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ENGINEERING GEOLOGY AS APPLIED TO

HIGHWAY CONSTRUCTION

by
Leonard M. Gard, Jr.

ABSTRACT

A geologic study of the site for a relocated segment of State
Highway 93 northwest of Denver, Colo., was made by the Engi-
neering Geology Branch of the U. S. Geological Survey as a demon-
stration of the applicability of geologic mapping to protiems of
highway construction. The relocated segment provides access to
the Rocky Flats plant of the Atomic Energy Commission.

The geologic conditions along five miles of the relocation
route were examined. In most places apparently well-indurated
sandstones of the Upper Cretaceous Fox Hills sandstone and
Laramie formation can be excavated without using explosives.
The intersection of a six foot thick coal seam in the roadbed in
one proposed cut was predicted and removal and replacement
with more suitable subgrade material was recommended Near
Marshall the alignment crosses three northeast-trending normal

faults which do not adversely affect the highway.



Clay minerals with expanding properties are present in some
of the claystones of the Laramie, and special measures must be
taken to ¢cnsure that ground watcer will not seep into them and cause
swelling beneath the roadbed. Late Tertiary or Early Quaternary
gravels cap pediments along the mountain front. Ground water
issuing from seeps and springs found at the contact between these
gravels and the underlying bedrock should be intercepted snd

removed from beneath the roadbed.



ENGINEERING GEOLOGY AS APPLIED TO HIGHWAY
CONSTRUCTION
PART 1

Background for Engineering Geology

"Engineering geology is not a branch of the science of geology;
it is the application of all of the branches of the science to the practi-

cal problems of Engineering." (Burwell, 1950, p. 2.)

As all civil engineering structures are constructed on or in the
carth's crust and often are composed of natural materials from the
earth's crust it behooves those who design and build these structures
to know as much as possible about these materials. The fundamental
reasons for using geological information in engineering are to reduce
costs and promote safety. Examples of these reasons may be found
in many textbooks and papers on Engineering Geology. (Legget, 1939;

Paige, 1950; Ries and Watson, 1936.)

The increased use that engineers are making of geology in the
solution of a great variety of problems involves little essential change
in the present techniques of the geologist. Naturally, the more well
rounded and experienced the geologist is, the better equipped he is to
assist in answering geological problems that ax:ise in enginecering
practice. Because the fields of geology and engineering are both vast
in scope, it is indeed a rare individual who is accomplished in both. It
is necessary, however, th& both geologists and engineers have suffi-

cient knowledge of the other's field to appreciate their problems and to



recognize how geology can assist in solving engineering problems.
Geologic reports written for the engineer must be written with
clarity and simplicity if they are to be of any value If the engineer
cannot understand a geologic report he will not use it. The geologist
who hides behind technical jargon and an aura of profound preoccupa-
tion will not be able to convey his ideas to the enginecr and, as a re-
sutl, engineers who come in contact with this type of geologist will

lose confidence in geology.

Geology Applied to Highway Construction

Geologic information has been applied in highway construction
for many years but only recently has it come into general acceptance
by engineers. As early as 1889 a report on highway materials was
written (Hill, 1889). Since that tiine the demand for more and better
roads, stemming from the advent and improvement of the motor
vehicle, has required more and better knowledge or earth matcrials
In 1937 two states each employed a geologist in the highway depart-
ment (HHorner and McNeal, 1950, p. 157). In '951, according to a
survey of state highway departmeni: (Hor:uer and Dobrovolny, 1952)
23 of the 48 state highway departments employed a total of 89 geolo-
gists of which Kansas uses 15 and Pennsylvania uses 10. Cf the
re:naining 25 states, many use consulting geologists but do not
employ geologists full time. From this it becomes apparent that
the application of geological data to highway engineering 1s rapidly

becoming accepted in state highway departments.



Huntting (1945, p. 272) has outlined some of the ways in which
a geologist (and thercfore geology) can be utilized in highway con-
struction. These are:

1. Locating suitable road-surfacing material pits and quarries,

2. Deterrmining the suitability of various earth materials for
surfacing, concrete construction, and other highway uses;

3. Sub-grade treatment and classification;

4. Frost heave problems; .

5. Predicting the character of material to be ecxcavated;
6. Preventing and correcting landslides;

7. Appraising the competency of materials for bridge foun-
dations;

8. Judging the desiraliility of bridge sites and road sites with
respect to possible changes of stream channcls,

9. Investigating proposed tunnel sites;

10 Investigating and predicting sub-surface water conditions
and locating underground water supplies;

11. Evaluating mineral lands to be bought or condeinned for
highway location; and

12. Acting as witness in litigation "



Descriptions of geological formations mercly as sandstone,
shale, limestone, granite and the like, are of little value to an engi-
ncer. He is mainly interested in the physical properties of a lith-
ologic unit so that he may evaluate it to dctermine how it will react
under certain conditions and what equipment will be needed to exca-
vate it. The engineer divides matcrials to bhe excavated into to
categories, ''rock'" and "common.' '"'Rock'" to an enginecer is any
material that is consolidated enough to require the use of explosives
to reduce it to a size that can be readily handled by his equipment
whereas '"'common' encompasses those materials that can be handled
directly by his equipment.

By accurate mapping and the application of sound geological
principles to the problems of highway construction, the geologist can
aid the highway engineer by predicting materials to be encountered
and their properties and can foresee problems that may arise due to
geologic conditions.

Part 1] of this paper is an examplec of a report on the engi-
neering geology of a highway relocation In order to give the reader
a better picture of the geologic setting, it contains more geologic
background than is generally included in a report written for engi-

neers



PART 11

Enginecering Geology of the Relocation Alignment of
State Highway 93 near Marshall, Colo.

Purpose of the investigation

The construction of the Atomic Energy Commission's Rocky
Flats plant, northwest of Denver, has led to the improvement of
part of State Highway 93 as an access road. In planning for the
improvement of the north end of the road, the Colorado Depart:nent
of Highways decided that a section of the road ncar the town of
Marshall should be relocated to shorten it and to remove some
steep grades and sharp curves. This relocation involved making
a number of large cuts 1n bedrock. In the sammer of 1253 the
Engineering Ge;logy Branch of the U S Geological survey mapped
a section of the relocation aligninent as a demonstration of the appli-
cability of geologic mapping to prublems of highway constraction.
The purpose of the investigation was twofold; firat, to provide
geological data in a critical area, and sccond te demonstrate to
the highway department the usciuiness of geological data for good
low cost highway design and the location of construction materials.
The Colorado Departineat of Highways plans to hire a geologist and
this survey would, in part, determine the type of work he will do
and enable them to more correctly fit him into their organization
As the request for this work was not made sufficiently far it advance

to allow
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the geolegic report to be completed prior to bidding for the contract,

the Lighway department ¢aginecrs of design, construction, and materials
were takken on an inspection trip in the field and some of the more im-
portant recommmendations were given them orally., Ficld imapping was
done daring July and August, 1953, and iicld checking was done at

regular intcrvals as the construction took place.

Location
The project 1s located abuut 22 miles northwest of Denver and
about four milcs south of 3oulder. It extends suuth from the town of
Marshall to the Rocky Flats Atoiaic Encrgy Conimission plant, a total

length of about 5.2 miles.

. Previouas Geologic work

Early studics in the Denver Basin were miude by Emmons, Cross,
and Eldridge and the work published in U. 5. Geological Survey Mono-
graph 27 (1896). The structure of the Marshall area was mapped in
1935 as a thcesis for the University of Colorado (J. F. Johnson, 1935),
This previcus work served to give a general picture of the geology of
the arca, but was of little assistaace in the dctailed mapping. Only a
brief description of the general geology and structure will be given here
For more dctailed information, the reader is referred to the bibliography

at the end of this thesis.
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Geology

The project is located on the west flank of the Denver Basin
where sedimentary formations of Pennsylvanian through Paleocene
age dip eastward into the Basin. This is on the western border of
the Colorado Piedmont, a subdivision of the Great Plains Province.
(Fenneman, 1931.) The geologic formations involved in the highway
relocation are Pierre shale, Fox Hills sandstone, and Laramie for-
mation, all of Upper Cretaceous age. These iormations have been
bevelled by several cycles of pedimentation. The bev elled surfaces
are capped by late Tertiary or early Quaternary gravel. Later Qua-
ternary terraces along the valleys of South Boulder and Coal Creeks

are also capped by gravel.

Stratigraphy

Pierre shale -- The Pierre shale is a gray-green to black

marine shale. It is approximately 10, 000 feet thick in this area

(Lovering and Goddard, 1950, p. 39); but because it is soft a:d
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easily eroded, it is seldom exp:sed except in otr;am banks and man-
made cuts. A nearly complete section of the Pierre is exposed in the
Deaver and Salt Lake Railroad cut seven miles north of Golden. (Moody,
1947.) The Pierre consists mainly of clayey shale with sandy lenses
and a few thin bentonite seams. The upper half of the formation is more
arenaceous than the lower half Cnly the upper 800 feet of the formation
was encountered in the highway relocation.

Fox Hills sandstone.-- The Pierre shale grades rapidly into the

overlyiny Fox Hills sandstone which consists of buff to brown friable
sandstone, siltstones, and sandy shale. Although the Fox Hills sand-
stone has been found to be as much as 550 feet thick, (Lavington and
Thompson, p. 50, 1948) the maximum thickness measured in the vicin-
ity ol Marshall was 130 feet. Lovering and Goddard {op. cit., p. 40)
have stated that, '"The Fox Hills probably represents a near shore
facies of the retreating Upper Cretaceous Sea.

Laramie formation. -- The Laramie formation, overlying the

Fox Hills sandstone, is a series of alternating and lensing sandstones,
siltstones, claystones, lignitic clays, and coals. This formation is of
continental origin and has an average thickness of 600 feet (Lovering
and Goddard, 1950, p. 40). Gude (1950, p 1701) measured a thickness
at Golden of 540 feet. This project involves only the lower 132 feet of
the Laramie which is repeated by faulting several times along the align-
ment. Claystones predominate and contain the clay minerals kaolinite,

illite, and montmorillonite (Gude, 1950). The sandstones are fine- to



medium -grained and may grade laterally into siltstones in a short dis-
tance. The sandstones commonly lense with the claystones and marked
changes in thickness are not unusual. The sandstones are friable and
porous except locally where they are cemented with iron oxide.

Coal has been mined in the Marshall area since 1853, No mines
are presently being operated but one was operated as recently as 1948.
.'t‘he area is dotted with abandoned mines, many of which were abandoned
as early as 1881 (Emmons, Cross, and Eldridge. 1896, p. 347). At
least one mine had caught fire prior to 188) (op. cit., p 348) and coal
seams are still burning in at least three places.

There are at least four more or less continuous coal seams here,
but only one of them is thick enough to be mined profitably. These coal
beds are extremely useful locally for stratigraplic correlation of the
Laramie

Correlation between various measured sections of the Larsamie
formation was found tec be impossible because of the rapidly cha'wying
lithology. No correlation was made between the Laramie section in the
Marshall area and the section measured at Coal Creck for the same rea-
son. A composite section was made from auger hole information along
the center line of the highway alignment (Fig. 2). Sometimnes when it
was not possible to correlate the geology between 100 foot stations on
the profile due to the changing lithology, cross sections were made

every 50 {cet or less. (See Methods of Investigation, p. 15 )
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Pediment gravel. -- Several gravel covered, partly di-sected

pediment surfaces of different level- exist at the edge of the Rocky
Mountains in this area. At least three surfaces have been recog-
nized by i E. Malde, Geologist, U. S. Geological Survey. The high-
way alignment crosses only one, the Rocky Flats pediment, a bevelled
bedrock surface capped by as much as 50 feet of gravel. Worcester
(1939, p. 250) has called this feature a "pediment-topped, fan-topped

pediment.*"

The age of both the bedrock cut surface and the gravel is in doubt.
It has been implied indire;lly (Wahlstrom, 1947) that the Rocky Flats
surface could be no vlder than iniddle or late Pleistocene. However,
according to Van Tuyl and Lovering (1935, p. 1327) the surface is the
correlative of their Crodell berm and is late Pliocene in age. They
correlate the Crodell berm with Worcester's (1931) upper Pliocene
High Mesa Gravel. The surface relief of the pediment gravel is no
more than five feet, although the underlying bevelled bedrock has as
much as 50 feet of relief. The large amount of relief on the bedrock
is due to resistant beds, such as the sandstone in the basal Laramie
formation withstanding pedimentation.

The valleys of South Boulder Creek and Coal Creek contain
~everal gravel-capped terrace levels of Pleistocene age. Late Pleis-
tocene gravel has filled channels in the Rocky Flats gravel. The

Piiocene and Pleistocene gravels are similar and have not been con-
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-idered separately in this report. Both gravels contain sandy and
silty lense<. There is a definite decrcuse in the grain size of the
gravel from the mountain front to the castern edge of the pediment;
however, a- the highway alignment traverses the pediment in a north-
south direction, the size of matcrial encountered from place to place
along the highway is about the same. The material ranges in size
from clay-sized particles to boulders ten feet in dizraecter., Sub-
angular to rounded fragments of juartzite, granite, gneiss, schist,

and sandstone (u<ually Fountain and Dakota) are common.

Structure

The dominating regional siructure is the cast-dipping foothills
monocline which i< broken at a number of places along the foothills
by west-dipping, north-trending high angle reverse fault:; northwest-
trending normal faults, which die out inen@chelon folds in the sedi-
mentary rocks to the southeast; and northeast-trending faults which
are both normal arnd reverse. '"The faulted monocline in reality
represents the cast limb of the great Front Range anticline formed
during the l.aramide revolution which culminated at the close of Denver
time." (Van Tuyl et al, '938, p. 24-25.) The sedimentary formations
involved in this folding are Pennsylvanian through Paleocene (Reichert,
p. 47, 1954) in age. Along the Front Range thesc formations gen-
erally dip eastward into the Denver Basin. The Upper Cretaceous

formations in the project area generally ~trike necarly due north and
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dip eastward at 45 to 79 degrees, but at the north end of the project,
near the town of Marshall, the strike of the Fox ilills, L aramiv,and at
least upper Pierre swings eastward to 65° E and the dip decrsease . to
10° SE. Near Mar-hall the Fox liills and Laramic are Hroken by a com-
plex serie: of northicast -trending fault- that have only 50 te 100 fect of
di<placement. Probably at least the upper part of the Picrre
is 2l-o broken by theve {aglts. Yowever, no evidence was found to
support thiz assu:nption. Most of th.c fzults in the Marshall are are
normal faults with the nortivvest siues Jowanthrown., Maipping by the
Fucls Branch of the U. 5. Geological Survey in the Eric, Louisville,
and lLafayctte coal fields east and aortheast of this area ha« revealed
that the northeast-trending faults are far more common than was pre-
viously believed. Although most of these arc rnormal faults wath the
northwest side down-thrown, some are reverse faults and some are

hinge faults. Small horsts and grabens also complicate the truc-

tural picture,

Engineering significance of the Geology
Method - of Investigation
Stratigraphic cections were areasured and the genlogy wa. riap ned
by plane table. Decause a large part of the area s covered by a montle
of <oil and gravel, much of the geologic information found on plate - 10

to 63 was determined from auger hole information.
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For the benefit of the reader who is unfamiliar with the ter-
minology and procedure used in highway surveying, the following
description of the methads employed by highway engineers is included.
The right of way and centerline of the relocation alignment of State
Highway 93 had already been laid out by survey crews prior to the
geological investigation. A stake of known elevation and location
known as a station was placed every 50 feet along the centerline.
These stakes were used in the plane table mapping as reference
points and the centerline served as baseline. In laying out a high-
way centerline, these stations are always measured from one end
of the project to the other. The stake 200 feet from the start of the
project is known as station 2 £00 (two plus zero zero). The next
stake 250 feet from the start is station 2 £ 50 (two plus fifty) and the
next 3 £00 (three plus zcro sero) and so forth. Reforence to right
or left of the centerline is always made when facing in the direction
of increasing station numbering and refercnce to direction along the
alignment is refcrred to as "ahead" or "back."

The geology was mapped by plane table for purposes of con-
structing a structure contour map. Because of the abrupt changes
in the litholoegy of the Laramie, the lack of good marker horizons,
and the paucity of outcrops in many places, structure contouring
was abandoned and the stratigraphy was determined along the right

of way by test augering and test pitting.
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A total footage of more than 728 feet was augered in 111 holes. The
Highway Department made available a truck-mounted pow:r auger, but
the majority of the holes were augered by hand. The Hig:way Depart-

ment provided a plan and profile_/ of the highway alignment on a

_/ A profile of the alignment is a drawing showing a vertical
section of the highway alignment cut parallel to the alignment on the
center line.

horizontal scale of 100 feet to the inch and a vertical scale of 10 fcet

to the inch. Cross sections made at right angles to the center line
were provided at every 100 foot station and at some 50 foot stations

at a scale of 5 feet to the inch. The geology was plotted on the cross
sections from auger hole information and transferred to the ceater line
profile. Thus with information at least every hundred feet along the
ceater line profile, the geology could be interpolated between these points.
By plotting the geology on the alignmeut profile and cross sections the
contractor, resident engineer, and members of the Highway Department
were provided with a geological picture superimposcd on the plans with
which they were familiar and would use during construction (sece Plates
10 through 63).

By using information from the cross sections and the center linc
profile it is possibie to construct a three dimensional picture of the
geology at any given place along the right of way, thus enabling an accu-
rate prediction to be made of the geologic materials that will be encount-

ered during construction. Plate 6 is an isometric block diagram ot the

cut between stations 89400 and 92400 that was constructed in such a
maunner.
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Geologic formations

Pierre shale, - The Pierrce shale i5 cacountered in road cuts on

both sides of Coal Creeh. Prior to construction the Pierre-Fox Fills
contact wis determined to occur at station 141445, where it crosses
the aroposed cut at an angle This was confirmed when the cut was
excavated in February 1954, (n the south side of Cuval Creek the in-
vestigation was assisted by test pit. and trenches made by a cement
company which was sampling and testing the Pierre shale. The Pierre
shale usually i< casily removed with power ejuipment and is classified

a- "commmon.'" No bentonite seams were vbserved to occur where the
Pierre shale was to be exposed in road cuts. - 1 'he south side of Coaul
Crcek a situation occurred that indicates some of the hazards of 2ngi-
neering geology. From all available data it appeared that the Pierre
shale couvld readily be excavated with power ejuipment. lhe proposed
cut was not investigated by augering to i's [ull depth because the avail-
able power auger was not capabhle of drilling to a depth of more than

20 fcet When the cut was excavated, an arenaceous zone in the upper
Pierre shale was encountered thiat required blasting of some 3, 000
cubic yards of material (1.:ite 7). This kind of experience tends to

prevent the engin. ering geologist from becoming complacent and smug.

F_ox Hills sand:tone. -- The Fox llills sandstone wu:s encountered

at two places in the project, on the north side of Coal Creek, as men-
tioned above, where it is in contact with the Pierre shale, and in the
large cut made between stations ten and sixteen near Marshall (Plate

2) At the latter place a cut was made through a flat-topped ridge
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Plate 2. A. Looking back (north) from station 24. Before
excavation of proposed cut at station 16.

B. After excavation of same cut. Gravel canped Pleisto-
cene terrace on Fox Hills sandstone. Dark line on cut bank
15 lignite seam at base of L.aramie dipping toward lower
right corner of photo.

17a
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forraed by the Fox Iills saudstone and the hasal sandstone of the
Laramie formation. This ridge, a Pleistocene terrace of “outh Houl-
der Creek, has a bevelled bedrock surface capped by five to eight icet
of cuarse gravel. Although the Fox iiills gives the appearance o1 being
well indurated, it is friasbie and poorly cemented and was readily re-
moved by power ejuipment. The Fox Hills {8 permeable, b, as it dips
away from the road here, water po-coliing through this formation will
not accu.nulate beneath the road.

Laramie formation. -- The majority of the project invclves the

Laramie formation. The base of the Laramie, a :and«tone bed sepa-
rated, in this area from the Fox Hills by & seam of lignitic shale, is
cxposed in the cut at station 15 nearMarshull. From this cut to station
33, the road rises in the Laramie section and crosses two thin coal
seams at stations 22450 and 26¥50. From station 33 to station 52 the
road lies on a sandstone member of the LLaramic. Either one or toth
of the underlying thin coal seams have burned, causing minor collapse
of the overlying shales and sandstone. The sandstone at the surface is
well cemented by iron oxide, but the collapse has fractured it into
pieces small enough to allow its removal w:ith power ejuipment.

At station 52 the Laramie iormation is broken by » normal fault
striking N 559 E. ‘lThe northwest side of the fault 1s downthrown which
cause¢- the geologic -ect:on to be repeated. In the ditch on the .outh
side of the {ault, the upper nart of the ba:al Laramie sand-tone again

crops out. (n this side of the fault, the upper part of this sand-.tone is
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cemented by iron oxide and had to be blasted before removal  Ground
water has deposited iron oxide ia {ractures and pervious bedding planes
in soune of the Laramie sandstoncs, which forms extremely hard zones
that resist weathering A good example of this can be seen ncar station
58

South from the fault at station 52 the road again rises in the lLara-
mic section and recrosses the two thin coal seams that were found at
stations 22¢50 and 264-50

The sandstone member that was so well cemeated b.ctween sta:
tions 33 and 52 is less well cemented where it crops out at station 62
and could be broken loose with a ripper.

The presence of a six foot thick seam of coal in the proposed
roadbed at station 6 was determined prior to construction There
was no surface indication of this coal seam. Because of the unstable
nature and low bel;ing strength of coal, it was recommended in the
field that the coal be removed and replaced with a more suitable sub-
grade material.

At station 65 the highway crosses a normal fault that strikes
northeast and is down-thrown on the northwest side (Plate 3). This
fault has brought the six foot thick coal scam nearly in contact with
the same sandstone bed that crops out at the surface between stations
33 and 52 and at station 62. The sandstone is stratigraphically nearly
55 fcet below the coal. Local inhabitants indicated that the High View
mine, which was on the northwest side of the fault, had bcen abandoned

because the coal had been faulted out. A new mine, the Premier, was
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Plate 3. Fault at station 65. Coal seam at left has been
dragged un along fault in center of photo.
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started on the suuth side of the fault, but also was abandoned when the
coal was again offset by a fault that is believed to cross the highway
aligninent near station 68 (Plate 4). The faults that cross the highway
alignment at stations 52, 65, and 68 will not have any adverse effect
upon :the highway. The fault at station 68 is in a gully and crosses
beneath a fill. The faults at stations 52 and 65 cause the same iron
oxide cemented sandstone to crop c .t at three different places along
the realignment. The Laramie is present continuously in road cuts
from station 15 to station 107 except between stations 9] and 102
where it is buried beneath pediment gravel.

Figure 2 is a composite lithologic section of the Laramie for-
mation measured along the right of way. It soon became apparent
that the thicknesses and lithology of all units vary considerably over
short distances. The lithologic units commonly are lenticular but no
attempt was made to portray this in the column. Thicknesses shown
in the column are the ones most closely approximating those shown on
the profile.

Pediment gravel. -- The pediment and terrace gravels are

classified as ""common'' excavation. The gravel capping the Rocky
Flats pediment contains many badly decomposed fragments, which
would prohibit its use as concrete aggrcgate or road metal. As little
concrete was used on this project, the problem of locating a source

of concrete aggregate did not arise.
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Strati - Unit
graphic No. Description
section

covered

23 Shale, gray
22 Sandstone, buff, fine grained
2l Coal
20 Lignite
19 Coal

" 18 Interbedded shale and sandstone
17 Coal
16 Lignite

o, o i o
s 15 Interbedded shale and sandstone

Fig. 2. Composite lithologic section of Laramie formation
measured along right of way. Scale | inch equals
10 feet.



——

12

é};:;:::f;;:;:;:";'-zt ‘.:E

~ - Yeeee - e e
R T~

20b

Fig. 2 (Cont'd)

14

13

12

11
10

o Vo ®

w

Sandstone, fine grained, gray
to buff. Locally upper 2.0 to
5.0 feet iron cemented.

Shale, gray to buff

Sandstone, fine grained, light
gray to buff.

Shale, buff

Coal

Shale, gray

Sandstone, buff

Shale, buff
Coal

Shale, gray, weak and incompetent

Sandstone, buff, fine grained

Shale, gray to buff, silty

Sandstone, massive, friable

Shale, lignit
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Ground water conditions

Water entering and accumulating in permeable materials will in
most cases cause con-iderable decrease in the stability of those materi-
~ts. When this occurs in tl.e sub-grade of a road it can decreasc the
stability of the sub-grade to such an extent that it will cause the pave-
ment to fail under normal traffic loads. 1f montmorillonite clay min-
erals (Grim, 1953, p. 55) are present, the water will cause them to
increase in volume which will cause rising and buckling of the pave-
ment. In either case it is far more ¢conomical if these conditions can be
anticipated and prevented diring construction than to continually repair
a road or attempt to rectify the condition afte r the road is completed.

A good example of the effect of clay expan.ion bYeneath a roadbed
occurred about three miles east of Marshall on the Boulder-Denver
Turnpike, which was completed in 1952, (Dobrovelny, 1953, p 456 ).
Here the laramie formation dips gently toward the subgrade allowing
ground water to move along a coal seam and saturate an underclay con-
taining montmorillonite. The clay expanded causing one end of a
concrete slab to rise eight-tenths of a foot. This, naturally, would
have a disasterous effect upon vehicles using the highway, so the tate
Highway Department has had to raise the adjacent <lab hy mud-jacking
to meet thi- rise. Mud-jacking is an expensive process. !lad this
situation been anticipated and drains installed during construction it
would have been fur less costly than it has been to correct Cn the
Marshall-Rocky Flats relocation alignment it was determined that all

formations, fortunately, dip away from the road and this situation i



Plate 4. A. Looking back (north) from station 75 toward
proposed cut from station 61 to 67. Center line of road
lies to left of coal mine chute and tipple.

B. After construction of same cut. Thick coal seam (Fig.
2.) is seen behind cars. Same seam is seen above coal
tipple on southeast side of fault. Collapsed tunnel indicates
strike of seam. Another fault occurring in gully on near
side of mine tipple has offset coal causing mines to be
abandoned.
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begause
unlikely to occur/ the more permeable lithologic units will tend to

act as drains and lead water away from the road. liowever, the follow-
ing ground water problem was present, but was not recognized by the
Highway Engineer: until it was pointed out to them in the geologic
report,

There is little urface runoff from the pediment gravel. Water
falling on the surface percolate: down through the gravel until it
crcaches the bedrock surface. Decause so much of the bedrock under-
!yintgl)gravel is impervious {i.e. Pierre shale and shules of the Fox
{lills sandstone and l.aramie formation), the water m:grates along the
gravel-bedrock contact until it appears 2t the cdge of the pediment in
the form of spring. and seep:. The bevelled bedrock surface as well
1~ the gravel surface has a gentle dip to the northcast; therctore most
of the water appears on the nortl, and east edzc::.»f the pedirnent: and
terrace~. The amount of water will fluctuate with the season, spring
arnd summer having the maximuam amounts.

Every place where the grade line of the road intcrsect: the
gravel-bedrock contict repre-ent- a potential scurce of trouble (Plates
5, 6). Near station 180, test pits were dug ia the gravel by a cement
company to te-t overburden thickness. Tae gravel here was nine fect
thick, MMany of these pits filled with witer overaight to denth of as

mach as seven {eet,
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Plate 5. A. Looking ahead (south) from <tation 82 toward
proposed cut at station 90. Note spring- in gully below edge
of pediment. 1. After excavation of same cut. Note pedi-

ment gravcl-bedorock (Laramie) contact in left cut bank.
Bedrock dins 45 to left (east).
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Water, migrating along the gravcl-bedrock contact, rcaching a
pervious bedrock formation may percolate into this formation and
scep out on the ground surface at some point cn the cdze of the pedi-
ment below the base of the gravel. An cxample is seen ncar station 90.
The water seeps from the gravel-bedrock contact intc a pervious
sandstone of the Laramie formation and appears at the grouid sur-
face as a spring in a gully necar the road. From ithe geological inves-
tigation it appeared that a lateral drain placed beneath the road, where
the grade line intersects the gravel-bedrock contact, would intercept
the ground water seeping into the sub-grade and also a large part of
the water moving through the sandstone so that it .would not come to
the surface beneath the fill. The spring itself would be deplet~d and
any water issuing from it would be intercepted by a ditch, thus pro-

tecting the fill from saturation.

Landslides

Many small landslides are to be seen on the edges of the pedi-
ments 1n this area They are of two types. Tke smaller slides gen-
erally involve only the surficial rubble that mantles the slopes
bordering the pediments. In the larger slides bedrock also has been
involved. They are lubricated by water from the seeps and springs
that issue from the gravel-bedrock contact. An example of one of
these large slides is south of the project where the road to Golden

dcscends the pediment edge on the north side of Ralston Creek.



Plate 7. A. Looking back (north) from -tation 180 before
excovation of cuts {rom station 166 to 183. Note Pleistocene
terrace - in valley of Coal Creek in middle distance

', After excavation of same cuts. Foreground cut in
Pierre -hale capped 5y pediment gravel, Cut with trucks

in arcnaceou- zone of Pierre -hale capped by terrace
gravel.

23a



24

As the road de.cends into Ralston Creek Valley it traverses the sur-
face of a large slide 1n the Laramie formatiun.

& shide occurred in a cut in the“Pierre shule on the Marshall-
Eldorado Spring- road in the soring of 1953. An irrigation ditch just
above tinc cut bank apparently supplied water which saturated the Pierre
shale. When the cut was subsequently sicepened by regrading, the
stability of the material was upset and the slide occurred.

The relocated highway alignment will not be uffected by major

landslhide s,

Recommendations

Station 10450 and 17450 -- The contact between the capping

gravel and the undevlying Fox Hills sandstone will be intersected above
the grade line and any water that might issue at the base of the gravel
will effectively be carried in the ditches. >haly zones are not anti-
cipated in this cut, however, if they do exist, water deleteriovus Lo the
road may be carried above the sandstone-shale contact and should be
intercepted.

As the Fox Hills sand tone is evenly fine-grained and in this
cut homogeneous, 1t may be considered to be isotropic in the sense
that it will work the same in all directions.  If shaly partings are pres-
ent, they will aiter this property to the cxtent that separation will take

place more casily at the contact of sandstone with shale. The upper



25

5.0 feet or so are weathered which means the upper part will be
removed with greater ecase than the lower part. If the unweathered
part of the sandstone is blasted, the material will pot out.

Surface observations reveal no cementation along the pro-
posed center-line cut and it is believed that all of the material that
will be removed will be '"common excavation. "

Station 23 to 28. -- Excavation will encounter sandstone, shale,

and coal. Within a given unit the properties will, of course, be iso-
tropic, but since the units alternate in lithology, i.e., sandstone,
shale, and coal, separation will take place along the planes distin-
quishing one kind of rock from another. Even though the sandstones
may be hard, the entire cut is considered to be '"common excavation'
because of the alteruation of thin layers of hard and soft rock.

Coal and particularly the underclay are weak and incompetent
and if allowed to become wet will expand. As these rocks dip slightly

to the left and the cut will be daylighted / on the right it is assumed

/ In this instance, the term "daylight'' means making the cut
slope horizontal on one side of a road cut. This is often done in road
cuts on side slopes where there is & small amount of material to be
removed. The material is used for fill elsewhere.

that moisture will not reach them. Cn the basis of existing knowledge,

no sub-surface drainage is recommended.
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Station 35 to 49. -- All excavation will be in fine-grained sand-

stone. Along some portions of the center line the upper 2 to 4 feet
have been ivron cemented. The iron cemented part will work more or
less as a unit. The sandstone below the cemented part will be harder
to remove than the Fox Hills sandstone. Locally, however, it was
possible to penetrate it two to three (eet with a post hole auger.

All of the sandstone that has been iron cemented is '"rock exca-
vation." Approximately 4 feet below the top of the sandstone the mate -
rial is considered to be ""cominon excavation.' [t wis not possible to
verify this belief, but observations made at the surface indicate that
such an interpretation is rational.

The surface of the sandstone is irregular because underlying
coal seams have been burned out, causing collapse of the sandstone.

Statior 49 to 52412, -- Excavation will be in part in the sumc

sandstone that is present from station 35 to 49. It will also include
a shale below that sandstone. As it was possible to penetrate the sand-
stone at station 52412 to a depth of 12 feet with an auger, it is not very
hard. The materials are considered to be ''common excavation'
except for the small quantity of iron cemented sandstone that will be
removed from the top part of the cut on both the right and left side.

On the basis of present knowledge, drains arc not recommended. '

Station 524=12 and 53400. -- Geology is not shown on the pro-

file between station 52412 and 53400. This is because the precise
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location of a tault which passes through center-line was not definitely
established. Beds adjacent to the fault are somewhat distorted and
without additional investigation cannot be accurately delincated. Ma-
terials that wili be excavated are sandstone and shale. As the sandstone
docs not appear to be weil cemented, all of the materials that will be
moved are classified as '"'common excavation. "

otation 61 to 67. -- T'he sequence of rocks that will be encount-

ered is represented on the attached natural scale profile (Plate 21).

The sandstonc shown at the surface at station 65 £ 50 has been cemented
by silica. The distribution of silicification in this sandstone is imper-
fectly understouod, but it is believed to pervade so much of it that the en-
tire unit is classified as rock excavation. All other rock units shown
above grade iine will be "common excavation, "

I'he beds at station 61 ¢ 50 and at 65 4 00 have been distorted
because of collapse resulting from mining or burning of the underlying
coal. For that reason and also because faults of small displacement
may be present, some of the contacts as shown may be in error.

Station 75 to 81 # 50. -- The cut will be in weak and incompetent

shales, sandstones, lignites, and coal. They reprcsent a part of the
geologic column that was established by augering because they are

cverywhere concealed by a thin mantle of colluvium. All material in

this cut is ""common excavation.

The rocks dip to the left. Because the rocks contain clay mincrals

that e}cpand upon wetting and because aquifers in the form of sandstones
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are present, drains are recommended. As the only entrance of water
to the roadway is from right to left in conformity with the structure,
subsurface drains are suggested for the right shoulder only. They
should extend throughout the length of the cut on the right side. To be
certain of intercepting all the water, stub drains are suggrsted for the
right side of stations 76450, 77400, and 80475. These should connect
with the right longitudinal drain.

Stations 89 to 96. -« The upper part of the excavation will be in

Tertiary(?) gravel and the lower part will be in weak sandstones and
shales of the Laramie formation. All material in this cut will be
""common excavation. "

Adegquate control data for determining the precise elevation of
the contact between the gravel and the Laramie formation at the grade
line was not secured. However, the deviation from the point shown
will be relatively small and will affect the hydrology problem only in
location. Water in small quantities will be encountcred at about sta-
tion 91450. [t should be intercepted by drains before it reaches the
grade line. Recognizing that the location may have to be altered, the
following is suggested. A later ! drain should be placed at station
92400. This lateral which will intercept most of thc water should con-
nect with longitudinal drains on each shoulder of the road. The longi-
tudinal drains should extend from station 92400 to station 90450 where

they may emgty into the ditch line.
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Station 100400 to 107400, -~ The overlying materials are Tertiary

to Pleistocene gravel: and the underlying material is shale of the lLara-
mie formation. In tius place the gravel 1s underiain by fiae sand.
All material in this cut will be ""common excavation, '

Penetration by auger to a depth of twenty feet at station 104 and 106
has proved conclusively that the lower part of the grave!, all of the -~and,
and the tup of the shale are water saturated. The top of the shale has
been altered because of this almost contiuual saturation. A zone of
accurnulations of secondary liine exists in and on top of the -hale. Two
alternate suggestions are offered for interception of .b-surface water.

The first sugge-tion is: a lateral drain siiould be installed at
about station 102400, Tiis lateral should be connected with longitu-
dinals in each shoulder of the road. The longitudinal drains should
extend to about station 107400. A second lateral, also connecting with
the longitudinals, might be placed at station 104400,

The alteraale suggestion is: excavate the ditches to a greater
deptl. than now planned and have ditches serve as drains. In this place
it is possible to eliminate sub-surface drains because the source of the
water is mainly overflow in the gravel from the valley ai station 98400,
If this suggestion is followed, it is recommendcd that the ditches only
be cut about two feet lower than 1s now planned. This area between the
road shoulders should not be cut lower than now planned. To cut lower
than now desigiucd and then backfill to grade will produce a contact along

which water will move. .
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If the suggestion that the ditches serve .» drains is {olloved,
the oute = sides of the ditches wiil be almest perinanently (noist and
during rainy scasons meay he satarated

The determmiaation of which of the two alternative iaethad.
Jhould be uaed will be based on o compazison ¢f (1) cost of moving
larger juantities in excavating deeper ditches and (2) cost of installs
ing standarl sub-surface interception drains.

~tation 120 to 125. - - Hxcavation will be catirely in grovel,

As the base of the gravel will not be cut, drains arc not recornacended,

Station 138 to 144, -- E:xcavation will be in grave!l, }ierre shale,

and Fo: lills sandstone. All materials are classified as "'comimon
excavation,"

A; the Fox Hills sandstonc is porous probably it will
carry any water that might be present in the gravels. Drains are not
recommended on the basis of existing information.

station 156 to 173, -- Excavation will be in gravel and Pierre

shale and is clzssified as ""com:non excavation, "

As countact between the gravel and the Pierre shale will be above
the grade iine, surface ditches will be adeyuate to carry aay water that
issucs from the contact. Very little water is expected because the
catchinent area is so small.

Cn the left side of the cut between statio:: 168 and 171, a sand

composes the lower part of the gravel. The ccpectable yarduge is
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estimated to be approximately 2,000 yards. Additional testing will be
necessary to determine its specific use, if any.

Station 178 to 186. -- Part of the excavation will be in gravel

and part in Pierre shale. These materials 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 opening, filled with water to within 2. 3 feet
of the surface. Because of channeling on top of the Pierre shale the
gravel may not carry quite so much water at station 180 where the
grade line intersects the contact. However, as the Pierre shale con-
tains expansive clay minerals, eve:n a small addition of water will
cause swelling. Therefore, drains should be installed to keep the
sub-grade dry. A lateral drain should be installed on the right at
station 180450 and connected with a longitudinal extending to about
179400. As the left side of the cut will be daylighted the opening
of the lateral may be in the left dijch.

Station 201 to 205, -- The céntact between the gravel and the

Pierrc shale is well exposed in the ditch line of the existing road.
The materials are classified as ''common excavation. "
A lateral drain is recommendcd at about station 204 to 205

connected with longitudinals extending to about 204.
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PART Il
Conclusions
Many phases of geology are called upon in the solution of engi-
neering problems. Among the phases used in this investigation were:
structural geology, scdimentology, stratigraphy, geomorphology,
lithology., and hydrology.

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

of the geological services listed by Huntting (1945, p. 272). As a
result of this investigation, geologic information will contribute to
an overall reduction in costs by providing a basis for:

1. Predicting the material to be excavated thus preventing
any serious error in bidding. Knowledge of the geology
will eliminate much of the risk involved in bidding for
either the State or the contractor.

2. Predicting where ground water problems will be encount-
ered and recommending possible solutions to the prob-
lem. This will contribute to the length of life of the
road and thus reduce maintenance costs.

3. Predicting sub-gradc stability which will also reduce
maintenance costs.

4. Predicting the presence or absence of potential or actual
landslides.

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

material that will be used in fills,
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The wo~ks of the engineer are becoming increasingly larger and
more complex and thercfore he is obliged to call upon more and more
types of technical assistance in planning and construction. Geology is
one of the valuable tools that can materially aid in the solition of

many engineering problems
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Explanation of lates 1C through 63

Plates 10 through 21 are conies of the State Hirhway Corris:iom's

9lln and profile sheets reduced to 1 inch equals 200 feet horizontal

3 ndo and one inch equals 20 feet vertical scale, The upver half of

each sheat showp 'the plan of the highway alirnmeri, Yo goology is
shown on the .p.llll. For the peolopic man the rezder is referred to
Plate 1,

The lower half of each sheet shows the »rofile of tho highway
center line with the geolepy zddeds Alonp the bottom of the rrofile
overy fifth station 4o nurbered and on efther end of the nrofile the
altitude above sea lovel ir shown,

The ft;llow!rr conventicral erpireoping u;.rnt ard syrbols are the

only cnes errontial to' s hogie uniarstandirg of the nlan and vrofiles

Profile Symbels

; Syrbols
Center line  —elece—— Orounrd 1in@ o e e e e —
Firht of way lire —— —————— !irhuay rrade

(centor lire)
Courty line =——— = —— - — =

'l'ounﬁhip Or ranpe line == e e —

Section line

‘uarter gection line

Barbed vire fence

Telerhone lire (] <] (]
Powor line ¢ ¢ ¢ 'Y

Tresent ropd ' RE=Z2=cIEnssa=s

e T o e T P N S O, RN T

Plate 8

Plates 22 through 63 show reductions of the cross soctions made by
the state hifhway enrineers at every 5C % 100 foot stations, The geology
has bacn addord to the rore irportant of thege cross . actionse The scale
is ore inch equals ten feat both horizonially and verticallyse

The following conventional ongineeriry sirns and symbols are ihre
orly ones nececsary to a basie urnderctanding of the cross sectiore’,

Cyoss sectione are always made lcoking "ahead" (soe pe ) along the

certer line,

Cross Section Syrbols

Ground line
( Ground oltitude of center line
\-__.__40.1_'0- nearest tenth foot

T ——

-
Proposed cut line P

Alternate cut slope

Final ertitude
of grade line
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Geologic Profile between Stotions 61+00 and 5700

Hotizontal amd Vertical scoles 1inch » 20 feet
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