsurface, The method of approach is similar to that much’

used in the petroleum industry for 1nvostigation of the

subsurface, but it has been seldom applted,ta continontal o
'fsediments and is néw ih application to the Tertiary of
western Nebraska. | |

In the more than ten years that have been devoted to,f"'"

tha projact, thore has been nnch banefit from comments and

constructive criticism of colleaguas at the Nebraska |

‘Geologieal Survey, 6nnservatian and.Survex'nivision, the
V_Hﬁiversity of‘webraskaa‘ Professor E. C. ‘Reed, the forﬁer'

°=4Diractor. provided the opportunity to besin and carry on

the study and estahlished an environment allowing scholarly

research, Mr, Vincent H. Dreeszen, the present Director, .

gave further encouragement and much assistance in
developing techniques for determining and mapping the
Tertiary-Cretaceous unconformity.

Special thanks are herec expressed to Prof. T. M. Stout

of the Department of Geology and Stata Museum, the Univarsxty:‘




of Nebraska, for continuous help. ‘His axcaptional knowledge'
of geologic literature and of Nebraska, as woll as discussions
_during the course of development of new, basic concepts in '

1 comparativa stratigraphy, have been patticularly helpful.

Gther staff mamhers of the Department of Geology, espociaily

nrs. Russell Smith and Robert B. Nelson also have beon most

_kind in discussing problems .,
| Additionally, mantiun must ba made of aid from others.v;'
"Mr. Rey Bentall, Geologist of the Water Emsources Division,:f

Inited States Geolagﬂ¢g1 Survey (Lincoln), has eantributed’ -

‘gxeatly by &iscussing the prbblams'encnuntared'and the

preparation of iliust:ations.‘ Messys. Harley Carr and

~ Dennis Sumpers conscientiously drafted ths maps and

'cross~saction§, and Mitg Doris Pegbody abxy‘typed the

preliminary drafts as well as the flndl coinbf_tcxt. 

'?inaliy, the“cdntinébus help and encoursgomsnt from the

author s ‘wife, Mrs. Sara Decraw, are most gratefully :

, appreciated.
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PREVIOUS HQRK
Tho earliest important summary of the subwurf&ce

relations in western Nebraska was issued by the Nebraska

Geclogical Survey nearly four decades ago (Condra, Schramm,

and'Lugn 19%&); Since the publication of that study of

ihe deon Wella of Nebrashm s mahy thausands of additional

‘walls have been drillaa and much more has been 1¢arnen of

the surface geology as a background for gubﬁurface
xnterprmtat1ans.

Prior to 19¢1 there had heen only a few eentribut10r¢

Cyelating subsurface to surface, and thase now are consiuereu*'

too peneral to be of wmuch value, In a qerias of masterly

3

works, N. H. Darton (aspecia‘ly 1899, 10033 -¢, partly rev;se }"
in 1905) included some . suhqurfaca reconstruatxaﬂs that were.
”glso-partly utilizmd by Barbonr (1963) Only a qbort time
: 1éter; O"A Petarsan (1906, p. 23; reprzqtad in Osborn anu .

" Matthew, 1909, p. 73, fig. 14) attempted. reconstruction of

~ the buhsurface Tertisry in a north- south cross-section near .

" the Wyomzng boundary, in western Sioux tcunty, webraska.v An[:

economic interest ina tﬁe 80~ -called “Agate &ntxcline also

situated in Sioux County, led to an investigation of the

'Tertiary zeology and ”structure* that was subsequently

published wrivate;y by the Kanola Nil Cnmpany (Schramm ang

Cook, 1“21) There was a siwilar study nade by these same

~authors ¢ ﬁd asencintas of the Chadron Arch, in narthern
Nebraska and adjacent part of South Dakota, hut ouly
‘preliminary-maps were prepared. . Many of these early maps

‘have survived and have been preserved ‘in the files of the




., ‘wastern Nebraska, with interpretations of the'subsurfaca 

.1a£e'ﬁ.'P.'Schramm, in the Department of Sgolaﬁy’ané State

Museum, The University of Nebraska.

Since 1931, the personnel of the Nebraska Geological L
‘15urvey'as well a#.of rany oil companies have been engaged:
A;almést continueuély in the study of the subsurface of weste;ﬁ

Nebraska." Many of the maps and cross»nectians; ﬁarticularly"

those prepared by E. €. Reed, have been pubiished or ylacéd -

on open-file with%the Nebraghka Geqlogical Survey (see list

. following References at'end of this report). Among the

- pther maps and studies, the following requivre espaecial
mentién; maps of the Precambrian Surface (Lugn,‘1934; and
Carlsen, 1966): isopachous and structural maps'for Ctetaceods

vfocks (Fuenning, 1942, also a thesis edition): maps and

 crdss~séctions showing principal structural features of

stratigraphy along selected profiles (Condra, Reed, and  ;5 _<'

<

 geo1Ggic maps and well records (State map and others listed
at end of this report: Lugn, 1939, Wemzel and %aite, 1941:

tfenzel, Cady, and Waite, 1946; Cady and Scherer, 1946:

:<Bahcock.and Visher, 1952; Bjorklund éqd Brown, 1857:

Ejorklund, 19511 and'generalized‘maps of Tertiary drainagaé
(Lugn and Lugn, 1055).

Thereo h#va bedn}also several studies in Siatms adjacenii
to the western part of Nebraska that must be considered,
Sample deacriptioné have béen published for certain deep

wells in South Dakota'(ﬁaker, 1947, 1948). For eastern

Scherer, 19407 Condra and Reed, 1943, reprinted in 1959); =
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-wﬁaming, especially the Goshen iiole, Schlai%jér-(l@SSa-C)*-

utili;ed drillexr’s logs of thrma shallaw wells to interwret

the subsurface stratigraphy. Jenkins (log of 71950) preparau g

a sample dvscrzptien lag and ﬁtratigtaphic internretatlon
af an oil test- well in the Goshen Hole that was made

availaaz& ta mersonnal of the hnited States Cenlogical

Survey ; it has been much utilized by many werkers,

partjculaily Laura McGrew (MS. of 1953, 1963), Rapp,
Visher, and Littloten (1957) and Schulte and Stout (19S5,

£ig. 10) have utilized available information tﬁ.revisé saﬁe.f

ef Schlaikjer's conclusions in this same Goshen Hole'area

In noytheastern Calaradé, th subsurface studims of Hather,‘
rllluly, ‘and Lusk (1928), Rankin (1953), and Elair {(1951)

should be mentionaﬁ,'.0£ thasa;,Rankin s paper was found to f,

_Eeitho'most useful because of the pessibility of projecting .

his torminology for Cretaceous units into the western -

" Nebrasks subsurface.

~ The surface geology in western xabraska and adjacant
States obviously must be carefully considored likewise in .
any subsurface reconstructions, and on this subject there -
is o rich literature, many of ‘the works being listed at the B
end of this report. For western ﬁebraska,aﬁd_gdﬁvaﬂt

regions, the Tertiasry and Pleistscana_relaticns'have been

- adequately summarized by Lugn (1935, 1939), Schlaikjer

(1935a-¢), Schultz and Stout (1945, 1948, 1955, and 1961),
Stout, Dreeszen, and Caldwell (1965), Schultz, Falkenbach,

and Vondra (1967j?'and Schultz and Falkenbach (1968). In .




-nbrthaaStern Colorado, the Cretaceous and Tertiary dutcropsfv

have been studied by Matthew (19&1), dather, Gilluly, and
Lusk (1928), Lavington (1933), and more recently by

Buffington (MS. of 1961) and Galbrqath (1955; revised by
~ Stout, 1960a, and unpublished chart). For South Dakota,

 particu1ar attention shou}d‘bé given.tn'tha‘summary‘papars

of Wanloss (1822, 1923), Ward (1922), fxark'(1937 1954),

‘Schultz and Stout (1945, 1948, 1955, 1961), Stout, Dreeszon,
and Caldwell (1965), Clark, Baarhower, and Kietzke (1967),

and Schultz and Falkenbach (1968).




REGION OF STUDY )
Thi5 investigation has.bsan confined mostly to wwsternf
Nqbiaska_mmd includes a r@ctangulaf'area (Eiguie 134$amewhat 
larger than the Nebrasks panhandle, exteﬁﬂing %aét'frcm |
lnﬂgitude 1019 K¥est to the W&qming boundary (slightiy wésif:
of longitude 104°02'30" West), and north framlfhﬂ'ﬁalaradQ; ;
border (approximately latitude 41° North) te the South | |
nakqta State line (about latitude 439 Sarth), This région':i
comprises about 21,500 square miles, including all of Sioux, .

Scotts Bluff, Banner, Kiwball, Dawes, Box Dutte, Morrill,

' Cheyenne, Sheridan, Garden, Deuel, Grant, Arthur, and'Keith'.»

Counties, the western parts of Qherry, Hooker, and
MePherson Counties, and the northwestern corner of Lincoln -
County .

Map coverage varles from peor to excellent (see list of

maps fbllowing the Raferencws,,at'end nf'tgxﬁ),‘but the shgﬁts

of the new 1; 250,000 scale, ﬁhat supplemont the mnre*detaileﬁ

new topegraphic maps of the United States Séelmgical Survey,

arc very useful. Aerial photograph coverage is nov conmplete,

and there are county index-mosaics available. For general

orientation, wmost workers rely upon highway maps of Kebraska, .

readily available st all gasoline stations, or upen the county
ﬁaps of Nebraska prepared at twe scales by the State Planniﬁg‘
Board. Acads tehd.in sonie parts.mf the repion to follow the'
usual‘milaugrid pattern, but the newer, paved highwayﬁﬁ-and. -
many of the trails in the sparsely populated sreas, cften

depart from this rectangular control.

-




Figurs 1. Topographic divisions of Nebraska as recognized

by G. E. Condras, and location of area studied.
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‘The highest Point'in'thaArefion is near the snuthwestérn‘

corner of- weatern hebraaka, southwest of Bushnell in Kimball_

County,.uebraska, where the elevation is 5, 424 faet ‘and the'

lowest point is alnng th@ ﬁiahrara River, in Charry County, .

';,hgbraska, with,anlalevation.af,about zwaae feot . There is"

thus more than half 2 mile relief, or more.praci$e1y02;784' 
feet‘ | » | |
The highest gaomnrphie ﬁurface in western Nabraaka 15 B
the Hi gh Plaing Surfaca, or top of the ﬁgallala (kimhall of  ‘
Lugn, 1239). This was gwnarally the aummit of aggradatinn at

. the end of Ogallsla time (Latest Pliocene), or“the yrojec:zuﬂ .
' of-thi%»sﬁrfaée hév&ling older rocks,'but'iﬁ.may:have greatef 
'rellef than is supp@sad | |  :
The ﬂivh ‘Plains Surfac@ aﬂgﬁars to the ey te be rathar  _.
  £1&*‘ except where channeled by Parlv Ploistoceue or ynnnaer “

valleys with associatad leess -oT- eand Tims, but the present o

re#monal slope seems to h@ abmut 16 feet per mile -
enst- north&ast cawparmd with the seutheaqterlv gradient of
about saven feet per mile af the North Platte River.

€tructura1 contours havo been constructed upon the H

',Plains Surface in’ western hansas (Merriam, Guidebk Knng.

Eeol Soc., Conference 18), and it Caﬁ be now apnrbximated -
for much of wostern Nebraska by filling in the topography

on sheets nf the 1: 250 000 scale to the elavation of the
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p?intipal tablelands and other remnants.l/' Ih»any case, thé;»

e e

1/ Contours on the High Plains Surface are not available’for'
nl. 2, adapted by Malin, MS. of 1957, fig. ‘1) has Lnntoureﬂ ; 
the base of the Ogallala for an area sast and southaast af :

!imon, Culoradn.

......

‘reconﬂtructiOn Qf the High ?lains Surface permits ready

visualization of the probable appearance of much of western .

Nebraska at the end of the Tertiary, prior to the general
dissection that hegan in tha~ﬁa:!iest Pleistocene (Schultz

and Stout, 1945, 1948, 1061; Stout, Dreeszen, and Caldwell,

1965).

The principal valleys in western Nebraska mostly drain

in a general eaﬁtefly’dirmctien'to&ay; but at the beginning :

of the Plsi$tocane much of the ‘drainage was from northwest -

1o southeast (Stout in Stout, Dreeszen, and Caldwell, p, Zﬂ,f

fig., 9-428). Present rivers of importnncm are the White

(hut it former Hat Creek branch novw flows to the Chey@nne),

"qubrara ¢ Runningwater” or L’enu qui ccurt ), North Plattc

Creek as najor tributnrxes). and ?outh Platte (witb the

Lodgapole Craek an_ important brauch). 0f these, tha Niobrara

River, Lodgepole Creeck, and Lawrence Fork seem to ba occupying

shallower valleys, for reasons ndt readily explained. |
The main ”upland“ aresas consist principally of the

Cheyenne Plain {or Tablelands), Perkins Plain (or Tableland),
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Wildcat Ridge, Box Butte Plain (or Tablelands), and Pine

Ridxo, all of which mostly represant remnants of tha High

 P1ains Surface and its extensions. This region constitutes,

with the Sandhills areas, the main part of the ’High Plains -

Section of the‘Grgat ?lains_Province“ of Fenneman (1931,Aand_

'_,mgp'of ﬁhyéiographic provinces of thg United Stafgs).

The northerrn boundary of the High'Plains is usualiy taken,

following Fénneman nn&-p; ¥, Johnson, td be tﬁefnorth escarpﬁent"'

of the Pine Ridge, but this has been produced by differential

erdsion agaiﬁst the resistant sandstone ccncretians of arikafée‘

valley-£ills (Monroe Creek aﬁd Harrison formatiomns). Tracea'
both westwardly into Wyoming and eastwurdly into South Dakota,
Jthe Pine Ridge ceases to be a preminent topographic feature,

y_but neay its eastern terminus it 1s a slighﬁly-modifiad fault

oscarpment (a trua ”State line fault")
North of the Pzne Ridge 1n nerthwestern &ebraska, the

present topography is wildly beautiful being developed as. the

. ”Littla Badlanda"»with intricatc arosional furas upon the soft

silt, clay, and sandstones qf_the White-River Group, and

farther.horth uponn the still weaker Cretaceous shale and
chalk. Fenneman (1931, and map) includes the diésected |
area north of the Pine Ridge in the "Unglaciated" portion

of the ""Missouri Plateau Section” of the Creat Plains,

”B&dlands“.topography-also>characterizes three other

districts in western Nebraska,_but_these,are‘situatéd south -

of the Fine Ridge. The_first oqéurs_bdth‘eqst and west of -
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fithe Scotts Bluff aiong the upper reachos of the Horth Platte,
with westerly extension into the “Goshen Hole" af castern -
Wyoming. The second is on the. south side of the Wildcat
 31dge along Pumphin Creek, whereas the third is loss promiuent
f and situated neer %idnay uleng the Lodgepole Creek Other
- "Badlands” tracts occur in narthenstarn calorado,'south of
;1"Siduey, Nehraska, especially near New Rnymer and ﬂkron, '

Colorado.
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SOURCES OF SUBSURFACE INFORMATION

Much of the infnrmntian concerning'thé subﬂufface of

'western Nebraska must be derivmd frﬁm records of borings
More. than eight thausand logs of mil~ané gas test-wells are |

 presently on file with the Nebraska Cealeyical Survey

(Lonservntian and Survey Division, Th& Univnrsity of Nebraska)

~in Lincoln for this regian. About seven hundraé_of thesa

-Urecords yield Itttle informatien.abaut the'PreJTartiary ,

Surface and Tertiary, usually because of d@pth of surface

 'casing. but they can be used for Crotaceous and older rocks
 Furthermor@ ﬂistributian of the test*wells varies graatly
  (3@0 Table 1 and Plates 2- -4, with vory dense concantration
 'in areas of priacipal activity and wida spacing in distriets .
_zof little explorstien._ Mapping in seme detaii is limited
'. tﬂerefore, to the main Aareas of expioitation, which occur in

t_ westarn &ebraska in th@ southwestera yart of the panbaadle 'f

In this district of dense concontratimn of walls onlv'*  ;

the nunber of wells per township is shown (Plata 3), but
~-individua1 wells have been plutted ontsidu it (Plates 2 and

. 4)., Assuming reasonable skill and,consistancy, accuracy of;_,

interpretation must be considered to be largely'dependent .

upon available logs, especially with resﬁeét to the

‘ configuration of the Pre-Tertiary Surface (Plata 2) and its

paleogeology (Plate 4).

Althaush electric logs are preferred uther mechanical'

'1ogs may be useful occasionally. Supporting data include L

| sample-cuttings, rock cores or chiﬁs; and descrihtiou# of
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‘Table 1.-Distribution, by ceunty, af the subsurfsca data for '
~ the Preo‘l‘ertiary Surface in watam Nebraska 1/

T Riumber T e RGRBE T
County - of L (:ount_}" of
. wells _ . wells .~
 Kimball . . . .. 2,784  Sheridam . . . ... 25
: Bannel‘ Q' L e o 13764 | Kﬂiﬂl . Q 0 » .a _‘el L ] 23

m‘gyama . e o .. 1,594 : Ch’m -V P - ¢ . 14 |
. Moreill . . . .. 520 ’““W“m P &

~ Scotts Bluff .. 325  Arthur . ... ... 9
‘Deuel . . . ... 89 Grant . . . .. ... 9
 sioux . e e 75 o "M:?li;om L 6
| :G,ar‘der‘x e e s 75 ‘Hooker . « e 3
Box Butte . . .. 44 Totsl ... 7,402
* . Dawes Q v oee e e : 33 :' o D L

o 1/ See Figure 1 for avea of study and Plate 3 for
distrIbution, gy township, of wells in Kimball, Bamner,
Chayenne, Scotts Bluff, Morrill, and Bouel Caunties.
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;5sampla$ and cores. Of these, thé_skuple»euttingsvprovideé |

by test-well operators nust be used ¢autiously;“fer they are

generally of poor quality and bftcﬁ conthuinatqd; "Also, they

" are seldom’a#ailable for Tertiary and Late Cretaceous rocks.

‘Since the‘“parsanal'coliection“ of such samples gor”tha

yauhger rocks;provad to be a'gﬁccssary early step in

) “evaluation and interpretation, a'manth.in,fhe'summer of
1959 was devoted to gollecting samples from wells then beihg'

»f'drillﬁd}in the southwestern part of the Nebfaska.panhandlqgj¢ 

Additidnsliy, the'test'holes drilled as part of ihe;

::State~Fedara1 caoperativa program ﬁf graund»water invastigatious
.fhave been most useful in suyplying sample cuttings, Tock
; descriptiens, and sona point-electric logs. These records

,  are excellent, for tho most: part. and ‘the new ones are quite;

'reliuble bscauuo of the care taken in collectiun and

description. 3ﬂfﬁmtﬁﬁiﬁeiv, this coverage is available faf'l

| only a part of western Nebraska. Tha drilling dnpth also 15: 

.Q'mostly restricted ta tha upper permeable intervals of the.  :
Tertiary, usually with pcaotration only into the upper pnr;11 
‘of the Brule (Oligocene). The few test-holes that have been

 ,dri11cd into the Cretaceous are thq9'qf éhpﬁciﬂl'value.




METHOD OF. APPROACH
All avnilable subsurface Information has been utilized
as much as possible, but emphasis has been placéd upon

elsctric logs simply becsuss they constitute the printipall

documentation., From these, an efﬁbrt waﬁ made to pick the

Cretaceoux«?artiafy-unconfermity'and as many traceable
horizons below and above it as seemed practicable. In the
prelininary vork, nine elaatriﬁ~1og cross-sections were

constructed across the region, five from west to east and

18
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S o 1
- four from south to nerth.™

1/ These cross-sections formed unwieldy work sheets, too

‘large to be included in this report, but large size was

| NECOSSATY for detailed plotting (vertical scale is one inch

e@uaas fifty feet, which is fullrScaie, with horizontal 3cé1a

of ons inch equals one mile, thus vertically exaggerated iﬂﬁi;

tiwes). The fmllwscsla logs were found ta be superior for
preliminary compilation because of the nature of these

recerds and to insure greatest precision in correlation.

One cross-section of this scale is included_ﬁnra”as an

exavple (see Plate 5, showing surface-subsurface relations |
'of_the White River Groﬁy in Scotts Bluff County, Nebraska).

- For contrast, Plafa é (showing detailed electric-log

characteristics from south tc'nerth\aléng the 103%30

Meridisn) illustrates the use of half-scale logs (vertical.

' “scale is one inch gquals one hﬁndreé feet; with hbrizaﬁtal
 scale of one inch @quals une mile, thus vartically exaggerated

~1,only 53 times). Such half-scale logs represent an excollent

compromise with respect to scale, allowiug horlzontal and
vertical relations to be evaluated more easily without
axtfuma loss of log details., Greater redﬁction of logs
fer study ie not recumnanded hecauaa of the loss of detail
3¢ necessary in establishing valid correlatiaas and

displaying regional subsurface rulationshigs.

Sample cuttings have been also utilizad,’chiéfly és a

supplement to the electric logs and to verify litholegic
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characteristics at such*critical contacts as the eretaceaus~

“ Tertiary unconfcrmity‘ Those cuttings have come partly from

oil tastwwalls and the remainder from wells of the State~-

‘redaral watgr-gurvey investiyutians~ they weyrn stndiad under
| a binocular microscope and calihratad,with the proper electric~
-1og intarvals. The resulting 1&55 were then incorporated into

’”.ltha nutwor} of alactric log cross»sectians.

Additianal samples were studiud upon occasion, aspacially

-7th05¢ collected by the writer in 1959, und ‘on numerous later
. field trips, from wells being drilled snd from outcrops . »Thé

 areas of concentration were at first mainly in the southweStgrn

part of the Nabruaka,panknndla; but eventu#lly mest‘of wasta}ﬁ

 Nebraska was covered in such.fiald'recannaisSanca and celieciiﬁg
from’the‘Ciétaceous'nnd'Tertiarv, In the summer af 1963 the
| Cretaceous outcrops in the Goshen Hole of esstem Wyoaing |

fwere studied in the fteld for smvural weoks,_and ten days af

reconnaissanca were devctad also t@ northoaatern Colerado..]ﬁ

- fmly by such_a comhinatien approackvand synthesis af_subsurface

and surface information can one hope to.accémplish’teasonabig

correlations and intaryrntations:in the subsurface.
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STRUCTURAL SETTING

Introductory Rnnarks

Prcvious Intarpretatians.«-?hu recent narkod increase in N

subsurface information allows progrossivoly more-detailed
interpretations_c! the geologic structure of Nebrasks,
Apparently the'earliést'structure'ﬂip:whiéh shows the
llecation of majar Precambrian hlghs and Iowx, was made by o
"G. E. Condra (in Condra, Schranm, and Lugn, 1931, p. 16, fxg.
- 2). This wmap was sketchy, but £i#e.structur¢11y-high aress
- and four basins were recumizmi‘ Using the subsurface daiza‘" " :
: ,presented in the same pu&lieation. Lugn (1934) published the
.'.first contour map of the Precambrian surface. Next Fnenning
(1942) proseated four structural waps on Cretacecus horizous.u
 _In nddition to the woll laga used by Lugn, lagﬁ ef several
"wells drilied after publication of the report by Condra,'

Schramm, and Lugn (1931) vure availahlo te Fuenning.

The first really’ comyrehensive map of the gcologic

- structure of Nebraske was pruscntud by Condra and Reed (1943
~.p. 2, £ig. 2; revised by Reed in 1959). Includod on this

map is an ;nterpratation of additional subsurface information

resulting from the 1939 discovery ;nd‘iubsequent'érilling”fqr 

 oil in the Forest City Basin. The 1949 discovery of oil in

the Donv«r»dﬁlc;burg Basin made more subsurface information

"gvailable‘and promptddraéod (1955),tq_cogpilg a révised
. stryuctural map of the State. Extension of oil and gas

| . production into southwestern Nebrasks in 1959 provided
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" even more subsurface information, and this was utiliszed by -

Carlson and Reed (1961) in constructing a new strncture map.

Whora prasont, the Greanhorn Linostona uorved as the datum

. for theso tvo maps. In part of eastarnvﬂobraska, where the
‘Greenhorn is not present, a Pennsylvanian horizon (buse of
'_'Missoufi.Surigs, Kansas City Group) was used as the datum.

The latest structurhl contour mup.éf the stat« is_Carlsun?s,; 

(1966) "Configuration of the Procsmbrian Surface".

| In nearly two decades of oil cxploration in wtstern -

:fNebraska, a large nnnber of both publishod and unpublished
structural maps-has been prepared, and these have allowed
progressive refinemént(in delineation of qttugtufe.’ Even

»fsa, information for a large patt‘of western Rebrabka is Soﬁlff

i.sparse that many of the nnps ahowing goelogic structure are

highiy interpretive.

Generul Relatioas.-«fhe najor strncturul foatures in

_‘.western Nahraska are new fairly wtll kaoun (Figuru 2).

The dominanz structure is the Chadron Arch, which

: V_ effective1y stpcrntos the Dcnvor-Julosbugg Basin in tho

: southwest from the Kennedy Basin to the northeast.

: Subsidiary‘sttucturll features of the Black Hills UpliftA

also occur in the northwestern comner of the State.

Basis of Interpretation, -~The feilowing_dqscription of

thefstrugtural foatures in westorn Nebrasks is based not

oﬁly on previous structural céntour'nups. but also considers
an unpublished structural contour mep of westernlﬁebraska

(DeGraw, MS.). On the latter, the datum used is the "X
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Tigure 2,4

Structural features in western Hebraska. sased on an

“ .
y%published map of the author (Structure Contour Hap--Top of

"K' Lentonite, Western Nebraska). This is the revision of a

map placed on open-file in 1962 at the Nebraska leological

Survey (btructural Contour Map--Top of Mowry bentonite,

Fanhandle and Adjoining FParts of Western Nebraska),

23.
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'Bentbnite, which is the lowest of four or five bentonites

within the "Granercs Shalev .}/

1/ Because it is an easily-identified marker bed on electric
logs, occurring throughout most of western Nebraska (exceﬁt
on part of the Chadron Arch) and much of the surrounding
regibn, the "X Bentonite ié commenlyAuaed;as a datum for

contouring structure,

Use of Terms.--Two structural terms require definition,

(1) Major structural features may be defined aS'thnse_

large-scaled folds and faults of regional extent, They are

recognizable by relatively-large topographic expression,

either surficial or buried, with a minimum amount of

 subsurface information. (2) ssgonéary structural features “‘

- or subsidiary flexures mky be defined as less-significant

folds and faults aéhOciate& with major ones. ﬁgtnuse of

snaller size, considerably more informstion is required
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for their rncognition and delinention.lf

7

-1/ Figure 2 is probably 1ncomp1ete in this regard and because

of scale sone structurnl details that are knawn cannot be

~shown., In ganeral, the sacoudary structures that have been

delineated display 200~tc 400~ f@et relief, but a few features

o ‘with relief of 100 feet or less are included, Amnng the

latter ave certainm pesitive and_negativn features in

intrabasinal-low areas, as well as the most obvious domes,

‘other anticlines,‘and synciinss. Small’flaxures and faults

are excluded as they reqnira rclative1y~clese control that

- is seldom availabla.

Fault Interpretation.--The faults shewn on Figure 2 have

“been racognized from surface observatians and maps, from
subsurface data, or by combination. In surfnca studies,

- faulting in thick shales (tha-“?ierf&“ for example) nay be L

obscure. In the suhsurface, even under ideal ceuditinns, it"'

is difficult to astablish fault tronds, hifurcation, strike-.'

and- -dip mlations, and throw. Subsurface control for most

fault trends is usually poor, so details ave wostly'lacking,-:

~and interpretation is often subjecg;vn,'susceptible to

re-evaluation,

Chadron Arch

Surface Expression.--The Chadron Arch, a term used for the

‘northern part of a structural ridge in Nebraska and'sbuth

‘Dakotn, is oxposed only in a small area in the northcastcruv'

corner of Dawes County, the northwestern corner of Sheridan -
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County, and on northward into Shannon County, South Pakota.
These exposed parts of the Arch, located about 16 milos
hortheast of Chadron, Nebraska, have been designated the

_ Chadron Dome or Chadron Anticline. The total surface

"exposure within Nebraska aggregates about 35 square miles.llf

1/ Numerous manuscript maps showing the several domal
features comprising the Chadron Anticline are preserved in
the files of the niversity of Nebraska, Department of

- Geology Library, and other archives of tke Department of
Geelogy. In early vears, Darton (1899, and later revisions)
gave general descriptions and maps of this area. However,
the late E. F. Schramm, A. L. Lugn, and many generations

of students at tha University of Nabraska revised this

early work .

Rocks exposed on the Dome iucluée the following: the_.“
upper part of the "Graneros Shale", the Greenhorn Limestone,<
the "Carlile Shale”, and the "Niobrara Chalk", and the lower_p"

' 'part of the uPierre_Shale“, all of Ldta Cretaceous age; the

~ Chadron and Brule formations of Tertiary age; and

undifferentiated deposits of Quaternary hge. The‘"Niobfa:a
Chalk" is the most prominent formation there, owing to its
resistance to weathering and charéeteristic, white to paleQ
orange color. Although the “Carlile Shale" crops out over
‘several square miles, it is topagra?hically low, and.
generally mantled by slope wash and alluvium. At only oﬁe

presently-recognized outcrop, on the north side of the
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White River, in sec, 33, T. 33 N., R. 47 W., Dawes County,
Nebraska; is there sxposure df the Greenhorn Limestone and

"Graneros Shale” (Moore, MS, of 1954). It should be noted

- that, owing to the scale of the paleogeologic map (Plate 4)

the outcrop and subcrop patterns for the Cretaccous formations

of the Chadron Deme area are generalired.

Subsurface ﬁxtehsian.e«The»Chadrﬁh Arch is the northernma#t

part of a linear, sinuous ridge that extends southesstwardly
from the Black Hills, across Nebraska and muchk of Kansas.

It WAy b@_sebarataé from the Black Hills by a structural

sag. In Kansas, near its southern terminus, this structural

ridge is appropriately called the Central Kansas Uplift, but

ot L b o

axially directed more'naarly'northwest. In northwestern

Anticline (Merriam, 1963, p, 182). The Pratt Anticline has

& northeasterly trend, whereas the C@ntral Eansas Uplift iiff,

Kansas and southwestern Nebraska, the ridge is named the e

- Cambridge Arch, where the trénd is north-south to slightly

 northeast-southwest,

In cross-seciiqn the Chadron Arch is apparently

asymmetrical. Originally regarded ss a simple fold with the

steeper dip on the western or southwestern flank, the Arch-

" now appears dofinitely to be faulted slong its western and |

- southwestern flanks, Howaver, it may be faulted even alcng"

its eastern or northeastern flank,

Bordeaux-liyanni;-North Platte Fault Trend.--Along the

wastorn_aﬁd southwestern flank of the Chadren Arch, the
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pronounced change in altitude of the Crataceous*formatichs"‘
is interpreted as due to faulting, In early years of study,
and to some extent even now (Wulf, 1964) there was controversy
among geologists as to whether this altitude difference was
due to faulting or produced by xtqapaning of dip. Oh‘the
basis of structural and general mapping of the pfe«Tertiary
paléogeology and consideration of reglonal tectenic patteins,-

the fault-zone concept seems valid so is'hern accepted, Tho

fault zone constitutes an excellent separation of the Chadron
Arch from the Denver-Julesburg Basin,

- This important fault zone is best designated the
Bordeaux-Hyannis-Noxth Platte ?ault Trend, from the place .'

names defining it‘(Figure 2)1/. The hyphenated name soems A‘

.

1/ Bordeaux is a siding along the Chicago and Northwestern
Railroad, in the SBY, sec. 5, T. 32 N., R. 47 ¥W., eastern
Dawes County, Hebrasks. 'ﬁxgggii, a county Séat; is locat&d ;
aleng Séate Highway 2 in sec. 6, T. 23 N., é; 38 ¥,, Grant
County, Nebraska. North Platte is situated outside the

study region, at the confluence of the Sputh and North Platte

Rivers, in Lincoln County, Nebraska.

necessary because of length, change in strike, and probability
that the trend consists of two or more faults. Alternatively,
the trend could be considored as composed of separate faults,
each individually named,

The strike of the Bordeaux segment of the fault trend

is approximately N. 20° W, The amount of vertical
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displacement is difficult to determine, owing to confusion

with other structures in the adjacwnt basin; it is estimated

‘at this time as renging from 300 to about 1,200 feet, but |

more likely 500 to 1,000 feet. The Bordeaux segment probably

- bifurcates to the north, neay the Nebraska-South Dakota

boundary. One fork maintains the estahliahed'trund of the

Bordeaux Fault segment but with a smaller displacem&ni,
probably ef the order of 300 to Bbo_fbet, whereas the

west-northwest fork has a strike estimated as N, 50° W, to

N. 709 u,, vith throw possibly as much asll,deﬂrfeat.

It is likely that the southern part of the Bordeaux

segment and northern part of the Hyannis segmant of this
‘.fault trend is a fault-complex., As presently interpr&te&,""
‘the vertical displacement for this part of the fault zone

is of the ordqr of 300 to 600 feet.

The average strike of the lyannis and North Platte
segments is N. 40° W. To the morth, the strike of the

. Hyannis segment hecomes progressively'morh'wakterly,

increasing to as much as N. 30° W. The vertical'displacement‘

~along the fault is variable, but it ranges from 1060 to 800

feet, perhaps from 500 to 800 feet in the norihwest. The

’throw along the North Platte segment ranges from 100 to 300

feet.

White Clay Fault.--This is a major fault related to the .

aortherly plunge of the Chadron Arch and the nofthwasterly:
margin of the Kenhedy Basin. It is sometimes humorcusly

referrod to as the "State Line" Fault, because of its
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location and gast-west strike in Nebraska, along the State
boundary, but there is & shift to a northwesterly strike in"
South Dakata. It was named by field'geolmgists working in
the area for White Clay, Mébrmska, southeast of which there
seems to be a physiagrayhic expression of the fault raflectédv
~ in the north face of the Pine Ridge escarpment. That part‘of
the Pine Ridge immediately southeast of White Clay and south

~ of the State boundary may be s fault-line escarpment, for |

ihe Pine Ridge as a physiogrvaphic feature becowes obscure

- a few mlles sast of White Clay.

Wost and northwest of White Clay, tha'"wiobrara“, ané
perhaps "Plierre", are margined by Brule and‘Chnéron, 3o the -
structure must be inferred from the poorly-known surface
_ és well as subsurfaéa geology. The throw along the White
’Glay Fault is'variously ¢stimated to vange between 600 aﬁd_

2,000 feet, but the best estimate is 1,200 feet or less.
| The southeastern or eastern extension of the White

Clay Fault aleng the eastern flank of the Chadron Arch,

or into the Kennedy Basin, is unkmown. If marginal to the j.
axis of the Arch, it would somewhat affect the mapping alohg_ﬂ
the Arch (Plate 4). Howaver,:the interpretation of a fault
subparallel to the Bordeaux-Hyamnia-North Platte Trend, to o
~ produce an "anticlinal horst™, seems to be the more
expectable. |

Related Faults.--Moore (M8, of 1954, p. 20) recognized

two faults on the Chadron Dome, one of which is in Smﬁth

Dakota, cach mapped with a strike of N. 75° W, and 3 throw .
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estimated as 125 feet. The fault on the Nebraska side acchrs
along the southwestern side of the oldest outcropping
formations on the Dome. As this fault has a strike that

passes eastwardly into and is concealed by the alluvium of

' Beaver Creek, a tributary of White River, it is designated

the Bdaver Creek Fault, However, the most noticeable

structural features on the Dome, acéerding to Moore, were
pseudo-structures produced by slump of the "Carlile Shale'.
Kennedy Basin
Limits.--This basin was informally named by E. C. Reed
some years ago, befors 1949, aftew Kannddy, Nebraska, located

in T. 30 N., R, 30 W., in Cherry County. It is defined here

- (Figure 2} as that structurally-negative porxtion of north- s

central Nebraska that is bounded on the southesst by the

Sioux Ridge and on the southwest by the Chadron Arch, It*“v‘

is the southerly extension of the Williston Bagin of North‘;"

Dakota, traceable through central $auth ﬁakota, into Nebraska.
Only the southwestern flank of the Kennedy Basin is

ineludad_in the mapped area (Figure 2; Plates 2,»4). Theb

boundary between this basin and the Chadron Axch is

t arbitrary. Little is known about the structure of the

- basin, dus to insufficient study and inadeqnate}subsurface

information. Consequently, secondary structural features -
have not been recognized. Even the possibility of a marginal
fault along the eastern flank of the Chadron Arch is presently

unverifiable,
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Denver-Julesburg Basin

Limits.--The Denver-Julesburg Basin (Figure 2) is a large,
asymmetrical structure that occurs in eastera Colorado, -
eastern Wyoming, westeran Nebraska, and northwaestern Kansas,
but oxtends aorthwardly a short distance into South aaka;a.”'
Its western flank is steeper, parallel to the Rocky Mountain
Front, with a less prominent escarpment on the east side,
next to the Chadron Arch, In general, the basin is boundéd}-

by the Pront (Laraemie) Range on the west, the Hartville

' Uplift to the northwest, the Black Hills Uplift on the north,

the Chadron-Cambridge Arxch on the northeast and east, the

Las Animes Arch to the southeast, and the Apishapa Uplift. -
at the south, ' |

Additionslly, thess boundaries of the Denver-Julesburg

'nay be more precisely defined by marginal fault ﬁysgems,>

among which are: (1) the Golden Pault, next to the Pront

Renge; (2) the Whalen Fault, in eastern Wyoming; (3) the

Toadstool Park Pault (which may be an extension of the
Whalen Fault%in northwestern ﬁebtaska and southwestern
South Dakota: and (4) the 30rdeaux~ﬂyanuis~&urth”Flatte
Fault Trend slong the Chadron Arch in wasterﬁ Nebraska,
For much of the southwestern part of the vregion |
studied (Figure 2), the structural features usually |
emphasiiad are of relatively small-scale, with less than
50 feot of structural closure, but they are economically
important. DBecause of small size, they cannot be identifiad  

wvithout detailed mapping of the data now available for the




closely-spaced wells., Such small features have not been
included in the following discuassion.

Secondary Structures,--In the southeastern part of the

rogion shown in Plgure 2, secondary structures consist

priancipally of four anticlinalusyhciinal couplets, for

three of which the synclines are on tﬁe northeastern or
updip slope of the basin., There arve two ?reﬁartwd
orientations: 2 northwest-southeast trend that tends to
parallel the Chadrom Arch, and & northeast-southwest trend
that is perpendicular to the Arch end subparallélvto the

Les Animas Arch on the southeast. These may ﬁaldcscribed

in order from the basin toward the Chadron Arch (Figure 2),

33.

as the "Fairway", Big Springs, Oshkesh-Lewellen, and Arthur

folds,
“Pairway" Folds,--A complex of additionsl sntielinal-

~ synclinal couplets occurs in»zou&h&astern Cheysnne County.

These are well known to geologists of the petrveleum industry,

who have called the distriet the "Falrway" of western
Nebraska, because of associated oil and gas fields., It
was in this "Fairway" that the first oil discovery was

made in i949, in the Nebraska portion of the Denver-Julesburg

Basin. Both northeast-southwest snd east-west trends occur,

with the former predominant and characterized by enticlines

and synclines that plunge southwestexly. Structural relief

is of the ovder of 50 to 100 feet for the vast-west trend,

but 100 to 250 feet for the northoast-southwest trend.

Big Springs Fold.--In eastern Deuwsl County, and possibly |
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extending into Logan County, Colorado, there is & small,
less complex, antielinal*synslinai ¢éuplat {Pigure 2)'that
requires special mantiano The positive element is at least
15 wiles long in Nebrasks, and it is nemed the Big §gg§§g§'
Anticline for the gas fisld located on its southeastern

crest.l/ Structural relief between the anticline and

1/ This gas field was named for Big Springs, Nebraska,
situated along the South Platte River, in the southemstern
part of T. 13 K., R. 42 ¥., Deuel County.

syncline ranges from 100 to 150 feet, part of which is due to.
faulting. As can be seen in Figure'z, the anticlinal end
synclinal axes have sinuocus traces, the aauthexﬁ element
trending R. 21° &,

" Oshkosh-Leweilen Puid.--This is a prominent saticlinal-

syﬁcliﬁal couplet with a nerthwest-gouthesst tvend subparailel
to the Chadron Arch (Figure 2). It is named the Oshkosh-
Lewollen Anticline for two villages along the North Platte

River that are located near its Qrast.gl ‘The "lLisco

2/ Oshkosh is located in the southeastern part of T, 17 N.,
R. 44 W,, and Lewelilen is in sec. 22, T. 16 N., R, 42 W.,
both in Garden County. |

Anticline”, a surface structure northeast of Lisco (personal
communication from T. M, Stout, 1868), may represent the
supplementary northeast-southwest trend for this couplet,

rather than & continuation of the Oshkosh-Lewellen Fold.
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However, subsurface data for this county are still
insufficient for adequate interpretation, The 0shkosh-
Lewellen anticlinal axis extends for at least 40 miles andl
colacides with the modern viver course batwesn Oshkosh and
Lewellen, where it strikes N. 63° ﬁ.' It has an average
trend‘of N, 52° ¥W. northwest of Qﬁhkath; This fold axis

has a strike of N, 42° W, southeast of Lewellen, and it
extends into wostern Keith County. The éyncxinal trend is
generally parallel to that of the Oshkosh-Leswellen Anticline,
- with the éist&a&e batween the axes varying from threo to ﬁix:
}miles. The structural velief 1s of the order of 200 to 250 . 
feet. To the south, the strike of the syncliye appears to

change abruptly, te sbout N. 359 E.

Arthur Fold.--The easternmost anticlinal-synclinal cauple'g,‘
in that part of the Denver-Julesburg Basin considered here f‘
(Figure 2), 1s named for Arthur, Nebraska.)/ The fold has

i/ Artﬁur is located on the northeastern flank of the .
anticline, in sec. 34, 7T. IQIN., R, 38 W;; centrel Arthurj'

County .

2 length of more than 50 miles and an average strike of N
about N. 36° W., nearly parailel to the iiynnniswq;th.?iatta
segment of the main fault trend. The anticlinal ama
synclinal axes are about four to six miles apart and the
structuial relief is of the dfder~af 250 to 300 feet.
Related Faults.?wﬂaw £aults have been rocognized in the

southwestern part of the Denver-Julesburg Basin (Figure
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2}. lowever, small-scale faults occur lecally in at-léaét

three areas: in the northeastern part of Kimball County,
along the "Faiyway" trend in eastern Cheyenne County, and.
along the eastern f£lank of the Big Spiings Anticline in
Deuel County. The latter is genarally known as the Big

Springs rault.} These faults are not considered further

1/ The other anticlingl-synclinal couplets of this region

(Figure 2) msy also have associated faults, but these have

not been yecognigzed, if indeed present.
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in the present study, even thaugh they have significant

sconomic importance.

Near the northern margin of the Denver-Julesburg Basin,

in the transitional avea betwagn that basin and the Powder

River Basin; there are additionsl folds and faults that

require séparnta digscussion., Some of thas@ a¥e near the

rim of the Powder River Basin/ (sae uap of Piaree, Girard V}

and Zapp, 1932) and others are associateé with the Black

‘Hills and related uplifts. These are considered in

following sections.
Cochran Axch
Definition and‘Limits.-wThis is a structural feature

(Figure 2), here recognized for the first time to occur in

the northwestern part of Nebraska and southwesterly into

- eastern Wyomlng. It is situated near the northern margin

of the Denver-Julesburg Basin, with its name derived from
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Cochran State Park, nesr Crawford, Nebraska.~ j The Arch,

1/ The Cochran Stats Park is situated on the Arch along
Highway 2 south of Crawford, in sec. 3, T. 30 M., R, 52 ¥.,

southwestern Dawes County.

which separstos the main Denver-Julesburg Basin from its
nnrtharnmast subgidiary basin (Crawford 3asin, defined
later), has a general &astnwmst trend, and ﬁlunges wesi.
Nesr its western limit, its trend shifts southwesterly,
with S, 50° W, strike, probably subparallel to the Whalen
Fault tr@nd. This Arch is best developed in Sioux Caunty,
Nebraska, where the maximum relief of the structure above:
the adjacent depressions is of the order of 200 to 400
feeot.

Related Faults.~~ﬁﬂ esst-wast fault hers éasignated tha

Pine Ridge Pault, occurs on the northern flank of the

Eochran Arch {Pigure 2), It is a gravity fault, dounthtuwn
to the north with throw of about 300 feet and strike of |

N, 82° E, This fault is limited on the east by the

Bordeaux segment of the Bordeaux-Hyamnis-North Platte
Fault Trend and on the west by the Teadstool Park Fault

(defined later, possibly an extension of the complex whaled»'
Fault Zome). A small fault cuts at least part of the Gering-
Formation, along Highway 2 south of Crawford, Nebraska; it
was illustrated by na;;on (1899, pl. 83; reprinted latexr)
and by Schultz and Stout (1961, p. 27, Pig. 18).
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‘ Crawford Banin'
’ Definition and Limits.--This basin is here named and dofined
1/ | |

for Crawford, Nebraske.>’ It occurs (Figure 2) in &n area

-

1/ Crawford is located at the junction of Highways 2 and 20,

in sﬁcs. 3 and 10, T. 31 N., R. 82 W,, in wastarh Davwes County,

Nebraska.

e

of about 33 townships in northwestern Nebraska, with perhaps
four adjacent townships in South Dakota. It i bounded on all
sides by faults: by the Toadstool Park Fault (? Whalen Fault)

to the horthgast, the Bordeaux segment of the Bordeaux-

_ﬂyanais~§@rth Platte Fault Trend on the northeast and east,

and by the Pine Ridge Fault to the south. o

Secondary Structures.--The Crawford Basin is probably the
most complex structural area for its size presently reccghigad
in western Nebraska. Subsurface and surface information is”? 

insufficient to delineate fully all of the secondary

- structures present, buﬁ there appear to be two intrabasinal

\ o
lows and at least two local highs. The deepest part of the

‘main basin is in T. 30 ., R, 57 W., Sioux County, Nebraska,

near the intersection of the Toadstool Park and Pine Ridge
Faults. |

A secondary basin occurs in iha vininity of thé South
Dakota-Nebraskse boundary, near Waysida,‘Nebraska;' A
domal ares occurs in the southeastern pare cflT. 33'N.,
R, §2 W., and adjacent townsﬁips'in wostern nawes County.
The second high is located mainly in T. 32 N., R. 49 W.,
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near the center of Dawes County.

Related Paults.--Two intrabasinal faults that wmargin a

small graben heve been identified in the eastern part of

Dawes County, Nebraska: the Chadron Cresk and Boydeaux

Creek Faults, Although trends and aoxtest cannot be

accurately dgﬁerminuﬁ, an anlysis of subsurfaca.datu and
present topography suggests that they both strike about

N. 20° W, This is subparallel to the trend of the
Bordesux segment of the reglonal fault trend. éﬁth faults

prabs&ly pruj@&t southward to intevsect the Pine Ridge Fault,

but their narih&rly.extanaions have not been determined. It -

is suggested alse that the two faults may extend agcross the
basin, to the northwest bifurcation of the Bordesux segment -

of the regicnal fault zome.

The faults are named for Chadron Creek and Bordeaux

Croek, since the lowsr courses of these stresms appear to

coincide with the strike. BEach i3 a normsl>£au1t,«with the

formey showing about 3500 feet of throw, downthrown east,
and the latter 250 to 3580 feet of throw, downthrown west.
Black Hills Uplift
Surface Expression.--The Black Hills Uplift is a major

structural feature that occurs mainly north of the regien

shown in Figura 2, in southwestsmm 5o§th Dakota andradjacentj
part of Wyoming. Its surface axprossiaﬁ i¢ that of an
elliptical dome or brachy»antieline‘ Apprﬁximatély 125

miles leng by 65 miles wide. The gencrglly-accepted limits
of the Uplift are the outermost hogback ridges formed by the
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basal sandstones of the Daketa Group (Cretaceocus).

Subsurface Extension.--Cretaceous strsta marginal to the

Black Hills bhecoms progressively younger outwardly. Howevef,

the domal styucture is pewipa&rally obscure, since* (1)

resistant bads become scarcey cutwar&ly, (2) there are some

suhsidiary structures; and (3) there has been planation and

also deposition in ralation to the Tertiary and Pleistocene -

episodes on the flanks of the uplift.
Secondayy Structuras,~~suuth from the Black Hills, in Pall
River CGunty, South Daskota, Rothreck (1931a, 1931ib, 1938,

| 1949, and 1855) recegnized three plunging anticliines with

axes in a fan-like arrsngement: (1) the Chilson or Hat Creek-

Anticline,= Y @xtaading ﬁﬁuthward aleng Hat Creek into

1/ Apparantiy named by Rﬁthrock (1931) far Hat Creek, a
southerly %ributariAto the Cheyenne River, in eastern
¥Wyoming, naithweata&n Nabraska,:and seuthwestern'&ouéh
Dakota. |

 northwestern Nebraska; (2) the Cascade Anticline,i/ the

2/ Named by Rothrock (1931) for Cascade Springs, in
southwestern South Dakots, which lies at the northern end

of the structure.

eastern fold; and (3) the Cottonwoed Creek Anticline,3/ the

3/ Hamed by Rothrock (1849, p. 43) for Cottonwood Creek, in

southwestern South Daketa. /s
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wastarﬁ feld, _

Of these three folds, only the Hat Creek Anticline exteh&s
into Nebraska, but its axis cannot be confidently defined at
pmsent.y Both the Hat Creek asnd Cascade Anticlines are

-1/ The anticlinal axis surely extends along Hat Creek to a !

point at least three miles south of the South Dakota-Nebraska
boundary, where it may turn southwesterly, perhaps coincident

to the present couvrse of Hat Creek,

truncated by the Toadstool Park Fault, the former in

‘ n0rthwastern Nebraska and the latter in Fall River County,

South Dakota. The Cottonwvod Creek Anticline extends into
Wyoming just north of the Nebrasks-South Dskots boundary.

 The east flank of the Cottonwood Creek Anticiine and the

west flank of the Hat Crsek &nticllue‘ria'aa anuameé*

southward-plunging syncline.

Related Faults.--A msﬁor'fauit zone, the Toadstool Park
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1/

(?¥halen) Fault Tread,~’ extends across the northwestern

1/ Teoadstool Park is a2 well-known tourist and geologlcal
attraction {Darton, 189%; Schultz snd Stout, 1655, 1961)

~situated northwest of Crawford, in sec. 8, T. 33 N., R. 34 w,,

Sioux County, Nebraska, The fault is iong~recoghized and

an obvioﬁm feature, despite recent comment (Clark, 1968)
concerning it. The fault, which bifurcates in several places
and has numerous related subsidiary fault#, was mapped by

E. F. Sabatka (MS. of 1953) and in the period 1933-1940 by
T. W, ﬁteut_(persénal communication, 19&8). The surface
throw, aecérding to Sabatka, is between 64 asnd 50 feet, and o
the strike at Toadstool Park is N. 58% E,, with an angle of
dip of 78° SE. |

corner of Nebraska, and‘affactiveiy defines the Crawford

~ Basin from the Black #iils Uplift. The subsurface fault trend

hags an average strika of sbout N. 45% E., and a throw of the
order of 600 to 800 feet, | | ,

The Toadstool Park Pault 1s here suggestod to be probably
the northeastern extension of the Whalen Fault, named and .

defined by Schlaikjer (1935, p. 121) from the Goshen Hole,

. Goshen County, Wyoming. He described the Whalen Fault as

a prominent, normal fault with a strike of X, 70° E. and a
dip of 61° 5-SE. The Arikaree (Miocene) sediments are
brought down against White River (Brule Formation, Oligeocene).

Later workers (see map by Rapp, in Rapp, Visher and Littleton,
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11957, pl. 1) have recognized s number of surface faults

northeast of the Whalen Fault in eastern Wyowming; these

ha%a h‘considerabla range in strike, fvom N. 30° E. to
‘K. 50° B, | | |

N Topography and Structurs _
'ggﬁncinlos_-~Thd relationship between present topography

: and structure is especially pronscunced in northwestern _
‘Nebraska, and five exswples may be cited, (1) Present Hat .
:,craekél is entrenched at least partly ui@ﬁg the axis of the “

1/ Hat Creek presently is & principal southerly tributary

‘for the Cheyenne River, but as MacClimtock, Barbour, Schuxtx;

and Lugn (1936), Schultz (1958), snd Schultz snd Stout (1945,

pl. 2, fig. 3; 1948, p. 559; 1963) have shown. it was in
‘the Late Pleistocene & branch of the White River. Wanless .

(1923, p. 264-269, fig, 10) has c.zz.a sttention to the

- . olbow of piracy, in the southern part of the Big Bndlﬁn&s,‘ o

South Dekota.

. Hat Creek Anticline. (2) Farther east, the 3hit¢vnivcr flewé
approximately along the synclinal axis of the Crawford Basi#,
" near Whitaney, Dawes County, Nebraska. (3) South of this, ‘ |
the Cochram Arch and Pine Ridge Fault seem to coimcide with

portions of the Pine Ridge Escarpment and drainage divide,

nosi>ne1nont and G1cn, in ccntfi1 S1¢d£ ﬂdnnty and

southwestern Dawes County, Nebraska. (4) Chadron Creek and

Bordeaux Creek, algo in Dawes County, Nabriska, flow along

faults. (5) Still farther east, displacement along the
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' White Clay Pault may account, in part, for the coincidence of
its trend with that part of the Pine k;dxa Escarpment southéaét
of White Clay, just south of South Dakota-Nebrasks boundary.

"Agate Anticline.” Numed for Agate, Sioux County, Nebraska,
this is a‘ﬁﬁmhwpublicincd “structure” that has been mapped
and discussed since the early 1800's. It was probably first
recognized by Herold J. Cook, but many geologists have ':
accepted its validity. As degscribed and mapped by Schramm
and Cook (1921), the "anticlinal trend” is approximately
N. 70“»&., with two areas éf c¢losure. The larger closure
occurs in sec. 15, T. 28 N., R. 55 W., and the smaller is
located in sec. 3, T. 28 M., R, 54 W., both in east-central
‘Sioux County. Structural ¢lesure was interproted to be of
the srder of 236 to 240 f&at; ‘Two unsuccessful dn&p well
tests, one in 1920 and one in 1!88, vere made on the
]:principul "structure"

Structural cmnteuring on thc "X"-Bentonite datum failsl
to show an anticlinal subsurfaca structure in this area.
However, the "Agate Anticline" is loéuttd approximately
on a pre-Tertiary palcotepegrﬁphic ridsd with a trend of
about N, 78° E. (Plates 2, 4). ‘nm;s,‘ the f‘Agato Anticline"

" may be at least partly'a reflection of anclent topography
centrolling Arikaree {(Miocene) sedimentation, hence a

“pseudo-anticline .
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'STRATIGRAPHIC CONSIDERATIONS
Emphasis here is given to the subsurface data and to
the relstion between subsurface and surface geolbgy. An

abundance of evidehca from the subsurface, including more

unconfornity {Table 1), makes possible the projoctien of

many units from exposed to concealed situstions. The basic

geologic column for $uudance and overlying stratas in wastern

‘mehraska is shown as Table 2; all of the post-"Dakota units,

exeept possibly the “Lance” and "Transition zone” of the
“Pierre"”, are exposed there, whoreas the "*Dakota'™, Morrisom,
and Sundance are known only from the subsurface. |

Thirteen rafafﬁnée horizons (“a” through "m" from the

45.

- than 7000 well lags that yiald 1afaruation on the pra»?ertiary

oldest to youngest), shown in the legend for Plates 6, 7 and

o8 (a1l in pocket), were used in pruparatiwn of the seologtc"

cross soctions and maps. Of these herizons, twelve were -

'contoured as part of this study, and the pressnt tcpography

- (the podern - -day surﬁac& “u") has been contourad by the

United States Geological Survey. These dntum surfaces
warrant special discussion, The Pre-Tertisry sﬁrface‘is
discussed first and in greater detail because it is
considered to be the key stratigraph!é horizen. The other
horizons are considered in order from the medern surface |
downﬁard. |

Pro-Tertiary Surface and Interior Paleosol Complox

The unconformity and weathered surface at the base of

the Tertiary section (Table 2, identified as horizon “e”




Table 2.-Sundance and overiyiﬁg-stfata in western Nebruskg'

Stratigraphic Units Thicknessl/

{Exposed units iadicated by asterisk,%) o (feet) ~
(QUATERNARY - *Undifferentiated 2/ 0-560
o PLIOCERE ‘Ogallala ¥ - 0-543
*Humingfard ”/ 0-820
TERTIARY  MIOCENE |
| ®*Arikaree 3/ 0-626
OLIGOCENE ®White River 6/ . 0-687
“Lance" o  D-368
“LARAMIE" - -
BuRox Hills® ' 0-274 |
*Transition" | 9-1,205.
"PIERRE" ‘
“Undifferentiated"” 0-4, 6&0' |
"NIOBRARA™ *Niobrara (and ‘C’oéell} 379 -ars
| - #"Carlile” T La0-225
CRETACEQUS "BENTON" *Gmnhorn | : _ 15-35 |
L - *"@runerus" R  185-355
,"ngar Dakota® (Ouadi . 190-410
G, and J Sands) ' .
- “DAKOTAM "Middle Dakota" 30-265 -
‘ ) (Skull Creek) _
"Loweyr Dakeota" 260-425
{Falli Rivwr -Lakota)
MORRISOR 1352
Jumsslc ‘‘‘‘‘‘‘‘‘ o N Ar e By s W W B W W LA L IR R B L G R B R T N R )
SUNDANCE 1602

W dn Ah e e AN W GF W YD SR 30 N M M A e A6 VB B S U OD N A0S W A4S W W G RS W U O Gk I N W OB KR Sk OV WD e W e W AW T G ™ W e A W @ e

(Pre-Sundance not included in this study)

See following page for footnotes.
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Footnotes for Table 2

1/ Thicknesses for Oligocene and younger units are

composites from surface exposures in study‘area'(oral

comuunication, T. M, Stout, 1968); for ?Pierr&" and

"Laramie” units from oil test-wells in southwestern part

of Nebraska panhandld;‘and for units older than “Pierre” .

from oil test-wells in Chadron Arch.argd.(kro-rertiary

exrosion not considered).

2/ Includes

3/ Includéﬂ
from youngest to

4/ Includes
t0o oldest,

5/ Includes

from youngest to
6/ Includes

and‘Chadton from

Broadwater and younger sediments.
Kiwbsll,,Asﬁ Holleﬁ, aaﬁ_Vllontine,
oldest, |

Sheep Creek and Marsland, from youngest -

H#rrison,,ﬂonroc Creek, and agfiag;
oldest. - |
Brulo (khitney sbove, qullg»balow)vﬂ
youngest to oldest.ﬁ o |
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‘on the cross sections) is of parsmount importance in

interpreting the subsurface relations in western Nebraska

(see especially Plates i~2,_£, 6-8; Pigures 4-5). Where
the Chadron sediments overlie it, this uncoﬁformity is
clearly a Pre-Chadron Surface, However, along the west
margin of central Sioux County, Nebraska, several hundred

feet of fine-grained sediments underlie unquestioned White

River. These sediments may bs older White River or possibly

of HLocene, Paleocens, or even Late Cretaceous age.
The Chadron is known to rest on rocks as old as

"Dakota” in Sheridan CQEaty, Nebraska,‘wﬁare, hccording to

BE. €. Reed (in Schultz and Stout, 1955, p. 22) the top of

' the Morrison is separasted from the base of the Chadron by .

only 25 feet of "Dakots’ beds. ‘In part of Dawes and Grant |

Counties, probably Cherry County also, the chadran is

interpreted as resting on "Dakota”, but in at loast one

" place in Sheridan County (a well in sec, 14, T. 30 N., R.

45 V,) thai@ is reason to conclude that éhe Chadron rests
dirvectly on thelmorrisun (see Plate 4). ,Marnbvar, the
possibility of Chadron directly on.Sqndanée in the same
general #icinity should net be excluded. Eisewhero, in

Wyoming and Colorado, the Chadronvﬁay rest on rocks as




| Figure 3.

Stratigraphic correlation chert, rocks of Late o

Cretaceous age in part of western Nebraska and

eastern Wyoeming, comparing terminology of this

report with that of earlier workers.

49
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biagrammatic profile section of the Goshen Hole

in eastern Wyowming and western Nebraska

(apnruximataiy nine miles sauth of the 42°

parallel}, showiny surface- subsurfmra relatiens 

of Late Cratacaous strata.
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Magrameatic profile section of northeastern
Colorado and western Mebraska (near the 104°
meridian) showing surface-subsurface relations

of Late Cretaceous stratae.
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old as Prscambrian;/ to as young as latest Eocene

1/ One locality where Chadron fossils occur commonly on
granite is at the north entrance to Nerth Park, near the
Wyoning-Colorado boundary, just south of Mountain Howe,

Wyoming (personal communication from T, M, Stout, 1968).

(Schultz end Stout, 19355, p. 22).
In one area of westeyn Nebraska the Pre-Tértiary.Surface»

is overlain by probable Arikaree sediments: this subsurface

occurrence is in four townships, T. 16-17 ¥,, and R. 55-56 W,,

in Kimball and Panner Counties, Nebraska (ses Plate 4).

The relief of the pre-Tertiary surface below a cover

of Chadron or Arikaree sediments is comsiderable in western

Nebraska, 8s well as in the immedistely adjmcent region. As

'is shown in Plates 1, 2, 4, 7 and 8, it commonly exceeds 200

. feet in the subsurface, locally approximating 500 feet,

- Outcrops shov similay raiief on the Pre-Chadar Surface.

.~ In northeastern Colorado, this surfasce is exposed near

Sterling snd Nevw Raymer. (Schultz and Stout, 18955, p. 32
Mather, Gilluly, and Lusk, 1928, p. 99; Lavington, 1933,
p. 408; Calbreath, 1953, p. 12; and F. E. Moore, 1963, p.

162). PFarther south, near Akron, Celerado, the‘Chadron

rosts unconformably with noticeable relief on Cretacaous
{personal communication from T. M, Stout, 1968). In the
Goshen Hole of eastern Wyoming, the Chadron likewise rests

with moderate relief upon Cretaceous, principally “Lance”

- (6chlaikjer, 1935a-c; Schultz and Staut; 1985, fig. 10;

L
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Wenzel, Cady, and Waite, 1946, p. 53; and Rap#, Visher, and
Littleton, 1953, p. 25). Similarly, in southwestern South
Dakota, the Chadron valleys were deeply incised in the |
"Pilerre’ through the Big Badiands, which can be seen especid;ly
well southwest of Interior (Schultz and S&out, 1955, pp. 24425,
32-33; Clark, 1937, 1968), s situstion interpreted somewhat
differently by Pettyjohn (1566, pp. C64-C65), :

In most places the rocks trunéated by the ?re~Tertiary;
Surface show evidence of deep weathering prioy to_burial
(Flgure 3; Plates 4, 7-8). These beds constitute the Interior

Palgosol Complex,which ave strikingly varicolored in a

generally regular sequence, where developed upon “Undiffarenti#tad
Plerre” and the seil profile is complete, red shale uormully

occurs at the top af the alteration complex. Below it, the

profile is characterized by celor bends that change |
progressively acwnward £rom la#audsr. brown, yellow, grayish

black with limonitic streaks, to the primary black or mediug )

to dark-gvay colorﬁtiaa characteristic of the unaltered |
"Pierre™ (Schultz and Stout, 1955, £ig. 3; Pettyjohn, 1966) .

" Khere develeoped upon YLanece', as in and near the outcrops

of the Goshen Hole, Wyomimg (Schlaikjer, 1935a-c¢; Schultz
and Stout, 1955, p. 24, fig., 10), special studies have been.
made of this relation (Figuves 3-4; Plates 7-8; DeGraw,
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1966 .1/

1/ Marginal to the Chadron valleys in several areas of both
“Pierre" and "Lance" exposures (personal commumication from
T. M. Stout, 1968) gruundw&tar mevam&nts in Chadron as well
as other times seemingly resulted in migration.df iron
compounds, thus disturbing or even reversing the raguiérity
of the normal sequence of color bands, Similar color zonation
also has been observed inm the present study to occur at the

top of weathered "Fox Hills™ snd "Transition Plerre.'

In the oastern extension of the Goshen Hole, the ﬂabiaska
subsurfacc {(Figuve 3) shows beds sbove this altered Pte«Tertia:y
Surface that are asctually Chadron but were ass'igmd to “Lance"
by Wenzel, (ady, and ﬁait@ (1946, pp. 53583, and by Babcock
and Visher (1852, pp. 7-8).

In the Goshen Hole proper, in Goshen éamm%y, Wyoming,

* the base of the weathered interval was considered by

Schlaikjer (1935-s-¢) to be the Lance-Plerre contact, whereas
the viaw presented heve (Figures 3-4) is that no unconformity
exists at this horiszen, such 8s Schlaikjer assumed. This |
so-called “contact” actually transgrasséa,;evaral hundred
foet of Cretsceous section.

Following the development of thellnterior Paleosol

Complex, perhaps inadvisedly termed the "Eocene Paleosol"

by Pettyjohn (1966), there was incision of Chadron valleys
and reworking of this supposed laterite or sublaterite
(Schultz and Stout, 1955; Vondra, M5, of 1958; Pettyjohn,

1866). Such relations, clear in outerops, are subject to
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several interpretations when ancountoreé‘in the subsurface.
Quaternary and Youngey Tertiary Surfaces
Eight refevence horisons youngey than the base of the

Tertiary (Pre-Tertiavy Surfsce) ere used in several of the

illustrations (see especially Plates 6-3) to show the

relations of the subsurface Tertiary and Pleistocene strata
to the present-day land surfsce. These horizons are discussed'
belew, in reverse ordey from "m", the Modern Surfece,

downward to "¢, the Base of the Tertiary.

Modern Surface {("m"}.--This horizen is the praesent-day

~ topographic surface. Part of this surface, formed at the and

-of Ogallsla aggradation, may be termed the High Plains Surfgce

or End-Tertiavy Sur£a¢s§/; sn equivalent pediment on older

1/ The top of the Kimball marks the and of Ogallala as well
as end of Tertiary sedinentation, and its capping caliche is |

mangled by a thin cover of loess and aoils, progressively

modified at least in payt by latey soil-forming processes |
(calichification}. Barly Ploistocsne dralnages were iﬁeisad
below this High Plains Surface, and there were numerous cut-'
and-£fill episodes and piracies throughout the Pleistocene
(Stout, Dreeszen, and Caldwell, 1965, figs. 3-7, 9-41A, |
9-42a) .,

rocks has boon described by Buffington (MS, of 1961). The
youngey surfaces included in the prosent-day topography are
those of losss-mantled Pleistocene snd Recent valley-fills

or of colluvium along slopes. All are lower topographically
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than the High Plsins Surface because the base levels that

controlled erosioﬁ during the cut-and-fill episodes of the

'Pleistucqne_and Recent generally were progressively lowered.

base of Alluvium (“1").--This, for the most part, is taken

to be the base of recognized alluvial-fills in wodern valley

situations, It is, therefore, an unconformity and

~undoubtedly a compeosite surface of at least several of the 

younger, more deoply-incised Pleistocens valley-fills (Lugn,

1935: Schultz and Stout, 1945, 18248; Stout, Dreeszen, and
Caldwell, 1965). Included on the prefile of this surface,
as'shawn en Plate 7, is a segment that péssibl? reprasanté -

the "Assumed Base of Ogalisia” Surface. ("k") The segment’

in questinn'is that underlying the morthernmost of the two
deep channel-fills within the North Platts Valley. According

to ¥V, H..Draﬁszen {personal eammuaiﬁaﬁian,'iﬁﬁsj, the lower

part of this chennel-fill may be & fluvietile sequence of

:ﬁgailala age sven th@ugh iocated Een&ath a prominent

Pleistocene terrace {the vghird terrace" of Wenzel, Cady,

and Waite, 1946, pp. 38-41). If this is the case, the "Base B

of Alluvium” Surface should be shown somewhat higher within

the channel-fill at & pesition not now determinable from

available evidence. T. M, Stout (personal communication,

1968) reports a similar deep Ogallals chanmel cut into the
Brule nearly to the level of the present-day floedplain of‘.
the North Platte River at s 1ucatiou about six ﬁ&lea east

of Broadwater in Garden County. Parther'east, the presant«day
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Rush Creek in northeastern Cheyenne and southwestern Garden

County coincides with the trace of a deeply-incised Ogallala

- channel and an underiying, prominent Chadron channel (see

Plates 1-2). |
Assumed Base of Ogallala ("k“).--This horizon is an

unconformity at the assumed base of the Ogallala, Although
the Cheyenne Tablelands are mainly underlais by Ogallala
saedinents, most oil and gas test-wells have their surface

casings set below this cantaet,i/ thereby considerably

——-"

1/ Although the surface casing of a well may conceal a |
stratigraphic contact, the bsase of the casing may be useful

in establishing the lowey limit of elevation for a key

‘herizomn. If there is unusual complication im ihe rock

succession, as along the 104° Meridian where there may be

tvo or more unconformities in such a hidden intewrval, this

~ information does not allow contouring of the concealed

"horizons.

~rvoducing the amount of potentisl centyrol. This is the situstion

' for the western part of the study area (Plate £), where the

Ogallala is commonly thin. Consequently, it is impossible

to contour this horizon and to delineate its profile. This

is also the situstion along the 103° 30' Meridisn (Plates
6-7), in the northern part of the Cheyenne Tablelands of
southern Banner County, Nebraska. However, there 15 &
sufficient nunber of wells in the esastern part of Kimball |

County showing this contact to allow construction of a
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rossonably accurate prefile.

Base of Arikaree or top of definite White River ("j").--

This horizon, as shown in the c¢ross sections along the 103°
30* Meridian (Plates 6-7), is an unconformity interpreted in

Rost places ‘as the approximate White River-Arikaree contact,I/

it s

1/ This contact has been much studied in outerep in the

¥ildeat Ridge of western Nebrasks, where the Arikaree is

~ subdivided into three formations, the Gering, Monroe Creek,

.and Hervison, from aadmﬁﬁ to youngest, The Gwring_in some’ .

aress is deeply incised into the Whitney Member of the Brule

Pormstion, and the Harrisen may be in part a conglomeratic =

~ channel cut intc older Arikaree (s¢e summaries in Vondra,

CMS. of 1962; Schultz, Palkenbach, and Vendrs, 1967; Vondra,

Schultz, snd Stout, in press; Schultz and Stout, 185§, 1961).
No attesmpt at subdivision of th& Arikaree in the sabsurfacé -

is made at this time, and indeed ne aceuracy can be- claimcd

- for this profile in the northern part of the Cheyenna

Tablelands (Plate 7) because of poor control.

e

However, in the profile along the 104°¢ Meri&inn, tﬁis”hoiizcn.

is surely & composite, as shown in Plate 8, oflat least thiée.
situations; (1) of Arikaree gg&;ngicdimenti unconformable

on White River (Brule snd assumed Chadron upland sediments); -
[?3 of youngey Brule g&i}gx sodinants un older Bruie “g}and
sediments (both probubly Orells, but possibly whitney on
Grella or even a complex); and (3) of Ogallala valley

sediments unconformable on Brule (Orella and possibly
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Whitney)‘“pland sediments. The unconformities in the lattar

two situations, whare more clearly diffarautiablo, are
designated horizons "g" and “k'. |

sases of Ash Beds in White River ("i", “h").--These

roference horizons are bedding planes correlated as the
bases of the Upper and Lower Ash Beds in the Whitney
Member of the Brule (Schultz an& Stout, 1955, figs. 3, 10

:1961) These two nsh bads occur extensively in western

Nebraska and adjacent aveas, cropping out in the region

of study in four principal situations: (1) 1¢¢ailykalong
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" the north escarpmentl/ of the Cheyenne T&Blelanés;'CZ).aldng"»

1/ An ash bed occurs in the Whitney also in the Lodgepole
Valley southwest and west of Sidney, Nebraska (persenall |
communication from T. M, Stout, 1968), but thore‘is at

‘present no reliable correlation of it. Both ash beds nave

”l been idahtifieé, however, south of Sidney, in outcrops alengf;
the escarpment southﬁast of ?aaﬁz,‘in»Log&n County, north&éﬁtern |
' Coloredo (Stout, 1860a) In the subsurface of the northern
;,part of the Cheyennm Tablelands, truncation by both

pre-Arikaree and pre-Ogailala erosion limits tha éistribution

~ of these ash beds (Plates 6, 7-8). The Upper Ash horizon

€"1") is mostly restricted to the soathara part of Banne:
County,,the Wildcat Ridgo, and the uplands north af the
North Platte V&lley. The ‘Lowey Ash.hcrizen ("h") is somowhat

‘more extensive, occurring in the areas just wentioned as -
o well as in northern Kimball County and bonaath ‘the Pumpkin
 Creek Val;ay._ Howaver, only a few wolls show its presence
w:ulong the 104® Meridian (Plate 8), at the south sida of
- the Pumpkin Creek Valley. |

- v

- both sides of the Wilécat Ridge; (3) along ‘the north wall of
- the North Platte River Valley,; and (4) in northwtstern

Nebraska, along thel?ine Ridge charpmnnt. Because of this .
wido distribution and ease of recognition, tagéther with
considerable consistency in d givpn araanfar the interval -
of sgparation, they hav&_bacome key horizons fof'eorrelatioﬁf‘
of White River and Arikaree strata (Darton, 1899, 1903;
Schultz and Stout, 1955, 1961; Vondra, MS. of 1962, Leonard,
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MS. of 1957; Lusbke, MS. of 1964) as well as the basis for
subdivision of the Whitnsy {Schultz and Stout, 1955).
Base of Unconformity in White Rivar ('g"?).--This important

datun is alsc considered to be & compqsite of an intraformational
complex of uncenformities, contained within the Brule., The

valley-fills above this horizon are easily yecognized from

électric logs (seg Plates S~§}, provided that the fine-

tektured upland sediments (silts) of certazin Brule uwnderliie

and overlie the variable, intermediate lithology (clay, silt, |
soand, and graval) However, in those places where valley
sequencas are missing, the assumed uncenfarmity;inAfhe upland
sediwun%s on divides is difficult to mscertain without

extremely-close subsurface control. in‘most'vallez situations,

this horizon is,t&ntaaivelyrc@rt@latad,with the base of the

Middle Chennels, which inﬁluda the Toadstool Park Channel,

of Schultz aznd Stout (1935, figs. 3,~18) In uplan situstions,

- it sppears to be equivalent te the *White Bed" of Schultz and

Stout {1985, fig._sj,'the base of which they‘relata'as'the7
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top‘of’the Upper Channela.l/

1/ Several palecsol complexes, as well as two Or more
unconformities occur in this stratigrtphic interval in
puterops (Schultz and Stout, 1935, 1961 schuitz, Tanner, .
and Harvey, 1955). This complex stratigraphic'rulationship N

is slso reflected in subsurface data which require horizon

' g” to be considered a composite surfnce. Several other

problems in determination of this harizon are alnu pressnt,
For instance, in the southera part of the Cheyenne Tablelands,
along the 104° Meridian (Plate 8), thexe is a deep valley-
£111 in T. 12 N, of Kimball County, where the horizon shown

~to be “j" may be horizon "g" instead. 81mi1arly, there can o

be no real certainty that the dsaply-inzised and low-lying
vallqy ~-£il] below the Fumpkin Creek Valley {also shown on

Plute 8) is 1ntrafotmatiana1~nrula as indicated but the
problem there is one of interprctatiou bocause of easing |

into these valley sediments. In such a situatien, with anly :

- scattered well control, the possibility ef younger Tertiary

or gven Pleistocene dating must be considered., Also, in

the southern part of the Cheyenne Tablelands, aleng the

103® 30' Meridian (see Plates 6~7):thoto ﬁas1been undoubted
truncation of this horizon due to pre-Ogallala erosion. '
Even with the large number of wells there, the contouring

is wmost difficult because the surface casings are usually

set below this stratigraphic contact,

[ -

Base of warker Bed in White River (jf“} ~~This is a be&ding

,v___J_A_._ﬁlw
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pl&ne at ihm'basﬁ ¢f a pronounced marker bed, assumed to be

a volcanic ash, that has electric log characteristics similar
to those for the Whitmey ash beds ("h" and "i" of Plates
S~6)“' Its stratigraphic position fits best the Second

Volcanic Ash Bod, at the contact between Orella A snd Orella
B of Schultz and Stout (1955, fié. 10)., This 1# a very

thin but distinctive ash bed in outerops, and it is now
r&éagnized not only in the upper part of the North Platte
Valley (ne#r Lyman, in Scotts Bluff caunty._Figure 4), but
also just north of Chédw@n, in Dawes County, Nebraska (personél
c@mmunicatinu from T, M. Stout, 1968), Although there is éf‘1
limiced number of pertinent test wells for which both elactric
logs and rock samples ars aveilable, the lithology
éhawaateristia of Ehé Chadreon occurs consiztontly below

| this centoured horison. Therefore, the fgﬁ,hotizqn is

corrolated as marking a datum just sbove the Chadron-Brule
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contact,: 1/ gocd, in most situations, cansiderably above that

1/ with the exception of the Pra-Tortiary Surface ("e),

.....

‘this nerker bed and corresponding datum hes the widest

ﬂistm&butimn and the best subsurfoce control of the céntgured

horizons, It oceurs as an identifiable comtact in mota'than

75 percent of the electric logs for the area. Whers absent

or not i&mntifi@bla, the explanation way be one of sevnfal}
(1) truncation and vemoval in episodes of later erosion;

(2} concenlment by surfece casing, a situation commonly
oncountersd in the North Platte Valley; (3) indefinite
electric log characteristics ﬂue ‘to poor lagging éouéiticns
or to lateral changes in iithology, most prwalcm in the
North Platte V&iiﬁy wells; or (4) nondsp@&itiﬂﬁ @r
p@necontemporanaoua remaval. Ezamplas cf local abaenco

are furnished by wells situatad near zha ximballmﬁannar .
County Iine (Piste 8), end in Kinball County at the haundary
of wanships 14 and 15 North (Plato 7). where ‘the nE

herizon projects very close to or nearly upon thn

Pre-Tertiary Surface (“e"). No attempt is made here to
explain this relationship. |

at the base of the Ta:tiary ("g"). _
"Fox Hills"-"Lance" Contact~ B }
The assumed contact between tho “Fox Hiils" {(below)

and the "Lasncs" (above) has been comtoured as horizon “d"

(Plate §). It may be defined here as that horizon which

geparates an underlying, commonly thiek saquando of sandstones
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end interbedded shales from an overlying sequence of beds

chavacterized by variable 1itholagy with rapid lateral and
vertical changes. Although at & higher timo~stéatigraphiC'

pogition, it cunf&rms'te the definition givén fér the top

of Fax Hills" by Lmvariag, Aurand, Lavington and Wilson
(1932, p, 703) and applieﬁ by Lavingtan (1933 p. 406) in

northeastern Colorads. In Pigures 3, 4, snd 5 the difference

“between the usage adopted here for these terms is contrasted

with that employed by other workers, particularly from the
outcrops and subsurface of nertheksturn.célersab'and the
Goshen Hole of esstewrn Wyoming to the subsurfacé\af western
Nebraska, | |

Throughout most of the study aéa#, the “Lance" appaars'

to conformebly averlim the "Fox Hills." me&vaw, in the area

“of T, 12 N., R, 58 ¥,, Kimbnll County, N&brsska [n@ar trace
of ?&gura 5; Plate ﬁ} vhere the sandazones ané intarbadaod

shalas of the “Pox Hills" are thickest, the two units are in

part time-stretigraphic mquivalgnts and appﬁfuntly intertbnguﬁ.

As redefined, the areasl extent of the "Lance” in western
Nebraska is greatly reduced (see Plate 4; Flgura 4) from that
suggestaed by earlier warkerﬁ (Condra and Reed, 1943, pp. |
15-16, reprinted 1959; Wenzel, Cady and Waite 1946, pp. 53-58).




66.

“Transition Pierre”-"Fox Hills" Contact
Another contoured datum (designated horizen ﬁgﬁ on
Plate & and Pigure 5) is the assumed aontu&t in the
subsurface between “Tramsition Plerre” and overlying "Fox

Hills".&/ This horizon, which is coextensive with the "Fox

1/ As defined and used in this repert, the “Fox Hills"
is the stratigraphic equivslent of the “restricted Fox Hills"
in northaastérn Colerado as defined by Lovering, Aurand,
Lavington and Wilson (1932) and as used by Lavington (1933)
aad Rankin (19833). However, cerfaiatidna established during
this study indicate that the "Pox Hills" in western Nebraska

i3 not an exact time equivalont of the “restricted Pox Hills"

" in nérzhaastern Colorady.

Hills "in wast@fn}M@braska, undatiiés an area of ahout 715
square miles in westsrn Kimball and Banmer Counties and
southwestern Scuttsbluﬁf County (see Plate 4; Figuras 4- S)
Along the wyoming-ﬂebraaka boundary {(Figuve 4) the strata
below and sbove horizon e differ in lithalcgy' the
*Transitional Pierre” is predominantly silty and sandy
shale, interbedded with sandstone, whereas the "?ox Hills"
consists chiefly of sandstone,'interbeddéd'with shale.
Bastwardly, the two units become progressively similar,'
eventually indistinguishable. However, horizon “c¢" still
may be identified in electric logs until one reaches those

problematical areas where the horizoms "c¢" and 'e” converge
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or where the older "'¢" is removed by pre-Tertiary erosion
o',

At least one sequence of sandstones occurs from
northesstern C@I@f&da inte wéstsrn Nebraska within the
“regtyicted Fox Hills" of Colorado usage, and it now seems
clear that the “restricted Fox Hills" is partly a facies |
of "Unit V" §£ the "Trausitional Pierre” of this réport
(Figure 5). |

Fron ite 1atara1.re1atians to the predominantly

brackish-water and continental depesits that cdastitute

the "Lance” and to the marine deposits of the ﬁpper part
of “Transitional Pierve,” the "Fox Hills" of both western
Nebraska. and northeastera Colorado is regarded as a

nearshore tim@»trmnsgtesnﬁve facies of both the upper

 vrragsitional Pierre” and the "Lance”., The former is

definitaly lower in the strstigrtghic sequence than the
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latter. The tima*transgreasiva charﬁetsr of the "Fox Hiils"

was racngnised rreviously by Lovaring, Autnnd, Lavington,

and Wilson (1932, p; 7@3), thington (1933, p, 406), Weimer

(1961), and ¥Waage (1961, p. 229). .

So far as can be determined, horizon "c" is a bedding
plane, but it may be a disconformity throughout its extent
in western Nebraska (Figure 5), Regionally, however, the

1ithologic change that occurs at this horizon in western

Nebraska crosses time planes to occur at lower stratigraphic

horizons in northeastern Colorado and also southeastern
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Wyoming (?igurws 4~5)._ The thickness efvtho "Pox Hills'
in westorn Nebraske differs from place to'place; rahging _
from a minimun of 26 faoa in sec. 2, T. 13 N., R, 5% w,

(the same xocatian whara the "Lance” is thickest), te 275 .
feet in sec. 3, T. 12 N,, R. 58 W., both 1n Kimhall'County,

Nebraska. Although "Lange' ovurliaa “9ox Hills" where tha ,

latter is thinnest, the differences in thickness of the
"Fox Hills™ is due largely to pre-Tertiary erosion and to'
regional trunamtibm-of the Late crutdcodus sequence,

o Base of "Trknaition zoﬁa“ ("Pierre”) .

- As shown in the cross sections along the 103° 30°
Meridian {Plates 6~7),'twa contouring horiions for the base
of the “Transitian sone"” of the “Pierr@" havn been rueogaised'
on electric-log characteriaticg* thase h@?i%@ms have been o
sgsigned the lettara i\ (aldsr) nnd "p (yeuugcr) The
older datum ("a”) is the assumed base of ‘the ”Twaasition
gonet of the “Piérre“vtu the north, seqningly an unconforﬁity

there, and it probably becomes a bodding¥p1nne projection

“into ’Undifferentiated ?ierre” in a southarly direction.l/

———

1/ ?latos 6 and 7 should be cantnltéd as to tha approximate
ares of change from the sssumed uncanfdra;ty to a bedding -
plane relation, in the vicinity of T. 17 N., R. 53 W.,

Banner County, Nebraska.

This horizon has not been recognized along the 104° Meridian
to the west. The younger Horizon “b" is interpreted as an

unconforﬁity across much of the sqnthwu#tern part of the
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study area (Plates 6-8; Figures 4-5). "To the south and also

to the west, it marks the base of the electric<log
chmraeﬁeristics usually considered as "Trsnsitian zones"
1itholosy-l/ Neither datum-cas shed

o

e

-

.

Fox Hills", which he elsewhere (pp. 425-436) Iabals the
“Transition zone" of the "Upper Plerre” in northeastern
Coloradeo, is the yoﬁhger horizon (") of the present

report {(Figure 4).

can be dimtinguiahwd sastwardly 1& much of dhayuano County,
Nabraska. prosumnbly bocause of the da-p diss&etinn at the.

base of "Unit II" but possibly, in pert, due to nondnposition

of “Unit I’ and older intervsls (sac Plaﬁ@ 63 @ﬁ the
"Trangition zane” of the "Piorro" (not lllu:twat@d Eor

eastern Cheyemw Caunty) o4

2/ As also shown om ?;ats 6, several othot,unconformities"
or horizons have been identified within the "Transition
zone”, but they have not been includod in the geologic
profiles (Piates 7-8) because of inconplote,eentouring,
tiowever, these horizons form the basis for subdividing the
"Transitian" into "Pre-Unit I" and “ﬂnlts I thraugh V" (see
Figure 3 and.?lato 6). “

The maximum knuﬁn fhicknosa of the “Transition zone"

 in western Nebraska is 1205 feet. This’thicknesb.occnrs in

sec. 14, T, 12 N., R, 57 W., in Kimball County. Of it, 400
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feet belongs to the “Upper” part ("Unit V') and B0 feet
belongs to the “Lower™ part (“Units I through 1V¥"). The
thickness of the “Lowey"” part is distributed as follows:
“Unit I", 340 feet; "Unit 11", 185 feet; "Unit II1I", 45 feet
and "Unit IV", 235 feet. B | |
As 1s best demonstrated in Plates 6 and 7, the
relation between the "Transition zone™ and the .
"Undifferentiated” subdivisions of the "Pierre" is not the
same throughout western Nebraska and the adjacent avrea.
wa_situatiohs aécur: (1} In the northern part of thé area,
the “Transition zone" unconformably overlies the .
"Undifferentiated Plerre";and (2) to the south, at least
“Pre-Unit I of the “Tramsition zone™ is 8 lateral facles
of the "Undifferentiated Pierre'. Farther scuth, in E
C@léradn, "Units 1 through IV" slso may be facies of the.
“Undifferuntiated Pierre". The lower part of the
"Transition zane” ("Pre-Unit I" through “Unit IV") is,
therefore, interpreted to be thé northern, near-shore
soediments of & part of the "Undifferentiated Pierre”
offishore deposits to the south (DeGraw, 1967).

. It should probably be stressed here that, although
tire-stratigraphic intervals of the "Fox Hills" and the
“Undiffersntiated Plerre™ can be correiatcd into the
“Transition zone", at no place in western Nebraska ﬁnd
adjacent arves can & veolation be established in which
the same time-stratigraphic interval of the "Transition

gone’’ i¢ equivalent to both., PFurthermore, 1t appears to

-
¥
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be definite that a time~stratigra§hie pquivalency of the

"Rox Hills" in northeastern Colorado is restricted to the

"Uppex” part ("'Unit V") of the "Transition zone" in western

Nebraska. Likewise, the time-stratigraphic equivalent of
the "Undifferentiated Plerre” (in northeastern Colorado)
is r&strictéd to the "Lower"” part of the "Tfausiiion zgone"
("Pre-Unit I" through “Umit IV") in western Nebrasks,

g Possible Older Contouring Horizons
" Several older horizoms can bé'simixarly‘céntoured.
Among these are the bases of the fallowing:i "Pi&rro".

"Nicbrara", "Dakota”, Morriscn, Sundance, and some

subdivisions of these units (see Table 2). Some maps have

been prepared for all of ﬁkeso; together with a few

isopachous. maps, but,perhapé‘thu-bwst hbr£zaﬁs for

cantouriﬁg are: (1) the zép,qr bisoxni.the-thiﬁ o
ggggggggg,il which is the mast'pfewiaant‘af se?&rall

i/ The contour map for the "X" Bentonite has been the
subject of specisl study, and constitutes the background

for the structural intorpretation discussed earlier. This

is not included in this report, and will be fssued &eparately.

‘bontonltes in the shales of the “Graﬂeros" below the

Greenhorn Limestone; and (2) the top or base of the Greenhorn

Limestone. All of the contourable hcrizens'raflact the same
reginnnlvutructurax features, as leng ago demonstrated by
Fuenning (1942).

The horizons preferred for contouring are sasily
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reﬁognigad, ateaiay sxtonsive timm~sur£aaos. But, 6van the

best horizbns for cautaurtng have their limitations. Por

'example, the Greenhorn Limestone losas its nornal elettric«

log ahurnctnristiﬁs 1n the snuthvastorn part of the study
area, probably owing to lateral facies change. Also, the
"X" Bentonite is mot present everywhere in the southeastern

. part of the study area; presumably because of nunécpnsitidn.

or merging with other bentonites om an unaonfnrmity. but

: passibly due te faeies change and loss of its normal electric

3og,expression. Older horizons, in¢1udigg the base of the
“Dakota" and pre-“Dakota" units, l:uugqnoraily unsatisfactory

for contouring &s reference points sre far less numerous.
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BIﬁCﬁS&IﬂN OF CERTAIN IﬁTﬁRFR&TATIONS -
Plates 7 and 8 include profiles for certain Tertiary

cpntouring harizons, “£" through kv, whith require.some

| &iscussiﬁn at this point. At least two of these surfaces,

i ianlnta 8 and pruhably "§# ih_ﬁintes_? and 8,_are
composite, ﬁance do.not rﬁpraseht'marruétly_eithar an
apcioent land suffaca or & time'“plane“ {ither contouring '
horizons af those same {1lustrations huwever, do approximate
recmnstructimn in profile af buriod topegraphy and thus of f

tima.&/ Tha reconstructad.tapagraphies'far.these cantquring'C

o

1/ The Tertiary profiles display éanaiderable'réiief;

especially at unconformities, 50 such contouring horizons

may b@ rather canf&dently 1ntarpr¢taé in &uch @itu&tions

_ to oxpréss chiefly ancient tepogtaphy, By centrast,

wnderlying Cretacaaus'herizons shown in the pr@files ¢omman1y;
oxhibit low relief; therefore, Tertiary reliof is not due to

structure.

FeRa 0

horizons cannot now be developed as precisely as for the
Pre-Tertiary Surface (Plates 1-2, 4, 6-8),’bdt do not show
the coincidence with modern drainage to the-deﬁf@e ihat“
some workers (Lugn and Lugn.’lﬂss, fig. Ij'havn'ihfarrad.
Also, the subsurface 1nformatiom'3uggests'tﬁat the divides
between major drainages throughout the Tertiary may have

received considerable eclian sedimentation, mainly loess
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and ash (DeGraw, 1965).1/

1/ The widespread occurrence today of the Pleistocene
x@asséw; such as the Peovisn and Loveland, in the Great

- Plains and Central Lowlands, affords s ready example of
dowinantly-eolisn sedimentation. In the past, the'Whitn@y»
ﬁembar of the Brule, and parts'af the Grélln, canstitute |
an@thér clear oxample of eolien sedimentation of remarkable
similar chmrmcta? (Schultz and Stout, 1955, pp. 45-46;
Matahmw, 1899, 1901). The present writer would invok@ 8
similar eolian origin for the thick mantling of sama of

the divides ("uplands") during the lnter Tewtiary, pfesantlyi
known principally in the subxnrfacaﬁ The high percentage f
of sherds in certals Arikares and Wﬁita_ﬁivew sanplos o
(ﬁewafd,VQ@SE; Weaz@i; Cady , ﬁnd'Waite,‘19¢6; pp. 61 and 67;?;
Penson and Bergendahl, 1961; Sato and Daésén, 1867; Denson,
M8, of 1@63 mnd Izett, M8, of 1968) further amphasizes the

| impurtaace of eolian cont#ibutionw even in vallaya.

-
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BCONOMIC CONSIDE&A@IGRS_

The principal natural resources of interest here are‘~:'
groundwater and oil and gas; eventuslly, howevey, cther
natural resources may prove to be ;uek woTe inpeétant than
at present. Soils, of course, are #ot 1nvol§cd in the
pféscnt subsurface 1nvastigati¢n;‘ova& though thclqcbnomy :
of the regiqh 1& based to a large extent upon ranching and
farming.

Groundwater Potential

The occurrence of groundwater in suifieinnt and
predictable quantities for specific purpeses, snd of
acceptable quality as well as at a reasonabls cost, is the
principal concern of meny subsurface investigations.
Permeability and porosity factors, also possibie migration
and rechafga, must'éll bé seaéiaerad fram §h6~sééadpaiat
of the geologist as well as from the view of the hydrelouist |
or engineer, All patantinl aquifers reguiro stuay,
documenéat&@n, and evaiuntiag to determine usefulness
and to meet domestic and municipal requirements, and also
those of agriculture and industry. In recent years thoré
has been s marked increasse in demand for each of these
categories. - | o

Aquifers may be broadly ttentdd;as either primary oi

secondary. Primary or principel gga;fars grﬁ»cﬁpahlu of
yielding large quantities of good-quality water from a

reasonable depth over a considerable area at ninimal cost.

Secondary aquifers aro'régionally less important because
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.they are deficient in one or nafo'af thaso‘rospécts; They
are potenfially more important for sﬁa11¢sau1q uaé, providbd
that the féquir@ments af‘dunlity; quantity, cost, and depth
aré'satisfied, The lattéer are aﬂpéc&nlly impcrtant where |
there is no primary nqﬁifcr,'an insufficient quantity of
recoverable water within the priaary uquifor. or conflict
in water use. Unusual demand or conflict of interest
occasionaily may require the devalqpngnt of saeendary
squifers ét'som&what higher cost, An éxanpi& is the
axpluitation at . canaidurable dapth of the "Trnnsitian
Pierre” in western Nebraska where previons explaratian had
not shown a readily available prinary seurce. |
Qunlity~ef-wator dutorminaeieas at a singze tost sita
often must be taken as & guida to wutnr quality for the total
aquifer, If conditions ave reasaaably uniforn threughout the
aquifer with hydrolagia eontinuity, aud praviﬁed the rclation~
between aquifer and overlying and undariying atrata romains
 constant, this premise mey be conaiderad reasonably valid.
However, once an aquifer has been tapped, equilibrium is
1ikely distnrbod and some 1mpﬁrﬁant changes in quality of
water may be expectod.

Prinary Sources.*~Two principel aquifers, Quatcrnsry

channel-fills and Ogallala valley-fills, are considered here
to be the principnlzaquiforsnﬂn western Nebraska, Although
the tronds of both'nay partly reflect valleys and agquifers of
the underlying Pro«Tbrtinry‘Surfgzc,'or'som§ other older» |

unconformity (see PI:tos-?-s),‘thq rﬁxuxieus-atu imperfect,
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Most e£ the Qudtorn&ry aquifers undirlio or are marginal

to present drkih&ges and so generally are easy to locate

from observations at the surface and from map studies. Even
so; some Qéaiernary channel-fills may be discordant'in

trend with respect to modern valleys, or nra cancealed by
dune cappings, so they can be found ouly by test drilling
and geomorphic analysis., Bxamples of squifers related to
modern valleys are the channel-fills of the North and South
Platte Rivers, which may be §s mu¢h as 200 f&et thick, an&'
the Lodgepole Creek channelwfill, as much as 70 feet thick
(Bjorklund, 1957), Por an example of the other situatien,
attention is directud to Plate 7, whtrc another valley -£i11
is shown *ust north a’ the present ehaaaex £i11 of the ﬁofth

. Fiatte River. Althnugh this ancient valley-fiil has some ;»

surfaae'expression, its size,-ccnfiguratian, tremd, ané
water-yield potontlnl could only be determined by ovaluation
of subsurface data.

The ogalzala, the sacond priulry aquifor, 19 rapidly
beconing an acknowleésed oﬁannmic ssset to ugr&cultura on
the Cheyenne kalalands. As yet, its trends ;na watey-

~ producing capabilities are imperfoctly known, but recent

collaborative tott?drilliag and avdluntion of saﬁpigs by

the State«?od«r&i Cocperative Nater-Survey Program of
Nebraska (Nebrssks Geological Survey snd the United States
Geological Survey) have tramenduugly increased predictability
of production. Good-quality water has been rncaaily
developed with yields of mere than 2,000 gallonsQQGr-minute, 
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from dopths of 300 to 500 feet,

Sacbndary Sources . ~-Othor aquifers in the study area must

be considered secondawy, but such a term i1s slways relative.
Cenerally, they are as good or better aquifers than many
considered as primary slsowhere in the United States, and
they huve‘b§¢ema important in some aveas where there ars no
"privary” aquifers in the usuasl sense. Such is the situation
in some parts of western Nebraske, as discussed beleﬁ.

Hemingford and Arikazee (Mieaene);#-neposits of this age

are among the least known of the Tertiary in the subsurface .
| of western Nebraska, and their wnterfyialéﬁng capacities ha§W‘
been svaluated in only a few placas;v‘un&nubtwdly, much of -

. this soquence of fine to very £ine saﬁé, coarse silt, and
siity, fine sand is capabio éf'yigléing vatey, Whers primavy
aqﬂiﬁera’arevabaant,vas on the Box Butts Tablalam&s, they
have become, in pra#t&ce, the yriﬁciphi gqgiféra th&te;";~

As auethér example, the tést~w§ilrf6r:%he Ag&%@»?aﬁﬁil

Beds National Monument, developed inr1§ﬁ7 ih,wus$~cantra1

. Sioux Coumty, %cbrsaka;»yiéiéad mnfa‘than 165 gellons-per-
miuu&@ fé;a the Monroe Creek Fermation (Ar;karan);

Furthermore, irrigatien wells in suuthea#tern Daves County

" and west-central Shoridsn County commonly yield 400 to 900

gellons-per-ninute from a thick sequence of very fine,
sandy siltséohe'and silty, fine sandstone. This sequence
is probably of Hemingford age. In both areas, the water
guality is quite good.

On the Cheyenne Tablelands, in the southesn part of
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T. 16-17 N., R. 56-57 W. of Kimball and Banner Counties,
Nebraska (Platcs 4, 8), thick channel-fills of probable

Arikaree age ococur,™ Y pietie is ronlly knoun about these -

i/ A'tehtatiVe Arikaree assignwant hns baen given to these
daposits because of stratigtaphim pusition and apyarant
anmpatibility with the known trund of Arikaroo sutcrops ‘”"
in aartha&xtarn Colorado, as walx as parallellsm with the
escarpment (chiefly Ogallsla) sep;rating‘tha Cheyenne
Tablalandsiand the anpkiﬁ cfeek Valley. Such § narrow.
dmnp:Arikaraa ﬁaliﬁy‘ﬁilx,-bﬁt“seﬁningly of a éiffut@nt
drainage systom in the writer's recomstruction, is mostly

exposed a few miles west of Harrisburg, nanner County,

(perscnax conmunicstiun frnm T. H. Staat, 1§$%}

'channelvfllls. other than’tﬁ#ir probable age, Tkis

str&&igr&phﬁc unit should be & good’ aquifer in parts of
westorn Kimball aad saazhwastern icnnnr ceuntias., Altheugh _
the quality of water has not haeu dotuwainad by Iaberatary '
snalysis, it should be nanriy as g«od &s thsat fer the
overlying Ogallala, But such possiblb rﬂéuction in quality
_may be aapoctod due to probable hydrologic continuity with
underlying White River, "Lance", snd "Fox Hills" |
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aquifera.éf .

1/ As & ganef&lltule the older reserveirs in the southwestern.
part of the Naﬁraskn panhandle, apppar t@f@éntéin water of
poorey quality. ﬂowcvgi,.uun's di&turbahcéAof»&oungnr
reservoirs, by withdk&u&l of large quantities of groundwater
snd resulting recharge prablams,bia sugh,aé to require
conservatisa in any such ganwzalizatian. Thuz; judgment of
water-quelity requires a full sssessment of all geologic
factors, including hydrologic data, together with full
consideration of the r@sults_qf previous disturbance by

Man .

Brule (Giﬁgocenq) --The Brule contains an intraformationai

sequence of valley-fill sediments that sesms to have been o
'daveloped as inner valley-fills vitk partly independent
' paleotopogiaphy.‘ Thé'tranés 6£ S¢nc of the mmﬁar‘chdnnels'
appesr to coincida with those of undnrlying channel*fixls :
of the basal Chadron. - l,
liowever, these relatinns, liké thﬁse of the Ogaliala,
can only be imperfectly perceived. This inﬁer vdllay~f£11’
sequenco of clay end sand probébly includes. some. reworked
older Brule in the Cheyenne Thblelnads (Platos 7~ 8) It is |
best developed in tha eastern part of thc Cheyenne |
Tablelands, especially in cheyonne County, but at least
one principal channel has been tentltiiely fdentified also
in T, 12 N. of Kimball County (Plate 8). These valley-fills

are espeéially important as aquifers where primary sources
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aré sbsént or are not well devalcyed.:'kcdarding ta Durumn
(iﬁ Babcock and Visher, 1952), witcr from the Brule is of
good quality but tends to be high in sodiun bicﬁrbonate, |
The Brule is perkeps the best sacnndary nquifer
underlying the CBaycnno Thblalands wharn it iz permeable

 to open fractures oy to "piping“ within the fornntion (ggg:

Lowry, 1966, for discussion). It bas many of the qualifications
for consideration a3 & primary soﬁr;a, but it i{s here talﬁgato& '
to secaudmry rank because o£~4 {12 liiitod atual 6xtont, |
(2 éapandent relation to cvurlyiag Oznllala er Quaternary
deposits; and (3) difficuity in detecting the trends of

l_pefmeable tones, Twa‘tast wolls pqaotruting thix aquifer

were drilled in 1965 ss part of the state-federal cooperative
water-survey program on the Cheyenns Tablelands; one was in
neﬁel-éoénty end the othér iuwChéyﬁnna‘ééuntyw Evidence such
a8 rapid loss of drilling fluid n‘ur the tep of the Brulse,
depth of water tabza, and difficaltisa ~encountered ﬂnrina tha 
drilling of an oil test-well inm tha vicinity of the Deuel
County water-survey tast‘well (otul compmunication by a lacgl
farmer, 1965) indicates thst wat@r wells with high yields
could probably bo davuloped at those sites. ‘

The identification of this aqu&far_at other sites is -
not certain, for thcra mgy,bé saaq confusion locally with
younger channel-fills that contain bagsal gravels of Brule
that has been 1o¢ally derived. Quality of water in the
Brule aquifer should be similar t& that of overlying

channel-fills of Ogallala or Quatermary age, inssmuch as
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they probably are interconnected,

Basal Sand or Gravel of Chadxon (Oligcﬁana).n-fhe basal

Chadron clastics in western Nebraska directly overlie the
surface developed on Cretaceous qnd.oléﬁr rocks, ahd_mestly,
oceur axiqily in ptincipal vaiiny; aﬁd-tributarias of the |
draiﬁagelsystaﬁ of that time (PI;%&VS).llTha thickness of {
ﬁhis'aquifer is vériable; as may be expected, both across
chaanels and alang‘vallef trends., 'Forvexapplo, in the
western part of the Cheyenne Tablelands (Kimbaii County),
this squifer is ﬁaarly'devalapad,vhélgg ii#ited to only a | |
few principal tributariss that generally extend eastwardly 5

from the subcropping "Fox ﬁi;ls."ﬁ/

e

1/ For this veason, the sandstones of the upper part of the.

“Transition zome", the "Fox Ri!is",‘aﬁd overlying “lance™,
are considered to be a principal souréé for Chadron basal
sands in most of the Early Oligocene tributaries underlyiﬂg B
the Cheyenne Tablelands. FHowever, in eastern Cheyenne County,
other sources to the southwest alsbluay have contributed to

these coarse clastics,

The basal clastics become grdgrvséively thicker and better
sorted downstream. In such aacient'vuXons'as that crossing

the Pine Ridge Fault in northeastern siéﬁx éounty. they may
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1/ Owing to the relation of the

1/ In the oilftest«unll, Russell "C* No. 1, driiled by Miami
Petroleum Ca; Inc., in the conter of NWi, ka, ?éc‘ 28,

T. 31 N., R, 54 w.,'thare is preseht at least 190 feet of
"basal Chadron™ sand lnd gravel. This umit may include here
sand that in outcrop would be placed in the middle part 0fA
the Chadron (Schultz snd Stout, 1955). -

Chadron valleys to the Pre-Tertiary Surface, the predictability
of this aquifer is excellent for the area shown in Plates 1
and 3. For much of the ares west of the Chadron Arch and
Bordsaux Fault Trend, prodictabilicy ié also geod, but not |
g8 accurately defined., To the east, there is insufficienﬁ
control for reliable pradictiann N -

~ The water in the basal chaérua 1s under artesian praasurs 

and will rise in a well that penetrstes this aquifer. This is

especially noticesble in the North Platte Valley, as exempled

by the well-known flowing well #authwcst of Broadwater,
Nebraska, and others neayr the Nebraska-Nyoming border.
(Wenzel, Cady and Waite, 1946), where Chadron water flows

S
“ao

o
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Y

at the present surface. The water is'df_poar quality

léj The relation of the confined, busil Chadron sands to the

Pro-Tertiary Surface "e", and higher oloVaﬁipn of the Chadron
tributary vaileys underlying the Cheyenne Tablelands compared
with elevation of the present North Platte Valley surface
(see Plates 7-8), asdequately sxplain this hydrolegic

phencmenon .,

commonly containing more thﬁn 1,0#0 parts-per-million of total
solids, and is high 1n s¢diu&. This’fsthar high mineralization
probabl# réflects hyérolagic cantinuity with underlying
Cretacoous aquife#a.gf_ Because of poor quality, this Ghadroﬁ

2/ Soe %. H. Durum, in Babcock and Visher (1852). Although
attributed te the "Lance", the water is actuaily from the
basal Chadrom,

water is not desirable for some uses although scceptable fér; E
domestic purpases; it is not”rgcannanéud,£qr_iriigation. Bvén
so, it becomes impartant,lacally,‘whutn»it 15 the only availébla
aqaifer. Examples af'thiﬁ 3ituaiian are certain districts in
southeastern ﬁehal County, and the Toadstool Park in
northﬁ@starn Sioux County, Nebraska, |

Cretaceous Sands.--In general, tﬁa paleogeolegic map for

the base of the Tertiary in western Nebraska (Plate 4) shows
the location of these older snd essontislly undeveloped
secondary water sources. Among these, the "Fox Hills"”

requires especial mention, and likewise the "Lance".
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Howsver, as the lithology of the “Lance" iz more variable
than that of the "Fox Hills“, it is not as premising an
aquifer. The "Transition zone™ of the "Plerre” is more
wiéesyréad than thaA“Fox Hills", tnd it aontains a numbar “_
of pormeable :ones, nuch with its own trand For 311 practicai
purposes, now and in tha forsseable futura. the tep of the
“Undifferentiated Pierre” may be considered a dopth limit

for aquifera in western Nebraska. This is due to the
regional charactexisties of the "Plorre": excessive thiakness
over a large area, gonersl impermeability, and poor water
quality. | \. _

Gidar-ﬂretaeueus and Jurassic tocks. aubcrapping or |
cropping out along th@ Chadron Arch, are not c@nsidered here,
but permeable intervals observaé appear to be dry or under- »
saturated. S¢uth of the Chadron Dome, hawavur, it sheuld be
ramarked‘that good-quality water usu;lly is avaiiabla in the
ovey Iying Tertiary at rauscnabla dsptha. | _
Sands tones of "Lance" age undaubtadly are potential |

aquifers, but they seem not to have been tested in their
suhcroé belt in western Habraska, probably owing te depth

and availability of shallower aquifers. In the Goshen Hole
of eastern wyoming;fand pr&bably_dlso 1n'nqrt§castetnv
Colorado, the "Lance" is locally an 1nporthnt’source_of
water, The quality of this water seems similar to that of ;
the basal sands of the Chndrbh, being of sodium-bicarbonate

type and usually with about 1,000 parts-per-million of total

A

T T T
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disgsolved solid&.ﬁf

!j‘§ggiw, H. Durus, in Rapp, Visher, and LittlotauACIQST, p. 84).

' The “Fox Hills" is considered to be potentially the
best Cretaceous aquifer in western Nebraska, particularly
in westernmost districts where the "Lance" is truncated by
the unconformity at thé base éz the Tertiary. lt.isAin thése
areas that the "Fox Hills" is predominantly sandstone, is_bf‘
grsmtast thickness, and has best-developed pctﬁeubility.
The quality of water contained in the “Fox Hills" is probably
somewhere between that of the “Ltnco”4(1,0é0t parts~pa§— o
millioﬁ}'nn& that in the "Transition aéna" of the "Pierre“
(1,726 yarts*peani11ion).‘ Altheﬁﬁh”na water wells are
prebentiy,known ta”ptgduce‘framvthq #ﬁagwnilxﬁ“ aquifer, an
analysis of a report on the thn:on'ﬂa.vi{ﬁnll supportsithe
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1/

possibility of eventual high-yield production.~ It}ﬁas:

1/ The raport stated that a four- 1nch stream of water

_(estimnted to be & million gsllons-per-day) came from &

depth of 2200 to 2300 feet. This was the depth haing
drilled by the eontractor befp:o he startsd pulling the
drill stem to change bits, Analysis of the electric log

87.

shows that the indicated interval is within “Undifferentisted

Pierre”, and that the base of the "Transition zone" is at

1861 feet. Only tweo possible highwyiaid aquifers had been

penetrated in this oil test-well: (1) thé upper one, basea"
at 300t foet, which is probably the Ogallala; and (2) the

“Rox Hilis“, mansuriag 230 feet for the intervsi between

depths of 650 and 880 feet. The Ogsllala would be the more

likely producer o£ suchAa large quantity of watér;ibut as

artesian pressure in'this‘aquifor unhdlly is abs@n&, or

seldom encountered, the most lagical saurces for water are

the "Fox Hills“ sandstonas.

drilled by S. D. Johnson and is located in the SW, corner of

sec, 2, T. 13 N., R. 58 W,, Kimball County, Nebraska.
The capacity of permeable intervals within the

“Transition zone" to yleld water has now been well ostablishad,

as operators of two fields in southeastern Kimball County‘réiy

wholly on permesable zomes in this stratigraphic unit as a
source of supply for secondary-reeavor? operations. The
quality of water is gemerally poor, yields are relatively

low, and depth is considered to be excessive in comparison
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with most water wells in Nebraska. However, this aquifer

has. provad to be an economic asset for these two fields.ll

1/ In 1953, the Rock Hill 0il Campany_bacum@ intarusted in
atta&pting avsacmndgry‘ai1~recovéry program for ;heiﬁnders
Field, located mostly in suc.:lS,nT. 13 N., R. 55 ¥.,

Kimball County, Nebraska, An'inquiry by‘the-xockvﬂilx 0il
Company to the Nebraska Gonservntidn and Eurvéy ﬂiviaian
(Nebraska Gaological Survey) raquosted information conceraing
a possible aquifer there. Due to limitné pnsaibilities
presented by the Ogallala, 2 shallow aquifer, and to the

- higher priorities of domestic and agriculturai requirementa o

above industrial use, it was recoumanand by E. C. Rnad
that they invastigata thm sandy 1ntorvals in tb@ upper pnrt
of the Crotaceous. ' _ . '
A test well was thoa drillad. tron wvhich samplc cuttings“
wew collecwd supplmntnd by caring of salected 1ntervals .
The "Trsnsitian zona" ﬂus found to con;lst primarily of , |
laninated, gray, silty shals, with intorbcddod, gray, silty,
fine sand in thin lsminations, and alsp bods up to I.S.fee;
thick, with occasional paftings ef}bivwn;.citbanaceous shale.
The most-permesble intervel was found to be “Uuit  § AL |
which at this location is about 120 feet thick. It contains
a sand-shale ratio vanging from sbout 50/50 to 70/30. The
initial production was of the order of_600'barrels-per~day;‘
but development by water-fractionation ("hydro- frac")
1ncroased the yiold to between 1250 and 1550 harrels«per-day.'

The water here is under artesion prossure, as it rises sbout
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450 feet above the producing interval.
In 1957, the Vaughey and Vnughey_ﬁil_?roduCors also

began & search for a water source for use in secondary oil- .

recovary operations in the Goadwin Field located about five7

miles east of the Enders Field, in secs. 9 and 16, T, 13 N.,
R. 54 ¥,, Kimball Cennty, Ncbraska. Thcy followed ,
rocommendations of the Reck Hill 011 Compsny and likewise
invastigated the "T?ﬁnsieion gone.” Two parusnble intgrva;s
were found, and in both, the litholegy is thinly-laminated,
gray‘shale anﬂ‘s#nd. The upper pro&actian interval is

about 90 feet thick; it is thai"ﬂnit-!lﬂ, ihavxame aquifer
utilized by the Rock Hill Company. The lower permoable |
intarval is 40 £set thick and is &asily idontifiable as a

'.&arker horisan in the per pcrt ef “Bnit i." Kmitinl

production of wa&er frum these tu@ aquifers variea ftom

- 700 to 850 barrels‘per duy, a rate of appreximaaely 20 to o

25 gallons~par~minute. The quality was fouud to be nhout
1720 parts-per-million of total diasalvad xailds,_
predominantly sodium chloride.

Other potential sandstone aquifers occur to the west

in the "Transitional-?idrre", and-iheso are stratigraphically'

higher, yrincipdlly in "Unit v." Thteo af‘thqse are
sandstones, fine- to verY'find-gftinéd. one of whi;hlis
correlated héro_wfﬁh'thn "Fox’Ht11s" in,northeaatorn '
Colorado (Figure 5). The other two have & general northerly
to northwesterly trend, similar to that of the overlying
“Fdx Hills", but they are likewisd‘included_within the |

e s e




“Transition zone" since the overlying beds seem to be sandy

and silty, gray shale.,

90.
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041 and Gas Potential
Commercial quentities of oil and gas have been found in
wostern Nehbraska only'ainco 1949, and these arve Still 1imitéd

to the deep portion of the Denver-Julesburg Basin. Fﬁture-

‘exploration and development must consider the prospects for

such aéaumulations also in other pirts of western Nebraska..
Both sedimentary and styructural traps should be evaluated in
theklight of availabla paleogeographic, stratigraphic, and
hydro}oaic information. Since these data have accumulated
only as a result of preliminary drilling prograns, no definite

limitations camn be imposed. - Discu@sian is restricted, however,

‘to the possibilities of Cretaceous and Jurassic production.

-----

in Table 2 {pp. 46- 47) do cantain oil and gas and could, undar

certain favorabla sitnations, yislé them in aomwarciai

.quantities. The "nnkotu" isvpresent;y being actively

investigated in this regard, and‘tgs_"sentqaﬁ and Sundance
produce 5ust outside the western Nebraska area of study.

Particular attention needs to be given to possible commercial

.production also from the "Niobrara", "Undifferentiated Pierre",

4"Transitian Piefre“, "Fox Hills"” and "lLance'. Unconfornitiés

are common within and between thcse unita. Aisd, there are
numorous sand bodies in which updip migration or structursl
modifications would allow coﬁnqrcial accumulstions somawhefe
in this large region, at almost gny horizen. However,
unconformities should he thought of.asipossihle horizons

of leakage and loss of hydrocarbons, under certain cbnditions;
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aven though elsewhere they might be levels of concentration

of oii,and gas in'commercial amounts.l/ Lmnkage could occur .

..... 5 k1 s

1/ The "basal Chadron” cannat be couplctuly disregarded in ‘
this respect farva gas show has been raportud at Crawfard,
Dawe s County,~ﬁebraaka (Condra, Schremm, and Lugn, 1931,

pp' 268-271). This is discussed on the following page.

downwardly, as along fractures or in kerstified situations,
as well as laterally. o

Structural Traps.--The Chadron ~Cambridge Arch has been

long considered as & possible favorable structure for oil and

ges accumulation, but any of the other folds or faults shown

‘on Figure 2 (p. 23) are likewise possible areas of concentration,

However, attention must be given to the dating of the various

important episodes of folding and faulting as well as to eny
later rejuvenatiaﬁs, for migration_and leakage of hydrbcarhbns
nay reflect these movements, &t least in p#rt., Also, tha? o

muy be gignificant in a#tablishing hy&ralégic or other

pressure conditions in reservoirs.

Unconformities similarly, in many situatians, may reflect
tectonism, and the resulting coarse clastics from uplift or
(and) climatic'change‘would be limited to axial positions in

the valley systems produced by'such srosion. Truncation and.

- consequent escape from reservoirs of the hydrocarbon contents

may be axpacted also occasionally to occur. For example, the
"basal Chadron’ sand has yielded a small amount of gas in the

vicinity of Crawford, Dawes ﬂounty, Nebhraska (Schramm and
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Cook, 1921, p. 16; Candrn, Schramﬁ} a@d Lugn, 1931;'pp.\268,
271) that has bheen intprpretad, probably catrectly, as leakage
from the underlying "Undifferentiated Plerre” of present

classificatidn Eut the "basal Chadyon® elsewhere cannot

be seriously considored &s an important potnntiaily productive ,

reservoir, on the basis of any available inforaation.

Hawever, there 1is always,the pmssibility of encountering a
10w~pressure gas packat" in drilling into this horizon, and
even some hazards in such drilling operations must he presumed

as present.

Paleotopogranhy and Structure,--A aemawﬁat“unexpected
relation obviousiy exists between the dr@inagé patterﬂs

established just before or at the beginning of Chadron

deposition and the distribution of many oil and pas fields.

in the D@hvar~Juie$burg 3asin’of western Heﬁfaska (Piate 3)

uuuuuu

1/

of both major and minor pra~Chadron vnlleys, : ¢onsidered in

1/ ¥hich is to say that Chadron drainages avoided those areas

underlain by oil and gas accumulations of commerciesl value.

e Gt ey 2 -A . - v s = T

relation to what has boen known pr«viously,gl suggests the

e Prm—

2/ See particularly: Blackstone, 1946; Schult:z and Stout, 1948,
1955; and unpublished theses of Buff&ngtaa, Leenard Luabke,
Horton, and Malin at The Univarsity of Nehraska.‘

fnllowing sequence of ovents betwaan the dapesition of the
middle part of the “Plerre" and the beginning of Chadron

sedimentation:
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(1) DPevelopment of structural patterns for the Medial

and Laté'”Pierre”, perhaps beginning in the middle of “Plerre"

(““Ygioﬂe”) aediﬁentatian in,wostorn Nebraska.:/

s~

1/ The Chadran Arch and some ralatad structures is a case in
point: sae Lavingtan, 1933; Rankin. 1933; Griffiths, 1949;
Blair, 1955; Dunn, 1959; Scott and Cobban, 1959; and DeGraw, '
1967. I |

(3) At least partial planation (truncation or pedimentation)

of wany or most of these structuru! features, accompanimd by

,depositicn of a mantla or thicker cover of sediaonts 80 that

a consequent drainage system (dominantly dandritie pattern),;
could develop that was largely indopendaat of structural
pesition and ‘hardness or perm@nbility of rock,

(3) Rejuvenat&on of some structures, acaoﬁpaﬁieé‘hy

passibla initiatiun of others, at the bosinning af Chadron time,H

8o that superimpesitiun ef many uf the draiuagos accurred

closaly fnllowed by piracy nnd readjustmant of stremms

(subxeg nt pattern) to structure hardness, and permoability

(4) Sedimentation of oldest Chadron, with basal
conglomerate and sand confined chiofly to the axial trends |
of those principal Chadron valleys that dreained the major .
uplifts The dividas and other inter»stream romnnnts in ”
many situations then would be expected to rofleet structure |
and harder rock; some of these eventua!ly would have been |
buried as the valley walls were mantled (or, less-plnusibly,

the valleys over- filled).
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In any casé; & general "rnle“ may'bo formulated: A

striking correspondence exists betnacn ancient streum divides

(subsaquent drainages) and certain daeply*buried production

trends in western Nnbraska. This should prove useful in

dolineating new areas for ¢ommarc!a1 exploratien for oll and

rgas in the region. It nay have ganaral application also as

a new tnal in uil exploration in siailar situations elsbwh¢ré,
as for axample, in rmiating certain pre-"ﬁaknts" drainaga
divides to deeper produetive tx@nds (Pannsylvaninn) in
southwestarn ‘Nebraska. ‘

ﬂiscussiéu'anﬁ Sbme Possible Excuptiohs.4~1he above- statéd"'

"rule" is but the subsurfaee axtansiun of an ald and well-
established practice in oil and gas exploration~-te search
for and to drill topographic "highs of th& present surface
in a known or suspactaa oil ytovince.v However, like -any

genaralisation, it probably has its liuitatiens, and there

'ara several possibla azceptions nnw knewn 1n wustern Nabraska._

One waul& expect that stratigraphic trups, as a class,

would be exceptional and not have reflections in younger,

“buried topography. However, surprisingly enough, some in

western Nebraska do have such expression. In southeastern

Banner CQunty, Nebraska, for example, two oll fielda that
are well known stratigraphic traps have been snpposad to be
indepondant of structurs: these are the ¥Willson Ranch Field
(Exum and Hnrms, 1968) and the singleton Fleld, both shown
on Platp 3 (T. 17 N., R. 53 W.}. The former occurs along a

najor drainage divide of the Pfe~Tortiary13nrfiée, and the °
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other underlies upland topography_of’this:snrfaae,'with only
minor tributari#s heading into the field, Thuk, some

stratigraphic traps do have reflactioa;éf even though one

1/ A third éxam;ielrequiras mention in this comnection. In
central Kimball County, Nebraska, there is a sprawling
production area known as the Sloss Field (T. 14 N., R. S5 W.;
Plate 3), in which oil is abtéined from three aoparata‘"J";

sands, each almost completely oil-saturated, representing

- two stratigraphic horizons. Ewven here, the Barly Chadron

drainages that crosﬁ‘this field arvs rather narrow and shallow
channels; they could be mapped @aly becausa of close control

due to field davalopm@nt.

oot

might expect palectopography to expross §niy ﬁtrﬁctural'or 
combination’ traps. N |

Although combination traps characterize Bogt af the

productive oil and gas flelds in that part of the Deaver- .

Julesburg Basin considered in the preseni investigation,

both structural and stratigraphic traps occur commonly also.

‘For each to have expression as dt&insge-dividos of the pre-

Chadron topography, Bg 300M3 ta be genorally the case,

there must be inharitance of successive topogumghias.
Some exceptions are oxpectable. | |

Paleotopography and Secondarvy Racovery.~*7he buriod

topography, it now appears, also may serve as & guide in
locating adequate water sources for implementation of

secondary recovery of.qil and gas,;accaﬁpanying or follawihg
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primary production in a field. Two principles are of

importance in this regard: (1) many of the younger, overlying,

~ valley-fills, su¢& as thésa davelopod on the'?ré-Ogallala

Surface, occupy positiung generally coincident with valley-

= fills on the Pre Chadron %urfaﬁe, and (2) the best aqu;fers

do not have trends coincident with praduution trends for oil"'

and gas, but instead, sre offset from them, following the»' u

trends of valleys on the Pré«ﬁhadron suffaen rather than

'alpng the &ividas.v Thercfbra, the most promising post-

Cretaceous water sources are not to be expected in an oil

field, but margiual td it: this serves gg a corollary to thg

O, il

1/

’rule" expressed above.

v

1/ A case in point is the large Jacinta Travis Field, in
kimball County, Nebraska (Plate 8, in secs. 15 ‘and 16, T, 16
R. 54 %.; shown also in the prafila directly thr@ugh the

Nlp

field, Plate 7). The oil oceurs in e ccmbination structura1~ 

étratigraphic trap, where a_subdueéhstructurali“high“ is
reflected a# the horizons ta kﬁd‘”ﬁ"’and is overlain by a
much-more prominent toéographic "high“, éxpressed at horizons
ve, "£", "g", and k", Illuétrating the corollary, the . |
best-available water source for this field is a deeply- |
incised channel-~fill of Ggallaia age that lies along the

northern flank of the productive trend.

B+ vt sy s bbb s O ek 08

Timing of 011 Migration and Structural Movements. --An

important but often-ignored factof in oil and gas expluratiph




T

is the gggigg_QQAoil movemants,;/ thht'is,»whéthef the

- 1/ This is of especial importance with regard to evaluating .
the oil and gas paaﬁibilitias of the sttuctuially-cemplax

Crawford Basin and adjacent Cochren Arch. The former now

. appearé'to~ba a graben or "calla@se.basin“ thet is, at least

in part, post-Brule snd pre-Gering (post?ﬂligocene'and pre-

Miocene) in age. Any structural traps of this late*&ate and '

geologic setting might be expected to be "ggélogic guc;ggggg“ |

but "economic failures", insofar as oil and gas accumulations

rmey have occurred in different 3ituat16ns, but only at an
earlier time than when this particular structure was formed

and only to the extent that reservoir beds of proper geométry

were available. In any case, theAsttaiigraghﬁm and structural

histqry,”in additiog ﬁo taaaivuir'£6rm, should be given |
consideration in the ecbnémichgxpiorqtioﬁ of the Crawford

Basin or Cochran Avch. In general, these structures seem to

be too young for successful piospécting, if present thinking;“

has validity. The “gas ﬁOcket" at Crawford might be thought
to be an exception, but it seems local, and is discussed
elsewhere in this report; it occurs in an older geologic

situation.

structural movements involving the reservolr and its capﬁihg

bed were penecontemporaneous with 0il accumulation or occurred

later, Howevbr. the stratigraphic infatmatién that would

allow an opinion concerning this is usuaily not a&ailahle.
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The geometry of the reservoir bed may be the tru1y~‘"
significant control, for many reserveir beds, when gfaétly
permeable, tend to operate as_transﬁitteis.or ”pip@lines“;
They would constitute the avenues (or boulevards) along |
which migrating oil gnd gas would be channeled in response
to early stfucturai movementsw‘but\it is conceivable, and .
even likely, that later structural eﬁisodaé would have little

or no effect upon the raservair.gj

2/ However, an exception must bs noted: "Upper Dakota”
P?udmctién‘fram the "J" and ”ﬂ“ sand-bcdins in the Denver-

P et

gﬂg Big §R£iﬂg; ﬁ&&i&i&gﬁ, where there neems-to(hnvv been‘

- very little or no lateral migration. In such districts, the

field limits coﬁﬁﬁnlyvraflect the gaamet?y of the ruservai?s;
and these usually appear to show 1itt1é‘or no relation to

local structures.

-

vestern Nebraska, like the Front Range, Hartville, and Black
11ills, may be axpected to have bagun 1ong ago, even in B
Precambrian time. It iz likely that the Chadron Arch and
Denver-Julesburg Basin were, to some axtent at least, involved
in the history of the “Ancestral Rockies", even though these
structures were in a "foreland yosition, far inland from
fcgions affected most severely in those tectonic movements.

However, it is the Cretaceous (''Dakota") and later

The history of the major structural»féatur@s a&jacaﬁtfto
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history oflthe structures that seems to be most.significgnt‘*
in praséni exploration‘for 0il and gas in western Nebrask#.

For example, the "modern' Chadron Arch;'dﬁparently now B
essentially a horst, probably hegan to form along a hingeehﬁ&.

fold that later bocame alhigh~angle thrust fault along its

northeast side. This particular fault seems to have occurred

sometime in the midst of "Pierre" sedimentation, insofar as -
this movemént now can be dated, At any rate, the dcveldpmant'
of the Chadron Arch seems to antedate the formation of the

ﬁure-cowplax Crawford Basin, which {5 more of a'graban or

"'¢collapse basin”.if

i e et e bt 1 rttmiegn

A~

1/ See diséussion above, in footnote 1, p. 98.

S

Thelsmailar structural featurén bf'th@ n@nverwJulasbufg |

and Crawford Basins appear to be mostly pre-Chadron, but some

are later or experienced principal rgjﬁvenntian,‘ Some fau;ts

may have béan»r@juvenata&; Tba&stcbl Pafk'hné Whalen Faults,

among others, which are, at lwaSt;'pust—ﬁhité Riﬁor‘and prb-fi
Arikaeree. Also two faults, tho_ﬂhite Clay and Pine Ridge

Faults, appear to have been at least post-Arikaree or post-

Herningford festures, buﬁ this.moveuant, too, may have been

rejuvenation. o

Thus, the development of western Nahraska stiuctgres
surely t ook place over a very 1ong period 6£'time, but oil -
and gas migration prébably was affected most by those
movements that occurred during, or slightl& after, the main

accumulation of these hydrocarbons, and progressively
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7N - less-~ affected (or perhaps, evan not affacted at 8ll) by
N

later muvements

Other Structural and Hydrolegic Factors.--It would appea:;

from the data presently available, that hydrologic conditions
are essgntially_“nérmaif, or what one waulé'exyect'ih giVapl
situations, for most of the knewn or poteﬁtial-pradﬁcing . "
intervals for oil and gas in western Nebrnska. However, in
the vicinity mflthe_Chadran Arch, unusual hydrologic condiﬁions
| seem td occur for permeable Cretaceous and basal Cﬁadron,'gs
well as perﬁaps for the permeable beds of the Jurassic. The
‘déta presented in Table 3 and'Figure 6 suggest that most or

all of these permeabla sediments, along at least parts

of the Chadron Arch, are unsaturated or unéersaturated (that

is, partly er entirely dry with respeat to aii fluids).

- These: anomalous situatioas are vsf? inpartant acaﬂomieallv, .
and future explaratiun must giva serious censid@ration te
 the implicatian that in some places along the Chadron Arch

these conditions would have much to do with obtaining

significant production of cil and gas, or sven water, from

these permeablu beds. _ ‘
The principal data documenting the above conélﬁsion are

summarized in Table 3. The documentation reflgct# the typé
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Figure 6. Locatian of oil test-wells hn'and'neat the
Chadron Avch in relation to the stfucture and
subcfapping stratigrnﬁhic units on the Pra-Tertiafy.'

Surface.
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1/

af drilling oquipmant used, whmther cable- tool or rotary /

ERPTs . . - " a——

1/ Cable-tool wells are documented with significant observatibns
by drilling hersonnol; thesc statements are often very uxefulg
for fhevgoologist. _Sueh informatidn is contained in the‘fight-
column 6f Tablo 3. For example, notice the following commants
on the table: Well Ne, 1 was strongly "blowing”; No, 2 had"f
continuous suction;: Mo, 3 containwd’sandstonﬁ that was watér- -
bearing near the hasé of & récordod interval; No. 4 penetrated
100 foet of dry ssnd; and Na.‘svwas water-bearing in the ._
Tertiary. but completely dry of any fluid in tha basal Chadron-
"Dakota” intarval that was drillaé‘- | '
2/ With respact to rotary~érilled helas, the racerds may be

expected to. contain Issa direct but equully~pertinent information,_'

_ auch as is given farther down in the rigkt-column of-Table 3

For inatanca, they would allow racognition by drill-stem tests
of patmaable sandxtone in wells contaiaing no or extremeIV* L
low pressure (such as IFP--initial flcwing pressure, FFP-- -i'
final flowing pressurs, P—«flewing pressur&. and SIP—«shui in
pressure) and characterized by eloctric log rasistivities that

are high to extremnly high

ek b i s e

generally tho older walls were drilied.with3cah16*tools;< |
whereas the new ones utilized rotary oquipmant. llowever, Q}
cable-tools were uaed in one well more racantly- this is the.
Murray No. 1 gas test, drilled in this sxceptiunal ranner in
1962. Interest 1n this one wtll must be especially expressad 

becguse it proves ‘most definitely that the "Dakota™ hore
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-contained no fluids at all for tha sectian drilled gven

though the Tertiary above containad at least four water-
bearing horizons (personal communication, Mr. William Garber,
1968; Tabla 3 ﬂell No. §; 1ocatiun shown on Figur@ 6). |

Such a ”dry" 1nterva1 cnnnot be adaquataly explained

at present, but in this case, the follawing fuctors must -

be considered: (1) prusence and elevation of the pra*Chsdron .
uncenfarmity cansiﬁered in ralation to the “dry" basal |
Chadron here, whereas farthnr west the basel Chadron is

an aquif&r, (2) “nakota” at relativaly*high olavntion, and

(3) relation of the major faults associatad with beth sides

of the Chadron Arch. However, it seems reasonabla to |
postulate that the'prasent fluidlluvel in each of the

several "Dakota" horigons may be the normal pi@za&atrié_ -

surfacé for eméhICcnfineﬂ-unit’wﬂ‘thé7"nakaté“ Further, f .

one must take inte account the passib&lity af different

" %f‘conditions having ebtained in Barly Chadron time thore

 h§f may have been a samewhat lower water tnble before Chadronf.f

sediuentation was campletad and nll this aay hnva been - )
modifiad in later tectenic moveuonta. Finally, restoration
of past conditions becone exceedingly difficult once |
drilling has penetrated these sevarnl harizons,-th¢‘

variables introduced become only rdugh‘npgroxinatians}
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OTHER mssmm RHSGURCPS

In addition to oil, gas, _and water, the following
materials exist or may exiqt in western Nebraska in commercial'
quantities (1) sand and graval3 (2) vclcanic ash (pumicite)ﬁ-
(5) dlatomaceous aarth (diatomite)9 (4) potawh and perhapa 'f‘
other salts; (5) gypsum"(ﬁ) bentonitic clay (bentonite):
(7) expandable shale, far light-weight aggregates:. (8)
rafractory clay and possibly “Fuller's Barth" (%) uranium )

minerals; (10) agates and opals; and (ll) chalcedony and

other quartz minerals.
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o SUMMARY
The}subsﬁriace stratigraphy, strﬁcture. and paleotopography
of western Nebraska have been invostignted in as much deta115:
2s present information tllows for 5cdincnts of Late Cr@tacaous.
Tertisry, and Pleistocene age, and the Prn~Tbrtiary Surface
was given up@éidl emphasis, The logs of about eizht thousand
wells have been coasidared in preparing the maps and prafiles.

Addxtienally. nuuareus well samples were collected and

‘examined, and more than three months of field studies were

devoted to the project since it began in 1958,
'rhe dminages and drainaaa divides developed upon the

Cretaceous and older rocks beforo the deposition of the

. Chadron (Bnriy Oligocene) have baen reconstructed as a first

step in praparing centour maps (bath structu?au gad _
paleotnpagraphic) of suzcessivo harizans beginning with the.ﬂ;
base of the "Transition zane" of the "Piorr@" end ending with
the base of the Quaternary. The pro-Chadron palootopography
is of unusual interest, for the ancient drainage divides seem.
to be mostly coincident in some areas with production trends
of oil and gas fields yiulding £rom "Bakotu" traps.

Similarly. tha pre- Ehadron druinagel are of 1nportance in

the delineation of possible aquifers that can be utilized

in secondaryvtecoveryvoperations. marginal to certdin '

productive oil and gas fields, Appdréntly younger aquifers
in the Tertiary-Quaternary sequence bear intorssting}rolations,
also largely reflective, to this Pre-Tertiary Surface as well

as to other contouring horizons.
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' ?hé ecénomic utilization'of_such‘a.stu&y of sdccessional
topogr#bhies, possibly teflacting structural and stratigraphic
conditions at depth, may be s1gnif1cant innloéatlng oil andlb
gas accumulations and'thus iapofiant‘in futureiéxploration.‘
Perhaps it illustretes how a purely-scientific investigntion
may accasionally yield unpredictahle economic rawards.
lHowever, both maps and cross sections are ruquirea to
&acummnt the regianal relations.

The illustrations include: paleotapographic reconstructxons

'for the Pre-Tertiaxy Surface' a map of the structural fentures

in westarn_aabraska, a paleogealcgic.uap_for the Pre—Tertiary'

Surface, on a base with paleotopographic cbntoura for this

same surface; and crnss~sections Rear the western margin of E

Nebraska. Thasa ave further discuased b@&@w.

Paleotqpogggphic Naps.-«Tho Fro-?hriiary Sufiace, which is E

principally the Pre-ﬁhadrcn Surfaco. in shown by two maps at o

- d1f£erent scales reconstrueting the anciant tepaaraphy ef

’much of wwstarn Nobraska. The greatost concantration of

control points in the southwestern part of the region allowed

' the most detailed reconstruction (Plate 1), whereas only

general information was avﬁilab;o'for the remainder (Plate";f
2)., The pre-Chadron drainagos‘and dtvidos knonn'with bost-,
control and which have the 1ntcrnt1ng acononic relations |

discussed above, ars shown as Plnte 3.

Structural Map .- -The rogionul :tructnre of westarn Nabraska

is portrayed in Figure 2. Although tho principal structures ‘

' have been previously recognixed,»addttional ftults and folds 13
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have been idantified;' The important stihctural“élemgnts,are{

(1) the Chadfeh Arch: (2) the Xennedy Basin: (3) the Denvmr?_

Julesburg ﬁasin, including the neﬁ1yfda£ined Cochrau.Arch_and
Crawford Basin near 1fs northern'm;rgin; and (4) the Blsack

Hills Uplift.

Paleogpolégig Map . --Plate 4'shows'tha pnleogablogy beloﬂ.
the Tartihty; this subcrop map fdi the Pre-Textiary surfagez
is in part infevential, but it involves units of Jurassic
and cretaceous age in the region of study. Closest control
is availabla abovw thc "Undifferontiated Pierre", that is, |
£orvthe "Transition,:one" of the ”Piarrg",'"Fox Hills", and‘:

"Lance". Dispersed control and structursl complications

lessen the‘accuram? of identification within the "Undifferentiated

'Pierre“ and older sediments.

CrossuSections.f»ﬂf the six cross-saetions preseated, two -

(figures 4 and 5) are canccrnod with Late Cr@taceous correlations
1u northaastarn Colorado, westarn Nebruska, ané eastern Wyoming,
and with correction of cortain discrepancias and errors in
previous work. The probleas of tine-stratigrnphy are

particularly invelvod ia the "Plerrs" aud younger Cratacoous :

Q(Figurus 4 and 5 Plata 6), and five horizens, probably

disconforuities. that havn been establishod-in_the “Transition
zone” sllow recognition of six subunit§ within it alone.

The tracing of any subsurface unit iato the surfaee'preseﬁts“
problems, as is shown by the elo;tric,lngs for ﬁhe Tertiary
White River Group in Scotts Bluff County, Nahrnska'(Plate"'

8). Similarly, the rclat;ons'to other successional horizons
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from the Late Cretaceous ta\iha present (Plates 6; 7,»andi8)
permit reciprocal adjustments as to "limits-of-error’.
' Pinally, hydrologic problems also havw been studied

On and in the vicinity of the Chadron Arch, anomalous and

| presently-unpredictable hydrologic conditions occur with

resPect tc,basal‘ﬂhadron sands and undarlying of the

permeable‘hori:ons of the Cratacequk. However, in parts

of western Nebraska, water ovidently occurs in an 1mportaht:ﬂ

sconomic relation to oil and gas. Both present and .
prospe&tive aquifars eventually must be-evéluaté& in terms“'j_'
of the patterns produced by the suqcessive valley-£fills nné,‘
réflections in the Tertiary and Quaternary, and by»Late
Cretaceous paleogeography. The yrefbrenzial position ef

0il and gas fields with resyect to anclent dyainage divides -

'already has been shown to be important, and Tertiary aquifars B

possibly usable in secondary recovery, as well as for
itrigatiaﬁ,*arg comﬁonly marginﬁi:to p:oduetive’eil and
gas fields. The economic future of western Nebraska seems.

to be 11nked to an adequate study of the subsurface; this

can be said just to have begun.
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'ﬁﬁ".-;p‘ I?u : - .

- | R o | i
Sgout, T. M., Dreeszen, V. H,, and Caldwell, W. W, 18517

Central Great Plains. *gg;ggyg.ggggggﬁggkgg Conf.
int. Ass. quatern. Res., pp. 1-124, 62 figs.




129.

™ o Tdepelman, ¥. C.'1922,2,The paleontology of thev(Badlands)
) srea, in Ward, F. Geology of & portion of the Badlends,
'*Bull. S. Dak, geel nat., Hist, Surv., ne. 11, pp. 61- 73.
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Yark and Leudan, Mc@raw~ﬂ111 Book Co. Inc., 2nd ed., |
873 p.

Tyghsan;_Paul C. M8, A ze&imentntinn §tudy.g£'the Brule |

Formation in northwest Nebraska, 'ﬁﬁgublished Ph. D. .
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MAPS, CROSS-SECTIONS, AND WELL RECORDS

ggé}.<§gzy., Circulars: Circular no. 295 (Pliocene of: »
easteyn Colorado, by W. D. E., Cardwell, 1953). _

, Maps and charts: Folios of the geologic atlas of the
United States (Nebraska, old seriés), Folio So.'87

(Camp Clarke) and no. 88 (3cotts Bluff). |

» Maps and charts: Miscellaneous ggolog investigatians

maps, no. I-175 (Palaotectonic map, Jurassic System).

oo e o W

, Maps and cha:ts. Mineral resource maps nnd,charts,A‘

0il and Gas Investgggtions, Prélimiﬁary Maps, no, 102

(Geology, Hartville Uplift,'Wybming) and nos. OM-122,
0M-133 (both Powder River Basin, Wyoming and Montana);

no. 0M-184 (Paleozoic and Mesozoic, Midcontinent) andA_:

‘no, OM-185 (?owder River Basin, Wyeming). Charts, no.

'0C-42 (Cross-sections, ﬁesozoic; northeastern Colorado);

e A

- w0

, Maps and chafts:nﬂydrologig 1nvcstiggtion'atla;es,

no. HA-6 (southern Sioux County, Nebraska).~

, Maps'and charts: Tapqgraphic maps, lational tnpograghic

map series, Quadrangle maps (Nebraska), at two scales,

30-minute 2ad 1S-minute sheets (mot detailed, see index

. map, Nebraska, tssued by the United States Geological |

- e

and

Survey). Also, selected sheets of Uhlted-Stétbs

1:250,000 ScaleJSerias (sheets Scottsbluff, Alliance,

Cheyenno, Sterling; Valontino, and North Platte),

, Maps and charts: Miscellaneous maps and charts,

inited States, Basc map for Nebraska (1921 and 19635,

1:1,000, 000 scnle)
); 5eeZepp vS
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*Pﬁbls geol. Surv, Neb.: published or open-file maps, érrangéd

by author--Carlson, M. P., 1966, Configuration of
Precambrian Surface in Nebraska, 1:1,000,000 and

1:500,000 sc&las; DeCraw, H. M., 1960, Paleotopographié‘

Map of Cretaceous Surface (Southwestern part of Nebraska

Panhandle), one-half inch to milé scaie; DéGraﬁ, H. k;.*

1961, Structure Contour Map, Top of "J" Sand (Kimball
: County,-Nebraska), one inch to mile scale; DeCGraw, H, .,

1962, Structural Contour Map, Top of Maﬁry Bentonite, -

Panhandle and adjolning.parts of western Nabraska
(reviscd map not yet released for open-file), |

1:500, 060 scale; and Reed, E. C., 1955, Structure Contour.
Map of Nebraska, Contoured on Top of Greenhorn Limestone
{Crctaaeous) and Base of Kansas City Liuostone' |
(Pennsylvaniau), 1 1 000, 900 scale (also issued in Oii
and Gas Fields of Nebraska, 1956, Synpesium of Rocky

Mountain Association of Gealnglsts, Bonvar)

~~~~~ : published or~open-file cross-sections, arranged byv'

author--Reed, E. C., 1942, North-South Electric Log Chart,
Western Nebraska; Reed, E. C., 1950, Dakota-Colorado
Group, Black Hilis tc Southern Nebraska; Reed, E, C..."
1951, Northeast-Southwest Electric Log Table for

Western Nobraska; Reed, E. C., 1851, ﬁcst-ﬁgét Electrit:
Log Table for Westorn x.b;‘sxa;“.na Rqe&,;B. ¢., 1951, ”
Guriey Pool, Structural an‘ind_True Scaie (set of tgo).

Also Base ﬂgﬁg:fqr each 00u§ty'ig_ﬂabrqgka, compiled by

the Nebraska Geological Survey,_Deqp Well Maps for
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gggzgggg, mainly at two scales, and Selected Geologic

Maps of Nebraska and of Areas in Nebrasks, at variant -

scales..

(Bull ): cempilntiuns of data concerning doep wells |

drilled in Nahraska. Bulletins nos. 4, 17 20 22, 24- 25.

Miscelianeaus atlas Baps : State Planning Board Maps for

Maps for NebfaskatCounties (in pia#es# of revision and

Nebraska Counties, at two scales, and Water Resources

of Nebrssks, revised in February, 1941, by Nebraska

State Planning Board and cooperating agencies. Soil

. o AT .
republication as an Atlas), Igsued by United States

- of Nebraska, 1ssucd in cooperation with viter Resources';

Department of Agriculture., Alsc, Ground Water Atlas .f'

Division, United Statos Geological Survey (Lincoln)

| Sample lqg Unpublishod sampla lcg o! tho Lleyd Blunt No. I;fi

well drillcd by c. w Toatur,.lecatod in SE.% NE.k
NE.%, sec. 32, T. 22 N., R, 63 W., Goshon County,

vaoming. Sample description and corriistlon by Page

"T Jenkins of Jenkins and H.nd, Consulting Geologists,'

Denver, Colorado.
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Legend for Plates 6, 7 and 8
(A1l in pocket)

~ Datum Horizon

Modern topographic surface; a composite inclndlng'
remnants of thinly mantled High Plains Surface
(End Tertlary)

lunconformlty at base of Quaternary alluvium in“valley

situations; probably a composite surface.
Unconformity at. assumed base of_Ogallala.

In places, unconformity at assumed base of Arikaree;
in other places, a composite surface separating
overlying valley deposits (probably Ogallala,

- Arikaree, .and Brule) from underlylng upland phase
of White River. ‘

Base of Upper‘Ash”Bed in Whitney

A compos1te surface at base-of 1ntraformational,valley
deposits of Brule and assumed upland equivalent;. in
upland situations, an. unconformity (paleosol) . separ-
ating -overlying Whitney from underlying Orella; in
valley 'situations, an unconformity at base of Mlddle
Channels and Toadstool Park Channels of Schultz and
Stout (1955); in places,. poss1bly at base of hlgher
channel dep051ts -

- Base of an excellent marker bed assufned to be Just

above true Chadron-Brule contact; possibly the

" Second Volcanic Ash Bed of Schultz and Stout (1955)
and considered by them to be the contact between
Orella A and Orella B.

Major unconformlty at base of Tertiary; in most places, -

the weathered Pre-Tertiary Surface, but in at least
- one place, the Pre- Arlkaree Surface; top of the

Assumed contact between’ overlylng "Lance' and under-

lying "Fox Hills".

Assumed contact between overlying "Fox Hills" and
underlying "Transition zone'" of "Pierre''.

In places, unconformity separating overlying "Tran-
sition zone'" of "Pierre'" from underlying "Undif-
ferentiated Pierre'; in other places, unconformity
within lower part of "Transition zone' of '"Pierre'.
Equivalent to base of "Transition zone'" of Rankin




Y - (1933) 'in northeastern Colorado.

a In places, unconformity separating overlying "Transition zone"

of "Pierre'" from underlying "Undifferentiated Pierre'; in
other places, bedding surface within upper part of "Undif-
ferentlated Pierre'.

Symbol
.Qa
Tpo

Tma
Tmav
Tv d
TQb:

Tobwu

Tobum

Tobwl |

Tobv
Tobo

Toc

K1

N Kfh
i |

Kpu

Stratlgraphlc Unit

Quaternary alluvium

Ogallala of Pliocene age; includes both upland and.
valley depositional phases (undifferentiated)

Arikaree of Mlocene age; includes both upland and
valley depositional phaSes (undifferentiated)-'

Assumed Arikaree of Miocene age; valley dep051t10nal
phase .

Tertlary valley dep051ts of indeterminate age (may be
Ogallala, Arikaree, or Brule)

Brule of Oligocene age;llncludeS'both upland and valley
depositional phases ‘(undifferentiated). Actual: base
- assumed to be slightly below "'f" datum.

Upper'Whitney of Bfule; upland deposits -

Middle Whitney of Brule; upland deposits; base defined by

Schultz -and Stout (1955) is top of Lower Ash Bed

Lower Whltney of Brule; top deflned by Schultz and Stout

Intraformatlonal Brule valley phase, in part, con51dered
to be equivalent to the Middle Channels (Orella C and
D) of Schultz ‘and Stout (1955) _

Orella Member of Brule, upland phase, con51dered to be
at least in part equivalent to Orella B and in places,

- Orella C.and D, of Schultz and Stout (1955)

Chadron of Ollgocene age; predominantly valley deposits'
but upper part, in places, is upland depositional
.phase; uppermost part may be equivalent to Orella

A of Schultz and Stout (1955)
"Lance'" redefined
"Fox Hills" redefined
"Transition zone' of " Pierre"

”Undifferentiated Pierre"
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