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ABSTRACT -

After the discovery of oil and.gqs in commercial
‘quantitiés in western Nebraska in 1949, there was an

exploration “boom" that resulted in the drilling of more
_~than eight thousnnd wells, mainly ia the southwestern part '
" of the Nebraska pnnhnndle. Electric logs for most of these ;i
wells, together with some wellx xanplcs and information |
- derived from supplementury subsurface and 3ur£ace |
investigations, allow :easonable intarpretations of the |
éubsurface #tfntigfaphy'and structure. The palaotopography.:
also has been reconstructod for selected horizons in the |
| Tertiary and Ploistocena, but only gcnoralizad paleogeagraphic
interpretatiens are preaentiy pos:ible far the upper part af
the Cretaceous because of difficultias 1n evaiuating the
. effects of structure., | I | |
f ' Two paleotopogr&phic maps, and a proliminary paleogeologic
 map, have been prepurod for tho ttuncatnd surface underlain
'by Cretaceous and sone older rocks an& ovorlain by Tertiary,
principally Chadron (Bnrly OIigoceno) Special onphasis has g
- been placed upon this Pra~?ertiary Surface snd unconformity
in the present invastigation and a racon:truction 0of the
ancient drainages and divides has been attempted for the
best-known area. The drainage net is interpreted as
consisting mostly of subsequent patterns in that part of
westorn Nebraska for which there 1s best contrcl but
elsowhere there may be relics af suporimposed consequent -

-patterns. In the southwestern part of the Nabraska panhandle, |




it is to be noted that the drainage divides of the

~ Pre-Tertiary Surface coincide with productivo 011 and gas o

trends of the "Bakota," whareas aquifers potentially useful K

in ‘secondary -recovery operations occur axially along the
zancient streams. ‘Some reflection of the Pre-Chadron or

. Early Chadron landscape seems to occur even in the

successional overlying topographies from Chadron to

fRaccnt.

The sediments that overlie. the Pru~Tertinry Surface  7L*

‘may be clussified at aach successiv& horizcn as either

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

R

commonly situated abave earlier valloys. and coarsc clnstics :

: ara limitad to these situations, whereas on the succussive_{ff

érainage divides the 'uplan av sedinonts seen to consist

, mostly of ' drapcd" or "nantling“ loessic sila and sand.

Mowever, slopes may be. expoctod to contain, in places at

| least, some calluvial aprons,{and even sand dunes are ‘

 expectable. The “upland" sediments of the Tertiary

subsurface gro thus suggestive of those lreas in Nebraské o

_ where even ‘today there are loess and sand blankets of

considcrablo importance, but thoy seem to be more widespread
in subsurface situations than one would expect from outctOp
studies of the Tertiary in wnstorn Nebraska. This may be
because the "valleys" of the Tertiary are whnt we see |
mainly today in outcrop, whereas the ancient divides are

often buried bensath the prcsent “gg ds” and seldom

- glimpsed - or, when saén; not aiway: fully appreciated.




| " INTRODUCTION
vThis”raport presents the results of a CQmprahénsive
study of the Pre-Tertiary Surface in wnstgrh Nebraska and

of the strétigraphic rplntiéns abeve and immadintely belnwugf

it. About eight'thousand wells have been drilled in the _'

" region of 1n§ostig§tion. particﬁlarly in the southwestern
‘"Panhandle’, and the logs for most‘of‘tkese have been o
_uiilizm&'in preparing the mﬁps‘and'cros§~s§¢tiohs, as weli'ff”
_as in projceting the surfnce geology ané structura into the

vsubsurface.. The methoa of approach is similar to that much

used in the petroleum}industry for_invastigstion of the

auBsurface, but it has been seldom applted‘ta continontal

"fsedimehts and is new in.ippligatiou to the Tertiary of

westorn Nebraska. -

In the more than ten ycars that have been devoted to f ;}
the project, there has been nnch banefit from comments and i~

constryuctive criticism of colleaguas at the Nebraska |

.  Geo1og£ea1 uurvey, aonservation and.Survey Division, the
Y_Hniversity of Nebraska, Professor E. C. Reed, the former

*.‘Dira;tot. pfovided’the opportunity to bgsin snd carry on

the sth&y and established an environment allowinﬁ scholarly'l'

- research., Mr, Vincent'ﬂ.'nraeszqu, the present Director, .

gave further'encouragenant and much assistancelin_ |
developing techniques for determining and mappihg the
Tertiary»Creiaceous uncbnfbrmity.

Special thanks are here axpiesse& to Prof; T. M, Stoaﬁ'f‘

of the Department of Geology nndfstata Museum, the Univariitff




of Nebraska, for continuous help, 'His exceptional‘knowledgeu

of geologic literature and of Nebra&ka, as well 23 discuqsions
_during the course of development of new, basic concepts in ’

: camparative stratigraphy, have been particularly helpful.

Gther staff mamhers of the Department of Geology, espociaily

nrs. Russell Smith and Robert B, Nelson alsn have been most -

_kind in discussing problems.

Additionally, mantion must bo made of aid from others.v;'

Mr, Rey Bentall, Geelogist of the Watqr.nesaurees Bivision,i7

Inited States Geélogicgi Survey (Lincoiﬁ), has contributed

greatly by discussihg the prbblems‘encountared'and the

préparation of illust:atiaus.b Messrs. Harley Carr and

- Dennis Summers con:cibntiously dr;ftad ths maps and

'cross~sa:tien§; and Miss Doris Peabody ablyltyped the

preliminary drafts as well as the finﬁl coinbf_toxt. 

'?inaliy. tha“cdntinébus help and ahcouragomsnt from the

author's wife, Mrs. Sara DeGraw, are most gratefully -

, appreciated.
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PREVIOUS HGRK
The carliest important summary of the subqurfac&

relations in western Nebraska was issued by the Nebraska

Geclogical Survey nearly four decades ago (Condra, Schramm,

and’Lu gn, 19?&)' qincc’the'puklicaticn of that study of

ihe devn Mell« of Nebrasha R many thausands of additional

‘walls have been drillaa and much more has been 1&arned of

the surface peology as a background for subsurface
1nterprmtatxans,

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

too general to be of much value. In a series of masterly

«

works, N. H. Darton (esp@ciaily,lagg 1903a-¢c, partly revisé‘}
in 1“0%) included some suhqurfaca reconstruatxﬂﬂs that were.

”alﬁo-partly utilizmd hy Burbonr (IQGS) Only a qbort time

" the buhsurface Tortisry in a north south cross-section near

- ralating subsurface to surface, and these now are consiuereu"

 1ater, O A Petarsan (1906, p. 23; reprxqted in Osborn and

<’Natthew, 1999, p. 73, fig. 14) attemnted reconstruction of L

" the Wycmlng boundary, in westorn Stoux taunty, Hebraska._ Anji

economic interest in tﬁe 80~ called “Agate &nt1cline also

situated in Sioux County, led to an investigation of the

‘Tertiary geology and'”structu:¢“ that was subsequently

published privately by the Kanocka Nil Company (Schramm and -

Cook, 1821). There was a similar study mede by these same

_authors and associntes of the Chadron Arch, in northern
Nebrasks and adjacent part of South Dakota, hut only
preliminary maps were prepared.  Many of these early maps

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




1ate K. F. Schramm, in the ﬂepartmant of ﬁeolnry ané %tate

' Nuseum The Univereity of Nebraska.

Since 1931, the personnel of the Nebraska Geological . .

‘1$urvey as well as of many oil companies have been engaged:

- almost continuouély in theAsﬁudy of the suhsurface of western

‘%ehraska.' Wany of the maps and cross-sections, particularly :

- those preparcd Hy E. L. Reed, have been published or nlaced

on open-file with'the Nebraska Caalogical Survey (see list

~ following Referencas at’ end of thiq report). Amcng the

- pther maps and $tudies, the fellowing roquire especial

mantién; maps of the Precambrian Surface (Lugn,'1ﬂ34’ and -

Carlson, 1866): sopmchous and structural maps for Cretaceous

vrocks (Fuann1ng, 1942, alsn a thesis edition): maps and

_crass~sect19ns showing principal structural features of

féh»'waﬁtern Nebraska, with intarpretations of the subsurface

stratigraphy along selectad profile& (Condra, Reed, and ?f< . '

A,Scherer, 1“40 Londra and Read 1943, raprintad in 1959)

1veolmg1c maps and well racords (State map and others listed

at end of this revport: Lugn, 1939 ﬂenxel and ¥%aite, 1941

%pnzel Cady, and Halte, 1946; Cady and Scherer, 1946:

I-Bahuock.and Visher, 1°52~ Bjorklund and Brown, 1957

éjorklund 1957} and g enaralized maps of Tertiary drainages |
(Lugn and Lugn, IQJSJ A |

There have been also several studies in Siatms adjacenfi
to the western part of Webraska that must be considered. |
Samp le dc%criptions have haen published for certain deep

wells in South Dakota (Haher 1947, 1%48). For eastern
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-Wﬁahing, especially the Goshen iiole, Schlaikjér-(l@SSaaé)*‘

ntilized driller's logs of thrme $ha110w wells to interpret'}'

the subsurface stratigraphy. Jenkins (log of 71950) pr&par&u :

8 sample dﬁscr1ption lag and stratigraphic internretatxon
af an oil test- well in the Goshen Hole that was made

availaazﬁ to mersnnnal of the hnited States Ceological

Survey; it has been much utilized by wmany workers,

partjculaily Laura McOrew (MS. of 1953, 1963). Rapp,
Visher, and Littloton (1957) and Schultz and Stout (1955,

fig, 10) have utilized availsble iﬁformgtidn tﬁ.revisé soﬁe .

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

| In northeastern Colorado, the subsurface studies of Wather, *

r111u1y+ and Lusk (1928), Rankin (1933), and Elair (1851)

should be ﬁentionad - Of these;,Rankin's paper was found to ff

 be the wmost useful because of the possibility of projecting .

his tmrminolovy'fnr Cretaceous units 1nta the western

C o Hebraskas suhsurface.

- The surface geology in western %abraska and 1djacant
States obviously nust be carefully considered likewise in

any subsurface reconstructions, snd on this subject there B

" js a rich literaturs, many of the works being listed at tﬁe S

end of this report. For western Nebraska and adjacent

regions, the Tertiary and Pleistocene}relatiens‘have been

- adequately summarized by Lugn (1935, 1239), Schlaikjer

(1935a-¢), Schultz and Stout (1945, 1948, 1955, and 1961},
Stout, Dreeszen, and Caiﬁwell (1565), Schultz, Falkenbach,

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




. /./.;\

northeastern Colorado, the Crataceous and Tertiary 6utcropsfv‘

have been studied by Matthew (1901), Mather, Gilluly, and
Lusk (1928), Lavington (1933), and more recently byi

Buffington (MS. of 1961) and Galbreath (1953: revised by
. Stout, 1960a, and unpublished chart). For South Dakota,

 particu1nr attention sbould,bé given.tnxtha‘summary‘papars

of Wanless (1922, 1923), Ward (1922), Clark (1937, 1954),

‘Schultz and Stout (1945, 1048, 1955, 1961), Stout, nraeSzéﬁ'V
and Caldwell (1965), Clark Be&rhawer, and Kietzke (1967)

ané ~chu1tz and Falkenbach (1968).




REGION OF STubY

This 1nvastiaation has bg@n confine& wnntiv to wwsternl

: Mahrmska and includes a rectangular area (Figure 1} mmewhat

larger than the ﬂabrﬂska waﬁh&nﬁie, extﬁndinq wast from |
longitude 101 ywest to tb& Hyowing boundary (sliahtly ma@t -
of longitude 1040230 West), and narth fram.thﬂ ﬁalcra&p; f
border (approximately latitude 41° North) to the South | |
Pakota State line (about latitu&# 439 ﬁarth) This régiﬁn' :
compriﬁes about 21,500 square miles, including all of “ioux

Scotts 3luff Rann@r, hiuball Hawe$, Box Butte, Morrill,

. Cheyenne, ! harxdan, Garden, neuel Grant, Arthur, and Reitb o

Counties, the western parts of Qherry, Hooker, ‘and _
Mc?hersom ﬁnuntins, and the northwestern carner of Linccln
Lmuntv |

--------

maps fcllowlng the Rcferenc@s,.at end of text), but the she@ts

of the new 1:750,500 scale, that supplement the mere~detaile¢

new topesrapihic maps of the United States Geological Survey,

arc very useful. Aerial photograph coverage is now complete,

gn<d there are county index-mosaics availahle. For general

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

readily available at all gasoline staticﬁs, oy upen the county
ﬁaps of Mahraska.prepﬁred at twevscales by the State Plﬁnnxng
Board. leads tahd.in sonie parts of the region to follow the
usual.milaugrid pattern, but the newer, paved highways, and
many of the trails in tha spersaly populated sreas, often

depart from this rectangular control.




Figure 1. Topographic divisions of Nebraska as recognized

by G. E. Condra, and location of area studied.
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The highest point in tha rerion iq near tha anuthwcstcrn

corner of- west@rn habraska, southwost of Bushnell in Kimball

County. Nehraska, where the elevation is L 424 faet and the'

lowest point is along tha ﬁinhrar& River, in Charry CQunty, -

';,hebraskm, with an ‘elevation of ahout 2 640 foeot . Thmre is'

thus nore than half a mlle r@lief or more pracisely 2 734

feat. g |
The highest geomnrphie ﬁurface in western Nﬂbraaka 15 -

the uxgh Pleing Surfaca or top of the Ggallala (kimhall of N

Lugn, 19239). This was gwnarally the aummit of aggrad&tion at

.}xﬁa'end:cf Ogallaln time (Lgtest Pliocene), orﬁtha projec:1un
' Vef~thi%»sﬁrfaée hévaling oldar racks,;hutfiﬁ.may:have greateff
':rellef than is supposaé | A ':
The ﬂivh ‘Plains 8urfac@ awgﬁars to the ey ‘to be rathar f_A
 .£1&*- @xcept where c!anneled by ?arlv Plaistoceue or yonnger

vallevys with associatad leass -or- xand Tims, but the present f;

re#monal @lapa seens to h@ ahsut 16 feet per mile ‘
enst- north@ast camparwd with the sautheaqterlv gradient of
about saven feot per mile af the North Platte River.

Structural contours have been constructed upon the High

_Plains Surface in western Kansas (Merriam, Guidebk Xans.

 @01 Soc., Conference 18), and it Caﬁ be now apnrbximated
for much of western Nebraska by filling in tha te;awraﬂhy

on sheets nf tke 1: 250 00 scale to the elavatien of the




-
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ﬁfinéipal tablelands and other rwmnants.i/‘ Ih-auy case, thég»

v eV T e—

1/ Contours on the High Plains Surfacu'are not availahle‘for'

eastarn Colorado, but Cardwell (U.8. Genl. Surv., Circular 24%,

nl. 2, adapted by Nalin, u5, of 1957, fig. 1) has contoured -
the base of the Ogallala for an area east and $outhamst af '

lamon, Colorado,

‘rwcenstructiOn Qf the High Plains Surface permits ready

visualization of the probable appearance of much of western.

Nebraska at the end of the Tertiary,fpriar‘to the general
dissection that hegan in thevﬁariiest Pleistocene {SchultiQ

and Stout, 1945; 1948, 1961; St@ﬁt, Ireeszen, and‘Csldwell}

1965).

The principal valleys in western Nebraska mostly drain

in 8 ganerdl éastérly’dirmction‘téﬂay; but at the beginning :

1]

of the Plsi$tmcene much of the drainage was from northwest ufi

to *ﬂuthﬁast {(Stout in stout._ﬂreeazan, and Caldwell P, 7& :

fig. 9-42a). Presont rivers of lmportnnc@ are the White

(hut {ts former Hat Cravk hranch now flows to the CheyenneJ;'

"qubrara ¢ Runninﬁwater” or L’enu qui court ), North Platte

(with the Pumpkin /seed/ Creek, Lawrence Fork, and Blue

Creek as najor tributaries), and %outh Platte (witb the

Lodgepole Creek an important branch). 0f these, tha Miobrara

River, Lodgepnle Creek, and Lawrence Fork seem to ba occupying

shallower vnileys, far'reasqns not readily explained. |
The main “upland“ areas coensist principally of the

Cheyenne Plain {or Tablelsnds), Perkins Plain (or Tableland),




a3

wildént'ﬁidge,*ﬁdx_Butta ?lkih.(or Tablélands), ghd Pinc

Ridgé, all of which mostly repraSQnt romnanta'of the High

 P1nins Surface and its extensions. This region constitutas

with the Sandhills areas, the main part of the ’nigh Plains

Section of the Great Plains ?rovince” of Fenneman (1531, and

'_,mnp of physiographic provinces of the United Statas)

The northern boundary of the High Plains is usually taken,

follawing Fenneman and b. W, Johnson to be tha ncrth escarpment"

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

erosion against the resistant sandstone concretians of Arzkaree

valley-£ills (Montroe Creek and Harrison formations). Traced
both westwardly into Wyoming aud eaatwardly into South Dakota,
'fthe Pine Ridge ceases to be a preminent topographic feature,‘

- but near 1ts aastern terminus it is a slighﬁiyumodified fault

oscarpment (a tru@ “Stata linc fanlt")
North uf the Pzne Hidge in narthwestern Nebraska, the

present topography is wildly beautiful being ﬂeveloped as. the

. ”Littla Badlands"}with intricata erosional furas upon the soft

silt, clay, and - sandstones of the White River Group, and

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

of the "Missouri Plateau Section" of the CGreat Plains,

»Badlands” topography alsoAcharncterizes three other

districts in western Nebraska,,but these are situated south ‘

of the Fine Ridga. The.first qqcurs_both east and west of_»“‘(
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‘ .the Scotts Bluff alang the upper reachcs of the North Platte,
with westurly extansion into the “Goshcn Hole" nf castern -
Wyoming., The second is on the. south side of the Wildcat
 31dge along Pumpkin Creek, whereas thu third is loss preminent
i and situated. near %idnay aleng the Lodgapale Creek Other
- "Badlands" tracts occur in northanstern Culorado, south of
;f"Siduey, Netrasks, eapecially near New Rmymar and Akron,

Colorado.




»f"regien.

SOURCES OF SUBSURFACE INFORMATION

Much of the information concerning the subaufface of .

'western Nebraska must be derived frnm records of beringﬁ.
More. than eight thausnnd logs of oil- ané gas test-wells are |

. presently on file with the Nebraska Ceolayical Survey

(Lanservntimn and Survey ﬁivisinn, The University of Nahraska)v

-in Lincoln for this regian“ About ssven huudra& of these

-frecords yiald iittle information about the Pre«Tartiary _

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

 'casing. but they can be used for Crotaceous and older rocks
 Furthermcre, &istributiﬂn of the testnwells varies graatly
  (3@0 Table 1 and Plates 2-4), with vory dense concantrntion
' 'in areas of principal activity and wide spacing in districts .
_Eof little exploration. Mapping in some detail is limited |
°  tﬂerefore, to the main Aareas of expioitation, which occur 4n.

t_ uestarn %ebraska in tha southwestera yart of the panbaadle 'ﬁ

In this district of dense caneontratian of walls on1v 1.

‘the nunber of wells per township 1is shown (Plata 3), but
--individual wells have been ylotted outside it (Plates 2 and
 4). Assuming reasonable skill and,consistency, accuracy cfi_.
~interpretation must bé considered to be largely'depeﬁdent‘7'“
" upon avsilable logs, especially with rashéét to the

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

paleogeology (Plate 4).

ﬁlthough alectric logs arve preferred uther mechanical'

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

| sample-cuttings, rock cores or chiys; and descriﬁticu# of
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Table 1.-Distribution, by county, of the subsurfaca data for )
‘ the PreoTertiary Surface in uuatorn Nebraska 1/

distribution, township,

- Cheyanne, Scotts Bluff,

of woells in Kimball, Banmner,

rrill. and Beuel Caunties.

County ‘vager -'Coﬁnty' “Nhgggr» |
- welils _”wells e
Kimball . . . .. 2,78¢  Sheridan . . .2
 Banmer . . . . . 1,764 Keith . .'; . . 20
‘:fjxéheyénha S . .. 1,54  Cherry . . . . 14
worrill . . . . . -'Vsze mrmrsm . . 13
 Scotts Bluff . . 325  Arthur . . . .9
Deuel . . . ... 89  GrEmt .. . .. ... 9
Stoux . ... ... 75 Lincoln .. . .6
Garden .. ... 75  Hooker ... 3
~ Box Butte . . . . : 294 | %'?qtk;. 7,402
. Dawes ; R :' -
1/ See Fig;rell for arvea of study and Plate 3 for
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;5samp1e$ and cores. Of these, the sanple»euttingsf?revidaé |

by test~well operators nmust be uso& cautiously. fer they ara

generally of poor quality nnd cfton contauinatad Also, they

“ are saldom’avaiiable for Tertiary and tha ﬂretaccous'rocks;

‘Since the "personzl collection” of such samples for the

youhger rocksiprovad to be a'ptcassnry early step in

. “evaluation and interpretation, a‘manthlin,fhe'sunmer of
1059 was devoted to collecting samples from wells then beihg 

»f'drillad in the southwestern part of tho Nebrhska panhandlogjq"

Additionslly, the test»holes drilled as gert of the

-:State Fedaral cooporstive pragram of ground»water 1nvastizations
‘}fhave been most useful in aupylying sample cuttings, rock
J descriptions, and sano point elactric logs. These records
_  are excellent, for the most part. and the new ones are quiteg

'reliuble becausa of the care taken in cellection and

description, vnfamtaﬁageiy, this coverage is available f°%il

| only a part of western Nebraska. Tha drilling dnpth also 151 

f'mostly restricted ta the uppet permeable intervals of the. ‘1J
Tertiary, usually with pcaotrat;on only into the upper pnr; 1 
'of the Brule (Oligocene). The few test-holes :ha# have been’

. dri11ed into the Cretaceous are thus‘qf ébpbci¢1 va1ue.
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All available subsurface 1nformation has baen utilized -

- a3 much as possibla, but emphasis has heen pluced upon

_documantation. Fronm thwse, an effart was made to pick the

Cretaceoux«Tartiary unconformity and as many traceable
horizons below and above it as seemed practicable. In the
preliminary work, nine elaﬁtrim‘leg cross-gsections wera

ccnstrncted acrass the region, five from west to east and

velectric logs simply becsuse they constitute the principall
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L T 1
- four from south to north.*j

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

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

| Necessary for detailed pleotting (vertical scale is one inch

eQuaas fifty feet, which is fullé&taie, with horizontal scale

of one inch equals one mile, thus vertically exaggerated iﬂﬁj;

tiwves). The full-scale logs were found t9 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_kare”as an

'examwlo (see Plate 5, showing sarfﬁce»subsurf&cs relations
'of the White River Group in Scotts Bluff Caunty, Nabraska)

- For contrast, ?lata & (showing datailed electric-log .

characteristics from south to north along the 103%350 "

Meridian) illustrates the use of half-scale logs (vertical

| ‘scale is onme inch equals one hhﬁdreé'feet; with horizontal
~ scale of one inch equals une mile, thus vartically Qxagggrated

w,only 55 times), Such half-scale logs represent an excollent

compromisc with respect to scsle, nllowing horlzantaz and
vertical relations to be evaluated mere easily without
extreme loss of log details., Greater raduction of logs

for study is not recommended becau@a of the loss of detail
30 necessary in establishing vali& correlatim#s-ané'

displaying regional subsurface fﬂlationshigs.

o e

Sam@le cuttings have been also utilizad,'chiéfly és a

_supplement to the electric logs and to verify lithologic
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characteristics at such critical contacts as the Cretaceous-

- Tertiary unconformity. These cuttings have come partly from

oil test-wells and the remainder from wells of the State- .

‘Fad@ral watarwaurvay>ihv¢stigatians: they wera stndiad under
' a binoculur micrascope and zalihrated.with the proper electric~
.1ag intervals. The rasulting lﬁgs were then incorporatad into

’” lth@ nutwor} of electric log cruss*sectians.

Additianal samplas were studiud upan accasion, aspacially

  those collected by the writer in 1959, und ‘on numerous later
' field trips, from wells being érille&‘und from outcrops. »Thé

 areas of cancentration'wera at first mainly in the southweStern

part of the Nebrasks panhandla, but eventually most of wastern

"INehraska was covered in such fie:d recannaissunca and collecting
from the Cretaceous nd Tertiarv, In the suwmar af 1963 the
_ Cretaceous outcrups in ‘the Poshnn Hole of eustern w&oming |

fwnre studied in’ the fteld for snvural weoks,_and ten days af

reconnaissanca were devcted nlsa t@ northoastern Calerado..lﬁ

-“ﬂnly by such a comhinatian approach and synthesis of subsurfece

“and surface information can one hope to. accomplish teasonable

correlations and intoryrotations in the subsurface.
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STRUCTURAL SETTING

Intreductory Remarks

Previous'Intarprstations.~~Tha recent adrked increase in -

»subsurfacevinfgrﬁation allows progressively more-detailed

interpretations of the‘geologic sttnntgfe of Nebraska.

Apparently the earliest structure wap which shows the
llocatien of majar Precambrian highs and Iows, was made by o
"G. E. COndra (in Condra, Schranm, and Lugn, 1931, p. 16, f:g.
~2). This map was sketchy, but fi#e.structurally-high areas
- and four basins were recdmized‘ Using the subsurface daﬁa‘" .' :
  ,presented in the sane publieatiou, Lugn (1934) published the
.:.first contour map of the Precambrian surface. ﬁext Fuenning
(1942) prosented £our structural mnps oa Cretucoeus horizans.u
_ In ndditinn to the wcll lcga used by Lugn, lagﬁ ef soveral
"wells drilied after puhlication of tha report by COndru,'

Schrnmm, and Lugn (1931) wurc uvnilable to Fucnning.

The first really’ comprehnnsive nnp of the gcologic

~ structure of Nebrasks was pruscntad by Condra and Reed (1943
~.p. 2, £ig. 2; revised by Reed in 1959) Included on this"'"

map is an ;nterpratntion of additiocnal subsurface information

resulting from the 1939 discévaty and iubsequent'érilling*qu 

"'011 in the Porast'city Basin. The 1949 discovery of oil in B

the Dénvar~dﬁlcsburg Basin made more subsurface information

~ available and prompted Reed (1955) to compile a revised
. structural map of the State, Extension of oil and gas

' production into southwestern Nebraska in 1959 provided
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" even more subsurface information, and ihih?wns utilized by

Carlson and Reed (1961) in constructiug 2 new structure map.

Where present, the Greonhorn Linostona :orved as the datum

- for these tWo maps, In part of aastorn chrtnka, where the'!
‘Greenhorn is not present, a Pennsylvanian horizon (base of

'_'Missouri Saries, xansas City Group) vas used as the datum.

The latest structural contour map of the stato is Carlsun '8

(1966) "Configuration of the Procambrisn Surface.

| In nearly two decades of oil cxplorntion in wustern .

ffNabraska, a large nunber of both pubiishad and unpublished
structural maps has been prepared, and these hnve allowed
:prograasivo refinement in delineation of atructure.' Even

'fse, information for a large part of western Nebraska is soiij-

1.sparse that many of the nnps chcwing geolcgic structurc are :'.'A

Ahighiy interpretive.

General ' Relatioas.-~rhe nnjor ntructural faaauras in

_‘.western ﬂahraska are naw fairly wtll kauun (Figure 2).
The dominant structure is the Chndrou Arch, which

" V_ effectivo1y scparntos the Douvar«Julosbugg Basin in tho

- southwest from the Kbnaody Basin to the northeast.

- Subsidiary structural features of the Black Hills Up11ft'

also occur in the northwostcrn corner of tha State. '
Basis of Inturpretatton.~-The tbllowing description of - .

the structural foatures in western Nebraska is based not _
only on previous structural contour maps, but also considers
h:an uﬁpuﬁllshed structural couﬁour‘g&p‘ef westernﬁﬁebraska
_(aoG:uw; MS.). On‘the lattor,;the-dltﬁn.used 1; the *X"
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Structural features in western Hebraska. sSased on an

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

"K' Bentonite, Yestern Nebraskal, This is the revision of a

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

Survey (btructural Contour lMap=-Top of Howry bentonite,

Fanhandle and Adjoining Parts of Western Nebraskal,

23. .
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'Bcntonite, which is the lowest of four or fiva bentonites

within the "Granercs Shale", 1/

1/ Because it is snr easily-identified marker bed on electric

logs, occurring throughout most of western Nebraska (except
on part of the Chadryon Arch) and much of the surrounding
regibn, the "X" Bentonite is commonly used as a datum for

contouring structure,

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

(1) Major structural features may be defined as those

‘lafga4scaied folds and faults of regional extent. They are

recognizable by relatively-large topographic expressiﬂn,

either surficial or buried with a mininum amount of

subsurface information. (2) Secondary structural festures -

- or subsidiary flexures m&y be defined as less-significant

folds and faults associated with major ones. Because of

snaller size, considerably more informstion is required
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for their recognition and deiineution.if"

ra

-1/ Pigure 2 is yrobably incomplate in this regard and because

of scale sone structural details that are knawn cannot be

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

delineated display ZOOvto 400~£¢et relief, but & few featuras

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

latter are certain positive an& negative features in

.iatrabasinsl low areas, as well as the mast obvious domes,

‘other anticlines. and synclinas. Small flexures and faults

are excluded as they ruquire rclatiVely -close control thst o

© iz seldom availabla.

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

‘been recognized from surface observations and maps, from
subsurface data, or by ccmﬁihatidh.”fln‘surfnco studies,

- faulting in thick shales (tha-“Pierfe“ far example) may be i

obscure. In the suhsurface, even under ideal cauditians,,it-v

is difficult to astablish fault tronds, bifurcauion, strike-v 

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

fault trends is usually poor, so dstails are mostly 1acking,-v

~and interpretation is often subjective, susceptiblo to

re-evaluation,

Chadron Arch

Surface ExpressionQ~~The Chadron Arch, a term used for the

northern part of a structural ridge in Nebraska and'sbuth

‘Dakota, is exposed only in a small area in the northaastcru_'

corner of Dawes County, the northwestern corner of Sheridan -




'26.

County, and on northward into Shannon County, South Dakota,
These exposed parts of the Arch, located about 16 milos
hortheast of Chadron, Nebraska, have been designated the

~ Chadron Dome or Chadren Anticline. The total surface

“exposure within Nebraska aggregates about 3§ square miles.&/f

1/ Numerous manusc<ript maps showing the several domal
features comprising the Chadron Anticline are preserved in
the files of the University of Nebraska, Department of

- Geology Library, and other archivés of tﬁe Department of
Geology. In early years, 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 the University of Nebraska ruvised‘this

early work.

> e

Rocks exposed on the Dome inélnée the following: the
upper part ef the "Granetos Shale", the Greenhorn Limestone;u
"thé “Carlile Shale”, and fha_“&iobrara Chalk", and the lowér f
‘  phrt of the "Pierre_shale“, all of Ldta Cretaceous age; the“ 
~ Chadron and Brule formations of Tertiary age; and |
undifferentiated deposits of Quaternary ége. The "Niobfarﬁ
Chalk" is the most prominent formation there, owing to its
resistance to weathering and chardcteri:tic, white to pale§
orange color., Although thc “Carlile Shale” Crops out over
‘several square miles, it is topegraphically low, and .
generally mantled by slope wash and alluvium. At only ohe

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 of 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 ﬂretsceous fermations

of the Chadroen Deme area arc g&naralized

Subsurface hxtansion.v~The.Chadrqn Arch is the nerthernmaét

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

It may he.seﬁarat@d from the Black Hills by a structural

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

ridge is appropriately called the Central Xansas Uplife, but"

the sautharn, poorly-definad extension is known as the Pratt

U L AT

_Anticline (Merriam, 1963, p, 132). ‘The Pratt Anticline has

& northeasterly trend, whereas thé Cﬁntrsl Kansas Uplift is

axially directed more'naarlyAnétthweﬁt. 1In northwestern

Kansas and southwestern Nebraska, the ridge is named the -

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

‘northeast-southwest,

In cross-seciiqn the Chadron Arch is apparently
asynmetrical. Originally regarded as s 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, Houever, it may be faulted even aléng"

its eastern or northeastern flank,

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

western_aﬁd southwestern flank of the Chadren Arch, the
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pronounced change in altitude of the Cretaceous formations

is interpreted as due to faulting, In early years of study,

and to some extent even naw‘(Wulf,,19é4) there was controversy
among geologists as to whether this altitude difference was
due to faulting or produced by steepening of dip. On the
basis of structural and general mapping of the pie»Tértiary
paléogeology and considsration 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-Juleshurg Basin,
This important fault zone is best ﬂasignated the

Bordeaux-Hyannis-Noxth Platte Fault Trend, from the place .'

names defining it (Figure 2y, The hyphenated name soems

-

1/ Bordeaux is a siding along the Chicago andﬂﬂerthﬁestern
Railroad, in the SE4, sec. 3, T. 32 N., R. 47 W., eastern
Dawes County, Nebraska. lyannis, a county seat, is locat&d ;
aleng Séate Highway 2 in sec. 6, T. 23 N., é; 38 W,, Graant
County, Nebraska. North Platte is situated outside the

study region, at the confluence of the Sguth 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,
ecach 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, dwing to confusibn 

with other structures in the adjacent basin; it is estimated

‘gt this time as ranging 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 estahlished'trend of the

Bordeaux Fault segment but with a smaller displacemmni,
probably of the order of 300 to Bbo_fbet, whereas the

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

N, 70° %, with throw possibly as much asyl,ﬂeﬂrfeat.

It is likely that the southern part of the Bordeaux

gegment and northern part of the Hyannis segm«nt of this
n.fault trend is a fault-complex, As presently interprsted;'
the vertical displacement for this part of the fault zohg
is of the order 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'moté'wekterly,

increasing to as much as N. 80° W. The vertical displacement

~along the fault is variable, but it ranges from 100 to 8OO

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

'throw along the North Platte segment ranges from 100 to 30911

feet.

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

northerly plunge of the Chadren Arch and the nofthwasterly:
margin of the Kenhe&y Basin. It is sometimes humorcusly

referrud to as the "State Line" Fault, because of its




location and east-west strike in Nebraska, along the State
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boundary, but there is a shift t¢ a northwesterly strike iu -

South Dakota. It was named by field geologists working in

the area for White Clay, Nebyaska, southeast of which there

seems to be a physiagrayhic expression of the fault reflected

~in the north face of the Pine Ridgs escarpment, That part of

the Pine Ridge immedistely southeast of White Clay and south
-~ of the State boundary may be e fault-line escarpment, for

the Pine Ridge as a physiographic feature becowes obscure

-~ a few mlles east of White Clay.

Wost and northwest of White €Clay, tha'"Niobrara", and
perhaps "Plerre", are margined by Brule and‘Chndron, 3o the
structure must be inferred from the poorly-known surface

~as well as subsurfece geology. The throw aleng the White

’clay Fault is’variausly estimated to Tange between 600 and

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

Clay Fault along the eamstern flank of the Chadron Arch,

or into the Kennedy Basin, is unknown. If marginal to the

axis of the Arch, it would somewhat affect the mapping along,ﬁ

the Arch (Plate 4). However, the interpretation of a fault

subparallel to the Bordeaux-Hyannia-North Platte Trend, to

~ produce an anticlinal horst™, seems to be the more
expectable,

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

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

Dakota, each 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 occuri
along the southwestern side of the oldest outcropping |
formations on the Dome. As this fault has a strike that

passes osstwardly into and is concealed by the aslluvium of

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

the Bdavar 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, after Kennedy, Nebraska, located
in T. 30 N., R, 30 W., in Cherry County., It is defined hdre ;

~ (Figure 2} as that structurally-negative portion of north- bl

central Nebraska that is bounded on the southezst by the

Sioux Ridge and on the southwest by the Chadron Arch. It*v;"

is the southerly extension of the Willistou Basin of North': ‘

Dakota, traceable through central south Eakota, into Habr&ska;
Only the southwestern flank of the Kénnedy Basin is .

includad in the mapped arsa (Figure 2; Plates 2;-4). Thql

boundary between this basin and the Chadron Arch is

" arbitrary. Little is known about the structure of the

basin, dus to insufficient study and inadoquate'subsurface
information. Consequently, secondary structural features -
have not been recognized. Even the péssibility 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 ocastern Colorado, '
castern Wyoming, western Nebraska, and northwestern Kansas,
but oxtends northwardly a short distance inte South aakc;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 genersl, the basin is bounded -

by the Front (Laramie) Range on the west, the Hartville

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

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

Las Animas Arch to the southeasst, and the Apishafa Uplift.
at the south, | |

Additionally, thess boundaries of the a&n?ﬁr—Julesbutg,'

'may be more precisely defined by marginal fault systems,

among which are: (1) the Golden Pault, next to the Front,j-, 

“Range; (2) the Whalen P&ult, in eastern Wyoming; (3) the

Toadstool Park Pault (which may be an extension of the
Whalen Faultzin northwestern Nebraska and southwestern
South Dakota; and (4) the 30rdeaux-ﬂyannis~&¢rth”Flatte
Fault Trend along the Chadron Arch in wasterﬁ Nebraska,
For much of the southwestern part of the region |
studied (Figure 2), the structural features usually |
emphasiﬁad are of relatively small-gscale, with less than
50 feet of structural closure, but they are economically :
important. Because of small size, they cannot be identified  

without detailed mapping of the data now available for the -




closely-spaced wells, Such small features have not bLeen
inc¢luded in the following discussion.

Secondary Structures,--In the southeastern part of the

rogion shown in Figure 2, secondary structures consist

principally of four anziclinal—syhciinal couplets, for

three of which the synclines are on the northeastern or
updip slops of the basin, Thore are two pmf_‘m‘wd
orientations: a northwest-southeast trend that tends to
parallel the Chadrom Arch, and s northeast-southwest trend
that is perpendicular to the Arch and $ubparallél to the

Laes Animas Arch on the southeast. These m&y Sa,described

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

33.

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

folds,
“Pairway" Folds,--A complex of additiomsl anticlinal-

- synclinal couplets oceurs in»sou&henstern Cheyanne County,

These are well known to geologists of the petveleus industry,

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

made in i§49, in the Nebraska portion of the Denver-Julesburg

Basin. Both northeast-southwest end east-west trends occur,
with the former predominant and characterized by anticiinas
and synclines that plunge southwesterly. Structural velief
is of the order of 50 to 100 feet for the cast-west trend,
but 100 to 250 feet for the northoast-southwest trend,

Big Springs Fold.--In eastern Dewsl County, and possibly
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extending into Logan County, Colorado, there is & smell,
less complex, antialinal*synslinai ¢éuplat {Pigure 2)'that
requires spécial mantiane The positive element is at least
15 miles long in Nebrasks, and it is named the Big Springs
Anticline for the gas finld located on its southeastern

crest.t Structural relief between the anticline and

1/ This gas fleld was nawed for Big Springs, Nebraska,
situated along the South Platte Rivery, in the southeastern
part of T. 13 K., R. 42 W., Deuel County.

synclina vanges from 100 to 150 feet, part of which is due to
faulting. As can be seen in Figure'z, the snticlingl and
synclinal axes have sinuocus traces, the s@uther# element
trending E. 21° B.

 Oshkosh-Lewellen Fold.--This is a prominent anmticlinal-

syﬁcliﬁai couplet with a neorthwest-southesast trend subparailel
to the Chadvon Arch (Pigure 2). It is named tha Oshkosh-
Lewollen Anticline for two villages along the North Platte

River that are located near its qrast.zf ‘The "Lisco

2/ Oshkosh is located in the southeastern part of T. 17 N.,
R. 44 W,, and Lewellen is ia sec. 22, T. 16 N., R, 42 V.,
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 a continuation of the Qshkosh-Lewellen Fold.




PN

35,

However, subsurface data for this county are still

insufficient for adequate interpretation, The 0shkosh~
Lewellen anticlinal axis extends for at least 40 miles and:
coincides with the modern viver course bestween Oshkosh and
Lewellen, where it strikes M. 550 W, lt has an average

trend of N, 52° W. northwest of Oshkosh., This fold axis

has a strike of N. 42° W, southeast of Lewellen, and it

extends into wostern Keith County. The synciinal trend is

generally parallel to that of the Oshkosh-Lewellen Anticline,

- with the &istan&e batween the axes varying from three to six

miles. The structural velief 1s of the erder of 200 to 250 .

feet. To the south, the strike of the syncline appears to
change abruptly, to sbout N. 35° E.

Arthﬁr Fﬂld.f“Th@ easternmost antielinﬁx ~gynciinal eauplet,

in that part of the Denver-Julesburg Basin considered here

(Figure 2), is nemed for Arthgr, Hsbr&ska.«/ The fold has.-

i/ Arthur is 1ocatad on the northeastern flank of the
anticline, in sec. 34, T. 18 N., R, 38 Wg, central Arthur

County .

a length of morve than 50 miles and an average strike of -
about N. 36° W., nearly perailel to the Byunnia«&@xthgpiatfa
seguent of the main fault trend. The anticlinal and
synclinal axes are about four to six miles apart and the
structuial relief is of the dfderﬂqf 250 to 300 feet.
Related Faults.?ﬁﬁaw €aults have been recognized in the

southwestern part of the Denver-Julesburg Basin (Figure
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2}. lHowever, small-scale faults occur lecally in at-léaét”'
three areas: in the northeastern part of Kimball County,
along the "Fairway' tyend in eastera Cheyenne County, and.
along the eastern f£flank of the Big Sptings Anticline in
Deuel County. The latter is genarally known as the Big

Springs rault.}’ These faults are not considered further

1/ The other anticlinal-synclinal couplets of this region
(Figure 2) may also have sssociated faults, but these have

not been yecognized, if indeed present.

in the present study, even though they have significant
economic importance. o

Near the northern margin of the nunver¥Juiasburg Basih,
in the transitional area between that basin anﬁ_ﬁhe indar".
River Basin, there afa additionsl folds and faults that |
roquire separate discussion. Some of these are near the

rim of the Powder River Basin/ (gse map of. Pierce, Girvard,

" and Zapp, 1952) and others are associsted with the Black
‘Hills and related uplifts. These are considsred in

following sections.
Cochran Arch
Definition snd Limits.--This is a structursl feature

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

the northwestern part of Nebraska and southwesterly into

- eagtern Wyoming. It is situated near the northern margin

of the Denver-Julesburg Basin, with its name derived from




Cochran State Park, nesr Crawford, Nebraska.™ ’ The Arch,

1/ The Cochran State Park is situated on the Arch aloeng
Highway 2 south of Crawford, in sec. §, T. 30 M., R. 52 W,

southwestern Dawes County.

which separates the main Denver-Julesburg Basin from its
nmrthwrnmast subgidiary basin (Crawford Baszin, defined
later), has a generxal &astﬂwmst trend, and glunges wusi.
Near its western limit, its trend shifts southwesterly,
with S, 505 W, strike, prabablyvsubp&rallel to the Whaléh

57,

Pault trend, This Arch is best developed in Sioux ﬂaunty,‘_ 

Nebraska, where the maximum relief of the structure above:
the adjacent depressions is of the order of 200 te 400
feot.

Related Faults.~—ﬁn eest ~west fault hers éasignated tha

Pine Ridge Pault, occurs on the northern flank of the

Cochran Arch (Figuxe 2}, It is a gravity fault, dawnthtown

to the'narth with throw of ab»ut 300 feet and strike of

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

Bordeaux segment of the Bordeaux-Hyannis-North Platte

Fault Trend and on the west by the Teadstool Park Fault

(defined later, possibly an extension of the complex whnlen.'

Fault Zome). A small fault cuts at least part of the Gering-

Formation, along High%gy 2 south of Crawford, Nebraska; it
was illustrated by Darton (1899, pl. 93; reprinted latex)
and by Schultz and Stout (1961, p. 27, Fig. 18).
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for Crawford, Nebraske.

Crawford Basin

h Definition and Limits.--This basin 1s here named and dofined

Y It occurs (Figure 2) in en area =

wman

1/ Crawford is located at the junction of Highways Z_and’zoi
in sﬁcs. 3 and 10, T. 31 N., R. 52 W., in western Daves County,

Nebraska.

e

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

to the ﬁorthﬁext, the Bordeaux segment of the Bordeaux-

Hyannis-North Platte Fault Trend on the northeast and east,

and by the Pine Ridge Fault to the south. o

Saeondary strnctures.--rhe Crawford Basin is pwobably the .

most complex structural ares £0r its size prasently racngnised
in western Nebraska. Suhsurface and surface information is. ?'

insufficient to delineate fully all of the secondary

- gtructures praawut, but there appear to be two inttahasinal
lows and at Iaast two local highs. The deepest part of the  ~”
‘main basin is in T. %0 N., 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-Nebrasks boundary, near Wuysida,'Nebraska;‘ A
domal srea occurs in the southeastern part of T. SSIN.,
R, $2 ¥., and adjacent townsﬁips'in wostern Dawes 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 Faults.--Two intrabasinal faults that margin a

small graben have been identified in the eastern part of
Dawes County, Nebraska: the Chadron Cresk and Boydeaux

Creek Faults, Although trends and aoxtent cannet be

accurately dgterminmd, an gnlysis of subsurfaca.datm and
present topography suggests that they both strike about

N. 20° W, This is subparallel to the trend of the

Bordesux segment of the regionsl fault trend. éﬁth faults
prabaﬁly prnjeﬁt southward to inteysect the Pine Ridgé Fault,
but their nmrﬁh&rlyvextsnsions have not been determined. It -
is suggested also that the two faults may extend across the :
basin, to the northwest bifurcation of the Bordesux segment -
of the regional fault zone. | |

The ﬁnults‘ara nased for Chadron Creek and Beovrdeaux

ggggg,'since the lower courses of these stresms sppear to
coincide with the strike., Bech is a mormal fsult, with the
formey showing about 300 feet ef throw, downthrown east, |
and the latter 250 to 350 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 Figur@ 2, in southwestern Soﬁth Dukatn‘and*adjacent.
part of Wyoming., Its surface axprpssiaﬁ i that of an
elliptical dome or brachyuanticlina, Approximatély 125

miles long by 65 miles wide. The genorglly-accepted limits
of the Uplift are the outermost hogback ridges formed by the
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basal sandstones of the Daketa Group (Cretaceous).

Subsurface Extension,--Cretaceous strata marginal to the

Black Hills becoms progressively younger outwardly. Howevsf,
the domal styucture is peripherally obscure, since: (1)
resistant beds become scarcey cutwardly; (2) there are some

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

also deposition in relation to the Tertiary and Ploistocane :

episodes on the flanks of the uplift.
Secondayy Structure&.~~suuth from the Black Hills, in Pall
River aounty, South Dskeota, Rothreck (1931a, 193idb, 1838,

| 1949, and 1855) recegnized three plunging anticlines with

axes in & fan-like arrsmgement: (1) the Chilson or Hat Creek -

Anticline,zf‘@xtenﬁiug southward along Hat Creek into

1/ Appavently nsmed by Rothrock (1831) for Hat Creek, a
southerly #;ibutari.te the Cheyenne River, in eastern
¥yoming, nurthweateén Nabrask&,:nnd seuthwestern’&ouéh
bakota, |

 northwestern Nebraske; (2) the Cascade Anticlino,é/ the

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

of the structure.

eastern fold; and (S)Etha Cottonwood (rask Anticline,él the

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

southwestern South Dakota, /
\ ,
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western fold, |

0f these three folds, only the Hat Cresk Anticline exteh&s
into Nebraska, but its axis cannot be confidently defined at
prasent.éj Both the Hat Creek and 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

‘ norzhwasturn Nebraska and the latter in Fall River County,

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

 The east flank of the Cottonwood Creek Anticline and the

west flank of the Hat Creek Anticline rim an unnsmed,

southward-plunging syncline.

Related Faults.--A wsﬁor‘fauit zone, the Toadstool Park
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1/

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

1/ Toadstool Park is a well-known teourist and geological
attraction (Darton, 189%; Schultz and Stout, 1658, 1961)

~situated northwest of Crawford, in sec. 8, T. 33 W., 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 seversl places
end has numerous rvelated subsidiary fault#, was mapped by

E. F. Sabatka (MS. of 1953) and in the period 1933-1940 by

T. 4. ﬁteut,(persénal communication, 1968). The surface
throw, aécérding to Sabatka, is between 64 and 50 feet, and .
the strike at Toadstool Park is N. 58% E., with an angle of
dip of 78° SE. |

corner of Nebraska, and‘effectiieiy defines the ﬂrawford.

 Basin from the Black #iils Uplift. The subsurface fault treﬁd

has sn average strike of sbout N. 45 E., and a throw of the

order of 600 to 800 feet. ‘
The Toadstool Park Pault is here auggestod 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 N. 70° E. and a
dip of 61° 5-SE. The Arikaree (Miocene) sediments are |
brought down against White River (Brule Pormation, Oligocene).

Later workers (see map by Rapp, in Repp, Visher and Littletom,
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1957, pl. 1) have recognized a number éf‘surftcb faults

northeast of the Whalen Fault in eastern Wyoming; these

have s considerable range in strike, from N. 30° E. to
‘N. $0° E. | | |

Topography and Structurs .
»ggincinlos,-~Thd relationship between prasent topography

| .: and structure is especially pronounced in northwestern _
‘Rebraska, and five exsmuples may be cited., (1) Present Hat :
 creekd’ 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, Schuliz;

and Lugn {1936), Schultz (1938), and Schultz amd 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.:lﬂ)'has Qallqd attention to the

~ elbow of piracy, in the southern part of the Big Badlands,

South Dekota.

_ Hat Creek Anticline. (2) Parther east, the White River flows

approximately slong the synciinal axis of the Crawford Basin,

" near Whitmey, Dawes County, Nebraska. (3) South of this,

the Cochrsa Arch and Pine Ridge Fault seem to coincide with
portions of the Pine Ridge Escarpment and'dralnage divide,
near Belmont nnd G1¢n, in central Sfoux County and | |
southwestern Dawes County, Nebraska. (4) Chadron Creek and ” '
Bordeaux Creek, al#o in Bawas.ceanty, Nabriska, flow along

faults., (8) 5till farther east, displacement aloﬁg the
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 White Clay Fault way account, in part, for the coincidence of

its trend with that part of the Pine &;dga Escarpment southeast

of White Clay, just south of South Dakota-Nebreska boundary . -

“ﬁgste Anticline.” Named for Agate, Sioux County, Nebraska,
this s a‘hﬁahwpuhiicincd “structure” that has been mapped
and discussed since the esrly 1800's. It was probably first
recognized by Herold J. ook, but many geologists have "
accepted its validity. As described and mapped by Schramm
and Cook (1921), thé “anticlinal trend” is approximately

‘N, 70° E., with two sveas of closure. The larger closure

occurs in sec. 15, T. 28 N., R, 55 W., and the smaller is
located in séc. 3, T. 28 N., R. 54 W., both in east-central

Sioux County. Structural ¢lesure uss,interpgatmd'to be of
" the order of 200 to 240 feet, Two unsuccessful dsop,vali
~ tests, one in 1920 and one in 1838, vere made on the

[:principal "structure”.

Structural contouring en.ihd_”xﬁtxaatbnito datun fails{

. to show an anticlinal subsurface structure in this area.

However, the "Agate Anticline” is located approximatoly
on a pre-Tertiary paleotepegraphic tidxd with a trend of
about N, 78° E. (Plates 2, 4). Thus, the “Agate Anticline”

'~ may be at least purtly'a reflection of anclent topazrnphy

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

abundance of evidoncn from the subsurface, including more

~ than 7000 well logs that yiald 1afaruatian on the pra»?ertiary

unconformity {Table 1), makes possible the projoctisn of |
nany units from exposed to concesled situstions. The basic

geologic columm for Sdndance'and overlying strata in western

‘thraska is shown as Table Z; all of the post-"nakota” units,

excépt possibly the "Lence” and "Transition zone" of the

“Pierre”, are exposed theve, whereas the "Dakota”, Morrisom,

and Sundance are known only from the subsurface. | |
Thirteen rafaranéw horizons (“a” through "m" from the

oidest to youngest), shewn in the legon& for Plates 6, 7 and -

& (all in pocket), were used in preparation of the geologtc"

cross 9°¢t1°n5 and meps. Of these horizons, twelve were

contoured as paﬂ: of this study, and the premnt tepography

- (the modern - -day surface “m") has been contoura& by the

United States Geological Survey. These dntum surfaces
warrant special discussion., The Pre-Tertiary sﬁrface'is
discussed first and in greater detail because it is
considered to be the key strdtigraphlé horizon. The other -
horizons are considered in order from the modern surface

downﬁard.

Pre-Tertiary Surface and Intorior Paleosol Complox
The unconformity and weathered surface at the base of

the Tertiary section (Table 2, identified as horizon "e”
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“Table 2.-Sundance and overlyiﬁg-atfata in western Nebrask; g

Stratigraphic Units . Thicknessl/

(Bxposed units iadicated by asterisk,%) - (feet) ~
_QUATERNARY _ , *Undifferantiatad 2/ 0-560
© PLIOCEKE  *Ogallala 3/ - 0-543%
*Hemingford 4/ 0-520
TERTIARY  MIOCENE |
. ®*Arikaree 5/ 0-626
- OLIGOCENE ®white River 6/  0-687
“Lance" o 0-368
“LARAMIE" - -
& Pox Hills® ' 0-274 v
"Transition” | 9-1,205%.
"PYIERRE" _ - _
"Undifferentiated” a-4,600'
"NIOBRARA® $Nicbrara (amnd ‘Coéell} 270- 475.» .
| o *"Carlile” . 140-225
CRETACEQUS "BENTOR" “Greenhorn 5 _ 15-35 |
| o *"@ranerus" R | 185;355 .
| ,"ngar Dakota* (Onadi 193-¢IB '
G, and J &nds) .
- "DAKOTA™ "Middle Dskota" 30-265 -
| " (Skull Creek) |
"Lower Dakota" 260-425
{Fali Rivwr -Lakota)
MORRISON 1352
JURAS&;IC ‘‘‘‘‘‘‘‘ AR e e M e B A A T e e VS W e e v e W et e
SUNDANCE 1602

WEH e N AN LSRN LSRN N e e e K W M W W e MR Sk VW e W e W A e e e s e de e O e

(Pre-Sundance not included in this study)

Sce 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); fqr_"?ierrﬁ” and

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

of Nebraska panhandlé;'and for units older than “Pierre” .

from oil test-wells in Chadron Amch,atgi.(!ro-Tertinry

erosion not considered).

2/ Includes

3/ Includes
from youngest to

4/ Includes
to oldest,

$/ Includes

from youngest to
6/ Includes

and‘Chadton from

Broadwater and younger sediments.
Kiﬁbsll,vAsﬁ Hclloi, and Valentine,
oldest, t ‘
Sheep'ﬁruak and Marsland, from youngest |

Harrison, Monroe Cro§k,‘anﬁ ﬂafing;

oldest.

3f§1°}(Whit§#y gboVb; Orella below)

youngest to oldest.
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‘on the cross sections) is of paramount importance in

interpreting the subsurface relations in western Nebraska

(see especially Pluates 1-2,A£, 6-8; Fighres 4-5), Where
the Chadron sediments overlie it, this unconformity 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 be older White River or possibly
of Eécana, Paleocens, or even Late Cretaceous age. |
The Chadron is known to rest on rocks as old as
"Dakota”™ in Sheridan Cohnty, ﬁebraska,\w&ere, hccerding to

B, €. Roed (in Schult:z and Stout, 1955, p. 22) the top of

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

only 25 feet of "Dgkota” beds. ‘In part of Dawes and Grant |
Counties, probably Cherry County also, the Chadran is

interpreted ss resting on "Dakota”, but in at least one

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

45 V,) thai@ is reason to conclude that the Chadron rests
directly on thevmorrison (see Plate 4).'4xarobvar, the
possibility of Chadron directly ou'Syndaaéa in the same
general #icinity should net be excluded. Eisewhers, in

Wyoming and Colorado, the CkadrouAdny rest on rocks as




Figure 3.

Stratigrﬁphie correlation chert, rocks of Late _'

Crotaceous age in part of western Nebraska and

eastern Wyoming, comparing terminology of this

report with that of earlier workers.

49
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Figure 4. Dbiagrammatic profile sectianvaf the Goshen_ﬂaie_;V
in eastern Wyoming and western Nebraska
(apnruximateiy nine miles suuth of the 42°
parallel}, showiny surfsce- subsurfﬁra tulatiens 

of Late Cretaceous strata.
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Figure 5. Diagrammatic profile section of northeastern
Colorado and western Nebraska (near the 104°
meridian) showing surface-subsurface relations

of Late Cretaceous strata.
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old as Pracambriani/ to as young as latest Eocene

1/ One locality where Chadron fossils occur commonly on
granite is at the north entrance to North Park, near the
¥Wyoming-Colorado boundary, just south of Mountain Home,

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

(Schultz end Stout, 1955, p. 22).
In one area of western Nebraska the Pra~T6rtiary.Surface-

iz overlain by probable Arikaree sediments: this subsurface

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

in Kimball and Banner Counties, Nebraska (see Plate 4).

The telief of the pre-Tertiary surface below a cover -

of Chadron or Arikaree sediments is considerable in wextarn_‘

' Nebraska, as well as in the immediastely sdjacent region.  As

is shown in Plates 1, 2, 4, 7 and 8, it commonly excee&s 200

. fest in the subsurface, locally approximating 500 feet.

. Qutcrops show similay relief on the Pre-Chadar Surface.

" In northeastern Colorado, this surface is exposed near

Sterling and New Raymer (Schultz and Stout, 1955, p. 32;
Mather, Gilluly, and Lusk, 1928, p. 99; Lavington, 1833,
p. 408; Galbreath, 1953, p. 12; and F. E. Moore, 1963, p.

162). Farther south, near Akron, Celerado, the‘Chaérmn‘

rosts unconfurmabiy with nbticeablq relief on Cretaceous
(personal communication from T. M, Stout, 1968). In the
Goshen Hole of eastern Wyoming, the Chadron likewise rests

with moderate religf upon Cretaceous, principally “Lance”

(Schlaikjor, 1935a-c; Schultz and Stout, 1955, fig. 10;
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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 |
"Pierre" through the Eig Badlands, which can be seen especiayly
well southwest of Interior (Schultr and S&out, 1855, pp. 24425,
32-3%: Clark, 1937, 1968), s situation interpreted aomewhgt
differently by Pettyjohn (1966, pp. C64-C65).

In most places the rvocks trunéated by the Pre-Tertiary.
Surface show svidence of desp weathering prior te burial
(Figure 3; Plates 4, 7-8). Thess beds censtitute the Interior

paleosel Complex,which ave strikimgly varicolored in a

generally regular sequence. Vwhere daveloﬁm& upon "Undifferentiated

Plerre* and the seil profile is cnmple;e,'reé shale normally

. occurs et the top of the alteration complex. &eiww it, the

profile is characterized by celor bands that change
progressively dnwnward £rom zavananr. brown, yellow, grayish
black with limonitic streaks, to the primsry black or medium
to dark-grsy ccloratiaa characteristic of the unaltered |
"pierre” (Schultz and Stout, 1855, fig. 3; Pettyjohn, 1966).

" Where develeped upon “Lance”, as in aﬁd near the outcrops

of the Goshen Hole, Wyoming (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/ Marginal to the Chadron valleys in several areas of both
“pierre” and “Lance" exposures (personal commmication from
T. M. Stout, 1968) groundwater movements in Chadron as well
as other times seemingly resulted in migration-df iron
compounds, thus disturbing or even reversing the regulérity
of the normal sequence of color bands. Similar color zonatidn
also has been observed in the present study to occur at the

top of weathered "Fox Hills™ end "Transition Plerre."

In the castern extension of the Goshen Hole, the ﬂabiaéka
subsurface (Figure 3) shows beds above this altered ?te«Tertiary
Surface that are actually Chadron but were assigned to “Lance”
by Wenzel, Cady, and Waite (1946, pp. §3-563, sud by Babcock
and Visher (1852, pp. 7-8). '

In the Goshen Hole proper, in Goshen Camm%y, ¥yonming,

. the base of the weathered interval was considered by

Schlaikjer (1935-a-¢) to be the Lance-Pierre contact, whereas
the viaw presented heve (Figures 3-4) is that no unconformity
exists at this horizon, such as Schlaikjer assumed. This |
so-cailed."cantact" actually‘transgressés,gevnral hundred
feet of Cretacoous'section.

Following the development of the Interior Paleosol

Complex, perhaps 1nadvised1y termed the "Rocene Paleosol'
by Pettyjohn (1966), there was incision of Chadren iallays
and reworking of this supposed laterite or sublaterite
(Schultz and Stout, 1955; Vondra, M8, of 1858; Pettyjohn,

1866). Such relations, clear In outerops, are subject to
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several interpretations when encountaraé'in the subsurface.
Nuaternary and Youngey Tertiary Surfaces

Eight rofevence horizons younger than the base of the

Tertiary {Pre-Tertisvy Surface) sre used in several of.the '

illustrations (see especially Plates 6-8) to show the

velations of the subsurface Tertiary and Pleistocene strata
to the present-day land surfsce. These horisons are discussed‘
below, in veverse order from "p%, the Modern Surfece,

downward to "e", the Base of the Tertiary.

Modern Surface {"m"“).--Thig horizon is the present-day

. topographic surface. Part of this surface, formed at the end

- of Ogallala sggradation, way be termed the High Plains Surface

or End-Tertiavy Surfaes§/; an equivalent pediment on older

1/ The top of the Kinmball mavrks the end of Ogallala as well
as end of Tertiary sedimentation, and its capping caliche is |

mantled by a thin cover of loess and suils, progressively

modified at least in pert by lateyr soil-forming processas
(calichification). EBariy Plelstocsne dralnages were incisad
below this High Plains Surface, and there were numerous cut-
and-fill episodes and piracies throughout the Pleistocene
(5tout, Dreeszen, and Celdwsll, 1965, figs., 3-7, 9-41A, |
9-42a) . |

rocks has been described by Buffington (MS, of 1961). The
youngey surfaces included in the present-day topography are
those of losss-mantled Pleistocens 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 erosion during the cut-~and-fill episodes of the

'Plaistccqne}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 compesite surface of at least several of the 

younger, more desply-incised Pleistecens valley-fills (Lugn,
1835%: Schultz and Stout, 1945, 1548; Steut, Dreeszen, and
Caldwell, 1965). Included on the profile of this surface,
as shown anvPista 7, is a segment that péssibly reprasanté :

the ”Msumd Base of Ogallala"” Surface. ("k") The segment

in questiun’is that underlying the morthernmost of the two

- deep channel-fills within the Morth Platts Valley. Aczgrding

to V. H.)Dreﬁszen {personal communication, 1968), the lower

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

lﬁgallala age sven t&augh located b@nsath : pr@ainent

Pleistocene terrece (the "third 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 a position not now determinable fromw

" aveilable evidence. T. M, Stout (personal communication,

1968) reports a similar deep Ogallala channel cut into the
Brule nearly to the level of the present-day flu@éplain of
the North Platte River at a location about six ailea east

of Broadwater in CGarden County. PFarther enst, the presant-day
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Rush Creek in northeastern Cheyenne and southwestern Garden

County coincides with the trace of a deeply-imcised Ogallala

- channel and an underiying, prominent Chadron channel (see

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

uncmnformity at the assumed base of the Ogsllala. Although
the Cheyoanne Tablelands are mainly underlain by Ogallala
sodinents, most ol and gas test-wells have their surface

casings set below this cantagt,il thereby considersbly

1/ Although the surface casing of & well may conceal 2
stratigraphic contact, the base of the casing may be useful

in establishing the lowsy limit of elevation for a kay

‘herizon, If there is unusual complication in the rock

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

tvo or more unconformities in such a hidden intewrval, this

~ information does not sllow contouring of the concealed

"horizons.

freducing the amount of potential centrol. This is the situation

. for the western part of the study area (Plate 8), where the

Ogellala is commonly thin. Consequently, it is impossible

“to contour this horigon and to delineate its profile. This

is also the situation along the 103° 30' Meridian (Plates
6-7), in the northern part of the Cheyenne Tablelands of
southern Eannar County, Nebraska. However, there 1is a
sufficient nunber of wells in the sastern part of Kimbali

County showing this contact to allow construction of a
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rossongbly accurate profils.,

sase of Arikaree or top of definite White River ("3")°“‘4

This horizon, as shown in the cross sections alonyg the 103°

30* Meridian (Plates 6-7), is an unconformity interpreted in

wroaunt it

1/ This contact has been nuch studied in outcrop in the

Wildeat Ridge of western Nebrasks, where the Arikaree is

- subdivided into three f@rmntions, the CGering, Monroe Creek,
.and Hervison, from @16@@& to yeungast. The Gwring_in some’ [ '
areas is deeply incised into the Whitney Member of the Era1§ :
Pornstion, and th@ Harrison may be in part a conglomeratic -
~ ¢hannel cut into older Arikaree (se¢e summaries in Vondra,

" MS. of 1962; Schultz, Palkenbach, and Vendrs, 1967; Vondrs, =
Schultz, and Stout, in gg:;_aigg_;’Y Schultz and Stout, 1855, 1961).
No attesmpt at subdivis&eﬁ of thé’Axiinree in the sabsurfncév,
is mads at this time, and iuﬁeed neo aceuracy can be claimcd

- for this profile in the northern part of the Cheyenna

Tablelands (Plate 7) because of poor control.

However, in the profile aloag t&& 104¢ Naridinn, tﬁis"hofizon.
is surely & composite, as shown in Plate 8, af;at 1§ast thfée.
situations; (1) of Arikaree gg&;gx;dudimentd unconformable

on #hite River (Brule and assumed Chadren upland sediments);
fE} of younger Brule g&i}gz'sadznsntn‘un older Brule upland
sediments (both probably Orella, but~p6:3£b1y Whitney on |
Grella or even a complex); and (3) of Ogallala valley

sediments unconfermable on Brule (Orella and possibly

Rost places ‘as the approximate ¥hite River-Arikaree contact.ll
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Whitnay)‘“pland sediments. The wnconformities in the latter

two situations, whare move clearly diff&rautiablo, are
dosignated horizons "g* and “k*. |
»ases of Ash Beds in ¥hite River ("i", “h").--These

reference horizons are badding planes carralatad as the
bases of the Uppor and Lower Ash Beds in thu Whitney

Member of the Brule (Schultz and Steut, 1955, figs. 3, 101

fl?ﬁl) These two ash bads occur extansively in western

Nebraska and adjacent aveas, cropping out in the regpion

of study in four principsl situations: (1) 1e¢ailykalong
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 the north escarpmentl/ of the Cheyenne Iéblelaﬁds;”CZ).aléng”}

1/ An ash bed occurs in the Whitaey also in the Lodgepole
Valley southwest and west of Sidney, Nebraska (persanall |
communication from T, M, Stout, 1968), but there is at

'presont no rﬁliabla correlation of it.- Both ash beds have:

beon identifieé hawevmr, south o£ Sidney, in outcrops aleng

‘the escarpment southwest of Paatz, in Logan County, northeastern
'”ﬂolmrada (Stout, 1960s). In the aubsurface of the northern
;,part of the Cheyennw Tablelands, trurcation by both 2

pre«Arikarca and pre-Ogailala erosion limits the éistribution

_ of these ssh beds (Plates 6, 7-8). The Upper Ash herizen

("1} is mostly restricted to the southarn part of Bannc:
County, the Wildcat Ridge, and the uplands north of the
North Platte V&llay. The ‘Lowey Ath.horizan ("h”) is somawhat_

‘more extensive, cccurring in the srunl just mentioned as
B well as in northern Kimball ﬂounty and bonaath ‘the Pumpkin

 Creek Val;ay._ Howaver, only a fow wclls show its presence

;:along the 104° Meridisn (Plate 8), at the south side of

- the Pumpkin Creok Valley. |

- vy

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

Nebraska, along the_Pine Ridge Bgcarpmant. Bocauae of this .
wide distribution and ease of recognition, tng@ther with |
considerable consistency in é glvun area far thn interval =
of separatiou, they have become key horizons for correlation '
of White Rivor snd Arikaree strata (Darton, 1899, 1903;
$chultz 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 Whitney (Schultz and Stout, 1955).
Base of Uncanformity in White niver ("g").--This important

datun is alsoc considered to be & compqsita of an intraformational
complex of unconformities, contained within the Brule. The

valley-fills above this horizon are easily récognized from

electric logs (seg Plates 5*5), provided that the fine-

tektured upland sediments (silts) of certain Brule underiie

and overlie the variable, intermediate lithology (clay, silt, |
sond, and graval) However, in those places where valley .
saquencas are wmissing, the assuned unconfarmity in the upland
sedinant. on divides is difficult to mscertain without
axiremely»clase subsurface control. In most xgl;gz situations,
this horizon iﬁ,ﬁantacively-c&rt@latad,with the base of the -
Middle Chemnels, which include the Toadstool Park Chamnel, ’

of Schultz and Stout (1955, figs. 3,»18) In uplan situstions,

- it appears to be equivalent te the “White Bed"” of Schultz and

Stout (18355, fig._sj,'the base of which they‘ralate'as'the°
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tap‘of'the'Upper ﬁhannala.l/

1/ Several psleosol complexes, as well as two or more
unconformities occur in this stratigraphié interval in
outcrops (Schultz and Stout, 19355, 1961; $chu1tz, Tanner, |
and Harvey, 1955). This complex atratigraphic'rola:ionship -

is slso reflected in subsurface data whiahvrnquira'horizon

“g" to be considered a composite surface. Several other

problems in determination of this herizon are also present.
For instance, in the southern part of the Cheyenne Tablelands,
along the 104° Meridian (Plate 8), thexe is a deep valley-
£i11 in T. 12 N. of Kimball County, where the horizon shown

to be "j" may be horizon "g" instead. Similarly, there can 3__

be no real certainty that the deeply-incised and low- lying |
vallqy -fill below the Pumpkin Creek Valley (alao shown on

Plute 8) is 1utrafarmatiana1-3rula as indicated, but the
problem there is one of intarprctatieu bocanse of casing |

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

. scattered well control, the possibility of younger Tertiary

or even Pleistocene dating must be consideved. Also, in

the southern part of the Cheyenne Tablelands, along the

103® 30' Meridian (see Plates 6~7):thofe has_been 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 usﬁally

set below this stratigraphic contact.

Base of Marker Bed in White River ("£").--This is a bedding
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pi&na at ih@ibasa of 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~ﬁ),' its stratigraphic position fits best the Second |
Volcanic Ash Bsd, at the contact between Orella A and Orella
B of Schultz and Stout (1955, fig. 10). This ié a very

thin but distinctive ash bed in outerops, and it is now

raémgnixad not only im the upper part of the North Platte
Valley (na&r Lyman, in Scotts Bluff County, Figure 4), but

also just north of Chadxea, in Dawes County, Nebraska (personnl

c@mmumicaﬁinn from T, M. Stout, 1968), Although there iz a |
1imited number of pertinent test wells for which both electric
logs and rock samples are available, the lithology
characteristic of thé Chadron occurs consiztontly below

| this contoured horizon. Therefore, the fgﬁ,hoﬁizqn is

corrolated as marking a datun just sbove the Chadron-Brule
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montact;%f and, in most situations, eansiderably above that

e

.....

‘this marker bed and corresponding datum has the-widest-

ﬂistmibutimﬁ and the best subsurfoce enntrul of the céntqured

hovizons. It occurs as an identifiable contsct in mo:a'than

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

or not i&mntifi@bla, the explanation may be one of savnfal}
(1) truncetion and removal in episodes of later erosion;

(2) concealment by surface casing, a situation commonly
encountered in the North Platte vklioy; (3) indefinite
electric log characteristics due to poor logging éouéitions
or to lateral changes in Iithology, wost pmvalont in the
North Platte Val&ey wells; or (4) nandspo&it%ﬂm er
p@necentemporaaaaua remaval. Exanplns ef local absence

are furnished by wells situatad near the Kimball«&annar -
County Iine (letw 8), and in Kimball Caunty at the haundary
of wanships 14 and 15 North (Plate ?), where ‘the nE
horizon projects very close to_ez nearly upon thn

Pre-Tertiary Surfsce ("e"). No attempt is made here to

explain this relationship.

..... TN

at the base of the Ta:tiary (“g"). |
"Fox Hills“-"Lance” Contact - |
The assumed contact between the "“Fox Hiils" {below)

and the "Lance" (above) has been contoured as horizon “d”

'(Plate 3). It may be defined here as that hﬁrizon which

geparates an underlying, commonly thiek saquenée of sandstones
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and interbedded shales from an overlying sequence of beds

characterized by variable lithology with rapid lateral and
vwrtical changes, &1thnugh at @ higher timu-stfatigraphiC'

pogition, it cunf@rms te the definition givan for the top

of F@x Hills" by Lovering, Aurand, Lavington and Wilson
{1832, p, 703) and aypzied by Lavington (1933, p. 406) in

northoastern Colorado. In Pigures 5, 4, and 5 the difference

between the usage adopted here for these terms is contrasted

with that employed by other workers, particularly from the B
putcrops and subsurface of nertheastarn.cdloruac'apd the
Goshen Hole of eastern Wyoming to the subsuxfscé\af western
Nobraska,

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

 to conformably avarlle the “Fox Hills." Hmwwvaw, in the araa
“of T, 12 N., R, 58 K¢, Kimball County, N&brsska [n@ar trace
of F&gur@ 5; Plate E} vhere tha sandatones ané interbedded

%haias oﬁ the “Pox Hills™ are thickest, the two units sre in

part time-stretigraphic mquiva@gnts and apparuntly intertongun.

As redefined, the aresl extent of the "Lance” in western
Nebraska is greatly reduced (see Plate 4; Fﬁguru 4) from that
suggpested by earliier workezs (Condra and Reed, 1943, pp.

15-16, reprinted 1959; Wenzel, Cady and Waite 1946, pp. 53-59).
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“Transition Pierre-"Fox Hills" Contact
Another contoured datum (designated horizon *gﬁ on
Plate & and Flgure 5) is the assumed contact in the
subsurface between “Transition Plerre" and overlying "Fox

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

1/ As defined and used in this repert, the “Pox Hills"
is the stratigraphic equivslent of the “restricted Pox Hills"
in nor&h&astérn Colerado as defined by Lovering, Aurand,
Lavington snd Wilson (1932) and as used by Lavington (1933)
aad Rankin (1933). However, cstralatlﬁna established during
this study indicate that the "Fox Hills"” in western Nebraska
i3 not an exact tim& aqu&vmlant of the "restricted Pox Hills"

" in nowthaastern Colorado.

Hills"in wsst@fn.Mabraska, unﬁotiiés an urba of about 715
square miles in westsrn Ximball and Banner Counties and
southwestern Scumtsbluﬁf ﬁsunty {see Plate 4 Figures 4- 5)
Along the wyeming-ﬂebraska boundary (Figuve 4) the strata
below and sbove horizon et differ in lithalagy' the
*Transitional Pierre” is pred@miaantly silty and sandy
shale, interbedded with sandstone, whereas the "?éx Hills"
consists chlefly of sandstone,'intorboddéd'with'shale.
Bastwardly, the two units become progressively similaf5'
eventuully_in&istinguighable}4 However, horizon “¢" still
may be identified in electric logs until one reaches those

problematical areas where the horizems "c'* and “e" converge

66.
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or where the older "¢" is removed by pre-Tertiary erosion
vet,

At least one sequence of sandatanos occurs from
northeastorn Cmiora&o inte weszera Nebraska within the
“restricted Fox Hills" of Colorado usage, and it now seems
clear that th& “restricted Fox Hills" is partly a facies
of “Unit V" of the "Transitionsl Pierré” of this report

: (Pigﬁre 5).

From its lateral relations to the predominantly

brackish-water and continental deposits that constitute

the "Lance” and to the marine deposits of the upper part
of "Transitional Pierre,” the "Fox Hills" of both western
Nebraska and northeastern Colorado is regarded as a

nearshore tim@»trmusg:aSnive facies of buth the upper .

 “Trapsitional Plerre” and the ?Lauce“. The former is

definitaiy lower in the stratigrngh&e sequence than the .
latter. The tima~transgreasive charaetsr of tho “Fox Hiils"
was rwcégnized previously by Lovaring, Aurand Lavington,
and Wilson (1932, p. 793), Lavington (1935 . 406), Weimer
(1961), and Waage (1961, p. 22%). ,

So far as can be determined, hotlzon “e™ 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 eccur at lower stratigraphic |

horizons in northeastern Colorado and also southeastern
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Wyoming (Pigures 4-5). The thickness of the "'Fox Hills"
in western Nebrasks differs from place to place, ranging
from a minimunm of 26 faet in sec. 2, T. 13 N., R. 89 W,
(the same xacatian whnra the "Lence” is thickest), to 275 .

feet in sec. 3, T. 12 N,, R, 58 w.,}both ln Kimball’cqunty,

Nebraska. Alth@ugh "Lange' ovarliuu “Pox Hllls" where the ,

latter is thinnest, the differences in thicknoss of the
"Fox Hills™ is due largely to pre-Yextiary erosion and to'
reglional trunautibm-of the Latevcruthcodus sequence,

o Base of "Trﬁnaition zoﬁa“ ("Pierre")

- As shown in the cross sections along the 103° 30°' |
Meridian {Pilates 6~7),Vtw0 contouring horiions far the base
of the "Transition zene" of the ”Pierru" havu bean rweaguised
on electric-leg characteristic&* these ho%iﬁams have been
assigned the letters nah (a}ésr} agd b (youuger), The -
older datum {("a") ié the assumed base affthg-*?raasition
gone" of the "Pi@rre*_tu the north, chuingly an uncogfoiﬁity

there, and it probably beeomps avbeddinngznno projection

“into ’Umdifferentiated Pierro“ in a southarly direction.l/

——_-

1/ Platas 6 and 7 should be consulted as to the spproximate
ares of change from the sssumed unconférnity to & 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

unconfor&ity across much of the sqnthqutorn parf of the
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study aroa (Plates 6-8; Pigures 4-5). To the scuth and also

to the west, it marks the base of the electric-log
chmrncteristics usually considered as "Trnnsitian gone"
lithology.l/ Neither datum. ,»Jff’ '

-

o

-
-

.

Fox Hills”, which he elsevhere (pp. 415-436) Iabals the
“Transition zone" of the '"Upper Plerre" in nottheaatern
Colorado, is the yoﬁhg&r horizon ("b") of the present

report {Pigure 4).

can be distingulshed eastwardly iﬁ much of dheyuune County,
Nebraska.’presumnbly bocause of the deep dissection at the

base of "Unit I1" but possibly, in part, due to nondnpositian

of “Unit I’ and older intervals (see Plnt@ 6) of the
"“Trangition xane" of the "Pierre“ (not 111ustwat@d Eor

@astorn Cheyanna Cannty),m

2/ As also shown on F;ats 6;rsev6fa1 other unconformities
or horizons have been identified within the "Transition.
zone”, but they have mot been included in the geologic
profiles (Piates 7-8) because of incompletcveentouring,‘
towover, these horizons form the basis for subdividing the
"Transition” into "Pre-Unit 1" and “"Units I through V" (see
Figure 3 and Plate 6). a |

The maximum known thickncsa of thc "Transition zone"-

 in western Nebraska is 1205 feet. This thickness occurs 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 805 feet
belongs to the “Lower” part (“Units I through IV"). The
thickness of the “Lower” part is distributed as follows:
"Unit 5“,'340 feet; "Unit II1v, 185 feet; "Unit I1I", 45 feet;

and "Unit IV", 235 feet.

As 1s best demonstrated in Plates 6 and 7, the
relation between the "Transition some” and the
"Undifferentiated” subdivisions of the “Pierre" is not the
sams throughout western Nebraska and the adjacent area.
wa_situatlohs sccur: (1) In the nerthern part of the aresa,
the “Trensition zone” unconformably overlies the .
"Undifferentiated ?iwrr@";aud (2) to the south, at least
“pre-Unit 1" of the “Tramsition zome” is a lateral facles
of the "Undifferentiated Pierre'. Farther seuth, in -
Coléradn, "Units I through IV" slso may be facies of the
“Undifferuntiated Pierre"”. The lower part of the
"Transition znﬁa“ ("Pre-Unit I" through "Unit IV") is,
therefore, interpreted to be the northern, near-shore
sediments 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
cundi ffersntiated Plerre™ can be correlated into the
oTransition zone”, at no place in western Nebraska ﬁnd
adjacent eres can a relation be established in which
the same time-stratigraphic interval of the "Transition

gone’ is equivalent to both., Furthermore, 1t appears to
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" be definite that a'time-stratigraﬁhic 9qu1valen¢y af‘the.

“Fox Hills" in northeastern Colorado is restricted to the'
"Uppexr” part {"Unit Y") of the “Transitiah zone” in western
Nebraska. Likewise, the tim@usttntigraphie cq#ivaient’of '
the "Undifferontiated Pierre” (in northeastern Colorado)
is restrictéd to the "Lower" part of the "Tiausiéion zgone"
("Pre-Unit I" through “Umit IV") in western Nebraska,

. Possible Older C¢utnur1ng Horizons
 Several older horizons can be siuilarly contourad
Among these are the bases of the fallowing.‘ "Piorrc"
"Niobrara", "Dakéta" Morrison, Sundance. and some.
subdivisions of these units (gee Table 2). Somo maps have o

been prepared for ali of these, together with s few

_ isopachuus maps, but, perhaps the ‘bost horiz@ms for

contouring are: (1) the top or bnsa nf the th!n “X"

N AT AT SIAB AN D

B@ntonitm,if'whiahvis the mest’pteniaant of sav&ral,

i/ The contour msp for the "X" Dentonite has been the
subject of special study, and constitutes the. background
for the structural intsypretation discussed earlier. This

is not imcluded in this report, ané‘will be issued éeparately.

‘bentonltes in the shales of the “Graﬁaxns" below the

Greenhorn Limestone; and (2) the top or base of the Greauhém*
Limestone. All of the contourable horizons reflect the sanme

reginnal'utructurax features, as long ago demonstrated by

Puenning (1942).

The horizons preferred for contouring are sasily
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recognigea, areally oxtonsive time-surfaces. But, évun the

best horlzbns for contouring have their limitations. For

'axdﬁplﬁ, the Greenhorn Limestone loses its normal elactricQ

lugvthkructariStiﬁs inAtha~sauthwo:t§rn.part of the study
area, probably owing to lateral facles change. Also, the

"X" Bentonite is not present everywhere in the southeastern

. part of the study area; presunably because of nundapnsitidn.

or merging with other bentonites on sn unconformity, but

~ possibly due to facies change and loss of its mormal electric

log expression. Older horizons, including the base of the
“Dakota" and pre-"Dakota” umnits, n:e\ganoraily unsatisfactory

for contouring &s refevence points sre far less numsrous.
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BI&EUS&IQH OF CERTAIN INTBRPR&TATIONS -
Mates 7 and 8§ include profiles for certain Tertiaty

contouring harizons, "£" through “k", whi¢h roquire.soma

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

"y in Plate 8 and pruhabiy ”gﬁ iﬁ_ﬁiates_? and 8, are
composite, hence do'not represent correctly either an |
ancient land auffaca or & tima'“plane“ Other contouring '
h@rizons of those same {1lustrations huwaver, do npproximate
recmnstructimn in profile ef buried topagraphy and thus of :
timaq%/ Tha rec&nstructea,tayagraphiesvf@t.thnﬁe cantnuring-ﬁ

PR

1/ The Tartiary profiles display conniderable'réiief;

especially at unconformitiss, 59 such centouring‘horiions

may Bq rather confidently interpreted in ﬁuch‘aituations

_to oxpress chiefly anéiént'tépegtaphy, ﬁy‘cantfast;

wnderlying Crotacaous'horizogs shown in the profiles commonly
oxhibit low velief; therefore, Tertiary relief is not due to

structure.

roan

horizons cannot now be developed as precisely as for the
Pre-Tertiary Surface (Plates 1-2, 4, 6-8), Sdt do n@t'Shéw
the coincidence with modern drainage to the degree that
some workers (Lugn and Lugn, 1955 flg. 1) havu infarred
Also, the subsurface information suggests that the divides
between major drainages throughout the Tertiary may have

received considerable eolian sedimentation, mainly loess
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and ash (DeGraw, 1@&5).51

1/ The widespread eccurrence today of the Pleistocene
x@assé@; such as the Peovisn snd Loveland, in the Great
 Plains and Central Lowlands, affords a ready example of
dowinantly-eolisn sedimentation. In the past, the Whitney
ﬁembar of the Brule, and parts'@f the Orella, cmnstitute |
an@thér clear oxample of eolian sedimentation of remarkable
similar charmctar cschultz and Stout, 1955, pp. 45-46;
Matﬂhwwu 1899, 1901). The present writer would invok@ 8
ximiiar eolian origin for the thick mantling of sama of _
the divides (“uplands") during the lnter Tawtiary, p?@s@ntly
known principsally in the subsnrfacmﬁ The high percentage
of shards in certalsn Arikaree and Wﬁita_ﬁivew samples B
(Howard, 1932; Waazwi; Cady, knﬂ:Wait«,\1946; pp. 61 and 67;7;
Denson and Bergendahl, 1961; Sato and Baéxén, 1867; Denson,
Msﬁluf 1@68 and Izaﬁt, M8. of 1968) furthar amphasizeﬁ the .

| imp@rtance of eolian contributions even in vallays.

P
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BCONOMIC CDKSIQE&ATIOHS_

The princlipal natural resources of interest here aro‘~:'
groundwater and oil and gas; eventually, however, cother
natural resources may prove to be much more inpoitnnt than
at present. Soils, of course, are bot lmml%d in the
pfdsent subsurface 1nvaatignti¢n;_evuﬁ though thc‘qcénomy :
of the ragiqh is based to a large extent upon ranching and
farming. |

Groundwater Potential

The occurrence of groundwater in suiflciant and
predictable quantities for specific purpeses, and of
acceptable quality as well as at a_ reasonable cost, is the
principal concern of meny subsurface investigations.
Permeak&iity and parosity !actors, alse paasﬁ%ﬁa algration
and recharga, must 311 be considered fron the staadp@iat
of the geclogist as well as from the view of the hydrelogist |
or engineer, All petential aquifers requira stuay, '
doeumenéat&@n, and evaluutieg to determine usefulness
and to meet domestic and municipal requirements, and also
those of agriculture sud industry. In recent years thoré
has been s marked increase in demand for each of these
categories. - | S |

Aquifers may be broadly t:entad;aq'u;tbor primary oi
secondary. Primary or princ@gg&,ggﬂiﬁors gr&»c@pahla of

ylelding 1arg6'quant1ties of good-quality water from a _
reasonable depth over a considerable area at ninimal cost.

Secondary aquifers aro'r§giona11y less important because
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.they are deficient in'one or mafo'af thoso respécts; They
are potenfia!ly more important for sﬁa11¢saniq asé, provided
that the iéqnirémen:s of Quaxity; quantity. cost, and depth
aré'satisfie&, The latter arvre aﬂpéc&i11y impcrtant wherc'»
there is no primary aqﬁifcr,'an insufficient quantity of
recoverable watey within the prinary tquifor, or conflict
in water use. Unusual demand or conflict of interest
occasionally may require the devalopnnnt of secondary
aquifers at samnwham high«t cost, An exanple is the
exploitation at.canaidurnble dep;h of thé "Ttinaitloa'
Pierre” in western Nebraska where yrdvious exylatgtieu'had
not shown @ readily avallable primary source. |
Quality~of-wator‘dotérminatinns at a @ingla tost’sita'
often nust be taken ds ) guido'te ﬁatar qualicy for the total‘
aquifer. 1If conditions are reasonably uniforn mhreughout the
aquifer with hy&rolagia continuity, aud praviﬁed the rclation
betweon aquifbt and overlying and undarlying atrata romains
~ constant, this ‘premise may be conaidorod reasonsbly valid.
However, once an aquifer has bwen tapped, equilibrium is
1ikely disturbed and some 1mpﬁr$ant changes in quality of
water may be expected |

Prinary Sources.--Two principal aquifars, Quatwrnary

channel-fills and Ogallala valley-£ills, are considered here
to be the principal:aqulfors”;n western Nebraska. Althongh

the tronds of both.nay partly reflect valleys and aquifers of
the underlying Pro«TcrtiuryASurfgzc,'or'somé other older» |

unconformity (see Plates 7-3),_th§ g&laxions.atu imperfect, -
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Most af the Qudtorn&ry aquifers undirlie or are marginal

to present &rﬁinagos gnd s0 generally arvre easy to locate

from observations st the surface and from map studies. Even
50, some Qﬁaiernary,channel~£i115'iay be discordant in ‘
trend with respect to modern valleys, or are concealed by
dune cappings, so they can bé £onnd.oﬁ1y By test dr111ing
and geomorphic analysis. Examples of aquifers related to
modern valleys are the channel-fills of the North and South
Platte Rivers, which may be #sfmuah,as 200 f&et thick, an&'
the Lodgepole Creek channelwﬁill, as much as 70 feet thick
(Bjorklund, 1957)., Por an example of the other situntion,
attention is directed to Plate 7, wh.ro .another vallcy -£i11
is shown 4ust north 95 the present chaﬁael £411 of the ﬁa?th

 Platte River. Although this sncient valley-fill has some

surfaae'exprsssion, its siza,»coafiguratian, tramd ané
water-yield: potontla! could anly be determined by ovaluatinn
of subsurface data.v _ o o :
The ogalzala, the sacoad priulry aquifor, 19 rapidly .
beconing an acknowleaged atennmie asset to agriculture on

the Cheysnne Tablelands. As yet, its trends and water-

| produciug cepabilitios are 1aper£bqt1y tnawn. but receni

collaborative test-drilling and evaluation of saﬁpies by

the State«?cdorai CQQpbrntiVe §nt¢r-8§iny Program of
Nebraska (&ahrlékn Geological Survey and the United States
Geological Survey) have tromendon;ly increased predictability
of production. Good-quality water has baeen rucaaily
developed with yields of mere than 32,000 gallons-per-minute,

e
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from depths of 300 to 500 feet,

Secbndary Sources . ~-Other aquifers in the study sres must

be considered secendayy, but such a term is slways relative.
Generally, they are as good or better aquifers than many
considered as primary slsowhere in the United States, and
thay have‘bécem@ important in some aveas where there ars no
"primary” aquifers in the usual sense. Such is the situation

in some parts of wostern Nebraske, as discussed below.

Hemingford and Arikaree (ﬁiee@a&);?-neposits of this age

are among the least known of the Tertiary in the subsurface

of western Nebraska, and their water-yielding capacities have

been evaluated in only & fow places. Undoubtedly, much of

. this sequence of fine to very fine sand, coarse silt, and

siity, fine sand is capabio of ylelding water, Whers primavy
aquifers are absent, @8 on the Eéx Butts Tablalﬂm&s, they
have become, in pra#tica, the priﬁciphi gqgiféra there,

As auethér exnmgie, the t@kt~w@ilrf6r:%he Ag&%@»?agsil
Beds National Monument, &aveayp@d;in‘1§57 §h,wus$~cantrax

. Sioux County, &cbrsska;~yi§1&ed more than 16§ gellons-per-

ninute f&os the Monroe crsék Formation {(Arikaree),

Purthermore, irrigatien wells in southeastern Bawes County .

' and west-gentral Sheridan County commonly yield 400 to 900

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

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

Arikaree ag§’9caut.l/ ‘Little is really knmown about these

1/ A tentative Arikaree assignwant Sns bﬁin'givun'tn these
deposits because of stratigtaphia penition and apyarant
campatibility with;the known trvnd of Arikaroe suterops .“"
in aarthanztarn Colorado, as walx as parallellsm with the
escarpment (chiefly Ogallala) sep;rating‘tha Cheyenne
Tablnlandsiand the anpki# Cfﬁak Vulley,' Such § narrow,
daspihrikérsa éaliéy?ﬁilx,-bﬁt“seﬁningiy of a éiffnt@nt
drainsge systcm in the writer's racaustractian, is nostly

exposed & few miles west of Harrisburg, nanner County,

(persanal caamnnicatinn Ernm T. M. Staat, 1§$%}

| channalufllls. other than their probable age, This

str&&igraphic unit should be & good aqnifer in parts of

vestorn meball aad aaazhwastern ﬂcnnnr ceuntias., Altheugh - .:

the quality of water has not beeu datownined by Iaberatary ’
analysis, it should be ncnriy as gaod as thst fer the
overlying Ogallala, But such possible rvéuction in quslity

ray be oxpcctod; due to probable hydrolegic continuity #1th,

underlying White River, "Lance", and "“"Fox Hills"
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aquifers .t/

1/ As s goneral rule the older resexvoirs in the southwestern
‘paft of the Nebraska panhandle, appyur to’ﬁbnt#in water of
poorey quality. uuuovgf, Man's diﬁturbahcéAof'&oungnr
ressrvoivrs, by withd#&wal of large quantities of groundwater
and resuiting rucharua,prablams,.ia sugh,aé to require
conservatisa in any such ganwmalizutian. Thuz; judgment of
water-quelity requires a full assessment of all geologic
faators, including hydrolegﬁc dsta, toguthor-with full
consa&ergtign of the results of previous disturbance by

Man .

Brule (Oligocene).--The Brule aontains an 1nsrn£ermationa1

sequence of valley-fill sediments that sesms to have been o
"developad as inner valley-fills with partly independent |
' paleotopography._ The tranés nf smno of the mmjor chnnnela |
appesr teo coincide with those of undorlying ¢hannel*fixls '
of the basal Chadron. R o
lowever, these relations. Iiké those of the Ogallala,
can only be imperfectly perceived. This 1n§ar vdllay~f111'
sequence of clay and sand probéhly includes some reworked
'_ older Brule in the Cheyonne'Txhlélnhds (Platcs 7«3). It is -
best developed in the eastern part ef_ihn Che&enne |
Tablelands, especially in choyonne County, but at least |
one principal channel has been tentltiialy fdentified also
in T. 12 N. of Kimball County (Plnto 8). These vailey«fills

are especially important as aquifers where primary sourcas

B T [ SSR




81.

sre sbsent or are not well developed, ‘Accurdiﬁg ta Purum
(in Babcock and Visher, 1952), water from the Brule is of
good quality but tends to be high in sodiun hie#rbanate, |

The Brule is perhaps the best sacon&ary nquifer
underlying the Chnyunne Thblalands wharn it is permeable

 to open £taetures oY to "piping” wlthin the fornntion (see‘
Lowry, 1966, for diacussion) It has many of the qualificstions
for consideration a3 a primary souree, but it is hare ralﬁgated
to secoundary rank because a£:~ €1} limited araal extont
(2) &ipeﬁdent reiation;ta evarlying,egalla;a ar~Quatarnary
dapqsits;»and (3) difficulty;in detecting the frunds of
,pefmaablo toneé. Twa‘tast woells pqgotrttihg this aq&ifar.
were drilled in 1965 as part of the state-federal cooperative
water-survey program on the chgyénnu Thblglanés; éna‘was in
neﬁel-éoﬁmty end the other inNChéyimna‘déuntyw Evidence such
as rapid loss of drilling flnid ntur tha tap of the Brule,
depth of water table, eud difﬁwltha ‘encountered during the
drilling of sn oil test-well im tha vicinity of the Deuel
County water-survey test-well (orul communication by a locgl
farmer, 1965) indicates thst watar wells with high yields
could probably bo developed at those sitas.

The identification of this §quifar at other sites is
not certain, for there mnyibe soxe confusion locally with
younger channel-fills that contain basal gravels of Brule
that has been 1oéally derived. Quality of water in the
Brule aquifer should be similar té that of overlying

channel-fills of Ogallala or Quatermary sge, inasmuch as
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they probably are interconnected,

Basal Sand or Gravel of Chadron celigoccne).~-fhe.basa1

Chadron clastics in western Nebraska divectly overlie the
surface developed on Cratacesas and oldor rocks, and mestly
oceur axially in priacipal valloys aud ‘tributaries of the
drainaga system of that tine (PI&%&_S).i The thickness of
ﬁhis'aquifer is vériable; a5 may be txpocte&, both across
channels and along valley trends. For example, in the
vestern part of the Cheyonne Tablelands (Kimball County),
this squifer is poorly developed, heing limited to enly a |
few principal tributaries that generally extend eastwardly 5
from the subcropping "Fox Hi;ls."ﬁl | |

e

1/ For this reason, the sandstones of tke uppey part of the.

"Transition zone”; the “Fax.ﬂiixn“, and ov«rlring “Lauca" .
are considered to be a principal sourcc for Chadrun bagal
sands in most of the Early Oligocene tributaries underlyiug B
the Cheyenne Tablelands, ﬁgwaggr, in'eastcrn_Cheyanna County,
other sources to the southwest dlsbiuay have contributed to

these coarse clastics.

The basal clastics become prégrodsively thicker and better
sorted downstream. In such aﬁcieut‘Valloys'as that ¢rassing

the Pine Ridge Pault in northeastern sidﬁx Caunty. they may )
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1/

‘be as much as 200 feet thick,™ Owing to the relation of the .

1/ In the il test-well, Russell "C" No. 1, drilled by Miami
Petroleum Cni Inc., in the center of NWi, ka,_géq, 28,

T. 31 N., R, 54 W.,»thare is preseht at least 190 feet of
"basal Chadron" sand lnd gravel. This unit may include here
sand that in outcrop would be placed in the middle part ofA-
the Chadron (Schultz and Stout, 1855). -

Chadrvon valleys to the Pre-?@rtidrvaurface, the predictability
of this squifer is excellent for the area shown in Plates 1
and 3. For much of the avea west of the Chadron Arch and
Bordsaux Fault Trend, predictability is also good, but not |
g8 accurately defired., To the east, there is insufficionf
control for reliable prediction. - _.‘ |

 The water in tha“haéaI-Chaéraﬁ°ls uﬁd#t’&rt&&i&n‘grahéur§ 

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

especially noticeable in the North Platte Valley, as exampled

by the well-known flewiné well §authw¢#t of Broadwater,
Nebraska, and others near the Nebraska-Wyoming border.
(Wenzel, Cady and Waite, 1946), where Chadren water flows

.’:'ﬁ'-

.»{“}




84.

Y

at the present surface. The water is of poor quality

1/ The relation of the confined, basal Chadron sands to the

Pro-Tertiary Surface "e", and higher elc#utipn of the Chadron
tributary valleys underlying the Cheyenne Tnblclénds compared
with elevation of the present North Platte Valley Snrface
(see Plates 7-8), sdequately explain this hydrolegic

phenomenon .,

comaonly containing more than 1,000 parts-per-million of total
solids, and ié high 1ﬁ sodiuﬁ. This'fgthar high mineralization
prebablf reflocts hyérologic can;inuity with underlying
Cretacoous aquifnﬁs 2 ~ Because of poor quality, this mmdrpﬁ

2/ Soe W. H. Durum, in Babcock and Visher (1952), Although
sttributed to the "Lance", the water is actually from the
basal Chadrom,

water is not desirable for some uses slthough accoptable fér; E
domestic purposes; it is not”rqconnanéud fqr_iriigatien. Even
so, it bbcomes important locally, where it 15 the only avail@bla
aqﬁifer, Examples of this situaiian are éertain_distrtcts'in
southeastern Hehel County, and the Toadstool Park in
northﬁmstern Sioux County, Nebrasks, | |

Cretaceocus Sands,.~--In goeneral, tﬁa palcogool#gic map for

the base of the Tertiary in western Nebraska (Plate 4) shows
the location of these older and essontially undeveloped
secondsry water sources., Among these, the "Fox Hills"

requires especial mention, and likewise the “Lance'.
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liovever, as the lithology of the “Lancc"‘is.ﬁofe stiahle |
than that of the "Fox Hills", it.is not as promising an
aquifer. The "Tramsition zone" of the "Plerre” is more
wi&espr@ad than the}“Fox Hills"y, and it eonthins a numbar.“
of pormeable zon&s, nuch with its own trond For 311 practicai
purposes, nov and in tha forseecable futur&. the top of the
"Undifferentiasted Plerre” may be considered a depth limit
for aquifers in western Hebraska. This {5 due to the |
regional'chnrncteristias of the “Piorre"i'exc¢35iv0 thicknéss
over a large area, gonersl impermesbility, and poor water -
quality, \, |
Clder Crezmonws and Jurassic Mku, aubc:fapping or |
¢cropping out along the Chadron Areh. are not c@msidered here,
but permeable intervals observsé appeur to be dry or under- ”
saturated. 30uth of the Chadrun Bono. hawnvur, it sheuld be_l
remarked that good-quality watar usually is available in the =
evariying Tartiary at rausenabln éepths. , |
Sands tones of “Lance" age undeubtadly are potantial N
aquifers, but they seem not to have been tested in their
subcroﬁ belt in western ﬁebfaska, probably owing to depth
and evailability of shallower aquifers. In the Goshen Hole
of eastern wyomiug, and probably also in northaastorn
Colorade, the "Lance™ is locally an 1nportant xourceﬂuf
water, ‘The quality of this water seems similar to that of
the basal sands of the Chndrbﬁ, being of sodium-bicarbonate
type and'usunlly with about 1,0#0’parts-por‘nillion of total

&
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dissolved soliés.i/

1/ See W, H. Durusm, in Rapp, Visher, and Littleton (1957, p. 84).

'The'?ﬁox Hills" is considered to be potentially the
best Cretaceous aquifer in western Nebraska, particulsrly
in westernmost districts where the "Lance" is truncated by
the uncenformity at thé base éf the Tertiary. It is in thése
areas that the "Fox Hills" is predominantly sandstone, is_éf‘
grsatast thickness, and has best-developed pcrﬁeability.
The éuality of water containéd in thov"Fox.ﬂills",is probably
somewhere betwesn that of the "Ltnceﬂ_(1,0é0t partswpaf— o
millioﬁ)'and thet in the "Transition zone” of the "Pierre"
(1,726 partsvparFmi11ion).A Althoéﬁh”na vater wells are
preﬁantiy,known to”prgduce-fran,thq vsegwnixxg” squifer, an
analysis of a report on the Johason No. iiﬁbll supportsithe
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possibility of eventual high-yield production.~ It_ﬁas:

1/ The raport stated that a fnuw-inch stream of watar

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

depth of 2200 to 2300 feet, This was the dapth haing
drilled by the eoniractor befp:e he started 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 two posdible hishwyieid aquifers had been

penetrated in this oil test-well: (1) thé upper one, based"
at 3002 feet, which is probably the Ogallala; and (2) the

“Fox ﬁills“. measuring 230 feet for the interval between

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

likaly producer cf such [ large quantity of waear, but as

artesian pressure in this aquifer unually is absant, or

seldom encountered, the most lagical sources for water are

the “Fox Hills“ sandstonns.

drilled by $. D. Johnson end is located in the SV, corner of

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

"“rransition zone" to yleld water has now been well eStablished,

as operators of two fields in southeastern Kimball Cuunty'reiy

wholly on permeable zomes in this stratigraphic unit ss a
source of supply for secondary-recovery operations. The
quality of water is gemerally pooy, 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. proved to be an economic asset for these two\fields.i/

1/ In 1853, the Rock Hi1l 0il Company became interested in
attampting a sacnndary oil- recovery program for tha ﬂnders
Field, located mostly in sec. 15, T. 13 N., R. 55 w., ,
Kimball County, Nebraska, An 1nquiry by the Rock Hill 0il
Cospany to the Nebraska ﬂansarvatién and 3urvéy ﬂiviaion
{(Nebraska Gaologieal Survey) raqunsted information concerning
a4 possible aquifer there. Due to llmitad posaibilitias
presented by the Ogallala, 2 shallow aquifar, and to the

- higher priorities of domestic and agriculturnl requireaents -

above industrial use, it was recounandod by B, c. nnod
that they invastigata tha sanéy intotvals in t&@ upper part
of the Crotacaous. o - ' '
A test well was thon dtilled, lron wvhich samplo cuttings
wara uallactad supplauﬁntad by caring of salocted 1ntervals,
The "Transitian zone" wus found to canslst primarily of |
laminated, gray, silty shale, with inturbcdded, gray, silty,
fine sand in thin laminations, and also beds up to 1.5 feet
thick, with occasional paftings of'biown;,cirbaaacoous shale. o
The most-permesble intervel was found to be “Unit I, |
which at this location is about 120 feet thick. It contains
a sand-shale ratio ranging from sbout 50/50 to 70/30. The
initia;'production was of the ordar‘of_600-bnrre13-per~day;‘
but development by water-fractionation ("hydro-frac")
increased thevyiolé_to between 1250 and ISSG-harreis*pér-day.'

The water here is under artesion pressure, as it rises about
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450 feet above the producing interval.

In 1957, the Vaughey and Vaughey 011 Producers also
began 8 search for a water source for use in :ocondary oil-
racovary oycrations in ths Goodwin Piold 1ocatud about five
miles east of the Enders Field, in secs. 9 and 19, T. 13 N.,
R. 54 W., Kimball Cannty, Nebraskn‘ Thcy followed o
recommendations af the Rock Hill 041 Company and likewise :-
investigated the "T?ansition zone.” Two parusable intervals
ware found, and in both, the litholoegy is thinly-laminated,
gxay shale and sand, The uppor praductien intsrvnl is
about 90 feet thick; it is the YUnit IIV, tha same aquifer
utilized by the Rock Hill Company. The lawer permcable A
intorval is 40 fset thick and is easily identifiable as a

'.&arker horisan in the upper psrt of "Bnit I Emitial

production of wa&er frem thase tue aquifers variea ftom

- 700 to 850 barrels~per~dny, a rate of appreximately 20 to o

25 gallons~per~minute. The quakity vas fouad to be nbout
1720 parts-per-million of total diss@lv«d xuilds,_
predominantly sodium chloride.

Other potential sandstone aquifers occur tb the west
in the "Transitional-Pidrra", and~£heao are stra;igraphically'
higher, principdlly in "Unit v." Tﬁree‘ef these are
sandstones, fine- to vorY‘findogftinéd. one of whi;hlis
correlated hére.wffh thc "Pox’Ht11s" inAnortheaatcrn '
Colorado (Figure 5). The other two have & goeneral northerly
to northwasteriy trend, similar to thnt of the ovarlying
"Fox Hills", but they are likewise 1nc1uded within the




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

and silty, gray shale.

90.
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041 and Gas Potential
Commercial quantities of oil and gas have been found in
western Nehraska only'sinca 1949, and these are still limitéd

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

‘exploration and development must consider the prospects foiA'

such aécumulations alsé in other pirts of western Nebraska.
Both sedimentary and structural traps should be evaluated in
the iight of availabla paleog&ographie, stratigraphic, and
hydro;ogic information. Since these data have accumulated
only as & result of preliminary drilling programs, no definite

limitations can bes imposed. Discussion is restricted, however,

‘to the possibilities of Cretaceous and Jurassic production.

Seéimentary Traps.--Most of the stfatigraphic units shown

in Table 2 {pp. 46-47) do centain oil and a8 and could, undar

certain favarabla aituntions, yiolé them in aonmerciai

'qunntities. The "nakota" is,present;y being actively

investigated in this regard, and the "Benton" and Sundance

produce just outside the western Nebraska srea of study.

Particular attentien needs to be given to possible commerciai

production also from the "Niobrara”, ”Undifforcntiated Pierre ;

'”Transitian Pxerre , "Fox Hills" and "Lance" Unconfornities

are common within and between these‘units. AlSd, there are
numorous sand bodies in which updip migration or structural
modifications would allow coﬁaercial accumulstions somawhefe
in this large region, at nlmost;gny ﬁorizen. However, |
unconformities should be thought of.asipassihla horizons

of leakage and loss of hydrocarbons, under certain cbnditions;
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aven though'él@awhate they might be levels of concentration

of oil and gas in commorcial amounts.k/ Lnakage could occur .

-

1/ The ''basal Chadron“ cannot be complctuly disregarded in -
this respect for a gas show has been rapnrta& at Crawford,
Dawes County,~ﬂebraska'(condra, Schramm, and Lugn, 1951,

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

A i o o AR AP WAS |

downwardly, as along fractures or in karstified situations,
as well as laterally. e |

Structural Traps.~-?he Chadran«ﬁambridge Arch has been

long considered as s pessible faverable structure for oil and

gas 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 any .
later rejuvenatioﬁs, for migration_;nd leakage of hydrbcarbbns
may reflect these movements, at least in part. Also, they

muy be significant in aétablishiug hy&raldgié or other

pressure conditions in reservoirs.

Unconformities similarly, in many situations, may reflect
tectonism, and the resulting coarse clastics from uplift or
(and) climatic'changevwould be limited to ax;al positions in

the valley systams produced byvsuch erosion. Truncation and.

- consequent escape from reservoirs of the hydrocarbon contents

nay be axpacte& also occasionally to occur. For example, the
"basal Chadron’* sand has yielded a small amount of gas in the

vicinify of Crawford, Daves €uunty, Nebraska (Schramm and
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Cook, 1921, p. 16; Condra, schramﬁ} a@d Lugn, 1931;'pp.\268-
271) that has bheen 1ntprpreted, probably ¢¢trect1y. as leakage
from the underlying "Undifferentiated Plerre” of present

classification. But the "basal Chadron” elsewhere cannot

be sericusly considored 85 an important potnntiaily productive A

raservoir, on the basis of any available infarmaticn.

However, there is always the possibility of sncountering a
low-pressure “gaslpack&t” id-&riiling'into this horizon, and B
evén'some hazards in such &riili#g aperatians Bust be_presﬁmed

as present.

Paleotopography and Structure.--A semewﬁat«un@xpected
relation obviousiy exists between the drainage patterﬁa

established just before or at the begimning of Chadron

doposition and the distribution of many oil and gas fields

in the Dmhvar~Jui@$burg ﬁasin of weitarn Nebéaska (Plate 3)

uuuuuu

1/

of both major and minor pre- Chadrun vnlleys, : considared in

o e

1/ which is to say that Chadron drainages avoided those areas

und@rlain by oil and gas accumulations of coumur&ial value,

[ VPRI 2 - -t T

relation to what has baeu known pr@viously,zl suggests the

. teme s,

2/ See particularly: Eluekstcne,‘1946' Schultz and Stout, 1948,
1955; and unpublished theses of Buffington, Leanard Luubke,
Horton, and Malin at The Univaraity of Nebraska.

following sequence of cvents betwaan the dapesition of the
middle part of the “Pierre” and the beginning of Chadron

sedimentation:
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(1) Development of structural patterns for the Medial
and Laté>”Pierrc”, perhaps beginning in the middle of “Plorre"

(“Hygione") sedimentaticn in western Nebraska.2/.

1/ Tﬁé Chadron Arch and some ralated structuras i3 a case in’
point: sae Lavingtan, 1933 Rankin, 1933; Griffiths, 1949; |
Blair, 1955; Dunu, 1959; Scott and Cobban, 1959; and DeGraw, -
1967. R |

(2) At least partlai planation (truncation or pedimemtatxou)

of wany or most of thﬁ&ﬁ structural featurss, accompanimd by

,depositiun of a mantle or thicker cover of sedimonts 80 that

a consequent drainage system (dominantly dendritic pattarn},‘
could develop that was 1argaly indapeﬁdant of stiuctu;al :
pasitian and hardness or permasbizity of rock '}

(3) Rejuvenat&on of some structures, acaompanied by |

passible initiatinn of others, at the bosinning af Chadron time,u

" 8o that superimpesitiun ef mnny uf the drainagos accurred

closaly followed by piracy and rnadjustmant of stroams

l(subxag nt pattern) to structure hardness, and permoahility

(4) Sedimentstion of 01&est Chadron, with basal
conglomerate and sand confined ehiefly-to the axial trends ,
of those principal Chadron &alleys that drained the majbr  .
uplifts The dividss and other inter-stroam Temnants in ”
many situastions then would be expected to rmflact structure |
and harder rock some of these evcntuully would have been |
buried as the valley walls wera mantled (or, less-plnusibly,3

the valleys ovar*fillad)
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In any case, a general ”rnla“ may be formulated: A

striking correspondence exists betwoun ancient streum divides

(subsaquent drainages) and certain &aqp1y~buried production '

arends in western Nabraska. This should prove useful in

dolineating new areas fﬁr conmcrc!al axploration for oil and

 gas in th@ region. It may have ganaral applicntion also as

a new tool in uil exploration in similar situations elséwh¢ré,
as for example, in rmlating certain pre-"nakctn" drainage
divides to deeper productive trands (Pannsylvanisn) in
southwestern Nebraske. '

Discussion and Sbme Possihle Exceptions.-~1he above statad

"rule” is but the subsurface axtansiau of an ald and we11~‘
estahlished practice in 0il and gas oxploratlon~-te search
for and to drill topographic "highs of th@ present surface
in a known or suspactna oil yrovince.. However, like -any

ganaralization, it probably has its liuitatiens, and there

vara several possibla azcegtians naw knewn 13 wastern Nabraska._

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

would be exceptional und not have raflections in younger,

~ buried topegr&phy‘ Howevar, surprisingly_pnongh, some in

western Nebraske do have such expression. In sputheasternf.
Banner County, Nebraska, for'ex&ﬁylo, two oil fielda that

are well-known stratigraphic traps have been snpposad to be
indepondent of structure: these are the Willson Ranch Field
(Exum and Hnrms, 1968) and the Singleton Fleld, both shown

on Plato 3 (7. 17 N., R 53 W, ) The former occurs along a
major drainaga dividc of the Pra~Turtiary SUrface, and the
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other underlies upland topographyVof'this:surface,-with only
minoy tributaribs heading into the field, - Thuk, some

stratigraphic traps do have raflection,i/ evén though one

1/ A third éxamyielraquiras meﬁtion in this cennectién. In
central Kimball County, Nebraska, there is a sprawling
prodnctioﬁ area known as the Sloss Fleld (T, 14 N., R, S5 W
Plate 5), in which oil is abtéinad from thyee aoparata."J“;

sands, each almost completely oil-saturated, representing .

- two stratigraphic horizons. Even here, the Early Chadron

drainages that croas'this field are rather narrow and shallow
channels they could be mapped @aiy because of close control

due to field davelopmwnt.

[, " 8 ' pro e

might expeoct paia&tupography to express @nzy structural or
combinatian traps, ‘ |

Although combination traps churécteriza nost of the

proémctive_oil and gas'flalds in that part of the Deaver- .

Juleshurg ﬁasin-cansidarea,iﬁ the present investigatien,

both structural and stratigraphic'traps occur cammonly also.

‘Por each to have expression as drainage divides of the pre~

Chadron topography, B8 3L0m3 te be senorally the case,

there must be inheritance of successive tepogggphies.
Some exceptions are oxpectablo. |

Paleotopography and Secondary Rncovery,~*1hm buriod

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

secondary recoveyy of oil and gas,;agcaﬁpanying or follawihg
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primary'produétion_in_a field. Two principles are of

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

. valley-fills, such as those dnvelopod on the'Pré-Ogallala

Surface, occupy positions generally coincident with valley-

> fills on tﬁe Pre-Chadron Surface; and (2) the best aquifers

do not have tremds coincident with production trends for oil
and gas, but iasfead, are offset from them, following the

trends of valleys on the Pré«ﬂhndron Surface rather than

'alpng the divides. 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 the

O, S i

1/

’rula" expressed above.

1/ A case in point is the large Jacintﬁ«?ravi% Field, in
kimball County, webraska (Plate 3, in secs. 15 and 16, T, 16 N.,
R. 54 W.; shown also in the prafila directly thr@ugh the

field, Plata 7). The oil oceurs in s ccmbination structura1~‘
Qtratigraphic irap, ‘vhere a‘subdueé“structurali“high“ is |
reflected ai the horizons "5” 3§&'”§"“and is overlain by a
much-more prominent topegraphic “high", expressed at horizons
ve, "£Y, "g", and “k", Illuétrating the corollary, the . |
best-available water source for this field is a deeply- -
incised channel-fill of Ogallala age that lies along the

northern flank of the productive trend.

RV R

xiyigﬁlgﬁ 011 Migration and Structural Movements.--An

important but often-ignorsd factof in oil and gas axpluratioﬁ
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is the datiqg of oil movomeats,;/

that is, whether the

PREEEY

. 1/ This is of aspweial importance with regard to evaluating

the oil and gas possibilitios of the sttuctuially-camplax :

Crawfard'ﬁasin and adjacent Cochran Arch. - The former now

- appears ‘to be a graben or ”collapsa basin” that is, at least

in part, post-Brule and pra—serlng (post-ﬂligocene and pre-

Miocene) in age. Any stractural traps of this late &ate anid '

geologic setting might be expected te be "gpblqgig successes" |

but "economic failures", fnsofar as oil and gas accumulations

mey have occurred in different situatiéna, but only at an

earlier time than when this particular structure was formed

~and only to the extent that reservoir beds of proper geometry

were available, In any case, the stratigrayhﬁa and structural
history, in addition to rasarvcir form, should be given _'
consxderatian fn the ecauomic sxpioration of the Crawford

uasin or Cochran Areh In genarnl these structures seem to'

be too young for successful prospecting, if present thinking;‘

has validity. The “gas pocket“ 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 r@servoir and itq capping

bed were penncontemporaneous with eil accumulat:en or occurred:

later, However, the stratigraphic information that would

allow an opinion concerning this is usuaily not aéailable.
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The geometry of the reservoir bed may be the'tru1y~,"
significant control, for many reserveir beds, when gfaétiy
permeable, tend to operate asAtranshittefs‘er ”pipelines“g
They would constitute the avenues (or boulevards) along |
which migrating oil and gas would be channeled in response
to early structural movements ., but it is concaivahlep and .
even likely, that later structural episadas would have little

or no effect upon the r@servair.g/

2/ anaver,'éa exception must bo noted: "Upper Dakota”

pruduction from the "J" and ”9" sand bodies in the Denver-

nin

ggg Big Springs Anticline, where there seems to have been‘

~ very little or no lsateral mggration. In such districts, the

field limits commoaly refiact the gaometry of the rwservairs,
and these usually appesr to show 11tt1e or no relstion te |

local structures.

—— .

The history of the Bajor structurnlbféaturms a&jaeeﬁt:to

western Nebraska, like the Front Range, Hartville. and Black

11ills, may be expacted to have begun long ago, even in
Precambrian time. It i3 likely that‘tha Chadron Arch and.
Denver-Julesburg Basin were, to some axtaﬁt at least, involved
in the history.of the “Ancestral Rockies', even though these
structures were in a "foreland" vosition, far inland from
fcgions affected most severely in those tectonic movements,

However, it is the Cretaceous (''Dakota") and later
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history af_the structures that seems to be most.aignifiqgnt.
in prasbni exploration for o0il and gas in western Nebraski.
For example, the 'modern’ Chadron Arch"aﬁparnntly now |
essentially a horst, probably begsn to form along a hingaatna,
fold. that later bacame a high«anglc thrust: fault along its
northeast side. This partiaular fault seems to have nccurrad
sometime in the midst of "Pierve" stdimantation, insofnr as -
this movement now can be dated., At any rate, the davelopment
of the Chadron Arch seems to antedate the fermation of the

mare camplax Crawford Basin, which s more of a graben or A

"¢collapse basiu”.if

IS BN SN 0 Al M LA L 1 S LM St o

1/ See disbussion abov@, in footnote 1, p.'ss;

The smaller strﬂctural featurca of th@ nﬁnverwJulasburg ':
and Crawford Basing appear to be mastly pre- Chadrnn. but some

are later or axperienced principal rejuvanntian.‘ Some faults
may have bean rwjuvunata& Toadstoal Park and whalon Faults,  .
amony others, which are, at lwast, post- Whita Rivor and pre-;t
Arikaree. Also two faults, the,White Clay and Pine Ridge
Faults, appear to have heen at least post-Arikaree or post?
Heningford features, but this.movenant. too, may have beon
.rojuvenation.

Thus, the development of western Nabraska structures
surely took place over a very leng period of time, but oil
and gas migration probably was affected most by those
movements that occurred during, or slightly after, the main

accunulation of these hydrocarbons, and progressively
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7N o less-affected (or perhaps, even not affected at all) by
AN o

later muvements

Nther Structural and ﬂydrclqgiglFéetors.~~It would a?peax;r
fronm tﬁe data prwsantly available, that hydrologic conditions
are essgntially,“nérmaif, or what one wuuld:QXpect‘ih giVapl
situstions, for most of the kneown or peteﬂtial prcdﬁéing . "
intervals for oil and gas in w@ﬁtern Nebrmska. However, in
the vicinity mf‘the.Chadran Arch, unusual hydrologic condiiions

| seem to occur for permeable Cretaceous and basal cﬁadron,'as
well as perﬁaps for the permeable beds of the Jurassic. The
‘déta presented in Table 3 andvFigure 6 suggest that mest or

all of these permeable sediments, along at least parts

of the Chadron Arch, are unsaturated or un&ersaturated (that

is, partly er entirely dry with rwsyect to aii fiuids).

- These anomalous situations are vofy inp@rtant aceaomieallv, '

and future expleratiun must giva serious censi&@ration to
 the implicatian that in some places along tho Chadron Arch

these conditions would have much to do with obtaining

significant production of oil and gas, or sven water, from

these permeable beds. _ ‘
The principal data dacﬂmqnting the above conélﬁsion are

sumparized in Table 3. The documentation roflects the type
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Figure 6.
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Locatien of 0il test-wells bn'and'aeat the
Chadron Avrch in réiation‘to the stfucture and
subcioyping strgtigraﬁhic units on the Pra~Tert1nfy.‘

Surface.
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af drilling oquipmant used, whzthcr cable- tool&/ or rotarygf;ﬁ'

Wiy e o w0 . - 2 “ S——-

1/ Cable~tool wells are documented with significant obsarvatfbns
by dfilling ﬁersonnel; thesc statements are often very uxeful{
for fhe'goologist. _Such 1nformatidn is contained in the'fight-
column of Teble 3. For exanple, notice the following commants
on the table: Well No, 1 was strongly "blowing”; No. 2 had"f
continuous suction: Mo, 3 coqt&inndiﬁandstona that was watéra o
bearing nesr the base of & recorded interval; No. 4 penetrated
100 feet of dry'sand- aud Na.‘svwns water-bearing in the ._
Tertiary but completely dry of any fluid in tha basal chadron-
"Dakota" intervnl that was drillod.- |

2/ ®ith respect to rotary~érilla& hulas, the recurdz may be

expected to contain less~direct but equa11y~pertinent information,_'

_ auch as is given-farthar down in the rlght-column of-Table 3

For inatanca they would allow racognition by driil-stem tests
of patmaable sandxton@ in wells containing no or extrome1V* e
low pressure (such as IFP--initial flcwing pressure, FFP-- '
final flowing pressure, FP—«erwing pressura. and SI?~~shut in
pressure) and characterized by eloctric log renistivities that

are high to extremsly high.

ek e i W

gcnerally tho older wells were drilied‘withfcahlo*tools; |
whereas the new ones ntilize&‘rotary‘oquiﬁment. lHowever, Q}
cable-tools were used in one well moro racantly- this is the.
Murray No. 1 gas test, drilled in this sxceptional Branner in
1962. Interest in this one wull must be especially express@d

becsuse it proves moat definitaly that the "Dakota™ here
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»contained no fluids at all for tha sectian drilled even

though the Tertiary above contained at 1east four wster~
bearing horizons (personal communicutian, Mr. william Garber, '
1968; stlo 3 wezx Ne., 5; Iocation shnwa on Figur@ 6).

Such a ”dry" interval annnot be adaquataly explained

at present, but in this case, ‘the follawing fuctors must B

be considered: (1) prnsance and elevation of the pra»ﬂhsdron .
uncenfarmity cansi&ered in ralation to the ”dry" basal |
Chadron here, wherﬁas farthnr west the basael Chadron is

an aquifer, (2) “Dskota” at relatively«high olevntion, and

{(3) relation of the major fsults associated with beth sides

of the Chadron Arch. However, it seems reasonable to |
postnlate that the present fluid luvel in each of the

several "Dakota” hor:zons may be the normal pi@zematric

surfaca for emeh ccnfineﬂ»unit of the "Dakata“ Further, f“

one must take inteo account the possib&lity ef different

. }f'conditions having ebtained in ﬁarly Chadron time thore

:hﬁf wmay have been a samewhut lcwar water tnble befors Chadronf.:

sediuentation was campleted and nll this may hnva been - |
modifiad in later tectanic moveaonts. Finally, restaration
of past conditions becone exceediugly difficult once |

drilling has penetrated these several horizons,<th¢‘

“variables introduced become only rough approximations.
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'OTHER POSSIBLE RESOURCES  ;7

In addition to oil, gas, and wster, the following
materiais exist or may axiqt in western Nebraska in cemmercial'
quantities (1) sand ané gravalg (2) valcanic ash (pumicite),.
(5) dlatomaceouﬁ earth (diatomite), (4) potawh and perhapa 'f‘
other salts; (5) gypsum"(ﬁ) bentonitic clay (bentonite): ’
(7) expandable shale, for light~weight aggregates; (8)
rafractor? clay and pvésibly “Fuliar's Barth"; (9) wranium

minerals; (10) agates and opals; and (11) chﬂlcedbny and

other quartz minerals.
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o SUMMARY |
The’subsﬁriace stratigraphy, strﬁcture. and paleotopography
of western Nebraska have been invostigutod in as nuch-detuil*l
2s present information allows for aodincnts of Late Crataceous.
Tertiary, and Pleistocene age, and the Prn~Thrtinry Surface
was gliven up@éiﬁl emphasis., The logs of about aizht thousand
wells have been cnnsidared in preparing the maps and prafiles.

Addxtienally. nuuarcus well samples were collected and

‘examined, and more than three months of field studies were

devoted to the project since it bogan in 1958,
' The drainages and drainaga divides davaloped upon the

Cretaceous and older rocks befare the deposition of the

. Chadron (Enrly Oligocene) have hcan reconstructed as a first

step in praparing cantour aaps (both structuf%; aad
paleotnpagraphic} of successive horizons beginning with the  ]

base of the "Transition zone“ of the “Piorr@" end ending with

the base of the Quaternary. ‘The pro- Chuaron-paleotopographyrv -

is of unusual interest, for thé:anciqﬁt dtainggé'divides_saémfr'
to be mostly coincident in some éwnag'with.proauctten trends
of oil and gas fields yielding fron'ﬁnakétn" traps.

Similarly, thé pre-ch#dion driigages aro_of'inpoftance in

the delineation of possible aquifers that can be utilized

" in secondary recovery operations, marginal to certain

productive oil and gas fields. Apparently younger aquifers
in the Tertiary-Quaternary sequence bear interesting relations,
also largely reflective, to this Pre-Tertiary Surface as well

as to other contouring horizons.
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- ?hé ecdnomic utilization of such a.stuéy of sﬁccessional
topogrébhies, possibly reflecting structural and stratigraﬁhic
conditions at depth, may be;significunt inlloéaying oil and
gas accumulations and'thus impoiiant in futurétéxploraticn.‘
Parhaﬁs it illustrates how a purely- scientiflc 1nvestigstion
may occasionally yield unpredictuhle oconomic rawards,
iHowever, both maps and cwss sectims are requirad to
&0cummnt the regional relations.

The illustrations include: palaotcpographic reconstructions

'fcr the Pre-Tertiarxy Surfaco' a map of the structural fentures

in wastern Nebraska, & paleogeelugic uap for the Pre—Tertiary'

Surface, on a base with paleotoyozraphic contoura for this

same surface; and cross -sections near tho westcrn margin of R

Nabraska. Thesa are furtber éiscusscd bezaw.

Palaotqpographic Mups.-wTho Pro«?ariiary Sufiace, which is E

~ principally the PreaChadron Surfaco..in shown by two maps at o
- d1f£erent scale& recenstrueting the anciant tepagraphy ef

’much of wwstarn Nobraska. The groatost concantraticn of

control points in the southwestern part of the region allowed

the most detailed reconktructlon (Plate 1), whereas only

general information was avﬁilable for the remdinder (Plato"-f
2). The pre-Chadron druinages ‘and dividos known with best
control and which have the 1ntcrnt1ng aconoaic relatians |
discussed above, ars shown &s ?lnto 5.

Structural Map .--The roglonai structnre of wostarn Nebraskn

is portrayed in Figure 2. Although thc principnl structures ‘

' have been previously recogniged,-adéttionaz ftults and folds 13
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have been identified. The important stiuctural‘élemgnts are:

(1) the Chadioﬂ Arch: (2) the Xennedy Basin; (3) the Benvmr#_

Jule#burg ﬁgsin, including the nek1yfda£ined Cochtnn.Arch_and

Crawford Basin near 1fs nbtthern*mgrgin; and (4) the Blsack

Hills Uplift. R - |
Paleoggoldgig Map . --Plate 4 shows ‘the paleogwélogy below.

the Tartihry; this subcrop map fdr the Pre-Tertiary Surfacez

is in part inferential, but it involves units of Jurassic
and Cretaeecﬁs age in the region of study. Ciosast control
is availabla above thc "Undifferentiated Piarre", that is,
£ervthe “Transition,:one" of the “Plerre”, "Fox Hills™, and :

“Lance”. Dispersed control and structural complications

lessen the"accurac? of identification within the "Undifferentiated

‘Pierre” and older sediments.

Crossu&ections.j’ﬁf the six cross -sections preseated, two -

(figures 4 and 5) are. canearnoé vith Lata Cr@taceous correlations

1n northaastarn Cclorado, wostarn Nebruzka, ané eastern Wyoming,

and with corraetion of cortain discrepancias and errors in
previous work. The preblems of tine-stratigraphy are

particularly 1nvelvo& in the "Pierre” and younger Cratacoous :

Q(Figuros 4 and 5 Plate 6), and five horizons, probably

discontormities. that have been ostablished in the "Trunsition
zone” sllow recognition of six subunits,within it alone.

The tracing Qf any subsurface unit 1nto.the surfaee'preseﬁtg
problems, as is shown by the e;cggric'lags for ihe Tertiary
White River Group in Scotts Bluff County, Nebraske (Plate

5). Similarly, the rclat;ons'to otho: successional horizons
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from the. Late Crotaceous to the present (Platas 6, 7, and 8)

permit reciprocal adjustments as to "limits- of-error".
 Pinally, hydrolegic probieas also havu been studied

On and in the vicinity of tha Chadron Arch, anomalous and:

 presently-unpredictable hydrologic conditions occur with

raspect to,basnl Chadron sands and underlying of the

permeable horizons of the Cretaceous. However, in parts

of western Nebraska, water svidently occurs in an importaﬁt:]

sconomic¢ relation to oil and gas. Both present and
prnspeétive aquifars eventually_must be-evdluntéd in terms‘ 
of the patterns produced by the successive valley-£fills nué_‘
réflactions in the Tertiary and Quaternary, and by Late
Cvetaceous paleogeography. The preferential position of

0il and gas fields with res?ect to ancient ﬁwaxn&ge divides -

'already has been shown to ba‘inportant, and Tertiary aquifars

possibly usable in secondary recovery, as well as for

irrigation, are comﬁonly marginiittd p:od&etive: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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30-minute ead 1S-minute sheets (not detailed, see index
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Survey). Also, selected sheots of Uhited-St@tés

1:250,000 3cale_§eries (sheets Scottsbluff, Alliance,

Cheyenneo, Storling; Valontino, and North Platte).

----- » Maps and charts: Miscellaneous maps and charts,

United States, Basc map for Nebraska (1921 and 1965,

1:1,000, 000 scnle)
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by suthor--Carlson, M. P., 1966, Configuration of
Precambrian Surface in Nebraska, 1:1,000,000 and
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Psnhandla), one-half inch to mila scale, DeGraw, H, M..j

1961, Structure Contour Map, Top of 'J" Sand (Kimball
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(revised map not yet released for open-file), | .

1: 500,000 scale; and Reed, E. C., 1955, Structure Contour.
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Mountain Associstion of Gealnglsts, Bonvar)
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Western Nebraska; Reed, E. C., 1950, Dakota~Colora&ov _ _
Group, Black uilis to Southern Nebraska; Reed, E, C.,
1951, Northeast-Southwest Electric Log Table for

Western Nebraska; Reed, E. C., 1951 West-East Hlectrié'
Log Table for Western ﬁcbr&ska, and Reed, B c., 1951 “
hurley Pcol “Structural Map and True Scale (set of two).
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Western Nebrasks and for Selected Areas and Counties of

-------

ﬁEﬁIﬂiﬁ&» mainly at two scales, and Selected Geolog&g'

Maps of Nebraska and of Aress in Nebrasks, at variant -

scales.. _
(Bull ) coﬁpilatiuns of data conCerning déep wulls'

drilled in Nabraska, Bulletins nos. 4, 17 20 22, 24-25,

Miscelianaaua atlas Baps: State Planning Board Maps for

Nebraska Counties, at two scalas, and Water Resourcas

of Nebrsska, revised in February, 1941, by Nebraska

State Planning Board and coopersting agencies. Soil

Maps for Nebfaskaiﬁounties (in ptpgesﬁ of revision and

republication as an Atlas), Tgsued by United States

Department of Agriculture. Alsc, Ground Water Atlas e

- of Nebraska, issued in cooperation with'ﬂhie:vkesourcesl;

Division, United 8tate§ Geological Sﬁfvéy (Lincoln)

well drillad by c. w Toatcr,.lecatod in SE k NE.k
NE.%, sec. 32, T. 22 N., R. 63 W, Goshan County,

_wyoming. Sample description and corriittlon by Pagé7

T Jenkins of - Jenkins and Hand, Consulting Geolagists,

vDenver, Colorndo.

| Sample log: Unpublishod sample log of the Lloyd Blunt No. 1




Symbol

Legend for Plates 6, 7 and 8
(A1l in pocket)

. Datum Horizon

Modern topographic surface; a composite 1nc1nd1ng'
remnants of thinly mantled High Plains’ Surface
(End Tertlary)

‘Unconformlty at base of Quaternary alluvium in valley

s1tuat1ons, probably a composite surface.
Unconform1ty at assumed base of_Ogallala.

In places, unconformity at assumed base of Ar1karee,
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 comp051te surface at base of 1ntraformational valley
deposits of Brule and assumed upland equivalent;.
upland situations, an. unconformity (paleosol). separ—
ating overlying Whitney from underlying Orella; in
valley 'situations, an unconformity at base of Middle
Channels and Toadstool Park Channels of Schultz and -
Stout (1955); in places,. p0551b1y at base of hlgher
channel dep051ts. :

- Base of an excellent ‘marker bed assumed to be Just

above true Chadron-Brule contacty 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 Tertlary, in most places
the weathered Pre-Tertiary Surface, but in at least
- one place, the Pre- Arlkaree Surface; top of the

.Assumed contact between overlying "Lance' and under-

lying "Fox Hills".

Assumed contact between'OVerlying "Fox Hills" and
underlying "Transition zone' of 'Pierre'. :

In places, unconformlty separating over1y1ng "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 ”Tran51t1on zone" of Rankln




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 ”Und1f—
ferent1ated Pierre".

Symbol

.Qa
Tpo

Tma
Tmav
Tv-d
Toh‘
Tobwu
Tobwm
Tobwl

Tobv
Tobo

Toc

K1
2/*\ o Kfh

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 dep051t10na1 phases (und1fferent1ated)

Assumed Arikaree of Miocene age; valley dep051t10nal
phase

Tert1ary valley dep051ts of indeterminate age (may be
Ogallala, Arikaree, or Brule)

Brule of Oligocene age; 1ncludes both upland and valley
depositional phases ‘(undifferentiated). Actual base
: assumed to be slightly below "'f" datum

Upper Whltney of Brule; 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

(1955) is. top of Lower Ash Bed

Intraformational 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, cons1dered to be

at least in part equivalent to Orella B and in places,

Orella C. and D, of Schultz and Stout (1955) '
Chadron of Oligocene age; predominantly valley dep051ts'

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_" Pierfe”

”Undifferentiated'Pierre”
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Table 3.--Anomalous hydrologic relations reported for permeable stratigraphic units penetrated by oil test-wells on and near the Chadron Arch in Western Nebraska.

Reference datum: KB, Kelly bushing; DF, drilling floor; GL, ground level.
Hydrologic and other pertinent information: BP, back pressure; HP, hydrostatic

pressure; IFP, initial flowing pressure; FFP, final flowing pressure;

FP,  flowing pressure; SIP, shut-in pressure; Rec.,, recovered;
E-log, electric log; DST, drill-stem test.

(B) S. D. Johnson
(C) SEYSEYSEX sec., 16,

(B) 1180-1220%
(€) 4oF

1508-1600 feet had high to very high resistivities.

Well No. ' Name (A), operator (B), ' Year . ' Reference ' Total ' Permeable stratigraphic unit (A); ' Hydrologic and other pertinent information regarding
(Fig. 6) ' and location (C) of well ' drilled ' datum, ' depth, ' depth interval (B) and thickness (C) ' permeable stratigraphic uniql/
. Ce - ' in feet ' in feet ' given in feet ! (all indicated pressures in pounds per square inch,
s CABLE~TOOL METHOD OF DRILLING
T. ' (A) Beaver Creek Well - ' 1903 ' 3400f GL ' 800- ' (A) Probably "Upper Dakota" ' VA strong current of air poured out of the well."
' (B) M, J. Miller ' ! o ! 900 ! Sandstones K
' (C) NE% sec. 18, ! ! ! ! !
' T. 34 N., R, 46 W, ' _ ! ! ! '
.2, . ' (A) Braddock No. 1 ' 1919 ' 3050% GL ' 1300 " (A) “"Upper Dakota" Sandstones T TAt a depth of about 600-700 feet, he /the drilling
' (Jones No. 1) ! ! ! ' (B) 600+-800F ! superintendeq§7 first noticed the suction; now at a
' (B) Clear 0il Co. ! ! ! ' (C) 200% ' depth of about 800 feet, the suction is strong
' (C) NWW% sec. 33, ! ! ! ! '  enough to be heard 50 or 60 feet away from the well.
' T, 35N.,, R. 47 W, ' ! ! ! ' It is not a breathing well but one of continuous
' ! ! ! ! ' suction. A sack placed over the top would be drawn
! : ‘ ! ! ! ! ! in immediately."
3. ' (A) Duthie No, 1 ' 1926 ' 3115 GL ' 2947 ' (A) '"Lower Dakota" Sandstones ggr ' Operator réported that sandstone interval 945-1025
' (B) Nebraska 0il Corp. ! ! v ' (B) 945-1250 3 feet is water~bearing near base,
' (C) CNLNE4NWALNE% sec. 33,' ' ' ' (C) 305 '
! T, 35 N., R, 47 W, ! ! ! ! !
4, ' (A) F. M. Conn No. 1 ! (?) v 3244 GL i 900 ' (A) Probably "Upper Dakota" ' Operator reported that depth interval 510-610 feet
' (B) H. T. Osborn ! ! ! ! Sandstones ! consisted of sand and that water had not been
' (C) SELNE% sec. 7, ' ! ! ' (B) 510t 610% '  encountered down to a depth of 830 feet.
! T. 34 N., R, 46 W. ! ! ! ' (C) 100% ! :
5. ' (A) Murray No. 1 ' 1962 ' 3960 GL ' 1600 ' (A) Probably Basal Chadron and ' "No fluid was found other than fresh potable water in
' (B) A. F. Adams ! ! ’ ! ’ ! "Lower Dakota" Sandstones é/ ! any of the formationsé/ encountered, The Dakota
' (C) SWINE3SW% sec. 24, ! ! ! ' (B) 1368-1524 ! formation was absolutely barren containing neither
' T. 32 N., R, 46 W, ' ! ! ' (C) 156 ' water, gas, or oil. The hole was bailed dry before
! ! -t ! ! ! topping the Dakota and it remained that way through
! ! ! ! ! ! the entire interval."5/ '
ROTARY METHOD OF DRILLING
6. ' (A) Murray No. 17-24 ' 1950 ' 3990 KB ' 3041 ' (A) Probably Basal Chadron ' E-log intervals 1250-1270 and 1304-1316 feet had very
' (B) Superior 0il Co. ! ' ! ' (B) 1222-1278% ! high resistivities, :
' (C) NW%SW%SW% sec. 24, ! ! ! ' (c) 56t ! E-log intervals 1411-1446 and 1450-1458 feet had
! T. 32 N., R, 46 W, ' ! ! ! '  extremely high resistivities.
' ! ! ! " (A) "Lower Dakota" Sandstones ' DST--interval 1412-1432 feet: Rec, 7 feet drilling
' ! ! ! ' (B) 1278%-1458 '  mud; FP 0, HP 700, SIP O.
(C) 180% !
7. (A) State No. 1 1951 3920 GL 3051 (A) Probably Basal Chadron ' E-log intervals 1180-1206, 1254-1280, 1346-1460, and
1
1
1
1

- o we e m e ] -

T. 32 N., R. 45 W.

- - et w wm wm s -

- e e we me e wa| -

(A) "Lower Dakota" Sandstones
B) 1220t 1630
©) 410t

- e e ew ws = ] -

(Continued)




)

Table 3.-5Andmalous hydrologic relations reported for permeable stratigraphic units penetrated by oil test-wells on and near the Chadron Arch in Western Nebraska--

Continued,
8. T (A) Serbousek No., 72-28 ' 1951 ' 3618 DF ' 3700 ' (A) Probably Basal Chadron ' E-log intervals 588-614, 732-752, 1038-1048, and 1078~
' (B) Superior 0il Co. ! ! ' ' (B) 578-620% ' 1092 feet had very high resistivities.
' (C) SWYNELNEYL sec, 28, ! ! ! ' (C) 42k ' E-log interval 1178-1239 feet had extremely high
' . T, 33 N., R, 46 W, ' ! ! ! ' resistivity.
! ' t ! ' (A) “"Upper Dakota" Sandstomnes ' DST #l-=-interval 558-574 feet: Rec. 120 feet drilling
! ! ' ! ' (B) 620=-802 ! mud; FP O, HP 260, SIP O.
! ! o ! ' (C) 182% ' DST #2--interval 598-635 feet: Rec. 130 feet slightly
' ' ! ! ' '  water-cut drilling mud; FP O, HP 300, SIP O.
! ! ! ' ' (A) "Lower Dakota" Sandstones ' DST #3~--interval 1035-1062 feet: Rec., 35 feet slightly
! ! ! ! ' (B) 1036-1439 '  water-cut drilling mud; FP O, HP 550, SIP O.
! _ ! ! ' ' (C) 403 ' DST #4-~interval 1213-1240 feet: Rec. 10 feet very
v : ! ! ! ! ' glightly water-cut drilling mud; FP O, HP 650, SIP O,
9. ' (A) Max Theis No, 1 ' 1954 ' 3969 KB ' 1901 ' (A) "Upper Dakota"™ Sandstones ' E-log intervals 1370-1379, 1386-1392, 1534-1538, and
' (B) Amerada Petroleum Co.' ! ! ' (B) 1366-1646 ! 1578-1602 feet had very high resistivities.
' (C) CSW%SW3SE% sec., 22, ' ¥ ' (C) 280 ! DST #l-~interval 1366-1380 feet: Rec, 1 foot drilling
' T. 31 N., R, 47 W, ' ' ' ' '  mud; FP 0, SIP O,
' ! ! ! ' (A) "Lower Dakota" Sandstones ' DST #2--interval 1367-1380 feet: Rec., 3 feet drilling
' ! ' ' ' (B) 1830-1901% '  mud; FP 0, SIP O.
! v ! ! vo(©C) 71+ ! DST #3=--interval 1368-1380 feet: Rec., 4 feet drilling
B | . 1 1 { ! : ' mud; FP O,
10. ' (A) Jaggers No., 2 v 1952 ' 3871 KB ' 2764 ' (A) “"Upper Dakota" Sandstones ' DST #l-~interval 1753-1768 feet: IFP and FFP O, HP 900,
' (B) Shell 0il Co. ! ! ! ' (B) 1702-1992 ! SIP O.
' (C) SE4SEYSEY% sec. 22, ' ! ! ' (C) 290 ' DST #2-~interval 1817-1879 feet: Rec. 280 feet drilling
' T. 28 N., R, 46 W. ' ' ' ' ' mud; IFP 240, FFP 240, HP 875, SIP 425,
v ! ! ! ' (A) “"Lower Dakota' Sandstones ' DST #4--interval 1703-1709 feet;: Rec., 18 feet drilling
' ' ' ' 1 (B) 2162-2500 ' mud; IFP O, FFP 0, HP 920,
' ! ! ! ' (C) 338 ' DST #5--interval 1705-1710 feet: IFP O, FFP O, HP 900,
11, ' (A) Sandoz No., 47-18 ' 1951 ' 3904 KB v 2815 ' (A) Basal Chadron (?) ' DST #l--interval 1825-1851 feet: Rec. 60 feet drilling
' (B) Superior 0il Co. ! ! ! ' (B) 1812-1837 ! mud; FP O, BP 975, SIP O,
' (C) CNE4SE%SW% sec, 18, ! ! ! () 25 !
v T, 28 N., R, 42 W, ' ' ' ' '
! ' ! ! ! ' (A) "Upper Dakota" Sandstones !
! ! ! ! ' (B) 1837-2000 !
1 i 1 1 1 (C) 167 !
1 1 1 1 1 1
! ! ! ! ' (A) "Lower Dakota" Sandstones !
i ' ' ' ' (B) 2180-2570 '
1 1 1 1 ' (C) 390 1 _

l/ Information from driller‘'s logs, operator's reports and related documents on open-file at the Nebraska Geological Survey, Lincoln, Nebr.

g/ Note: "Upper Dakota” Sandstones are missing or were not recognized in this well. Although it is possible that they are not developed at this location, it is
more reasonable to assume, in the light of supporting data, that they were not recognized or were not reported because they did not contain water,

3/ "Upper Dakota" Sandstones missing owing to pre-Tertiary erosion. ‘

ﬁ/ Probably thick Miocene deposits, the principal aquifer in this part of western Nebraska,

2/ The validity of this report was reinforced by Mr, William Garber of Sidney, Nebr., the well-site geologist for this well (oral communication, 1963).




PLATE 2

INDEX MAP

EXPLANATION

~——
N
—
oo,
/{I:

[ 2900
et

& Absae M
N "
i "
e aurts

o —

SIDIANEE

(A7

SV
D!

A 18
Sus 4/7 | sl ]
o
2748

L3

; %
2mv0
5
7
sods

2]
7 Yo
1) &Zﬁi
2
Y

VEﬁ
]
au ;3

W /L

<3
. A
N
‘A

/_
] .
~J e
™~

Y

)

]

e
o
G
—
&
i
]

o had | g 2000 g 5 :
d Ly U= 5, 4"4 Sl
. oo 25 A / 258 w ‘) 7)( A(/ st s
2100 g y g
2750 . 1 N B <

W) o
==
=

5
¢
P

e ]
D1
28 !

1
7

2o
T
e

ity
adio D

iy
I
24

)
<

e
=
3¢

55
o

N
'
J I 1OA ===
e
0 j A

=y
s
d“g >
%E =\
o

?

ek

ANV
AT

Nt S /( ?‘70 ; 2500 i
\ s -
o @ | o] .

o

(

~N
4

on \>
ok s

Z D)

\'4

N
N
)
2

=,
< =3

é@

ﬁ"a
BTN
-"Ba %§
-~ by Q)

Bose traw osteqnel Suiney
Tonion ot 1971
Bevte 1396,000

o .

P,

C= ?\§

=
/_/\
=

173
N
259
&
9.

3 [N
(%« N
o Gyt ey LA PN
%, Fe0 38 by B
D S
0 W 31 o J o . »;
's40 Rt ) 43 32
S 3338’
sdeo ot e o als? o, >

(A

=
2
u 3.

S

e [T

TN
IS\
=

—_}T'T
I
5S
75
<€
e
: 'L'/)T“,“ ~ 50 N\
E ]
=
-\
H
N\

]

"IN WESTERN NEBRASKA

*" CONFIGURATION OF. THE PRE-TERTIARY (PRINCIPALLY PRE-CHADRON) SURFACE




PLATE 3

4

104¢ . 103° 30"

R 55 W R 54 W

103°

R 50 W Rasw : Raew.’
__————__L.——‘—-__‘ ——

R

1020 30°

a6, w R_4s W

R 43 W R 42 W
e ot e . ey

R &l W

1020

"

0 - 103° 30"

.EARLY -TERTIARY: {PRINCIPALLY PRE-CHADRON)- DR'AINAGES AND -DIVIDES,  WITH LOCATIO

1030

IN “PART OF WESTERN NEBRASKA

c5 _10 [t} 20

SCALE [N MILES

102° 30"

i
<

NS OF OIL AND GAS FIELDS,

EXPLANATION

m

Droinageway

/\-/

Major drainage  divide

- ——

Minor drainage divide

Qil field

Gas fleld
(24)

Number of confrol potnis
in. township o7 part of
township

102°

a1

INDEX MAP

vi-L -5




PLATE 4

EXPLANATION

CRETACEOUS

>

© Al
2
K Y a
E 3 g a 3
. 2 g
s g e 3 e 3 e
S » o 2 B ] 2 - 3
< < 2 g
2 £ - © s . 3 = )
—r & @ 3 . H e K] N
s 3 < 4 2 s ® o
€ 2 v v S s o H o 38 2
2 ° H 5 e a s * 2
s € L 2 o & - = Lt - 3
£ 8 o @ £ °lalw o ° s
sle|€ls ] 1zl- = .lzls]z ] os e
s AR EE HE MBS s
v E s H £ @ 3 ° s R
H ER 2 & S T
€ 3 < . o
3 .. c *© $ s 5 . s = «
i 5 2 H = “ - o H
&+ 3 = H e e - H
3 £ H k] 5 H
2 2 4 T 2 s a s
- 5 w < g 2 z E
* * o © ] d 5 H
s S b
8
K
= .
— -
I3 @
H H
@8 3
wy xQ
& a a
a g o
SG S
« &
S S

T
]
L]
1
"
"
|
——

JURASSIC

PPER
23 JURASSIC

o
22
L3
M
H £2
P r3
32 2 53
] 33 Fes
& 3§ oy
®3 =L a2 87
(1 £33 = =
g i iz
< c =a
L =TT
- A Y
> *TE 3
2 » 5$F =E&
£ ] z
s /uxu &
P 5
§ X 3
5. 5e3 5
= 238 23
= £
Al -3 M
h © v
It
£5 %
73
v§5
°
255

=

=

c

®

M

S.

53

iz

ro

22

3 :

=5 Gy
T “:

vE

s
E

52

v3

2o

<

v

3

2

<

ell

pre-Terliary surtace i

Casing elevation below

e
Arch) is

Chadron Dome area
of Chadron

st

rihwe:
eralized

NOTE: Geologic mapping al
{ot nort end

N EBRASKA

e s atn At 1]

-1

5.

'
"
S

]
=5
s
£
1310 /‘
2308° L
o

SN
v ==t
2

-
NY

=
;%ﬁ

AL/

Y
Z

-
CAll=Z=

”,‘.,7

&

/

o

| i
< 2N i_ -
Ao\"mlw‘/// AYAN = l“ )

259 a3l
)

5

L

}
;

/7
L

it

)
)|
%

]

&= /é &
4

)
A o
q

D)

) )
Y
I;\/

PO
|m/'en

2
_/47/\:}‘)
=]

7
A\ 22

s
2%
" roo.
"G
C):- D

£

>

le"\AJ/’ >
]\__\’\v\/ :‘z"’
]

4

<’\

Y

A
T H)e

D

%g’f’O
5
| 7

7z
25

(N

S

7
IR

A\l
C\/\/L/‘

j%/m

w-
(&}
«
[T
[+ 4
>
[74]
-~
4
o
o
o
-4
e
(5]
1
w
[/ 4
Q.
>
-4
-4
b g
a.
o
=z
[1 4
a
>
[+ 4
<
-
w
w
-
I
w

B 4
a
ial
T
L
T8
o
>
[S4

. O
|
o
L
©

<
X
(2]
<
o
m
W
z
z
[+ 4
11}
-
(2}
w
=
z

INDEX MAP




PLATE

FRANCIS PETERS’

MIOCENE
Arikaree
Gering

T Upper §

Middfe

Whitney

Williamson

GL 4829'

| a3

"

CENOZO1C
Rivesr

T-E R T

HAMPTON "1

6L 4797'

’qu. 237’

T. M. EWING *I
E. M. Davis
SW SE Sec, 20

GL 4866’

Csg.[287*

Brule.

O.L 1160 CENE
White

Box Buite
S

Tablelands

0 o

e
-, : . INDEX
_§ _FANNING *| L { showing line of
‘WOodwurd il Co. :
NE SW NE Sec.!7,
T.2I N, R.S6W. ;
KB 4777
{ GL 4767 . .
; . .
. | FULLER *I 2 .
Csg| 313 : McDaniel Drilling Co. syuorce o1 Co. " Inc
. NE NE Sec. 7, SW NW Sec. 8
T BLN-R.5SW. T.2IN.,R55W.
‘- *KB 4250' KB 2163’
i) 6L 4245' — 6L 4158"
' BECKMAN *i 't .
: Regol Drilling Co. )| %9 Csg.| 104
| & Tom Vessels Jr.
| SW NE Sec. 2,
q T.2I N., R.56 W.
| *KB 4293°
GL 4288'
Csg.| 142"

<~

Chadrén |

CRETACEOUS |~
Zone "

"Pierre"

-MESO0ZOLILC
"Transifion

LATE

Wi
H
|
)

6 7

KB— Kelly bushing {Aslerisk in-
dicates reference datum log
is measured from .
GL—Ground level

Clq.—suse of surlu:e casing

FVELECTRIC LOG CORRELATION AND SUBSURFACE—SURFACE
SCOTTS BLUFF COUNTY

The ossumed datum is ‘used
- to demonstrate uniformity .
of thickness and to show
eose of qucinq electric-log

characteristics:

EXPL

The ollernate datum is the
key horizon for relating
eleciric-logs to ouicrop.

[+]

ANATION

Subdivisiong
River Group

of
Schultz und Slau|(|955)

| N 2

SCALE 1R MILES

Correlation line (ossumed
time horizon!

For explanation of other
symbols, see Legend for
Plotes 6,7, and 8.

RELATIONS OF WHITE RIVER
NEBRASKA

Inferprelation ~by H.M. DeGraw, Geologis!
Nebrasho Geologicol Survey,
Drolling by H.R. Corr ond D.S. Summers

NORTHEAST

Northeast Face
of Scotts. Bluff
National Monument

Sections feom Schullz
and Stou! (1955, fig.10}

LITHOLOGY

N-

Mossive pink silt and clay

7

Lominaled pink, brown, ond buff silty clay

Sandstone

Voleonic ash bed

Nodulor silistone ond  claystone

B

VI-EFT




i
; .
! .
!
e oo I T T . # o T T T e o |
i PLATE 6 |
] . - |
i { . !
! o) . : ‘ . |
‘ souTH | , NORTH i
i ] . > i
T L 3 | | | ] - | | L :
z TI2N 1 TI3N i T 14N i TASN : TIEN. £z TITN I TisN . ; ] TIoN . : 4H T2IN
3 : 0 i : : : 313 . ! ’ 3w
i 88 | gl3
. i3
0|2 = ' s
. alg . S . . F1H : HT
212 A . S . . 2|3 . alk
x| * . .~ - . . - * \ M Py o - . J— - - S
ol v < - . - CHEYENNTE TABLELANDS: T : GOSHEN H
o . . . . . . . .
> . : : ! ! : £ |
o : : ’
1 STEN?L . . . . . . . X " .
b TG wa Wk E'll A, ’ PETE " ' - :
E C-5, . 5 Roc co. : B . . . RSON "A™*2 B . ; ' . .
r;zh%.‘s}’s-s.. .Nﬂmyné g;’ffs FARMER"1 . . . SPENCER”I CREFITH —oqrg'l Sheil 0il Ca., | MOSSBERG*1 . WILDCAT
. wadd F B3 0 Ce uarco Oil Co, - Sun Qil Co,, N : e
- a0’ L _DUSON_Q - TRRLIAN Combridge O C3nc: A o | o SWonAWSe 10,  CSWSWSeco7 ,—ﬁf! R Sd, | STATE) 8 Regol Drifing Co., - e o
Tome = Rock G arar* CSWNESee.3d,* * gy 'sw sw See. 15, . - e TiSN. RSaw, . DSMRSAw, - [STRATGRAPHIG L.\ gy 7as Patro—Lewls Ltel, C SE SE Sec.14 Nw NE SE Sec.23, 1 RIDGE
= L j . A Tamrsaw o Ok Roaw. . S “kpazer  9ATsT | _bvsow | g gocs © SE MW Ser 36, Trwesaw. . [TOISRT) Trien. nsaw, " i
B : oL 4720 ke 4731 GOTTE ™! 6L 47a9" OL4705" [ Time — Ruck FI7N.RS4w, “xB 709" DVISOY “K8'a705" "
S | s Tt o2l B - "He 4533" 6L 4701" GL 4637°
. . Gray & Hanry @ - - < | . : :
. el 11, Lo > . e cswswsecas L R Csg. 6L 4525 . . \r“—-\ :.
B ez, csq. |02’ Ke'46ia - D . FLOWER*1 1 .
.. BRI HE GL4606" . ) =le Strain Dsnun;; EY. Al 3
Slelels Cag.|137" N N HE C NW SW -
HEHE S z|2l3 PUMPKIN CREEK ¥ WILSON — CHAMPLIN “1
- . HEES B =18 . g Fundameniol 0il Co. .
T o 2|2 VALLEY 6L 4381 € SE NE Secd
> 2|2 . .
STR_ATIGRAPHIC 3|z efe = ez . Csg.| . Py .
DIVISION MEEE *lels S . A e e e . - 4500
4500 Time HHAHE 2|3 r V4 . R
g . .
Ol . BROWRT1-A
i McDaniel Drlq. Co.
| € NE NE Sec. 3
il E . NORTH .PLATTE
. *Kg'4298' GREISEN "1
Stz 6L 4291 Verde Enserprisas Inc. VALLEY .
o1y ’ SW SW Sec.24,
~idlo TN, RSW.,
o-lo k8411t s
ziEl2 o DUTTON
e 1
. Wikl Exeter-Knight & Miller
oiFlo .
[ et € NE NW Sec.33,
: TZINROW,
E 6L 4075" . - . 4.
——
~
4 ~
. m [sTrRaTIGRAPHIC| o0
. aun DIVISION _
- . ]
H Caqf197 Rock | Time 2
R <
A T <
(2 q | 3
T =3 1o | ]
H i o §} I ’_0.
- 1 Bla; WO S
2 : . S HEIFS & '
. v | b zlu|Z|e e
e " LAY s
5- > | f A P Pt I H
4 1e|81E(2 €
. =] iE © E z v
H @ HE I b 5 v
H £iT|o|-lo £ R
H ° 2 .
¥ 5! s
3 < ! i g
= 4 SN i :
' 3500 .
3500 N : N g! m' .
=™ 1o
o =3 .
] i 7 sl |o
H el=zi
: & 2! e
2 o
| \ SiE 2o
© i “lol_
u : ;M wle
i P -
L ' LMol
T ; ! o € o
- . VIE’ Olyrw
sa
Bio | i
8| =I®
e 3000
3000 & wi©
" H 2 |-
, : st
. : ;
. 16 , = i
! ' o :
N = i
. - L
LT I . . " inlarpretalion by H M DeGrow, Geologist
varteal scue 534 honrustal sedle ) B Nebrosha Geologicot Survey, 1968
: , . EXPLANATILON - Drofting by M R.Corr & 4.2 Leach
! s . <KB=Kally hu;h|“¢ o . ! For explanation of other -
. “ Wajar  uriconfojmity ' . -~ (Asterisk Indicotas referance dolum lag. is measured from) symbols, see Legend for
A o .
Minor _ unconformity 6L~ Ground level . ) I Plates 6,7, ond 8. 7
: C39.—Bose of surface casing . N . .
Coreelotion line i
{assumed time hrizon)
. i -
e i i iy . : . p . . ° ' ] §
- . "ELECTRIC “LOG CROSS-SECTION ALONG THE.-103° 30' MERIDIAN,. WESTERN NEBRASKA -
‘ . : - T2 [ so2 . 4 . . & P .
./“’\\ ’ SCALE N MiLES - y
A . i
N, < v
~— . . - VEEE-T i
b - - i PLSA

i




PLATE 7

SOUTH NORTH
| v E S
. i s B
. : . . oz » 213 : g 3|z
ofz 12 N ST I3 N . T 14N T IS5 N T 16 N z:i2 T I7 N T 18 N T 13 N - 210 ! T 21 N. T 22 N T 23 N °lz
. :i: | =} .
BE : 218 | I | 1
z|” ' 3 51°
] b : ] b ' Bl= , mfx
513 ‘ HE g £, 5
. z . Zlo . wlg
= =|Z : <| : o'
> : o ot @ la . s
. . o . . (2]
= CHE Y ENNE TABLELANDS . | _ .
L . G OSHEN HOLE-
: " C
x . M
[ . .
N | o .
m S : :
,\/W‘—\/ @ :i - M
. 2. . WILDCAT . ) .
: v ) RIDGE Geotogy of Wildcat Ridge based .
3 | on C. F. Vondra (MS. of 1962) . i
N i ) Tmahs  Harrison — sand facies focies . -
' PUMPKIN CREEK Tmahs| 11'_1:‘:;[’:: I&gl;\r:osgn Er:g?‘glomeru'e acies : )
VALLEY 3% Tmag ~ Gering T A .
. Tmah .
¥ Tmame NORTH PLATTE VALLEY
i . .
§ $
. . 3
- . 3 3 A
. 3 5 3. ~
] 5 .'i O ™
: ¥ Q Q@ *x
.- S ,
= 2 _q A h\\\
B 5 4
o < m— )
B 3 | A Toby /79 Top
B o lg f
b4
<
o
-®
£
@ A
3
o
o
4
©
2
<

Wu ) Kpu /N‘\,—r
Kpu Kpu !
3Q00' T Te veate e heriontel seale Interpretation by H. M. DeGraw, Geologlst
. Nebraska  Geological Survey, 1968
Drafting by H. R. Carr

" PROFILES OF DATUM HORIZONS "a"="m" 'ALONG - THE

=~ {For "Explanation of Symbols see Legend

5 . - 5 o )
SCALE 1IN MILES

" 103°30' MERIDIAN,
for Plute§ 6, 7 and 8)

15 . . 20

WESTERN - NEBRASKA

VI-EF-7




VHSYHE3IN NY¥3ILSIM

1103 ¥ H K9 Bujyeiq

(8 puo L ‘9
‘NVIQId3In-

S37IW NI

2IvIS

oz’

il

5940|d

o0l

ol

104 puabaq

89s

S

2onE>m *o :o;c:Eaxw J04)

- SNOZINOH. ‘NNLva

mxh 92044

9.

40 $37140¥d "

iborns st W vepaientes) ] .
. . eear gowmoniiou. zge 8109t iediiieh 0008
| 00s¢ -
.
Vs, A0y - :
9 ay
2048 oY
000b
= .
9
s
R
X
3
| 2
3
2
A3TIVA  3L1VId HLHON v -qosy -
| 39018 :
ICERILY
” |
} A377vA
i N33O NINIWNd :
|
~
2
Q
| 3
N
o s
: H
370H N3IHSOD
1
I h .
' e————S aNV13ITEgVvL INNIAIH . s
S a : i N IR : . B
n.. ! m [ : LEC =
ola 42 . » | - -3
2 iz z|s zlo
sle m m $d ¥lo
c o= ER e
ol|mn (=4 C .
g3 e gz ‘ 813
2lo vy s -cle . : =3
3 W N 22 1 12 1L o m N 61 2.m~ 1 N 1 z |z N 91 1 Sl vl L N €10 L - N 21 N.O
<lec - m < - N. .M. ol =10
m. z s H —
e 3 -
HLYON | . H1NOS
o 2D (N & R

‘laag)

apniy -

uosw aaoqo

Das

jeay u!

4

R




	DEGRAW 1
	DEGRAW 2
	DEGRAW 3
	DEGRAW 4

