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ENCiiNEERINCi CiEOLOCiY AS APPLIED TO 

HICiHWAY CONSTRUCTION 

by 
Leonard M. Qard. Jr. 

ABSTRACT 

A geologic study of the site for a relocated segment of S&ate 

Highway 91 northwest of Denver. Colo., was made by the Engi· 

nee ring Geoloay Branch of the U. S. Geological Survey as a demon-

strahon oi the applicability of 1eoloaic mapping &o prot.lem1 of 

highway construction. The relocated aeament provides access to 

the Rocky Flats plant nf the Atomic Energy Commhaion. 

The geologic conditions along five milea of the relocation 

route were examined. In moat places apparently well-indurated 

sandstones of the Upper Cretaceoua Fox Hills sandstone and 

Laramie formation can be excavated without using explosives. 

The intersectaon of a six foot thick coal fl!eam in the roadbed in 

one propoeed cut waa predicted and removal and replacement 

with more suitable aubgrade material was recommended Near 

Marshall the alignment crosses three northeast -trending normal 

faults which do not adversely affect the highway. 

1 



Clay minerala with expandina propertlea are preaent in aome 

of the clay1tone1 of the Laramie. and apecial meaa&~rea muat be 

taken to cn1ure that around water will not aeep into them and cauae 

swelling beneath the roadbed. Late Tertiary or Early Quaternary 

gravel• cap pediment• alona Lbe mountain front. Ciround water 

issuing from •••1•• and aprina• found at· the contact between these 

gravels and the underlying bedrock thoulcl be intercepted •nd 

removed from beneath the roadbed. 



ENOINEEJUNCi GEOLOGY AS APPLIED TO HJQHWAY 

CONSTRUCTION 

PART I 

Backaround for Enalneerlna Geol<'gy 

"Enaineerina aeoloay ia not a branch ol th.: aclence of aeolotY: 

it ia the application of all of the branche• of the science to the practi­

cal problems of Enatneerina." (Burwell, ICJSO, p. z.) 

A• all civil enaineerina structures are con•tructed on or in the 

earth'• crust and often are composed of natural material• from the 

earth's crust it behoove• those who de1ip and build theee structures 

to know as much as poseible about the•• materials. The fWldameutal 

reasons for using aeological information in enalneerhag are to reduce 

cost• and promote ealety. Examples of theae rea•on• may be found 

in many textbooks and papers on Enaineering Geol.y. (Leagct, 1939; 

Paige, 1950; Riee aDd Watson, 1936.) 

The increa•ed use that engineers are maklq of 1eolo1Y in the 

solution of a areat variety of problema involve• little eaaenttal chanae 

in the pre1ent techniques of the 1eoloaht. Naturally, the :nore well 

rounded and experienced the geolo:iat ls, the better equipped he is to 

assist in answerina geoloaical problems that arise in enrinee!'ina 

practice. Because the Ctelds of aeoloay aftd engineering are both va•t 

in scope, it is indeed a rare individual who is accomplhhed in both. It 

il neceasary, bowever, th• both aeoloahtl and enaineers have suffi-

dent knowledge of the other'• Held to arpreciate tbelr problems and to 
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•ecoantae bow .. OlOIY Cal\ aaaiat in aolvin& enatnee•lDI problema. 

Cieologlr reports written for the enaineer m-aat be written with 

clarttr and ahnplldty U they a•e to be of any value . If the enaineer 

eannot underatand a aeologic report he will not -aae it. The geoloaht 

"''ho hides behind terhnical jaraon ancl an aura of profound preoccUll&• 

tion wtll not be able to convey hh ldeaa to the enalnec• and. a• a re­

sutl. engineer• who come in contact with thta type of aeoloaht will 

lose con(idenee in aeoloay. 

Geoloay Applied to Hlahway Con•truction 

Qeoloaic information haa ueen applied in hiahway con•truction 

{or many year• but ooly recently baa it come into aeneral acceptance 

by enaaneers. Aa early aa 1889 a report on hiihway materials was 

written (Hill. 1889). Since that time tht: demand for more and better 

roads. 1temmioa from the advent and improvement of the motor 

vehicle. ha• required more and better knowleclae or earth materials . 

In 1917 two etatea each employed a aeologht iu the highway depart· 

ment (Horner and McNeal. 1 '#SO. p . 1 S7). In •. 951. &(;cording to a 

aurvey of state highway dcpartnlenli (Horaer and Dobrovolny, l95Z) 

Zl of the 48 state htahway department• empluyed a total of 89 aeolo­

gists o{ which Kan•aa ues 1 S and Pennaylvania uses 10. Of the 

remaining ZS states. many use consultins geologists but do not 

employ gcologiats full time. From this it becomes apparent that 

the application of geological data to highway enaineering i:; rapidly 

becoming accepted in etate highway departments. 



Huntting (1945, p. Z7Z) hat outlined tome of the way• in which 

a gcologht (and therefore aeoloay) can be utillaed in highway con-

struction. Theee are : 

'' 1. Locatina auitablc road-•urfacane material pita and quarrieli, 

2. Deterrnining the euitability o{ variou• f'&rth n'latedall for 
surfaci ng, cone rete construction, and other highway utes; 

l . Sub -grade treatment and cla••ificati on; 

4 . Frost heave problems; 

S. Predicting the character of material to be excavated; 

6 . Preventina and correctlnJ landtlide s ; 

7 . Appraiting the competency of materials for bri.dge foun .. 
dations; 

8. Judging the de1ir•\1ility of bridge sites and road sites with 
retpect to po!uible change• of stream chA.nncl!>. 

9. lnvettigatinw proposed tunnel sites; 

10 . lnvcstiaating and predicting •ub-sur!ace water conditions 
and locating underground water supplies; 

11. Evaluating mineral lands to be bought or condemned for 
hi.ghway location; and 

12. A~ting as witness in liti gahon " 



6 

Descr•tlliuns of aeolosical formations rnerely as sandstone, 

sh:lle, hme~tone, groanitc and the like, are of litUe value to an engi­

neer. He is mainly lntere•ted in the physical properties of a hth· 

olosic unit so that he may evaluate it to dcter:nine bow it will react 

under ~ertain conditions a nd what equi ? ment will be needed to exca· 

vate it. The engineer divides materials to be excavnted into to 

categories, "rock11 and 11 common." 11 Roclc" to an engineer is any 

material that is consolidated enough to require the use of explosives 

to reduce it to a si&e that can be readily handled by hh equipment 

whereas "common,. encompaasea thoae materiab that can be handled 

directly by hh equipment. 

By accurate mappina and the application of souDCI aeoloaical 

principles to the problema of highway construction, the aeoloaist can 

aiel the highway engineer b ·,. preclictina mater\ala to be encountered 

and their properties and can foresee problema that may arise due to 

aeoloaic conclltiona. 

Part II of this paper is an example of a report on the engi­

neering aeology o{ a hiahway relocation In order to give the reader 

a better picture of the geoloaic eettina. it contains more geologic 

bac ktJ round than ia generally included in a report Wl'itten for engi-

neers . 



PART It 

Engiuecrin~ Geology u£ the Relocation Alignmc nt of 
State Highway 9) near Marehall, Colo. 

Purpose of the lnveatiaation 

., 

The conetruction of the Atomic Eneray Commiaaion'• Rocky 

Flatt plant, northwe1t of Denver, haa lecl to the improvement of 

part of State Hiahway 9) •• an acceea road. Jn plannina for the 

improvement of the north encl of the road, the Colorado Dcpart:nent 

of Hiahwaye cleciclecl that a aection uf the roaci near the town of 

Marahall ehoulcl be relocated to ahorten it and to remo\'c !iome 

steep araclea ancl aharp curves. Thi1 relocation involved making 

a number of larae cuts in bt!drock. ln the s ,unmcr uf I ~53 the 

En&inerrina Geology Branch of the U. ~ Geoloaical Survey marred 

a aection of the relocation alianment as a demon:>trati on of the •ppli-

cabilit}· of aeolosic mappina to prublt!m• o£ highway constr .1ction. 

The purpoae of the investigation was twofold; flr.•t. to provide 

geoloaical data iu a critical area, and second l«' dcmon~trate to 

the high~ay department the usciuinese of geological data for good 

low 'oat highway dc1ngn and the lnc,tliou of construction m.:1tcrials. 

The Colorado Ucpart:neal of HiMhway!> plan:; to hire a geulu:;ist and 

thi1 survey would, in part, dl!terrnine the type of wor:< he will do 

and enable them to more c()rrectl)· iit him into their organizatinn 

As tht: r.:quellit for th1s work was not made suHicicntly Car i:1 advance 

to allow 
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the geologic fC:j)Oft to be C"lllph:t~d prio&· to UicJdin~ fc•r tlu: con\l·act, 

the hi.hway <Jcpart :11cat .!1ginc .:: r:o ~{ dc~i.an, ~ on.;tru•: ll nu, ;&no materials 

'A't:r.: ta-.er. on ~&n inapcctiun trlp in the: field and some of the more i m ­

portant :-ecommcndation ~ wcr .: ~ ~ vcu thc :tl orally. •·add mappan~ was 

done d.!ring July and Auu ust, 19 51. and lielcl d1eck•ng was dont: at 

. a·cgulO&r intc rvah as the c oni t r .. ctlon took pla~.:e. 

Loc C£t&on 

T1: l: project &!i lo~~ted abuut ~l. m i le;~ noa·thwctit of Dcnv\!r and 

about !our mih: s so~th "' 3oulde r. h ed<:nds :.t.•••th from the town .,, 

M.u!thaU to the Rocky f ' lat::J At:> : ·.1 ~ ..; £nt rg y Cm: ;m •ssaon phant, a tutal 

length of about 5. l. mil~• . 

Prc\·io~ou G~oloaic work 

Ea!'ly atudics in the Denver Basin wcr · rn ade by Emmons, Cros1, 

a:1d Eldridge and the work publaal.cd in U. S . (.;.: ,)l ogical Survey Mono­

grafh 1.1 (18'~6). The ,.tructure of the Mar!th:&ll area was mapped in 

1915 as a th~1ia !or the Univcn;ity o{ Colorado (J. F. J oh:1s on , 1935). 

Ihu previout work lierved to gi\·e a acne rai ptctu .- e of th" ~eology o{ 

the area, b11t was o{ little assistaace i n the :Jc.:taileu mapping. Only a 

brief d c acription of th~ ~eneral geology and :. tracturc will be ~ i vvl h -.: rc 

For mo re dct.ulcd information. lhe ;-eader ii referred to the b ibliography 

at the end of this thesis. 
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a •• , .. , 

Tile project la located on the weet nank of the Denver Baaln 

where eecllmentary formatl•• of Peanaylvanian thro"lh Paleocene 

aae clip eaetwarcl into the Baeln. Thie il on the weetern border of 

the Colorado Piedmont, a '"bclivielon ol the Great Plain• Province. 

(Fenneman, l9U.) Tile aeoloaic formation• involved in the highway 

relocation are Pierre ehale, Fox Hilla eandatone, and Laramie for­

malton, all of Upper Cretaceoul aae. Theee formation• have been 

bevelled by eeveral cycle I of peclimentation. The bcv elled 1urlace1 

are capped by la&e Tertiary or early Quaternary gravel. Later Qua· 

ternary terrace• aloaa the valley• of South Boulder and Coal Creek• 

are aleo capped by aravel. 

Stratiaraphy 

Pierre ahale . •·· The Pierre ehale ia a a ray-green to black 

marine ehale . It il approximately 10, 000 feet thick in thi • area 

( Lovertna and Cioclclarcl, 1950, p . J9)t but becaule it is 1oft a:1cl 
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eaaily eroded, it ia aeldom exp•.'lted except in atream banka ancl man• 

made cute. A aearly complete aection of the Pierre ia expoaed iD tlae 

Denver and Salt Lake Kailroad c.at aeven mUea north of Ciolden. (MoCMiy, 

1947.) The Pier.re canabta maialy of clayey ahale with aandy leaaee 

and a lew thin bentonite aeama. The upJier half of the formation la more 

arenaceo"~ tbaa the lower half . Only the .apper 100 feet of the formatloD 

waa cnco.antered in the htahway relocation . 

Fox Hilla aanclatone.-- The Pierre ahale araclea rapidly into the 

overlyincf Fox Hilla aaadatone which con•iata ~tf b.af( to brown fri•l• 

aaaclatone, •iltatoaea, and aancly ahale. Althouah the Fox Hilla aancl· 

atune baa been fowacl to bt' a a mt.ach aa ~SO feet tMck, ( Lavtnatoa ucl 

Tlaompaon, p. SO, 1941) the maximum thicltae•a meaat.ared •n the vicia• 

tty o: Marshall waa I JO feet. Loverh•l ami Ooclclard (op. cit., p. 40) 

bave atated that, "The Fox Hilla probaltly repreaenta a near ahore 

faciea of the retreatinl Upper Cretac:eoua Sea." 

Laramie formation ... - The i.•ramie formation, overlytna the 

Fox HUla aandatone. ia a aeries of alternatina ancl leaaina aaadatoua, 

siltatone•, clal••tones, lilnitic claya, ud coala. Thia formation la ol 

coDtiaental oriain and baa an averaae thickneaa of 600 feet (Lovertna 

and Goddard, 1950, p. 460). Gt.ade (1950, p . 1'701) meaat.ared a thickneaa 

at Golden of 540 feet. This project involve a only the lower l JZ feet of 

tbe Laramie which ia repeat~d by faultiDI aeveral timea alona the alip· 

mcnt . Claystone• pre..tominate and contain the clay mine rata kaolinite, 

illite. and moatmorillonitc (Ci"de, 1950). The tandatone• are fine • to 
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meclium-trata ...... may 1rade laterally tato 1l1tetones in a ehort clil· 

taace. ·raae eaadttoael commonly ten•• with the clay»tone• and marked 

chant•• ln thtckne11 are not unuauat. The taaclttonee are friable and 

porous ex~ept locally where they are cemented with iron oxide. 

Coal hat been mtnecl in tbe Marehall are~ alnce 1861. No mine• 

are presently lteina operatad b\lt one wa1 operated ae recently a• 1948. 

'fhe area i • clottecl witb abandoned mince. many of whtcb were abaacloaed 

at early aa 1811 (Emmons, Cro••· ancl Eldrtdae. 189o. p. J4?). At 

leaet one mtne hacl cau1ht fare prior to 1811 (op. cit., p . 141) ancl coal 

seam• are still b\lrtliftl in at leaet thwoee pia~••· 

Tbel'e are at lea•t four more or le11 cGDttau.ou• ~oal sean•• here, 

but only orw of them ia tlllck eno\llh to be mlned profitably. The•• ~oal 

bed• are extremely utefullocalty for ltratlll'apt4c correlation of tbe 

Laramie 

Correlation between vartoua meaeurecl eecttone of the Laramie 

formation wae found to be impottible becauee of the raptclly ('ha"•ylna 

Uthotoay . No correlation wa1 made between the Laramie section in the 

Mar1hall area aad the eection meaaured at Coal Creek for the same rea­

aon . A compo•tte section waa macle from auaer bole information alon1 

the ccnt~r line of the hl1hway alignment (Fta. Z) . Sometime• when it 

wae not po11sible to correlate the geolal)' be:tween 100 foot atation~ nn 

the profile due to the chanatna litltoloay. c:rosa section• were made 

every 50 Ccet or lest. (See Methoda o{ lnveatilation. p. l S ) 
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Pediment a ravel ... Seve ralaravel covered, partly eli~ sectecl 

red iment surfaces of d ifferent level ex :st a.t the edae of the Rocky 

Mn.antains in thil ar.ea. At lea1t three aurlacea have been recot· 

nized by H . E. Malde, Geoloaht, U. s. Cieoloaical Survey, The htah· 

way ahanment croAees only one, the Rocky Flats pediment, "bevelled 

bedrock surface capped by as much aa 50 feet ofaravel. Worceater 

(1919, p. ZSO) ha• c3lled thh feature a "pediment-topped, ~an-topped 

pediment." 

The aae of both the bedrOck cut surface and the aravel h in doubt. 

lt ha!! been implied indirectly (Wahlstrom, lfJ47) &hat the Rocky Flats 

surface could be no ~lder than anlddle or late Pleistocene. However, 

accordin1 to Van Tuyl and l..overina (1915, p. IJZ7) the surface h the 

correlative of their C'l'odell berm and h late Pllocene ln aae. They 

correlate the Oroclell berm with Worcester's (1911) upper Pliocene 

Hiah Mesa Ciravel. The s.arface relief of tile pediment aravel h no 

more than Cive feet, althou1h the underlyina bevelled bedrock has as 

much as SO feet of relief. The lar1e amount of l'elief on the bedrock 

i!oi due to resistant beds, such a~ the sandstone in the basal Laramie 

formation, wlthstandina pedimentation. 

The valleys of South Boulder Creek ancl Coal Creek contain 

, evcral aravel•cappecl terrace levels of Pleistocene •I•· Late Pleis· 

tocene ~ravel bas ClUed channels in the Rocky t•tats aravel. The 

Pi 1ocene and Pleistocene araveh are similar and have not been con-



· ide red sepa rat~ly in th i ,. r(;port. Both ara\·eh contain sandy and 

silty lense . There h a deHn ite dec rt'a ~ e in the 1r;\in !iiZe of tht­

aravcl from the moun\.a in front to tht" ~a,tcrn edae or the pedime-nt; 

however. a .. the highway ahgnau· nt travrt :4 es the p~<hmcnt in a north· 

south d i rection, th~ ..; izl' of miltc.:rial cn,: ountered from place to place 

along t he highway i s ab out tht• same . ' ' he tnatcri:..l rcang.-!" in ~i&e 

from clay-si&ed pnrtu:les to bouldcr5 ten fet"t in lli <l mclcr. Sub­

anaular to rounded fragments of ~u a rtzite, granite, tneba, l' Chi -; t, 

an:i s andst<.'ne (u c, ually Fountain and Dakota) are common. 

Structure 

The dominat int re1ional s~~ucture i s the ea · t -chpplng foothills 

monoclinf't which i" broken at a n&ambe r of place s alon1 tbe foothills 

by west·dippina. north-trendina blah anate revene fault . i northwest­

trendina normal fault s, which die out in en echelon folds in the sedi • 

m~rata ry roc-ks to the so&atheaat; and northea -; t -trendina fault .. , which 

are both normal a r.d reverse. "The faulted monocline in reality 

represents the c :1s t limb of the sreat Front Range anticline formt»d 

during the Lar~mide revolution \\ hi ch culm i nated at the close of Den\·e r 

time. " (VanTuyl ~tal, !138 , p . 24-l5 . ) T he s edimentary (ormati on · 

invot ... ed in thi s folding are P~nn'iylvanian through Pale ocene (Reich ~ rt, 

1, · 47, 1954) in age. AlonK the Front Rangt- these formations gen· 

e rally ·'!ip eastv.·ard into the Denver Basin . Th · Upper C retaceou :. 

formahon!J in the proj~ct area gener ally tri ke nearly due n orth a nd 

• 
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Jip eastv.·a rd at 45 to 7~ deare•!-1• ~ut at th~ north end of t h r pr ojcct, 

near the town of Mar ~ hall, the s trik\! of thr· rox Hill-., !. a r:lmi t· ,and a t 

len !'> t upper Pi~rrf' "winl "' ea~: twarcl to : 6S
0 

E c.~ <l t i c· di p d.: r ~a s l" . · to 

10° S£. Near Ma:- ·-hallthc: Fo:< liill s anu .a :-arni c are h :-okcn ll y :t c~m­

{\lex 5crie ~ of nort ht• <t : ~ -trcudin& iauh - t !i.1t h a ve oul)' 50 t 100 !~ct of 

di c- plac~ment. Probably .tL h~a-.t t~lc upj)e r yurt o ( the Pi err~ 

it al:.- o broken b y thc "; t! !aulb . ~lo~o•t~vt•r, n o c\· i cen~~ W35 i uuad t o 

supJ,ort thi a s au:nption. ~os t oC tt. c- fa ult ., i n the Ma r!. h -•11 .arc •~ a re 

:.orma.l fault~ with the n ortio · .. : c :it !U ~ c· " J o wnthro• . ..-n. M -tjlpi ng by the 

Fuc.-ls o r a nrh o{ the t;. ':.i . Geologic a l S urv t" y in th~ Er1 c , L oui:-.\• : l! c . 

nnd Lafayette coal Held, eas t and £to :·th c a . t of th i :i :lrt":l ha !. rc vcul ed 

that t h e northca~t-tr c ndi.na fnulh are far mo r e cornnwl ! th ~n w.~,.., pre­

viou s ly believed. Althou~h mos t o!" t hr ~ e a rc r.orrnal £.1ult ·.v i~h th • 

northwe s t .side down-thrown, :Aomc ilrc r t: ve rse fa ul ts a nd sor'n e a re 

hinge faulh. Sm a ll hor ~ t ... a nd gr O\bcns abu complic a t e t iu.• true· 

tural picture. 

Engine ering :; ii:nihcauc c ol tin .. fi eol ogy 

M...t hot! o t hl ve !> ti g · t ~ ion 

Str a tigraphic f" c: tions wf! re ar c .1 s ur,. d and th <: BL' ' 'l•)gy w:1 , t : :t '"l e d 

bv ;.,lane t able. u<:ca u :.e a l .:t r~ c p a rt o i t ! "'< r ca 1 ~ c:o·: ~o.' re d b r :1 l : l . • n tlt­

o i -. oil a r.tl gravel. m · •c:~ of th e geol ogi < ln fo :-rn · L: or. fo u nd on 1 l .oto· · ! 0 

t o 6 3 \r..·a ·; d etc! r m ine d !ror:-: a uaer hoh· infor n'l a t i on. 

• 
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For th• benefit of the reader who b unfamiliar with the ter • 

minoloay aad procedure tued in hiahway 1urveying, the followina 

de~tcription of the meth!Jds en1ployecl by hiahway enaineere .. included. 

The ritht of way ancl centerline of the relocation alignment of State 

Hiahway 9) had already bc~n laid out by aurvey crew:> prior to the 

geoloaical haveatiaation. A 1take of known elevation and location 

known aa a station waa placed every 50 feet alona the centerline. 

The1e atake1 were u1ed in the plane table mapping a• reference 

pohata and the ce:aterUne terved as baseline. In layina out a high· 

wal· centerline. tlaese 1tation1 are always measured from one end 

uf the project to the o&her. The atake ZOO feet from the start of the 

project h known aa station 2 /. 00 (two plus aero zero). The next 

atake 150 feet from the 1tart is station Z /.50 (two plut fUty) and the 

next J 1-00 (three plus aero aero) and so forth. Ref~rence to rlaht 

or left of the centerUnr i!i alway• ma41e when lacing in the direction 

of increastns 1tatton numberinc and reference to direction along the 

alianment ia refe1·rcd to as "ahead .. or .. back.' ' 

Tlae aeoloay wa• mapped by plane table for purpotel of con­

structina a 1tructure contnur map. 8ecau1e of the abrupt changes 

in the Uthol•)· of the Laramie, the lack of aoocl marker horlaon•, 

ancl the paucity of outcrop• in many place•, structure contouring 

wa• abandoned and tlae 1tratigraphy wa• determinecl along the riaht 

of way by te1t au1erin1 and teat pltttna. 



16 

A total footaae of more than 711 feet waa a~.&aered in Ill holes. The 

Htahway Department made available a truck-mo.anted pow~r auger, but 

the majority of the hole I were a .age red by hand. The Hi a•· way Depart. 

ment provided a plan and profile_/ of the hithway aU1nment on a 

I A profile of the aUaftment il a clrawina •howtna a vertical 
1ecUoii of the htahway alianment cut parallel to the alignment on the 
center line. 

hori&ontal 1cale of 100 feet to the inch and a vertical scale of 10 feet 

to the inch. Cro11 1ections made at riaht angle• to the center line 

were proviclecl at every 100 foot 1tation and at 1ome 50 foot •tationa 

at a ecale of 5 feet to the inch. The aeology wae plotted on the c rose 

section• from auaer hole information ancl tranaferred to the center line 

profile . Thus With information at lea1t every hundred feet along the 

center line profile, the geolCJiy could be interpolated between the1e points. 

By plottina the aeoloay on the alianmeut profile and croll •ectione the 

contractor, resident enaineer, ancl member!l of the Hiahway Department 

were provided ~ith a aeoloaical picture 1uperimpoacd on the plana with 

which they were familiar and would u1e durina con1truction (aee Plate• 

10 through 63). 

By utina information from the cro•• 1ection1 and the center line 

profile it ia potaible to conatr~.act a three dtmenaional picture of the 

geotoay at any given place alona the riaht of way. thut enabling an acc~.a· 

rate predictior. to be made of the aeologic material• that will be encount· 

ered during conttruction . Plate 6 i1 an isometric block cliagram ot the 
cut between ltatione 89,/80 and 9Z.,Loo that wa• constructed in tuch a 
manner. 
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Cit!ologi c i o r m M i ons 

P ic r r t' shale . ·· The Pierre .,h ;a le h c· :'\C t•.mtcred in ro~d cut-; on 

b u t ~ :ode·. uf Coal Crt·e~. Prior t o nno;truc ti nn th•! Pit· rre-Fox l iilh 

c ont . n v: ; t .., dc:termi11~d tu or.cur at s t ;ltion l·U.,Io&~. where it c-ros s e'i 

the :aroposed cut a t an an "l t: 

f'xc.v .. ted in Febru<ary l<l~4. < n the 'i Outh s ide of Cuill Creek the ln­

ve -; tig~tion was a5shted b y te .; t pit , and trenches made by"' cement 

comp:,ny which was !Jamphna 01nd te •; ting the Pierre shale. The Pierre 

s ha l~ u ;; uall y i ·: ea -. il y removed with power e -luipment and i s clas sified 

a ::- ' 'common." N o b e ntonite , eam .; were ob served to «cur where the 

P!erre .;; hale wa!JI to be exposed in road cul . . · •• .t\e SO\lth sid• of Coal 

Cre~k a s ituation occurred that ind1cate .; »ome o{ the hazard s of :.mai­

neerins a~oloay. From all available d a ta it appeared th a t the Pierre 

s h a le cc•du readily be e'!Cc a vated with power e=.uipment. f he Ilropot.ed 

cut wa .; not investiaa ted by au1ering to i•" full depth bet. a usc tbt: a\·aU­

;d.> le power a uger wa s not c. ai a hle of drillina to a depth of more thilln 

2 0 feet Whe.n the cut was excava ted . a n ar~n:tceou s zone in the Uf•per 

Pierre !t hcalt: wa :.. encounh:rt:J l h <&t e-1uired bl .uting of s onH! l, 000 

cub ic yards of m01terial (Jl .:le 7). T hi s kiud of experienc~ tend · to 

prevent the engin edna geoloai ~ t !rom becominy conlplac~nt and .i mua. 

Fox Hill s !octn<h t one. •- The Fox llills sandstone ''' i! S encountered 

at two place ~ in th~ projec t. on th~ north side of Coal Creek. as men­

honed above. where it is in contact with the Pierre shale. and ln the 

large cut made between s tation ~ ten and !oixteen near Mar s hall (Plate 

2) At \he tat t c r place a cut was made throuah a flat-topped ridge 



Plat~ Z. A . Looktna back (north) from station Z4. Before 
excavation of proposed cut at s tation 16. 
o . After excavation of samt" C'-lt. Gravel ca!lped Plehto­
c~ne terrace on Fox Hill s c;andstone. Dark line on cut bank 
i ., hgmte seam at b <ue of Laramie dipping toward lower 
right corner of photo . 
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forme!..! by the Fox Hill s saaul:.tou~ ;anu ~he.: ba~ al sanJ~tonc: of the 

L a r:1.m1e iurm:at 1ou. 1hi s rid.r-.:. a Pl~i ·· tnccn~ Lerr.acc u{ :-; outh Houl­

d«!r Crt:ek, h .:& , a o~vellcd bed1·ock surf.'\ct: ~ ;,ppeu by fi\'c ro eiHh: h:ct 

o( I ' Ua r ·e grav e l. Although the Fux iiill s Kive s the art•earo.n(;e OJ being 

w~ll indurate~. ll ~~ frioable and poorly cemente•l an~ was re ;1dily re• 

mo..-~d by powc r e !Uipml!nt. The Fox Hill :; h pe ~·menble, b"• 3 .; it dips 

away from the road here, water p ·:- ,· .. t-, ·, n~ throu1h thi~ formation will 

not a c ..: :nulate beneath the road. 

Lar ;,mic furmat i on. -- Tht: majority oC the project in\'olvcs th,! 

Laramie formation. The base ol the Laramie, a !- and ·tone bed sepa· 

rated , in thi · are<' from the Fox Hills by <1 s cam of lit~ rlitic shale, is 

expo ed in the cut at station 1 § nearMar s h :.dl. From this cut to s tation 

33, the road rise:i in the Laramie section and crosaes two thin coal 

·eams at stationc; ZUSO and Z~50. From station ll to s t.lttOn SZ the 

roa d lie s on a sand::ttone member of the Laramie. £-ather one or both 

of the underlying thin coa l seam s have b u rne(i, cau s ing nnnor coll a pse 

of the ovcrlyina ·h <1le1 and sand s ton• . The sand stone at the surface is 

well cemented by iron oxide. uut the \:Ollap ·u: h :1s fractured it into 

r'iece..; small enoui!Ch Lo a llow it-> removal wah power e~u;pment. 

At station SZ the La:-amie iormation i :-~ broken b~· ,., normal fault 

: tr;kin& N SS 0 E. 1 ht! r•orthwe s t s ide oi the fa ult as downth:-own which 

cau :-. c ·· the aeoloKit- -ect : on to be repeated. In the ditch ou the .outh 

'> i<lc o( the fn~..:lt, the upper flart of the b ., ' "1 Laramie sand tone aaain 

c r'>!'l '- uut. ( n thb s tde oi the fault, the uppc r part of thi " .- and ~ tone i -; 
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cemented by iron oxide and had to uc b !:uted l,cfor~ removal Ground 

water ha~ deposited iron <Jxidc in fractures and perviou s bt:dding planes 

in !6orne of the Laramie :~andstonc•, wbi~h forms e"trc:nely hard zones 

that resilt weathering A aood example of thh can be seen ncar station 

S8 

South from the {ault at station 5Z the road again rises in the Lara· 

m~~ :i~chon and recroaae1 the two thin coal team• that were found at 

stations ZZ.,t50 and Z~50 

The sand1tone member that wae 10 well cemented between st:.­

ttona ll and SZ is les1 well cemented where it crop• out at 1tati::m bZ 

and could be broken looee with a ripper. 

The pre1ence of a aix foot thick aeam of coal in the proposed 

roadbed at atation b·l wa1 determined prior to con1truction There 

was no 1urfacc indication of thia coal aeam. Becauae uf the unstable 

nature and low bearing 1trenath of coal. it waa recommended in the 

held that the coal be removed and replaced with a more suitable sub­

grade material. 

At station 65 the htah..vay c ro11e1 a normal fault that strikes 

northea1t and ia down-thrown on the northwest side (Plate 3). This 

fault hat brought the 1tx foot thick coal acam nearly in contact with 

the 1ame sandstone bed that crop• out at the surface between atation!l 

ll and SZ and at station 6Z. The sandstone is stratiaraphically nearly 

SS feet below the coal. Local inhabitants iad,colled that the High View 

rnine, which waa on the northWelt aide of the fault, had been aband oned 

because the coal had been iaulted out . A new rr.inc, the Premier. was 



Plate 3 . Fault at !itation 65. Coal -;eam at left ha!t been 
d ragaed U!l alona fault in center of photo. 

19a 



zo 

atarted on the aouth aide of the fault. but alao waa abandoned when the 

coal wa• aaain offeet by a fault that ia believed to croaa the hiabway 

alignment near station ol (Plate 4). The fault• that croaa the highway 

aUanment at etationa SZ, oS, and 61 will not have any adve rae effect 

upoa :ttw hi!hway. The fault at etatlon 61 ie in a aully ad croaeea 

beneath a fill. The fault• at atatiODI sa and oS cauee the aame iron 

oxhlc cemented aandetone to crop e .t at three different place• along 

the realianment. The Laramie la preeent coDtinuously ln road cut& 

from atation IS to atatton 107 except between station• 91 and 101 

where it il buried beneath pediment aravet. 

Ftaure Z il a compoaite litholoaic section of the Laramie for· 

malion meaaured alon1 the riaht of way. It 1oon became apparent 

that the thlcknease• and Utholoay of all unU• vary conaiderably over 

ahort diatancea. The litholoaic units commonly are lenticular but no 

attempt was made to portray thit in the column . Thicknesses 11hown 

in the cohamn are the one1 moet clo1ely approximatina tht,se ahown on 

the profile. 

Pediment gravel. • • The pediment and terr:1ce gravels are 

classified as "common" excavation. The gravel capping the Rocky 

Flate pediment contain• many badly decompoaed fragments, which 

would prohibit its use aa cone rete aggregate or road metal. As httle 

cone rete was uaed on this project, the problem of locating a source 

nf concrete agsregate dtd not ariee. 
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Unit 
No. 

Zl 
zz 
Zl 
zo 

19 

18 

17 
16 

15 

ZOa 

Deac ription 

Shale, aray 
Saftdatone, bulf, fine arained 
Coal 
Lianite 

Coal 

Interbedded ahale and aandatone 

Coal 
Lianite 

Interbedded ahale and aandatone 

Fia. 2. Composite litholoaic section of Laramie formation 
measured alona riaht of way. Scale 1 inch equals 
I 0 feet. 
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Fla. Z (Cont'd) 

14 

ll 

12 

11 
10 
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Sandatone, tine arained, aray 
to buff. Locally uppet z. 0 to 
5. 0 feet iron cemented. 

Shale, aray to buff 

San4atone, fine arained, Habt 
aray to buff. 

Shale, buff 
Coal 
Shale, tray 

8 Sand atone, buff 

1 Shale, buff 

6 Coal 
5 Shale, aray, weak and incompetent 
4 Sandatone, buff, fine arained 

l Shale, aray to buff, silty 

Shale. liani t 
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(il•ound water c ondttlon!l 

Water enterin& and acc~.&mulatint in permeable materiah "'ill in 

mo <> t ca!te!t ca\he con ·.idernble decrea~e in the st•biUty of t'1o ~e materi­

.~~·. When thh occurs in tt.c sub -aradc of a ro3d it C.:ln dec reate the 

•tabihty oi the .sub-1rade to such an extent that it will c.1u ·e the rave· 

m,.nt to fail uncler normal traffic toadli. If mo11tmorillonite clay min· 

eral .. (Grim. 195), p. 55) are present. tbe water wUl cau"e them to 

increase in volu&ne which will cause ri !ilna and bucklina of the pave· 

ment. In either r:ue lt h far more t:conomical if these conditions can be 

anticipated &ftcl prevented c! •.Jrtna co~utruction than to continually repair 

a road or attempt to rectlfy the condition after the road i:; completed. 

A 1oocl eaampll' oC the effect of clay expan ~• ton beneath a roadbed 

occ~&rted about three mile !' eiut of Mar~hall on the Boulder-Denver 

Turrl?ike.which was completed in 1?5Z• (Oobrovolny. JC'}53, p 4o ). 

Here the Laramie formation dip5 1ently toward the sub1rade allowinl 

1round water to n1ove alon1 a coal t~eam a :ld satur3te nn underclay eon· 

tainina montmorilloaite. The clay expanded c a~.&"in& one end of a 

concrete slab to rise eiaht•tentht oi a foot. This, nnturally. would 

bave a dh~•terous effect upon vehicles using the highway, so the :tate 

Highway Department has had to raise: thrr adjatent s lab by m •J.-i- Jacking 

to meet thh ri~c. Mud-jac:kint i an CX?Cn!ivc p~oc.e!iS. Had this 

sttuation been antlcip:-,ted and drains in~talled durin& con struction it 

would have been f&&r les• costly than it has been to correct On the 

Mar!lhall-Rocky Flah relocation aU1ament it wa::; determined that all 

formation~. fortunately. clip llway from the road and thi s :; itu:lti on i -. 



Plate 4. A. LookiDI back (north) from station 7S toward 
proposed cut from ttation 61 to 67. Center Une of road 
lie s to left of coal min• dlute and tipple . 
B. After construction of san1e cut . Thick coal seam (Fia. 
l..) i s .; een behind c:us. Same seam is seen above coal 
tipple on 5outhea .. t side of fault. CoUap11ed tunnel indicates 
s trike of seam. Another fault occurrina in gully on near 
side of mine tipple has offs~t 'oat causina mines to be 
ataaadoned. 

Zla 
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be~auee 
unlikely to occur/ the more permeatJlt· Htholoaic unit !> will tend to 

act a ' drialn~ and 1ea'l water away from the ro•d. i·io\\·ever, tbe follow-

ing 1round water problem wa~; preee~t, but wa s not .:'Cl:oanazed b)' the 

lltahwa y En1tnct-r s until it wa::s pointed out tu them ill the aeuloau: 

report. 

There i · little · u!"{ace runoff from the pcdim~nt ~rave l. ·,V«~.te r 

falJil\& on the !< U1"fcace llttcolate ~. duwn tl ruugh the gravel ulllil it 

rcac h t•!- the bl!drod < ::. u rf " Ct! . !\ecaust; !> O mllth CJf the ucdrock undr.r-

tl)e 
t yinwgra\·et is amp .. rvious (l.e . Pierre sh a le and !.h~les o! the Fox 

:lill c, ~and,t.onc and t.ar•tntie Cornntion), the water m ' gratcs along the 

gr<lvel·b~?>rlroc" contact until it nrpears <!t the cclae o! the pediment in 

.l· th~ 1rav el ~ llr r:tct.· has a a~cnlle dip' " the northc.1~t; thcrctorc moat 

...... 
of the water appear i on the uort.l. and e~Ht edae s o! the pc dirnclll !· and 

terr ace~. The amou nt o( ·.vatcr •.dll Cluctuah: 'iLh t.h~ season, s pt:inl 

.'\nd ::>llmmc r having t ile .. Juximuan amuunt ::; . 

E\'ery place where the arade hne o! the road intc r sect -· the 

S, 6). :"icar s tation l~v. te s t pit :; were dug in the gr<wcl by a ~cment 

compa ny to t~ - t 'lV~ rburden tbi c.: kne s..;. Tuc g1·avcl here: was nint! feet 

r.1 ·ac h <~ , 3(~ \ . Ci t fe et. 



Plate 5. A. Looktna ahead (~outh) from ~tation 8Z toward 
propos l'd c ut at station 90. Note sprin1 ~ in tully below edae 
o( p~diment. n. After excavation of same cut . Note pedi­
rnent gravcl·brdrock ( Laramie) contact in left c1.1t bank. 
Bedrock di ;Js 45° to left (ea5t). 
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Water, miarating along the gravel~bedrock contact, reachiug a 

pervious bedrock formation may percolate hto this formation and 

eeep out on the around lt.&rface at eome point on the ed~e of the pedi­

mcnt below the baee of the gravel. An example ia »ec11 near atation 90. 

The water tcepa from the gravel-bedrock contact inh.• a perviout 

tandttone of the Laramie formation and appear a at the aro&A••-i •ur­

face ae a aprina in a gt.&lly near the road. From the geoloaical invet­

tigation it appeared that a lateral drain placed be neath the r\Jad, where 

the grade hne inter tecta the ara\'el -bedrock contact. would intercept 

the around water seeping into the eub·arade and alao a large part of 

the water moving through the sandttone ao that it would not come to 

the eurfacf! beneath the fill. The 1pring UeeU wot.&ld be deplet-d and 

any water i11uing from it would be intercepted by a ditch, thue pro­

tectina the fill from saturation. 

l.anchlidee 

Many 1mall landalide1 are to be eeen on the edae• of the pcdi­

ments 1n this area They arc of two types . The amaller slides gen­

erally involve only the surficial r11bble that mantles the slopes 

borderina the pediments. In the larger slide:~ bedrock alao has been 

involved . They are lubricated by water from the seeps :1nd springs 

that i11ue from the gravel-bedrock contact. An example of one of 

theae large elidet it aouth of the project where the road to Colden 

deacende the pediment edge on the north aide of Ralaton Creek. 



P ~ ntc 7. A. Lookint~ back (north) from -. htion 180 bc.:fClrc~ 
t:xc . •:,ation of coJt -; {rom st~tion 166 to 181. Note Plei .. tocene 
te :-rae c , ia valley of C Olll Creek in middle di stance 
' A ftc r ClCC,L'.'ation of !Jame cuts. Forcgro•md cut in 
P'e:rre -. hale c;apped ·;,y pediment grav~t. Cut with tr'-lck:. 
in arcnaceou &one of Pierre hale c:1pp~d hy t~rrace 
aritvel. 

1la 
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As the road de !.cend -. into Ralston Creek Valley it traverses the sur­

f ace of :\ lclrge :d i~e in the Laramie formation. 

l .\ '1 hdt! o r cur red in a <:ut in the Pierre sh .. te on the Mara hall· 

El~orado Sprtna road in the s prinl of 1953. An irrigation dit<:h j.ast 

:-t b c ·.·~ l i1c c ut b ank appa r ently supplied watt:t' wbidt saturated tbe Pierre 

~ hate. \\he~ the cut wa s sub "equently c:Lt:epened by rearadinl, the 

;t a utlit y of the m:ltcria1 wa-. up~et ttnd !hf! s lide oct:urred. 

1'he rr.lucated highway alignment will not be aC!ected b)' major 

land s h ·:ie , . 

Recommendations 

5tation lo,ISO and t7J§O -- The contact between the cappin1 

gravel and the undcdying Fox Hills sand s tone will be inter sected a bove 

the grade line and any water that miabt issue at the ba'lf! of the gravel 

will effectively be carried in the ditches. ' haly &ones are not anti• 

ci patf!d in th . s c ut, however, i£ they do exid, water deleletiuu~ Lo the 

roa u may b~ carried above the s andstone-shale contiact and should be 

intPrcept~d. 

A s the Fox Hills s and ·.tone is evenly fine •lt"atne~ ancl in this 

cut homo~eneou s , It may b~ ct:~n 'l idered to be i§otropic in the sense 

th a t tt will work the same in all direction s . Jf haly pilrtings are pres• 

en!, the y will alter thi s property to th~ ~:ctent that -; eparati,n will tt~kc 

place more e astly at the cont:\ct of ;,and s torae ,,;th shale. The upper 
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5. 0 feet or eo are weathered which mean• the upper part will be 

removed with areater ea1e than the lower part. If the unweathered 

part of the sandetoRe il bla1tecl, the material will pot out. 

Surface observations reveal RO cemeRtation along the pro-

poaed center-line cut and it il believed that all of the material that 

will be ·~moved will be "common excavation." 

Station JJ to 21. •• Excavattoa will encounter aandetonc, ahale, 

and coal. Witbin a aiven Uftlt the properties will, of course, be ilo· 

tropic, but 1ince the unitl alternate in htholoay. i.e .• sandetone, 

ahale, and coal. aeparation wUl take place aloRI the plane• diatin• 

quiehina one kind of rock from another. EveR thouah the eandatoRes 

may be hard, the entire cut ia conalclered to be "common excavation'' 

becauae of the alternatioft of thin layer• of hard and aoft rock. 

Coal and particularly the underclay are weak and incompetent 

and U allowed to become wet will expand. AI the•• rock• dip •llahtly 

to the left and Uae cut will be clayU1hted I on the right it i• 1u1umcd -
I In this instance, the term "daylight'' mean• makina the cut 

elope hori&ontal on oRe side of a road cut . This is often done in road 
cuts on aide 1lopes where there ia a small amount of material to be 
removed. The material is used for flit elsewhere . 

that moi•ture will not reach them. Cn the ba1is of exi5ting knowledge, 

no eub ·surface drainaae is recommended. 



Station SS to 49. • • All excavation will be in fine ·arailled •and· 

stone. Along 1ome portions o( th~ center Une the upper Z to 4 feet 

have been iron cer11ented. The iron cemented part will work more or 

less aa a a.anU. The sandstone below the cemented part will be harder 

to remove than the Fox Hilla sandstone. Locally, however. it was 

possible to penetrate it two to three feet with a poll hole auaer . 

All o( the sandstone that has been iron cemented il " rock exc:a• 

vation." Approximately 4 feet below the top of the sandstone the mate· 

rial is considered to be "comanon excavation . " It wa:s not possible to 

verif~· thiaf belie£. but ob1ervations made at the surface indicate tbat 

SLa: h an interpretation is rational. 

The surface of the sandstone is i rreaular because Wlderl;·ina 

coat seams have been burned out. Call»ing collapse of the sanclttone. 

Station 4CJ to Sz,/11. • • Excavation will be ln part in the .,,me 

aands tone that i1 preaent from 1tation )5 to 49 . It wUl alao include 

a •hale below that aandatone. As it wa1 po1sible to penetrate the aand· 

1tone at atatlon Sz.tll to a depth or lZ feet with an auaer, it ia not very 

hard. The material• are conaiderecl to be "common excavation·• 

except fur the 1mall quantity of iron cemented aand1toue that will be 

rt:moved from the top part of the cut on botb the right and left side. 

On the baaia of pre1ent knowledae. drain& are not recommended . ' 

Station 5~11 and 5),100. • • Cieoloay i1 not ahown on th&: pro· 

file between atation SZ,IIZ and 5l,t00 . Thia ll becau t e the precise 



locauon o{ a t'a11lt which p•saea tbrou1h center-line waa not definitely 

c~ttablilhed. Bccb acljacent to the fault are sornewhat distorted and 

witbout ~addational tnveattaation caanot be accurately d~lineatcd. Ma· 

teriah that will be excavated are aancletone and shnle. As the s~&nlbtOfte 

doe~ not appear to be weU cemented, aU of the matet'h.ls that wilt be 

~ovecl are claaaifiecl ae "common e"cavation." 

.:»tMtion 61 to 67. •• '1'he aequence of rocks thRt will be encount­

ered ie repreeentecl on the attached nat-.ral acale profile (Plate Zl). 

l'be aandetonc ehown at the aurface at atatlon 65 -1- SO ba• been cemented 

by silica. l 'be dutdbuhon of ailiciflcauon in thls •and•tane is imper• 

fectly unde rstuocl, but it i• believed to pervade ao much of lt that the en• 

tire u:alt h '-= la••aiiecl a·· rock excavata•.'' All other rock uniU shown 

above 11racit: hne will be ' 'common excavation." 

The bed• at •tatlon 61 f. 50 and at 65 .f. 00 have been diatorted 

because ot collapse reaultina from mininl or burnin1 of the underlyiq 

coal. 1-~or that real on, a~d al:~o bccauee faultl oi •mall displacement 

may be pretent, some of the contact• a1 ahcw.-n may he in error. 

St3tion 7S to 81 + SO.-· The cut will be in weak and incompetent 

a hales, ttlilldetone•, Uanitea, and coal. They reyn~sent a part of the 

geologic column that wa• eetablished by auaerinl because they are 

everywhere conc~a1ed by a tbin mantle of colluvium. All material in 

th•' c1.0t !s ' ' common e~cavation. ·· 

The rocks dip to the left. Bec~use the rocks contain cl<ly mincrala 

that expand upon wetting and becau1e aquifer• in the Corm o! sandstones 
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are present. drain• are recommended. Aa the only entrance of water 

to the roadway is from ri1ht to left in conformity with the structure. 

subaurface drain~ are suaaeatecl for the right ahoulder only. They 

should extend thrO\lahout the len11th of the cut on the riaht aide. To be 

certain o( inte rceptin1 all the water. atub drain• are auaa r. ated for the 

raaht side of station• 7f,Jto. 11Joo. and 8o,l75. Theae should connect 

with the riaht lonaitudinal drain. 

St..:;ltiona 89 to 96. - • The upper part of the excavation will be in 

Tertiary(?) a ravel and the lower part will be in weak aandstonea and 

shales of the Laramie format~on. All material in thh cut will be 

"common excavation." 

Ade-1uatc control data for determinina the preciae elevation of 

the contact between the aravel and the Laramie formation at the arade 

line waa not secured. However. the deviation from the point ahown 

will be relatively amall and will alfect the hydrology problem only iu 

location. Water in emalt quantities will be encountered at about ata• 

tion cn,tso. lt should be intercepted by drain• before it reachc!J the 

grade line. Recopiztna that the loc:ation may have to be altered. the 

following i• auaseated. A later draiaa should be placed at station 

qz.~oo. Thh lateral which will intercept moat of the water should con• 

ncct with longitudinal drAina on each ahoulder of the road. The longi­

tudif'al drnins should extend from •tation 9Z/OO to station 9o,l50 where 

tbey may empty into the ditch line. 



29 

Statton aooJoo to IO?Joo. ·- The O\'erlyina materials are Tertiary 

----------------------
to Plei ,; tocene ar~&vel-. and the underlyina an ate rial is shale of the Lara-

mie formation. In tbu place the &ravel ia "ndcrlain by ii.1e aand. 

All material in this c"t will be "common excav .\l1 on. · 

Penetration by auaer to a depth of twenty ieet at !' tation l 04 and 1 Oo 

has proved conc:lusively that the lower part of the aravel, all of the :- and, 

and the t"P of the ~hal• tare water saturated. The top of the ~ hale ha 

been ealtered beca"!le of tbi.s almost conti.&ual saturation. A zone of 

accumulations of secondary lime exiah in and on top of the , hale . Two 

alternate '"lle s tions arc o£h:red for interception o£ .b · · urf.1cc Willer. 

The Hrst ~uga.e .; t\un i ~ : a lateral drain s hould be in:~talled at 

about station aoz,too. fiais lateral ~huuld be connected with lonsitu• 

dtnals in ei&ch shoulder of the road. The lonaitudinal drains s hould 

extend to abo"t !'itation 107JOO. A second lateral. also connectinl with 

the lon~ritudioal», miaht be placed at station 104,100. 

The alt~ r .. ~~e ~ugae stloa is: excavate the ditcbe ~ to a greater 

deJ'll. than nt~w planned and have ditches serve as dt'aln ~ . in thi ,; place 

it i .:; po'ltible to elimin111te ~ ub- s urface drilins because the ~ ource of the 

water is mainly ov•rflow in the aravel fror!" the valley a·~ -;ti ti ua 98,100. 

If this ""llestion i" followed. it is recommended th~t the ditch~ ~ only 

be cut about two !cet l{lwer than i!l now planneJ . This area b4!t wc:en the: 

road ahoulder s s hould not be cut lower than now pla nne d . To c ut lower 

than now de ~ iau.:d a ml then beaddill to arad~ will produce a contact along 

which water will move .. 



U th e 511~1\c ~. t i .:lr: t hat t !:e ~Etche :; s c r ·.- ~ · :.> d:-air. ;; i~ C ollo ~t.ccl, 

du n:1g r:t i n y · ca : otH rn :?.y hi! ~ at 1:-itt cd . 

, h ou !d b e U!'cd wil ' b ~ b;ae; c c! on ~ c om~a ;· i ~ "' ~ :· ( : ) l. 0 5t (I( m nvia& 

la :·g('r 1 :o : tit.ir. !:! in (' : · c·;w:\t~ng tlee p<· r dih: ht-~ onrl (:!) (' n :. t ol install• 

in~ .. t ::mtla r.l ~ub- j urfacc i nt r. rceptiun dr~&in•. 

· · t J.t~on lZG to tzc;. • · F.x c a\' a tion \\ i ll be ,. :,ti :- c:l y i.n cr o~ v ct. 
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A s the base oi tht: a :·•wd will lhl t be cut. drain!) ar\: nut rc:C"I (I CI) Cnded. 

Stati •Jn l3~ to 1-14 . •• E :-:cavation will be in srilvc:, l · :e .. re shale, 

a :1d Fo:: tllll s sandstone. All m::tteri a l s arc clasai!ied ru ' 'common 

exeavat i on. " 

A.J the Fox Hills sandst one iii poroutt probably it will 

carry any w;,tcr thnt miaht be present in tht: aravc:la. Drains are not 

recom r.1 cnded on the h!l:iis of c~iat! ng info n nation. 

:,tati un 1 ·~6 t ~) 17 j. ·- Excavation will b e in g:-01..-cl ~nd Pierre 

s b:.Jc and la clz.ssi!ied a• '' com:non .:xc:uvation." 

As <.: untact between the ara·:cl tuld the Pierre ~hale v.·ill !>t: above 

the 81'a.dc i~ lC, ::i iH{&CC ditches Wtll be ade!-il!OllC to Carr y an y W<Lter that 

i ti sue s from the conta..:t . Very little water i:.; expectct! lJecaniU! the 

catchanent Prea i s ~ o !mall. 

Un the left ~ i de of th~ cut between •tatloa 168 and 171, a •and 

compoaet the lower part ol the aravcl. 
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eatimated to H approximately 1, 000 yards. Aclditional testina will be 

neceasary to determine itt apeciflc uee, if any. 

Station 171 to 116. •• Part of the excavation will be in gravel 

and part in Pierre abate. These material• are classified as ''common 

excavation." 

About sixty feet to the left of station 186 a pit excavated to a 

depth of 9 feet has. after openina. tilled with water to within 1. ) feet 

of the eurface. Because of channeling on top of the Pierre shale the 

aravel may not carry quite so much water at alation 180 where the 

arade line intersect• the contact. However, as the Pierre shale con· 

tains expanaive clay minerals, even a small addition of water will 

cause awelUna. Therefore, drains thould be inatallecl to keep the 

•ub·arade dry. A lateral drain ehould be inatalled on the riaht at 

station 18o,/SO and connf!cted with a lon1itudinal extendinl to about 

179JOO. At the left tide of the cut will be dayliahted the opening 

of the lateral may be in the le(t di&ch. 

Station 101 to 105. • • The conto.ct between th~ gravel and the 

Pter re thale is well expoted in the ditch line of the existing road. 

The material• are clasaUied at ' 'common excavation . " 

A lateral drain it recommendt"d at about station Z04 to ZOS 

connected with lonaitudinale extending to about .!04. 



PART lit 

Concluaione 

1Z 

Many phase a of tteoloay ar4! called upon in the aolution of engi • 

n4!4!rtng problem1. Among the phaaea used in thi• inveatiaation were: 

structural geology, tcdimentology. stratis;:raphy. aeomorpbology, 

Htbology. and hydrology. 

Rarely will any one project be able to utilize more than a few 

of the geological 1ervice1 lilted by Huntting (1945, p. Z7Z». Aa a 

rceult of this investiaation, aeologic information will contribute to 

an overall reduction in coati by pro\·idina a ba1i1 for : 

l. Predictina the material to be excavated tbua preventing 

any •eriou• error in biddina . Knowledge of the geoloay 

will eliminate much of &he rilk involved in bidding for 

either the State or the contractor. 

Z. Predicttna where around water problem• will be encount­

ered and recommending po11ible 1olution1 to the pro~­

lem. Tbil will contribute to &he length of life of the 

roacl and thu1 reduce maintenance costa. 

3. Predictina 1ub-grad~ stability which will al•o reduce 

maintenance co1ts. 

4. Predictl:-11 the pre1ence or abaence of potential or actual 

landalide•. 

5. In conjunction with No. 1 above, determining the type of 

material that will be uaed in fills. 
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'fhe wo~·~• of the engineer are becoming increaainllY larg~r and 

more complex and therefore he is obli&ed to call upon more and m ore 

type• of technical aathtance ln plannina and con~truction . Cicolo.:y it 

one of the valuable tools that can materially aid in the sol1tion of 

many ensineering problema 
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Plate 6 

Plates 22 t hrou('h 63 show reductions o r tho ,,rosr. soeti onr. ft'.!!do by 

t ho etllto hirhwy onrineon; a t ovory SO ~ 100 foo ~ _etotione. The reo lory 
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