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PREFACE

This report is in direct response to the charge given to the
Colorado Geological Survey by H.B. 1529 to make a study of sand, gravel,
and quarry aggregate deposits in the populous counties, including maps
that may be generally circulated. The maps and accompanying text are
designed to serve as aids to city and county planning commissions in
studying the location of commercial mineral deposits and in developing
master plans for the extraction of such deposits, consistent with the
overall land-use plan and incorporating the multiple sequential land-
use concept.

The report on sand, gravel and aggregate resources, phase 1 of
H.B. 1529, is only a prelude to phase 2, the development of the master
plan. Ideally, there should be continued input from the Colorado
Geological Survey to the planning commissions concerning interpretation
of map data and recommendations related to aggregate demand projections,
future resource areas, and mineral economics. Unfortunately, adequate
staffing for such input is not presently available.

The Survey will prepare, with input from various disciplines in-
cluding the planning commissions, guide lines that should be considered
in developing the master plans for extraction. Liaison among neighboring
counties and regional councils of government is essential to resolve
problems of regional and mutual concern.

A.L. Hornbaker

Mineral Deposits Geologist
Colorado Geological Survey
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SUMMARY AND CONCLUSIONS

Sand and gravel deposits in the Front Range
counties are associated with alluvial-fan, up-
land-mesa, dune, valley-fill, stream-terrace,
and flood-plain landforms. Deposits of clean
sand and gravel lie in flood plains and stream
terraces along the South Platte and Arkansas
Rivers and their principal tributaries. These
flood-plain and terrace deposits generally are
mined for concrete and asphalt aggregates.

Upland gravels and alluvial fans, normally sources
of road base and f1ll material, are located along
present stream courses, interstream divides,

and the mountain front, and contain significant
amounts of incompetent rock, calcium carbonate
(caliche), silt, and clay.

Most quarry aggregate is produced in the
mountains of western Jefferson and El Paso
Counties and consumed in metropolitan Denver and
Colorado Springs. These Metropolitan growth
areas will probably continue to use even more
crushed rock in the future.

Adams, Boulder, El Paso, Jefferson, Larimer,
Pueblo, and Weld Counties have sufficient reserv-
es of sand, gravel, or quarry aggregate at
present to meet future needs, but all these
counties experience problems in integrating
aggregate production with other land uses.

The continual loss of aggregate resources by
urbanization is the principal cause for problems
in mineral conservation in these counties.

Arapahoe, Denver, and Douglas Counties do
not have significant reserves of gravel or quarry
aggregate. Most of the aggregate they consume
will come from outside these counties.

Sand and gravel are basic to the construc-
tion of our homes, schools, hospitals, churches,
shopping centers, streets and highways, airfields,
and bridges. In addition, sand and gravel play
an important role in the areas of sewage treat-
ment, water pollution and filtration, agricul-
ture, landscaping, transportation, manufacturing,
recreation, and petroleum production. We, the
consumers, cannot take for granted that our
supplies of these materials are inexhaustible.
The input of technical, governmental, and
environmental groups is required to establish
a workable master plan that will comserve adequate
supplies of aggregate to meet future demands.

INTRODUCTION

Authorization

This study was authorized by article 36 of chap~-
ter 92, C. R. S. 1963, known as the '"Colorado Open
Mining Land Reclamation Act." Article 36 provides:

"92-36-3. Geologiecal survey to make study.
After July 1, 1973, the Colorado geological
survey shall contract for a study of the com-
merctal mineral deposits in the populous coun-
ties of the state in order to identify and lo-
cate such deposits. Such study shall be of

sand, gravel, and quarry aggregate, and shall
be completed on or before July 1, 1974, and
shall inelude a map or maps of the state ghow-
ing such commercial mineral deposits, copies
of which may be generally circulated. Any
commercial mineral deposits discovered §ub—
sequent to July 1, 1974, may be, upon dis-
covery, ineluded in such study."

Purpose and Scope

The purpose of this report is to provide the
populous Colorado Front Range counties with regional
resource maps and an explanatory text to be used with
1:24,000-scale sand, gravel, and quarry aggregate
land-use maps.

This part of the study was started on September 4,

1973, and completed June 28, 1974. The study area of
approximately 16,000 sq mi includes Adams, Arapahoe,
Boulder, Denver, Douglas, El Paso, Jefferson, Larimer,
Pueblo, and Weld Counties (Fig. 1).

Previous and Present Studies

In 1961, the Inter-County Regional Planning Com-
mission, now Denver Regional Council of Governments,
published a drainage-course plan for the Denver Re-
gion that discussed future sand and gravel require-
ments of the area, conservation of sand and gravel,
and the economics of transportation. Sheridan (1967)
reported the impact of urbanization and outlined many
problems of the aggregate industry in Denver. Sev-
eral Colorado Water Conservation Board Basic-Data
Reports and university theses are valuable informa-
tion sources for parts of the study area.

The U. S. Geological Survey has prepared many
water-supply papers and geologic maps within the stu-
dy area over the past century. Varnes and Larrabee
mapped the sand and gravel deposits of Colorado in
1946 at a scale of 1:500,000. Colton and Fitch
(1974, in press), and Trimble and Fitch (1974a, 1974b,
in press) show the distribution of gravel and crushed-
rock aggregate in the Front Range Urban Corridor on
1:100,000-scale topographic maps. A report by J. M.
Soule (1974, in preparation) analyzes the economics
of aggregates in relation to transportation and ur-
banization in the Front Range Urban Corridor. The
U. S. Geological Survey gravel maps and economic re-
port are being prepared in cooperation with, and are
financed in part by the Colorado Geological Survey.
W. P. Rogers and D. C. Shelton are presently pre-
paring an aggregate resource map as part of a Colo-
rado Geological Survey land-use study for the Fort
Collins-Loveland-Greeley area, Weld and Larimer
Counties, Colorado.

Method and Techniques

On the basis of interviews with several sand
and gravel producers and with the staff members of
the Colorado Geological Survey, the authors decided
that:

1. The sand and gravel resources mapping should be
primarily geologic so that the work will remain cur-
rent and useful over any time period.



2. The study should include the mapping of every
landform with which significant amounts of aggregate
are associated.

3. The deposits shown on the maps should be desig-
nated according to land form and the quality of the
aggregate.

4. The quality designations should be independent
of the location of the deposit.

5. Maps should be designed in such a way that they
may be used both as geologic maps and as resource
quality maps.

6. Maps should be prepared at one scale for plan-—
ning and at another scale so that a county or region
may be presented on a single map.

7. A text should be prepared that discusses the
geology of sand, gravel, and quarry aggregates; the
deposits in their geologic setting; and the distri-
bution and nature of deposits within each county.

Photogeologic methods are well suited to the
identification and inventory of landforms associated
with aggregate deposits. Landforms and their asso-
clated aggregate deposits are easily identified on
air photographs, and extremely large areas may be
evaluated over a very short period of time. Land-
forms such as flood plains, valley fills, stream
terraces, upland mesas, alluvial fans, and sand dunes
were identified on aerial photographs and their out-
lines transferred onto 1:24,000-scale 7%-min quad-
rangle base maps. Field observations and supple-
mental data were printed directly on maps. Photo-
geologic base maps were field checked and individual
landforms were evaluated for associated aggregate.

Each landform type shown on the maps is marked
with an appropriate letter. Upland landforms are
marked with a U, alluvial fans with an 4, flood
plains with an F, stream terraces with a T, valley
f11ls with a V, and wind-blown sand dunes with an E.
Numbers following the landform letter designation
indicate aggregate quality. Clean, sound, coarse
gravel deposits are marked with the number I. Coarse
gravel deposits containing significant amounts of
incompetent rock, silt, clay, and calcium carbonate
(caliche) are marked with the number 2. The fine-
aggregate sand deposits are marked with the number 3,
and unevaluated aggregate deposits with the num-
ber 4.

In developing the numbered quality grading sys-
tem used in our explanations, representatives from
several large sand and gravel companies were inter-
viewed and asked to define the current physical and
economic limits of commercial sand and gravel depos-
its. Although opinions differ among the companies,
and all the factors affecting commerciality were
not considered, we utilized the following general
criteria for identifying commercial deposits:

1. Five-acre tracts with at least 15 ft of gravel
can be considered to be economic.

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

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

4. Large tracts of high-quality aggregate without
overburden may be as little as 2 ft thick and still
constitute a commercial deposit.

5. Commercial gravel deposits should contain a min-
imum of 30 percent gravel-size material by weight.

The above factors are intended only as guide-
lines and do not represent the only standards used
to determine commercial mineral deposits as defined
in section 92-36-2, C. R. S. 1963.

All Front Range aggregate deposits are poten-—
tially commercial. Commerciality of a deposit depends
upon the supply, location, and demand for the aggre-
gate, as well as existing and intended land use,
population distribution, and road maintenance require-
ments. For example, an upland gravel deposit with
a high concentration of calcium carbonate (caliche)
may not be commercial to a producer of concrete
aggregate but quite desirable for use as road-base
material by the county highway department in areas
of highly expansive soils. Likewise, a sand dune
field covering several hundred square miles is not
commercial over the entire area but may be a valuable
source of material for local highway construction.
Commerciality of deposits may change with time, zoning,
and urban growth patterns. Therefore, we have mapped
all the potential aggregate resources along the
Front Range and graded individual deposits so that
each county can select those principal resources
required for the future.

Only areas with the geologically most suitable
rock for quarry aggregate are shown on field maps.
Although operating stone quarries lie within these
potential resource areas, some quarries operate in
areas of less suitable rock for economic or environ-
mental reasons.

Two hundred ten of the 271 quadrangles examined
for aggregate resource were prepared and distributed
as basic-data resource maps to the planning commis-
sions of the appropriate cities and counties. These
maps are available from the respective counties or the
Colorado Geological Survey. The enclosed 1:250,000-
scale resource maps (Plates 1, 2, and 3) were com-
piled from the basic-data maps.

To supplement well data in the Lone Tree Creek
and Big Thompson River valleys, 37 holes were drilled
in cooperation with the Colorado Geological Survey's
Windsor Environmental Geology Project during January
1974. The drill was a truck-mounted 4-in. auger.
Samples were examined and logs written on the drill
site. Drilling data appear on the basic-data re-
source maps.

The boundaries of deposits that are shown on
the 1:24,000-scale basic-data maps are subject to
change. Any deposits discovered subsequently to
July 1, 1974, may be included in this study (section
92-36-3, C. R. S. 1963). As additional data becomes
available, some deposits may be proved to be non-
commercial. 1In such cases, boundaries can be changed
on the original Colorado Geological Survey maps.
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PHYSTOGRAPHY AND GEOLOGY OF THE COLORADO FRONT dune sand, and loess in the plains region.

RANGE COUNTIES

The project area encompasses approximately 16,000
sq mi of mountains, foothills, and plains in east- Era
central Colorado and lies within the Southern Rocky
Mountains and Great Plains physiographic provinces.
The major streams draining the region are the South
Platte, Arkansas, and Laramie Rivers (Fig. 1).

The Front Range, which is the easternmost moun-
tain range in Colorado, extends from the Arkansas
River northward into Wyoming, where it is known as
the Laramie Range. In the Colorado Springs area the
name Rampart Range often is applied. Most of the
Front Range reaches over 7,000 ft in elevation, with
numerous rugged peaks over 12,000 ft high. Many of
the higher valleys and peaks in the northern portion

" of the Front Range were extensively modified by in-
tense alpine glaciation during the Quaternary (Thorn-
bury, 1967). (Refer to the generalized geologic time
scale at the end of this sectiomn.)

The core of the Front Range consists of Precam-
brian meta-sedimentary and layered meta-igneous crys-—
talline rocks that include gneiss, schist, and quart-
zite; these, in turn, have been intruded by a series
of massive granite plutons and smaller Tertiary in-
trusive bodies of varying composition (Lovering and
Goddard, 1950). Draped over these basement rocks
are the steeply eastward-dipping sandstones, shales,
and limestones of Paleozoic and Mesozoic ages that
form the north-south trending foothills belt (Fig. 2).

The Great Plains east of the hogbacks can be
divided into 3 regions: 1) the Colorado Piedmont,

2) the interstream uplands between the South Platte
and Arkansas Rivers, and 3) the High Plains along

the Wyoming border. These regions range in elevation
from about 4,300 ft along the broad Arkansas River
Valley at Fowler to about 5,500 ft, where the gravel-
capped pediments abut against the foothills, to over
7,500 ft in the Black Forest area near Colorado
Springs. The region east of the mountain front once
was mantled by an extensive Tertiary alluvial plain
that blanketed the entire Great Plains area. In the
Colorado Piedmont this thick sedimentary cover has
been removed by the action of the South Platte and
Arkansas River systems, exposing vast areas of Upper
Cretaceous (latest Mesozoic) shale, claystone, and
interbedded sandstone and limestone. North of this
area the Tertiary cover remains beneath the High
Plains surface. Gently sloping late Tertiary for-
mations of sand and gravel, sandstone, clay and silt-
stone crop out along the prominent escarpment that
separates the Colorado Piedmont from the High Plains
(Weist, 1965).

The bedrock within the interstream area between
the South Platte and Arkansas Rivers consists of a
thick sequence of early Tertiary sediments that range
from claystone to coarse-grained arkose and conglom-
erate; extrusive volcanic rocks occur in the vicinity
of Castle Rock.

During the Quaternary, surficial processes re-
lated to stream erosion and deposition, glaciation,
slope movement, and wind action produced a wide va-
riety of deposits that include moraines, outwash
terraces, talus, and colluvium in the mountains and
flood plains, terraces, pediment gravels, colluvium,
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GEOLOGY OF SAND, GRAVEL,
AND QUARRY AGGREGATE DEPOSITS

The accumulation of sand and gravel along
rivers and their tributaries is the result of
several basic geologic and geomorphic processes.
Most of the raw materials are made available to
rivers in the upper part of their drainage basins,
or, as in this study, the mountains. Physical
and chemical weathering, gravity, and slope wash
are the primary agents that supply coarse debris
to the relatively high-gradient mountain streams.
This debris is derived from large fractured
masses of crystalline bedrock and from such pre-
existing surficial deposits as glacial moraines,
outwash terraces, and deeply weathered, loosely
consolidated bedrock masses. Once in the nar-
row stream channels, angular rock fragments or
clasts undergo abrasion and in-place weathering,
which lead to rounding, smaller clast size,
breakdown of weak or poor-quality material, and
a greater range of grain sizes.

Much of the coarser sediment load is deposi-
ted as alluvial fans and upland (pediment) gravels
near the mountain front, (Fig. 3), where the
lowering of the stream gradient causes a decrease
in stream energy. Through time, valley widening
and deepening, reworking and deposition of the
valley-fill deposits may produce successively
lower terrace levels and a flood plain. Upland
deposits may become isolated with renewed ero-
sion and dissection. Although terraces and
flood plains may contain only well sorted chan-
nel sands and gravels, they more commonly include
fine-grained overbank sediments, wind-blown material,
and colluvium,

Farther downstream, the sediment loads of
tributary streams may influence the quality of
the trunk stream deposits in two ways. First, tribu-
taries heading in sedimentary terranes transport
fine-grained sediments or incompetent rock fragments
that are dispersed downstream from the confluence
with the trunk stream. Second, tributaries that
originate in the mountains or in other areas of
competent rock may be of sufficient gradient to
locally upgrade the trunk streams deposits with
sound, coarse gravel and sand.

The effects of weathering are more pronounced
in upland sediments and the high terrace deposits
because they are older and have been subjected to
soil-forming processes for a longer period of time
than most valley deposits. The resulting decompo-
sition of rock clasts and the accumulation of fines
and calcium carbonate produce a relatively low-
quality aggregate. Sands and gravels that are more
suitable for concrete and asphalt aggregate can be
obtained from the younger, less weathered flood-
plain and terrace deposits.

Photogeologic recognition of simple landforms
and their spatial relationships, and study of their
physical appearance allow the geologist to rapidly
and accurately evaluate large areas.

Under favorable conditions, strong prevailing
winds transport sand from the stream valleys and
redeposit it as dunes downwind from the source.
Locally these wind-deposited sand dunes provide
sources of some high-quality specialty sands.

The ideal quarry aggregate should be a sound,
tough rock of such mineral composition that it will
not react with cement. Some suitable rock types
for crushed aggregate are limestone, dolomite,
basalt, rhyolite, quartzite, and fine-grained gran-
ite and gneiss. Schist, sandstone, shale, and
coarse—-grained granitic rock generally make poor
quarry aggregate.
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SAND AND GRAVEL RESQURCES OF THE SOUTH PLATTE
RIVER BASIN

The South Platte River Basin includes those
parts of Weld, Larimer, Boulder, Denver, Adams, Ara-
pahoe, Jefferson, and Douglas Counties drained by the
South Platte River and its tributaries. The prin-
cipal tributaries of the South Platte River within
the study area are, from the headwaters downstream,
Plum Creek, Bear Creek, Cherry Creek, Sand Creek,
Clear Creek, St. Vrain Creek, Big Thompson River,
Cache la Poudre River, Lone Tree Creek, Beebe Draw,
Crow Creek, Box Elder Creek, Lost Creek, Kiowa Creek,
Bijou Creek, Pawnee Creek, and Cedar Creek (Fig. 4).
The sand and gravel deposits within each principal
tributary drainage are discussed starting with Plum
Creek and progressing down the South Platte River.

A discussion of sand and gravel deposits associated
with the mainstream South Platte River concludes the
discussion of the basin.

Plum Creek

Plum Creek, whose east and west branches head
in the granitic terrain of the southern Front Range
in south-central Douglas County, flows northwestward
from Sedalia into the Chatfield Lake State Recreation
Area where it joins the South Platte River. Limited
well log data suggest that the valley of Plum Creek
contains about 45 ft of fine- to coarse-grained ar-
kosic sand and a small amount of fine-grained gravel
interbedded with layers of silt and clay. Thick
terrace deposits along the stream are composed of clean
sands and some pebbly gravels that have been exten-
sively worked at a number of locations. The sub-
stantial amount of fines in the upland deposits west
of Plum Creek will limit their potential uses to sub-
base and road metal for local use.

Bear Creek

Bear Creek, which heads in the mountains of
Clear Creek County, flows eastward through Jefferson
County and emerges from the foothills at Morrison.

It continues eastward and joins the South Platte
River at Sheridan, a southwest Denver suburb. East
of the hogbacks at Morrison, Bear Creek is joined
by Turkey Creek, another stream heading in the moun-
tains to the southwest.

On the south side of the valley downstream from
Mount Carbon are several long, narrow remnants of ter-
race deposits of marginal quality probably not exceed-
ing 12 ft in thickness. Equivalent terraces lying
north of the creek upstream from Mount Carbon contain
excellent pebbly gravels but with significant fines.
The low terrace between Bear Creek and Turkey Creek
also contains about 10 ft of cobbly and bouldery
gravel. Mount Carbon 1is an old high remnant of Bear
Creek gravels and interbedded sands more than 15 ft
thick. The flood-plain and valley-fill deposits
contain 8 to 36 ft of good quality gravels.

Except for several inactive operations on the
Bear Creek flood plain in Lakewood, most of the gra-
vel pits are located on the terrace edges between the
hogbacks and Mount Carbon. Gravel from most of these
pits has been used as concrete aggregate.

Cherry Creek

Cherry Creek, whose upper tributaries head in
the Black Forest region of El1 Paso County, flows
northward past Franktown and northwestward into
Denver where it joins the South Platte River. The
Dawson Arkose crops out extensively in the drailnage
basin and constitutes the main source of sediment
carried by the stream. The valley of Cherry Creek
between Franktown and Cherry Creek Lake State Re-
creation Area contains 35 to 50 ft of fine- to coarse-
gralned arkosic sand and a small amount of fine-
grained gravel all overlain by 10 to 15 ft of non-
resource. Below Cherry Creek Lake State Recreation
Area, the valley fill is reported to contain 20 to
90 ft of sand and gravel. Although only sand has
been extracted in this area, well logs indicate that
some gravels occur at depth.

Extending northward from the present Cherry Creek
valley east of Glendale to the South Platte River
north of Dupont is a 90-ft-deep former course of
Cherry Creek (De Voto, 1968, p. 118) filled with 15
to 80 ft of sand, gravel, and clay, covered by 10
to 40 ft of wind-blown silt and sand, and transected
by the present valley of Sand Creek. Two prominent
tributaries extend eastward into the Rocky Mountain
Arsenal.

Terraces in the vicinity of Franktown and Cherry
Creek Lake State Recreation Area and the associated
flood plain and one upland deposit near Parker have
been worked for aggregate. Road metal for surfacing
gravel roads is obtained locally from places in the
Dawson Arkose. The only active operation below Cher-
ry Creek Lake excavates to a depth of 45 ft and pro-
duces high quality concrete sand and a variety of
specialty sands used for plastering, filtration,
sandblasting, stucco, and golf course trap sand. A~
long Cherry Creek, at University Boulevard in Denver,
a large site that had been mined for sand and subse-
quently used as a sanitary landfill now supports
Cherry Creek Shopping Center. Another reclaimed sand
pit on Leetsdale Drive at Quebec Street now supports
new condominiums.

Generally recognized as an excellent source of
sand, the Cherry Creek valley in Denver County has
been completely lost to urbanization, and that part
of the valley in Arapahoe County below Cherry Creek
Dam is rapidly undergoing residential development.

Sand Creek

Several miles east of Aurora, in Arapahoe County,
Coal Creek and Murphy Creek join to form Sand Creek,
which flows northwestward and joins the South Platte
River at Commerce City northeast of Denver. The prom-
inent bluffs bordering the valleyfill on the south
contain more than 35 ft of relatively clean sands
with some interbedded gravel lenses. The flood-plain
and valley-fill deposits contain from 12 to more than
25 ft of sand and gravel. Extending from Lowry Air
Force Base north to Stapleton Airport is a former
tributary valley of Sand Creek filled with 8 to 23
ft of sand and gravel and buried by 8 to 30 ft of
wind-blown sand and silt.
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Only 13 active and inactive operations were
noted along Sand Creek. Most of these are located
in the bordering bluff deposits, and apparently
produced quality concrete sand and various
specialty sands. Although residential and indust-
rail growth from Denver, Commerce City, and Aurora
has covered some of the deposits, much of the area
remains a source of good quality sand and fine
aggregate.

Clear Creek

Clear Creek leaves the Front Range foothills
at Golden and flows northeastward, joining the South
Platte River near Commerce City. Flanking the prin-
cipal valley fill are several prominent terraces
near Wheat Ridge and a broad, prominent terrace near
the mouth of the creek. Clear Creek valley contains
some of the highest quality gravels observed anywhere
in the project area. The exceptionally clean and
sound gravels vary in thickness from 8 to more than
30 ft, the thicker deposits lying on the north side
of the valley. Although sand layers can be seen in
many gravel pits, they comprise only about one-third
of the total volume of the deposits.

The exceptional quality of these gravels is well
known, for more than 120 active and 1nactive gravel
operations were noted along the stream and on the
terraces between Golden and the South Platte River.
Most of these pits have produced high-grade concrete
rock and sand. Profitable gold-recovery operations
also have been run in many pits. A number of the in-
active pits have been landfilled and reclaimed for
commercial and residential sites around Arvada, while
others to the east are currently undergoing landfil-
ling. It is quite obvious that most of the mineable
gravels along Clear Creek have been extracted. Fewer
than half of the original deposits have been worked
for sand and gravel, while the rest unfortunately
have been lost to suburban, commercial, and indus-
trial growth in Arvada, Wheat Ridge, and Golden. To-
day very little of the original deposit is available
for extraction.

St. Vrain Creek

North, Middle and South St. Vrain Creeks head
in a series of small lakes along the Continental
Divide in northwestern Boulder County. These streams
merge to become St. Vrain Creek, which flows east-
ward toward its confluence with the South Platte
River about 4 miles northwest of Platteville.

Alpine glaciation in the upper reaches of St.
Vrain Creek provided the material that was reworked
by running water and deposited as terrace gravels
along the main tributaries in the vicinity of River-
side, Allens Park, and Peaceful Valley. The gravels
downstream near Lyons were derived from glaciated
and non-glaciated terranes. All the above deposits
tend to be from one to several miles in length and
are composed of high quality coarse aggregate de-
rived from granitic and gneissic bedrock. The flood
plain of St. Vrain Creek from Lyons to the junction
with Boulder Creek contains about 12 ft of unweath-
ered granitic pebbles and cobbles in a matrix of
clean sand. Overburden thickness is about 1 or 2 ft.

Downstream from the confluence with Boulder Creek,
the valley deepens, and the coarse-grained alluvial
fill, mainly a clean sandy pebble gravel free of
weathered clasts, averages 20 to 30 ft in thickness
but locally thickens to 50 ft. Northeast of Inter-
state 25, two prominent terraces border the east
side of St. Vrain Creek. The terrace 2 miles north-
east of Rinn consists of about 27 ft of sand and
gravel covered by about 19 ft of non-resource, and
the large terrace east of Gowanda contains about

50 ft of high~quality, sandy pebble gravel and sev-
eral feet of overburden. Gravel resources have been
extensively developed in the flood plain south of
Longmont and just west of Interstate 25 near Rinn.
Abandoned pits are being utilized for recreational
purposes and for landfill sites.

Lefthand Creek: Lefthand Creek originates along
the north side of Niwot Ridge in west-central Boulder
County and flows northeastward, joining St. Vrain
Creek at Longmont. In the mountain region sand and
gravel deposits tend to be limited to the narrow
canyon bottom and are not of commercial value. East
of the hogback area, coarse aggregate occurs in the
flood plain and adjacent upland deposits. Available
well-log data indicate that the flood plain contains
about 20 ft of sand and gravel buried by 2 to
13 ft of non-resource. Along the south side of the
creek, a broad upland gravel deposit extends from the
mountain front eastward to Niwot. This surface is
mantled by about 20 ft of sand and gravel concealed
by approximately 10 ft of overburden. The gravel
i1s composed of coarse pebble- to cobble-size sand-
stone and weathered granitic clasts with boulders
up to 1.5 ft in diameter. The upper several feet of
the deposit is strongly impregnated with calcium
carbonate and contains appreciable amounts of silt
and clay. On the north side of Lefthand Creek, a
serles of eastward-sloping gravel-capped uplands fan
out from the mouth of Lefthand Canyon. The Table
Mountain surface is covered by about 8 ft of coarse
aggregate that contains boulders up to 1 ft in diame-
ter, a moderate amount of fines and carbonate, and a
high percentage of weak rocks that include sandstone,
decomposed granite, and foliated metamorphics. The
lower surfaces near Altona are veneered with about
6 ft of bouldery alluvium that contains stones up to
5 ft in diameter. Except for the coarser grain size
and absence of carbonate, these deposits resemble
the material on Table Mountain. Due to the limited
thickness and low quality of these upland gravels,
few pits have been developed. The only active opera-
tion is located at the northeastern end of Table
Mountain.

Boulder Creek: Middle and North Boulder Creeks
originate along the eastern slope of the Continental
Divide in southwestern Boulder County. At Boulder
Falls, about 6 miles northeast of Nederland, these
streams join to form Boulder Creek. The valley of
Middle Boulder Creek between Eldora and Nederland
contains a massive deposit of outwash gravel at least
100 ft thick. This material is high quality coarse
aggregate and has been commercially extracted at two
localities. Significant deposits of sand and gravel
along North Boulder Creek are restricted to the area
near Lakewood Reservoir.




Boulder Creek emerges from the foothills at
Boulder and flows northeastward to St. Vrain Creek
several miles east of Longmont. Aggregate resource
along Boulder Creek is essentially limited to the
broad flood plain, which in the vicinity of Valmont
Butte is composed of about 15 ft of clean, sound
pebbly to cobbly granitic gravel. Downstream the
deposit decreases to about 11 ft in average thick-
ness. Numerous gravel operations are located on the
flood plain between Valley View Road and North 75th
Street near Valmont. Northeast of Gun Barrel Hill,
a series of thin, highly weathered gravels caps the
uplands on the north side of Boulder Creek. Only
one deposit has been worked for aggregate.

The upland surfaces between Boulder Creek and
Mesa Reservoir to the north are covered by alluvium
derived from Sunshine, Twomile, and Fourmile Canyons.
Because of their variable thickness and high percen-
tage of sandstone fragments, fines, and decomposed
granitic and gneissic clasts, these deposits are
unsuitable for concrete or asphalt aggregate.

South Boulder Creek heads on the eastern
slope of the Continental Divide in western Gil-
pin County. Near the towns of Tolland, Rollins-
ville, and Pine Cliff, the eastward-trending
valley of South Boulder Creek widens exposing
a relatively thick sequence of outwash gravels.

In the vicinity of Tolland, the gravels are
greater than 17 ft thick; downstream near Pine
Cliff, they thin to about 10 ft. The pebbly
and cobbly gravels are derived from crystal-
line bedrock—mainly granites and gneisses—
and tend to be free of deleterious material.

South Boulder Creek leaves the mountain front
at Eldorado Springs, flows northeastward, and joins
Boulder Creek near Valmont Butte east of Boulder.
The flood plain of South Boulder Creek widens down-
stream from Eldorado Springs and contains about
15 ft of coarse gravel beneath several feet of over-
burden. In places, minor amounts of incompetent
sandstone clasts, weathered granitic gravel, and
fines are present. Of the 2 large gravel operations
active on the flood plain, one is being reclaimed for
commercial use. Terraces lie on both sides of the
creek, the largest one being just south of Base Line
Reservoir. There the gravels are only about 5 ft
thick and contain a high percentage of weak rock and
fines. Upland gravels similar to those on Davidson
Mesa are very thin and of low quality, although
some have been worked in the past for base-course
in local road construction.

Coal Creek originates in the mountainous terrane
of northwestern Jefferson County and flows northward,
joining Boulder Creek just north of Erie. 1In the
mountain region, deposits of sand and gravel are
restricted to the very narrow valley bottom. Down-
stream of the hogback region the valley widens, and
the creek is flanked by a variety of stream-lain
material which include the flood plain, terraces,
upland gravels, and alluvial fans.

At the mouth of Coal Creek Canyon, an extensive
alluvial fan-like deposit known as Rocky Flats man-
tles an area of at least 15 sq mi. This alluvium
is thickest and coarsest near the apex of the fan
and becomes thinner and finer-grained toward the

"

east. In the vicinity of Highway 93, the gravel
averages about 15 ft thick and contains an abun-
dance of cobble-size clasts. Seven miles to the east,
near the Jefferson County Airport, the deposit thins
to about 5 ft of pebbly material. The deposits that
cap Rocky Flats and Lake Mesa consist almost entirely
of unweathered quartzite gravel, but contain signifi-
cant amounts of fines, and, in places, considerable
calcium carbonate. Despite the vast reserve of ag-
gregate on these surfaces, current gravel extrac-
tion is limited to only one pit.

The section of Coal Creek between Highway 93
and the confluence with Rock Creek is flanked by a
series of terraces that contain 10 to 15 ft of peb-
bly and cobbly quartzitic gravel. Several small
pits have been developed on the terraces and flood
plain in the vicinity of Superior. Between the towns
of Lafayette and Erie, the Coal Creek valley contains
less than 10 ft of aggregate buried by more than
20 ft of overburden.

Big Thompson River

Heading in the high mountains north of Estes
Park, the Big Thompson River emerges from the foot-
hills near Boedecker Lake, flows eastward past Love-
land, and joins the South Platte River east of Mil-
liken. The deposits under and east of Loveland do
contain gravels, but they appear to have significant
fines and caliche development. Because the over-
burden thickness tends to rapidly increase northward
from the valley edge, only a narrow terrace strip
was delineated. A similar terrace lies on the south-
east side of the valley near Johnstown. Several

drill holes here show that the resource is not as thick

thick as expected and that the overburden 1s sub-
stantial. This high overburden:resource ratio will
probably limit its value.

The deposits seen along the river itself con-
sist of 10 to 20 ft of coarse, sound, granitic gra-
vels, but in most places they contain significant
fines. The high amount of fines can, in large part,
be attributed to the sediment additions from such
tributary streams as Dry Creek and Buckhorn Creek
that flow through sedimentary terranes. About 30
gravel pits were noted in the flood-plain deposits
near Loveland. Most of these pits are operated by
the Flatirons Sand and Gravel Company and Loveland
Ready-Mix Concrete Company. Essentially all of the
material produced from these pits is used as concrete
and asphalt aggregate. Just west of Interstate 25
are several inactive gravel pits now converted to
recreational facilities in the Big Thompson Ponds
State Wildlife Area. The flood-plain and valley-fill
deposits of the Big Thompson River are obviously
prime aggregate resources and should be considered
for mineral conservation.

Little Thompson River: The Little Thompson
River heads near Rocky Mountain National Park in
Larimer County and flows out of the mountains and
hogback area south of Carter Lake Reservoir. From
there it flows northeastward past Berthoud and Johns-
town and joins the Big Thompson River at Milliken.

The valley deposits observed at the Boulder-
Larimer county line contain significant fines and
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abundant sedimentary rocks. Based on the poor ag-
gregate observed here, and the fine-grained allu-
vium seen downstream, no commercial deposits are
believed to exist east of Berthoud. However, ad-
ditional drilling is needed to verify this prediction.
Extending southeastward from the mouth of Little
Thompson Canyon, a series of gravel-mantled uplands
(including Table Top Mountain) rises high above the
surrounding terrain and may represent a portion of
the ancient channel of the Little Thompson River.
These deposits consist of about 10 ft of pebbly and
cobbly gravel containing a moderate amount of fines
and weak sandstone fragments.

The terraces near the Larimer-Boulder County
line also contain abundant fines and sedimentary
clasts. Although 2 gravel pits were noted on one
of the terraces, the poor quality of the material
restricts their use to road dressing and miscellane-
ous fills. Gravel has been mined at 3 localities
on Table Top Mountain. The upland deposits north
of the river around Berthoud and on the divide south
of Dry Creek do not appear to contain any commercial
sand or gravel resources.

The valley deposits observed at the Boulder-
Larimer county line contain significant fines
and abundant sedimentary rock fragments. Based
on the poor aggregate observed here, and the
fine-grained alluvium seen downstream, no commer-
cial deposits are believed to exist east of
Berthoud. However, additional drilling is needed
to verify this prediction. Extending southeast-
ward from the mouth of Little Thompson Canyon,

a series of gravel-mantled uplands (including
Table Top Mountain) rises high above the sur-
rounding terrain and may represent a portion

of the ancient channel of the Little Thompson
River. These deposits consist of about 10 ft

of pebbly and cobbly gravel containing a moder-
ate amount of fines and weak sandstone fragments.

Cache la Poudre River

The Cache la Poudre River heads on the Continen-
tal Divide in Rocky Mountain National Park and flows
northward to Kinikinik, then eastward from there
through the mountains and foothills where it emerges
at Laporte. Flowing southeastward past Fort Collins
and Windsor, the river joins the South Platte River
east of Greeley. For convenience, the river basin
has been divided into two portions: 1) upper, ex-
tending from the headwaters to the mountain front;
and 2) lower, from the mountain front to the South
Platte River.

In the mountains most of the significant flood-
plain, terrace, and alluvial fan deposits lie between
Spencer Heights (4 miles southwest of Kinikinik) and
Indian Meadows. Several other terrace deposits occur
at Kelley Flats, Fort Collins Mountain Recreation
Area, Dutch George Flats, and Big Narrows Campground.
Ordinarily these deposits are sound and quite coarse,
consisting of granite, gneiss, and schist boulders
up to 5 ft in diameter—material that would be set
aside as "oversize'" in gravel pits on the plains.
These gravels, in places, may exceed 30 ft in thick-
ness. The finer grained matrix is very silty but

does contain significant amounts of sand. The nu-
merous, small alluvial fans, built out onto the river
terraces at the mouths of short tributary streams,
consist of abundant silt, some sand, and angular
cobbles and boulders.

East of Kinikinik, one large gravel pit was
seen in the terrace deposits. A few small borrow
pits can be seen in the alluvial fans along the river.
Material from these pits probably was used for mis-
cellaneous fills and road dressing on unpaved, sec—
ondary roads leading away from the river valley.
Numerous small borrow pits have also been dug in the
colluvial slopes adjacent to some of these unpaved
roads. Along Colorado Highway 14 near the mouth of
Joe Wright Creek, the Larimer County Highway Depart-
ment is crushing bouldery colluvial and talus-slope
debris and fractured bedrock for road base.

Although the flood-~plain and terrace deposits
in the mountains do show potential for aggregate,
difficult access, mining in a narrow valley, handling
oversized material, and environmental problems pro-
bably will 1limit most mining activities here. Al-
luvial fan and colluvial deposits are, at best, only
suited very locally for miscellaneous fills and road
dressing.

In the lower part of the river basin, the major
flood~plain and valley-fill deposits consist of clean,
sound, cobbly gravels and medium- to coarse~grained
sands that range in thickness from 10 to 20 ft at
Fort Collins to about 50 ft at Greeley. The over-
burden may attain a thickness of 9 ft, as at Windsor.

Three terrace levels can be distinguished north
of the river between Fort Collins and Windsor. The
6-mile-long lower terrace begins near the mouth of
Boxelder Creek and contains 8 to 32 ft of sand and
gravels, locally cemented, and quite silty. The
intermediate terrace begins near Timnath, widens
near Windsor, and extends downstream to Greeley.

As much as 30 ft of gravel occurs in this terrace;
however, in most places the overburden is quite thick,
creating an overburden:resource ratio as high as 7:1.
Remnants of the highest terrace lie between Timnath
and Windsor and contain about 10 ft of cobbly to
bouldery gravels impregnated in the upper several
feet by calcium carbonate (caliche). The quality

of the sand and gravel in the low terrace over which
much of Greeley is built has been influenced by the
South Platte River but does contain 20 to 30 ft of
clean, sound, pebbly to cobbly gravel and high-quali-
ty coarse sand. Deposits at the south end of this
terrace are the result of South Platte River deposi-
tion and, therefore, contain much finer grained
aggregate than the coarser northern part which is

the result of Cache la Poudre deposition. Several
remnants of a higher terrace, also containing very
clean gravel and sands lie south of the river along

a 4-mile stretch west of Greeley.

Numerous gravel pit operations were noted in the
deposits in this area—33 around Fort Collins, 10
near Timnath, 6 near Windsor, and 39 at Greeley. A-
bout two-thirds of these operations are located ad-
jacent to the river. In Fort Collins the finished
products include concrete and asphalt aggregate,
plaster sand, cement sand, concrete slab bedding,
washed rock, base course and subbase, and decorative



stone (flagstone, crushed sandstone, feldspar, and
quartz sand). Pit run, crusher cleanup, and silt
sand are also sold. Much of the material produced
in Greeley is used for concrete and asphalt aggre-
gate and for base course.

West of Greeley, in the thick, clean terrace
gravels south of the river, are 8 gravel pits oper-
ated by the Colorado Department of Highways. To the
south are 3 other pits in upland deposits of excep-
tionally high quality.

The flood-plain and valley-fill deposits of the
lower Cache la Poudre River obviously are the prime
aggregate resources in this area and definitely
should be considered for mineral conservation. North
of the river the lowest and highest terraces appear
to be significant resources, although not of high-
quality aggregate. Even though a number of pit op-
erations are located here, it is doubtful that the
gravels can be easily upgraded. The amount of fines
and caliche will be significant limiting factors in
their use. The deposits in the middle terrace have
little likelihood of ever being worked mainly because
of the thick overburden. The terraces south of the
river at Greeley have great potential although, as
implied above, much of the lower terrace has been
lost to urbanization.

Altogether, the reserves in the lower river
valley are adequate to meet the demands of the area.
There is a possibility that some of the materials
might be transported by unit train to such aggregate-
scarce areas as Denver. The feasibility of this op-
eration, however, will require further study.

Boxelder Creek: Boxelder Creek heads in the
southern end of the Laramie Range in Colorado, flows
southeastward to Fort Collins, and joins the Cache la
Poudre River.

South of Gilman Mountain the stream emerges from
the hogback area and has built a massive alluvial
fan toward the southeast. The gravels contain sig-
nificant fines, weak rocks, and, several miles down-
slope, a caliche. Well logs indicate that the gra-
vels range from 30 to more than 60 ft in thickness,
with overburden as great as 20 ft. Across Boxelder
Creek from this fan is Rawhide Flats, probably a
large alluvial fan of Rawhide Creek origin.

Along the upper reaches of Boxelder Creek are
several small terrace remnants containing about 20 ft
of silty sand and gravel but with abundant weak
(sedimentary) clasts. Somewhat more suitable gra-
vels lie in the high terrace north of Wellington
at the confluence of Boxelder Creek and Coal Creek.

Although recorded depths and thicknesses appear
erratic in the well logs in the valley north of Wel-
lington, they reveal a rather deep canyon filled
with nearly 100 ft of gravel and clay. In areas
west of Wellington and north of Black Hollow Junc-
tion, the logs show 30 to 100 ft of valley-fill
deposits. The overburden here, however, is so thick
that these areas were excluded as potential resources.

Very few gravel pits were noted in the Boxelder
Creek valley. Two pits were seen in terrace depos-
its—one southwest of Gilman Mountain and one oper-
ated by the Larimer County Highway Department north
of Wellington. Two pits were observed on the allu-
vial fan west of Boxelder Creek. In the flood-plain
and valley-fill deposits, one gravel pit was noted
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east of Buckeye, and one was noted north of Arrow-
head. Although the pit near Arrowhead is shown

in a Cache La Poudre terrace on the map, the
deposits are characteristic Boxelder gravels.

It is unlikely that the immense alluvial
fans along Boxelder Creek will be considered for
more than local needs, such as road base and
miscellaneous fills. The potential of the flood-
plain and valley-fill deposits south of Welling-
ton 1s somewhat questionable because of the
thick overburden and the proximity of the high-
quality gravels along the Cache La Poudre River
near Fort Collins.

Lone Tree Creek and the High Plains

Lone Tree Creek heads in the Laramie Range of
southern Wyoming, flows eastward to an area near
Cheyenne, and then southward into Colorado. The
stream turns southeastward and joins the South Platte
River several miles east of Greeley. This complex
drainage system includes the valleys now occupied
by Lone Tree Creek, Eaton Draw, Spring Creek, lower
Owl Creek, and upper Spottlewood Creek. To supple-
ment the scarce well information in certain areas
of the valley, several lines of holes were drilled
in conjunction with the Colorado Geological Survey's
Windsor Environmental Geology Project.

Several impressive, southeast-trending upland
surfaces flank upper Lone Tree Creek valley. The
2 long surfaces east and west of Carr are covered
by 6 to 10 ft of pebbly to cobbly gravels contain-
ing substantial fines and calcium carbonate. Across
the valley 7 miles southwest of Carr is an 18-mile-
long mesa capped by 10 to 15 ft of pebbly to cobbly
gravels and relatively clean, coarse-grained gravel-
ly sands partially covering a 6~ to 15-ft-thick re-
sistant ledge of cobbly to bouldery conglomerate of
the Chadron Formation (White River Group) .

More than 10 ft of clean, sandy, cobbly and
bouldery gravels are exposed on several terrace lev-
els developed along a 10-mile stretch in the vicini-
ty of Carr.

South of Carr, a large prominent terrace and an
upland surface divide Lone Tree Creek valley into
two branches. Cross channels connect the two branch-
es at several places between Carr and Greeley. Well
logs and drill holes in the valley fills record up
to 40 ft of clean sand and pebbly to cobbly gravels,
the thicker deposits lying in the western valley.
Exposures along the truncated end of the western val-
ley fill just east of Greeley show thick, fine-peb-
ble gravels that probably contain considerable
fines. Overburden becomes significant east of
Pierce and exceeds 20 ft in thickness at higher lev-
els between Eaton and Greeley.

Between Pierce and the South Platte River
are 3 elevated areas that separate the 2 main
valleys. These features appear to be loess-
covered bedrock highs that acted as islands or
interstream divides during one or more stages
of the valley's history. The cross channels
that probably separate these highs suggest a
large~-scale braided stream network.



Only 24 gravel pit operations were noted along
Lone Tree Creek and its associated streams. One of
the largest pits is located on a Lone Tree Creek
terrace 6 miles south of the state line. Gravel
from this site was used in the construction of In-
terstate 25 in this area. Other pits occur east
of the towns of Carr, Nunn, Pierce, and Ault. North-
east of Pierce are several large pits operated by
the Weld County Highway Department. A large opera-
tion northeast of Eaton once was a source of concrete
aggregate but now produces only road base. North of
Nunn are 2 large borrow pits in the west valley fill
and central terrace. Most of the material from the
small pits in this area probably was used for road
base, although some might have been used in the
construction of U. S. Route 85 here, or even as con-
crete and asphalt aggregate in the towns along U. S.
85.

The authors believe that the eastern valley fill
and associated terraces in the vicinity of Carr com-
prise valuable high-quality aggregate resources.

On the basis of test drilling, that part of the west-
ern valley fill upstream from the first cross channel
(southwest of Carr) was denoted as a predominantly
fine-aggregate resource (V3). A VI designation was
given to the fill south of the cross-channel on the
basis of well logs, test drilling, and the interpre-
tation that this once was the major Lone Tree chan-
nel. The VI classification was retained on both
valley fills downstream from an area 4 miles north

of Nunn, where the entire valley noticeably widens
and where the predicted braiding or meandering ful-
ly develops. Much more drilling will, however, be
required to locate the actual channels. Around
Eaton the valleys were somewhat arbitrarily given a
V4 designation because of lack of exposures, absence
of gravel pits, and the fact that the overburden has
thickened to the point where it could be a limiting
factor. Where the deposits were observed northeast
of Greeley, the small size of the gravels probably
will prevent their use as aggregate.

The problems in attempting to evaluate such a
vast resource area as that along Lone Tree Creek are
indeed difficult. First, the landforms are so large
that any one of them could yield a large amount of
usable material. Second, much of this area is
agricultural land and may prove to be more valuable
than the underlying deposits when compared to the
high-quality gravels along the Cache la Poudre
River. Third, being a thick gravel fill, the Lone
Tree deposits represent an important source of water
for the stock and crops of the area. The effects of
large—scale gravel operations and their reclamation
on the ground-water regime cannot be determined
without further study. Fourth, the nature of this
buried system will require considerably more test
drilling and geophysical study to locate the coarse
channel deposits and hence, to determine the most
attractive pit sites. Land use and economic com-
parisons with other areas will be required to ade-
quately determine Lone Tree Creek's potential for
mineral land conservation.

The point at which Lone Tree Creek enters Colo-
rado marks the division between 2 principal physio-
graphic provinces—the Colorado Piedmont and the

High Plains. In Colorado the boundary is marked by
a spectacular escarpment on which are exposed sands,
gravels, and conglomerates of the Ogallala Formation
of late Tertiary age. The High Plains Escarpment

is the southern edge of a vast continuous sheet of
coarse sediments that extends northward into Wyoming
and farther northeastward into Nebraska. Where ob-
served in Colorado, the cobbly and bouldery deposits
are more than 100 ft thick and are quite variable

in soundness, cementation, and percent fines. Ri-
sing above the principal Ogallala mesa are a number
of higher isolated mesas of the same general lithol-
ogy. The only gravel pit noted in this area is on
one of these mesas west of U. S. Route 85 near the
state line. It is not recommended that the entire
Ogallala outcrop area be considered for mineral con-
servation, but only the higher mesas, because they
appear to contain a sufficient volume of gravel to
meet all of the local needs, and because they are
more easily attainable.

Crow Creek

Crow Creek flows southward into Weld County
from Wyoming and joins the South Platte River 4 miles
downstream from Kersey. Porter, Little Simpson,
Geary, Willow, Coal, and Wildhorse Creeks form the
headwaters of Crow Creek.

The upper Crow Creek drainage basin is an area
of broad alluvial fans. The middle reaches of the
drainage are characterized by narrow upland remnants
and the lower reaches by stream terraces and valley-
fill deposits. Lower Crow Creek valley is covered
by grain and livestock farms. A large area of sand
dunes extends from the Crow Creek valley southeast-
ward to the South Platte River. Much of the sand
was derived from the broad Crow Creek valley and
transported by prevailing northwesterly winds.

Along Porter Creek and Little Simpson Creek lie
the dissected remnants of a large alluvial fan com-
plex whose source was ancient Porter Creek in Wyo-
ming. South of these erosional remnants are more
recent alluvial fans also of Porter Creek origin.
The potential of the younger fans is questionable,
but at best, they are fine-aggregate resources. No
pit operations were observed in these units.

The upland deposits along Willow Creek and Geary
Creek and their tributaries are mostly thin, fine-
aggregate resources. In several of the thicker rem-
nants 5 operations have produced coarse sand and fine
gravel that apparently were used for road base. Be-
cause the flood plains of these streams appear to
contain mostly very fine-grained alluvium, they were
not mapped.

Stream terraces along Wildhorse and Coal Creeks
contain thin, fairly clean sands and gravels that
probably do not extend more than 9 miles north of
Colorado Route 14. Four small gravel pits were noted
in the principal terrace. Again the flood plains
consist mostly of very fine-grained alluvium (non-
resource). Thin upland gravels on several hilltops
and surfaces along Coal Creek 6 to 13 miles north
of Purcell were excluded because of their thinness
and deep weathering.



In the vicinity of Hereford, massive fan-shaped
upland deposits border both sides of Crow Creek. The
fan on the east side of Crow Creek originates near
Arcola, Wyoming, 13 miles northwest of Hereford.

This deposit is a pebbly gravel with moderate amounts
of sand. The other major fan heads in Porter Creek
10 miles west-northwest of Hereford and contains
large amounts of sand and minor amounts of pebbly
material. Very few pits are located on these fan-
shaped surfaces south of the Colorado-Wyoming state
1line.

Although there are no important large commercial
operations in the Crow Creek Valley, one sand pit
was noted about 2 miles northeast of Barnsville.

Aggregate in the Crow Creek drainage is important
for local road maintenance, but it is unlikely
that it will ever be an important aggregate—
producing area of the Front Range. The crop-
land and ground-water resources may ultimately
be the most favorable uses of the lower Crow
Creek valley.

Beebe Draw

Beebe Draw heads in northwestern Adams County
as a buried valley, flows northward through Weld
County, and joins the South Platte River near Ker-
sey.

Smith and others (1964, p. 119) report that the
70~ to 100-ft-deep fill of Beebe Draw consists of
cobbles and boulders at depth grading upward to in-
creasingly finer gravel, sand, and clay. Grain and
livestock farms are concentrated on the valley f1ll
of Beebe Draw.

The great amounts of sand that were trans-
ported southeastward from the South Platte River
valley by strong northwesterly winds formed
prominent dunes that have migrated across Beebe
Draw. The extensive dune sands and low-quality
upland gravels west of Beebe Draw apparently
have not been utilized for aggregate.

Box Elder Creek

Box Elder Creek flows northward through Arapa-
hoe and Adams Counties and into Weld County, joining
the South Platte River 5 miles downstream from Ker-
sey. Large grain and livestock farms have been
developed on the valley fills of Box Elder Creek and
its tributaries. Smith and others (1964, p. 121)
report up to 85 ft of gravel, sand, and clay in the
valley fill. As in the case of Beebe Draw, winds
have carried sand and fine-grained material out of
the valley and across the bedrock uplands, often
damming smaller stream valleys. Although the dune
areas do not produce clean quality sand, some has
been used for road base; however, it is unlikely
that the material will be used for more than local
needs in the foreseeable future. No gravel opera-
tions were observed in the Box Elder drainage. It
is 1likely that the farming and the ground water
upon which it depends will be more important and
valuable than any commercial aggregate that might
be designated.

Lost Creek

Lost Creek heads near Prospect Valley in south-
eastern Weld County and flows northward to join the
South Platte River about 3 miles above Masters. The
broad valley fills in the upper reaches of Lost Creek
are covered by grain and livestock farms. There are
no good exposures of aggregate along stream courses,
and extensive exploration will be required to locate
any sand and gravel in the thick alluvial fill. The
lower reach of Lost Creek between Prospect Valley
and the South Platte River is dammed by extensive
dune fields that cover many tens of square miles.

No sand or gravel pits were observed anywhere in
the drainage.

Kiowa Creek

Kiowa Creek heads in southern Elbert County,
flows northward through Arapahoe, Adams, and Weld
Counties, then turning, flows eastward into Morgan
County where it joins the South Platte River. The
farm-covered valley fill of Kiowa Creek is not known
to have produced any aggregates. Extensive explora-
tion will be required to determine if any gravels
are buried in the valley. In Weld County, Kiowa
Creek is flanked by several square miles of wind-
deposited sands that were probably utilized when
Interstate 80 was constructed through this area.

Bijou Creek

The source area of Bijou Creek lies in northern
El Paso and southern Elbert Counties. Bijou and West
Bijou Creeks flow northward into Arapahoe County and
join in Adams County. Bijou Creek enters the South
Platte River near Fort Morgan in Morgan County.

Coarse sand aggregate is produced from broad
interstream uplands along Bijou Creek in southeast-
ern Arapahoe County. A few large pits have been
developed on the eastern edge of an upland deposit
between Wilson Creek and Bijou Creek 2 miles south-
west of Deer Trail; and a few other small pits have
been developed 12 miles south of Strasburg on the
eastern edge of another upland bordering West Bijou
Creek. Thick deposits of wind-blown silt and sand
cover most of this surface and only the eastern
edge is shown as a resource on Plate 2.

Farms cover most of the broad valley-fill and
stream-terrace deposits along Bijou Creek in Arapa-
hoe and Adams Counties. These deposits consist of
fine to coarse sands and have not been developed for
aggregate. Concrete aggregate used in this area
comes from the South Platte River north of Denver.

Pawnee and Cedar Creeks

Cedar and North Pawnee Creeks head in the
Pawnee Buttes area of northeastern Weld County.
This extensive upland is bounded by prominent
escarpments on its western and southern margins
and is mantled by unconsolidated sands and gravels
of the Ogallala Formation of late Tertiary age.
This material consists primarily of clean sand,
with minor amounts of granitic pebbles and cobbles,
and measures at least 20 ft in thickness.



Just south of the High Plains Escarpment and
somewhat parallel to it are a series of long, nar-
row, sinuous hills composed cf clean sand and minor
amounts of fine- to coarse-grained crystalline gra-
vel. These deposits, probably exceeding 20 ft in
thickness, represent ancient channel fills that were
cut into the underlying siltstone bedrock (Norman
Denson, 1974, personal communication; Galbreath,
1953) . North of Raymer are several minor south-
easterly-trending upland deposits that exceed 6 ft
in thickness and are composed of calcareous gravel-
ly sand. Extensive deposits of well-sorted dune
sand occur in the area south of Stoneham. The
principal use of aggregate extracted in the Pawnee
Buttes—Raymer area is the surfacing of county roads.

South Platte River

The South Platte River drains nearly three-
fourths of the entire project area. The South Fork
South Platte River flows southeastward through South
Park to Elevenmile Canyon Reservoir, where it turns
northeastward. It leaves the Front Range and enters
the Colorado Piedmont province at Kassler, a small
town about 25 miles southwest of Denver. The over-
all drainage is toward the northeast to the vicinity
of Greeley, where the river turns eastward, eventual-
ly joining the North Platte River 225 miles down-
stream at North Platte, Nebraska.

In most places the river's flood plain averages
about 1 mile in width and is flanked by distinct
terraces that are separated by fairly prominent
scarps and that usually lie south and east of the
river. Former courses of the river and its tribu-
taries are indicated by series of small gravel-
capped hills that parallel the present course, by
unusually thick deposits recorded in wells located
on broad terraces, and by maps of bedrock topography
published in water reports. As the river deepened
its channel into older valley-fill deposits, consid-
erable fine-grained material was made available for
wind transport; consequently, large, conspicuous
sand-dune fields blanket much of the area south and
east of the river, usually concealing portions of
terraces and tributary valleys. For purposes of
discussion, the South Platte River is divided into
three sections: 1) Denver reach (Kassler to Bright-
on), 2) Platteville reach (Brighton to Greeley),
and 3) Kersey reach (Greeley to Weld-Morgan County
line).

In the Denver reach, the river flows directly
through Denver and most of its suburbs. The flood-
plain and lower terrace deposits generally are com-
posed of sound, clean, pebbly and cobbly gravels
and clean, well-graded sands. As much as 50 ft of
resource is recorded in the wells in Littleton.

Even near the valley margins the thickness may reach
20 ft. Downstream, the deposits become thinner

(20 to 40 ft) and finer grained. On the river near
Hazeltine, cobbly gravel is rare, and sand is more
abundant.

An interesting gravel deposit in the Denver
area is the Broadway alluvium (Hunt, 1954, p. 104;
Scott, 1960), which forms a high extensive terrace
lying almost exclusively east of the river. In the
Commerce City area the deposit consists of 10 to

15 ft of pebbly gravel and fairly clean sand. How-
ever, overburden, in the form of wind-blown sand and
silt, appears to thicken rapidly toward the south-
east. Further downstream, in the Henderson area,
the percentage of fines increases noticeably, and
the gravel size decreases. This decline in quality
is also evidenced by the decrease in the number of
gravel pits northward from Dupont. Because it over-
lies the older, principal valley-fill gravels seen
along the river, the Broadway alluvium could be
considered as overburden where its quality becomes
marginal. Indeed, this is the case in the Henderson
area, which has complicated the mapping of economic
Broadway deposits there. Northeast of Henderson,
the terrace widens and continues downstream for many
miles; however, because of decreasing grain size,

it is mapped as a fine-aggregate resource.

Upland deposits near the river occur in Little-
ton along Massey Draw and Dutch Creek, and on small
gravel-capped hills between Northglenn and Brighton.
The thick Massey Draw gravels contain significant
fines and some weathered rock but currently are
being processed at a plant just south of the creek
on Garrison Street. The gravels on the hills south-
west of Brighton are thin, deeply weathered, and
locally cemented, but have been excavated in several
places.

Nearly 100 active and inactive gravel pits
were noted along the South Platte River and its
terraces in the Denver reach. Most of the material
has been used by both private firms and governmental
agencies for concrete aggregate and asphalt mix.
Until recently, overburden (topsoil), squeegee
(coarse sand) and fines had accumulated in some areas.
At present, these materials also are in great demand
for use as street sand, asphalt sand, backfill, and
concrete slab bedding. Many operations along the
river also run gold-recovery systems. Although most
of the aggregate produced is used in the metropoli-
tan area, some is shipped by rail as far as Limon and
Cheyenne Wells, in eastern Colorado.

A number of depleted areas within Denver have
undergone sanitary landfilling and subsequently
have been converted to industrial sites. Several
pits in Sheridan and Englewood currently are under-
going sanitary landfilling. Even though Denver
County continues to produce some sand and gravel,
most of the high-quality deposits unfortunately have
been lost to urbanization. A similar encroachment
problem is apparent in some of the suburbs. Al-
though Chatfield Lake, currently under construction
on the South Platte River in Littleton, will cover
1150 acres of valuable gravel land and will affect
an additional 3350 acres of land, mining is current-
ly in progress there. Possibilities exist for simul-
taneous underwater excavation and recreational de-
velopment (Pickels, 1970, p. 50) .

The flood-plain and lower terrace deposits in
the Denver area obviously are prime sources of high-
quality aggregate. As mentioned above, however,
much of the resource has been lost to urbanization.
Between Denver and Brighton, the valley gravels
gradually become finer grained and contain in-
creasing amounts of sand and clay. The limit
of definite commercial value was approximated




on the basis of field observations, personal
communications, and the distribution of gravel
pits. The broad, high terrace between Plum
Creek and the river near Chatfield Lake is an
enormous reserve of good quality fine aggregate.

The Broadway terrace deposits within Denver are
largely unevaluated, but the numerous gravel pits
on the terrace edge north of Sand Creek indicate
that the deposit is a prime resource. Downstream,
the gravels are finer grained and contain more sand
and fines. In the Hazeltine-Henderson area, the
quality is marginal, based on data from several con-
sultants. Therefore, only a narrow strip of commer-
cial material was delineated. Even though good
quality gravels exist in the old valley fill beneath
the Broadway, the deteriorating quality of the
alluvium will be a serious limiting factor for gravel
extraction in this area. Where the terrace widens
northeast of Henderson, the landform is quite dis-
tinct; a sizeable portion of it may, however, be
found noncommercial when more data are available.

In the Platteville reach, the flood plain widens
to 1) miles and overlies 25 to 80 ft of valley-fill
sands and gravels. The mile-wide Broadway terrace
equivalent (Kersey terrace) east of the river over-
lies 27 to 100 ft of terrace and valley-fill sand
and gravel containing interbedded clays and silts.
Between Platteville and the St. Vrain Creek conflu-
ence, the terrace widens markedly to about 2} miles.
Exposures on the terrace edge show more than 20 ft
of clean, fine- to coarse-grained sands and sandy,
pebbly gravels. However, the gravels account for
only 10 to 20 percent of the exposed deposit. Data
from the large terrace between the South Platte River
and St. Vrain Creek show that the west side, influ-
enced by St. Vrain Creek, contains coarser material
than the east side, which was influenced more by the
South Platte River.

The bedrock topographic maps of Smith and others
(1964) and exceptionally thick deposits recorded in
well logs both indicate several, deep former channels
of the South Platte River and its tributaries in
this area. One principal channel extends from Fort
Lupton to an area southeast of Evans, where it is
joined by another channel that emerges from the St.
Vrain Creek valley 13 miles upstream. The buried
channel of Beebe Draw enters the river valley at
Lower Latham Reservoir and joins the main river chan-
nel northeast of Kersey. Although the upper 20 ft
or more of the Kersey terrace deposits are fine-aggre
gate resources, coarser gravels probably exist in the
ancient channels. . Their depth, water—-table condi-

tions, and existing land use may make them uneconomic.

A number of sand and gravel pits in the lower
Platteville reach occur on the edge of the Kersey
terrace. Some of the inactive sand pits east of
Wattenberg and around Platteville have been convert-
ed to landfills and cattle feed lots. The sand has
been used as road salt and could be a component of
road base. Sixteen pits in the Greeley-Evans area
have produced excellent coarse sand and pebbly gra-
vel. Two other operations currently are extracting
gravel on the flood plain at Evans. Although gra-
vels may occur locally near the surface and in buried
channels along the river, the overall valley low-
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lands in this reach probably contain fine-aggregate
resources. The Kersey terrace deposits and others
just east of Greeley have yielded excellent mater-—
ials; but because of their small grain size, they
will not meet all specifications for concrete aggre-
gate. The channel gravels buried beneath the Ker-
sey terrace have little chance of being utilized for
reasons stated earlier.

The South Platte River flows southeastward
through the Kersey reach after a curious change in
direction east of Greeley. Southeast of Kersey,
both the flood plain and Kersey terrace diminish in
width to 1 mile or less. Although more than 15 ft
of clean, coarse sand was seen on the Kersey terrace,
some pebbly and cobbly gravels may occur at depth.
Below the level of the Kersey terrace lies the Kuner
terrace which also contains clean, coarse sands.

The deposits in the flood plain and valley fill

may exceed 100 ft in thickness and vary considerably
in grain size. South of Kersey, near the mouth of
Box Elder Creek, are 2 small upland deposits con-—
taining 8 ft of good quality gravel impregnated with
calcium carbonate.

Great amounts of sand and finer grained mater-
ial have been blown out of the stream valleys and
deposited across the bedrock uplands on both sides
of the river valley as extensive dune fields. In
addition to mantling portions of the river's flood
plain and terraces, the sand dumes, as much as 100 ft
high, have partially buried the tributary valleys of
Beebe Draw, Crow Creek, Box Elder Creek, Lost Creek,
Kiowa Creek, Bijou Creek, and others east of the
project area.

Only 7 sand pits were noted on the Kersey ter-
race in this reach. The material extracted apparent-
ly was used for road dressing. No pits were noted
on the Kuner terrace or on the flood plain, but 2
were seen in the sand dunes west of Empire Reservoir.

Because the alluvial deposits of the South
Platte River and its tributaries constitute the prin-
cipal aquifers in this area, grain and livestock
farming have been extensively developed on the broad
Kersey terrace and valley lowlands. Although addi-
tional drilling and geophysical studies are needed
to accurately determine the extent of coarse aggre-
gate, it is unlikely that these deposits will be of
substantial commercial value because 1) the value
and potential of the present farmland may exceed
the value of aggregate, 2) coarse gravel is not
readily attainable in this area, and 3) good quality
coarse sand is in ample supply near the markets up-
stream.



SAND AND GRAVEL RESOURCES OF THE ARKANSAS RIVER BASIN

The Arkansas River Basin includes those parts
of E1 Paso and Pueblo Counties drained by the Arkan-
sas River and its tributaries (Fig. 4). The prin-
cipal tributaries of the Arkansas River in the study
area are Fountain Creek, St. Charles River, Chico
Creek, and the Huerfano River. The sand and gravel
deposits within each tributary drainage system are
discussed starting with Fountain Creek at Pueblo
and progressing down the Arkansas River to the Huer-
fano River. A discussion of sand and gravel deposits
associated with the mainstream Arkansas River con-
cludes the discussion of the basin.

Fountain Creek

The source of Fountain Creek is in the moun-
tains west of Colorado Springs. At Colorado Springs,
Fountain Creek turns south and joins the Arkansas
River at Pueblo 30 miles away. Fountain Creek and its
tributaries drain a north-south strip of El Paso
and Pueblo Counties extending from the Palmer Lake
area on the north through Colorado Springs to Pueblo.

Within the drainage basin of Fountain Creek are
alluvial fan, upland, flood-plain, stream terrace,
valley-£fill and wind-blown types of sand and gravel
deposits. The most important alluvial fan and upland
mesa gravel deposits extend from the mountain front
eastward to Fountain Creek. Close to the mountains,
the upland deposits contain decomposed boulders and
large amounts of silt and clay. Generally, these
deposits are poor sources of high-quality sand and
gravel, but may be important producers of base course
or road dressing material. Some aggregate in
these deposits might be upgraded to meet asphalt
specifications. Upland mesa deposits generally
improve in quality with distance from the moun-
tain front, and many of the gravel pits develop-
ed on these mesas produce high-quality concrete
aggregate. Several mesas contain up to 30 ft
of sand and gravel; however, in places up to
10 ft of wind-deposited material (loess) may
cap the aggregate. The most important operations
on these upland deposits are the Broderick and
Gibbons pits located on '"The Mesa'" in northwest
Colorado Springs and the Schmidt Construction
Inc. pits located on a large mesa 2 miles south-
west of Fountain.

Upland deposits on both sides of Fountain Creek
below Security produce aggregate suitable for asphalt,
and in some cases these aggregates may be upgraded
to concrete specifications. Most upland mesa gravel
deposits in the Colorado Springs area have been lost
to urbanization or lie within the Air Force Academy
and Fort Carson Military Reservation. The only major
gravel deposits other than uplands in the Colorad?
Springs area lie within the flood plain of Fountain
Creek and on the stream terraces of Fountain and
Monument Creeks.

Colorado Springs lies on broad stream terraces
of Fountain and Monument Creeks; only flood plains
and terraces of the lower reaches of Fountain Creek
contain significant reserves of sand and gravel. Tﬁe
most important sand and gravel operations on Fountain

Creek are located between Colorado Springs and Foun-
tain. There are only a few aggregate pits on Foun-
tain Creek between Fountain and Pueblo. Drilling
along this stretch has disclosed gravels both in the
flood plain and on stream terraces (Tom Ledgerwood,
1973, personal commun.).

Several high quality sand deposits lie east of
Monument and Fountain Creeks in the Colorado Springs
area. Sand dunes mantle 2 large areas of clean,
coarse—grained water deposited (alluvial) sands.
of these areas is southeast of the U. S. Air Force
Academy between Cottonwood and Pine Creeks. Fountain
Sand and Gravel Company produces 600 tons of hydra-
frac sand each week from this area for use in hy-
draulic fracturing operations in oil field reservoirs
(Fig. 5). They also produce blast sand, well pack
sand, filter sands, pipeline sand, engine sand, and
other specialties requiring a clean, dry, close-
specification, high-silica sand (R. W. Sack, The
Fountain Sand and Gravel Company, 1974, personal
commun.). The other area of sand deposits is
located between Colorado Springs and Security
near the mouth of Sand Creek. These sands are
mined and then mixed with coarse gravels and
quarry rock to meet various aggregate specifi-
cations. About 60 percent of the quarry aggre-
gate mix is made up of this sand-size material.
Daniels Sand Company, Schmidt Construction Com-
pany, and Castle Concrete Company are the princi-
pal operators in the Sand Creek area.

One

Fountain Sand and Gravel Company hydra-
This deposit sup-
plies the petroleum industry in the United States
and Canada with coarse-grained quartz sands that are

Figure 5.
frac sands in E1 Paso County.

used to increase the recovery of oil. The pit is
located 1 mile east of the south entrance of the
U. S. Air Force Academy. Photograph by P. C. Wic-
klein.



Northeast of Colorado Springs near the head-
waters of Sand Creek, alluvial-fan,upland, valley-
fi11, and flood-plain deposits of coarse sands derived
from the Dawson Arkose highlands of northern El1 Paso
County are commercial and are presently being mined
for aggregate. Coarse sand also is being mined from
the south end of a large sand-capped mesa 5 miles
northeast of the mouth of Fountain Creek at Pueblo.

We suggest that a follow-up study be conduct-
ed to determine the origin and extent of the
Cottonwood Creek and Sand Creek deposits and
how much of these particular aggregates are
required for the future needs of Colorado Springs
and the petroleum industry.

St. Charles River

The St. Charles River enters southwestern Pueblo
County from the west, flows generally northeast, and
joins the Arkansas River 2 miles east of Pueblo. Up-

land deposits are important sources of sand and gravel

in the Rye, Colorado City, and Beulah areas.

Upland mesas in the Rye-Colorado City area are
capped by deposits of sand and gravel. These de-
posits commonly range between 5 and 20 ft in thick-
ness with 4 to 6 ft of overburden. The content of
calcium carbonate, incompetent rock, silt and clay
varies among deposits. The few widely scattered
aggregate deposits in southwestern Pueblo County
are needed for road maintainance and community de-
velopment in that area.

Good gravels are found in the upland and terrace
deposits along North, Middle, South, and Squirrel
Creeks, near Beulah, Colorado. Many of these upland
sand and gravel deposits exceed 10 ft in thickness
but contain significant amounts of incompetent rock,
silt, and clay.

Near Pueblo, high stream terraces on both
sides of the St. Charles are important potential
sources of sand and gravel. The flood plain of
the St. Charles River, generally a poor source
of aggregate, contains good quality aggregate
west of Interstate 25. Lower terraces along the
St. Charles west of Interstate 25 also are sources
of good quality sand and gravel, and a few deposits
near Burnt Mill have been worked. No significant
deposits of sand or gravel were found in the
flood plain or in the stream terraces of Greenhorn
Creek.

Chico and Black Squirrel Creeks

Chico Creek and its principal tributary,
Black Squirrel Creek, drain a large part of east-
ern El Paso and northeastern Pueble Counties.
Northeastern E1 Paso County is drained in part
by Big Sandy Creek and a few other creeks not
related to Chico Creek; however, these other
areas are so similar to the Chico-Black Squirrel
drainage system that they will be included in
this discussion. Nearly the entire eastern part
of El Paso County and northeastern Pueblo County
is covered by fine-aggregate sand resources.
Deposits vary from coarse pebbly sands of the
flood-plain, stream-terrace, valley-fill, alluvial-
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fan and upland deposits to fine wind-deposited
dune sands. It appears that the sand in these
deposits originally was derived from the highlands
of Dawson Arkose located in north-central El

Paso, southeastern Douglas, and southern Elbert
Counties. Upland deposits are up to 20 ft thick
and have practically no overburden. These deposits
also generally contain a large percentage of

silt and clay. Along Colorado Highway 50 near

the Arkansas River in northeastern Pueblo County,
many pits have been developed on the scarps of
these upland deposits. Alluvial-fan deposits
consist of reworked aggregate or slope wash
derived directly from outcrops of Dawson Arkose.
Stream-terrace and flood-plain deposits may
represent primary, secondary, or even tertiary
deposits of aggregate derived from Dawson Arkose.
The large dune fields in this area were deposited
by dominant northwesterly winds that transported
sand from the flood plain of Black Squirrel Creek.
Small individual sand dunes scattered across the
coarse-sand upland deposits generally are associated
with sand blowouts. The widespread sand aggre-
gates of this region are important in maintaining
the road systems in E1 Paso County and Pueblo
County.

Huerfano River

The Huerfano River, nearly 100 miles long, heads
in the Sangre De Cristo Mountains 65 miles southwest
of Pueblo, flows northeastward and joins the Arkan-
sas River south of Boone. Despite the river's im-
pressive length, mappable sand and gravel deposits
in Pueblo County extend only 20 miles upstream from
the Arkansas confluence. Further upstream, the river
flows through narrow canyons incised as much as 300 ft
into sandstones, shales, and limestones.

Although one water well along the river penetra-
ted 32 ft of flood-plain and valley-fill deposits,
greater depths were recorded near the river mouth,
but these are, in part, due to Arkansas River deposi-
tion. Only sand and silt were seen along the river
channel, and high quality coarse aggregate is not
anticipated at depth because the source materials for
a considerable distance upstream consist of fine-
grained, incompetent sedimentary rocks.

The high terrace deposits flanking both sides of
the river vary from 5 to 10 ft in thickness, although
one small remnant measured 15 ft. 1In most places
significant calcium carbonate has developed, and the
gravels contain abundant fines and weak rocks. As
much as 8 ft of silt and clay is exposed on the lower
terrace.

Capping the Hooker Hills 6 miles from the river
mouth are deeply weathered, silty upland gravels up
to 15 ft thick. Thinner upland remnants lie at a
lower level between the Hooker Hills and the river.

Of the 6 sand and gravel pits noted in the Huer-
fano River valley, all but one are located on the
higher terrace level. The best quality material was
observed in the two pits nearest the river mouth.
Although part of an Arkansas River terrace, the mat-
erial here undoubtedly was influenced by the Huerfano
River at some time in the past.
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Compared with the vast amounts of high-quality
sand and gravel available along the Arkansas River,
the relatively poorer quality deposits along the
Huerfano River have little potential for more than
local road repair, fills, and earth embankments.

Arkansas River

The Arkansas River, which heads in the mountains
of northern Lake County near Leadville, enters the
plains at Canon City and flows eastward across east-
ern Fremont and Pueblo Counties. The flood plain
and terraces along the Arkansas River between the
western boundary of Pueblo County and the confluence
with the St. Charles River contain extensive deposits
of sand and gravel. Tributary streams, with the
exception of the Red Creek and Turkey Creek drainages
which contain limited reserves of sand and gravel,
tend to be devoid of commercial quality aggregate.
The flood plain of the Arkansas River consists of
approximately 25 ft of clean, sound sand and gravel
beneath 4 to 12 ft of fine-grained overburden. This
aggregate is being recovered from a flooded pit near
the junction with Blue Ribbon Creek just west of
Pueblo.

Upstream from the town of Goodnight, stream
terraces tend to be limited in areal extent and are
composed of about 10 ft of pebbly to cobbly granitic’
gravel that includes a small amount of calcium car-
bonate, silt, and clay in the upper few feet of the
deposit. Overburden thins toward the edge of the
terraces. The broad terraces along the south side
of the river between Goodnight and the St. Charles
River are made up of about 16 ft of sand and gravel
lying beneath 5 to 30 ft of wind-deposited silty
sand that thickens with increasing distance from the
flood plain. The aggregate resource on the terrace
segments between Goodnight and Salt Creek has been
entirely lost to urbanization.

The wide, prominent terrace lying south of the
river extends downstream past the St. Charles and
Huerfano Rivers toward Fowler. The deposits beneath
the terrace vary from 6 to 20 ft in thickness and
consist of fairly clean pebbly to cobbly gravels with
equal amounts of sand. The southern or upslope
limit of the terrace is uncertain because of thicken-
ing deposits of clay, silt, and sand derived from
the river valley by wind transport and from several
northeastward flowing tributary streams that head
in the fine-grained terrain to the south. Two lower
terraces lie on the north side of the river and in
places contain more than 15 ft of clean sands and
gravels.

Between the St. Charles and Huerfano Rivers,
about 4 miles south of the Arkansas River, lies a
series of small gravel-capped hills, probably the
remnants of a former position of the Arkansas River.
Although they are old, high upland gravels, these
deposits are not so deeply weathered as might be
expected.

Most of the 21 active and abandoned gravel op-
erations noted on the high terrace south of the river
1ie within % mile of the river bluffs. There the
overburden is thin to nonexistent, and access to
Pueblo is excellent on U. S. Highway 50 and Colo-
rado Highway 96. Seven other operations were noted

on the high terrace at and southeast of Boone. The
gravels extracted from these areas have been used

for concrete and asphalt aggregate throughout the
Pueblo area. Even with the abundance of high-quality
river terrace gravels, 4 operations have been started
on the relatively high-quality upland gravels south
of the river. It is likely that these gravels will
continue to be of importance in the Pueblo area.

Most of the activity will be concentrated on the
terraces and probably within the *%-mile strip de-
scribed above. The flood-plain and lower terrace
deposits appear to have great potential but will
require much more testing and evaluation as to ground
water depth, grain size limitations, and land use.

SAND AND GRAVEL RESOURCES OF THE LARAMIE RIVER BASIN

Heading in the high glaciated peaks of the Med-
icine Bow Mountains in western Larimer County (Fig.
4), the Laramie River flows northward into Wyoming
and northeastward toward Laramie.

In general, most of the flood-plain, terrace,
and alluvial fan deposits along the river are of
poorer quality than most seen along other mountain
streams and along comparable rivers on the plains.
The terraces flanking the river downstream from Stub
Creek are more prominent than those upstream. Just
above Stub Creek is a valley constriction caused by
a series of glacial end moraines. Downstream the
higher terraces are well defined and consist of 10
to 20 ft of pebbly, cobbly, and bouldery gravel with
significant silt and clay, weak sedimentary clasts
and decomposed igneous rock. Field observations
suggest that the thickness of the gravels decreases
rapidly away from the river.

Numerous small alluvial fans have been built
out onto the terrace by tributary streams and may
contain up to 15 ft of silt, sand, and angular boul-
ders.

In several exposures along the river, the flood-
plain deposits appear to contain some pebbly and
cobbly gravels and sands of undetermined thickness.

One gravel pit was noted in sandy, pebbly, and
cobbly terrace sediments south of the Stub Creek con-
fluence. In the fall of 1973, the Larimer County
Highway Department was borrowing terrace gravel for
local road repair just west of Four Corners. East
of Gleneyre School, on the southern end of Crazy
Mountain, is an operation in deeply weathered and
disintegrated granite (grus).

The alluvial fan gravels along the river probab-
ly have no potential as sources of aggregate because
of their high amount of fines, oversize material,
and the necessary upgrading. They can be used local-
ly for road dressing. The terrace deposits are of
slightly better quality; but because of the sedi-
mentary clasts and decomposed rocks in them, it is
doubtful whether they could be easily upgraded for
high-quality aggregate. However, since most of the
roads in the valley are gravel-based these terraces
and the weathered granite of Crazy Mountain should
be excellent sources of road base and subbase. The
deposits are more than adequate to meet the local
needs in the valley, provided that no rapid growth
is projected for the area.



QUARRY AGGREGATE

Quarry aggregate is any crushed rock produced
from a bedrock quarry. The principal Front Range
rock types that may be suitable for quarry aggregate
are granite, gneiss, basaltic rock, quartzite, lime-
stone, dolomite, rhyolite, and conglomerate. Sand-
stone, shale, and schist are generally unsuitable
for quarry aggregate. The major quarries producing
aggregate in the Denver area are the Cooley Gravel
Company quarry at Morrison and the Specification
Aggregate, Inc. quarry at Golden. Both quarries
are located in an area of Precambrian gneisses and
schists (Plate 2). The only major aggregate pro-
ducer north of Denver is the Andesite Rock Company
quarry located in fine-grained intrusive rock near
Lyons (Plate 1).

There are several aggregate-producing quarries
in the Colorado Springs area. The Schmidt Construc-
tion, Inc. quarry is located in Pikes Peak granite;
and Castle Concrete Company's Snyder, Queen's Can-
yon, and Lennox-Breed quarries are in Paleozoic
limestones and dolomites of the Rampart Range (Plate
3

Gneisses and Schists

The quality of quarry aggregate in the outcrop
areas of the Precambrian gneisses and schists varies
considerably from place to place. The principal quar-
ries are in Jefferson County.

The Morrison Quarry, operated by the Cooley Gra-
vel Company, lies on a 200-acre tract along Strain
Gulch, about 1% miles south of Morrison. Although
intensely fractured in places, the granite, gneiss,
and schist that are quarried here do require periodic
blasting. Rock products from the quarry include road
base, quarry fines (structural fill), and surge rock.

The Specification Aggregates, Inc., quarry
is located above the 0ld Heidelberg Inn, 2 miles
south of Golden off U.S. Highway 40(Fig. 6).

About two-thirds of the crushed and uncrushed
granite and gneiss quarried here is used as

riprap for the Chatfield Lake State Recreation
Area in Littleton. Other products include concrete
aggregate, road base, and asphalt binder.

Highly fractured biotite gneiss, garnet gneiss,
and granite lenses are exposed in a 100-ft excavation
at the Clear Creek quarry, which is located adjacent
to U. S. Highway 6, half a mile west of Golden in
Clear Creek Canyon. Angular talus debris and coarse
crushed rock are used for riprap. Coarse sand and
finer crushed rock are used for concrete aggregate,
base course, and ballast (Van Hornm, 1957; Hickey,
1950). A smaller quarry in similar rock types lies
across the canyon on Colorow Hill, west of Lookout
Mountain.

Two other rock quarries are situated in the
highly fractured gneisses and schists in the Turkey
Creek and Deer Creek canyons, southwest of Denver.
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Figure 6. Air-track drilling in the Specification
Aggregates Inc. Quarry, Jefferson County. Quarry
aggregate is important to the Denver market. Photo-

graph by A. L. Hornbaker, Colorado Geological Sur-
vey.

Granitic Rocks

Boulder Creek Batholith: The outcrop area of
the Boulder Creek batholith is primarily in Boulder
County. This rock is a medium- to fine-grained
granodiorite and might be developed as a quarry aggre-
gate in a few places. A few small outcrops of younger
fine- to medium-grained Silver Plume granite in the
same area might also be utilized as quarry aggregate.

Sherman Granite: The mountainous part of Lari-
mer County lying north of the Cache la Poudre River
and east of the Laramie River is the principal out-
crop area of the Sherman Granite in Colorado. Weath-
ering has produced a deep layer of grus (decomposed
granite) over much of the Sherman Granite in this
region. This grus, used as road-surfacing material
on many local roads, is generally mined from the
sides of road cuts near the site of intended use.

Some grus pits were found in Larimer County, but road-
surfacing aggregate appeared to be the principal use
made of the material. Aggregate for paved county
roads is obtained from stream deposits near Fort
Collins; however, it is possible that grus may be just
as satisfactory for asphalt aggregate.

Pikes Peak Batholith: The Pikes Peak Batholith
of Jefferson, Douglas, and E1 Paso Counties is a com-
plex coarse-grained granitic intrusive. Although
most of the Pikes Peak Batholith is too coarse grained
to make a quality crushed aggregate, Schmidt Con-
struction Inc. is quarrying a biotite-poor, medium-
grained phase of the granite in Turkey Creek Canyon
15 miles southwest of Colorado Springs. This aggre-
gate meets Colorado Division of Highways specifica-
tions for concrete aggregate and is being shipped
as far east as Limon.
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Schmidt Quarry is the only major quarry in gran-
ite of the Rampart Range; however, exploration of the
batholith may reveal other areas where the rock is
also suitable for quarry aggregate.

Basaltic Flows and Intrusives

All the potential basaltic and andesitic quarry
aggregate occurs in central Jefferson County and eas-
tern Boulder County. North and South Table Mountains
in Golden are ancient lava flows that cover an area
of nearly 3% sq mi. The two upper flows total about
150 ft in thickness and are composed of hard, dense,
resistant shoshonite, a fine-grained potassium-rich
basalt. These flows were quarried at 4 localities
on South Table Mountain and at one on North Table
Mountain. Van Horn (1957) states that the rock has
been used for concrete aggregate, riprap, road metal,
and building stone. Hard, durable monzonite in the
so-called "Ralston Dike" north of Golden also was
quarried for concrete aggregate, riprap, and road
metal. Alteration and weathered zones, slope stabil-
ity, esthetic and land-use problems will be serious
limiting factors to the development of these quarry
aggregates in Jefferson County.

The fine-grained, potential quarry aggregates in
eastern Boulder County include the basaltic dike at
Valmont Butte, east of Boulder, and the andesitic
intrusive in the mountains southwest of Lyons. Rock
from the quarry near Lyons is crushed and used for
road material, concrete aggregate, septic-system
rock, filter media, riprap, and decorative stone. The
rock quarried at the west end of Valmont Dike around
the turn of the century was used as building stone
and in cobblestone pavement.

Quartzite

The Coal Creek quartzite in Jefferson County is
an extremely hard and tenacious rock that, upon crush-
ing, produces clean, angular fragments and very little
dust. These qualities and the proximity to the
Boulder-Denver market make this rock very attractive
as quarry aggregate. Road access and environmental
concerns may, however, severely limit the location
of potential quarry sites.

Limestones and Dolomites

Some of the Paleozoic limestones and dolomites
of the Front Range make excellent concrete aggregate.
Outcrops of these rocks are found in Jeffersomn, Doug-
las, and El Paso Counties, but large quarries are
developed in El Paso County only, near Colorado
Springs. The Lennox-Breed and Queen's Canyon quar-
ries are well-known quarries, but the Snyder Quarry
is planned as an underground operation. Aggregate
from these quarries is important to the Colorado
Springs market and has been used in the construction
of the NORAD complex and Air Force Academy. Plates
2 and 3 show the location of these rocks and the

principal quarries.

Rhyolite

Rhyolite lava flows cap mesas through out
much of eastern Douglas County. This rock was quar-
ried near Castle Rock, and has had limited use as
building stone, rubble masonry, riprap, and veneer
in private homes and small public buildings (Lindvall,
1968) . Testing might demonstrate this rock's suita-
bility for crushed aggregate. Although this rock is
now located far from principal urban growth centers,
it is strategically located in a potential growth
area between Denver and Colorado Springs.

Conglomerates

Conglomerates are cemented clastic rocks con-
taining rounded rock fragments that correspond in
size to gravel or pebbles. Four units in the study
area might be classified as conglomerates. With the
exception of the Green Mountain Conglomerate, con-
glomerates were omitted from the regional maps but
appear on the 7%-min quadrangles in the atlas.

In the Colorado Springs-Castle Rock area, the
Colorado Springs member of the Dawson Arkose is con-
glomeratic. This formation is mined in a few places
where the material is poorly consolidated; however,
in most places the rock would require blasting and
crushing, Since no evidence was found that the
formation has been crushed for aggregate anywhere
along the Front Range, the unit is not shown on the
maps that accompany this report.

The Castle Rock conglomerate, which crops out
in the Castle Rock area, is similar to the Colorado
Springs member of the Dawson Arkose in that it will
require blasting and crushing before it can be uti-
lized as aggregate.

The Green Mountain formation is a 650-ft-thick
deposit of conglomerate, claystone, and sandstone
on Green Mountain located in the Lakewood-Golden
area of Jefferson County. The Green Mountain Con-
glomerate is shown on Plate 2 as an unevaluated up-
land deposit. A large part of the formation lies
within a Lakewood city park, and there is no evidence
the formation ever has been mined for aggregate.
Mining the Green Mountain Conglomerate will require
that certain engineering and environmental problems
be overcome.

Several hills along Lone Tree Creek 5 miles
south of Carr are capped by conglomerates of the
White River Group. There is no evidence that these
conglomerates ever have been mined for aggregate;
however, .the conglomerates might be utilized as rip-
rap, but blasting would be required.



AGGREGATE RESOURCES OF THE FRONT RANGE COUNTIES

Adams

The valleys of Beebe Draw, Box Elder Creek, Kiowa
Creek, and East and West Bijou Creeks, in eastern and
central Adams County, contain thick deposits of gravel
and sand that grade upward into fine-grained alluvium.
Eolian sands, in places, partially bury the valleys.
These valley deposits probably will not become signi-
ficant because of the thick overburden and the impor-
tance of the area's farmlands and ground-water re-
sources.

In southwestern Adams County, the flood-plain
and terrace deposits along Sand Creek have yielded ex-
cellent sand, but the city of Aurora covers about half
the resources there.

Appendix 2 summarizes the production of sand and
gravel, and crushed rock in the Front Range counties
for the years 1954-71. Adams has consistently been
one of the leading gravel-producing counties in Colo-
rado. Annual production exceeded 3,000,000 tons for
several of the last 15 yr. Most of the material was
mined from the Clear Creek valley between Sheridan
Boulevard in Arvada and the South Platte River. The
gravel supply in this area, however, is nearly ex-
hausted.

The South Platte River in Adams County extends
from 52d Avenue in Denver to Brighton. Whereas vir-
tually all of the terrace and flood-plain deposits
south of 72d Avenue have been lost, considerable min-
ing has occurred at the Clear Creek confluence and on
the edge of the Broadway terrace between 72d Avenue
and 136th Avenue.

Despite the declining quality of the river gra-
vels north of Denver, new mining operations north of
104th Avenue indicate that the flood-plain and lower
terrace gravels will become increasingly important
to the suburban growth demands in the Denver metro-
politan area. The surplus sand and fines will be-
come very significant if and when the problems of
full-scale quarry-aggregate operations in Boulder
and Jefferson Counties are solved.

Arapahoe

In eastern and central Arapahoe County, the val-
ley-f111 deposits in Box Elder, Kiowa, East Bijou,
and West Bijou Creeks probably will not become sig-
nificant resources for reasons stated above in the
Adams County summary. The upland sands and gravels
along Bijou and West Bijou Creeks are used as road
dressing and base material. The valley fills
of Sand Creek and Cherry Creek, in the western
part of the county, contain thick, high-quality
specialty sands.

In the southwestern corner of the county,
the South Platte River extends from Littleton,
near the Massey Draw confluence, to Yale Avenue,
in Englewood. Much of the high-quality river
gravel has been mined in Sheridan, at the Chat-
field Golf Course, and on the terrace east of
Columbine Hills. Most of the sites in Sheridan
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are in some phase of sanitary landfilling. In
spite of the relatively heavy gravel mining in this
area, a number of deposits have been lost to
urbanization, notably those gravels lying beneath
Wolhurst Country Club, Columbine Valley, Centennial
Race Track, and several commercial districts in
Littleton and Englewood. Due to pressures of
suburban expansion, few gravel lands along the
river yet remain available for mining. Serious
attention must be given to these valuable tracts—
the only remaining sources of coarse aggregate
within the county.

Boulder

Boulder County ranks among the leading Front
Range counties in the production and consumption of
sand and gravel. The county may contain sufficient
reserves to satisfy demands imposed by future growth,
provided that urban expansion is directed away from
the major areas of aggregate resources. The main
sources of high-quality gravel within the county occur
east of the mountain front in flood plains of the ma-
jor streams, including Boulder, South Boulder, and
St. Vrain Creeks. The flood plain gravels along Coal
and Lefthand Creeks are of unknown quality and may
contain some silt and clay. Numerous upland gravels
located in the eastern portion of the county tend
to be thinner, of more limited areal extent, and in-
clude more deleterious material than the flood plain
deposits. These lower quality aggregates may be
best used for road base, subbase, surfacing mater-
ial, and fill. These uses would permit reserving the
supplies of high-quality flood-plain gravel for con-
crete aggregate and asphalt mix.

The mountainous portion of the county tends to
be deficient in sand and gravel, although several
large deposits are located in the vicinity of Neder-
land. Utilization of this material could help re-
duce construction costs of future roads and mountain
developments. An alternate and more costly source of
aggregate would be the quarrying and crushing of
granite bedrock.

Denver

The City and County of Denver now extend over
many of the valuable sand and gravel deposits along
the South Platte River, Sand Creek, Cherry Creek, and
Bear Creek. Although production figures for the
county are scanty, tonnages certainly have decreased
in recent years mainly because of rapid urbanization.
Whereas many deposits were lost to this urbanization,
a number of depleted pits within the city were profit-
ably reclaimed by sanitary landfilling and by sub-
sequent development into industrial, commercial,
residential, and recreational sites. Landfilling al-
ready has begun in the only active gravel pit within
the city.

To meet the demands of the expanding metropoli-
tan area, the possibilities are very real that aggre-
gate will be brought in by unit train from areas
as far away as Greeley. With the growing importance
and potential of quarry aggregate west of Denver,
caused, in part, by the diminishing supply of coarse
gravel in neighboring counties, the sand and fine-ag-



24

gregate deposits along Cherry Creek, Sand Creek, and

the South Platte River will become more valuable.
Analyses of the Denver problem and recommenda-

tions for its solution have been outlined by the Colo-

rado Sand and Gravel Producers Association (1957),

the Inter-County Regional Planning Commission (1961),

and the U. S, Bureau of Mines (Sheridan, 1967). Other

growing areas along the Front Range should learn from

this example of inadequate zoning and mismanagement

of aggregate resources.

Douglas

Douglas County, although not subject to section
92-36-5, C. R, S. 1963, was included in this study
because of its rapidly increasing population and its
strategic location between Denver and Colorado
Springs. Abundant resources of fine aggregate occur
in the terraces along Plum and Cherry Creeks; gravel
deposits in the county are limited to the area ad-
jacent to the South Platte River. Future supplies
of coarse aggregate might be obtained from limestone
in the mountains near Westcreek and Larkspar (Plate
2) . Rhyolite flows in the vicinity of Castle Rock
have been mined for building stone. Further testing
might establish the suitability of this rock for
concrete aggregate.

E1 Paso

E1 Paso County produces and consumes large quan-
tities of sand, gravel, and quarry aggregate. The
principal deposits in the county producing high-qual-
ity aggregate are Castle Concrete's Queen's Canyon
and Lennox-Breed quarries west of Colorado Springs,
the Schmidt Construction Quarry 15 miles southwest of
Colorado Springs, the gravel-capped upland mesas west
of Fountain Creek, and the large sand deposits in
the southeastern part of Colorado Springs. Most high-
quality gravel deposits in the county have been cov-
ered by the urban sprawl of Colorado Springs or lie
within the U. S. Air Force Academy or the Fort Carson
Military Reservation. Upland gravel deposits ap-
parently cannot supply the demand for aggregate in
Colorado Springs; therefore, quarry aggregate supplies
a large part of the market, and increasing amounts
of gravel are trucked into Colorado Springs from the
Arkansas Valley, 40 miles to the south (Fig. 7). A
great deal of the sand mined in the southeastern part
of Colorado Springs is mixed with quarry aggregate.
Three tons of sand are required for each 2 tons of
quarry aggregate. Other sands northeast of the Colo-
rado Springs area are mined and mixed with gravels
brought in from the Arkansas Valley.

Widespread deposits of low-quality sands in the
eastern half of El Paso County provide a large part
of the aggregate required for maintaining the state
and county highway systems. The large number of sand
pits in northeastern El Paso County (Plate 3) indi-
cate how pits have been conveniently developed for
road maintenance. These widespread deposits substan-
tially reduce the cost of county road maintenance.

The Fountain Sand and Gravel Company deposits
located north of Colorado Springs near the south en-
trance of the Air Force Academy are of growing na-
tional importance. Material from these unique coarse-

grained quartz sand deposits is used for fracturing
petroleum-bearing reservoirs to increase the flow or
yield of oil and gas. It is the unusually large size
of the individual spherical sand grains that make
this deposit unique. Demand for this coarse-grained
sand is growing rapidly throughout the United States
and Canada.

Figure 7. The Fountain Sand and Gravel Company
plant northeast of Colorado Springs processes slag
and gravels trucked from Pueblo 40 miles away.
Photograph by P. C. Wicklein.

The most important aggregate deposits in El Paso
County are located near Colorado Springs. Finding a
solution to the problem of comservation of deposits
near Colorado Springs that will satisfy the present
landowners will not be easy. Planning will require
a great deal of effort on the part of local govern-—
ment, with considerable input from the aggregate-pro-
ducing industry and landowners.

Aggregate deposits in the eastern and northern
parts of El Paso County are generally important only
to the maintenance of the highway systems. Detailed
plans involving the conservation of key deposits in
this area should be developed in close cooperation
with the county and state highway departments. Any
El Paso County plan for the conservation of aggre-
gate deposits should also consider Pueblo County,
which provides aggregate to the Colorado Springs mar-
ket. A more complete picture of aggregate resources
of E1 Paso County may be obtained from the discus-
sions on sand and gravel resources of the Arkansas
River Basin and Pueblo County.

Jefferson

Annual sand and gravel production from Clear
Creek and Bear Creek has exceeded 2,000,000 tons in
recent years. Activity along Clear Creek 1s con-
fined to the flood plain and terraces between Tabor
Street and the Coors Brewery in Golden. More than
2,000 acres of flood-plain gravel land were lost due
to the expansion of Arvada and Wheat Ridge. Two le-



vels of terrace gravels on the north side of the

valley have been worked extensively, west of Eld-
ridge Street. Urbanization and heavy mining have
left 1little land available for gravel extraction.

Factors such as percent fines, variable thick-
ness and overburden, and oversize material probably
have limited the mining activities along Bear Creek.
Although a significant amount of land yet may be
available, more drilling and test data are needed
in order to determine the degree of upgrading re-
quired for the best utilization of these resources.

Very significant quantities of high-quality
gravel and sand lie in the terraces and flood-plain
of the South Platte River above the Chatfield Lake
damsite. Possibilities exist that gravel mining
may continue within the maximum flood-inundation
limits after completion of the recreation area.

The Rocky Flats alluvial-fan and associated
upland deposits represent a large untapped reserve
of sound, durable gravel. Although the gravels con-
tain significant clay, one commercial operation has
begun on a Rocky Flats remnant along Barbara Gulch,
near Colorado Highway 93.

Stone and crushed-rock production has increased
in recent years because of the openings of the Mor-
rison and Specification Aggregates, Inc., quarries
in the Golden-Morrison area. North and South Table
Mountains, Ralston Dike, and the Coal Creek quart-
zite are large deposits of potential, high-quality
quarry ‘aggregate that will become increasingly im-
portant in the Denver metropolitan area as coarse
gravel resources diminish.

Jefferson County is in the fortunate position
to encourage development of the Bear Creek, South
Platte River, and Rocky Flats deposits to help off-
set the depletion of the Clear Creek gravels. At
the same time, some of the economic, engineering,
legal, and envirommental problems associated with
quarrying might be solved.

Larimer

Larimer County contains large reserves of high-
quality gravel in the terraces and flood plain along
the Cache la Poudre and Big Thompson Rivers between
the foothills and the Larimer-Weld County line. These
deposits have been extensively worked in the vicinity
of Fort Collins and Loveland. Aggregate associated
with Boxelder Creek, Little Thompson River, and the
Laramie River are of limited value because they in-
clude large amounts of fines and weak rock or are
buried beneath thick deposits of fine-grained alluvium.
This material 1s suitable for road base, subbase, and
for surfacing gravel roads.

In the mountain region, limited amounts of good
quality stream gravels occur in the upper Cache la
Poudre valley between Indian Meadows and Spencer
Heights. Material high in fines and oversize clasts
can be obtained from the alluvial fans and colluvial-
slope deposits that are built over the stream terraces.
Granite might be considered as a potential source of
crushed aggregate for local use.
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Pueblo

Pueblo County has sufficient reserves of high-
quality sand and gravel for its own future needs and
for export to Colorado Springs in E1l Paso County.
Urban expansion over gravel deposits need not be the
problem in Pueblo that it is in the Colorado Springs
and Denver areas if proper action is taken. The
principal sources of high-quality gravels in Pueblo
County are the flood plain and stream terraces of
the Arkansas River. Extraction of this sand and gravel
along the Arkansas will always present a conflict with
the use of the land for agriculture; however, poten-
tial conflicts with urban development can be avoided
by directing urbanization away from the stream ter-
races and onto the unwatered uplands above the river.
Utilization of the isolated undeveloped upland gravel
deposits south of the Arkansas River should be under-
taken early to avoid conflicts with urban growth.

Stream terraces along the lower St. Charles
River probably will be important sources of sand and
gravel for the future growth of Pueblo. Because these
terrace deposits have not been developed as crop land,
the only potential land-use conflict with sand and
gravel extraction is future urbanization.

That part of the Arkansas River above Pueblo
owned by the U.S. Government is lost as a source of
gravels. However, several other terrace and flood-
plain deposits on the upper Arkansas are important
for the future growth of the area.

Upland deposits near Turkey Creek and between
U.S. Highway 50 and the Arkansas River in northwestern
Pueblo County are important now and will become
increasingly important in the future as nearby land
is developed. Upland deposits in southwestern Pueblo
County are necessary for maintaining the local road
system and supplying the Rye-Colorado City growth area.
Deposits along the upper St. Charles River near
Beulah provide aggregate for maintaining local roads.

Sparsely settled southeastern Pueblo County relies
upon the stream terraces and upland deposits of the
Huerfano and Arkansas Rivers for all of its sand and
gravel needs. Sedimentary rocks are crushed locally
for road aggregate. Unpopulated northeastern Pueblo
County is covered by large areas of upland and wind-
deposited sands. These deposits more than maintain
the present road system. Most of this part of Pueblo
County is owned by the State of Colorado, and aggre-
gate reserves here should satisfy at least the
short-term needs of the area.

Weld

Weld County, which comprises about one—fourth
of the study area, contains extensive reserves of
sand and gravel. Annual production of aggregate over
the past 10 yrs has ranged between 250,000 and
2,400,000 tons. Deposits of high-quality aggregate
occur in the western one-third of the county. These
deposits include pebbly sands in the flood plain and
terraces along the South Platte River below Brighton
and gravels along Lone Tree Creek and the lower
reaches of Boulder Creek, St. Vrain Creek, Big
Thompson River, and the Cache la Poudre River. These
reserves are adequate to meet the needs of the area.
Some of these raw materials could be shipped by unit
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train to aggregate-deficient areas such as metropol-
itan Denver.

Vast dune fields in the southeastern part of the
county partially bury segments of Beebe Draw, Crow
Creek, Box Elder Creek, Lost Creek, and Kiowa Creek.
These valley deposits are not considered to be of
substantial economic significance because of the
thick overburden, adequate supply of coarse sand
near large urban markets, and value of present farm-
land and ground-water resources.

The upland and alluvial-fan deposits along the
northern boundary of the county might be best uti-
lized for local road construction and maintenance.

THE ROLE OF HB 1529 IN

LAND-USE PLANNING AND THE AGGREGATE

INDUSTRY IN COLORADO

Sand and gravel rank first in value and amount
among the nonmetalic, non-fuel mineral commodities
produced in this country. These raw materials are
basic to the construction of our homes, schools,
hospitals, churches, shopping centers, streets and
highways, airfields, and bridges. In addition, they
play important roles in the areas of sewage treatment,
water filtration, agriculture, landscaping, transport-
ation, manufacturing, recreation, and petroleum
production. We consumers cannot take for granted

that our supplies of these resources are inexhaustible.

It must be realized that sand and gravel are the
result of geologic processes, that their distribution
is limited, that they can be mined only where they
occur naturally, that they are essential to all kinds
of construction, and that proper steps must be taken
to ensure that adequate supplies are kept available
to meet present and future demands. The assurance
that future generations will have optimum aggregate
resources will necessarily entail certain problems.
All the conflicts of priority that arise among
the sand and gravel industry, government, and the
citizenry will never be completely solved. As in
other areas, such problems that exist along the
Colorado Front Range stem from several causes:

1) Urban and suburban expansion is motivated
most strongly by short-term profit, with
little regard to the presence of sand
and gravel deposits or of potential geologic
hazards.

2) Flood plains and low terrace lands appeal
to many home buyers and developers; but
often such lands also represent prime
sources of high-quality sand and gravel,
as well as areas of flood hazards.

3) Areas of extensive aggregate extraction that
once were beyond most growth areas are now
surrounded by new developments, forcing
gravel trucks to operate through residential
zones and already congested commercial
districts (Fig. 8).

Figure 8. Spreading urbanization eventually con-
flicts with once isolated sand and gravel operations.
View to west up the Clear Creek valley toward Gold-
en and the Front Range. Photograph by M. E. Gardner,
U. S. Geological Survey.

4) Urbanization, as it covers valuable aggregate
deposits, forces extractors to mine farther
away from principal markets. The increased
haulage costs are paid for by the consumer.

5) As urbanization and mining proceed away
from metropolitan areas, the agricultural
sector becomes involved in land-use conflicts
(Fig. 9). Flood-plain and terrace lands
in many places provide rich soil and irri-
gation water for farming.

Figure 9. Existing land-use conflicts between farm
land, gravel deposits, and industrialization in the
flood plain of the Cache la Poudre River. View to
the northwest across the Cache la Poudre River flood
plain toward the Kodak plant, Weld County. Photo-
graph by W. P. Rogers, Colorado Geological Survey.



6) In past years, sand and gravel companies
have not been required to rehabilitate
the land they have mined.

7) In the search for new aggregate sources,
extractors have encountered strong resist-
ance from environmental groups concerned
with the effects of mining, truck traffic,
proximity to residential areas, blasting,
rehabilitation of mined areas, and potential
damage to existing ecosystems.

Although the problems and considerations are
complexly interrelated, solutions may come about
sooner through public awareness of the importance
of sand and gravel, through adequate legislation
and planning funds, and through the cooperative
efforts of various technical, social, industrial,
and governmental groups. More emphasis should be
placed on the fact that mined lands have important
economic potential for everyone. For example, the
concept of multiple or sequential land use has long
been realized in many parts of the country. Some
aggregate lands can be mined, landfilled, and
developed for residential, industrial, and agricult-
ural use (Fig. 10). Other mined lands can be
converted directly into attractive recreational sites
(Fig. 11). The overall result of sequential use of
lands underlain by aggregate deposits is an increased
value to the community that may be spread over many
decades.

Figure 10. Hutchinson Building Corporation sand and
gravel operation on the future site of their Green
Mountain subdivision. Sequential utilization of
land conserves resources and maximizes profits.
Gravel-capped Mount Carbon and Bear Creek valley
are in the middle ground. View is to the south
from Alameda Parkway near Green Mountain, Jeffer-
son County. Photograph by P. C. Wicklein.
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Figure 11. Western Paving Construction Company's
Gordon Lake property at 64th Avenue and Pecos
Street, Adams County. The lake is on the site of
an abandoned sand and gravel pit in Clear Creek
valley. Photograph by M. E. Gardner, U. S. Geo-
logical Survey.

With the passage of House Bill 1529 and of the
Open Mining Land Reclamation Act of 1973 (Appendix 3),
Colorado has taken a positive step toward mineral-
aggregate conservation and land use. These laws will
effectively complement such recent legislation as
the 1972 Senate Bill 35 and the 1974 land-use act,
House Bill 1041. Utilizing the basic mapping herein
provided, the particular governing agencies are
directed by HB 1529 to prepare master plans that
will preserve valuable aggregate deposits by zoning
for mineral extraction or by prohibiting zoning
changes that would hinder extraction. In order to
properly plan for resource utilization, a time
frame for planning should be established. It has
been suggested by advisory committee members that
the next 20 yrs may be a logical unit of time upon
which to base plans. In addition, estimates of the
quantities of minable gravels and estimates of annual
consumption for the planning period should be made
in conjuction with gravel producers, contractors,
and public works organizations.

The input of various disciplines is essential
to the success of each master plan. The continuing
efforts of geologists, hydrologists, engineers,
geophysicists, geographers, agriculturalists,
environmentalists, economists, and gravel producers,
as well as that of various governmental and civic
groups, can be of immeasurable value during the
development, implementation, and revision of each
plan. Liaison among neighboring counties, including
those not under HB 1529 jurisdiction, is vital in
resolving problems of regional or mutual concern.
Successful mineral-aggregate conservation and land-
use planning depend upon teamwork and the coopera-
tion of all Colorado citizens,
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EXPLANATION
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Flood-plain (F) and Valley-fill (V) deposits:
Water-deposited gravel, sand, silt, and clay
along present stream courses.

Stream-terrace deposits: Older stream deposits
now preserved as benches flanking present stream
courses. Smaller and less distinct terraces are
included with valley-fill deposits.

Upland deposits (U): Mesa or bench-like erosional
remnants of ancient stream deposits isolated above
present stream courses. Alluvial-fan deposits (A):
Gently sloping, fan-shaped deposits of gravel, sand,
silt, and clay produced by a stream that issued or
issues from a narrow valley or point source onto an
open plain or valley. Includes erosional remmants of
fan deposits.

Wind-deposited (eolian) sand dunes.

RESOURCE CLASSIFICATION

Coarse Aggregates

Gravel: relatively clean and sound.

Gravel:

significant silt, clay, incompetent rock
and/or

calcium carbonate (caliche).

Fine Aggregates

Sands:
stream

includes sands ranging from coarse gravelly
sands to fine-grained wind-deposited dune sands.

Unevaluated Aggregates

Coarse and fine aggregate resources that were not evaluated
because of inadequate exposures, lack of drill-hole data,
location, access, poor potential, areal extent, or a prior
land use that excludes the possibility of recovering aggre-
gate.

MAP SYMBOLS

Carbonates

Volcanics
and
Intrusives

Quartzite

.
-

R

L]
.

Landform unit

Resource classification

This example symbol indicates a low-quality upland gravel
deposit. The gravel contains significant amounts of silt,
clay, incompetent rock, and calcium carbonate (caliche).

Location of active or inactive gravel and sand pits.
Potential quarry aggregate resource area. Only the areas
of most suitable rock for quarry aggregate are shown. Al-
though some operating stone quarries lie within these

potential resource areas, some quarries have been located
in less suitable rock for environmental and economic reasons.

Active and inactive stone quarries.

" Approximate boundaries of buried stream valleys.
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SAND, GRAVEL, AND QUARRY AGGREGATE RESOURCES
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