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OIL .i~NDG.t-,s In W)R'TllEASTERN COLORADO
Prospects of Developing Ne~7:r:'ields

'I'he Depar tment of tho Interior announce s that nov'{oil and gas f'LeLds may
be di s covere d in northeastern Colorado far east of the proved fields of the ]'ort
Collins-Ylellington district. according to gl.:ologists of th0 Q'301ogical Survey', who
have been examining that part of the state llurin1g the last few n.ont.he , No ftIlti-
clines comparable in steepness of flanks to those that contain oil and gas in the
eastern part of Larimer C01L.'1ty were found east of Larimer and Boulder counties, but
the exploration disclosed a broad, low anticlinal fold the,t extends soubhwc.rd f rom
the eastern part of Hold Counby across Morg:1.hCounty into the s cubhwcs te rn pazt of
\iashington County, Tho beds along this lin" are very gently flexed, thiO dip being
much less than that in most of the producinc; fields of the Rocky MountaLl region,
though similar to that in the Mid-Continent oil fields of Oklahoma and Kansas,
~hether or not folds so gentle favor the accrrilnlation of oil in Colorado can be de-
termined only by drilling several properly located test wells. The exact dep th to
the reservoir beds that aro believed to lie beneath the sur f'aco in Morgan and ad-
jacent counties can not be foretold, but the: Federal geologiflts have concluded that
at favorable locali tics the depths aro not so great as to discourage drilling.

G801ogic ~ork DODo in 1924.
The rocks underlying that part of Colorado that lies east of the Rocky

Mountains and north of tho latitude of DenvGr are not unf'avo rab l e to the occurrence
of pot ro Leian, and sporadic at tempus to find it have been made during a period cover-
ing many years, Interest in this region was nc i ther general nor Lnte nso , however ,
lli,til after November, 1923, when a well that prOduced daily SO,OOO,OOOfeet of wet
gas was completed near Wellington, Since then drilli1'G activity has st3adily in-
creased, and interest has extended from the region near the mount.a ins , where the
geology is well known, to the larger region on the eastt where the geology is little
known because the rocks a re very poorly exposed. To meet the demand for information
concerning that region, field studies ware made by the Urri ted StCites Geoloi;ica1 Sur-
vey from Mc,1Y to Septer-Iber, 1.92~·, 'The work ·liD.S begul1 "by Julian D. See.rs, who Y18S

assisted by .James Gilluly and Lat er by' Ralph G. Lusk , Mr. Sears rc tur ncd to
Vvashington in June and ther cattcr the wortc VIas directed by Kirtloy F. Mather .. A
dotailod report is now being prepared by Messrs, Mather, Gilluly, and Lusk and "ill
be pUblished as Soon as possible ..

Rocks Expos ed in tho Rngion ..

Northeastern Colorado is und8rlain by sedimentary rocks of Cretaceous and
Tertiary ace. The Cretaceous beds, which consist largely of shale and sandstone but
incl ude some limy< beds and coal, '-Jer" deposi ted before the upheaval of the Rocky
Mountains, . Most of the lower beds of the Cretaceous vrere laid down 011 the floor of
a vast shallow sea, which covered all this part of North America. Ncar th8 end of
the Cretaceous pe~iod the sea dwindled in size &nd became shallow lliltilit finally
disappeared fror::lColorado. leaving only :fresh or brackish water lagoons, lakes; and
marshes, In these bodies of wat er, and on the flood plains of ri vers , where part
of the vecl:etationVias buried and changed to coal., the uppermost Cret.aceous beds wcre
f ormed, The Lower beds of the Cretaceous are the sources and the reservoirs of the
oil and gas, The Tertiary beds more depos i. ted after the Rocky Mountains had beer,
upheaved and consist chiefly of debris ~7ashed out by s t re ams fr orn the mountains and
spread far over the lowlands~ To-day they cover the Cretaceous rocks over larGe
areas in Colorado and prevent the surface determination of t.he s t ruc ture of tho
possible oil-bearing beds. Considerable areas, especially along South Platte Riv~t)
are covered with sand dunes, river alluvium, and s t re ara gravel) whi ch were laid
down still later, in Quaternary time, and these also obscure the gp.ology of the
underlying s t r a ta , The succession of rocks in the region is 8h0\711 in the follorlipg
table:
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Q,uuternar;y :Jl'3.vcl, s and , o..ud alJ.u\;~iu,:Cl
Unc ouf'o rrm ty .
~Llertiary Gravel, sand, un!} clc;,y .
Unconfonnity.
Cr8 i.aco ous ;

Larwnie fonuatiop Sandstono, shalF, and cURl. 200-200
Fox Hills f orma.t.i on ••. ;)fJ.lldstOlli;; ,~111d i~hale. ~~OO-l,gOO
Pierre shale: "-

Dark sh~l~ wi th som~ beds of sandstone 1,500-6,00°)
Shale ~ltn many sanQston8 lens88 1,27~
Ri cha rd. sandstone uember 0 70 II
Sanc~vshal P 1-00-200
Lari~f3l' 8:~d~t~1~~'l;l('n;~;~'.: .: .: : ~: : : ~: ..: : : ~: : . 0-1')0 i
Sandy shale _ '0-.170 ;>-
Rocxy !tidge se,i .•ds tone member "............... 0-165!
Sandy shale 300-600 '
Terry sands tone merabe r 0-20
Sandy shale 200-400
Hygiene' sands t.one .aeruber CJ~lO?I

. Dark shale and sandy shale 2,400-3,10SJ
Nlobrara forn~ation:

LimRs tone and lii.l'ly shale: ... ". . . . . . . . . . . . . . . .. ~)30-410
Benton shale;

Upper cunds t one member (the 8o-ci:ilI8ci 11}1io-

'pento"l1t of CO"l'-~.G"'ilOe'l· c ts )~ .. ..., '" '. c-;;.,....... t~..., •• , •••••••••••

Dark shaLe , limes tone, and ben toni t:::; •••••••••
Dakota formation:

Upper sands tone rJ8rL1US',r C'hudcl;yS'-i.nQ.. of drillers)
Dar'k shale •...... . , .•..
ijiddle s ands tone mnL1bHr.....................•
Sandy shale _.. _ .
1ow8r s ands t.cne mernbe r ~ , ..

0-100

10-300

1j" 500-10 j 000

590-1140
10-20

r:;8o~620
/

30-3n~
110-2.40
10-15 .

. 25-65
35-75 I...

Structure ne ar the Lfolmtains.

'I,there expcse d 1:..1thphogbCicks ne e.r La20rte and E.lsE,!where along the- front
of the Colorado RocY::ies) the Duota, Ben'tofi,[",nd 'tJiobraT& iorrD.atiollS dip eaG tward .st
angles of 200 to L~OO~ If this s t.e eo t nc l inatd cn con t inue d i t woul d car r.; these beds
far beLow sea level 0. f(;'Tl miLes east 01' tileir' out.cr ops , To·"ard. the eas t , hovl8ver,
the lnclin9;tioil .cradua.lly 'becon::.0S 1\~G8. '.{he l-'JJTgient-~ s2nds tone member in genE-Tal d.ips
eas t,,;'rard at an, angle bE';t'.79sn 150 and 250, 2DC.the hiGher sand.stone b0ds, such as the
Rocky Ridge and the Richard,. sho"':~dips of SO to 14°. still fa.rther et:;.st) n8ar the
'boundary line bet\~.'eBl'l LarinY·;:c ai.1d ';)~1(1c01J.ntics) the :Fox Hills -beds ,iip Ctt angles of
4° to SOI and a fel',r rJ.ilcs far-the!.' 8:':;'St th"j Ln.ramie 1i'."8 :ilea.rly horlzontal. rr'bis
prevailing ea.st~·)ard dip, r;hich dccn3asos ,/i th incn:~a['';: of &istance fron: th3 mountains
is the char<;;;.cteristic str'uctural j.'s<J.ture of -the COlmtr;~' \1'1thin 30 Iniles of the
mountain front.

'Then:: are, horrev'."Y, se-veral ver~r significant local reversals of the regioL-
al dip, which ha.ve deterrnij.1ed th~3 location of the ~:no1,moil and L~asfields in this
part of Colorado, A well-defined, sli,shtly sinuous 2.nticlinal fold 8xtenlls from s.
point about 2 tulles J.1ortheaE,t of .Fo:ct Colli.Ils i.i.1 a c;euer'al northerly dirBctiOJ.1 for
aQout Itl- miles. ~Chnbeds on t}'.l8 ~,,:}st side or' this fold dip rrest1.r?:rd at GJ.1g1esof laC

to 15°; those on thrc; eaHt side diE.' Bc-St':.'arl':. d"T.arlglHs of 5° to 10°. A little sou.th
of west fro!:J Wp,llin.gton a GaddIe an th~ anticlinal crec,t divides it i;'ltO tli',O ?a.rts,
knovm a.S the '~~,:,;llingtonGnd Fort Collins anticlines. Tbe llcloseclll rartioD of each is
betweon {t~ and 5 milu;:' Ion.:=..::and is nparly 1-;;·rnilGs ':tide. Tb~;Discover;r J i-li tchell.
and Scott '}lells of th':,::Unicnl Oil Co, of C.::;'lliol'nia ,::lre drill('~d nl·.~a:c the top of the
Wallington anticlin~). ;rhe V.'hital<:t:~r<.·,~ll ';;.:.:.,8 dri~lR'1 by the SdITH company on thE:::top
of the Fort CollinB 8.nticlL18.

':(',.0 'miles dc>st of the saddle bet1,;;:ef~i1 thE Y!ellin~ton and Fort Coil i:15 anti-
clines there is a smaller fold.) knO'Ii1 ,).8 th~j D()~?,LJS Lo.L:8anticline, "'7:hichhas ....
similar tr9nG.~ Its uclo88dl1 IJOrtiol1 is about 2 niles lODe frum north to south and
half a mile \':·idf~frora east to ~:;est. Abou.t 19 rJiles south of Ii'ort Collins 8IHi 2 rtiil~·;s
Her.:;t of 3erthouu is a fourth fold, some'dhat simildI, knm·l.il as the 3erthoud ClaticlinF".
It is about 3 milHs lon:~ from north to sou.'th and [-'.bout It, Eliles ',vide from East to
\7est~ IrllH flanks of th:",se triO anticlines di}? c..t 2.ill;188 ~;;'11::,iag frm,:i 4° to 12°.
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The rocks exposed at the eurf ace on these four anticlines belong in the

upper par t of the middle third of the P'ier re formation. Tho Rocky Ridge sands tone
member DUd. the shale just be Low j. t appear at tho surface along the cre sts of the
Wellington, Douglas Lake, and Bel'thouct anticlines, and the shale beneath the Larimer
sands tone member is exposed s.Long the crest of tho Fort Collins fold. Starting at
these horizons the DiScovery and Mitcheil Vi811s, drilled on the Yiel1ington anticline,
tapped the pay sand. at depths of 1+,285 feet and 4,216 feet, respectively, and the
iihi taker \1811, on the Fort Collins a."'1ticline, came in at a depth of 4,475 ,fe"t.

- 3 -

:3tructure aYlay from the Mountains ..

After the Discovery well had struck gas t before the other tl,'tO had been
drilled, no one could tell which of t,;w sandstones ,ms yielcling the gas -_ the 80-

Called "!:Jio-Eenton," a sandy member IS to 20 feet thick, at the top of the Eenton
formation, or the upper sandstone (Muddy sand of the drillers), 30 to 40 foe t thick,
at the top of the Dakota formation about 600 feet below the "Hio-3enton." Several
geologists working independently had calculated from the surface data that the "Hio-
Benton" sand should lie at dcpths bet·'7een 4,100 and 4,500 feet at the si te of the
Di~covery well. Measurements made by Messrs~ Sears and Gilluly indicated a depth of
4,470 feet for the "Hio-Benton" and consequently of more than 5,000 feet f or the
upper sandstone of the Dakota fOlwation, yet the character of the sand struck at
4,2S5 feet led them to decide that this waS the upper sand of the Dakota, This
decision has now been amply verified 'by the records of the lai tche'Ll, and ';Ihitaker ?!elh
which prove that the gas and oil struck in the Viellington and Fort COllins fields is
obtained from the uppermost member of the Dakota formation ar.d not from the top of
the Benton shale. It may here be noted that the "Hio-Benton" sand is not the equi va-
lent of the Wall Creek sand of 'iiJ'oming~as had been supposed, With the assistance of
J. B. Reeside, jr., the geolo(.;ists were able to correlate this sand, \'lith the Carlile
shale , which lies well above the \iall Creek sand in Viyomiag, and to decide that the
h-Ell Creek sand is not present in the foothill region of northern Colorado,

The fact that the upper sande tone of the Dakota h~s been reached in all
three wel l s at depths 500 to 700 feet less than those illdic,.'.ted by the surf'ace
geology demands expfanata cn , So many geologists working at different localities
have reached the same conclusion that the discrepancy can hardly be due to an error
in measurement. Nor is it likely that hidden faults have caused a duplication of
outcrops so nicely balanced. that sections measured at severe.l different places be-
tween the veLls and the mountains should Give nearly identic ,;1 thicknesses for the
strata. The conclusion seems inevitable that the f'orrca'tf.one involved are thhmer in
the Fort Collins-~ellington field than at the places "here they crop out, a few miles
farther west. This thinning does not S88m to be due to differences in the thickness
of the beds as originally deposited, which would in&~c~te an abru~t decrease ia the
thicl~e8s of the rmd-ore taceous strata eas tvar'd from the mounta i n f rcn t , On the con-
trary. according to Mr, Mather's interpretation, most if not all of the apparent
thinninG is due to the' stretching of beds on the crest of ti1e :Tort collins-wellington
fold by the bending of the strata that fOIm the fold.

E&st of the four anticlines name d , Vlherever t!18 conditions are known in Rs ,
67, 66, and 65 E, north of the fortieth parallel, the crl)taceous beds dip toward the
east ~ithout reversal~ The inclination decreas~s more or less regularly ~~til~ in
the eastern half of this strip, the beds are n~arly hcrizontal. Nevertheless the di~
is sufficient to carry th8 Dakota formation far below sea level unless-ther8 is a
much mo~e abrupt thiuning of the formations bet~een the Dakota and the Fox Rills
than the known facts would indicate. Becausp. of this din the 'beds that crop ou.t ne ar
the producing wells north of Fort Collins lie ~,000 to 6:000 feet telo~ the surface
in the vicinit:,>" of Nu..'1n.Ea t on , Greeley, and Hudsol1~ The uppe r sand of the I1a,}~ota
in 'the :b1ort Collins and Wellil1gton fi01ds can scarcely be less than 8.000 feet below
the surface in this part of \'le1d COUllty"

After making 2.11 possible al.Lowance f'o r the conve rgcnce of the Dakota and
Laramie strata because of the eac t.sar d thinning of tho mt orvenrng Pi.er re ana. l!'QX
Hills formations, a geologist would not hold out much hope that the upper sand of the
Dakota could be reached at any prac t i cabl e drilling depth in nor tneas tcrn Colorado
~~less the regional ea3t~ard inclination of the bede ~8re r8versed so tl1at strata
far below the Laramie again came to ti,e surface. Fort=atcl:l, abuadant evidence of
such reversal has been found in the stuClv of th8 areal distri butiop of the Cre taceous
formations. Between Hardin a:1d Llastf.:rs F0X lIills beds appi?3.I' at several places on
the south side of South Platte River. About 3 rili1es east and. southeast of osgood the
Fox Hills formation is exposed in a region tnD.t is nearly or qui te surl'oundsd by
Laramie beds. All of Morgan County e-xcept the extreme no:cthl18st and southr:nst COy· ...

ners is occupied by :B"oxHills and Pi(;rre beds~ t7hich a:re Gov,:red at seven?.). plo.ces
by Tertiary gravels, sandt and clay~ !xteuding soutr~1ardf~om Fort ~organ at lpdst
as fal' as the southwest co~ner of \iashington County thers if,;; f), 'bel t of Pierr'n shale.
5 to 15 miles Yiide. bOI'uer'3d on both sid.ed b,y i:\ox l1ills sandDtone and shale; a;1o.
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north of Stoneham, in eaa te rnmos t \"leld County. and in adjacent parts of Logan COU·~i.ty
the two main heads of Pawnee; Cr'Eh.,k have cut thE;ir YoJle;ys through the cover of
Tertiary sediments and have expo se d Pie r re cha lo I agJ.in nearly or qui t.: s ur r ounde d by
Pox Hills bads .. Eac t of Sterlin£: the ea.stward-diJPil1lt iOK Hills beds d'isappear l)(~_
neath Lar'ami,e strata that u:i.1Qcrlie the:: Platte Ldv~; ·b~ttorns i11 the east haif of
Logan County) "but south of ~. ,It N.. , Rs , 52. 53, aIlC. 5~ 'Ii .. the ed£c of' the 'I'er t i ar'y
covrr extends over tho Fox Hills f'ormatrion , so that tb:~ pre s ence or absence of
Lar-armo bods under the Terti,:Lry beets L1 this vicini t~/can no t be det8r;'~~I~ed.

In all this region in l'JIort~anand b.dj:3.cent count ips the beds 118 vc rr nea rLy
flat. Dips of one-half to thn·}s-four1.hs of a de free are the r nLe: a dID of 1_10or
2° is Gxcr:ptional; at no place is the di[J so much as 3°.. The exposures -'"are i;
General far apa~t, and the individual outcrops are sm~ll. Under such conditions the
true bedding and. dip of the s t rat.a are d.i f'f'Lcult to determine Y!i th cer t.zd nty; the
slight dips obs~;rved at tho eurf'ace may not represent truly the dip 8. fer: t.housand
feet down, Such a formation as the Pierre shale DUS·thave been compacted ddf'f'e r'en tLy
in different e.re aa under its varying over-burden of sedimen ts , and. the s true tur e of
its uppermost beds or of the overlJring Fox Hills beds, iI+ rrhi ch the dips are so
gentle, is probably quite different in detail from that of the underLying l~iouraJ.~a,
Benton, and Dakota beds.

The best clue to th(~ prucence of an ti cLjna'l folds in the Dakota formation
beneath il0I'theastern Colorado is the re f or-e the areal das t.r rbut i on of the overlying
Paenre •. Fox Hills) and Laramie beds. Outcrops of Pierre shale eas t of the Greeley
syncline can occur only at places where upwar-d flexures of th2 beds have lifted them
a thousand feAt or so above their a'Lti tudes beneath Greeley. The sumrnits or hig.her
flanks of such regional anticlh18s are the only places \7h€n:; prospecting for oil.,is
justified by the kqown geolo6y of this part of the state,

The locali ties r:ihsre anticlina~ folds may De infelTed_ from the areal
geology an; indicated on the accompanying map. The most notable of these folds is
~he Fort Morgan anticline t Yihich apparently. extends in genera..l southuard fro~ t:18
southwest quarter of T. Ij N. J IL 57 'Ii., across T" 4 IJ., R.. 57 \.;:.1 and the eas t hall
of T. 3 2~., R. 5711 •• &:1dcontinues southVlard close to the boundary ll'-':ltrl88n Rs. 56
and 57 i..i.. at least as far as T. 2 S J and prob~bly several milss f,:;'.rth9r. Next in
importance is the Pa1imee Crt;ek anticline, '(:hieh '~)rings the ?ierre to the surface in
Tps, 8 and 9 U... R.. 56 W., in t,he southr,'es"t quarter of rl:. SJ H.. R~ 57·"'., and the
northwest quarter of rr'. 8 Nq li. 57 ";io i\. third flBxur~;, tho Grease'.,-,roodLoS.kesanti-

~ cline, curVt::~sSQutheastl7arj f:com the sou't}nIest corner of ir. 7 l'J., H. 61 "ii., into the
southYrest quarter of rr. 6 lL, H. 60 .~'j" und DS'yO!.ld that is lest &t'11on::~the sand hills
north of Goodrich.

Areas ';iorth Pros~)f.;cti!1t; for Oil end Ga~.

APparently none of tnese three anticlines is compara-blt: in sharl'ness of
folding to those neaT the mO"U:.'1tc..in front from '<.'hieh eil and /~D.S brA nmi being produced..
they u.re ver? much broader folds :,lith much loy!er dips~ In fact, very fe':7 of the
kno\1n oil-bearing anticlines in the Hocl:y Ulountain field are as ge.ntly arched as
these, the sides of \""hieh dip only a degree Ol~ t',70. It mi8'ht be lOf,ical; therefore,
to doubt ~hether these low anticlines could cause oil to ~ccum.ulata in large pools
along their crests. But it is in just such anticlines as these tha~ the oil pools
of the Mid-Continent fi,~lG. o.n3 found,and it is therefore believed that th8~1 should
not be passed by without thorough tests.

~rhe geologist ma.y confidently pr2:dict'that sa.ndy bGd.s 11611 fitted to serve
as reservoirs for oil and gas lie b8ne~th thB £:urfacB in n.ortheastern Colorado, but)
unfortunatel~y f he can not yet state precisely the depth to such sands at any spscif~ecl
locality. AS yet only one s~ndf the upper sand of the Dakota formation: IS abmldant~
ly productive in the adJacent oil and gas fields near Fort Collins. Nevertheless
the possibility of obtainiub oil from other sandy beds should not be overlooke,i,
Probably the Hygiene ti.nd other sands t.one me:nbers of ths Pierre fOTina tion becon;o
thinner and finally disappear [~tgreater or les3 diBtances Bast of their outcrops
near the mountains. None of these beds have been recognized in the areas of Pierre
outcrop, ei ther in the vicini ty of Morgan Gow1ty or close to th8 eas tern boundary of
Colorado# .H.bout 10 mile$ due south of ?ort (",lorgan a sand}r zone has been encoDnterf'.d
in \7ater wells at depths of 500 to 600 feet, but the sandstone there is probably not
the eastward extension of any on9 of the sandstone rJ6m"b8rs l1{;ar Eort Collins, In
view of the occurrence of oil ne~r Boulder and Florer-ee, it seeillS possible that o~l
may be found in comm:.~rcial (jUJ.nti ti '.")8 in one or more of these s8.l":dstone lenses in the
Pierre. If so, the pools ':i~uld-O~"3fOUl1Cl near the u:pp-::;r edgr~s of the lenses, where
the porous sands tone pir+che s out, Pro-babl? thel'A are sands tone lenses rrhich thus
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pinch out on the west flank of the For t Mor€:an an t i.cLi.ne and \ihich Li e at depths of
500 to 5.000 feet, but the surface geology §,ives no clue to th8ir Loca t i on, Drill-
ing for them ',7olJ~dbe the ~7ildest of wildcat ven turc s ,

The upper sund or Some other of the cLoaoLy as socia ted sands tone s of' the
Dakota fOI'oiltion of'f'e r-s by.tar the be st chance for oil in no r the as tern Co l.or udo ,
The depth to thi s upper sand of the Dakota depends upon tho Di!10U.i1 t and place of the
thinning of tho Pi,erre and Fox Hills t'ormat i ons , Only in the Denver Basin do these
formations display the great combined thickness of 7,000 to 10,000 feet. Elsel':here t

as in KClI1SaSand the Black Hills region. their total thd ckne s s is only 2,000 to
4,000 feet. In the nor thve s t corner of·:Morgnn County the Fox Hills f'ormation is
only about 400 feet thick, vih<Jreas 50 miLcs to the west, near the Larimer-1"'lcl
coun ty line, its total thickness is 1,800 f'cot , Pr'3sUL,ably the Pierre thins east-
ward 8oml~what less abruptly, but its thickness in northeastern Colorado can not lJ8

detennineQ, because, llilforttmately, those wells in this area that start in recogni-
zable bods Hear the top of the Pierre have not pcne t rated the Dakota , and those n82.1
\Iray that have reached the Dakota start at an unknown position in the Pierre. The
Padroni wel1t north of Sterling. Which starts approX1Jnately at the base of the
Larami o I may have reached the Carlile or top member of the Benton at a depth of4.484 feet, but th6 record of this well is indefinite afid w:lreliable? The best that
the geologis t can do now is to s ta te that the upper sand of the Dakota f'orrnation.
may be reached at depths between 4,000 and 6,000 feet below the surface along the
crest 6f the For t Morgan anticline near the southern boundary of MOl"gan County ..

. With this information at pand the value of tpe various parts of north-
eastern Colorado for prospect~ng have been indicated on the accompanying map. The
most favorable areas are shown by crossed Lrne s , ThDS0 areas in which the Dakota
probably lies at depths of less than 7,000 feet beneath the surface are shown by
a single line pattern; within these areas only the higher part s of the anticlines
sbould be tested. In the unshadHd areas and especially in the Greeley syncline
the known geologic conditions are 1li1favorable for the production of oil or gas and
drilling is not justified,
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