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pp . 26 1-3 14 

The Executive Council and Board of Directors of the Association are 
pleased to provide the membership with a new series in the Bulletin , 
Geology of The World's Cities. Cities are the irrevocable focus of all that 
drives civilization forward; cities are the cauldrons that produce the pres­
sures of cooperation and confrontation between peoples and nations; cities 
have been the birthplace of culture; cities have been the depletors of 
natural resources; cities have been the generators of immense quantities 
of wastes that now peril the environment. Cities , for all of their good and 
bad , are the fundamental aspect of human life on the planet. 

The Association recognizes that each city was originally established for 
reasons of geologic influence. These same geologic influences are still 
present , both in the city ' s shape and structure and as constraints on what 
can and should be accomplished to prepare the cities for continued service 
in the coming centuries. In offering this series of papers , the Association 
hopes to discover elements of geologic influence and impact , so that the 
whole spectrum of practitioners can better control the renovation and 
rebirth of cities. By example of this series , peoples of various regions and 
nations will come to recognize that innovations of others have been ap­
plied to overcome some of the stresses on the people and resources of 
cities. To this end , we recognize the long-time influence of our distin­
guished Canadian colleague and native Briton , Dr. Robert F. Legget, who 
has labored in speech , text , and example for more than 45 year to bring 
this message to us all. 

In this premier paper of the series , John E. Costa, an educator, and 
Sally W. Bilodeau, a practitioner, have presented the Geology of Denver, 
an American boomtown , grown large and commanding. Its presence , 
lodged at the eastern edge of the continent's greatest mountain range , 
marks the real transition from east to west in cosmopolitan America. Den­
ver is the great North American city of our resource-conscious times. The 
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great energies of Denver are people-generated and people-oriented. Den­
ver runs on a 24-hour day , because it is the great sociologic magnet of the 
continent. Little of its humble frontier beginnings remain for detection by 
the casual visitor , but its origins are tied to its geologic setting: its devel­
opment has been controlled by its geology; and its future will be guided 
by such influences. 

Founded in 1858 , on the site of placer gold discoveries , Denver has 
always served as a resource-oriented supply and operations center. Today 
the city serves a vast area of the central United States as a financial , 
engineering, scientific , governmental , educational and resource extraction 
center. The city that was born of resource extraction remains a key ele­
ment in that activity today. 

Denver' s very existence , on the fringe of a great mountain range , dis­
plays the effect of the natural environment on the development of a city. 
Its near-region topography varies by nearly 8,000 ft (2,400 m); it lies on 
a sedimentary basin some 13 ,000 ft (3 ,960 m) thick; it consumes ground 
water and surface water at a phenomenal rate; it demands construction 
aggregates in alarming quantities; and it produces burdensome quantities 
of waste. Denver is affected by significant geologic constraints: both col­
lapse-prone and swelling soils , hillslope instability , induced seismicity , 
flooding , and some areas of rising ground water. Denver is a city of the 
age and of the decade. The citizens and builders of Denver have learned 
to respect its geologic setting! 

Papers in this series will be the result of cooperation between engi­
neering geologists , geotechnical engineers , hydrogeologists , environmen­
tal engineers , seismologists, urban planners , and other allied technical 
specialists . Most of the papers will be released in the Bulletin along with 
other papers. Occasionally a group of cities in regional areas or nations 
will be printed in a single Bulletin issue. We welcome your continued 
interest in the series , both as concerned readers and as concerned authors. 

INTRODUCTION 

Allen W. Hatheway , Series Editor, 
Department of Geological Engineering , 
University of Missouri-Rolla, Rolla, 
Missouri 65401 

Denver, known as the Mile High City , is the cap­
ital of the State of Colorado. The city is located in 
the west-central United States at latitude 39°44 'N 
and longitude 104°59' W. The city center lies about 
12 mi ( 19 km) east of the southern Rocky Mountains 
within the broad valley of the South Platte River 
and within the Colorado Piedmont section of the 
Great Plains geomorphic province (Figure 1). Den­
ver itself has an area of 115 mi2 (298 km2) and a 
population of about 500,000. However, the Denver 
metropolitan area has a total population of 1.7 mil­
lion (including Denver) , and sprawls westward into 

the foothills of the Front Range and eastward onto 
the Great Plains. The term " Denver metropolitan 
area" refers to the core city of Denver and its sur­
rounding suburbs , and is represented by the area in 
Figure 1. 

History of Founding 

The Denver area was originally occupied by 
American Indians at least 10,000 to 12 ,000 years 
ago. The land was claimed as French territory be­
tween 1682 and 1763 , as Spanish territory between 
1767 and 1800, and as French again between 1800 
and 1803. Colorado became part of the Louisiana 
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Figure I. Location map of feature in the Denver area discussed in the text. I. Original site of Montana City ; 2. Denver Coliseum; 
3. Denver Hilton Hotel ; 4. Reach of Clear Creek shown in Figure 13 ; 5. Ridge Home State School ; 6. Isaac Newton Junior High 
School ; 7. Reach of South Platte River shown in Figure 14; 8. Cedar Run Apartments ; 9. Gaging station on South Platte River in 
Denver; I O. Regency Inn , location of strong motion sei mograph · II. Rocky Mountain Ar enaI deep-disposal well; 12. Trench excavated 
aero s Golden Fault hown in Figure 19; 13. Denver Northside Sewage Treatment Plant ; 14 . Metropolitan Denver Sewage Di po al 
District No. I Plant ; 15. Property Inve tment landfill ; 16. Rooney Road landfill ; 17. Arapahoe County landfill ; 18 . Lowry landfill ; 19. 
Site of the National Radium Institute ; 20. Leyden No.3 Coal Mine used for natural gas storage ; 21. Subdivi ion built over old 
underground Virginia coal mine. Arrow show direction of view of photograph in Figure 2. 

Territory purchased by Thomas Jefferson from Na­
poleon Bonaparte in 1803 for $15 million. The land 
also still belonged to the Arapahoe and Cheyenne 
Indian tribes , from whom it was eventually pur­
chased in 1861 for $1. 25 an acre (Mumey , 1942). 

The original site of Denver was near the juncture 
of Cherry Creek and the South Platte River , where 
water wa plentiful and willows and cottonwood 
trees offered shade, protection , and game (Figure 
I). As early as 1820, it was a favorite camping place 
for some of the first white travelers through the re-

gion , including Colonel John C. Fremont, Kit Car­
son , and Major Stephen H. Long, and for Indian 
many years before that. 

In the early 1850' s , the discovery of placer gold 
along the South Platte River and its tributarie 
sparked interest in the area; and in 1858 , a group of 
prospectors from Kansas laid out the fir t settle­
ment , then called Montana City , on the east bank 
of the South Platte River about five mi (8 km) up­
stream from its confluence with Cherry Creek (Fig­
ure I). Later in the year when the gold became de-
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Figure 2. Oblique aerial view of Denver, 1980, looking we t­
northwest a t downtown area. Southern Rocky Mountain in 
background. State Capitol is domed building at top left edge of 
photo. (Photo courtesy of Denver Planning Office. ) 

pleted , the people moved downstream to that 
confluence. There , in 1858 , two towns were formed 
on opposite sides of Cherry Creek as more pros­
pectors arrived. On the southwest bank wa Aurar­
ia, named after the Georgia home of William Green 
Russell , an early pro pector. On the northeast bank 
the town of St. Charles was founded; but only one 
log hut was constructed since most of the founding 
party returned to Kansas for the winter. In late 
1858 , another group of prospectors arrived from 
Kansas. They took over the townsite of St. Charles 
and renamed it Denver City after General James W. 
Denver, Governor of Kansas Territory. Denver was 
thus founded on a jumped claim. By the spring of 
1859, the rival town of Auraria and Denver had a 
total population of over 1,000. A year later in April 
1860, they merged and adopted the name Denver 
City. 

Placer gold deposits along the South Platte River 
and its tributaries were soon exhausted , but major 
discoverie were made in the mountain to the west 
of Denver. Early Tertiary intru ion 35 to 70 million 
year old , and rich in gold , silver , zinc , lead , cop­
per , and molybdenum , were the major ources of 
mineral wealth. Denver grew primarily as a railhead 
and supply center serving the numerous mining 
towns in the mountain . The growth of Denver i 
documented by the rapid rise in population from 
5,000 in 1870 to over 35 ,600 in 1880. Colorado be­
came the 38th state in 1876; and five year later , in 
1881 , Denver became the state capital. 

Denver faced two major crises in its early history. 
The first crisis occurred in 1866, when the Union 

Pacific Railroad announced its westward line from 
Council Bluffs , Iowa, would go through Cheyenne , 
Wyoming , and the Wyoming Basin , rather than to 
Denver and face the rugged southern Rocky Moun­
tains with no easy westward outlet. Faced with the 
prospect of isolation , Denver built the Denver-Pa­
cific Railroad in 1870 which joined the Union Pacific 
in Cheyenne. 

The second crisis in its early history was cau ed 
by Denver' s economy , which was one commodi­
ty-mining , especially silver mining. In respon e to 
recurring discoveries of silver in the mountain and 
the large federal market for silver , three large smelt­
ers and numerous companies specializing in mining 
equipment located in Denver. But in 1893 , the Sher­
man Silver Purchasing Act was repealed as the 
United States shifted from a silver to a gold mon­
etary tandard. The price of silver crashed , and ten 
bank in Denver failed. William Jennings Bryan , a 
frequent presidential candidate , became well 
known for his speeches that the nation was being 
" crucified on a cross of gold. " 

Fortunately , a major gold discovery in Cripple 
Creek gave new life to Denver, and the city began 
to diversify its economic base. Agriculture on the 
Great Plains prospered , especially sugar beet , cat­
tle , and sheep raising. The delightful healthy cli­
mate attracted more people; and by 1900, Denver 
had become a tourist center. Since 1945 , skiing and 
other recreational activities have grown; and many 
federal and military agencies have moved to Den­
ver. Large reserves of oil and gas were found north­
east of Denver. Today , Denver is a major indu trial , 
commercial , tourist , recreational , and governmen­
tal center in the middle of one of the fastest growing 
regions in the United States (Figure 2). 

Climate 

The Denver area is blessed with a emi-arid , tem­
perate-continental climate (Trewartha , 1968) which 
is strongly influenced by the Rocky Mountains just 
west of the city. In winter , polar air moving outh­
ward is deflected east of the mountain front so that 
temperatures over the Great Plains can be much 
colder than temperature in the mountain a hort 
distance west. The eastward flow of Pacific air 
masses from the west is disrupted by the Front 
Range , causing heavy orographic snowfall in the 
mountains while Denver enjoys sunny skies and dry 
air. The mountain also block the northward flow 
of humid Gulf air masse from the outheast. This 
create an easterly upslope circulation of air , a con-
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dition responsible for Denver' s largest snowfalls in 
winter and heaviest rainfalls in spring and summer. 

The mean annual precipitation is 13.8 in. (350 
mm) , but annual variations range from six inches to 
23 in. (152-582 mm). Average annual snowfall is 55 
to 59 in. (1 ,397-1 ,499 mm). Mean annual evapora­
tion is 50 to 60 in. (1 ,270-1 ,524 mm) and the mean 
annual temperature is 52°F (I 1°C) , ranging from a 
monthly mean of 70°F (21 °C) in July to 28°F (- 2°C) 
in January. Relative humidity averages 48 percent. 
Clear days (30 percent cloud cover or less) occur 
30 to 60 percent of the time , and cloudy days (80 
percent or more cloud cover) occur 16 to 36 percent 
of the time (Hansen et al. , 1978). 

Geologic Setting 

Denver is located near the east front of the South­
ern Rocky Mountains in the Colorado Piedmont 
section of the Great Plains , the westward edge of 
the central stable area of North America. In this 
section , the Tertiary sedimentary cover that was 
deposited eastward onto the Great Plains from the 
erosion of the Rocky Mountains has been eroded 
by the South Platte and Arkansas River systems , 
exposing the underlying Cretaceous bedrock 
(Thornbury , 1965). The topography of the Colorado 
Piedmont is broadly rolling, with local scarps where 
resistant bedrock units outcrop. The land slopes 
from west to east at a gradient of about 10 ftlmi 
(0.0019 m/m) from 5,300 ft (1 ,615 m) in Denver to 
4,000 ft (1 ,219 m) at the Kansas boundary. 

To the west of Denver lies the Front Range of 
the Southern Rocky Mountains which extend for 
185 mi (298 km) from southern Colorado into Wy­
oming. The Front Range is a complexly faulted an­
ticlinal arch of primarily Precambrian crystalline 
rocks reaching elevations of over 14,000 ft (4 ,267 
m) (Boos and Boos , 1957). Where the mountains 
join the Great Plains , the foothills region consists 
of steeply dipping Paleozoic and Mesozoic sedi­
mentary rocks forming hogback ridges and gravel­
covered pediments. The Golden Fault , a high-an­
gled reverse fault, separates the mountains from the 
plains (Rocky Mountain Association of Geologists, 
1972; Figure 3). 

Denver lies near the western edge of one of the 
largest structural basins in the Rocky Mountain re­
gion , the Denver Basin (Figure 4). This basin was 
formed during the late Cretaceous and early Ter­
tiary time. It is a north-south trending asymmetrical 
basin with a gentle dipping east flank. The deepest 
part is under the City of Denver where more than 

13 ,000 ft (3 ,962 m) of sedimentary rocks ranging in 
age from Pennsylvanian to Paleocene are present. 

Geologic History 

Precambrian granites , metamorphosed igneous 
and sedimentary , and volcanic rocks form the 
mountains of the Front Range west of Denver. In 
the foothills , steeply dipping Paleozoic and Meso­
zoic rocks outcrop and record two invasions of 
shallow seas. The youngest rocks are of Mesozoic 
and Tertiary age and indicate volcanic activity in 
the foothills and in the Front Range (Figure 3). Bed­
rock stratigraphy and a description of rock units are 
shown in Figure 5. 

At the end of Cretaceous time , uplift in Colorado 
that built the Rocky Mountains began as part of the 
Laramide Orogeny. Marine and nonmarine Paleozoic 
and Mesozoic sedimentary rocks across the uplift 
were eroded; and along the eastern margin of uplift 
they were steeply tilted , and some were overturned. 
As the mountains rose , the land east of the Front 
Range subsided , forming the Denver Basin. Thus, 
some rocks that outcrop against the mountains a 
few miles west of Denver are thousands of feet be­
low the ground surface under the City of Denver 
(Figure 3B). The Denver Basin was a site of depo­
sition for sediments eroded from the mountains, in­
cluding the Arapahoe , Denver, and Dawson For­
mations. Most excavations in bedrock in the City 
of Denver will encounter the Denver Formation 
which , under the city , dips gently eastward at an­
gles generally less than ten degrees. 

The Upper Cretaceous Arapahoe Formation con­
sists of discontinuous beds of light gray to yellow­
brown sandstone and claystone of terrestrial origin. 
The Denver Formation is highly variable in texture 
and composition , consisting of light gray to brown 
tuffaceous silty claystone , tuffaceous arkose , and 
andesitic conglomerates. These sediments were de­
posited on a gently sloping surface of low relief in 
a climate that was warmer and wetter than the pres­
ent climate (Brown, 1962). The Cretaceous-Tertiary 
boundary is present in the lower portion of the Den­
ver Formation. Southward, the Denver Formation 
merges into the Dawson Formation , which is simi­
lar to the Denver but is sandier and contains less 
volcanic materials. Both the Denver and Dawson 
Formations are loosely consolidated and become 
finer-grained and thinner eastward away from their 
source areas. The weathered volcanic material in 
the Denver Formation commonly swells when wet­
ted , and is thus the cause of a major engineering 



268 

PC 

N 

1 
0 

km 

mi 

A 

BULLETIN OF THE ASSOCIATION OF ENGINEERING GEOLOGISTS 

Jefferson Co 

KI 

Adams Co . 

Tkd 

5 

i 
5 

Dam 

Clear Creek 

Tkd 

KP. 

PC 

Douglas Co . 

South Platte 
River 

A 

Tkd 

Arapahoe Co . 

Tkda 

A' 

B 



COSTA AND BILODEAU-GEOLOGY OF DENVER 269 

problem in the Denver area-swelling soils. North 
and east of Golden , potassium-rich basaltic flows 
are interbedded with rocks of the upper Denver 
Formation , capping North and South Table Moun­
tains. The lavas flowed southeast about 63 to 64 
million years ago from old vents now marked by 
intrusive outcrops northwest of Denver. The flows 
are about 240 ft (73 m) in total thickness (Van Hom, 
1976). 

The Green Mountain Conglomerate consists of a 
conglomerate , sandstone , siltstone , and claystone 
deposited as basin-fill material by a through-flowing 
stream draining from the rising Front Range to the 
west. The formation is found only on Green Moun­
tain , located southwest of Denver, where it is 600 
ft (183 m) thick (Scott , 1972a; Figure 3). 

Bedrock in the vicinity of Denver was severely 
eroded prior to the deposition of overlying uncon­
solidated Quaternary surficial deposits. Analysis of 
consolidation tests on samples of Denver Forma­
tion from downtown Denver indicate I ,000 to 1,400 
ft (305-427 m) of Tertiary material once covered the 
present bedrock (Committee on Denver Subsoils , 
1954). The bedrock surface is very irregular. Nu­
merous paleovalleys filled with unconsolidated 
Quaternary surficial materials underly the city. Al­
luvial deposits 100 ft (30 m) thick fill an old paleo­
channel of Cherry Creek , which trends northward 
from Cherry Creek Reservoir and joins the South 
Platte River 9.5 mi (15.3 km) north of the present 
confluence (Hamilton and Owens , 1972b; Shroba, 
1980). 

Surficial Deposits 

In some parts of the Denver area, bedrock ap­
pears at the surface and is covered by thin collu­
vium and residuum formed by in situ weathering. 
However, most of the bedrock is covered by allu­
vial and eolian deposits to depths as great as 100 ft 
(30 m) (Figure 6). In the downtown area, depth to 
bedrock averages 20 to 40 ft (6--12 m). The surficial 
geology of the Denver area was first mapped by 
Hunt (1954) and was the pioneering work on Qua­
ternary stratigraphy in the Denver area. Quaternary 
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Figure 4. Structure contour on top of Precambrian ba ement 
rock outline the Denver Basin . Contour interval is 1,000 ft (305 
m) (from Matuszczak , 1976). 

geology and surficial deposits in the Denver area 
have been further studied by many investigators 
(e.g. , Malde , 1955; Scott , 1960, 1962 , 1963; Lind­
vall , 1978 , I 979a, 1979b, 1980; Shroba, 1980; and 
Van Hom , 1976). Quaternary stratigraphy of the 
Denver area is shown in Figure 7. 

Rocky Flats Alluvium (Scott , 1960) consists of 
boulders , cobbles , pebbles , and sand in a matrix of 
locally , red clay. The deposit originated as alluvial 
fans deposited on pediments by streams draining 
the Front Range. Thick caliche (pedogenic calcium 
carbonate) occur in the upper part of the unit , 
where it has not been eroded. This alluvium is rel­
atively old-Nebraskan or Aftonian in age (Scott , 

Figure 3. Generalized bedrock geology of the Denver area (A): Map (modified from Emmon et aI. , 1896 ' and Trimble and Machette , 
1979) Tgm = Green Mountain conglomerate ; Ti = intrusive monzonite ; Tv = pota ium-rich basalt ; KI = Laramie Formation ; Tkd = 
Denver/Arapahoe Formation ; Tkd a = Daw on/Arapahoe Formation ; KP = Pennsylvanian through upper Cretaceou edimentary 
rock ; PC = Precambrian cystallines teeth on upthrown side of Golden Fault· A-A ' = Line of cro s- ection shown in Figure 3B. 
(B): Schematic cross- ection (not to scale) along A- A' (Modified from King , 1969). 



270 

Era 

BULLETIN OF THE ASSOCIATION OF ENGINEERING GEOLOGISTS 

Syol_or 
Ser ies 

LOWER 

TERTIARY 

UPPER 

CRETACEOUS 

LOWER 

CRETACEOUS 

JURASSIC 

PERMIAN 

Formal ion TI*. 

Dakola 
.~ ::·:·::·:::::'.{::"·:)·:::~·>·O 

;.:~:~:~:':::::: :.' : . .3 ~ :~ '';::.J 

Morneon 

StrOln 

Glennon 
8orQon 
Falcon 

PRECAMBRIAN 

Summary O ..... iplion 

Sll lstone, ohve "dtob; sandy emys, ond nord shot)' sandstones Conolomerotea 
local ly well -dove'-<' ,n ba",1 pori . Tobie Mounla,n flows (3 ) ,n upper por t. 
Norvnor ,no 

Int_bedded li ght todork (JCoy cloys ond t lne - oro1ned $Ondstmes LU~nltlc cool 
t.d:s In lower port Nonrnorine 

$(njslone, hot" 9'0'1 10 ton, fine · to medn,Jm- Qrolned . frtob'e , notoble for bel"9 
on oqulf. Mor,n • . 

Interbedded dor" ~ sondy sho~s and mudstones c:ontOIl'W"9 lCoffered lenMI 
of 'In'-grolned , shoty $Ondstonel ond Si ltstones MOrine 

SmoiIy Hi ll- Shale . dark gray, hoQIIly colcarooua , fOIl""l<ool Woolher, IoQIII Ion Maro". 

Fort Hoy.,- luT'lHtone ,hQht oro"!. thin-bedded. fOSllhf.rCK.C. Manne. 

$hole , dark .,.0"1, t~n 'beddedl local ly colcoreout , porl lcv'orly In middle port 
(Go'""hcrn hrnlstmlh Q few klr91 ConI 'ln-cone concrehons In lower port . Morine. 

Shale , SI lver gray. sihceous, fish scoles. Morine 
Sandslone, QraYlsh whll. , rnedlum-9ralned, at 10() and bottom WIth Intervenln; 

t:::,,~ry ~~~c S~~:~S~~'I~~!~tr:;t~=~,~~;!~ 
and cerorntc cloy Forms conspcVOJS hoc;Ibock alan; lhe mountain front . MorIne 
to nonmarine 

~~t'=~~~s~~~3s,:~~r.:~~.:c:r.:::.t~i;~~~f:~~':~' I~t,rY' 
5 f .. , Nonmof'lne . . 

~::l:::' O~t:t=: ~~~:::araJ:~,~~.~:-t!I~ ,=~ ~r~:t'~:r' 
9Yps,um beds Nonmart ne 

Siltstone ond sandy mudstone , red . Two thinly IOmlnated ptr~ush -QtOY Itmest~ 
In lower porI 

Sondstone ,119ht'T0Y ta whit •• medIUm-«yCJntd , relatively IOft, local l y conQklmeratic 
Sometimes conspCUQUIly crOis-bedded. 

So-Idstone and tcr'IQkmerate , red , contOtnlnQ discontinuous streaks of red sandy 
lhoIo,orudslono, and .. It,lone. Norvnor, .... Uplurnod odVOS weather ,nla e<npcuouo 
I_op/Iit !.alur ... Well d,splayed ,n the Pork of lho Rod Roth. 

Bonded QMlu Intruded by Qrani tl moues and ~tites. 

Economic Products 

clay, water, crushed 
& building stone, 
zeolites 

brick.clay, coal, 
uranium, water, dec­
orative stone 

water, bldg. stone 

bloating clay, oil 

cement materials, 
Oil/gas 

clay 

II refractory clay, bldg. 
& dec. stone, Oil/gas, 
silica san~, coal, 
water, uranium* 
oil/gas, clay, dino­
saur fossils, uranium* 

gypsum 

limestone, gypsum, 
clay 

dimension stone, water, 
\ Oil/gas 

decorative stone, clay 

Ibase/precious metals, 
uranium, pegmatites, 
crushed & dec. stone, 
titanium* 

from Haun, 1960 * reported occurrence 

Figure 5. Bedrock tratigraphy , and economic products at Golden , Denver metropolitan area. 
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ble and Machette , 1979) . Qa = alluvium (includes Post-Piney Creek, Piney Creek , Pre-Piney Creek , Broadway, and Louvier Allu­
viums); Qco = colluvium (includes some landslide deposits); Qes = eolian sand ; QI = loess ; Qp = pediment alluvium (include Slo­
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A- A' = Line of cros -section shown in Figure 6A. (B): Schematic cro - ection of surficial geology (not to scale) along A-A'. 
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Figure 7. Quaternary stratigraphy of the Denver area (compiled 
from Hunt, 1954; Scott , 1960, 1963 ; Pierce et aI., 1976). 

1960); and thus , many of the gravels are highly 
weathered. The exception is a large deposit of 
Rocky Flats Alluvium northwest of Denver where 
80 percent of the gravels are hard quartzite. A very 
strongly developed soil occurs in the upper part of 
the Rocky Flats Alluvium. The presence of this , 
and other paleosols , is important since they can act 
as compressible clay layers which could adversely 
affect foundation stability. Rocky Flats Alluvium 
averages 15 ft (4.6 m) in thickness and occurs on 
gently sloping uplands 350 ft (107 m) above present 
streams. The most extensive deposits are northwest 
of Denver , but Rocky Flats Alluvium is also found 
both north and southeast of the city (Trimble and 
Machette , 1979). 

Verdos Alluvium (Scott, 1960) consists of brown , 
well-stratified boulders, cobbles , and coarse sands 
weakly cemented by clay and calcium carbonate. 
Many gravel clasts are weathered and crumble 
when handled. The alluvium was deposited as ter­
race fills and as mantles on pediments by streams 
flowing eastward from the Front Range. A distinc­
tive bed of volcanic ash is found near the base of 
Verdos Alluvium in about a dozen locations in the 
Denver area. This ash is equivalent to the Pearlette 

Ash of Kansas and Nebraska and thus is about 
600 ,000 yrs old. Verdos Alluvium is therefore con­
sidered to be Kansan or Yarmouth age (Scott, 
1963). A very strongly developed soil is also found 
on top of this deposit and is probably of Yarmouth 
age. Verdos Alluvium averages 15 ft (4.6 m) in 
thickness and is found 200 to 250 ft (61-76 m) above 
present streams. The most extensive deposits are 
found in west and southwest Denver, west of the 
South Platte River (Trimble and Machette , 1979). 

Slocum Alluvium (Scott, 1960) is a moderate red­
dish-brown , well-stratified cobble gravel and clayey 
coarse sand containing abundant mica. Upper lay­
ers can be weakly cemented by calcium carbonate. 
Many gravel clasts are rotten , and the Slocum de­
posits are distinctly finer grained than older allu­
vium. The Slocum Alluvium was deposited by 
streams flowing eastward from the Front Range 
(Scott, 1963). The Alluvium is believed to be of late 
Illinoian or early Sangamon age. A very strongly 
developed soil is found on the top of this alluvium. 
The deposits average 25 ft (7.6 m) in thickness and 
are found 80 to I 18 ft (24-36 m) above present 
streams. In the Denver area, Slocum Alluvium is 
found north and northwest of the city , and in the 
southwest along the south side of Bear Creek Val­
ley (Trimble and Machette , 1979; Lindvall , 1979b). 

Louviers Alluvium (Scott, 1960) is red to yellow­
brown , medium- to coarse-grained , pebbly and cob­
bly arkosic , well-stratified sand and gravel. Small 
amounts of calcium carbonate can be found locally 
in the upper layers. The alluvium originated as 
stream deposits in previously eroded valleys drain­
ing the Front Range. Louviers Alluvium is of early 
Wisconsinan age; and , unlike pre-Wisconsinan 
gravels in the Denver area, the gravels are not high­
ly weathered. In fact , Louviers Alluvium is the ma­
jor source of commercial sand and gravel in the 
Denver area. Alluvial thickness is highly variable , 
ranging from six to 100 ft (2-30 m). Louviers Al­
luvium forms terraces 65 ft (20 m) above present 
streams and locally extends as much as 30 ft (9 m) 
below present stream level. The alluvium is found 
mostly northwest , west , and east of the center of 
Denver (Trimble and Machette , 1979). 

Broadway Alluvium (Hunt, 1954) is reddish­
brown , fine- to coarse-grained sand and pebbles. 
The gravels are generally less than one in. (2.5 cm) 
in diameter; and thu , the Broadway Alluvium is 
distinctly finer than Louviers. Broadway Alluvium 
forms terraces 25 to 40 ft (7.6-12 m) above pre ent 
streams. In the Denver area, the alluvium forms a 
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pronounced terrace along the east side of the South 
Platte River through the city. The largest and tallest 
buildings of downtown Denver are built on the 
Broadway terrace. Broadway Alluvium is late Wis­
consinan (Pinedale) in age and is usually less than 
30 ft (9 m) thick. 

Loess , consisting of silt with smaller amounts of 
clay and sand deposited by the wind , is gen­
erally found downwind from areas of eolian sand 
(Figure 6). In south Denver, this boundary lies on 
the western edge of the University of Denver cam­
pus (Hunt , 1954; Shroba, 1980) (Figure 6). Loess is 
the single most extensive surficial deposit in Denver 
(Committee on Denver Subsoils , 1954; Trimble and 
Machette , 1979). Loess and eolian sand underlie an 
estimated 60 percent of the City of Denver. The 
loess ranges in age from late Pleistocene to early 
Holocene. 

Eolian sand consists of well-rounded , very fine­
to medium-grained sand and sandy silt , derived 
mainly by wind erosion from both old and young 
alluvium in stream valleys. It covers most of the 
uplands east and southeast of the major valleys; but 
the deposits thin toward the south and southeast. 
The eolian sand is believed to be early-late Holo­
cene in age (Scott , 1963) and generally extends for 
one to two mi (1.6--3.2 km) downwind of the source 
areas. 

Pre-Piney Creek Alluvium is light brown to yel­
low-brown , well-stratified , pebbly silt and sand. It 
is found 15 to 20 ft (4.6--6 m) above present streams 
in localized sites along small tributaries in the Den­
ver area. Pre-Piney Creek Alluvium has a moder­
ately strongly developed soil , and deposits have 
been radiocarbon-dated as approximately 5,500 C-
14 yrs old (Scott, 1963). 

Piney Creek Alluvium (Hunt , 1954) is common in 
nearly every valley in the Denver area. It is a 
brownish gray , humus-rich , well-stratified silt , 
sand , and clay. Piney Creek Alluvium originated by 
sheet erosion from local soil-covered slopes and 
averages lOft (3 m) thick. Scott (1963) believes this 
alluvium to be about 2,800 yrs old , based on Car­
bon- 14 dates. 

Post-Piney Creek Alluvium is usually grayish­
brown , loose humic gravel , sand , silt , and clay 
forming the lowest terraces and the modern flood­
plains. It is derived primarily from Piney Creek 
Alluvium and is found less than 20 ft (6 m) above 
present stream levels. Thickness is usually less than 
20 ft (6 m). No soil has formed on this alluvium , 
which has been dated archaeologically and by Car-

bon-14 methods as approximately I ,500 yrs old 
(Scott , 1963). 

Upper Holocene colluvium is deposited on slopes 
by gravity and sheetwash. Thickness is usually 
greater than five ft (1.5 m) , and physical properties 
vary widely depending on source areas. In various 
places around the Denver area , landslides have oc­
curred in bedrock and surficial materials. These 
mass movements include slumps , flows , and falls 
and are most widespread on the slopes of North 
and South Table Mountains , Green Mountain , and 
steeply dipping sedimentary formations adjacent to 
the Front Range. 

GEOTECHNICAL CHARACTERISTICS 

The geotechnical characteristics of overburden 
materials and underlying bedrock in the Denver 
metropolitan area can be influential factors in de­
termining site-specific building plans and appropri­
ate foundation types. Due to the variable nature of 
the soil and rock present (Tables I and 2) , several 
methods for determining in situ foundation condi­
tions have been used. Usually an exploration pro­
gram is conducted to determine the general geology 
and stratigraphy of the site. Particular attention is 
focused on identifying potential geologic con­
straints and suitable foundation-bearing strata. For­
tunately , the geologic environment of the Denver 
region is generally favorable for development of a 
major urban area. Most of the geologic constraints 
present, such as expansive clays and settling soils , 
lend themselves readily to engineering solutions. 
Laboratory testing of overburden and bedrock ma­
terials is conducted to define the physical charac­
teristics , engineering properties , and shear strength 
parameters of soil and rock units for input into foun­
dation design. Typical foundations used in Denver 
include: spread footings , bearing walls on grade , 
pads with grade beams , belled piers (caissons) with 
grade beams , and post-tensioned slabs. Nearly all 
foundations are designed to fit site-specific condi­
tions dictated by the geology and soils. 

Overburden Material 

Alluvium , colluvium , eolian sand , loess , and re­
siduum overlie bedrock in the Denver metropolitan 
area (Table I). The sands , silts , ,clays , gravels , cob­
bles , and boulders that make up these engineering 
soils occur both as well-defined layers and as lenses 
and pockets. The depth of overburden varies from 
less than a ft (0.3 m) to over 100 ft (30 m). The 
elevation of the eroded bedrock surface can change 
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Table I. Engin eering characteristics of surficiaL deposits . a 

Mois-
ture 
Con- Unconfined 

Dry tent Ac- Com pre sive 
Trask Density (per- tiv- PVC Strength Unified 

Deposit Values Coeff. (lb I ft3 ) Sp. Or. cent) Ll Lp Ip ity (lb Ift2) (lbs/ft2) Soil Class. 

Colluvium Range 2.9- 10. 2 90-106 2.65-2.70 7-23 22-69 NP-40 NP-30 0-3,967 CH , SM-SC, 
Mean 4.3 99 2.68 15 44 22 22 1,253 SC, SM, CL, 
No. of samples 7 8 6 8 9 9 9 8 MH 

Post-Piney Creek Range 3.9-7.3 NP-29 NP-18 NP-II OW, OP, OM , 
Alluvium Mean 5. 1 15 9 6 SC ,CL 

No. of ample 5 2 2 2 

Piney Creek Range 33-47 17-23 15-27 CL, SC, OS , 
Alluvium Mean 14.8 2.69 42 20 22 SM 

No. of amples I 7 7 7 

Eolian Sand Range 98-113 2.57-2.65 5-22 NP-39 NP-26 NP-23 0 626--940 SC, SP, SM, 
Mean 105 2.61 12 26 NP 0 731 ML 
No. of sample 23 2 23 25 25 23 3 

Loess Range 83- 114 2.57-2.77 6--27 22-64 NP-43 NP-35 0-3,550 1,670-15,304 CL, ML-CL, 
Mean 3.4 100 2.67 15 41 23 18 0.5 810 6,473b CH 
No. of samples I 48 2 48 55 55 55 61 26 

Broadway Range 5.7-20.0 22-47 NP-27 NP-22 SC, CL, SM, 
Alluvium Mean 12.2 33 19 14 SP 

No. of samples 7 9 9 9 

Louviers Range 1.8-49.0 2.65-2 .70 18-71 NP-38 NP-33 400-6,900 OW, OP, OM , 

Alluvium Mean 8.9 2.68 47 29 18 0.7 2,960 SC, SW-SM 
No. of am pIes 12 2 7 7 7 

Slocum Range NP-54 NP-28 NP-21 900-4 , 100 OW, OP, OM , 

Alluvium Mean 2.6 31 17 14 0.7 2,430 SC, SW 
No. of amples 6 6 6 

Verdos Range 31-37 22-24 7-15 OP , SC 
Alluvium Mean 5.6 34 2 1 13 

No. of samples I 2 2 2 

Rocky Flats Range 6.6--> 350 33-70 23-33 10-37 OM , OP, OC , 
Alluvium Mean 107.3 2.68 54 29 25 SC , CH , MH , 

No. of amples 7 I 5 CL 

a Compiled from: Larsen and Brown , 1971 ; Van Horn , 1968 ; Maberry and Lindvall, 1974; Committee on Denver Subsoils , 1954; 
Shroba, 1980. 

b 1 0~500 when wet. 

dramatically over short distances. Usually within a 
given building site , the depth to bedrock is fairly 
uniform , although changes of up to 20 ft (6 m) have 
been reported. Subsurface conditions are further 

complicated by the presence of numerous uncom­
pacted man-made fills. 

Shear strength characteristics of the various soil 
units are determined by composition, thickness , 

Table 2. Engineering characteristics of Denver Formation. a.b 

(lbs/ft2) (Ibs/ft3) (%) 
Activ- (Ibs/ft2) Unconfined (fps) (fps) Dry Moisture 

Denver Fm. Value Sp . Or. Ll Lp Ip it}'" PVC Compo Stg. Vp Vs Den ity Content 

Sandstone Range 35-74 NP-45 NP-66 0-9,900 2,923-972 ,000 6,400--8 ,800 2,660-4,900 97-111 4-1 5 
facies Mean 2. 70 60 28 32 1.03 3,600 302 ,000 7,690 3,640 106 II 

No. of sample 8 8 8 9 6 3 3 3 3 

Claystone Range 41-99 23-59 24-59 2,300-19,418 3,341-32,364 91-114 14-26 
facie Mean 66 35 31 0.65 6,318 12 ,841 104 20 

No. of sample 32 32 32 33 38 18 18 

a Compiled from: Van Horn, 1968; Maberry and Lindvall , 1974; Committee on Denver Sub oil , 1954; Shroba, 1980. 
b Fresh to moderately weathered samples. 
C Plastic index/percent clay . 
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Figure 8. Geotechnical characteristics of urficial material (compiled from Hamilton and Owens , 1972b; Hart , 1974). 

density , consolidation and swell properties , and or­
ganic content. Related foundation problems can be 
caused by swelling clays, collapse-prone soils, lat­
eral spreading, subsidence , and mass movements 
(Figure 8). 

Moderately swelling soils are estimated to be 
present in surficial materials over about 50 percent 
of the Denver area, particularly in the outh, outh­
east, and western part as shown in Figure 8. Ap­
proximately 25 percent of the area i affected by a 

high to very high swell potential (Figure 8; Hart, 
1974). Swelling soils typically have liquid limits of 
45 to 65 percent , and plastic indices of 25 to 35 
percent. When tested in a one-dimensional conso­
lidometer , these soils swell 3 to 10 percent under 
normal loads of 1,000 psf (479 N/m2), but swelling 
pressures can be as great as 30,000 psf (14,364 NI 
m2

) (Hepworth, 1981). Structural damage can occur 
when swelling is as little as one percent. Lightly 
loaded structures supported by shallow founda-
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tions , such as single-family houses and highways , 
are also adversely affected by swelling soils. 

Collapse-Prone Soils 

Collapse-prone soils are present over approxi­
mately 25 percent of the Denver area (Figure 8; 
Committee on Denver Subsoils , 1954; Hamilton and 
Owens, I 972b). They consist of low density soils 
which have high bearing strength when dry , but 
when moisture is added , lose much of their strength 
and settle or collapse (Simpson, 1973a). Volume re­
ductions are typically 10 to 15 percent. Some loess 
and fine-grained colluvium are affected in this man­
ner. 

Most Denver-area loess is classified CL in the 
Unified Soil Classification System and is typically 
2 to 15 ft (0.6--4.6 m) thick. Natural water content 
varies between 6 and 12 percent, and dry unit 
weight varies between 75 and 95 psf (36--45 N/m2). 
The loess generally has adequate dry strength to 
support structures with foundation pressures up to 
approximately 3,000 psf (1,436 N/m2). CL soils 
(loess) cover about 25 percent of the Denver area 
(Committee on Denver Subsoils, 1954). Swell­
compression tests on Denver loess indicate strengths 
of 1,000 to 6,000 psf (479-2,873 N/m2) in its natural 
dry state , but only 100 to 500 psf (48-239 N/m2) 
when moistened. Single-family houses often exert 
bearing pressures that are sufficient to cause col­
lapse. Dry unit weights of 90 psf (43 N/m2) or more 
are generally suitable for single-family houses; dry 
unit weights of 85 psf (41 N/m2) or less are indica­
tive of collapse-prone soils (Committee on Denver 
Subsoils , 1954). Collapse-prone soils are present in 
the east and southeast portions of the Denver area 
(Figure 8) , in some places overlying swelling soils. 
However, because the swell potential is usually 
greater than the settling potential , this geologic con­
straint is depicted as swelling soils in Figure 8. 

Lateral Spreading 

Lateral spreading is a phenomena by which foun­
dation support can be lost through the horizontal 
movement of the foundation-bearing materials. 
Some portions of eolian sand deposits within the 
Denver metropolitan region can react to foundation 
loads in this manner (Maberry , I 972b ). Typically , 
sands affected are clean , well-sorted , and dry. De­
posits of this nature cover about 20 percent of the 
area, generally concentrated in the east and north­
east portions (Figure 8). 

Compressible Soils 

Another surficial deposit that may cause settle­
ment damage to structures is organic silt , defined 
by Simpson (1973c) as stream-deposited silt that 
contains more than 10 percent organic material by 
volume. Carbonaceous matter from the partial de­
composition of vegetation has an open structure 
and will consolidate to a smaller volume by the ad­
dition of weight. Organic silts are found in most 
stream valley floodplains of the Denver area and 
the underlying low terraces formed of Piney Creek 
Alluvium. 

Consolidation of non-compacted fill in and near 
old gravel pits has also caused some major foun­
dation problems in the Denver area. Most of the old 
gravel pits were concentrated adjacent to the South 
Platte River . The fill was not placed as engineered 
material. Placement of individual lifts was not con­
trolled , and there was often little or no compaction 
effort. Significant amounts of organic matter are 
commonly found in such miscellaneous fills. Due to 
their organic content , mixed composition , and un­
controlled method of emplacement, most of these 
old fills are settling , as well as producing explosion­
hazardous methane gas. Many developments locat­
ed on top of uncontrolled fills are also experiencing 
landscape and structural distress. 

Mass Movements 

Overburden materials as well as portions of the 
underlying bedrock can also be affected by soil 
creep , earth slumps , debris flows , rock falls , and 
other mass movements. Foundation problems and 
structural hazards associated with mass earth 
movements are generally confined to the foothills 
and the steep slopes of the western and southern 
sections of the area (Figure 8). Mass movements 
are discussed further in the section on geologic con­
straints. 

Bedrock Units 

The Green Mountain Conglomerate has a very 
limited extent in the Denver area. It is present only 
at Green Mountain (Figure 3) , and is semilithified 
and flat lying. It varies from easy to difficult to ma­
chine-excavate and is moderately erodible. There 
are active mass movements on the flanks of Green 
Mountain; and most of the mountain is considered 
to have a relatively high landslide potential (Ham­
ilton and Owens , 1972b; Scott , 1972b). Foundation 
problems encountered within the Green Mountain 
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Conglomerate relate to the heterogeneous compo­
sition of the conglomerate and its potential for in­
stability because of steep slopes. 

The Denver Formation underlies most of the met­
ropolitan area east of the foothills. The Arapahoe 
Formation is found north and west of the city , and 
the Dawson Formation is located to the southwest. 
The three formations are similar in overall lithology 
and engineering characteristics , and are , therefore , 
not differentiated in this discussion but will be re­
ferred to collectively as the Denver Formation. 

The Denver Formation is composed of layers and 
lenses of silty claystone , shale, sandstone , and con­
glomerate. Numerous silty channel sands occur. 
Some siltstone and claystone beds contain high pro­
portions of montmorillonite and thus exhibit highly 
expansive characteristics (Table 2). Siltstone and 
claystone are usually easy to excavate; cemented 
sandstone and conglomerate require ripping or local 
bla ting. Where exposed , the Denver Formation is 
moderately resistant to erosion. 

Generally , the Denver Formation provides ade­
quate bearing strength for most structures and is 
the foundation rock for most of the large buildings 
in the Central Business District (Table 3; Figure 2). 
Difficulties occur when the Denver Formation lies 
at such a depth that interception by drilled piers is 
economically prohibitive. Associated foundation 
problems include expansivity of some claystone 
layers located within the zone of seasonal moisture 
change , or when the construction process induces 
increased moisture. Some sandstones filling Creta­
ceous-aged fluvial channels have proven to be com­
pressible. Denver Formation strata, and some sur­
ficial deposits , may contain sulfate salts which have 
corrosive effects on concrete and metal pipes unless 
special design procedures are used , such as Type 
II air-entrained cement and cathodically-protected 
metal pipes (Hart , 1974; Committee on Denver Sub­
soils , 1954). 

West of the City of Denver, older bedrock units 
are exposed in relatively thin bands paralleling the 
Front Range (Figure 5). The Laramie Formation 
and Fox Hills Sandstone are the first formations 
encountered. They consist of sandstone , siltstone , 
and claystone. Economic coal beds are present in 
the Laramie trata. Rock units are moderately well 
consolidated to hard. Excavation of claystone and 
silt tone beds is relatively easy; sandstone is mod­
erately difficult. These formations are also moder­
ately resistant to erosion , but some sandstones can 
be wind deflated if their surface rinds are disturbed. 

Slope stability is generally good in unsaturated nat­
ural material on slopes up to 25 degrees. Coal zones 
northwest of the Denver metropolitan area have 
been extensively mined and some subsidence over 
mined areas has been reported (Amuedo and I vey , 
Inc. , 1975). The major foundation problem associ­
ated with these bedrock formations are potential 
expansivity of some claystone layers. 

The Pierre Shale contains thin beds of montmo­
rillonite and mixed-order clay minerals , thus exhib­
iting a moderate to very high swell potential. It is 
over-consolidated , generally easy to excavate at 
shallow depth , and only moderately erodible. Slope 
stability is good where the shale is undisturbed , and 
in cuts less than 45 degrees where ground water is 
not present. 

The Niobrara Formation (including both the 
Smoky Hill Shale and the Fort Hays Limestone 
members) has a very thin outcrop along the foothills 
on the western edge of the Denver area. It is over­
consolidated , moderately easy to excavate , and 
moderately erodible. Slope stability is generally 
good on natural slopes where ground water is not 
present , and in materials of moderate to low swell 
potential. Few foundation problems are associated 
with Niobrara strata. 

The Benton Shale, which is composed of sand­
stone , shale , and limestone , is overconsolidated , 
moderately easy to excavate, and moderately erod­
ible. Slope stability is good on natural slopes up to 
45 degrees where ground water is not present. Swell 
potential is low in sandstones and limestone facies , 
and moderate to very high in shale facies. Foun­
dation problems associated with this formation are 
generally related to swell potential. 

The Dakota Group consists of interbedded sand­
stone , siltstone , claystone , and conglomerate. The 
sandstone is generally hard and very resistant to 
erosion. It forms the resistant edge of the Dakota 
hogback present along the foothills west of Denver. 
The claystone member is soft and rapidly erodible 
by sheetwash. The group as a whole is difficult to 
excavate and locally requires blasting. Slope sta­
bility is good except along dip slopes where there 
may be local danger of rockslides where resistant 
sandstone strata are undercut. Foundation suitabil­
ity is generally excellent except along dip slopes 
where the rock may slide. 

The remaining bedrock formations have only thin 
outcroppings in the Denver metropolitan area, and 
will not be discussed here. Engineering character­
istics are discussed in Gardner et al. (1971) , Simp-



STRUCTURWDDRESS 

Denver Coli seum 
Humboldt Street and 
Chestnut Pl ace adjacent 
to 1-70 

Denver Sports Arena 
(McNichols Arena) 
17th Avenue and 
Decatur Street 

Mile High Stadium 
20th Avenue and Cl ay Street 
adjacent to 1-25 

Capitol 8uilding 
Co 1 fax Avenue and 
Sherman Street 

Botanical House 
York Street and 9th Avenue 

Table 3. Major engineering structures. 

DATE OF CON-
STRUCTION I TYPE OF FOUNDATION GEOLDG I C HOST 

1953 

1974 

1948 
through 
1978 

1894 

Around 
1900? 

Reinforced concrete I Alluvium 
pilasters resting on 
spread footi ngs. 
Pilasters are 20' long. 
Foot i ngs are 48' long, 
7' wi de and 6' deep. 

I Caissons-straight I Denver 
shaft Formation 
24 " to 42 " di ameter 
about 2D' long 
4.0 - 10 .0' into 
bedrock 

Cai ssons -stra i ght I Denver 
sha ft. Formation 
24"-36" diameter; 
10-1 b' into bedrock 
east side; 
5- 1 0' into bedrock 
west side, 
(it was critical to 
keep the eas t side 
1 eve 1 due to the 
movable stands) 

I 
I Footi ng Walls I Denver 

Formation? 

Foot i ngs I Fi 11 over 
Alluvium 

PROFILE CO~l~lENTS 

Thi s structure is adjacent 

Fill ~~i~hq~:~?be~~ri~~~!dOf 
with debris from the stock­

.....-Irrrr.,.."""""" yards. The buil di ng site 
~ was moved about 50' east 

/ . of the quarry to avoi d 
I. . potential settling pro-

1 . . b 1 ems withi n the fi 11 . 
_ -_Gravel -_-_-_-_ A large diameter (2;") 

- " Quarry - - - - ~;~~~o~:~Pi~rt;~~ the 

fill and alluvium . 

The building is located 
on sloping terrain. It 
is partially buried by a 
planted and 1 andscaped 

A-----I-7-'-1 fi 11 whi ch separates the 
two parking lots. 

East 
Side 

~
t1~~:~~~ ) 

1-- - --

'~:~ --= ~~ l~l '-: 

The stadi um was originally 
constructed over the ci ty 
dump. Porti ons of the 
dump have been remo ved and 
replaced with e ngineered 
fill . The mo vab l e stands 
are the largest structure 
ever to be moved us i ng 
water beari ngs, no settl e­
ment has been detected so 
far. 

REFERENCE 

Peck, 1953. 

Plans at City 
Engi neers Offi ce 

Plans at Engineers 
Offi ce, and or~ 1 
communication with 
Jim Toole - DMJM, 
Inc. 

The capitol building is I Colorado Dept . of 
3 stories high and has one Education Capitol 
basement. The top of the 8uil di ng pamph let, 
dome is 272' feet from and communication 

~ 
the ground . This structure with Gretchen Haskins . 
was cons tructed as 3 

. . .. separate units, the central 
.~. _____ ~ ._ portion and 2 wings. Each 

~--=--=~-=-=--::: unit was designed to stand 
independently incase of 
a partial collapse due to 
an earthquake. Sub­
surface access tunnels 
1 ead from the capi to 1 
bui 1 di ng to the adjacent 
state buildings although 
they are not used today. 

Under- This historical building 

V2J
inning began to subside and 

experience distress. Sub­
surface investigation 
revea 1 ed an old cemetery 
under about 20' of fi 11 . 
The old wooden coffi ns 
were co 11 aps i ng. Severa 1 

II Cl D D CJ 

,L-------i of the gutter downspouts 
were also discharging 
water adjacent to the 
foundation. The down­
spouts were repa i red and 
the front of the house 

Fill ) 

~:ooden coffi ns 

was underpi nned to prevent 
further di stress. 

Ora 1 communi cat ion 
wi th Fu Hua Chen -
Chen & Associ ates, 
and oral communication 
wi th Dr. Wi 11 i am 
Gambill, Botanical 
House 
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STRUCTURE/ ADDR~SS 

Po 1 i ce Admi ni strati on 
Buil ai ng 
13th Avenue and 
Cherokee Street 

L i ncol n To~;er 
Lincoln Street and 
18th Avenue 

Symphony Ha 11 
(60ettcher Ha 11 ) 
Curti s Street and 
14th Street 

First National 8ank 
17th Street and 
(';elton Street 

Denver Pub 1 i c Li brary 
13th Avenue ana 
Acoma Street 

Isaac Newton Junior High 
School 
Arapahoe Road and 
Colorado Boulevard 

Table 3. (continued). 

DATE DF CON-
STRUCTION I TYPE OF FOUNDATION GEOLOGIC HOST 

1974 

1961 ? 

1974 
to 

1979 

1957 

1954 

1962 

Caissons-straight I Denver 
shaft Formation 
70-80' long 
about 24" di ameter 
4' to 9' into bedrock 
(about 60' of allu-
viu[,I ) 

Caissons-belled I Denver 
about 70' long Formation 
about 2 .0' into 
bedrock 
(about 68 feet of 
all uvi urn) 

Caissons-straight I Denver 
shaft Formation 
24" to 48" diameter 
2' to 9' into bedrock 
(about 40' of 
alluvium) 

Caissons - straight I Denver 
shaft with grooved Format ion 
desi gn 
5'6" diameter 
15' [,Ii nimum penetra­
tion into bedrock 
(about 50' of 
all uvi urn) 

Pads I Broadway 
4' x 4' to 8' x 8' Alluvium 
ave. 7' x 7' 
thi ckness from 
l' 6" to 2' 4" 

Cai ssons - stra i ght 
shaft 
30" diameter 
4.0' mi ni[,lum pene­
tration into bedrock 
(bedrock is 4-23' 
be low ground surface) 

Denver 
Formation 

PROFILE 

r---

f--j r--:-

~
. 

~ --------~~ 

COf.1MENTS 

7 story bldg. with 2 sub­
levels for parking. 
Lower sections are inter­
mi ttently dewatered. The 
lower 1 eve 1 s were des i gned 
for fl oodi ng in the event 
of a flood on Cherry Creek. 
The bui ldi ng excavation 
was made us i ng dri ven 
soldier piles and tie 
backs. 

REFERENCE 

Plans at City Engineers 
Offi ce and oral conmu­
nication with Dick 
Hepworth, Chen and 
Associ ates 

.----
This building is 13 storiesl Oral communication: 
tall with a 2 story sub- Bob Heister-Architect 
surface park i ng garage. 
1I111lediately above bedrock 

DmtJ 
.. . a gravel layer was en-

'. . ... . countered whi ch made 
.••. . :. :. ' .' drilling the caissions 

~ __ _ ~ __ ~ . _ very difficult. 

The hall and 

~ 
~re supported t~~ ar~ade 

" he adjacent b · ldca1ssons. 
: . ., an auditorium U1 . 1ng is 

_ .. '. .-' . .-.-.-' ,"pp","d '" .h"h" 
'C. '.' ':.- _.: "1,,. old ti.", 

The First National Bank 
is a 28 story building 
with 1 sublevel. This 
grooved des i gn was coomon 
practice around Denver in 
the 50's and 60's when 
the drill hole exhibited 
a very smooth wa 11. An 
overs i zed tooth was 
attached to the dri 11 bi t 
and used to roughen the 
wall. It was later dis-

f---'--'-'II-'l HI H ,f'--C---l covered the method di dn' t 
greatly increase the 

_ _ ___ __ _ friction bearing capacity 

u 
so it has been genera lly 
di sconti nued. 

The 1 i brary is a 4 story 
building with 2 sublevels . 

The cai ssons heaved due 
to pressure from expans i ve 
soi 1 s . They were cut 

~ 
down, the school was 
releveled and shil111led up-

. . . .' on the cut ca i ssons . The 
._ ~ : ; l L: : :. -_ cost of the repai rs was --..::=-.::= -=-- approximately equal to the 

ori gi na 1 cost of construc -
tion. 

Plans at City Engineers 
Offi ce and oral conmu­
nication with Dick 
Hepworth, Chen and 
Associates 

Ora 1 communi cation 
and pl an inspection 
with James Tolle, 
DMJM, Inc. 

Plans at City 
Engi neers Offi ce 

Oral corrmunication 
wi th Fu Hua Chen - Chen 
and Associa t es. Also 
in Chen , 1975. 
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STRUCTURE! ADDRESS 

Hill cres t Reservoi r 
Happy Canyon Road and 
Oxford Avenue 

15th Street Bri dge 
over the Platte River 

West Evans Vi aduct 
over Santa Fe RR 
Tracks 

Foothi 11 s Tunnel 

Roberts Tunnel 

DATE OF CON­
STRUCTION 

1957 

1975 

1971 

Scheduled 
for 
1982 

1960 

TYPE OF FOUNDAT ION 

Caissons - straight 
shaft 
about 18" in di ameter 
about 22' long 
about 15' bedrock 
penetration 

Piles 3~' long with 
8-10' of penetration 
into bedrock 

Ca i ssons-be 11 ed 
about 21 " in diameter 
with 6' minimum 
penetrati0n i nto 
bedrock 

Table 3. (continu ed). 

GEOLOG I C HOST 

Denver 
Formation 

Denver 
Formation 

Denver 
Formation 

Greenhorn 
Limestone 
Dakota Limestone 
Fountai n Forma­
tion 
Precambri an 
~1etamorphi cs 

Dakota Formation 
Benton Shale 
Niobera Forma­
tion 
Entrada Sandstone 
Pi erre Shale 
Montazuma Shale 
Precambri an 
Metamorphi cs 

PROFILE COMMENTS 

~' '' •. '.:: . . . . , ~:' ': ',,: 
- -:... --:...- . - - -- ...;.- -
-- - - ---- - - --

The reservoi r began to 
lose water. Swelling 
soil s apparently caused 
di stress in the joi nts 
and seams of the reservoi r, 
Excavati ng around each 
pier to reduce the skin 
fri ct i on solved the 
problem, 

-_ ._---

The piles could not be 

~ 
driven into the shale 
bedrock so a hole was 

: : ; . __ . ~ : : '. " . : f~rst drilled! then the 
_-__ - ~ ~_ _ _ plles were drlven In, 

-
~ .... ;. ·· lIE· .. ······ - - - - - -.. - -- - .- - -- . 

Diversion 
Dam 

Scheduled for completion 
in 1982. The 3,4 mi 1 e 
tunnel will initially 
bring 125 million gallons 
of water per day to the 
Denver r~etropo 1 i tan area. 
The tunnel is capable of 
conducti ng 500 mi 11 ions 
ga 11 ons per day, When 
used to capaci ty thi s 
wi 11 , doub 1 e Denver's 
existing water supply, 

Roberts Tunnel is 23.3 
Continental Imiles long and diverts 

Divide " western slope water to 
Denver by taki ng water 
under the Continental 
Divide. Presently it is 
operati ng at 300 to 400 
second feet of water but 
1 ts capac 1 ty is 1000 

, second feet of water. The 
water is then treated at 
the Ma rs ton t rea tment 
plant. 

REFERENCE 

Ora 1 corrmuni cation 
wi th Fu Hua Chen -
Chen & Associ ates 

Plans at City 
Engineers Office. 
Oral corrmunication 
wi th Mi ke ~i i nhos 

Plans at City 
Engi neers Offi ce, 
Oral corrmunication 
wi th Mi ke Mi nhos 

Oral corrmunication 
wi th Quenti n Hornbeck, 
geo 1 ogi st, Denver 
Water Board 

Oral corrmunication 
with Qunet in 
Hornbeck, geo 1 og is t • 
Denver Water Board. 
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on and Hart (1980) , and McGregor and Mc­
Donough (1980). 

Exploration and Testing Methods 

Exploration and testing methods u ed to define 
the surface and subsurface conditions at potential 
building sites include review of technical literature , 
surface mapping , and subsurface drilling and/or 
trenching. Samples are usually taken at regular in­
tervals or at apparent changes of material , and 
te ted to determine their engineering characteris­
tics. Field and laboratory tests are mainly per­
formed in accord with specifications of ASTM 
(American Society for Testing and Materials) by in­
house labs of private geotechnical firms or by com­
mercial labs on a custom (piece-work) basis. In a 
few labs, test specifications may differ slightly , or 
additional non-ASTM tests may be available. Test­
ing is generally performed by trained , supervised 
technicians. 

Laboratory capability ranges from minimal to ex­
tensive. The best equipped are the central geo­
technical laboratory of the V.S. Bureau of Recla­
mation, and the rock and soil testing facilities of the 
Engineering Geology Branch, U.S. Geological Sur­
vey in Denver. Geological Survey testing is auto­
mated , with test control , data sampling and record­
ing performed by computers. This lab is also 
developing mobile facilities for appropriate on-site 
testing, data recording, and radio telemetry of field 
data (Simpson , 1981). 

Some common tests used are Atterberg limits , 
grain size distribution , dry unit weight , one-dimen­
sional consolidation-swell , and moisture content. 
The Potential Volume Change (PVC) test was 
widely used in the past but is not generally used 
today by Colorado geotechnical engineers (Hart, 
1974). The PVC test consisted of a modified floating 
ring consolidometer in a loading frame with a prov­
ing ring. An air-dried , recompacted sample is flood­
ed with water and allowed to swell against the prov­
ing ring. After two hours , the moving ring dial is 
read and converted to a swell index (Hart , 1974). 

The primary design tests favored by most local 
geotechnical engineers for swelling soils are the 
one-dimensional consolidation-swell test for build­
ings and the California Bearing Ratio (CBR) swell 
test for highway subgrades (Hart , 1974; Mock , 
1981). Dr. Fu Hua Chen (Chen and Associates) has 
developed a classification system for swelling soils 
based on three standard AASHO tests. This system 
compares the percentage of swell from the con sol-

idation-swell test (1 ,000 psf (479 N/m2) surcharge) , 
liquid limit, percentage of the sample finer than the 
#200 sieve (0.074 mm) , and the Standard Penetra­
tion Test (SPT) blow count. This system clas ifies 
swell as follows (Hart , 1974): 

% < #200 Liquid SPT (N) 
Sieve Limit Value 

> 95 
60-95 
30-60 

< 30 

> 60 
40-60 
30-40 

< 30 

> 30 
20-30 
10-20 

< 10 

Consoli-
dation Swell 

Swell (%) Category 

> 10 
3-10 
1-5 
< 1 

Very high 
High 
Medium 
Low 

The V.S. Bureau of Reclamation in Denver devel­
oped the Holtz-Gibb classification for swell in the 
early 1950's. This system compares the plasticity 
index , shrinkage limit , and the percentage of the 
sample finer than 0.00 I mm to the Bureau of Rec­
lamation swell test at 144 psf (69 N/m2) urcharge 
as follows (Hart , 1974): 

Shrink-
% < 0.001 Plasticity age Swell 

mm Index (%) Limit % Swell Category 

> 28 
20-31 
13-23 

< 15 

> 35 
25-41 

15-28 
< 18 

> 11 
7-12 

10-16 
< 15 

> 30 
20-30 
10-20 

< 10 

Very high 
High 
Medium 
Low 

Standard subsurface soil sampling tools u ed in 
the Denver metropolitan region are the California 
(Ring) Sampler, the Standard Split Spoon , the Shel­
by Tube , and the Continuous Corer. Both the Cal­
ifornia Sampler and the Standard Split Spoon Sam­
pler are driven into the soil with blows from a 140 
lb (64 kg) hammer dropping 30 in. (762 mm). Rela­
tively undisturbed samples two in. (51 mm) in di­
ameter and four to 18 in. (102-457 mm) long can be 
recovered (Mock , 1981). Larger diameter samples 
can be recovered by Shelby Tubes and Continuous 
Coring methods. Soil samples are routinely te ted 
for shear strength , consolidation , and permeability 
characteristics. 

Foundation exploration during the construction 
of the Denver Coliseum resulted in the development 
of an early cone penetrometer to test relative den­
sities of coarse alluvial gravels and artificial fill ma­
terial in a former gravel pit underlying part of the 
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South Platte River at East 46 th Avenue, 1962. 

Figure 9. Airphotos of Denver Coliseum construction site , (a) 
in 1948 ; (b) in 1965 following filling of gravel pit with municipal 
wa te and subsequent urban land uses (Sheridan, 1967). 

building site (Peck , 1953). The base diameter of the 
penetration cone was 2Y2 in. (64 mm) , and the driv­
ing hammer assigned a weight of 350 pounds and a 
fall of two ft (610 mm). The number of blows re­
quired for each ft (0.3 m) of penetration was count­
ed , which led to adequate discrimination of artificial 
fill material from dense gravel layers. Based on 
these penetrometer results , the location for the 
structure was moved 50 ft (15 m) east to allow a 
spread footing foundation to be located uniformly 
on the upper surface of an extremely dense part of 
the gravel deposit (Peck, 1953) (Table 3; Figure 9). 
This sampler has not seen much local use since its 
first application. 

Foundation Types 

Typical foundations used in the Denver metro­
politan area are spread footings , bearing walls on 
grade , pads with grade beams , drilled piers (or cais­
sons) with grade beams , and post-tensioned slabs 
(Figure 10). The type of foundation depends on the 
size of the structure , and the surface and subsurface 
conditions of the site. Spread footings and footing 
walls are most commonly used for smaller struc­
tures such as homes and buildings less than four 
stories high. High rise structures (more than five 
stories) are usually supported by drilled piers (or 
caissons) that are founded in bedrock (Table 3). 
Drilled piers with grade beams have also been very 
successful in areas where swelling clay is present. 
They may be straight shaft, straight shaft with shear 
rings , or belled. 

Building on expansive soils in and around Denver 
has encouraged the use of various engineering and 
design treatments. Lightly loaded structures built 
over soils with low swell potential often use spread 
footing foundations. With slightly higher swelling 
potential , footing walls or grade beams supported 
by pads are utilized (Hart, 1974). Over moderate to 
highly swelling soils, small-diameter, heavily-load­
ed, straight-shaft piers are extended to a depth 
where moisture changes are minimal. The piers are 
commonly used in conjunction with grade beams. 
Piers carry structural loads by skin friction along 
their surface length and by end bearing pressure at 
its base. Piers are commonly 10 to 20 ft (3-6 m) 
long and extend three to eight ft (0.9-2.5 m) into 
firm bedrock. This design is common in Denver be­
cause it has been very successful in expansive soils. 
Many local contracting firms specialize in drilled 
pier foundations, making this an economical design. 
Belled pier foundations are not extensively used 
because the enlarged pier bottom reduces contact 
bearing pressures on the potentially expansive ma­
terials . In the 1950's through the 1960's, shear rings 
consisting of enlarged zones placed at regular in­
tervals along the piers were used. It was believed 
that this design increased the friction bearing 
capacity; however, later tests showed that it usu­
ally did not make an appreciable difference; the 
practice has generally been discontinued. 

In highly expansive soils, structural floors are 
supported with grade beams and piers. A void space 
is left beneath the floor system to eliminate heaving 
damage. Edge-stiffened or post-tensioned slabs 
have been in limited use around Denver. Chemical 



s" reinforced · 
concrete basement 
wall 
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Spread footing foundation Footing wall foundation 

10"· 1 2" d i a . rei n for c e d . 
concr ete drtlled pier 

Pad foundation Drilled pier and 
grade beam foundation 

Figure 10. Typical foundations u ed in the Denver area (Hart, 1974). 
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stabilization of swelling soils is not as common as 
special foundation design (Hart, 1974) . 

Floating slabs are commonly used for on-grade 
floors. Foundation slab-on-grade construction was 
used on many post-war houses in Denver through 
the early] 950' s. Costly damage to these houses re­
sulting from expansive soils has virtually halted the 
u e of this foundation type for houses in areas of 
potential expansivity (Hart , 1974). Presently, slab­
on-grade construction is usually confined to drive­
ways , garages , and patios. On moderately swelling 
soils, slabs can be supported on grade after swelling 
soils are removed and replaced with non-swelling , 
impervious soils with low liquid limits. 

Homeowners responsibilities in swelling soil 
areas of Denver include proper drainage and land­
scaping. Slopes as much as 1: 10 (V:H) away from 
house foundations are in use. Water must not be 
allowed to pond near foundations, and drain spouts 
should discharge at least four ft (1.2 m) from build­
ings. 

Highways in the Denver area have been damaged 
by swelling soils mainly of the A-6 and A-7 AASHO 
groups, and by borderline soils between the A-4 and 
the A-6 and A-7 AASHO groups (Lamb and Hanna, 
1973). Treatment consists of removing swelling 
soils and reworking them or replacing them with 
other selected, nonexpansive fill materials (Hart, 
1974). Depth of excavations is determined by plas­
ticity index: 10 to 30, two ft (0.6 m); 30 to 50 , three 
ft (0.9 m) ; and over 50 , four ft (1.2 m) (Sealy, 1973). 
The use of flexible pavements such as asphalt, rath­
er than concrete rigid pavements , has reduced the 
cost of repairs. 

Several different methods of dealing with col­
lapse-prone soils in Denver have been successful. 
Impervious foundation and drainage designs have 
been used to prevent wetting of the soil for the ex­
pected lifetime of the structure. Another method 
used has been to precollapse the soil prior to con­
struction by deep soaking or through the use of vi­
bratory equipment. Some thin deposits are removed 
prior to construction. The use of drilled pier foun­
dations has been popular in those areas where firm 
foundation material is present at relatively shallow 
depths below the collapsible soils. 

MATERIALS 

Sand and Coarse Aggregate 

The Denver metropolitan area was originally en­
dowed with nearly 900 million tons (816 million 

tonnes) of high quality gravel plus 40 million tons 
(36 million tonnes) of high quality sand , located in 
only five percent of the metropolitan area (Inter­
County Regional Planning Commission, 1961). In 
1935 , Denver County supplied 90 percent of its sand 
and gravel requirements plus those of adjacent 
Douglas , Adams , and Jefferson Counties. By 1950, 
Denver's contribution had dropped to only 20 per­
cent. As early as 1957, the Colorado Sand and 
Gravel Producers Association (1957) predicted that 
without proper controls , all the available high-qual­
ity gravel resources within a 10-mi (16-km) radius 
of downtown Denver would be depleted by 1977. 

High quality sand and gravel in the Denver met­
ropolitan area is restricted largely to floodplains and 
low terraces of major streams. These deposits are 
the youngest , least weathered, and least cemented. 
Rocky Flats , Slocum, and Verdos Alluviums are 
generally coated with clay and/or calcium carbon­
ate , which inhibit binding with cement and are dif­
ficult to remove. These lower quality deposits are 
found in higher terraces and pediments, can be 
weathered, and contain an abundance of unsound 
clasts. Other sand and gravel deposits in the Denver 
area are found in alluvial fan , pediment, dune , and 
valley-fill deposits (Figure 11) as well as in flood­
plains and below stream terraces. 

The Colorado Geological Survey has used the fol­
lowing general guidelines for identifying commer­
cial gravel deposits: 

-Five-acre (2-ha) tracts with at least 15 ft (4.6 m) 
of gravel can be considered economic. 

-The maximum stripping ratio for commercial val­
ley deposits approaches one unit of overburden 
for three units of resource (1 :3). 

-The maximum stripping ratio for terrace and up­
land deposits can be one to one (1: 1). 

-Large tracts of high-quality aggregate without 
overburden may be as little as two ft (0.6 m) thick 
and still constitute a commercial deposit. 

-Commercial gravel deposits should contain a 
minimum of 30 percent gravel-sized material by 
weight (Schwochow et aI. , ]974). 

Trimble and Fitch (1974) consider a minimum grav­
el content of 20 percent of the deposit to be the 
lower limit under the most adverse foreseeable con­
dition . 

The most significant deposits of commercial grav­
el are located along the South Platte River and Clear 
Creek , and in the Rocky Flats alluvial fan located 
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Figure II. Idealized block diagram showing geomorphic relations among aggregate-bearing landforms. Lowland forms include: valley 
fill (V) , flood plain (F) , and terraces (TI-youngest , T3-0Idest). Upland forms include gravels (U), alluvial fan (A) , and wind-depo ited 
sand (E) . Potential quarry-aggregate depo it include fine-grained intrusive igneous rocks (QI) , fine-grained extrusive rocks (Q2) , and 
coarse-grained igneous and metamorphic rocks (Q3) (from Schwochow et aI ., 1974) . 

northwest of the city (Figure 12) (Schwochow, 
1980). The Rocky Flats alluvial fan contains up to 
80 percent quartzite derived from outcrops imme­
diately west of the fan in Coal Creek Canyon. How­
ever, this deposit contains a large amount of over­
sized material. The cobbles and boulders may be 
suitable for rip-rap, but they are rounded and so 
may be unstable and hard to place. 

Louviers Alluvium is the major source of com­
mercial sand and gravel in Denver, especially along 
Clear Creek and the South Platte River. Clear 
Creek Valley contains some of the highest quality 
gravels available in the Denver area. As a by-prod­
uct of gravel mining in Clear Creek, operators ex­
tract about one ounce of gold for each 1,500 tons 
(1 ,361 tonnes) of material processed (Hansen et aI., 
1976). 

Prior to construction of the Cherry Creek Dam 
and Reservoir in the Southeast Denver metropoli­
tan area (Figure 1), the Bureau of Reclamation con­
ducted extensive tests on three sources of coarse 
aggregate for concrete appurtenances to the earth­
fill dam. The coarse aggregates tested included Lou­
viers Alluvium from Clear Creek near Golden, 
crushed granite from a rock quarry just upstream 
of Golden on Clear Creek, and crushed basalt from 
South Table Mountain in Golden (Figure 12). Some 
test results on these three aggregates are shown in 
Table 4. Crushed basalt produced a harsh, angular 
aggregate, and concrete with slightly higher com­
pressive strength , modulus of elasticity, and mod­
ulus of rupture. The thermal coefficient of expan­
sion for concrete with basalt aggregate was about 
eight percent lower than concrete made with the 
other two aggregates. Concrete made with granite 

aggregate produced 15 percent less shrinkage on 
drying than the others. All concretes made with the 
three aggregates had good resistance to freeze and 
thaw, produced very good wet and drying durability 
tests, and had no alkali-aggregate reaction (Hickey, 
1950). 

The Denver Hilton Hotel in downtown Denver 
cost $20 million and was completed in 1960 (Figure 
1). Its most striking feature is the grill-work of pre­
cast concrete framing the exterior walls. All the ag­
gregate used in the facing consisted of pea gravel 

Table 4. Test results of coarse aggregate from the Denver 
Metropolitan area. 

Glen- Ft. Hay 
Louviers Granite Basalt non Is 
Alluvium (Clear (South I (Nio-

(Clear Creek Table (Lykin brara 
Creek) Canyon) Mt.) Fm) Fm) 

Sp. gr. 2.65 2.68a 2.73a 

24 hr absorp (%) 0.7 0.3a O.~ 

Los Angeles 
abrasion test , 
%Ios , 100 rev. 12.3 8.6b 5.~ 

% loss 500 rev. 
(35% loss limit) 41.2a 32.2b 27.4a 44d 24.4d 

Magnesium sul-
fate soundness 
test , % loss , 
5 cycle 
(10% loss limit) 9.8c 4.8b 13 .0b 

(From Hickey , 1950.) 
a 2 tests. 
b 3 tests . 
c 4 tests . 
d Van Horn, 1976. 
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Figure 12. Generalized location of economic mineral resources, Denver metropolitan area. q = quartzite ; x = igneous and meta­
morphic rock quarries; gr = gravel in Rocky Flats alluvial fan ; es = eolian sand ; sg = sand and gravel ; s = silica sand ; g = gypsum ; 
z = zeolites ; • = clay ; • = limestone ; u = uranium ; • = coal. 

excavated and screened from the Broadway Allu­
vium underlying the construction site. This gravel 
was used because of its light pink color , soundness , 
resistance to weathering , and durability. Completed 
concrete wallings were acid-etched to expose the 
gravel aggregate (Anonymous, 1959). 

Major sand resources occur along Sand and Cher­
ry Creeks and the South Platte River. The material 
is used for plaster , cement, mortar , blasting , filtra­
tion , golf course sand traps , and concrete sand 
(Schwochow et aI., 1974). 

The Denver metropolitan area uses more than 
twice the per capita national average tonnage of 
sand and gravel , with a value exceeding $22 million 
per year (Soule, 1974 ; U.S. Department of Housing 

and Urban Development, 1978). The metropolitan 
use represents 41 percent of the state 's total sand 
and gravel production. In 1977, the average price 
of sand and gravel ($2.00/ton) was double that of 
1967, while the price of crushed rock aggregate in­
creased only 44 percent to $2.53/ton (Schwochow, 
1980). 

Because of the widespread distribution of sand 
and gravel deposits and the low unit value of the 
product , industry must be locally oriented in its pro­
duction and consumption. Unfortunately , many 
high-quality deposits are now inaccessible in the im­
mediate Denver area because of encroachment by 
conflicting land uses (Figure 13). Four times as 
much aggregate has been lost through expansion of 
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Figure 13. This area (A) is underlain by 20 ft (6 m) of high quality and and gravel. Three attempts were made in the 1940' s to obtain 
operating permits to mine thi land. All requests were denied because of protests from local residents. After the third denial , the land 
owner sold the property to a housing developer ; and a hown (B) , the and and gravel re ource ha been permanently lost (Sheridan , 
1967) (see Figure I). The principal area of sand and gravel (sg) i outlined in B. 

suburbs into areas containing usable deposits than 
has been consumed in construction (Sheridan, 
1967). Well over one-third of the Clear Creek re­
sources have been lost to development in two of 
Denver's western suburbs, Arvada and Whea­
tridge. Along Cherry Creek only 10 million tons (9 

million tonnes) of the original 30 million tons (27 
million tonnes) of sand were mined before en­
croachment rendered the remaining two-thirds of 
the resource inaccessible (Inter-County Regional 
Planning Commission, 1961). The pools of Chatfield 
and Bear Creek Dams, two recently completed 
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flood-control structures, have precluded the use of 
enormous quantities of high-quality sand and gravel 
on the South Platte River and Bear Creek. The re­
maining large resources of gravel in the Denver area 
lie to the north of the city in Adams County along 
the South Platte River from the confluence of Clear 
Creek north for approximately 11 miles (Figure 12; 
Schwochow, 1980). These deposits are of lower 
quality than deposits previously mined in the Den­
ver areas since they contain a smaller percentage 
of gravel-sized stones, and more sand. 

As a consequence of lobbying efforts by sand and 
gravel producers, in 1973 the State of Colorado en­
acted legislation requiring that areas of high-quality 
commercially-extractable deposits be identified and 
that land use be regulated to insure the protection 
of this resource. 

Local aggregate producers have responded to the 
resource shortage problem in Denver with four al­
ternatives (Schwochow, 1980). One company began 
operating a unit train to bring gravel from a pit and 
loading site on St. Vrain Creek near Lyons, Colo­
rado, about 45 mi (72 km) north of Denver. The 32-
car train has a total capacity of 3,200 tons (2,903 
tonnes) and hauls gravel to an asphalt mixing plant 
in Denver. The second alternative is the manufac­
ture of light-weight, expanded aggregate. One com­
pany in Denver operated a clay pit in the upper 
member of the Pierre Shale and an adjacent expan­
sion plant south of Boulder until 1976. Future large­
scale expanded aggregate production in the Denver 
area must wait further evaluation. The third alter­
native is to mine the lesser-quality sand and gravel 
in the South Platte River Valley north of Denver. 
The last alternative is the long-term development of 
crushed rock aggregate . 

The rapidly diminishing sand and gravel re­
sources along rivers in the Denver area indicate that 
an increasingly larger percentage of coarse aggre­
gate will have to be supplied by crushed rock ag­
gregate (Schwochow, 1980). Rock for crushing in 
the Denver area consists of Precambrian granite 
gneisses and schists , quartzite, and Tertiary basalts 
and monzonite (Figure 12). 

Granite gneisses and schists mined for coarse ag­
gregate in the Denver area are all quarried in the 
Front Range west of the city in Jefferson County. 
Most crushed rock quarries are located at or near 
the mouths of canyons because of available trans­
portation routes and proximity to markets. Many 
are located along major north-west trending faults, 
long inactive, in the mountain front where breccia-

tion of the rock by faulting has performed the ' 'pri­
mary crushing," thus reducing production costs. 
These quarries produced rock for concrete aggre­
gate, road base , ballast, asphalt binder, and rip-rap. 
Generally , coarser-grained metamorphic rocks are 
more satisfactory for crushed-rock aggregate than 
thinly splitting, highly schistose rocks (Trimble and 
Fitch, 1974). In the early 1970's, one quarry two mi 
(3 km) south of Golden provided most of the rip­
rap for Chatfield Dam. The quartzite that crops out 
in a northeast trend about two mi (3 km) wide near 
the mouth of Coal Creek north of Denver (Figure 
12) is one of the best potential sources of high-qual­
ity crushed rock aggregate in the Denver area. The 
quartzite is very hard and crushes to produce clean , 
angular fragments and very little dust (Schwochow 
et al., 1974). Basaltic rocks are quarried from ex­
trusive and intrusive outcrops west and northwest 
of Denver near Golden. Basalt was quarried from 
South Table Mountain as early as 1905. The 
crushed rock is used for road materials, concrete 
and asphalt aggregate, and rip-rap , including that 
used in the construction of the Cherry Creek Dam 
(Argall, 1949). 

Recently, several large mining operations have 
been proposed in these igneous and metamorphic 
rocks. However, the future of crushed-rock aggre­
gate production in the Denver area is uncertain , 
despite the increasing demand for the resource. 
Numerous mining permits have been denied by 
county governments because of concerns of local 
residents. Alteration and weathering zones , slope 
stability, esthetic, zoning, and land-use problems 
are serious limiting factors which will have to be 
addressed in the instance of future mining. 

Clay 

Brick and tile manufacturing is one of the oldest 
industries in Denver. Thomas Warren started the 
first brickyard in 1859, and by 1860 some brick 
buildings were in existence; but the majority of 
structures were wood frame , even though bricks 
were cheaper than wood (Smiley , 1901). In April of 
1863 , a fire burned out much of the Denver business 
area. Seventy buildings were destroyed and scores 
of residents were homeless. Damages totaled 
$350,000. A city ordinance subsequently was 
passed prohibiting construction of wood-frame 
buildings , and the city rebuilt with brick. The 
" brick code" in Denver was repealed shortly after 
World War II for all parts of the city except the 
downtown core area where wood-frame buildings 
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are still prohibited. Quaternary loess and cohesive 
alluvium were the major sources of common brick 
material in early Denver (Ries , 1927). 

Refractory and structural clays recently mined in 
the Denver area are primarily Cretaceous and youn­
ger in age , but small amounts were mined from old­
er formations. Clay-producing units have included 
the Dakota, Benton, Pierre , Laramie , Arapahoe, 
and Dawson Formations (Crosby , 1977). The Da­
kota Formation is the sole source of refractory clay 
in the Denver area , but today , most of the best qual­
ity and easily mined refractory deposits have been 
exhausted (Waage , 1952, 1961). 

Demand for refractory clays began in the 1860' s 
with the construction of the first smelters to process 
ores from the mountains west of Denver (Yingst, 
1961). It is ironic that early ore smelters in Golden 
were located within sight of hogbacks containing 
high-quality refractory clays , while refractory brick 
for the smelters was being imported from Wales 
(Lakes , 1909). However , today refractory clays in 
the Denver area cannot economically compete with 
out-of-state clays (Crosby , 1977). 

Nearly all clay produced in the Denver area goes 
to structural clay products such as bricks , tiles , flue 
liners , flower pots , low-grade ceramics , and sewer 
pipes. The major non-refractory clay source in the 
Denver area is the Laramie Formation. Some Lar­
amie clay pits south of Golden have been used for 
landfill sites (Van Horn , 1976). Structural clays 
from the Dawson Formation south of Denver are 
sufficiently valuable that economic hauling distance 
for this clay to Denver plants is greater than other 
clays mined in the area (Crosby , 1977; Figure 12). 

Several hundred thousand tons of the upper 
Pierre Shale northwest of Denver were mined year­
ly between 1961 and 1976 for expanded aggregate. 
The shale bloated two to three times its original 
volume when crushed , and rapidly heated to 1,800 
to 2,200°F (U.S. Geological Survey , 1968). It had 
a density of 30 to 60 Ibs/ft3 (481-961 kg/m 3 ) and had 
good structural strength and thermal- and acousti­
cal-insulating properties. 

Building Stone 

Dimension stone was originally used in Denver 
pioneer days as foundation blocks to support the 
full weight of structures. Today , most use in Denver 
is as decorative veneers , monuments , paving 
blocks , flagging , curbing , landscaping , and window 
sills. Among the most popular building stones that 
have been u ed in the Denver area are Lyons Sand-

Table 5. Examples of some building stones in the Denver 
area. a 

Stone 

Castle Rock Rhyolite, 
Douglas Co. 

Yule Marble , 
Gunni on Co. 

Salida Travertine , 
Chaffee Co . 

Wellersville Travertine , 
Fremont Co. 

Cotopaxi Granite , 
Fremont Co . 

Gunnison (,'Aberdeen ' ') 
Granite , Gunnison 
Co. 

Platte Canyon Granite, 
Jefferson Co . 

Masonville Granite 
Larimer Co. 

Lyons Sandstone 
Boulder Co. 

Arizona and tone 

Structure 

Union Depot , Denver 
St. Elizabeth Church , Denver 
Trinity Church, Denver 
Old Republican Building, Denver 
Old Board of Trade Building , 

Denver 
Old City Hall , Denver 
University Hall (Old Main), 

University of Denver 

State Capitol Building, Denver 
Main Post Office , Denver 
Federal Reserve Bank , Denver 
U.S . Customs House , Denver 
Colorado State Capitol Annex 

Interior of City and County 
Building, Denver 

Denver National Bank , Denver 

Denver General Hospital , Denver 
Gates Rubber Company , Denver 

Base of City and County Building, 
Denver 

State Office Building, Denver 

State Capitol Building, Denver 
State Museum Building, Denver 

Equitable Building, Denver 

U .S. Mint Building, Denver 

Boston Building, Denver 
Masonic Temple Building, Denver 
Central Presbyterian Church , 

Denver 

Brown Palace Hotel , Denver 

a Compiled from: U .S. Geological Survey , 1968 ; Argall , 1949; 
Harvey , 1946; Smiley , 1901 ; Sharps, 1963 . 

stone whose slabs are quarried for flagstone curbs , 
and veneer strips for building facings ; Dakota Sand­
stone used for dimension stone and lichen-covered 
land cape rock ; Yule Marble from the western slope 
of Colorado for dimension stone , floorings , and 
steps; and Castle Rock Rhyolite used as rough­
dressed dimension stone , window sills , door arch­
es , and garden walls. Table 5 lists some prominent 
buildings in Denver and the kind and source of 
stone used in their construction. 

The State Capitol building in downtown Denver 
is an interesting study of the use of a variety of 
native Colorado building stones. In 1889, gray gran­
ite from Gunnison , Colorado , was selected over 
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seven other proposed granites as the building stone 
for the State Capitol building. The Gunnison Granite 
was named "Aberdeen" after the famous Scottish 
quarry (Hunter, 1914). The rock was to be supplied 
free, resulting in a savings of $0.5 million over the 
original design calling for sandstone (Moore and 
Borland, 1947). The Denver and Rio Grande Rail­
road built six mi (10 km) of track from Gunnison to 
the quarry at the expense of the railroad (Moore 
and Borland, 1947), and the stone was then shipped 
by rail. The granite quarry employed 150 stone cut­
ters, with an equal number of masons working in 
Denver. About 280,000 ft3 (7,930 m3) of rock was 
quarried for the capitol building , and the Gunnison 
("Aberdeen") Granite blocks were selected to be 
used for the drilling contest during the 1891 mining 
congress in Denver. Work on the capitol was inter­
rupted temporarily in 1891 by a strike by quarrymen 
demanding a nine-hour work day and Sundays off, 
rather than the customary 10-hour, seven-day shifts 
of the time (Moore and Borland, 1947). The state 
capitol building was completed in 1894 at a cost of 
$3.4 million. The "Aberdeen" quarry was reopened 
a year later to supply stone for the exterior steps of 
the capitol building, and again in 1911-1912 to sup­
ply stone for the State Museum Building in Denver. 

Yule Marble was used for the State Capitol An­
nex, as well as the interior stairs and floors of the 
capitol building. This was done with native marble 
even though Italian marble could be bought and 
shipped to Colorado more cheaply than Yule mar­
ble could be mined and transported to Denver from 
the mountains (Colorado Department of Education, 
1979). Colorado rose onyx from Beulah (Pueblo 
County) was used as wainscoating throughout the 
interior of the capitol. This onyx took seven years 
to install and cost $120,000 (Colorado Department 
of Education, 1979). 

Limestone, Silica Sand, Gypsum, 
Zeolites, Organic Soils 

Small amounts of limestone have been mined 
from Paleozoic and Mesozoic rocks outcropping in 
the foothills north, west, and south of Denver. The 
Glennon Limestone member of the Lykins Forma­
tion was mined prior to 1960 for agricultural lime 
(Scott, 1963). The Fort Hays Limestone member of 
the Niobrara Formation is nearly pure and has been 
mined, crushed, and used as smelter flux in found­
ries in Golden and Denver (Scott, 1962; U.S. Geo­
logical Survey, 1968), and as agricultural and mor­
tar lime (Figure 12). Fort Hays rock is mined, along 

with the Smoky Hills Shale member of the Niobrara 
Formation, for portland cement near Lyons, Colo­
rado, 45 mi (72 km) northwest of Denver (Crosby, 
1977). 

Silica sand is used in the Denver area as molding 
sand for iron foundry works, core sand, glass, and 
cement manufacture (Scott, 1963; Argall, 1949; 
Crosby, 1977). The source rocks are the Dakota 
Group sandstones, Lyons, and Lykins Formation 
(U .S. Geological Survey, 1968; Figure 12). 

The first reported production of gypsum in Col­
orado was from the Ralston Creek Formation at 
Morrison, about 10 mi (16 km) southwest of Den­
ver, which was worked before 1875 (U.S. Geolog­
ical Survey, 1968; Figure 12). Small amounts of 
gypsum were also mined south of Denver in Doug­
las County and north of Denver from the Lykins 
Formation for use in plaster, Portland cement, re­
tardant, and as soil conditioner (Argall, 1949; Wil­
liamson, 1963; Crosby, 1977). 

Zeolites were reported from the Table Mountains 
in Golden in 1878 where they occur in cavities and 
veinlets as granular masses as alteration products 
of silicate minerals in basalt (Figure 12; Gude, 1980; 
Emmons et aI., 1896). While this is a valuable min­
eral collecting location, no economic production 
has occurred there. 

Organic soils consist primarily of young surficial 
deposits, especially Piney Creek, and younger al­
luvium, with humus-rich A soil horizons. These are 
used in the Denver area as topsoil for landscaping, 
and sold for soil conditioning material (Scott, 1963). 

Coal, Uranium, Oil, and Gas 

The entire City of Denver and its suburbs are 
underlain by subbituminous coal in Cretaceous 
rocks that lie at a depth less than 3,000 ft (914 m). 
Some eastern suburbs, such as Aurora, are under­
lain by lignite at depths less than 150 ft (46 m) (U.S. 
Geological Survey and Colorado Geological Sur­
vey, 1977). However, urbanization has precluded 
mining in nearly all areas except near the foothills 
where deposits are nearest the surface and urban 
development is minimal. Subbituminous coal was 
mined from the Laramie Formation west of Denver 
as late as 1950 (Scott, 1962), but mining has now 
ceased (Figure 12). 

More than 100 uranium claims exist in sedimen­
tary rocks in the foothills west of Denver, ranging 
in age from late Paleozoic to Cretaceous (Scott, 
1963). The highest grade ores are found in Creta­
ceous sedimentary rocks, primarily the Dakota 
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Sandstone , about one and one-half mi (2.3 km) east 
of the Front Range near Morrison and Golden (Fig­
ure 12). Ores of 0.19-0.26 percent U30 S have been 
mined from the Dakota Sandstone (Sims and Sher­
idan , 1964). Deposits typically are primary in origin , 
and were precipitated as veins along fault zones by 
ascending hydrothermal solutions (Sims and Sher­
idan , 1964). Uranium ores with concentrations of 
0.35 percent U30 S have also been found in Laramie 
deposits of coal and adjoining sandstone and clay­
stone in the old Leyden coal mine northwest of 
Denver in Jefferson County. This mine has been 
converted to natural gas storage by the Public Ser­
vice Company of Colorado. 

Significant oil and gas fields occur in Cretaceous 
rocks just north and east of Denver, but most pro­
duction occurs outside the Denver metropolitan 
area (U.S. Geological Survey and Colorado Geo­
logical Survey , 1977). Non-producing oil seeps have 
also been discovered west of Denver in Mesozoic 
sedimentary rocks and Precambrian igneous and 
metamorphic rocks (Van Horn , 1976). 

GEOLOGIC CONSTRAINTS 

The Denver metropolitan area has a number of 
geologic constraints (Hansen , 1976). One of the 
most significant, widespread , and costly is swelling 
soils. One Denver geotechnical engineer estimated 
that one out of 10 houses in Denver suffers , or will 
suffer , from swelling soil problems ; and , in extreme 
areas , one of three new houses built will have prob­
lems (Chen , 1980). This occurs partly because Den­
ver ' s recent housing boom has pushed construction 
into problem areas that a few years ago would not 
have been used. 

Swelling soils are generally caused by expansion 
due to wetting of certain clay minerals (usually 
montmorillonite) in dry soils. Semi-arid areas like 
Denver, with pronounced seasonal variations in soil 
moisture , usually experience the most severe swell­
ing soil problems provided the proper clay minerals 
are present. Both shrinkage and swelling can occur 
with moisture variation , and either can cause dam­
age to streets and structures. In the Denver area, 
swelling has caused most of the damage (Hart , 
1974). 

Many parts of the Denver/Arapahoe Formations , 
Pierre Shale , and some of the surficial deposits de­
rived from them , contain very highly swelling clays 
and have caused millions of dollars in damages 
(Figure 8). Few areas within the Denver metropol­
itan region are completely free from potential swell-

ing, however deposits with high to very high swell 
potential are of more limited extent (Figure 8). 

In ] 970, Ridge Home, a state school for the men­
tally retarded , required $0.5 million in repairs for 
cracked walls , floors , ceilings , doors , and window 
frames , in a building only six yrs old (Figure 1). At 
Isaac Newton Junior High School (Figure 1), $1 
million was spent on repairs for a building only 12 
yrs old (Table 3). This expense was equal to the 
original construction cost of the building. 

Subsidence 

Another significant geological problem in the 
Denver area is land subsidence and methane gas 
accumulation in and near former sand and gravel 
pits that were mined out and subsequently used for 
municipal waste-disposal sites (McBroome and 
Hansen , ]978). These landfills were then graded and 
converted to various kinds of urban development. 
Subsidence also has occurred over old coal and clay 
mines , and from compaction of loess , eolian sand , 
and organic silts. Hydrocompaction of loess , lateral 
spreading of eolian sand , and settlement of organic 
soils have been already discussed under geotechni­
cal characteristics. 

Landfills and Methane Gas 

Decomposition of organic matter in landfill sites 
produces a variety of gases , including methane , 
which is colorless , odorless , and explosive in con­
centrations greater than five to 15 percent. In June 
of 1977, two water line construction workers were 
killed by a methane explosion during construction 
of water lines near an old trashfill. Figure 14a shows 
a ].6 mi (2.6 km) stretch of the South Platte River 
floodplain in central Denver. This reach was vir­
tually one continuous sand and gravel mining op­
eration in 1949 (Figure 1). With the completion of 
mining in this area in the ]950 's , the pits were used 
as landfills by the City of Denver, and filled pri­
marily with residential and commercial wastes. No 
effort was made to compact the fill , nor to place 
daily or even less frequent earth covers on the de­
bris. Refuse fill ranged in thickness from 20 to 40 
ft (6-12 m) ; and when filled , a three-ft (l m) cover 
of clean earth was placed over the entire landfill 
area. Figure 14b shows the same area ]5 years later 
in 1965. Many of the landfill sites have been utilized 
for industrial , commercial , and private buildings . In 
] 978 , methane gas concentrations of as much as 62 
percent gas by volume of sample were di covered 
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Figure 14. Airphotos of a reach of the South Platte River in Denver , (A) in 1949, and (B) in 1965 following filling of gravel pits with 
municipal wastes and subsequent urbanization (Sheridan , 1967). The location of the airphotos is shown in Figure 1. 

at shallow depths in areas of landfill deposits (Ray­
mond Vail and Associates, Inc. , 1979). 

One of the highest methane concentrations was 
found in the church pictured in the upper right-hand 
corner of Figure 14b. Extensive settlement has re­
sulted in severe damage to basement floors and 
three ft (l m) of separation between foundation 

walls and the basement floor surface. Figure 15 is 
a photo of some visible exterior subsidence at this 
structure. 

The Cedar Run apartment complex in southeast 
Denver is built on the site of a sand and gravel pit 
excavated through Louviers Alluvium in a terrace 
along the north bank of Cherry Creek (Figure 1). 
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Between 1950 and 1964, the area served as a landfill 
for the City of Denver. The property was subse­
quently purchased and developed into an apartment 
house complex. The buildings were constructed on 
caissons extending through the landfill to undis­
turbed soils below. The structures have experi­
enced only minor distress , but landscaped areas and 
parking lots exhibit extreme non-uniform settle­
ment. Buried water and sewer lines serving the 
complex have ruptured on numerous occasions. 
Structural distress to basement parking lots , pave­
ment slabs , and basement walls has permitted mi­
gration of hazardous amounts of methane gas into 
buildings. 

Place Junior High School was originally designed 
to be located partly on waste fill along Cherry 
Creek. Foundation engineers recommended the re­
moval of all trash beneath the foundations , and sub­
sequent backfilling with compacted clay soils. Some 
visible subsidence has since occurred in the street 
in front of the building , and methane gas has been 
found in buildings next to the school , but the school 
itself has been free of foundation and gas problems. 

In Denver , design accomodations for structures 
built over landfills with methane gas problems have 
included: (a) a constant ventilation system, (b) 
methane gas alarm systems , and (c) routine inspec­
tion of all structures built over former landfills (Ray­
mond Vail and Associates , Inc. , 1979). 

Clay and Coal Mine Subsidence 

Abandoned clay pits have been routinely filled in 
the Denver region , notably those in the Laramie 
Formation west of the Colorado School of Mines in 
Golden. By 1980, extensive infilling with fly ash and 
flue gas desulfurization waste from the coal-fired 
Arapahoe generating station in Denver was under­
way (Figure 16). 

Apartment buildings have subsequently been 
built over some of the older fills. When founded on 
the sandstone rib walls of the clay pits , the buildings 
have been little affected by compaction and subsi­
dence. At least one building suffered structural 
damage when constructed on footings three ft (1 m) 
deep founded on thick artificial fill overlying a clay 
pit (Van Horn , 1976). Engineers concluded the 
foundation failure was caused by the inter-rib earth­
fill not being properly compacted right next to the 
ribs because of the two to three ft (0.7-1 m) width 
over which a sheepsfoot roller cannot reach adja­
cent to a vertical face. This led to settlement of part 
of the building foundation which broke sewer pipes. 

Figure 15. Church hown in Figure 14B showing three ft (1 m) 
of subsidence of ground surface on outside of building. Original 
ground surface marked by arrows. Note the temporary sta ir box 
below the exit. (photo taken in April , 1980.) 

The broken sewers caused piping of fine sediment 
from the earthfill down into an old clay-mine access 
tunnel close below. Enough support was piped out 
to cause structural failure. The solution was to sup­
port building walls with structural steel that extend­
ed from one sandstone rib to another, or from one 
rib to tested compacted earthfill on in situ clay beds 
that had no adits below (Simpson , 1981). 

Numerous underground coal mines in Cretaceous 
sedimentary rocks west of the City of Denver were 
worked from the early to mid-1900 's. An extensive 
engineering geologic report on the Boulder-Weld 
Coal Field northwest of the Denver metropolitan 
area was produced for the Colorado Geological Sur­
vey in 1975 (Amuedo and Ivey , Inc. , 1975). This 
report documented extensive subsidence and prop­
erty damage over old underground coal mines. In 
late summer 1981 , it was realized that a large shop­
ping center to be built in the southwest Denver area 
was located over old underground coal mines in the 
Laramie Formation (Figure 1). A subdivision locat­
ed over the mines was platted in 1956 and county 
records show no reference to the coal mines. One 
contractor who built houses in the subdivision 
thought major problems with concrete driveways 
and basements were the result of swelling soils 
when , in fact , the problems may be related to 
ground instability from mine collapse (Jenkins , 
1981). The existence and location of the coal mines 
are discussed and clearly located in the USGS re­
port on the geology of the Littleton Quadrangle 
(Scott , 1962). 
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Figure 16. Fly ash slurry di posal as a tabilizing medium fo r reclamation of abandoned clay pits , Golden , Colorado. The fl y a h i 
delivered by truck, in a wet mjxture, over the 15 mi (24 km) di tance from the Arapahoe Station of the Public Service Company of 
Colorado, in Denver. Approximately 3.5 x 1()3 yd3 (2.7 x 1()3 m3) are produced and delivered each week in a fleet often trucks. Mining 
of the vertically-bedded Laramie Formation clay strata has been going on since about 1876 by members of the Parfet family , who have 
been managing the fly a h di posal since 1979. Eventual recl amation of the clay pits is planned , with tructural foundation de igned 
to span the lurry fiU , bearing on the Laramie interbed (Photograph by Allen W. Hatheway , September 1980). 

Mass Movements 

A variety of types of mass movements occurs in 
the Denver area, especially in hilly terrain underlain 
by Cretaceous and Tertiary fine-grained sedimen­
tary rocks. The probability of slope failure in­
creases significantly where slopes are steeper than 
30 percent, and where relief is greater than about 
100 to 200 ft (30-61 m). The most significant mass 
movement hazards exist in the mountains and foot­
hills west of Denver , and south of the city on steep 
slopes in Douglas County. Steep cut slopes and ex­
cavations in some surficial deposits such as eolian 
sand are also unstable. However , mass movements 
generally are not a significant problem in the urban­
ized portion of the South Platte River Valley. 

Rockfalls occur south of Denver in the easily 

eroded shales , mudstones , siltstones , and sand­
stones of the Dawson Formation , where overlain 
by a caprock of resistant conglomerate or rhyolite. 
Rockfalls also occur in the foothills and mountains 
west of Denver in steep, naturally occurring, or un­
dercut rock slopes of fractured bedrock. Rockslides 
are found on steep dip lope of Cretaceou sedi­
mentary rocks in the footrulls. 

Small earthflows and debris slides also occur 
south of Denver in areas of steep slopes underlain 
by clay-rich bedrock and surficial materials (Ma­
berry , 1972a). In the City of Denver, landslides are 
restricted to clay , silt, and sand-rich colluvial de­
posits on valley slopes which fail as small rotational 
slump blocks (Lindvall, 1979b). 

Two areas west of the city are the most prone to 
landsliding in the region-Green Mountain and 



COSTA AND BILODEAU-GEOLOGY OF DENVER 295 

North and South Table Mountains. The slopes of 
Green Mountain are marked by earthflows/debris 
flows of different ages , presumably post-Pleisto­
cene; some having been active in modern times 
(Scott, 1972b). The failures on Green Mountain oc­
cur in the Green Mountain Conglomerate and un­
derlying Denver Formation. 

The flanks of North and South Table Mountains 
have had a long history of landsliding (Van Hom , 
1976). The slopes of the Denver Formation are 
oversteepened because of a caprock of hard basaltic 
rock, which results in numerous slumps , rockfalls, 
and earthflows (Simpson, 1973a, 1973b). Where one 
road crosses a landslide on the south side of North 
Table Mountain, the asphalt was estimated to be 13 
ft (4 m) thick as successive layers of pavement were 
added to maintain the road at grade (Conference 
Field Trip Committee , 1969). A large-area landslide 
at the north end of North Table Mountain has been 
estimated to have a total volume of two-thirds to 
three-fourths mP (2.8-3.1 km3) (Simpson, 1981) . 

Conventional methods of mitigating landslide 
hazards are utilized in the Denver area. These in­
clude unloading by grading, drainage provisions, 
and construction of retaining structures such as but­
tresses , walls, cast-in-place piles, and tie-back an­
chors. 

Rising Water Tables 

In some parts of the Denver area , several 
hundred homes are plagued by rising ground-water 
tables and consequent basement flooding. The 
problem areas are underlain by five to 15 ft (1.5-4.6 
m) of permeable surficial deposits above the natural 
water table, or by an impervious layer of bedrock. 
The rise in water tables has been attributed to 
changing of drainage patterns and excessive lawn 
watering following urbanization. Denver homeown­
ers add an average of 45 in. (1,143 mm) of water to 
their lawns annually (Shelton and Prouty , 1979) , 
and the recharge to the water table through perme­
able soils by this method is both rapid, and esti­
mated to be six to seven times more effective than 
that of natural precipitation (Hamilton and Owens, 
1972a). Damages average between $1 ,000 and 
$4,000 per affected house. Many such homeowners 
have had to install sump pumps and shallow de­
watering wells. 

The basement of the Denver Hilton Hotel in 
downtown extends 60 ft (18 m) below ground level 
into the Denver Formation. The ground-water table 
in the shallow aquifer was just 30 ft (9 m) below 

street level, and more than two million gallons (7.6 
million liters) of water a day was pumped from the 
foundation site for a period of over two years 
(Anonymous , 1959). 

Flooding 

Despite its generally semi-arid nature , an area of 
the foothills region in Colorado below an altitude of 
about 7,500 ft (2 ,286 m) and extending eastward 
about 50 mi (80 km) onto the Great Plains is subject 
to very intense cloudburst rainstorms. The usual 
sources of these cloudbursts are warm , moist Gulf 
coastal air masses moving northward. Rainfall 
amounts have been as high as 12 to 14 in. (305-356 
mm) in four hours. The magnitude of these storms 
can be appreciated from the following account of a 
cloudburst in July of 1896: " The daughter of a 
rancher was riding on Green Mountain , looking af­
ter the stock, when the storm started. By the time 
she reached the barn , she was practically uncon­
scious on her horse and had to be revived by means 
used for resuscitating victims of drowning , as the 
intensity of the rain made it almost impossible for 
her to breathe. " (Follansbee and Sawyer, 1948 , p. 
22). In a cloudburst in 1921 , a horse drowned in an 
open field (Follansbee and Sawyer, 1948). 

The earliest flood in the Denver area occurred in 
1844 on the South Platte River. In 1858 , Indians 
told of great floods along Cherry Creek in times 
past. Figure 17 shows downtown Denver following 
a flood on Cherry Creek in 1878. We e timate less 
than 50 people have perished as a result of flooding 
in Denver since settlement began , but property 
damage has been very great. Table 6 lists the his­
toric floods of the South Platte River and Cherry 
Creek. Denver floodplains constitute 30.6 mi2 (79 
km2) or 10.5 percent of the urbanized area. About 
62 percent of this floodplain area has been urban­
ized (Schneider and Goddard , 1974). 

The most disastrous flood in Denver' s history 
occurred on June 16, 1965 , when $508 million in 
damages resulted and six lives were lost. More than 
12 to 14 in. (305-356 mm) of rain fell in about four 
hours in an area south of Denver. Plum Creek , a 
tributary to the South Platte River draining 302 mi2 

(782 km2), crested at 154 ,000 cfs (4 ,361 cms). The 
previous maximum known flood was 7,700 cfs (218 
cms) in 1945 (Matthai , 1969). The flood peak took 
two and one-half hours to travel 15 mi (24 km) to 
the gaging station on the South Platte River at Lit­
tleton , where channel and valley storage reduced 
the crest to 110,000 cfs (3 , 115 cms). The flood then 
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Figure 17 . Photograph of Larimer Street bridge in downtown Denver, looking southwest, following flood of 1878. (photo courtesy of 
Colorado State Historical Society.) 

continued toward Denver, and four and three-quar­
ters hours later the flood had traveled 11 mi (18 km) 
to the gaging station just below the juncture with 
Cherry Creek (Figure 1) where the attenuated peak 
discharge crested at 18.66 ft (5.69 m) and 40,300 cfs 
(1 ,141 cms) (Matthai, 1969). 

The most recent significant flooding in Denver 
occurred in May of 1973 when steady rains swelled 
channels and culverts resulting in $50 million in 
damages (Hansen, 1973). Scour in the South Platte 
River undermined and destroyed the 15th Street 
bridge (Table 5). 

The devastating flood of June 1965 resulted in two 
significant achievements in drainage design and 
control. First, in 1968, the Denver Regional Council 
of Governments contracted for the preparation of 
an Urban Storm Drainage Criteria Manual (Wright­
McLaughlin Engineers, 1969). Second, the flooding 
led to the passage of Colorado Senate Bill 202, the 
Urban Drainage and Flood Control Act of 1969, cre­
ating the Urban Drainage and Flood Control Dis­
trict. The District is authorized to set a 0.4 mill tax 
levy for flood way and floodplain engineering, main­
tenance, and master planning for Denver and sur-

rounding metropolitan areas. Drainage and flood 
control are the only responsibilities of the District. 

In 1935-1936 Kenwood Dam, or Sullivan Barrier, 
was constructed on Cherry Creek at a point now 
located just outside the southeast city limits of Den­
ver. The dam cost about $800,000, of which Denver 
paid approximately 75 percent. However, during 
the construction of this dam, the infamous storm of 
May 30-31, 1935, occurred in the adjoining Repub­
lican River Basin. This storm far exceeded any oth­
er in historical times, and the Kenwood Dam was 
considered underdesigned and obsolete before it 
was completed (Costa, 1978). In 1950 the U.S. 
Army Corps of Engineers completed the present 
Cherry Creek Dam and Reservoir at a cost of $14.8 
million (Figure 1; Table 7). The dam is an earthfill 
structure, 14,300 ft (4,359 m) long and 140 ft (42.7 
m) high, dwarfing the pre-existing Kenwood Dam 
(Figure 18). In 1965 the dam completely impounded 
a flood of 59,000 cfs (1,671 cms) along Cherry Creek 
which would have caused an estimated $130 million 
in damages to Denver downstream. Unfortunately, 
encroachment and development along the channel 
downstream and along the spillway outfall has re-



COSTA AND BILODEAU-GEOLOGY OF DENVER 297 

Table 6. Floods along South Platte River and Cherry Creek. 

Date Stream Peak Q cf Note 

1844 So . Platte River ? Earliest hi tori cal flood 

May 1864 Cherry Creek 20,000 ? 19 killed ; all bridge across Cherry Creek 
de troyed 

June 1864 So. Platte River ? Heavy rain on snow in upper basin 

May 1867 So. Platte River ? Greater than 1864 flood 

May 1876 Cherry Creek 11,000 ? 

So. Platte River ? Great destruction 

May 1878 Cherry Creek ? Less than 1864 flood ; all bridges acro s creek 
destroyed 

May 1885 Cherry Creek 20,000 Largest historical flood 

June 1894 So. Platte River 14 ,000 

July 1912 Cherry Creek 11 ,000-15 ,000 ? Over Y2 million dollar damages in Denver 

June 1921 So. Platte River 8,790 

Aug 1933 Cherry Creek 16,000 

Sept 1933 So. Platte River 22 ,000 

June 1965 So. Platte River 40,300 

May 1973 So. Platte River 18,500 

duced the flood control benefits of the dam (Costa, 
1978). 

After the 1965 flood, the $85 million Chatfield 
Dam was constructed on the South Platte River just 
south of Denver (Figure 1) for flood control and 
incidental recreation (Table 7). Construction was 
started in 1967 and was completed in 1977. In 1979 
Bear Creek Dam on Bear Creek, just east of the 
mountain front (Figure 1), was finished. This com­
pleted the damming of most major streams draining 
through the Denver area (Table 7). Only Clear 
Creek remains undammed. 

SEISMICITY 

Colorado has long been considered an area of low 
seismicity, with only a minor potential for future 
damaging earthquakes (Algermissen, 1969). Recent 
investigations, however, have discovered several 
active faults that are capable of generating future 
earthquakes and numerous other faults that are sus­
pected of being active (Kirkham and Rogers , 1981; 
Shaffer, 1980; Ostenaa et aI., 1980). These investi­
gations suggest Colorado is a moderately active 
earthquake area; and, in time, larger earthquakes 
than have yet been experienced can occur (Simon, 
1969). 

Modern man has occupied Colorado for about 
120 years , and during this period hundreds of earth-

500 home inundated in Denver 

Failure of Castlewood Dam ; $800,000 damages 
in Denver 

Six drowned ; $300 million damages in Denver. 
Largest historical flood. 

$50 miLLion damages; 1. 1 times 50-year flood 

quakes have been noted. Over the past few de­
cades, Colorado earthquakes have been detected , 
located, and measured by a small number of seis­
mographic instruments. Most earthquakes have 
been minor, but some exceeded Richter magnitude 
5, with locally severe ground shaking. Father Ar­
mand W. Forstall installed the first seismograph in 
Colorado at Regis College in Denver in 1909. This 
instrument has provided valuable data but has op-

Table 7. Major flood-control dams in the Denver metro area . 

Bear Creek 
Cherry Creek Chatfield Dam 

Dam Dam (Mt. Carbon) 

Date completed 1950 1976 1979 

D.A. controlled 386 mi2 3,018 mi2 262 mi2 

Type Earth fill Earth fill Earth fill 

Height 140 ft 147 ft 179.5 ft 

Length 14,300 ft 13 ,340 ft 5,300 ft 

Vol . offill 13 ,240,000 yd3 14 ,650 ,000 yd3 11 ,345 ,000 

Spillway type Uncontrolled Ungated U ngated di rt 
side channel concrete (bedrock) 

chute chute 

Max. capacity ( 185 ,000 a.f.*) 355 ,000 a.f. 75 ,000 a .f. 
93 ,000 a .f. 

* When originally built. Urban encroachment has reduced 
maximum capacity by rendering pill way unusable . 
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Figure 18. Vertical airphoto taken in the late 1940's showing the plan of the Cherry Creek Dam and Reservoir. Compare the size of 
the new dam with the then-existing Kenwood Dam. (Photo courtesy of U.S. Army Corps of Engineers.) 

erated generally at low gain and is capable of de­
tecting only large events. A seismograph was in op­
eration at the University of Colorado at Boulder 
from 1954 to 1959. In December of ]961 the Colo­
rado School of Mines installed a three-component 
seismograph at Bergen Park. This seismograph has 
operated at high gain since installation and is the 
primary source of instrumental data in Colorado. 
For a period during 1971 and ]972, the Colorado 
School of Mines and NOAA jointly operated a sev­
en-station, state-wide network. One strong motion 
accelograph is currently operational in the Denver 
metropolitan area and is located in the Regency Inn 
(Figure I). 

Many earthquakes have been felt or instrumen-

tally located in the Denver metropolitan area. Prob­
ably the largest of these events occurred on N 0-

vember 7, 1882 (Had sell, 1968). It was felt 
throughout Colorado and in several adjacent states. 
Modified Mercalli Intensities of VII were reported 
in the Denver area. Most accounts of the earth­
quake suggest it was centered north of Denver, pos­
sibly near present-day Broomfield or Louisville. 
One recent evaluation suggests that the epicenter 
may have been in northwest Colorado, not in the 
Denver area (Dames and Moore, Inc., 1981). Al­
though there were widespread, but scattered re­
ports of violent ground shaking, relatively little 
property damage apparently resulted. This is prob­
ably due to the sparseness of development and pre-
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vailing earthquake-resistant one- or two-story 
frame construction of that time. A similar Intensity 
VII earthquake today could possibly result in mil­
lions of dollars of property damage , and perhaps 
loss of life. 

In September of 1961 , the U.S. Army drilled a 
12 ,045-ft (3 ,671.3-m) injection well on the Rocky 
Mountain Arsenal property , and in March 1962 be­
gan to dispose of contaminated wastewater from its 
chemical manufacturing plant (Figure J). Maximum 
injection pressures were 550 to 1,050 lbs/in. 2 

(379 x }0"-724 x 104 N/m2 ) with an injection rate 
of 200 to 300 gal/min (12.6-18.9 liters/s) (Evans , 
1966). Beginning on April 24 , 1962, and extending 
into 1968, Denver metropolitan area, which had not 
had a felt earthquake in 80 years , began to experi­
ence earthquakes at a rate of from 10 to over 100 
per month. Most of the epicenters were within five 
mi (8 km) of the Ar enal well. Initially , the earth­
quakes were very small , and only a few were felt. 
The two largest earthquakes occurred on April 10, 
1967 (Richter M = 5.0; I = VI) , and August 9, 1967 
(M = 5.3 ; I = VII). These quakes did considerable 
damage in the Commerce City and Northglenn sub­
urbs north of Denver. In November 1965, D. M. 
Evans , a Denver-based consulting geologist , pub­
licly expressed the view that the ongoing series of 
earthquakes were caused by the wastewater injec­
tion into the Rocky Mountain Arsenal well. His 
conclusion was based on the direct temporal cor­
relation between the rate of fluid injection at the 
well and local earthquake frequency. 

Because of increased awareness of the potential 
for damaging earthquakes and the possible relation­
ships between the earthquakes and the disposal 
well , the U.S. Geological Survey, in cooperation 
with the Colorado School of Mines , was directed to 
evaluate the earthquake series. This study involved 
review of the pre-injection earthquake history of the 
area, and the establishment of a dense microearth­
quake detection network to accurately locate all 
events (Healy et aI., 1966). No absolute evidence 
of any pre-injection seismic activity near the Rocky 
Mountain Arsenal was found , but two felt earth­
quakes were suspected of having occurred nearby. 
Sixty-two earthquakes were located by microearth­
quake monitoring during the Federal investigation 
that clustered in a seven-mi by two-mi (11 by 3 km) 
ellipsoidal zone that included the disposal well. This 
earthquake trend probably coincides with , and 
roughly defines , a zone of faulting or fracturing 
deep in the sub-surface (Kirkham and Rogers , 

1981). The U.S. Geological Survey (Healy et aI. , 
1966) concluded that there were definite temporal 
and spatial relationships between the disposal well 
and the series of earthquakes . 

As a result of this postulated cause and effect 
relationship , fluid injection of the well was termi­
nated on February 20 , 1966. The earthquakes, how­
ever , continued to occur. The largest and most 
damaging earthquake , with a magnitUde of 5.3 , hap­
pened over a year after injection was halted. This 
apparent discrepancy was explained by Healy et al. 
(1968) using a conceptual fracturing model that sug­
gests the larger earthquakes should occur after ces­
sation of injection. 

Most workers who have studied the Rocky 
Mountain Arsenal earthquakes believe that the fluid 
injection triggered the earthquakes (Healy et al. , 
1966, 1968 ; Hollister and Weimer, 1968). Consid­
erable evidence has been introduced that indicates 
tectonic stresses existed in the area prior to injec­
tion and that the fluid injection triggered a partial 
release of this stored energy (Healy et aI. , 1968 ; 
Wyss and Molnar , 1972; Hsieh and Bredehoeft, 
1979). The Denver earthquakes might have oc­
curred even if the Arsenal well had not been drilled , 
and wastewater had not been pumped into the sub­
surface (Hollister and Weimer, 1968). This inter­
pretation is supported by the recurrence of small­
magnitUde earthquakes in the northwest Denver 
suburbs of Thorton and Northglenn. On April 2, 
1981 an earthquake of magnitude 4.1 occurred in 
this area and caused some minor damage. Thus , the 
possibility of future tectonic stress accumulation 
and release in the northeast Denver area cannot be 
ruled out at this time. The maximum magnitUde of 
future earthquakes would probably be at least equal 
to the previous events (magnitudes 5.0 to 5.3) but 
could possibly be larger. 

The entire State of Colorado is classified as " mi­
nor damage" in the seismic risk map of the United 
States (Algermissen , 1969). This classification im­
plies the following seismic risk: " minor damage ; 
distant earthquakes may cause damage to struc­
tures with fundamental periods greater than 1.0 sec­
ond ; corresponding to intensities V and VI on the 
Modified Mercalli Intensity Scale. " Present build­
ing codes in Denver follow the Unified Building 
Code which adopts the risk map of Algermissen 
(1969) for seismic resistant design. Denver may , 
therefore , be facing a serious problem in the event 
of a moderate or major earthquake. Matthews 
(1973) argues this seismic rick classification i too 
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Figure 19. Photograph of east side of trench excavated across 
Golden Fault near Golden (Figure 1) . Note faulted Kansan (?) 
depo its (Qk), especially the 18 ft (5.5 m) of offset along the far 
right fault. Zones of di oriented gravel clasts are labeled (Qx) , 
and the Cretaceous Laramie Formation , (KI) (generalized from 
Kirkham, 1977). 

low for Denver because: (a) based on recent inves­
tigations of Cenozoic geology , the Rocky Moun­
tains of Colorado should today be considered an 
active tectonic area; and (b) the 100-yr seismic his­
tory record in Colorado is too short to rule out a 
major or moderate earthquake in or near populated 
areas. Indeed , in 1967 (Intensity = VII) and per­
haps 1882 (?) (Intensity = VII) , earthquakes oc­
curred in Denver with resulting intensitie that ex­
ceeded the seismic design parameters specified in 
the city building code. 

Alternative evaluations of seismic risk for Den­
ver , based primarily on historic records , are: (a) 
Modified Mercalli Intensity VII or greater , and 
Richter magnitude 5.0 or greater , with a frequency 
of roughly four per 10 yrs , per square degree of 
urface area (Simon, 1972) ; and (b) horizontal ac­

celeration of 0.04 g in rock with 10 percent proba­
bility of being exceeded in 50 yrs (Algermissen and 
Perkins, 1976). 

oncern for the seismic safety of the Denver met­
ropolitan area has resulted in several detailed stud­
ies of the Golden Fault west of Denver (Figures 3A 
and 3B). Scott (1970, p. C18) concluded that the 
Golden Fault could produce earthquakes having in­
tensities greater than V. Recent excavations along 
the Golden Fault by the Colorado Geological Sur­
vey (Kirkham, 1977) indicated at least two periods 
of fault rupture with a total of 18 ft (5.5 m) of ver­
tical displacement ince the Yarmouth (?) intergla­
cial. The most recent movement along the fault 
po t-dates a layer of 600 ,000-yr old volcanic ash 

and overlying colluvium, but is believed to pre-date 
the surface soil of Sangamon (?) age (Kirkham, 
1977) (Figures 1 and 19) . 

A major study recently completed concludes that 
the Golden Fault is not a capable fault and could 
not cau e an earthquake strong enough to damage 
the Rocky Flats nuclear processing plant located 
along the fault trace northwest of Denver (Dames 
and Moore , Inc. , 1981). Microearthquake monitor­
ing of Chatfield and Bear Creek Reservoirs south­
west of Denver has been conducted for the Corps 
of Engineers. No definite local earthquakes have 
been recorded (Patrick, 1977). 

Earthquake insurance is generally available in 
Denver at rates of about $0.44 per $1,000 for frame 
structures, and $0.68 per $1,000 for all other build­
ings , with a 5 percent deductable. 

ENVIRONMENTAL CONCERNS 

Water Supply 

The first water supplies for the City of Denver 
came from springs, shallow wells , and directly from 
Cherry Creek and the South Platte River. Addison 
Baker homesteaded 160 acres in 1866 around a large 
spring above the mouth of Cherry Creek. The 
spring had a daily output of 100,000 gal (378,500 1) 
and Baker delivered some of the water to residents 
of Auraria. This was Denver's first commercial 
water supply (Smiley, 1901). 

In 1872 the Denver City Water Company piped 
water directly to houses from a large shallow well 
in Cherry Creek. Water was delivered through four 
mi (6.4 km) of wooden mains by a steam-driven 
pump. The rapid growth of population in the early 
history of Denver meant increasing demands on the 
water supply system; and for the next two decades , 
11 private water companies competed to supply 
water from local rivers , ditches , and wells. One 
water company even provided free water to its cus­
tomers for two years between 1889 and 1890 in an 
attempt to drive competitors out of business. 

Some supply schemes included gates and ditches 
on the South Platte River about three mi (5 km) 
south of Denver to divert water to a lake from 
which it was pumped into mains beneath city 
streets. In 1887 , infiltration galleries were con­
structed in the bed of Cherry Creek east of Denver. 
However , shallow wells and surface water supplies 
gradually became polluted. 

The problem was temporarily solved in 1883. In 
March of 1883 , R. R. McCormick was boring for 
coal near St. Luke 's Hospital in north Denver. He 
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Figure 20. Cheesman Dam and Re ervoir , a National Historic Civil E ngineering Landmark. (Photo courte y of the Denver Water 
Board. ) 

was forced to abandon the hole because a large flow 
of artesian water prevented further drilling. The 
ground water came from the Denver/Arapahoe 
aquifer underlying the Denver Basin at depths rang­
ing up to 1,500 ft (457 m) and was of markedly purer 
quality than that delivered by the Denver City 
Water Company from the South Platte River (Cross 
et al. , 1884). Other deep wells were soon drilled by 
brewers such as Zang and Tivoli, department stores 
such as Daniels and Fisher, and hotels such as the 
Brown Palace , as well as by private individuals. By 
1900, more than 400 wells had tapped water-bearing 
zones in the buried aquifer at depths of 375 and 600 
ft (114-183 m). Drilling costs were about $2 per ft 
(0.3 m) of depth (Cross et al., 1884). 

Since the beginning of extensive use of the Den­
ver/ Arapahoe aquifer in 1883 , the artesian head has 
declined under the city by approximately 400 ft (122 
m) (U.S. Geological Survey , 1968). Extensive use 
is still made of ground water in Denver. The Brown 

Palace Hotel recently drilled a new well when its 
old one became sand-plugged. Ground water is still 
used by a private water company who delivers bot­
tled artesian water. Water from wells is used in the 
laundry of a large hospital in Denver. The ground 
water is so soft it can be used successfully in boilers 
as well as kidney-treatment dialysis machines. Re­
cently the hospital laundry had to double its soap 
consumption when using harder city water because 
the hospital well was shut down temporarily. 

In 1894 , the remaining water companies serving 
Denver merged to form the Denver Union Water 
Company , managed by W. S. Cheesman. The major 
contribution to Denver's water system by this pri­
vate water company was the construction of Chees­
man Dam and Reservoir on the South Platte River 
about 48 mi (77 km) southwest of Denver (Figure 
20). Construction began in 1900 and was completed 
in 1905. The dam rises 222 ft (68 m) above the 
stream bed and is 1,100 ft (335 m) long including 
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Figure 21. General plan of the Denver water supply sy tern . (Diagram courtesy of the Denver Water Board.) 

the spillway. The dam is constructed of locally­
quarried granite blocks laid in cement mortar. Out­
let works were tunneled into the rock abutting the 
dam , and water topping the spillway cascades over 
granite cliffs to the stream bed below. When com­
pleted in 1905, Cheesman Dam was the highest 
gravity-arch stone masonry dam in the world and 
provided the first substantial and continual on­
stream storage of raw water for municipal use in 
the Rocky Mountain west. Cheesman Dam was des­
ignated a National Historic Civil Engineering Land­
mark by the American Society of Civil Engineers 
(ASCE) in 1973. 

Denver's first significant water treatment facility 
consisted of underground infiltration galleries con­
structed in 1890 at Kassler, south of Chatfield Dam. 
The facility was rebuilt in 1906 and became the first 
plant west of the Mississippi River to employ the 
English slow-sand filter process. In 1979, it was des­
ignated a landmark by the American Water Works 
Association. 

In 1918 , Denver citizens voted to issue bonds for 
the purchase of the Denver Union Water Company. 

They also approved a management plan placing 
control of the system under an independent, non­
political five-member Board of Water Commission­
ers appointed by the mayor for staggered six-year 
terms. The private water company was purchased 
for $14 million, which , in 1918, operated 613 mi (986 
km) of conduits and water mains, a small pumping 
station and filter plant , and one storage reservoir on 
the South Platte River (Denver Water Department, 
1976). 

The Denver Water Board began buying water 
rights and acquired Antero Reservoir on the South 
Platte River in 1924 for $450,000. The following 
year, the Marston Treatment Plant was completed, 
and in 1932, Eleven Mile Canyon Dam, the third 
dam on the South Platte River , was built. This com­
pleted the initial development of the South Platte 
River as a water supply for Denver (Figure 21). 

The Denver Water Board was a far-sighted or­
ganization. In 1922, the Colorado General Assem­
bly passed the Moffat Tunnel Improvement District 
Bill to help construct a railroad tunnel through the 
Continental Divide and connect Denver with Salt 
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Table 8. Major storage reservoirs and treatment plants, Denver water supply . 

Capacity % of Total 

Reservoir 

Antero 15 ,878 a.f. 3.0 
Chee man 79,064 15.2 
Dillon 254 ,036 48 .7 
Eleven Mile 97 ,779 18.8 
Gross 41 ,811 8.3 
Marston 17 ,213 3.3 
RaJ ton 11 ,272 2.1 
(Strontia Springs) (7,700) 

Treatment Plant 

Kassler 50 mgd 9.6 
Marston 260 mgd 50.0 
Moffat 210 mgd 40.4 
(Foothills) (125 mgd) (19.4) 

Lake City. The City of Denver got two features 
incorporated into the design of the tunnel: (a) it was 
to be constructed at 9,000 ft (2,743 m) rather than 
at a much higher altitude as favored by many trans­
portation experts, and (b) the pioneer bore method 
of advance would be used to act as a service tunnel 
with cross-cuts drilled to the main bore. In 1928, 
when the railroad tunnel was completed, the Den­
ver Water Board leased the pioneer bore, enlarged 
and lined it for the purpose of transmitting water 
from the Fraser River system on the western slope 
through the tunnel under the Continental Divide 
and into Denver (Figure 21). In June 1936, the first 
water flowed through the Moffat Tunnel to help al­
leviate the drought of the 1930' s. In 1937, the Mof­
fat Treatment Plant was completed to process this 
new water supply, and two reservoirs were con­
structed in 1937 and 1955 to provide storage (Figure 
21). In 1979, the Moffat Tunnel was declared a Na­
tional Historic Civil Engineering landmark by the 
American Society of Civil Engineers. 

In 1946, another major transmountain diversion 
was begun with initial construction of a 23.3-mi­
(37.5-km) long tunnel to transport water from the 
Blue River system on the western slope under the 
Continental Divide into the South Platte River. In 
1956, six large construction companies won a joint­
venture contract to finish the tunnel which they 
completed six years later. The Harold D. Roberts 
Tunnel, named after a Denver lawyer who secured 
many water rights for the city, was, when con­
structed, the longest underground water tunnel in 
the world (Wahlstrom, 1981). Dillon Dam and Res­
ervoir were constructed between 1959 and 1963 to 

Completed Dam Type 

1909 Earth-fiU 
1905 Gravity arch masonry ; with granite facing 
1963 Earth-fill 
1932 Gravity arch concrete 
1954 Gravity arch concrete 
1902 Earth-fill 
1937 Earth-fill 

( 1982) Thin arch concrete 

1890; 1906 Slow and filter 
1925 ; 1961 ; 1967 Rapid sand filter , with micro strainers 

1937 Rapid sand filter , with micro strainer 
( 1982) Rapid sand filter 

store western slope water for transport through the 
Roberts Tunnel. This reservoir doubled Denver's 
water storage (Table 8). 

Colorado follows the Appropriation Doctrine 
of water rights; the purchase and transfer of these 
water rights, principally from agricultural to munic­
ipal use, is the way most domestic water supplies 
in Colorado have evolved (Cox, 1967). The City of 
Denver supplies water to several surrounding com­
munities, and it was this ability to receive water 
that became the major incentive for annexation. But 
in 1951, prompted by impending water shortages, 
Denver defined an area surrounding the city outside 
of which water service would not be extended. This 
became known as the infamous "blue line, " which 
forced the development of small, independent, and 
sometimes marginal, new water systems in the met­
ropolitan area (Cox, 1967). 

Total raw-water storage capacity of the Denver 
system in 1979 was 530,943 a-ft (655 hm), whereas 
total reservoir storage over the past five years has 
ranged from 58 to 89 percent of capacity (Denver 
Water Department, 1979). This captured water 
must be treated before distribution to customers, 
and therein lies the major problem of the Denver 
water supply. 

During a two-week period in the summer of 1973, 
the city water treatment facilities were overtaxed 

\ on five days. In 1977, a mandatory water conser­
vation program was begun because of inadequate 
treatment capacity and below-normal spring runoff. 
Since an estimated 40 percent of residential water 
is used for lawn watering, such watering is allowed 
only every third day during the summer. Water con-
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sumption in 1979 averaged 197 gallons per capita 
per day (gcd) (746 led) , compared to an all-time high 
of 225 gcd (852 led) in 1974. The Denver Water 
Board also began a five-year tap allocation system 
whereby the number of new three-quarter inch 
water taps installed between 1977 and 1981 would 
not exceed 26 ,000. Denver Water Department cus­
tomers comprise 40 percent of the state ' s popula­
tion , yet account for only 1.3 percent of Colorado 's 
water use. Agriculture is by far the largest consum­
er in the region. 

A fourth water-treatment facility , the Foothills 
Complex , has been delayed five years because of 
environmental considerations. Construction finally 
began in 1979 and is scheduled for completion in 
1982. The Foothills Complex includes a diversion 
dam in the South Platte Canyon at Strontia Springs , 
a connecting 3.4-mi (6.4 km) long tunnel to an ini­
tial 125 million gallons per day (mgd) treatment 
plant, and a conduit to bring the treated water to 
Denver. Ultimate treatment capacity is to be 500 
mgd. The Foothills Complex will deliver water to 
the Denver metropolitan area by gravity flow and 
will also generate hydroelectric power (Figure 21). 

In 1981 , construction was also begun on a 1 mgd 
demonstration plant to recycle sewage effluent into 
potable water. Initially, none of the recycled water 
will be put into the city ' s water supply , although it 
will be made available for recreational and indus­
trial uses. 

The Denver water system is self-sustaining finan­
cially. No sales , property , or other tax dollars go 
into its operation. In 1980, water rates increased 
29.3 percent for metered and flat-rate customers in 
Denver, 52 percent for residential users outside the 
city , and 50 percent for tap fees. About 37 percent 
of Denver City customers are metered. The re­
mainder pay flat rates based on size of house , num­
ber of rooms , and number and kind of water-use 
devices. Annual water bills in Denver average $184. 

Wastewater Disposal 

The first sanitary sewer was constructed in down­
town Denver in 1891. This same sewer is still the 
primary main to the Denver wastewater treatment 
plant downtown along the South Platte River. Be­
tween 1891 and 1936, wastewater from Denver was 
discharged , largely untreated , into rivers and 
streams. In 1936, the Denver Northside Wastewater 
Treatment Plant was completed as a primary treat­
ment plant capable to treating 50 mgd (2.2 cms) 
(Figure 1). In subsequent years , the plant was ex-

panded and modified and today can handle an av­
erage capacity flow of 106 mgd (4.6 cms) and a peak 
capacity flow of 160 mgd (7 cms). Average flows , 
however, have averaged 90 to 100 mgd (3.9 to 4.4 
cms) and peak flows 135 to 140 mgd (5.9 to 6.1 cms). 
The Denver Northside Plant now handles 90 per­
cent of Denver's wastewater flow , serving approx­
imately 650,000 people. In 1979, the last remaining 
combined storm sewer/sanitary sewers were elimi­
nated , giving Denver a completely separate waste­
water system. 

Primary treatment at the Denver Northside Plant 
consists of five mechanical processes. Five me­
chanically-cleaned, one-in. (25 mm) screens remove 
large solids arriving from the interceptors such as 
cans, papers , and debris. Heavy inorganic solids 
(grit) such as sand are removed , washed , and dis­
posed of in landfills. The sewage is then pre-aerated 
by bubbling forced air through the liquid to reduce 
odors , bring grease to the surface , and help aggre­
gate fine suspended solids. The liquid waste from 
the pre-aeration tanks is then transferred to settling 
basins where most of the suspended solids are re­
moved. Each tank has a scraper to remove coarse 
solids from the tank bottom and a skimmer to re­
move floating grease from the surface. The liquid 
effluent is then transported by gravity flow in pipes 
to another plant for secondary treatment , and the 
solid sludge is pumped to digesters. There , anaer­
obic organisms decompose organics to more stable 
materials , producing methane gas which is used as 
an energy supply for the plant. Future plans at the 
Northside plant are to use sludge gas to operate 
1,000-kw dual fuel , engine-driven generators that 
will eventually produce enough electricity to meet 
the entire plant ' s energy requirements. The primary 
treatment removes about 60 to 65 percent of the 
solids and about 30 percent of the incoming waste­
water ' s biochemical oxygen demand (BOD). 

Digested sludge is then pumped to another plant 
downstream for secondary treatment where it is 
processed and dried for ultimate disposal at the 
Lowry landfill east of the city (Figure 1). The long­
range plan for sludge disposal is a land treatment 
facility in adjoining Adams County. However , this 
plan still requires permits and approval. 

In 1966, the Metropolitan Denver Sewage Dis­
posal District (MDSDD) , consisting of 21 munici­
palities , of which Denver is the largest , completed 
the MDSDD No. 1 plant , a secondary wastewater 
treatment plant serving 1.1 million people in the 
metropolitan area (Figure 1). With the completion 
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of this facility , Denver ceased discharging its ef­
fluent into the South Platte River and constructed 
an effluent pipeline to the MDSDD plant for sec­
ondary treatment. 

About 10 percent of Denver's wastewater flows 
directly to the MDSDD plant, and the Denver 
Northside Treatment Plant has an overflow system 
which takes excess flows directly to the MDSDD 
No.1 plant. 

The secondary treatment consists of activated 
sludge with aeration using compressed air and pure 
oxygen and settling tanks. Incoming wastewater 
BOD averages 200 to 300 ppm, while discharged 
wastewater from the plant averages 20 ppm, rep­
resenting 90 to 95 percent BOD removal. The plant 
handles 150 mgd (6.6 cms) average and has a ca­
pacity of 170 mgd (7.4 cms). 

Processed, dried sludge from the plant averages 
100 dry tons (91 tonnes) per day. Most all of this is 
hauled by truck to Denver's Lowry landfill 15 mi 
(24 km) east of the city for landfarming disposal 
(Figures 1 and 22), but small amounts go to the 
Colorado State University experiment station near 
Greeley, Colorado, for agricultural research, and to 
the Denver Parks system for fertilizer and soil con­
ditioner. Sludge from this plant also was used by a 
mining company for reclamation of tailings from 
molybdenum mining in the mountains west of Den­
ver. 

Wastewater and sewage rates in Denver are 
based on water usage during the winter billing pe­
riod (November to February) at $0.95 per 1,000 gal 
(3,758 1) of water usage , or $5.19 minimum, which­
ever is greater. For homes without water meters, 
flat rates are assessed based upon house size , num­
ber of rooms , and number of water-use devices. 

Solid Waste Disposal 

In 1980, the City and County of Denver operated 
no sanitary landfills, and no solid wastes were dis­
posed within the city limits of Denver. The city col­
lects household rubbish and other waste materials, 
hauls them to landfills surrounding the city, and 
pays tipping fees. This has not always been the case 
in the past. Much high-value real estate in the City 
of Denver has been developed over old landfills 
within the city limits, including major shopping cen­
ters , municipal facilities , warehouses, light indus­
tries , sports arenas, parks, and residential struc­
tures (Figure 14). These former landfills are 
concentrated along the valleys of the South Platte 
River and Cherry Creek (McBroome and Hansen , 

Table 9. Solid waste disposaL in Denver, 1979. 

Amount (Tons) Percent 
Location of Landfill (Figure 1) of Waste of Total 

Property Investment Sanitary 
landfill , Adams Co. 77,077 40 

Arapahoe Co. Sanitary landfill 77 ,077 40 

Rooney Road Sanitary landfill , 
Jefferson Co. 19,269 10 

Lowry Bombing Range landfill , 
Arapahoe Co. 19,269 10 

1978). The City and County of Denver still owns a 
landfill on the Lowry Bombing Range east of the 
city in adjacent Arapahoe County , but the landfill 
is operated by a private contractor. 

In 1979, Denver collected 192,693 tons (174,811 
tonnes) of household rubbish from 142 ,000 homes. 
Rubbish collected averages 400 tons (363 tonnes) 
per day in winter and 800 to 900 tons (726-816 
tonnes) per day in summer. Assuming 2.4 people 
per home , that means 340,800 people were served; 
and residents generated an average 3.1 lbs (1.4 kg) 
per person per day. The City of Denver spent about 
$9 million on waste disposal in 1979, which amounts 
to about $26.40 per person served per year. 

Denver utilized four sanitary landfills for disposal 
of household rubbish in 1979 (Table 9) (Figure 1). 
Three of these landfills are nearly full now, so in 
the next five years Denver will face a major shift in 
the location of its solid waste disposal to the enor­
mous Lowry landfill. This site was formerly a prac­
tice bombing range for pilots in training at Lowry 
Air Force Base during World War II. Denver 
bought the land from the Federal government after 
the war. This landfill is 2,800 a (11.3 km2

) and has 
a projected life of 100 years. However, shifting 
waste disposal exclusively to this landfill would 
mean an additional 100,000 mi (160,900 km) per yr 
hauling for Denver. 

Feasibility studies have been completed for the 
design of an incineration plant closer to the city 
capable of burning 300 tons (272 tonnes) per day of 
solid waste. The plant would generate steam to be 
sold to a utility company , to be used in generation 
of electricity. 

In the Denver metropolitan area , 80 percent of 
the solid wastes now being generated is estimated 
to consist of organic materials (Ralph M. Parsons 
Company , 1976, pp. 2-26). The hazards of methane 
gas produced in landfills has been discussed earlier , 
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but in Adams County , which adjoins Denver on the 
north, gas is being considered a resource rather 
than a hazard. The county received a U.S. Depart­
ment of Energy grant to investigate methane recov­
ery feasibility in seven old landfills. The studies 
have shown that five of the seven landfills are po­
tentially good sites for recovery and profitable use 
of methane gas (SCS Engineers , Inc. , 1980). At twO 
sites, gas is actively being ventilated to the atmo­
sphere today. These five landfills contain an esti­
mated 9.85 million tons of solid waste , which is ca­
pable of producing 0.15 ft3 (0.004 m3) of gas per 
pound per yr which is 45 to 50 percent methane. A 
total volume of three ft3 (0.08 m3) of gas can be 
recovered from each lb (0.45 kg) of waste , which 
indicates gas could produce 1,400 x 106 ft3 (40 x 106 

m3) of methane per yr , containing 450 to 500 BTU 
per ft3 (compared to 850 to 1,000 BTU per ft3 for 
natural gas). This is enough energy to heat about 
3,500 homes in Denver for a year. Colorado House 
Bill No. 1214 was subsequently passed by the State 
Legislature in April 1980, giving counties and mu­
nicipalities power to explore , develop , produce, 
distribute, market , and finance landfill-generated 
methane gas. 

Hazardous Wastes 

There are approximately 333 ,000 tons (302 ,098 
tonnes) of hazardous wastes produced in the Den­
ver metropolitan area each year (Hynes and Sutton , 
1980). This is about 40 percent of the state ' s total 
hazardous-waste production. These wastes include 
acidic and brine solutions, heavy metal and oil 
sludges, contaminated wastewater, and solvents. 

Since 1942, the Army Chemical Corps has oper­
ated a chemical manufacturing plant at the Rocky 
Mountain Arsenal just north of Denver (Figure 1). 
Between 1942 and 1957, contaminated wastewater 
from the Arsenal was contained in shallow evapo­
ration ponds constructed in the permeable eolian 
surficial deposits underlying the Arsenal property. 
No attempt was made to seal these ponds. The re­
suit was severe pollution of the local shallow 
ground water. In 1957, the lagoons were sealed with 
asphalt, but this was not completely successful. 
Maximum migration rate of the wastewater was ap­
proximately three ft (I m) per day. By 1960, an area 
of six and one-half mi2 (16.8 km2) extending to the 
northwest from the Arsenal to the South Platte Riv­
er had been contaminated by chlorates and 2,4-D 
type compounds , both of which are effective her-

bicides. This resulted in extensive crop damage 
(Walker , 1961 ; Lindvall , 1979a, 1980). 

Since December 1980, the Lowry landfill , owned 
by the City and County of Denver but operated by 
a private contractor, is the only approved site for 
disposing of non-radioactive hazardous wastes. 
More than 200 firms from the Denver area dump 
such wastes there. 

The site is underlain by eolian sand , loess , allu­
vium , and Denver/Dawson mudstones and sand­
stones. Sewage sludge is either spread on the 
ground and plowed into the soil , or buried in bulk 
(Figure 22). Land disposal of sludge began in 1969, 
and by 1976, application rates ranged from 60 to 
210 dry tons (54-191 tonnes) per acre (Robson , 
1977). Liquid wastes were discharged into unlined 
earth trenches until several million gallons of liquid 
accumulated . The trenches were then filled with ref­
use and covered with a layer of earth (Robson , 
1977). 

By 1976, shallow stock-watering wells around the 
landfill were found to have markedly degraded 
water quality (Robson , 1977). The regional Fox 
Hills aquifer lies at a depth of about 1,800 ft (600 
m) below the site and will not be affected by the 
disposal. The Colorado Geological Survey has sub­
sequently classified the site as only marginally suit­
able for disposal for non-nuclear hazardous indus­
trial wastes (Hynes and Sutton , 1980, plate I). 

The Shell Chemical Company , a leased tenant of 
portions of the Rocky Mountain Arsenal , recently 
spent $1.6 million for the construction of three clay­
soil-lined evaporation ponds , covering 22 a (8.9 ha) 
adjacent to the Lowry landfill (Camp Dresser and 
McKee , Inc. , 1978). The ponds were completed in 
1980. An additional hazardous waste facility , incor­
porating storage cells for drummed waste , was un­
der construction by a private operator in 1981. 

The disposal of hazardous wastes in the Denver 
metropolitan area is presently in a state of turmoil. 
In 1968, Denver obtained its landfill designation cer­
tificate from Arapahoe County when there were no 
legal distinctions between solid and liquid , or haz­
ardous and special wastes. In early December 1980, 
the Arapahoe County Commissioners passed a res­
olution giving Denver 10 days to stop the dumping 
of hazardous chemical and toxic wastes at the Low­
ry landfill. From then until 1980, there was a rising 
tide of public objection from residents in the vicin­
ity . A court injuction now has temporarily haIted 
the resolution of the County Commissioners. This 
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Figure 22. Construction underway at the 22 a (8.9 h) , industrial brine evaporation pond facility of the City-County of Denver. The 
craper pan in the foreground i transporting elected" uitable" materials from grading of an adjacent pond , to placement in a 6 in . 

( 15 cm) Lift for compaction-placement as bottom-liner fill. The facility is constructed entirely of silt and clay-size materials from the 
undifferentiated Denver/Dawson Formation , as encountered in ite grading. Pond layout took into con ideration stratigraphic and 
facie variations encountered in exploration and verified during construction. Laboratory determinations of the coefficient of hydraulic 
conductivity (permeability) of the engineered bottom-liner and key-trench cutoff fill indicated achievement of value Ie s than 10- 9 crn! 
sec at 95 percent of maximum dry den ity . The fill i being compacted by the sheepsfoot roUer and scarified between lifts by the dozer, 
a hown in thi view, taken in August of 1979 (Photograph by Allen W. Hatheway). 

is a difficult situation, because there is no immedi­
ate alternative disposal facility in the entire state. 
North of Denver in Adams County, a site has been 
approved by the Environmental Protection Agency 
and the Colorado Department of Health, for haz­
ardous waste disposal, but the site does not as yet 
have county approval and may not receive it. 

The resolution passed by the Arapahoe County 
Commissioners also ordered the Metropolitan Den­
ver Sewage Disposal District to halt dumping and 
spreading of sludge from its South Platte River plant 
by December 31 , 1982. Local officials fear that the 
closing of the Lowry landfill to the dumping of haz­
ardous wastes, without a nearby alternative , could 

precipitate a rash of "midnight dumping" of haz­
ardous materials. Task forces presently are meeting 
to consider establishing a new operation with opti­
mal geologic conditions within a reasonable dis­
tance of the Denver metropolitan area. Criteria set 
by the Colorado Geological Survey are shown in 
Table 10. Optimal conditions for potential torage 
of hazardous wastes near Denver are found in the 
upper and lower members of the Pierre Shale 
(Hynes and Sutton, 1980). 

Radioactive Spoils 

In February, 1979, the Environmental Protection 
Agency notified the Colorado Department of Health 
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Table 10. Siting considerations for hazardous waste disposal 
in Colorado (from Hynes and Sutton, /980). 

-Absolute containment for at least 1,000 years 
- Minimum vertical thickness of 150 ft (46 m) of shale or clay 

with in-place permeability no greater than 0.1 ft/yr (30 mml 
yr) 

- Outside groundwater recharge or discharge areas 
- Outside floodplain or valley-fill areas 
- Tectonically stable ; structurally simple , geologically 
- Minimum of I mi (1.6 km) from any major fault , igneous , or 

geothermal activity 
- Stable surface , not subject to erosion greater than 0.5 acre­

feet per square mile per year (238 cubic meters per square 
kilometer per year 

- Natural slopes between 2 and 5 percent 
- Mean annual evaporation should exceed mean annual precip-

itation by 20 in .lyr (508 mmlyr) 
-Maximum 24-hour rainstorm should be no greater than 6 in . 

(152 mm) 

of references found in three early U.S. Bureau of 
Mines Bulletins to a former "National Radium In­
stitute" in Denver (Parsons et al., 1915). At the turn 
of the century, Germany and France were the prin­
cipal suppliers of radium, and these countries even 
imported Colorado uranium ore for radium pro­
cessing. The National Radium Institute was found­
ed in Denver in 1914 to assure a secure radium sup­
ply for the United States , as World War I had 
begun. Radium had an alleged medical value for 
cancer treatments. 

Over 10,000 tons (9,072 tonnes) of high-grade 
uranium ore (2.5 percent) were milled at the Na­
tional Radium Institute 's facilities between 1914 
and 1917. In radium refining, uranium oxide was 
considered a waste product which , subsequently, 
was disposed of as artificial fill and construction 
material in the Denver area. Since the isotopes in­
volved have half-lives of thousands of years , 60 
years of dormancy has not greatly reduced the nat­
ural radioactivity. 

Investigations in old telephone directories re­
vealed that the former location of the National Ra­
dium Institute is the present site of a major private­
ly-owned brick and tile storage and distribution 
facility in south Denver (Figure 1). With the coop­
eration of the owner , the State Department of 
Health visited the site and measured soil radioac­
tivity of 1,600 microRoentgens per hour (Colorado 
Department of Health , 1981). 

Further investigations identified 32 contaminated 
sites in Denver with maximum gamma intensities 
as high as 15 ,000 counts per second compared to 

natural background radiation in Denver of 15 counts 
per second. These sites include a restaurant parking 
lot , vacant lots , industrial and commercial proper­
ty, and street subbases. The State Health Depart­
ment has conducted drilling and soil sampling at 
nine sites, and estimates that a total of 35,000 yds3 

(26,775 m3) of contaminated soil exists at these lo­
cations (Colorado Department of Health , 1981). 
The Denver radium-bearing contamination sites 
have been included in the recently passed (1980) 
federal superfund legislation to cover the costs of 
hazardous-waste clean-up. 

Wetlands and Shore Protection 

No wetlands or shorelines in the generally ac­
cepted geotechnical sense are present in the Denver 
area. Most low or poorly drained areas have been 
artificially dammed to raise the level of the many 
small reservoirs that exist in the area. Shore erosion 
is not a problem for such ponds , nor along the mar­
gins of the large flood-control reservoirs near Den­
ver. 

Major Engineering Structures 

Some of the major engineering structures in the 
Denver area are tabulated in Table 5. 

USE OF UNDERGROUND SPACE 

There is only one significant use of underground 
space in the Denver metropolitan area, the storage 
of natural gas in old underground coal mines by the 
Public Service Company of Colorado. 

In the early 1950's, the Public Service Company 
of Colorado, serving the Denver area , was faced 
with the need to store natural gas for peak-usage 
during the winter. After studying 16 storage sites, 
the utility company selected the old Leyden No.3 
coal mine located about 12 mi (19 km) northwest 
of Denver (Figure 1) . Sub-bituminous coal occurs 
in the lower 200 ft (61 m) of the Laramie Formation 
at a depth of 700 to 1,000 ft (213-305 m) below the 
ground surface. Mining began in 1903 , and coal 
mined from the Leyden mines was used primarily 
by the Denver Tramway Company for electrical 
power generation for trolley cars in Denver. Trolley 
service connected the mine to the city where coal 
was hauled in coal cars to electric-generating 
plants. The Leyden mine closed in 1950 after six 
million tons (5.4 million tonnes) of coal were mined , 
resulting in a void space of 150 million ft3 (4.3 mil­
lion m3) (Meddles, 1978 ; Brown, 1978). 

The Leyden mine was selected for underground 
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storage of natural gas for several reasons. The mine 
was close to the Denver market , had adequate stor­
age capacity , large volumes of gas could be with­
drawn from a few well-s , could be recharged quickly 
during off-peak demand times , and was located in 
a sparsely inhabited farming and ranching area (Fig­
ure 1). 

After extensive testing indicated that the enclos­
ing shale provided an impervious storage area, de­
velopment of the mine as a gas storage facility be­
gan in 1959. By late 1961, natural gas was being 
stored successfully in the mine and continues to be 
so stored 20 years later. Storage capacity is pres­
ently 1.6 billion ft3 (BCF) of gas with a maximum 
withdrawal of 185 MCF per day (Meddles , 1978). 
By being able to rapidly recycle the storage volume 
several times during a heating season, the utility 
company has been able to maintain the storage ca­
pacity needed for large peak-day deliveries. 

Other minor uses of underground space in the 
Denver area include access tunnels and excavations 
for commercial space under some of the older large 
buildings in the downtown area (Price , 1982), and 
the Foothills Tunnel for the transmission of water 
from the Stronita Springs diversion dam in the 
South Platte River Canyon to a treatment plant east 
of Roxborough Park (Table 5). 

ENGINEERING GEOLOGIC PRACTICE 
IN DENVER 

The need for engineering geology appeared early 
in the history of Denver. Precious metals mining 
and subsequent railroad and highway construction 
into and from the Denver area , which served as a 
trade , transportation , and processing center , neces­
sitated technical analyses of mining engineering and 
route feasibility. The aridity of the Denver area also 
required extensive irrigation and water-supply en­
gineering early in its history , to serve agricultural 
and domestic water needs. 

The need and demand for engineering geology in 
the Denver area has continued to expand in pro­
portion to the rapid economic and social growth of 
the region. The first legislation (Shelton and Prouty , 
1979) with significant impact on the practice of en­
gineering geology in Colorado was Senate Bill 35 , 
passed in 1972, which dealt with land subdivisions. 
The bill requires reports on the geologic character­
istics significantly affecting the proposed land use 
for all new subdivisions in unincorporated areas of 
the state. A subdivision of land is defined in the law 
as any division of land into parcels of 35 a (14.2 ha) 

or less. Since enactment of Senate Bill 35 , most 
geologic reports required by the law have been pre­
pared by engineering-geologic consultants for pri­
vate subdivisions and/or land developers. Reports 
are required to be submitted to county planning de­
partments which, in turn , submit them to the Col­
orado Geological Survey for review and comment. 
Approval or disapproval of a subdivision is a coun­
ty-government decision. The State Geological Sur­
vey has no regulatory authority over a county-gov­
ernment decision based on the geologic report. 

House Bill 1574, passed in 1974 , requires that all 
geologic reports prepared for governmental review 
must be prepared by a professional geologist. A 
professional geologist is currently defined as an in­
dividual with at least 30 semester hours of geolog­
ical education and five years of experience. 

Two attempts have been made to enact a geolo­
gist-registration law in Colorado; both have been 
unsuccessful. The first attempt, in 1973 , provided 
for registration of both geologists and geophysi­
cists , and each class would have been examined 
separately. A " grandfather clause" and reciprocity 
with other states was included with this legislation. 
The second registration bill , introduced in the 1976 
legislative session , was restricted to the registration 
of engineering geologists. The provisions of this bill 
were otherwise similar to the first. By limiting the 
registration requirement to engineering geologists , 
it was felt by the proponents of this bill that it would 
stand a better chance of passage, as much of the 
opposition to the first bill came from outside the 
engineering-geology profession. Today geologists 
may register as " Professional Engineers ," but this 
requires an undergraduate engineering education 
and successful completion of " Engineer-in-train­
ing, " and " Professional Engineer" examinations. 

House Bill 1041 , passed in 1974, requires the Col­
orado Geological Survey to assist local govern­
ments in identifying and designating geologically 
hazardous areas subject to avalanches , landslides , 
rockfalls, mud and debris flows , unstable slopes , 
seisrruclty , radioactivity , ground subsidence, 
expansive soils and rock , and mineral resource 
areas. The Colorado Geological Survey also helps 
adopt guidelines for the administration of these spe­
cial state interest areas (Rogers et aI., 1974). 

Two other pieces of recent legislation have had 
a significant impact on the practice of engineering 
geology in the Denver area and Colorado. House 
Bill 1529 (the " Sand and Gravel Bill" ), passed in 
1973 , precludes any governmental body in the state 
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from zoning for alternate uses any area of mineral 
deposits deemed to have significant economic or 
strategic value. The law applies to any city and/or 
county having a population of 65 ,000 or more, and 
requires local governments to adopt a master plan 
for the extraction of commercial mineral deposits. 
However, no penalties are assessed for failure to 
comply with the master plan requirement. Most of 
the emphasis of House Bill 1529 is directed toward 
production of aggregate and long-range plans for 
their extraction in the populous (high demand mar­
kets) counties of the state. Denver City and County 
prepared an extraction plan in accordance with the 
law, but was exempted by the state because of the 
small area involved. 

A companion bill, House Bill 1065, passed in 1973 
(Colorado Mined Land Reclamation Act) , estab­
lished a mined land reclamation board with a man­
date to ensure proper reclamation of mined-ou t 
areas in the state. The result of legislation passed 
since 1972 is that engineering geology is in great 
demand in the Denver metropolitan area, and will 
continue to experience great demands in the future. 
Between 1970 and 1980 the population of the met­
ropolitan area increased by 30 percent, and housing 
units by 57 percent. The Denver Regional Council 
of Governments predicts that the population of the 
metropolitan area will increase to 2.4 million by the 
year 2000. 

Although the City and County of Denver does 
not have a city geologist , several adjacent suburbs 
and counties do have geologists or planners with 
geology backgrounds on their staffs . Sand and grav­
el, crushed-rock aggregate, and clay products com­
panies in Denver employ engineering geologists for 
exploration, development, and reclamation. Private 
consulting companies are also busy preparing sub­
division reports , reclamation plans , hazard assess­
ments, and geotechnical designs for the continued 
rapid growth of the Denver metropolitan area. 

ADDITIONAL INFORMATION 

For those people who are interested in seeing 
some of the engineering geology conditions and sit­
uations described in this report , several published 
field trip logs for the Denver area exist. The refer­
ences can be found in the bibliography under Wei­
mer and Haun , 1960; Conference Field Trip Com­
mittee , 1969; Hansen et al., 1976; and Kirkham , 
1981. 
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With considerable pride the Colorado Geological Survey is making available 

this unique report about the city of Denver, Colorado and its geological environs . 

It is reprinted from the BULLETIN OF THE ASSOCIATION OF ENGINEERING 

GEOLOGISTS in which it is the first of an ongoing series on the subject of 

«Geology of the World's Cities)~ As testimony to the quality and pertinence 

of this report, it authors received the Claire P Holdredge Award for best 

paper by an AEG member during 1982. The Colorado Geological Survey 

believes that the report will prove extremely useful to geological and 

engineering practitioners, government agencies, and a host of others 

interested in the fascinating linkages between geology and a city's past, 

present, and future development. 
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