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The Orchard, Weldona, and Fort Morgan quadrangles lie in the

Colorado Piedmont about 60 miles east of the Front Range. The tier of

three quadrangles parallels the course of the South Platte River near

its confluence with Kiowa and Bijou Creeks. The climate of Morgan

County is semi-arid. Precipitation and temperature patterns have,

however, been frequently altered in the Quaternary Period. The climatic

cycles are the result of the same climatic events responsible for gla-

ciation and inter glaciation, both in the Rocky Mountains and in the

Midcontinent. Thus, a glaciation and an interglaciation Qr~ reflected

in the map area by a cycle of fluvial erosion, fluvial deposition,

eolian activity, and soil formation.

Surficial deposits in the map area are all continental and

Quaternary in age. They consist of alluvium, colluvium, loe~s, eolian

sand, bog deposits, and artificial fill. Deposit~ of Quaternary age

mapped in the Morgan County area include (from oldest to youngest)

Nussbaum, Rocky Flats, Verdos, and Slocum Alluvium, Loveland Loess,

1
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Louviers Alluvi um, Peorian and Bignell Loesses, BroadwayAlluvium

including the Bijou Flats Tongue (new name) and a pink facies of the

BroadwayAlluvium, Sand Hills Formation, Piney Creek Alluvium, post-

Piney Creek alluvium, and artificial fill. Each alluvium represents

at least one complete clin~tic cycle.

Surficial deposits in the area are underlain by Pierre Shale, a

gray to olive-gray marine shale of Late Cretaceous age. Tertiary rocks

have been completely eroded from the area.

North of the river gravel terraces of pre-Wisconsin age have been

strongly dissected by arroyos and in places buried by as muchas 30

feet of loess and eolian sand. Bijou Flats, on the south side of the

rive~ is underlain by at least 250 feet of valley fill deposited in

Wi.sconsinand Recent time. A mant.Ls of eolian sand partly in sand

dunes overlies the South PIB.tte River valley fill in manyplaces.

Zonal soils formed during at least seven inter glaciations or inter-

stades during the Quaternary Period. From oldest to youngest these

soils are the Aftonian Soil,which is not recognized in the area; the

YarmouthSoil, believed developed on the Verdos Alluvium; the Sangamon

Soil, developed on the Loveland Loess and SlocumAlluvium; an unnamed

early Wisconsin soil, developed on the lo,rer part of the Peorian Loess;

the Brady Soil, developed on the top of the Peorian Loess and on the

Louviers Alluvium; the Alt.LthermaL SOil, developed on the Bignell

Loess and on the Broad,~y Alluvium; and the Cris Lee Soil developed on

the Piney Creek Alluvium. These ancient soils were a val uabLe strati-
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graphic tool for distinguishing and correlating deposits.

Surficial deposits in the Orchard, Weldona, and Fort Morganquad-

rangles, based upon data from physical tests, are grouped according to

the AASHOand the Unified engineering soil classifications. Aggregate

from deposi ts of Louviers, Verdos, am NussbaumAlluviums is a valuable

natural resource. Foundation conditions are generally good throughout

the three quadrangles. Someswelling maybe anticipated in foundations

in Pierre Shale and on colluvial soils derived from the shale. Loes6

Ls compressible and allows differential settlement of foundations.

Close moisture control is imperative when compacting loess and eolian

sand as filL

The South Platte River and Kiowa, Bijou, and Wildcat Creeks are

the principal sources of water in the area. Floods resulting from

cloudburst in the basin of the latter three ephemeral creeks are the

chief hydrologic problems. The 1965 Bijou Creek flood reached a peak

discharge of 466,000 cfs. As muchas 12.7 percent of some flood waters

sampled has been suspended sediment. Bedload movement and channel scour

are significant duri.rig floods. Between 1952 and 1966, 2110,000 tons of

sand were removed from a 700-foot reach of Bijou Creek.

The chief aquifer along the South Pla tte River underlies Bi,jou

Fla ts , The aquifer is tributary to the river and is recharged by river

underflow from upstream, Bijou Creek and Kiowa Creek underflow, and

seepage from reservoirs, canals, irrigation, and rainfall. The perennial

flow in the South Platte River is in part fed by seeps and springs
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i:suing from the southernmost edge of the me-ter-nvaLley ,

The proposed Narrows dam will require about 8,000,000 cu yd. of

erth material most of which is available near the dams i,teo The

gology of the si,te is favorable J however, a number of problems will

ned resolving. Because the south abutment is composed of previous

snd, a clay blanket and toe drain should be used to control seepage

rturning through the south abutment to the river below the dam. The

a oun t of leakage from the reservoir into the buried valley south of the

rservoir should be evaluated extensively. An electric analog model is

rcommended for simulating hydrologic and geologic conditions in the

bried valley. Data accumulated after the 1965 flood suggest flood

cnt.rols upstream in Bijou Creek might better reduce flood peaks and

a~id silting of the reservoir. Finally, because the water in the

pnposed reservoir and buried valley are contiguous, wells that pump

gnund water from the buried valley must be regulated to prevent

exessive, indirect tapping of water from the Narrows Reservoir.
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INTRODUC1'ION

LOCATION, CULTURE, AND ACCESSIBILITY

Detailed geologic maps of surficial materials have been made of

the Orchard, Weldona, and Fort Morgan 7! minute series of the U. S.

Geological Survey quadrangles. The area, shown on figure 1, lies

eighty miles northeast of Denver and wi thin Morgan County, Colorado.

The county seat of Morgan County is Fort Morgan, a pleasant town of

7,379 people according to the 1960 Census. Several smaller communities

are contained wi thin the 168 square mile area studied; these are Log

Lane Village, Weldona, Goodrich, and Orchard. Wiggins, a community of

2,030, lies just outside the southwest edge of the area. The total

population of Morgan County is 21,192.

The economy is based upon cattle, sugar beet, wheat, corn, and

potato production. Grazing and dryland farming is predominant in the

topographically high areas both north and south of the South Platte

River. The irrigated farmlands adjacent to the South Platte River,

which runs through the central portion of the county, are among the
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most productive in Colorado"

Morgan County is accessible by two U. S. highways, U. S. 6 and

U. S. 34, and by Interstate 80 South, Colorado highways )2, 39, and

144, which traverse the area, have generally well maintained bridges

over the South Platte River and Bijou Creek. The most remote place

in the county lies less than two miles from a county road. Other

transportation facilities include the Union Pacific and the Chicago,

Burlington, and Quincy Railroads, and the Fort Morgan municipal airport,

a lighted ),OOO-foot bituminous runway five miles north of Fort Morgan.

PURPOSE AND SCOPE

The original purpose of this investigation was to supplement the

Materials Location Inventory conducted by the Colorado Department of

Highways. The basic research involved evaluation of geologic, photo-

geologic, and geophysical methods to locate new sources of natural

aggregates along the lower South Platte River valley.

The present scope of the dissertation involves a more comprehen-

sive study with a two=fold purpose. The first purpose is to map and

describe the Quaternary geology of the Orchard, Weldona, and Fort

Morgan areas and, thereby, to reconstruct the Quaternary history of

part of the lowET South Platte River valley. The second purpose is

to evaluate the geologic setting in terms of its application to

engineering planning, design, and construction. The latter purpose

involves a study of the engineering properties of soils, the location
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of construction materials, and the geohydr oIogy of surface and subsur-

face water. A discussion of the writer's opinions, based upon geologic

observations of the proposed Narrows Dam and reservoir sites, and the

sites for Bijou Creek flood control features, are included.

An investigation of the literature began while the research pro-

posal was yet pending. Methods used by other investigators who had

conducted similar studies were analyzed. In addition, information on

the areal and regional geology was collected.

Upon approval of the thesis proposal early in 1963, the investi-

gator began a series of weekend reconnaissance trips to the Morgan

County area. Tentative geologic units and criteria for recognizing

these units in the field and on aerial photographs were established.

Considerable field time was ultimately saved by having first made

an effective photogeologic interpretation of the area before beginning

the detailed field study. Many contacts between stratigraphic units

were found to be well defined on the photographs and required only

a very rapid verification in the field. Other contacts, however,

proved vague on the photographs. Probable field locations of these

problem contacts were noted when the airphoto lines were transferred

to the preliminary photogeologic maps. The photogeologic maps were

later revised in the field. A systematic plan for field mapping,

section measuring, and sampling was laid out on the basis of the
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preliminary photogeologic study.

Field work was begun in the summer of 1963, was continued through

the summer of 1964 and school year of 1965, and was completed in the

summer of 1966. The Weldona quadrangle, the first area to be mapped,

served as a pilot area for establishing the chronology of gravel

terraces along the lower South Platte River valley as far as the

Nebraska line. Research involving the granular materials research

done in Logan and Sedgwick Counties in conjunction with the Colorado

Department of Highways contributed considerably to the regional corre-
La tion of the gravel terraces.

Soil sampling and fossil collecting were carried out in the latter

parts of the 1964 field season. Disturbed soil samples were later

subjected to gradation, liquid limit, plastic limit, and modified

Proctor compaction test in the Colorado School of Mines civil engi-

neering laboratory. Fossils were collected both systematically and in

the course of the field work. Mollusks were removed from fine-grained

sediments by submerging in water and washing the sediment through a

No. 20 sieve. The mollusks were retained on the sieve.
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EARLIER STUDIES

Bjorklund and Brown (1957) have published a comprehensive report

on the ground water hydrology of the area. Several hundred well logs

are included in their report. The analysis of the logs aided Bjorkland

and Brown (1957) in composing small-scale geologic maps and cross

sections in addition to their ground water maps. The valley alluvium

and terrace deposits were not differentiated nor were their relation-

ships and characteristics studied in detail.

Quaternary deposits have been studied in the region. Near Greeley,

Bryan and Ray (1940) have described and named three pediments and

three major terraces along the Cache la Poudre and South Platte Rivers.

Hill and Tompkin (1953) made a comprehensive stUdy of surficial de-

posits and the engineering geology in the Wray area, Colorado. Hunt

(1954) subdivided and mapped six alluvial units and two eolian units

in the Denver area; Malde (1955) listed nine surficial units in the

Louisville quadrangle. Much of the stratigraphic nomenclature used

in this paper was first applied by Scott (1960, 1962, 1963a,and 1963b)

to nine alluviums and three eolian units in the Littleton, Kassler,

and Pueblo quadrangles. In addition, the recently completed thesis of

Madole (1963) covers Quaternary units in the St. Vrain drainage basin.

The stratigraphy in that area is divided into both upper reach glacial

deposi ts and lower reach pediment and terrace deposits.

The Bureau of Reclamation and Colorado Department of Highways
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have made extensive engineering studies in the area, the Bureau in

connection with the Narrows Dam Project, and the Department of Highways

in connection with the State and Interstate Highways System. In addi-

tion, Woodward, Clyde, Sherard, and Associates, an engineering con-

sulting firm in Denver, Colorado, have conducted various site investiga-

tions within the Fort Morgan-Narrows areas. The Soil Conservation

Service has recently completed a detailed study of agricultural soil

in the county and has had engineering tests made on several of their
pedologic units.
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TERRAIN

The land forms in the Orchard, Weldona, and Fort Morgan quad-

rangles lie within the Colorado Piedmont section of the Great Plains

physiographic province (Fenneman, 1931). The terrain is a broad

fluviatile plain eroded into a series of step-like terraces. A mantle

of eolian sand and loess has subdued most of the erosional relief in

the map area. Sand dunes, stabilized by vegetation, are quite prominent

both north and south of the river. The dun~ generally longitudinal

or crescent-shaped, are elongated southeast, parallel to the prevailing
wind at the time of migration.

The South Platte River enters the Orchard quadrangle from the west

at an elevation of 4,440 feet, flows through each of the three quad-

rangles, and leaves the east side of the Fort Morgan quadrangle at an

elevation of 4,240 feet. The maximum relief within the area is 534
feet. Three broad former valley floo~ form prominent surfaces now

elevated at different heights above river level. All slope toward the
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present river valley. The lowest, Bijou Flats, is well developed at

elevations between 4,580 and 4,300 feet on the south side of the river.

The second and third surfaces are north of the river. The elevation

of the intermediate surface is between 4,600 to 4,450 feet. The area

north of the South Platte River in T. 4 N., R. 58 W. is typical of the

terrain on this surface. The highest topographic surfac~which is in

the northwest corner of the Fort Morgan quadrangle area, lies at

elevations above 4,700 feet. Other narrower valley floors form small
terrace remnan ts.

The northeast portion of the map area is rugged country with steep-

walled gullies and canyons tributary to Wildcat Creek. Box Canyon,

located in the northernmost part of the Fort Morgan quadrangle area,

is incised 100 to 150 feet below the highest topographic surface. The

deeply cut dendritic drainage network in the canyon area contrasts

markedly with the gently rolling plains and terraces of the area along
the South Platte River.

STREAMS

The South Platte River is the only stream flowing into the area

which is perennial throughout its entire course. Its drainage basin,

measured upstream from the Weldona gauging station covers 13,245

square miles. The river rises in South Park, Park County, Colorado.

Mountain tributaries flow from the eastern slope of the Front Range.
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The main watershed, which extends north to liyomlng, dralns terrane of

crystalline Precambrian rocks (fig. 1). Flow in the river is greatest

during the spring runoff. Effluent seepage from the banks and bed of the

river maintain a low stage flow in the river throughout other parts of

the year (Parshall, 1922, p. 26).

Bijou Creek is an ephemeral stream whose four main tributaries,

West Bijou, Middle Bijou, East Bijou, and Deer Trail Creeks, originate

on the Platte-Arkansas Drainage Divide (fig. 2). The drainage basin

of Bi.jou Creek covers 1,322 square miles, most of which is underlain

by the Dawson Formation of Tertiary age. The Dawson Formation is com-

posed of loosely cemented easily eroded sand, silt, and clay. Cloud-

bursts which occur along or near the Platte-Arkansas Drainage Divide

cause swift, destructive, flash floods. Cloudbursts are generally of

very short duration, but precipitation is locally extremely heavy.

Kiowa Creek is an ephemeral stream having a drainage basin area

half the size of that of Bijou Creek. The basin parallels that of the

Bijou Creek and is subjected to many of the same cloudbursts that cause

flash floods in Bijou Creek. Floodwaters in the upper reaches of Kiowa

Creek, however, are better controlled because of a network of small

dikes and dams in those reaches. The retarding effects of the struc-

tures have significantly affected both the water discharge and the

sediment discharge in the reaches of Kiowa Creek below the detention

dams (Mundorff, 1965, p. 66).

Wildcat Creek also is an ephemeral stream over most of its course.
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The lower two miles of channel (in the Brush West quadrangle), which

intersects the ground water table, has a perennial flow. The total

drainage area is estimated by the wri ter to be about 120 square miles
(fig. 2).

CLIMATE

The climate of northeastern Colorado is continental and semi-

arid. A continental climate is characterized by abrupt changes in

atmospheric conditions. The abruptness of change increases with dis-

tance inland from the ocean coasts. Changes in atmospheric conditions

occur rapidly in the are~ but extreme conditions are of short duration.

Precipitation and Evaporation

Average precipitation at Fort Morgan is 12.88 inches per year. An

isohyetal map contoured on the basis of average annual precipitation

measured at stations in northeastern Colorado (fig. 3) shows Fort

Morgan to lie wi thin an area referred to colloquially as a "rain-

shadow," The rain-shadow is apparently caused by the combined effects

of the mountains to the west and of the negative relief of the South

Platte River valley. The average annual precipitation within the rain-

shadow area ranges from 11.12 inches at Greeley to 17.18 at Sedgwick.

The greatest monthly amount of rain, averaging abou1 2.50,inches,

usually falls on Morgan County inlMay. The months of lowest precipi-
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tation are December, January, and February wtlen amounts average less

than 0,3 of an inch, The distribution of precipitation by months is

sho1m in figure 4, Rainfall is intense during the summer months but

cf short duration, The highest intensity of rainfall recorded within

the Kiowa and Bijou Creek drainage basins occurred on May 30, 1935,

During that heavy storm, 24 inches fell in 3 hours at Elbert, Colcrado.

The rate of evaporation from a free water surface in Morgan County,

indicated by Kohler (1959) is 47 inches per year. Calculations made

by the writer from the data presented by Bjorkland and Brown (1957,

p. 53) suggest evaporation rates which range from 88 inches per year

at the Empire Reservoir to 4 inches per year at the Riverside Reservoir.

Evapo-transpiration by plants and animals is estimated to be high but

values are unknown,

Temperature

The mean annual temperature at Fort Morgan is 48.9 degrees F.

In July, the mean temperature averages 73.9 degrees F; in January, it

averages 24.3 degrees F. The distribution of temperatures by months

is shown in figure 4. The highest July temperature recorded over the

60-year period of record was 109 degrees F. The lowest temperature

recorded was -41 degrees F. Freezing temperatures may be expected

between October 1 and May 9.
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Recent Climatic Trends

Trends in weather phenomena may be inferred from studies of long

terms records of precipitation and temperature. In addition, studies

of tree rings, pollen, and the migratory habits of prehistoric people

throughout the foothills and plains (Malde, 1964) as well as evidence

from glacial activity and changes in elevation of tree lines in the

mountains (Richmond, 1960) has led to the extrapolation of recent

climatic trends. In many localities these extrapolations have revealed

minor but regionally correlative climatic events which are in many ways

reflected in the streams, sediments, and lam forms in Morgan County.

The annual precipitation, temperature, and cumulative departures

are plotted for each year of record on the graphs in figure 5. Records

of temperature data are available for only 35 years; precipitation

records are available for only 15 years. The cumulative departure

graphs, nevertheless, appear to show meaningful trends in recent

climatic conditions. The cumulative precipitation departure graph

suggests a slight decrease in mean annual precipitation over the period

from 1939 to 1944 and a fluctuating but persistent increase in mean

annual precipitation over the last 20 years. The cumulative temperature

graph suggests a fluctuating,but rising,temperature trend since 1951

(fig. 5). It is impractical to conclude that trends recorded over short

periods of time could imply any significant climate trends; neverthe-

less, the fluctuations suggested above are in accord with a confirmed
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trend toward a warm, dry climate.

The extrap ola tion of modern trends to recent past trends in cli-

mate are used to build the past climatologic history. The most unusual

period of record within the recent warm, dry trend was the time from

1905 to 1920 (Paul R. Julian, 1966, oral communication). The climate

during these years was more moist than in the span of years preceding

or following. Richmond (1960) in Rocky Mountain National Park reports

evidence that indicates an historic glacial stade ended about 1860.

The growth of tree rings, which have been compared with recorded

meteorologic data, have furnished reliable information on climatic

change over the past 1,000 years. Reconstruction of climatic change

in Arizona based on tree rings indicates that the climates in the

eleventh and sixteenth centuries A.D. were different from those of

today. The thickening of tree rings in the eleventh century suggests

a cool, moist climate, and the thinning of rings in the sixteenth

century implies that the climate was drier and warmer (Smiley, 1961).

Moisture conditions between the period A.D. 1100-1400 were favorable

for the spread of a culture of early Indian farmers from the east,

along the Republican River of Kansas (Wedel, 1959) into the area east

of the Front Range (Scott, 1963a, p. 47). Tree rings in Nebraska

reflect drought conditions which existed from A.D. 1439 to 1468

(Weakley, 1940). This interval coincides roughly to the time when

farming cultures abandoned their villages along streams of the western
plains •
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Winds

Winds are an important geomorphic agent, particularly in Morgan

Countyo The movements of both rain and wind storms are controlled by

a belt of westerly winds alofto Prevailing surface winds which blow

from the northwest occur most frequently in the late fall and wintero

The strong prevailing winds (often blowing in excess of 30 mph) dry

out the soilo In periods of drought, the seasonal winds produce

duststorms which are characteristic of the high plainso In sparsely

vegetated areas, loose sand migrates rapidl~ and dunes may form in one

season,

NATURAL VEGETATION

The vegetation of the semi-arid Fort Morgan area is generally

classed as xerophytico The rolling plains or steppes are covered with

a variety of short grasses, bunch grasses, and sagebrush. Trees,

chiefly cottonwoods, are confined to water courses.

The different species of plants grows in a particular place be-

cause the place meets the physical requirements of the species or

because the species encounters a lack of competition with other species

of plantso As an example, the grass Redfieldia, because of its fibrous

network of roots, is able to bind the shifting sand in wind eroded

depressions known as blow outso Once the sand in a blow~out is sta-

bilized other plants may sprout and crowd out the Redfieldia. Some
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blowouts eventually are covered by a mixture of bunch grasses and

flowering herbs. Ultimately this mixture may be displaced by short
grasses.

The distribution of soil and rock types appears to have an

influence on the local distribution of plants. Deep, moderately loose

sandy soil, which permits water to percolate downward for some dis-

tance, lends itself well to the growth of bunch grass. Bunch grass is

more dependent upon moisture than are the hardier short grasses.

Where the soil in the sam hills is more firm, sagebrush is likely to
be found associated with the bunch grasses.

The short grasses are the most adaptable of any plants in the

Great Plains region. Their roots are shallow and widely spread in

order to pick up as much moisture as possible during the light summer

showers. Buffalo grass and grama grass, the two most common grasses

in Morgan County, grow on moderately compacted thin soils of silty

clay. They spread rapidly, transpire little water, and have a short

growing season. Grama grass also grows in more coarse-grained soils

where it commonly is found with other species of grass, cactus,

dandelion, goldenrod, sunflower, and thistle.

Poorly drained fine-grained soils in low marshy areas on the

floodplain of the South Platte River sustain a growth of sedges am

rushes. Spikerushes, true rushes, and marsh grasses grow together

in the same environment. Where soils are highly alkaline, as on the

residual clayey soil developed on the Pierre Shale, the vegetation is
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sparse and the soil supports primarily isolated growths of various

coarse weeds of the goosefoot family, rattlesnake grass, and salt grass.

Native trees, almost wholly restricted to the water courses, are

chiefly poplars and willows with a few box-elders and elders. The

broadleaf cottonwood (Populus sargentii) is by far the most common tree

on the plains. Cottonwoods and willows are phreatophytes, that is,

plants having root systems which tap the water table and transpire

large amounts of water into the atmosphere. Other phreatophytes

observed in Morgan County are rabbitbrush (Chrysothamnus sp.), salt-

grass (Distichlis stricta), saltcedar (Tamarix gallica), and alfalfa

(Medioago sativa). Saltcedar, the worst ground water thief among the

phreatophytes, grows almost exclusively in the area upstream from the

mouth of Bijou Cree~which includes parts of sections 28, 32, and 33,

T. 4 N., R. 58 W., Weldona quadrangle.

The last vestige of a coniferous forest was noted by Ramaley

(1927, p. 515) on bluffs west of Pawnee Buttes about 25 miles north-

northeast of Fort Morgan. The bluffs lie 70 miles east of the mountain

front and at an altitude of about 5,000 feet. Ramaley reported

patches of limber pine growing among the other pines and junipers. At

the time of the discovery, the limber pine was growing at altitudes

between 7,000 feet and 11,500 feet in Colorado. These facts suggested

to Ramaley that the small patches of limber pine found growing near

Pawnee Buttes were remnants of a once continuous coniferous forest

which extended eastward from the mountain front. If such a forest
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did exist, it probably was during the last glaciation when climatic

conditions favored the growth of limber pines as far east as Pawnee

Buttes. The subsequent change to a warmer and drier climate, however,

accounts for the extinction of the limber pine elsewhere below 7,000

feet. It is not known whether the patches of limber pine observed

near Pawnee Buttes by Ramaley (1927) still exist.

BEDROCK

The bedrock underlying all surficial deposits in the Orchard,

Weldona, and Fort Morgan areas is the Pierre Shale, a thick, light to

medium gray, marine shale of Late Cretaceous age. Only the unnamed

shale unit and an upper transition member are exposed.

The unnamed shale unit is chiefly a silty shale that weathers

olive to yellowish-gray. The shale contains many gray-or brown-

weathering silty calcareous concretions. Concretions, commonly 6 to

10 feet in diameter occur frequently in zones. Lenses of selenite

(gypsum) commonly one to two feet long and as much as one-half-inch

thick are abundant throughout most of the section. Bentonite is pre-

sent in the shale but was not observed in layered beds. Fossils are

abundant in certain zones and sparse in other. A large gastropod,

Fyropsis bairdi Meek and Hayden, and several pelecypods, Lucina

occidentalis (identified by Norman Soule of the U. S. Geological Survey,

1966, written communication), were collected from a railroad cut in

the swt SE~ sec. 21, T. 4 N., R. 58 W., Fort Morgan quadrangle.
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The upper transition merrIDeris intermediate in lithology between

the Pierre Shale and the Fox Hills Sandstone. It is about 2,700 feet

thick and contains thin-bedded sandy shale with large calcareous sand-

stone concretions. The sandy shale grades upward into soft shaly sand-

stone and massive friable sandstone. The transition merrIDeris well

exposed north of Fort Morgan in the deep arroyos tributary to Wildcat

Creek. No attempt was made to establish a boundary between the upper

shale and upper transition merrIDers. The thickness of the Pierre Shale

in the map area is about 5,800 feet (Mather et aI, 1928).

The Fox Hills Sandstone, a light gray to light brown friable and

massive-bedded sandstone, is poorly exposed in the northwestern part

of the Fort Morgan quadrangle. The formation, however, is better

exposed in a roadcut near Minter Hill, NW~ NW~ sec. 11, T. 5 N., R. 59

W., Judson Hills quadrangle where the fossil burrows Ophiomorpha sp.,

produced by a shrimp~like crustacean, were recognized. Norman Soule

of the U. S. Geologic Survey (1966, written communication) identified

the following collection of fossils gathered by the writer in the SE~

~ sec. 31, T. 6 N., R. 58 W., Judson Hills quadrangle.

USGS Cretaceous fossil collection 29427

Euspira obliguata (Hall and Meek)
cf. Ornopsis n. gen. of Turridae
Shark teeth
Crocodillian teeth
Dermal seute
Fish vertebrae and spines

The Judson Hills plateau has an escarpment that can be seen from

Weldona. The escarpment and plateau are formed by the resistant Fox
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Hills Sandstone. The sandstone is essentially flat-lying, and its
Bee.e vs e

thickness is about 50 feet. ,The boundary between the Fox Hills Sand-

stone and the Pierre Shale is transitional,' no attempt was made to
define an exact contact.

The Laramie Formation of Late Cretaceous age, the White River

Group of Oligocene age, the Arikaree Formation of Miocene age, and the

Ogallala Formation of Pliocene age once covered all of Morgan County

(Weist, 1965). Erosion since the close of the Pliocene has stripped

these formations from the map area. No Tertiary deposits have been

mapped in Morgan County. The nearest Tertiary deposits are those of

the White River Group which crop out near New Raymer, 25 miles north

of Fort Morgan. The Laramie Formation is mapped in the northwestern

and southern parts of the County (Weist, 1965,and Mather et aI, 1928).

REGIONAL GEOLOGIC HISTORY

Before the uplift of the present Rocky Mountains, all of Colorado

was covered by a vast Cretaceous sea. A great thickness of marine

sediments accumulated in the sea. The Pierre Shale represents the last

and thickest of the marine units to accumulate. The gradual withdrawal

of the sea and the attendant change from marine to continental sedi-

mentation is represented by the Fox Hills Sandstone and Laramie Forma-

tion. Regression of the sea took place in Late Cretaceous time and was

accompanied by the beginning of the mountain building episode known as

the Laramide Orogeny. Mountain building continued from the Late
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Cretaceous through the early Tertiary.

Streams flowing over the surface of the rising mountains eroded

first through a thick cover of Mesozoic and Paleozoic sedimentary rocks

and later into Precambrian crystalline rocks. The debris was carried

from the mountains and deposited as large fans east of the uplifted

area. The fan deposits, represented by the Dawson Formation in the

Denver Basin, probably extended as far east as southern Morgan County.

Climatic conditions were strongly affected by the elevation of the

mountains. The warm, moist marine climate, which existed from the Late

Cretaoeous through the Eocene, changed gradually toward a progressively

drier continental climate after the Eocene.

Decomposed bedrock and volcanic ash were the chief souroes of

sediment deposited in the White River Group. Eolian activity and mass

wasting spread clay and silt over northeastern Colorado and eastern

Wyoming during the Oliocene. Renewed uplift of the Laramie Range

resulted in renewed stream activity. Intermittent streams as a result

eroded winding channels into the clay deposits of the White River

Group and deposited coarse debris carried from the mountains. In the

Miocene, deposition shlf t.eo to the east. The climate and sedimentary

processes were much the same when the Arikaree Formation was deposited
as they were when the White River Group was deposited (Moore, 1960,

p.221).

The Pliocene was semi-arido The change to a periodic and intense
rainfall caused an attendant change to coarse-grained alluvial deposi-
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tiono streams flowing from the crystalline rocks deposited alluvial

fans along the mountain front. As deposition continued each fan merged

with the next until a vast alluvial apron was formed (Moore, 1960, po

222)0 The apron, represented by the Ogallala Formation, extended from

central Wyoming to Texas and from the mountains in Colorado to central
Kansaso

The crystalline rocks of the mountain ranges were beveled in the

late Tertiary by an erosional surface which lies about 7,500 to 8,900

feet above sea levelo At the beginning of the Quaternary, streams began

to erode into the late Tertiary alluvial mantle and to modify the ero-

sional surfaceo Through flowing streams, ancestral to the South Platte,

North Platte, and Arkansas River~ began to expand their drainage systemso
The climate at the beginning of the Pleistocene probably was less

extreme and slightly more moist than tOday1so Changes in climate, how-

ever, characterize the Pleistoceneo Four major glaciations interrupted

by at least three major interglaciations occurred in the Rocky Mountains
as well as in the Midcontinento

Gravel-covered pediments and fill terraces were formed along the

foot of the mountainso The oldest pediment is about 1,200 to 1,550 feet

below the late Tertiary surface and about 450 feet above modern streams

(Malde, 1955, po 223)0 Other pediments occur at intervals of 350, 250,

and 100 feet above tributaries of the South Platte River (Scott, 1963a,

po 53, Madole, 1963, and Bryan and Ray, 1940)0 Fill terraces were well

developed along the middle reaches of the South Platte and its tributaries
during and since the last glaciation in the mountainso
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qUATERNARY GEOLOGY

Quaternary deposits in Morgan County are composed of alluvium,

colluvium (not mapped separately), eolian sand, loess, and bog depositso
Alluvium is confined to the present channel and terraces of the South

Platte River, Kiowa, Bijou, and Wildcat Creekso Four pre-Wisconsin,

two Wisconsin, and two Recent alluviums are differentiated and mapped

in Morgan County (plates 1, 2, and 3). The alluvium is predominantly

sando The older alluvium is composed of rounded to subrounded pebbles

and cobbles lenticularly stratified in a matrix of sando In places the

sand in the younger alluvium is very silty and may contain organic
materiaL

Colluvial deposits cover the upper few inches to few feet of the

ground surface; but because of their thinness and limited extent, they

are mapped with either contemporaneous alluvium or with thicker under-

lying deposits. The thickest colluvial deposits intertongue with

alluvilm and form a wedge-shaped facies along the sides of alluvial

stream valleys (figo 6), The colluvium in such valleys may be de-

posi tel by local slope wash, rillwash, or slumping of bank materia Is

33
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STRATIGRAPHIC CATEGCRIES AND PRINCIPLES

Stratigraphy is the study which describes the composition and

interprets the correlation and history of stratified rocks (Dunbar and

Rogers, 1957), Quaternary stratigraphy follows the stratigraphic

principles established for older stratified rocks, The American

Commission on Stratigraphic Nomenclature (1961) has set forth recommen-

dations which have been adopted and applied in this thesis, Strati-

graphic practices used in differentiating subdivisions of Quaternary

continental sediments are for the most part consistent with those of

marine sediments, However, certain stratigraphic criteria are either

not used conventionally or are not used as frequently by geologists

mapping older rocks, Practices adopted from the disciplines of geomor-

phology, pedology, climatology, and archaeology have added useful

criteria for differentiating surficial Quaternary Deposits. The cir-

teria used for defining rock, soil, biologic, time, and climate units

of surficial geologic materials are discussed in their respective

categories below.

Formations

When surficial deposits are being mapped, they must be differen-

tiated into litholo~cally homogeneous bodies large enough to be

delineated on a map of the desired scale. The basic unit for mapping

is the formation. In this thesis the term "formation" is not used
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after the geographic name of every unito Instead, terms implying

lithology and origin followo For example, Rocky Flats Alluvium is used

in lieu of the Rocky Flats Formationo Equivalent deposits of eolian

sand in eastern Colorado have previously been correlated with the Sand

Hills Formation (Hill and Tompkin, 1953) 0 Recent alluvium has not been

formally defined; therefore, its lithologic term is not capitalizedo
Alluvial formations in the map area are bounded at their bases

by unconformities and usually by a change in lithologyo Ancient soils,

called paleosols, have formed at the tops ofmany stratigraphic unitso
Where soils are eroded or lacking, the formation boundaries may be

marked by changes in lithologyo A lateral change in lithology, called

a facies change, often existso A facies change is characterized by a

gradual substitution of one texture or composition for another" The

cross section depicted in figl re 6, showing the intertonguing of

alluvial with colluvial deposits, is a typical facies changeo
Many of the surficial units in the map area are lithologically

distinctive" Some individual units vary in color, grain-size, sorting,

mineral or organic composition, and in types of sedimentary structureso
In addition, other characteristics such as vertebrate ani invertebrate

fossils and marker beds have permitted the local, isolated sequence to
be correlated with the regional seque nce,

Terrace profiles and height above the present river level are

two very important criteria for mapping and correlating alluvial

terraces 0 Frye (1945) refers to alluvial sediments comprising terraces
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as morphostratigraphic units, that is, a hybridization of geomorphology

and stratigraphy which regards the mapped terrace form as an index to

the underlying materialso Each successively younger terrace along the

lower South Platte River is successively lower on the valley wall and

is readily mapped on the basis of the above principleso

Soils

The American Commission on Stratigraphic Nomenclature (1961) de-

fines a soil-stratigraphic units as "a soil with physical features and

stratigraphic relations that permit its consistent recognition and

mapping as a stratigraphic un it,u A soil is the product of surficial

weathering and of the action of or-gam.sm, It is a composite of distinct

horizons which comprise a profile of weathering. Soils are entities

separate from rock-stratigraphic units. They are what happens to a

deposit as a result of weathering, and each soil may be developed over

several rock-stratigraphic units of diverse age and compositiono Soils

were formed in the geologic past when erosion and sedimentation were

less vigorous than weatheringo A warm relatively moist climate, which

stabilized for a considerable time, existed during all interglaciations

and during many interstadeso Paleosols are assumed to have formed

during these intervalso

Soil-stratigraphic units are defined on the degree of development

of their profiles and on their stratigraphic relationshipso The degree

of development summarizes the many features of each soil profile,such
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as total thickness, structure, consistence, color, pH, clay and carbon-

ate accumulations, and the thickness of each horizon of a soil. Corre-

lation of soils is based upon their degree of development. Equivalent

soils can best be correlated where they are developed on similar parent

materials and under similar conditions of slope, drainage, and vegeta-

tion. Ancient soils are developed to different degrees because the soil

forming processes acted upon each different soil for different periods

of time and under different intensities. The degree of soil development

is described as very weakly developed, weakly developed, moderately

developed, strongly developed, and very strongly developed (Richmond,

1962, p. 25).

All zonal soils in Morgan County are Brown soils. Brown soils are

characterized in the A horizon by a grayish-brown, slightly acid to

neutral, humus-mineral material partly leached of clay and sesquioxides;

in the underlying B horizon by a brownish, slightly acid to mildly acid

accumulation of clay andsesquioxides. The upper part of the parent

material (C horizon) is marked by an accumulation of calcium carbonate

called the Cca horizon (U. S. Department of Agriculture, 1938, p.

1162-1180).

Soils are fundamental units of the pedologic classification used

by soil scientists as well as the soil-stratigraphic classification

used by geologists. The Morgan County Standard Soil Survey Report pub-

lished by the Soil Conservation Service, U. S. Department of Agriculture

in August 1966 contains a map showing the distribution of pedologic
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unitso The relationship of agricultural soils in Morgan County and

adjacent areas to the corresponding geologic materials upon which they

are developed, is shown in table 10

Biostratigraphy

Fossils and artifacts are basic indicators for time-stratigraphic

and geologic-climate subdivisions of Quaternary rockso Plant debris,

calcareous shells of invertebrate fossils, bones of vertebrate fossils,

and charcoal may be dated by the ratio of radiocarbon to carbono

Pollen and spores are indicators of paleoclimateo Vertebrates and

invertebrates are of value for interpreting the environment in which

they once lived, but the relatively slow rate of evolutionary change

and extinction of faunal species in the Quaternary limits their value

as time indicatorso Certain fossils having value as paleoecologic

indicators such as horses, bison, camels, am narrow ranging snails,

nevertheless, help considerably in limiting the age of a deposito For

example, extinct animal remains such as those of the giant bison, camel,

mammoth, muck ox, and the Pleistocene horse have limited range in

Pleistocene sediments; whereas the remains of the modern bison, horse,

and cow exist only in Recent sedimentso Mollusks with a limited envi-

ronmental range such as cold-loving or warmth-loving forms indicate

glacial or interglacial climateso Most of the fossil mollusks gathered

in the map area are the same as species of present-day mollusks living

in Colorado. During life the fossil mollusks were subjected to the
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Geologic material Soil unit

Post-Piney Creek alluvium Alluvial soils (river wash)
Bog soils
Bank soils
Laurel soils
Wannsoils

Piney Creek Alluvium Ormansoils
Vona soils
Bank soils

Sand Hills Formation Bijou soils"-o<
(top reworked by slope wash) Vona soils#

Ascalon soils'<
Valentine soi.Ls-e
Weld soils#

Bijou Flats Tongue Weldona soils
Ormansoils
Nunn soils

BroadwayAlluvium Gilcrest soils
Nunn soils
Greeley soils

Pear ian and Bignell Loesses Colby soils
Weld soils

Louviers Alluvium Unnameddark limy terrace soil

Loveland Loess Weld soils
Vona soils
Ascalon soils

Pre-Wisconsin alluvium Larimer soils

Weathered unnamedshale memberand Terry soils
upper transition memberof
the Pierre Shale

# North of River
'< South of River"* OnBijou Fla ts

Table 1. Parent materials and their superposed agricultural soils.
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same environmental factors of distribution as the living species are
subject to today,

Artifacts are extremely helpful in establishing the approximate

times of deposition of Recent deposits, For example, if fragments of

ancient Woodland pottery are found in a sediment, the sediment can be

no older than the earliest time at which the pottery-making Woodland

people occupied the area (1,490 ~ 160 yrs, Scott, 1963a, p, 46). Other

artifacts of stratigraphic value are the split bone tools and spear

points left by the Clovis, Folsom, and Scotts Bluff cultures of people

and chert tools, projectile points, and campsite relics left by other

pre-Woodland and more recent cultures, Artifacts, like fossils, are of

no stratigraphic value if their position within a sediment, and the

location of the site are not recorded,

The basic biostratigraphic unit is the zone, A zone is defined

as a stratum characterized by the occurrence of a fossil with a narrow

vertical range in distribution, Although biostratigraphic units are

not applied in this thesis to the Morgan County Quaternary section,

cultural zones of prehistory people have been inferred by various

authors (Haynes and Agogino, 1960; Malde, 1960; and Schultz et al,

1948) in eastern Colorado and western Nebraska,

Time

Time enters into classification by time-stratigraphic and geologic-
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time units. Time and time-stratigraphic units have a two~fold value.

(1) They facilitate correlation of local sections with standard or

other distant sections. (2) They permit the geologic history to be

reconstructed in an orderly fashion based upon a standard geologic time
table.

A time-stratigraphic unit defines a subdi vis ion of sediment s

solely upon the basis of time. The unit is ideally bounded by surfaces

representing everywhere the same temporal horizon. Laterally, the unit

represents sediments deposited during the same interval of time

(American Commission on Stratigraphic Nomenclature, 1961).

The Pearlette Ash (Cragin, 1896) is the most significant isochro-

nous bed in the continental Pleistocene sequence of North America.

Although the ash bed is discontinuous, it was originally deposited

contemporaneously throughout Utah, Colorado, Nebraska, and Kansas.

Thus, it may be used to correlate time-equivalent sediments from one

locality to another. The time of deposition of the Pearlette Ash is

considered in this thesis to be contemporaneous with late Kansan

Glaciation (Frye and Leonard, 1957; Hibbard, 1958).

In field mapping, local boundaries of major time-stratigraphic

units are made to coincide with the boundaries of other types of

stratigraphic units. Unconformities and soils are the two most useful

features for establishing local time-stratigraphic units in the thesis

area. Consequently, certain time-stratigraphic boundaries were defined.

Based upon these boundaries, the sediments contained within the
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boundaries were assigned informal ranges within units of geologic time.

Table 2 shows the formal subdivision of time-stratigraphic units and

their corresponding geologic-time units.

Time-stratigraphic Geologic- time Example
unit unit

era Cenozoic Era
system period Quaternary System (Period)
series epoch Pleistocene Series (Epoch)
stage age Villafrancian Stage (Age)

Table 2. Major divisions of time-stratigraphic and geologic-time units.

Informal time units within the Quaternary Period are based upon

geologic-climate units. For example, the period of time represented

by the Wisconsin Glaciation is referred to informally as Wisconsin

time. The Wisconsin is further subdivided into early, middle, and

late Wisconsin time. Terms from the glaciated midcontinent region

which were formerly used to describe subdivisions of Pleistocene time

have been rejected by the Code of Stratigraphic Nomenclature (1961,

p. 659, Art. 31b). The geographic names used in the glaciated mid-

continent are now applied to geologic-climate units. Note that the

names wri tten vertically to the left of the explanation on plates 1, 2,

and 3 are informal time intervals represented by geologic-climate units.

In the map area the Quaternary System includes all materials above

the unconformity at the top of the Pierre Shale. The Pleistocene

Series is separated from the Recent Series by a soil which is devel-

oped at the top of the Broadway Alluvium and Bignell Loess.
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Radiocarbon age dating of carbonaceous materials has become a

useful tool for Quaternary stratigraphers. Ages dating back to more

than 45,000 years can be determined. The method is useful in estab-

lishing an absolute time scale which may be used as a standard for the

correlation of sediments at any locality or of any origin, provided

tha t they contain datable carbonaceous material.

Geologic-Climate Units

Oscillations in climate are characteristic of the Quaternary

Period. The oscillations responsible for world-wide intervals of

glaciation and interglaciation also controlled the physical processes

acting upon the landscape of norih eastern Colorado. The Quaternary

deposits in the map area reflect these climatic oscillations and form

distinct geologic-climate pairs (a glacia~ on plus the succeeding inter-

glacia tion).

A geologic-climate unit is the stratigraphic category used in

correlating episodes of deposition of Quaternary sediments between

different areas. The fundamental divisions of the geologic-climate

classification are glaciations and interglaciations; subdivisions are

stades and interstades. Glaciations are climatic episodes during

which extensive glaciers developed, attained a maximum extent, and

receded. Interglaciations are episodes during which the climate was

incompatible with the conditions that characterized glaciations (Code

of Stratigraphic Nomenclature, 1961).
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The major glaciations and in terglacia tions in the midcontinent

region of North American are listed in table 3. Major climatic episodes

inferred from glacial deposits in the Rocky Mountains (Richmond, 1965,

p. 227, table 2) are equivalent in number to those of the midcontinent
region.

Wisconsin Glacia tion

Sarigamon Interglaciation
Illinoian Gluciation

Yarmouth Interglaciation
Kansan Glaciation

-
Aftonian Interglaciation
Nebraskan Glaciation

Table 3. Divisions of geologic-climate units.

Because of the spread of glacial climates from north to south in

the northern hemisphere and from high elevations toward lower eleva-

tions, geologic-climate units are not everywhere of the same age nor

can boundaries of such units in many places be well defined. Commonly,

the non-glacial Quaternary deposits between the Rocky Mountains and

the midcontinent are marked at their tops by soils and at their bases

by unconformities. Active glaciation in the mountains resulted in

erosion in the map area. Warm, moist conditions during interglacia-

tions resulted in formation of soil. In the map area the change from

the Sangamon Interglaciation to the Wisconsin Glaciation occurred

between the time of formation of the Sangamon Soil and the time of

L6

-- ------- - ~
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deposition of the oldest Wisconsin deposits. The change from the

Illinoian Glaciation to Sangamon Interglaciation, however, left no

stratigraphic evidence and therefore, the boundary between these two

geologic-climate units cannot be distinguished in Morgan County.

QUATERNARY STRATIGRAPHY

The Quaternary stratigraphic section in Morgan County has been

subdivided into thirteen mappable stratigraphic units and five distinc-

tive soil-stratigraphic units which were not mapped. The local section

is summarized in table 4.

The Nussbaum Alluvium is the oldest Quaternary deposit known in

the map area. The alluvium, which consists of 15 to 25 feet of yellow-

ish-brown, poorly sorted sand containing pebbles and cobbles, is re-

stricted to remnants of a former valley fill now perched high above

the present river. A very strong pre-Wisconsin soil was developed on
the alluvium.

Definition. The Nussbaum Alluvium was redefined by Scott (1963b) from

the Nussbaum Formation of Gilbert (1897). The formation was named for

its outcrop on Baculite Mesa in the Pueblo quadrangle, Pueblo County,

Colorado where it included as much as 100 feet of stream-lain loose

coarse sand containing cobbles. The Nussbaum was originally assigned
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System Series Geologic-climate Formation Probably
unit (p'L 1,2,&3) Maximum

1-1lJ~C.lt.§~-- ---B horizon
average)
I

Artificial fill I
+' Post-Piney Creek 1
<:: alluvium 15'

IQ) Cris Lee Soil 9"o IQ) Piney Creek Alluvium 35 '~
ISand Hills Formation 50 '

Altithermal soil 112"
I

Broadway Alluvium 100 ' I
Bijou Flats Tongue (60')1
Pink facies (40')1

Brady Soil 14"
Bignell Loess (mapped 10 ' I

>-< ciJi sconsin wi th Peorian Loess) I

'"
Louviers Alluvium 150 ' I

"'"
Soil (unnamed ) 9"

Peori an Loe55 (mapped 30 ' I
""'" ,nth Bignell Loess) I
ro I

Sangamon Sangamon Soil 16"E-< 1-

"'"
Loveland Loess 15' IQ) Slocum Alluvium 1·5'b <:: IllinoianQ) I

0' o
0 Yarmouth (?) Soil 124"+' Yarmouth'" Verdos Alluvium 50 ' I
'M KansanQ) I
rl
P-. Aftonian (?) Soil 1 ?Aftonian Rocky Flats Alluvium lfO ' 1

INebraskan Nussbaum AIDlvium '.0 ' 1
I

Table 4. Quaternary formations and soils in the Orchard, Weldona, and Fort
Horgan quadrangles, Colorado.



T-1098

by Gilbert (1897) to the "Neocen e epoch." The age was subsequently

assigned to the late Neocene by Hills (1899) and later changed to

Pliocene (?) by Stose (1912). The age of the Nussbaum was widely

accepted as Pliocene (?) until Scott (1963b) assigned a Pleistocene (?)

age and changed the name to alluvium in order to emphasize the fluvia-

tile origin.

Distribution. The Nussbaum Alluvium was once widespread in Morgan

County and extended as a continuous terrace both upstream and down-

stream along the South Platte River. The alluvium is now restricted

to the top of a high hill northwest of Fort Morgan. West of the map

area, occasional isolated ridges and knolls are capped by the alluvium.

East of the map area, the alluvium is better preserved. Particularly

good exposures of Nussbaum Alluvium were noted at Rock Springs in sec.

8, T. 5 N., R. 57 W., Peace Valley School quadrangle; along the edge

of a high terrace near Dead Horse Springs, sec. 8, T. 5 N., R. 56 W.,

Dead Horse Springs quadrangle; near Antelope Springs, sec. 2, T. 5 N.,

R. 56 W., Antelope Springs quadrangle; and in a gravel pit in the NEt

SEt sec. 12, T. 7 N., R. 55 w., Willard quadrangle. Most of the

terrace remnants of Nussbaum Alluvium that lie in or near the map area

range from 360 to 440 feet above the South Platte River.

Topographic Expression. Longitudinal profiles were drawn to determine

the topographic relationships of the Nussbaum Alluvium to the South

Platte River, the lower terraces, and the Ogallala Formation. Figure
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9 was constructed on the basis of reconnaissance field work by the

writer and drilling data furnished by the Colorado Lepartment of High-

ways. The reconstructed profile of the Nussbaum Alluvium has a gradient

of 9.5 feet per mile as compared to 6.5 feet per mile for the present

gradient of the South Platte River. Its profile thus converges with

that of the river. In Morgan County, remnants of Nussbaum Alluvium are

about 600 feet below the projected surface of the Ogallala Formation.

The lowest remnant of Nussbaum Alluvium is 160 feet above remnants of

the next lower alluvium.

The alluvium, which forms a high terrace, represents an ancient

valley fill which was abandoned when the river assumed a lower topo-

graphic level. The terrace fill wedged out toward the outside of the

valley where it became a thin veneer covering a pediment flanking the

ancient valley. The diagrammatic cross section in figure 10 shows the

swY, SE y~ sec, €>,
T.'''''1 R.!!r1W.

~ flo""""" ~ .11E
-~7,.'

correlation of two remnants of Nussbaum Alluvium north of Fort Morgan.

Ce'<'\~er sec . 3&.j)
T. SN" R.se w.

Sw

1milel- ---J
'

o
Datum mean sea level

Figure 10. Di.agrammatic cross section correIa "ling isola ted remnants of
the Nussbaum Alluvium.
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The area within the lines projecting the bedrock floor and the original

terrace surface suggest the original cross sectional shape of the
terrace.

Description. The Nussbaum Alluvium in the map area is a yellowish-

brown sand and light gray basal conglomerate containing pebbles and

cobbles. Mechanical analyses of 6 random grab samples of loose ma te-

rials indicate that the materials contain about 50 percent pebbles and

cobbles, 14 percent granules, 21 percent sand, and 15 percent silt and

clay. Cobbles 4 to 6 inches in length are common. The median diameter

of the particles tested was 4.6 millimeters. The samples were bimodal;

the maxima occurred in the 1- to 2-inches and 1/5- to 1/13-inch frac-

tions. Most particles are equant to subrounded; their surfaces are

smooth. The unit as a whole is poorly sorted but lenses of clean light

gray sand exposed in the gravel pit in the swt swt NEt sec. 34, T. 5

N., R. 58 W., Fort Morgan quadrangle (fig. lla) are moderately sorted.

The lenses are composed chiefly of white quartz sand horizontally inter-

stratified with laminations of heavy dark minerals. The coarse depos-

its exposed in the same pit (fig. lIb) are composed chiefly of quartz-

ite and granite. Some biotite gneiss, volcanic, and chert cobbles

occur as accessories. Quartzite blocks up to one foot wide were

observed embedded in the deposit. The sand is composed of subangular

to subrounded quartz and feldspar. The basal 3 to 10 feet of the

deposit is commonly an indurated conglomerate. The cement is fine-
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a.

b.

Figure 11. Nussbaim Alluvium in a gravel pit in the s'#i, swt NE~ sec.
~4, T. 5 N., R. 58 W., Fort Morgan quadrangle.
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crystalline calcium carbonate. In places caliche loosely cements the

upper few feet of the gravel. Most particles in these horizons are

undercoated by a mold of calcium carbonate even where not indurated.

Lenses of yellowish-brown coarse sand show thin cross-bedding. Lenses

of coarser materials show crude cross-bedding and graded bedding.

Small rounded sandstone pebbles and clusters of pebbles are common in
the white sandy lenses.

No fUlly preserved soil profile was observed at the top of the

Nussbaum Alluvium in the map area. The abundance of calcium carbonate

as matrix and particle coatings near the top of several local sections,

however, suggests that one or more pre-Wisconsin soils have developed
on the Nussbaum Alluvium.

The thickness of the exposed alluvium varies from zero to 15 feet.

Remnants are generally buried under younger eolian deposits. The

estimated thickness in sec. 34 and 27, T. 5 N., R. 58 W., is 25 feet.

The cross section !n figure 10 suggests that the original thickness

before erosion may have been 40 feet or more.

The unconformity at the base of the Nussbaum represents erosion

of at least 600 feet of Tertiary and Cretaceous rocks prior to deposi-

tion of the alluvium. The absolute number of years the unconformity
reflects is unknown.

Origin. The Nussbaum Alluvium was deposited by the South Platte River

when the river flowed at an elevation 400 feet above its presen t course.

Sediments, carried chiefly from areas of crystalline rocks, were mixed
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with sediments eroded from resistant sedimentary formations. Local

exposures of Fox Hills Sandstone were probably the source of white sand.

Sedimentary structures and grain size suggest that the South Platte

River at the time of deposition was a shallow, perennial stream which

meandered widely across its floodplain.

Age. The age of the Nussbaum Alluvium is considered by Scott (1963b)

to be early Pleistocene. This age implies that the deposits were

formed in Nebraskan time. Deposits of Nussbaum Alluvium in the Morgan

County map area are assigned to the Nebraskan Glaciation but may not

necessarily be related to glaciation in the mountains.

Rocky Flats Alluvium

The Rocky Flats Alluvium is younger than the Nussbaum Alluvium,

and lies topographically lower on the valley wall of the South Platte

River. The alluvium, which consists of clayey gravels, is restricted

to thin lag deposits cropping out on tops of knolls and along arroyo

cuts in the northern part of the Weldona quadrangle. Thicker deposits

have been removed from the area or buried by eolian sand. No soil or

calcium carbonate horizons were exposed.

Definition. The Rocky Flats Alluvium was named by Scott (1960) for an

exposure in a gravel pit at the east edge of Rocky Flats in the ~

swi sec. 23, T. 2 S., R. 70 W. north of Golden, Colorado. The alluvium

at its type locality caps a pediment about 350 feet above modern stream
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level and about 1,600 feet below a Tertiary surface on the Front Range.

Scott (1960) described the deposit on Rocky Flats as primarily a reddish-

brown bouldery, pebble alluvium and assigned an age of Nebraskan or

Aftonian. A very stro ng Aftonian (?) Soil is developed on the alluvium

at its type locali ty,

Distribution. The Rocky Flats Alluvium was once continuous in the

South Platte River valley in Morgan County but has since been exten-

sively removed by erosion. The deposi ts, exposed along Aker and

Lamborn Draws in the Weldona quadrangle, are chiefly thin mantles of

lag pebbles and cobble~ and thin beds of clayey gravel. Lag pebbles

and cobbles are exposed on bedrock knolls along the draws. The beds

of clayey gravel, commonly less than five feet thick, are exposed

beneath the eolian sand in the banks of the draws. Ten to 15 feet of

clayey gravel was logged in at least two boreholes a few miles east

of the outcrops along Aker Draw. One borehole, shown on plate 3,

is located in the SEt swi sec. 3, T. 4 N., R. 58 W., the other, shown

on plate 2, is located in the SEt NWt sec. 4, T. 4 N., R. 58 W. The

gravel in the boreholes, based on its topoglsphic position above the

present river, represent remnants of Rocky Flats Alluvium.

Outcrops believed to be of Rocky Flats Alluvium also have been

observed at localities outside, but near the map area. A gravel pit

in the NWt swt sec. 3, T. 3 N., R. 61 W., Masters quadrangle, contains

gravel cemented by limonite (fig. 12). The pit is 200 feet above
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Figure 12. Outcrop of limonite cemented conglomerate at the base of
the Rocky Flats Alluvium, NEt Slit sec. 3, T. 3 N., R. 61 W.,
Masters quadrangle. The conglomerate is a possible source
of poor quality riprap.



T-I098 58

present stream level. A second gravel pit 196 feet above present stream

level in the SEt SEt sec. 24, T. 6 N., R. 55 w., Messex quadrangle, is

believed to be Rocky Flats Alluvium.

Topographic Expression. Continuous deposits of Rocky Flats Alluvium

once formed terraces along the South Platte River. Remnants of that

terrace in Morgan County range from 190 to 210 feet above present river

level.

Figure 9 (p, 50) illustrates the topographic position of the ter-

race gravels with respect to other terraces and with respect to the

present river. The gradient on the terrace is about 8.5 feet per mile.

The lowest remnants of Rocky Flats Alluvium are only 30 to 60 feet

above remnants of the next lower terrace alluvium, the Verdos Alluvium.

The spatial nearness of the two alluviums is also shown by a

seismic refraction profile across the terrace surface west of Sterling,

Colorado. The diagrammatic geologic cross section shown in figure 13

is an interpretation based partly on that seismic profile and partly

on a generalization of the local terrace positions.

The profile discloses an ancient buried channel approximately one

mile wide and situated almost symmetrically within the terrace bound-

aries. The lower valley floor is about 120 feet below the surface of

the ground and 40 to 60 feet below the higher valley floor. The

deposit (fig. 13) on the higher valley floor is inferred to be Rocky

Flats Alluvium. The fill within the buried channel and upon the
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bedrock lip to the east of the buried channel is inferred to be the

Verdos Alluvium. The river, possibly after depositing the Rocky Flats

Alluvium, downcut through its former floodplain and into bedrock. A

changing regime then caused the river to fill the channel with Verdos

Alluvium and migrate to the east across the high remnant left from

Rocky Flats time. As the geomorphic cycle wore on, the river downcut to

the east of the old valley fill of the Verdos and Rocky Flats Alluvium

and began to deposit Slocum Alluvium.

Description. Exposures of the Rocky Flats Alluvium are poor in the map

area. The better ones along Aker Draw are nothing more than a cover

of coarse lag gravels which do not give a true impression of the extent,

thickness, and coarseness of the unit. Generally, the deposits contain

light reddish-brown sand composed of less than 25 percent cobbles and

pebbles. The sand is silty and in places very clayey. Large brown,

case-hardened quartzite boulders of Dakota quartzite are scattered

over the surface as a lag remnant of Rocky Flats Alluvium. One large

boulder 2 feet by 3 feet by 8 feet was measured.

Fossils. Several fossil teeth, collected at the Van Gundy gravel pit

in the NEt swt sec. 2, T. 7 N., R. 54 W., west of Sterling, Colorado,

further support the interpretation that the positions of the Rocky Flats

and Verdos Alluviums are topographically close and that streams in

Verdos time extensively removed the Rocky Flats Alluvium. The Van

Gundy pit is located I! miles south of the seismic traverse and in the
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buried channel fill of Verdos Alluvium.

The alluvium in the pit is composed of 35 feet of pinkish-brown

fine to coarse pebble sam mantled by more than 6 feet of reworked dark

gray silty pebble sand. Four horse teeth from the lower sand and gravel

unit have been studied by Edward Lewis, of the U. S. Geological Survey.

Two were lower cheek teeth identified as the early Pleistocene subgenus,

Eguus (Plesippus) sp. (fig. 14). The other two were upper cheek teeth

of a younger subgenus Eguus (Eguus) sp. A fifth tooth was believed

buried in the upper dark gray overburden. Lewis identified this as

Eguus (Eguus) caballus Linnaeus, a domestic horse of late Recent age.

The age range of Plesippus is Nebraskan to Kansan (?). That of

~ is considered to be Kansan to Wisconsin.

The exact stratigraphic position of the teeth within the 41 feet

of section is unknown; however, the state of preservation of the fossils

is so strikingly different as to suggest a difference in age. The

sides of the Plesippus teeth are worn smooth. The grooves and ridges

are subdued; the teeth appear to be water worn. The Eguus teeth on the

contrary are rough; the grooves, ridges, am bony structure on their

sides are sharp and distinct. In addition, the surface enamel of the

Eguu~ teeth is stained or altered to a dark gray. The Plesippus teeth,

a light mottled-gray banded by the white dentine, are etched. The

wear of the Plesippus teeth suggests that they may have been removed

from their original place of deposition in the Rocky Flats Alluvium

and reworked into the Verdos Alluvium.
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Figure 14. Lower cheek teeth of the fossil horse, ~ (Plesippus)
sp. found in the Van Gundy Pit, NEt swt sec. 2, T. 7 N.,
R. 54 W., west of Sterling, Colorado.
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Origin. The Rocky Flats Alluvium is composed of river deposited peb-

bles, cobbles, and occasional boulders which resemble rock types found

in the Front Range and foothills. The existence of numerous lag

boulders of Dakota quartzite covering the eroded surface of bedrock be-

neath Rocky Flats Alluvium, can be explained either by ice rafting of

the quartzite blocks from the foothills hogbacks or by the lagging of

the boulders from erosion of Tertiary deposits.

Age. The age of the Rocky Flats Alluvium based, upon fossils and

geomorphology, is considered to be Nebraskan or Aftonian. Because the

Rocky Flats Alluvium lies in a terrace 160 feet below the Nussbaum

Alluvium (also of Nebraskan age) and only about 50 feet above the

Verdos Alluvium (Kansan and Yarmouth age), the Rocky Flats may have

been deposited nearer to the time of Verdos deposition that to the

time of Nussbaum deposition.

Verdos Alluvium

The Verdos Alluvium, a light reddish-brown, poorly sorted, thick

sand and gravel crops out chiefly in the northern part of the Fort

Morgan quadrangle. The deposits, which form a moderately well pre-

served terrace, are continuous for a distance northeast of the area

but are buried by thick deposits of loess. A strongly developed

Yarmouth (?) soil is formed on the Verdos Alluvium.
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Definition. The Verdos Alluvium was named by Scott (1960) for typical

exposures on the Verdos Ranch in the NEt NWt SEt sec. 22, T. 6 s.,

R. 69 W., Littleton quadrangle, Colorado. The alluvium, which crops

out on the slope of a pediment at its type locality, contains 16 to

35 feet of well-stratified, stony sand with a volcanic ash at its base.

The ash was identified by Powers and others (1958, p. 1631) as the

Pearlette Ash. The pediment on which the deposit lies is the third

erosion surface below a Tertiary surface eroded along the Front Range.

The deposit lies 100 feet below the Rocky Flats Alluvium. A very

strongly developed Yarmouth (1) soil was formed on the Verdos Alluvium

(Scott, 1963a, p. 16).

Distribution. Gravel typical of the Verdos Alluvium is exposed in the

pits in the NEt NWt sec. 19, and the NEt S~ sec. 18, T. 4 N., R. 57 W.,

Fort Morgan quadrangle (fig. 15). As much as 33 feet of poorly sorted,

cross-stratified sand and gravel occurs in the section. The alluvium,

which lies in a high ancient channel of the South Platte River, trends

N 700 E from exposures along Cris Lee Draw. Thick loess deposits bury

the gravels across the north central part of the Fort Morgan quadrangle.

Outcrops of Verdos Alluvium appear at the surface in sees. 1, 10, 11,

and 12, T. 4 N., R. 57 W., Brush West quadrangle, where Wildcat Creek

has eroded across the gravel terrace. The alluvium is continuous be-

tween Wildcat Creek and Pawnee Creek in Logan County. A broad terrace

6 miles west of Sterling, Colorad~ is composed predominantly of Verdos

64
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a.

b.

Figure 15. Verdos Alluvium, overlying loesses, and soils in gravel
pits in the NEt sec. 18, T. 4 N., R. 57 W., Fort Morgan
quadrangle.
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Alluvium.

West of the Fort Morgan Country Club the alluvium is strongly dis-

sected. Outcrops, restricted to gravel-capped knolls, spurs, and small

north-trending buried channels occur at about the same contour eleva-

tions (4,430 to 4,450 feet above sea level) as the Riverside Canal.

The alluvium has been completely removed by erosion in the western part

of the Weldona quadrangle and all of the Orchard quadrangle.

Topographic Expression. The Verdos Alluvium forms a terrace on the

north side of the South Platte River. Remnants of the terrace lie

between 130 to 160 feet above the river in the Weldona and Fort Morgan

quadrangles. Thicker sections, exposed in gravel pits in the sw& sec.

1, T. 4 N., R. 57 W., Brush West quadrangle, suggests that the top of

the gravel terrace may be as much as 170 feet above present river

level. The cross section, based upon the seismic refraction profile

near Sterling, Colorad~ shown in figure 13 (p. 59) illustrates the

terrace typically formed by Verdos Alluvium along the lower reaches of

the South Platte River. The bedrock floor of the terrace, which has as

much as 50 feet of relief, is an undulating surface marked by subtle

troughs. The lower, buried valley floor under the terrace west of

Sterling is about one mile wide whereas the width of the Verdos Allu-

vium at the surface is as much as three miles wide.

Description. The Verdos Alluvium is a light reddish-brown cross-

stratified pebble sand (fig. l5a). Larger particles in the alluvium
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are subangular to rounded and oblate to equant. Mechanical analyses

of random grab samples indicate that the median diameter of particles

is about 4 millimeters. The gravel consists of 10 percent cobbles,

some as much as 5 inches in the largest dimension, Lo percent granules,

16 percent pebbles, 22 percent sand, and 12 percent silt. The samples

have a bimodal distribution. The modes occur in the range of fine sand

and 1- to 2-inch granules. The median particle diameter decreases in

a downstream direction to slightly less than 2 millimeters in samples

taken from pits in the Sterling area. The grain-size gradually de-
creases toward the top of most sections.

The gravels in the Verdos Alluvium are derived chiefly from Pre-

cambrian rocks. The pebbles and cobbles are composed of metaquartzi te,

granite pegmatite, granite gneiss, and minor fragments of andesite,

quartz, sandstone, and chert. The sand in the alluvium contains con-

siderable quanti ties of heavy and rare-earth minerals including small

amounts of gold. Table 5 shows the results of a spectographic analysis

furnished to the writer by Jerry Van Gundy of Sterling, Colorado, and

run from samples taken from the Van Gundy pit west of Sterling.

Scour and fill cross-stratification is characteristic of the

Verdos Alluvium exposed in Morgan County gravel pits. Individual

gravel lenses exhibit well developed scour and fill cross-bedding.

The lenses are coarse near the bottom and become increasingly finer
grained toward the top.

In figure 15b, two soils developed on the Verdos are shown
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E'lsmerrt Percent of Concentrated
Sample submitted

Iron
Ti tanim
Zirconilm
Manganse
Chromitn
Cerium
Thoriurr
Lantharum
Arsenic
Hafnium
Magnesilm
Barium
Yttrium
Copper
Zinc
Ne odymi.im
Columbilm
Praseodrmium
Samar-Lui
Tin
Nickle
Lead
Gado.Li.n.um
Strontium
Rubidiun

41000
6000
0.98
0059
0.22
0.19
0.16
0.13
00095
0.094
0.086
0.084
0.076
0.064
00057
00049
0.041
00039
0.035
0.0,5
0.029
0.016
0.018
o. O1J~
0.011

Spectographic analysis run by Fall River Exploration and Mining
Coo for Mro Jerry Van Gundy, Sterling, Colorado.

Table 5 Heavy mineral and rare-earth elements contained in the
sand of the Verdos Alluvium.
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exposed in the gravel pit in the NEt sw}sec. 18, T. LN., R. 57 W.,

Fort Morgan quadrangle. The upper soil, interpreted to be the Sangamon

Soil, is the thickest. Its B horizon is about 22 inches thick and the

Cca horizon developed on reddish-brown loess is 36 inches thick and the

lower soil possibly is the Yarmouth Soil. The B horizon of the lower

soil, shown in figure 15b as a dark brown layer below the Cca horizon

of the Sangamon Soil, is 18 inches thick. The Cca horizon of the lower

soil extends at least 24 inches into a reddish-brown pebbly silt, which

overlies the pink cobble gravel of the Verdos Alluvium.

The Verdos Alluvium contains isolated deposits of the Pearlette

Ash, a volcanic ash fall readily identifiable by its composition and

index of refraction. Frye (1961) reported a deposit of the Pearlette

Ash north of Iliff, Colorado, where ash crops out in a gully in the

Nwt sw}sec. lL, T. 10 N., R. 51 W., Iliff quadrangle (fig. 16). The

ash, which is in the lower part of the gravel, reportedly has gravel

beds below as well as above. Ray E. Wilcox (1966, oral communication)

of the U. S. Geological Survey has tentatively confirmed, on the basis

of its index of refraction, that the ash from the above locality is

Pearlette-like. Height above present river level and topographic

sequence support the correlation of the ash section near Iliff with

the Verdos Alluvium near Fort Morgan. No ash was found in the map

area, but a log of a waterwell drilled I mile east of area in the

NEt swt sec. 33, T. 5 N., R. 57 W., Brush West quadrangl~suggests
the well contains an ash.
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Figure 16. The Pearlette Ash cropping out along a ~~lly in I~ SW~
sec. 14, T. 10 N., R. 51 W., northeast of Iliff, Colorado.
At least 50 feet of gravel overlies the 12-foot ash bed
which is reoorted (Frye, 1961) to be underlain by more
gravel.
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Origin. Much of the material comprising the Verdos was carried into

the area by erosion of glacial deposits in the Front Range during the

waning Cedar Ridge Glaciation. Considerable quantities of material

were derived from the reworking of the Rocky Flats Alluvium by the

ancient South Platte River. The Rocky Flats Alluvium occupied approx-

imately the same position in space before being dissected and en-
r-\enched by the pre-Verdos erosion.

Fossils and Age. No fossils were found in the map area; however, the

horse teeth discussed previously were collected from the Verdos

Alluvium near Sterling. Only the remains of Eguus (Eguus) sp. are

believed indigenous to the Verdos Alluvium. Eguus ranges from Kansan

to Wisconsin time. On the basis of the similarity in height of the

deposits above river level, the gravel in the map area is correlated

with the deposits near Sterling from which the Eguus teeth were col-
lected, and with the Pearlette Volcanic Ash deposits (fig. 9, p. 50)

near Iliff. The age of the Verdos Alluvium is considered to be late

Kansan or Yarmouth because the Pearlette Ash, which occurs in the lower

part of the alluvium, is late Kansan.

Slocum Alluvium

The Slocum Alluvium, a light reddish-brown sand, is poorly exposed

in the area. The Slocum forms a low, partly buried gravel terrace on

the nrrth side of the river east of Fort Morgan. A very strongly
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developed soil, the Sangamon Soil, is formed on the alluvium.

Definition. Scott (1960) named the alluvium for its type section on

the Slocum Ranch in the swi NWi sec. 35, T. 6 S., R. 69 W., Kassler

quadrangle, Colorado. The Slocum Alluvium, lying 150 feet below Verdos

Alluvium, consists of reddish-brown, well-stratified, clayey coarse

sand. Warmth-loving mollusks are contained in fine-grained lenses of

the Slocum. A widespread, well preserved, very strongly developed

Sangamon (?) Soil has formed on the Slocum Alluvium at its type section

(Scott, 1963a, p. 24).

Distribution. Outcrops of Slocum Alluvium are sparse because the

alluvium is severely eroded and in places buried by a younger silty

alluvium. Exposures, which are restricted in the area to ridges of

stream deposited gravel, small dissected buried channels, and gravel

knolls protruding through younger fine-grained alluvium, extend from

about one mile west of the Fort Morgan Count~ Club eastward along the

north edge of the present valley floor. The Slocum is best exposed

outside, but nea~ the area in a gravel pit in the NEi sw~ sec. 24,

T. 4 N., R. 57 W., Brush West quadrangle. Thin deposits were measured

(see Section BB) in Moon, Box, and Porter Canyons (Peace Valley School

quadrangle) where the Slocum Alluvium fills old arroyos which were

eroded headward towards a high mesa capped with Nussbaum Alluvium

(fig. 17a). The Slocum Alluvium, which protrudes as knobs through

younger terrace deposits on Wildcat Creek (fig. 17b), are probably
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Figure 17. Slocum Alluvium originated locally (a) by arroyos
eroding hertdward into the older terrace denosits and
(b) by the debris being deposited in the ancient valley
of Wildcat Creek.
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continuous from the ancient buried arroyos in the uplands to a buried

terrace along Wildcat Creek.

Topographic Expression. The Slocum Alluvium forms a terrace which lies

Lo to 75 feet above the present stream level. Remnants of the terrace

are essentially continuous down the South Platte River throughout

Morgan, Logan, and Sedgwick Counties (fig. 9, p. 50). The antiquity

and position of the terrace were favorable for its dissection. The

terrace, cut by early Wisconsin erosion, stood high above the valley

in early Wisconsin to middle Wisconsin time. In this position it was

severely eroded. Later when the valley was again filled, the terrace

remnants were buried by thick loess, colluvium, and fine-grained

alluvium. The base of the alluvium in some drill holes is only 5 feet

above present stream level. The gradient of the terrace along the

river near Fort Morgan is about 6 feet per mile. Wildcat Creek possibly

influenced the river slope locally during Slocum time by depositing

coarser locally derived materials near its mouth which shoaled the
trunk stream.

Description ani Origin. The Slocum Alluvium exposed near the east

border of the area in the ~ SW% sec. 24, T. 4 N., R. 57 W., Brush

West quadrangle, is an orange-brown to light reddish-brown, well cross-

bedded, limonitic sand. The material contains a much larger propor-

tion of sand than the older alluviums. The occurrence of a few large,

scattered cobbles exposed in the pit gives the impression that these
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cobbles may have been derived from older gravels. Much silt has been

locally reworked into the alluvium also, especially adjacent to Cris

Lee and smaller draws to the lvestwhere the high silt content was the

basis for differentiating the Slocum Alluvium from the Verdos. Many

of the elongated, gravel-capped spurs in sec. 26 and 27, T. 4 N.,

R. 58 W., Fort Morgan quadrangle, are remnan ts of gravel-filled gullies

that had been eroded into the Verdos terrace in Slocum time. Sub-

sequent gullying has eroded the soft Pierre Shale between the Slocum

filled gullies leaving the former gullies as gravel-armored spurs and
an inversions of topogTaphy.

In other localities the Slocum Alluvium also reflects a local

origin. Drill holes east of Wildcat Creek, drilled near the north

edge of the terrace, show the sand and gravel interstratified with clay

lenses as much as ei.ght feet thick. In Wildcat Creek, about two-thirds

of the alluvium is composed of quartzite and granite gneiss which were

probably eroded from the Nussbaum Alluvium. The other one-third is

composed of soft angular pieces of Cretaceous sandstone. The unit as

a whole is very silty, and commonly, in the Wildcat Creek drainage,

includes beds of sandy silt. In the ancient Slocum-filled arroyos,

the gravels graded upward into reddish-brown, calcareous, sandy silt
of predomi.nantly eolian origin.

The Slocum Alluvium, based upon well logs, is as much as 45 feet

thick near the walls of the present river valley. Alluvium filling

arroyos in the drainage basin of Wildcat Creek is as much as 12 feet
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thi.ck,

Ageo The age of the Slocum Alluvium is interpreted as late Illinoian

and early Sangamonfor the following reasons:

10 The Slocum is the lowest alluvium along the river with
a superposed pre-Wisconsin soilo

20 It lies topographically below the Verdos Alluvium which
contains the Pearlette Ash of late Kansan age,

30 It underlies Loveland Loess which is considered to be
of Tl.Li.no Lan-Sanga mon age (Condra, et ~ 1950, p, 27)0

Loveland Loess

The Loveland Loess (Condra, Reed, and Gordon, 1947) consists of

a l.ight reddish-brown sandy silt primarily· deposi ted by windo It has

a massive to prismatic s tr uctur e, A very strong SangamonSoil, which

is buried by thick, younger loess, is developed on the older Loveland

Loesso

The Loveland was first named by Lugn (1935). but usage in this

thesis follows that of Condra, Reed, and Gordon (19117, p , 25-26), who

restricted the Lovelam in Nebraska to the massive upland loesso The

loess in Nebraska commonlycontains in the lower part s i.Lt and clay

which were reworked by watero The Loveland Loess in the thesis area

includes aU predominantly pink, s i.Lty beds above the Slocum Alluvium,

the Yarmouth(?) Soil (f' i.g, lSb), or Pierre Shale and below the top

of the SangamonSoilo
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The loess, widely distributed in the upland area north of Fort

Morgan I has been observed as far east as Sterling (fig. 13). It

is well exposed near the base of deep arroyos tributary to Wildcat

Creek.

The Loveland Loess is composed of light reddish-brown sandy silt

and very fine to medium silty sand. That exposed along Porter Canyon

in sec. 22, T. 5 N., R. 58 W., Fort Morgan quadrangle has a very coarse

prismatic structure. Sandy lenses in the massive silt locally contain

some pebbles. Cobbles are common at the base of the unit. About 25

feet of silt, observed in an arroyo leading off from Box Canyon in

sec. 26, T. 5 N., R. 58 W., Fort Morgan quadrangle, overlays coarser

arroyo fill of the Slocum Alluvium. The alluvium grades upward into

loess through a zone about 2 feet thick.

The loess is very poorly sorted and roughly bedded. These

charac teristics suggest that the early eolian part of the deposi ts

'"eI'e extensively reworked or int erlayered with colluvium. Strong winds

blowing across the sparsely vegetated and newly deposited Slocum

Alluvium transported and deposited the sand and silt as a blanket over

the pre-existing t.opography,

The age of the Loveland Loess is interpreted as early Sangamon

because,

1. The Sangamon Soil is developed generally about eight
feet above the base of the unit.

2. The Slocum Alluvium, equivalent to the Crete sand and
gravel (of Nebraska), underlies the loess.
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3. The Peorian Loess, deposited in early to middle
Wisconsin time, overlies the Loveland Loess.

Sangamon Soil

The Sangamon Soil, following the usage by Horberg (1950, p. 29),

is developed on the Slocum Alluvium, Loveland Loess, and older pre-

Wisconsin deposits. The soil is the best preserved and perhaps the

best developed of the pre-Wisconsin soils. It is very difficult to

differentiate pre-Wisconsin paleosols for a number of reasons. The

most apparent reason is that most pre-Wisconsin soils look alike. A

more subtle reason is that the Sangamon Soil is widespread being super-

posed on the older soils or on eroded materials older than the Slocum

Alluvium (fig. 15b, p. 65).

In figure 18 the Sangamon Soil which has developed on Loveland

Loess, has a 15-inch thick A horizon of a reddish-brown, friable,

sandy silt. The B horizon, 26 inches thick, is a clayey silt having

a very coarse, very strong columnar structure. The great thickness

of these horizons may have been caused by continued eolian or colluvial

deposition throughout the time of soil formation. The Cca horizon

varies in thickness from 2 to 5 feet. It is thickest where developed

on Pierre Shale but at other places the horizon is a hard white zone

ccncentrated in the Loveland Loess. The Sangamon Soil is buried by

a light reddish-brown loess believed to be of early Wisconsin age.
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Figure 18. Sangamon Soil, developed on Loveland Loess overlying
Pierre Shale, is exposed in an arroyo in the Wwi SEi
sec. 9, T. 5 N., 1. 53 :d., Peace Valley School quadr-ang.Le,
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Louviers Alluvium

Pale orange to light reddish-brown sand containing pebble gravel

constitutes the Louviers Alluvium in the Orchard, Weldona, and Fort

Morgan area. The alluvium contains a much smaller percentage of

granules and pebbles than do the pre-Wisconsin alluviums, nevertheless,

it is conspiciously coarser grained than the younger Wisconsin alluvium.

The Louviers Alluvium, which is the thickest surficial unit in the

area, fills a buried bedrock channel south of the present river. The

alluvium is almost wholly buried by younger deposits. It does, however,

form a terrace in a small area along the river northwest of Orchard.

A soil believed to be equivalent to the Brady Soil, exposed in the

upland loess section, is developed at the top of the alluvium.

Definition. Scott (1960) names the Louviers Alluvium for a gravel pit

exposure in a terrace 60 feet above Plum Creek in the sWi SEt sec. 33,

T. 6 S., R. 68 W., Kassler quadrangle, near the town of Louviers. The

alluvium consists of a reddish-brown pebbly facies along major streams

and a yellowish-brown silty facies along minor streams. Bison antiguus

Leidy, Mammuthus (Parelephas) columbi (Falconer), Came lops sp., and

cold-loving mollusks are diagnostic fossils.

Distribution. 1he Louviers Alluvium is continuous in a four-mile wide

buried channel south of the present river. It extends from its type

section upstream from Denver, under the entire length of the South

Platte River and probably to its confluence with the North Platte



Figure 19. Diagrammatic sketch showing the position of Louviers Alluvium
at two locations along the South Platte River, Morgan County;
a) in sec. 35, T. 5 N., R. 60 W., Orchard quadrangle; b) in
the Nt sec. 18, T. 4 N., R. 58 W., Weldona quadrangle.

River. Sand am gravel of the Louviers Alluvium crops out in all three

quadrangles. The types of exposures and relationships to other de-

posits are shown in figure 19. Figure 19a illustrates benches of

Louviers Alluvium which are armored with lag gravel and are partly

buried beneath post-Piney Creek alluvium. Figure 19b shows thin wedges

of Louviers Alluvium lying on bedrock benches about 30 to 40 feet above

pre sent river level in the NW!i- NEt sec. 18, T. 4 N., R. 57 W., Weldona

Topographic Expression. The Louviers is expressed chiefly as a thick

valley fill situated beneath Bijou Flats. It forms a buried terrace
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whose northern edge has been mostly removed by erosion in the present

river valley. Parts of the terrace have been exhumed and preserved

in the area west of Jackson Lake in the Orchard and Masters quadrangle.

The surface of the terrace is about bo to 50 feet above the present

river. Near Fort Morgan, the terrace and alluvium disappear and are

believed to be buried progressively deeper beneath the younger alluvium

(fig. 9, p, 50).

Description. Deposits of Louviers Alluvium contain pinkish-brown,

well-stratified, moderately sorted alluvium composed of granite

pegmatite, granite gneiss, quartz, and feldspar. The median diameter

of the particles is l.~. Analyzed samples contained about b5 percent

pebbles and granules, 30 percent sand, and 25 percent silt. Most of

the larger particles are subrounded and equant, but the smaller

particles range in shape from subangular to rounded.

The Brady Soil, developed on the Louviers Alluvium, is exposed

along the Jackson Lake outlet ditch in the NWt SEt sec. 27, T. 5 N.,

R. 60 W., Orchard quadrangle. A 31-inch thick Cca horizon is developed

in the upper part of an 8-foot sec ti, on of the alluvium. Overlying the

Brady Soil is a younger alluvium with a thinner soil profile (see

section Y) developed near the top.

The maximum thickness of the gravel alluvium which fills the

buried channel of the river is 95 feet. The original thickness

measured from the Brady Soil to the base of the alluvium in the

deepest part of the buried channel is about 150 feet. The top of the
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Louviers is delimited by the Brady Soil which crops out at the surface.

In the subsurface, the top is defined by an unconformity between the

Louviers and the Broadway Alluvium. The Louviers Alluvium is believed

to have been entrenched about 30 to 40 feet before deposition of the

Broadway Alluvium. The base of the middle Wisconsin Louviers Alluvium

may prove to be a fairly continuous horizon of peat beds and yellow

to gray clayey silt lenses denoted in logs of water wells. The under-

lying 50 to 60 feet of gravelly Louviers Alluvium may represent deposits

of early Wisconsin (Bull Lake) age. Detailed subsurface work, however,

is needed to substantiate this hypothesis. Until such work is done,

the total section below the Broadway Alluvium is called Louviers
Alluvium.

The thick section of Louviers Alluvium rests on Pierre Shale. A

deep channel was cut in the shale by the ancient South Platte River

south of its present channel and later was buried by the Louviers

Alluvium. The buried channel lies nearly 225 feet below the surface

of Bijou Flats and approximately parallels the southern most tier of

sections in township 4 north (Bjorkland and Brown, 1957, plate 1,

sheets 1 and 2). The deep channel, cut in shale, is the lowest grade

to which the river eroded during the Quaternary Period.

Fossils are not widely found in the Louvie rs Alluvium in Morgan

County, possibly because the fossil bearing-beds have been removed by

erosion or buried. Many Pleistocene vertebrates have been reported

from the post-Piney Creek alluvium. These faunal remains were probably
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reworked from the Louviers. Beds near the top of the Louviers, includ-

ing the Brady Soil, appear to be the most prolific faunal horizon

(Scott, 1963a, p. 33) and are also the earliest beds to cont~in evi-

dence of prehistoric man (Malde, 1954). In the NWi NWt swt sec. 26,

T. 5 N., R. 60 W., Orchard quadrangle, caliche in the Cca horizon below

the Brady Soil was exposed by field leveling equipment. Exposed in

the Li.my soil were fragments of the leg bones of a mammoth, Mammuthus

sp., which was identified and dated by Edward Lewis of the U. S.

Geological Survey as middle to late Pleistocene.

Origin. The alluvium, supplied by Front Range streams tributary to

the South Platte, was deposited by the South Platte River. No doubt

other materials were supplied to the main river by streams flowing

over local piedmont areas. Sedi.ments from these local streams, how-

ever, are not present in large quantities in any of the alluvium ex-

posed. Apparently, most of the alluvium filling the buried channels

of Kiowa, Bijou, Badger, and Beaver Creeks is a more silty facies of

the Louviers Alluvium which originated from erosion of the Ogallala,

Dawson, and Laramie Formations.

Age. The Louviers Alluvium was originally considered by Scott (1963a,

p. 34) to be early Wisconsin in age. Recent evidence (Scott, 1966,

oral communication) suggests that two terraces were formed along many

glacial streams in the mountains as the result of the Bull Lake and

Pinedale Glaciations. Scott implies that the Louviers Alluvium was
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deposited during the Bull Lake Glaciation.

The writer feels that the evidence in Morgan County and elsewhere

suggests that the age of the Louviers Alluvium as currently used ranges

from early Wisconsin to middle Wisconsin. This range implies that the

Louviers represents alluvium deposited during the Bull Lake Glaciation

and the early stade of the Pinedale Glaciation. The evidence which

supports the early Pinedale age for the upper part of the alluvium is:

1. The top of the alluvium contains mammoths ranging in
age from middle to late Pleistocene.

2. The soil at the top of the Louviers Alluvium is correlated
with the Brady Soil of Nebraska.

3. The Brady Soil was formed during the Two Creeks Inter-
stade as indicated by radiocarbon dates (Frye and
Leonard, 1965, p. 213).

The evidence which supports the lower part being deposited during

Bull Lake time is tha t:

1. The alluvium is abnormally thick.

2. Continuous humic clay beds, which suggest a change in
stream regime, are buried within the coarse alluvium. The
lithologic change may represent a period of fine-grained
deposition and soil formation between Bull Lake am Pine-
dale Glacia tLon, In other words, the terrace formed
immediately after Bull Lake time may be buried.

If this reasoning is acceptable, the Louviers Alluvium is between

10,500 and 50,000 years old.

Peorian and Bignell Loesses

The Peorian and Bignell Loesses (Miller et al, 196L), which are
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nearly identical light grayish-brown silts, cannot easily be differen-

tiated except in exposures containing the Brady Soil (fig. 20a) of

Schultz and Stout (1948, p. 568). The Brady Soil usually occurs about

three-quarters of the distant up from the base of the loess section

which lies on the Sangamon Soil. The total section of loess above the

top of the Sangamon Soil contains at least 5 distinguishable zonal and

azonal soils (fig. 20b).

Definition. The Peer ian and Bi.gnell Loesses are used in the way

defined by Miller et al (1964) in Webster and Nuckolls Counties,

Nebraska. The term Peorian evolved from Leverett (1898) who applied

the name to a Wisconsin soil and weathered zone near Peoria, Illinois.

The name Peorian Loess was proposed by Kay and Leighton (1933) for "the

widespread loess which lies above the late Sangamon loess (Loveland

Loess) outside of Tazewell drift." Lugn (1934) included as Peorian

Loess the mantle of yellow eolian silt and clay covering 42,000 square

miles of Nebraska. In the map area, a lower member of the Peorian

Loess includes an early Wisconsin (Farmdale and Altonian) loess; an

upper member includes the middle Wisconsin (Woodfordian) loess. The

Brady Soil separates Peorian Loess from Bignell Loess.

The Bignell Loess, named in its IYpe section 1.7 miles south

of Bignell, Nebraska by Schultz and Stout (1945, p. 241-244), includes

loess deposited above the Brady Soil and below the "modern" soils.

In Morgan County the writer has included as Bignell Loess all loess
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a.

Figure 20. Loess exposed in the SE~ sec. 9, T. 6 N., R. 58 ',}.,Peace
Valley School quadrangle. (a) Bog facies of the Brady
Soil. Bones of Camelops so. and Eguus sp. were collected
at the soot marked x. (b) Two Wisconsin and three Recent
soils are included in the loess (measured section PV).
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above the Brady Soil incltrling the thin loess above the Cris Lee Soil.

Thus, the upper part of the Bignell Loess in the map area includes late

Wisconsin (Valders) loess, Recent loess, and Recent colluvial facies
of the loess.

Distribution. The Peorian and Bignell Loesses mantle upland hills

north of the South Platte River. Loess is very widespread throughout

most of eastern Colorado and adjacent states. The units have been

mapped in the Wray (Hill and Tompkin, 1953) and Denver areas (Scott,

1962 and 1963a) and comprise most of the widespread Sanborn Formation
of Kansas (Elias, 1931).

Description. The loess is a clayey silt which, in most exposures, is

very light yellowish-brown or grayish-brown. The massive silt is highly

calcareous throughout and locally has small clusters or aggregates of

calcium carbonate. Because the loess is not wholly eolian in origin,

local facies of colluvium and alluvium are included in the unit. These

facies usually are crudely stratified and contain small lenses of fine

to coarse sand. Occasional angular pebbles from the Pierre Shale are

also locally present. The loess may be as thick as 40 feet on some
hill:tops north of Fort Morgan.

Columnar jointing and a tendency to stand in nearly vertical

slopes are conspicuous characteristics of the loess (fig. 21). Cat

steps, small path-like terraces on silt-covered hill sides, are also

characteristic features. Cat steps are formed by the progressive up-
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Peori~n and Loveland Loesses exposed on the west wall of
.". 'th N"'''"S""" 0 18 T I 'I D "7 '" F ta p1. t, ~n .....e 1 '-'4 (oj '+ vee. , . --l- .I.., .v , ./ ... , or

Morga~ ~uadrangle. The soil separating the two loesses
is the Sanga~on Soil.
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slope migration of waves of masswasting (Brice, 1958).

The most typical exposures of the Peorian and Bignell Loesses

are in arroyos tributary to Wildcat Creek in the northwestern part of

the Fort Morgan and Peace Valley School quadrangle. A composite

section, measured in the SEi sec. 9, T. 6 N., R. 58 W., Peace Valley

School quadrangle (fig. 22), is included as section PV in the measured
secti ons,

Fossils. Molluscan fossils are preserved locally, but only one species

has been recognized from a horizon sampled in the NW% SEi sec. 9,

T. 6 N., R. 58 W., Peace Valley School quadrangle. This was identified

by the writer as cf. Succinea ~ Say. Near the same location, and

situated 5 feet below a bog facies of a soil interpreted as the Brady

Soil (fig. 18) several bones of vertebrates were collected. Teeth

and miscellaneous femur fragments of a horse (Eguus sp.) and a tibia

of a camel (Camelops sp.) were identified by Edward Lewis.

Origin. In the strict sense of the word, loess in Morgan County is

desert loess as opposed to loess of glacial origin. The loess deposit-

ed in the map area is dust blown from 1) the glacio-fluvial deposits

along the North Platte River, 2) the alluvial deposits north of Fort

Collins and Greeley, 3) the silty alluvium and coJluvium of the high

plains north and west of the map area, 4) the JUdson Hills region of

sand hills north of the map area, and 5) the paleosols developed on

older geologic materials (the White River Group, Ogallala and Laramie
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FiTlre 22. B' ,nell Loess and associated soils exposed in the NW~~
S~~ sec. 9, T. 6 N., R. 58 W., Peace Valley School quad-
rangle (measur-ed section PV).
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Formations, the Fox Hills SandstD ne, the Pierre Shale, and older surfi-

cial deposits) northwest of the area. Certainly dust originated in

some degree from all these sources. The provenance most favored for

loess deposits in the map area is silt from the White River ard Laramie

Formations and the Fox Hills Sandstone, all of which crop out northwest

of the map area. The loess in the map area has a lithology similar to

that of the Brule Clay of the White River Group,which is, itself, pre-

dominantly eolian in origin. In addition, the Judson Hills area was

probably the nearest area from which the wind would remove significant

quantities of silt. The sand that remained now underlies the vast

area of sandhill topography in northwestern Morgan and north central

Weld County.

Age. The Peorian and Bignell Loesses include loess deposits ranging

from early Wisconsin to Recent in age. The lower part of the Peorian

is Farmdale (Bull Lake Glaciation); the upper part Woodford (early

Pinedale Glaciation). The Bignell Loess is Valders in age (late

Pinedale Glaciation). Early and late Recent age loesses, less than

3 feet thick, have been included in the Bignell Loess.

A radiocarbon geochronology for the loesses has not yet been

established. Frye and Leonard (1952) have tried dating fossil snail

shells taken from the type locality of the Bignell Loess and Brady

Soil. Dates of 12,500 z 400 years and 12,700 ~ 300 years were deter-

mined from specimens collected in the Bignell Loess above the Brady

j....._---------
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Soil. A date of 9,160 ! 250 years (W-234) was determined from the A

horizon of the Brady Soil. The discrepancy in age suggests doubt as to

the validity of the technique of using fossil shells in dating because

in loess they are subject to calcification. Carbonized plants in

reworked loess below the Hell Gap, Wyoming, occupation zone (Clovis

culture) were dated at 13,060 : 600 years (A-431).

The Peorian Loess is an upland equivalent to beds contained in

the Louviers Alluvium. The Bignell Loess is an upland equivalent to
the Broadway Alluvium.

Soils of Wisconsin Age

Two soils of Wisconsin age are developed on loess in the uplands

above Wildcat Creek. One soil is thicker, and therefore more strongly

developed than the other. The stronger and younger of the two loessal

soils is correIated with a soil developed on top of the Louviers

Alluvium because the soil on the alluvium also is strongly developed.

An older moderately developed soil within the Peorian Loess is an

unnamed soil referred to as the soil of early Wisconsin age. The soil

developed on top of both the Peorian Loess and Louviers Alluvium is

believed to be the Brady Soil of middle Wisconsin age (Schultz and

Stout, 1945) of Nebraska.
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Soil of Early Wisconsin Age

A moderately developed soil interpreted to be a soil of early

Wisconsin age occurs at the top of the lower light reddish-brown member

of the Peorian Lo eas , The soil, buried by the upper light yellowish-

brown member of the Peorian Loess, is inconspicuous within thick sec-

tions of loess because its color blends in which the overlying and under-

lying silt (figo 23)0 In places, the soil is missing and was eroded

either by deflation or sheet washo

The A horizon, when present, is thino It is diffused into the

overlying Loeas, The B horizon, recognizable by its distinct, fine

anguIBr blocky structure of moderately hard soil peds, is about 9

inches thicko The upper part of the parent material is slightly cal-

careous; however, it has no visible eca horizono The lower boundary

is smooth and gradualo

The SOil, on the basis of its degree of development and position

above the Sangamon Soil, correlates with soil W of Schultz et al (1951,

po 7)0 It may represent both the Farmdale Interglaciation and the

interglaciation between Pinedale and Bull Lake Glaciationso

Brady Soil

A strongly developed but extensively eroded soil interpreted to

be the Brady Soil (soil X) of Nebraska is formed on the Louviers

Alluvium and Peorian Loesso The soil was examined near a divide
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Figure ;;:3. An unnamed soil of early 'I"lisconsin age separating the IO"Her
member from the upper- member of the Peorian Loess.
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between Aker Draw and an arroyo tributary to Wildcat Creek. The slope

on the ancient loess topography probably aggravated sheet erosion of

the Brady Soil profile.

The Brady Soil was named by Schultz and stout (1945, p. 241-244)

at the same type section as the Bignell Loess, southeast of North Platte,

Nebraska. Near the map area, the soil is developed as a very dark gray

gley or bog soil as much as 4 feet thick which is well exposed in the

SEt sec. 9, T. 6 N., R. 58 W., Peace Valley School quadrangle (fig. 20

a). There the bog soil is developed in a depression on the ancient

topography of the loess. The slope facies of the loessal soil have

little if any A horizon because of slope erosion. The boundary at

the top of the soil is abrupt and wavy. In places, the overlying

Bignell Loess is in contact with the B horizon of the Brady Soil. In

other places the younger loess is in contact with the white to light

grayish-brown, very calcareous parent material of the Brady Soil. The

B horizon is commonly 6 inches to I foot thick. An 18-inch to 2-foot

thick Cca horizon in the parent material, which is widely exposed

throughout the loess section, forms a protrusion in the profiles

of the arroyo walls (fig. 20b, p. 87).

Along the outlet ditch from Jackson Reservoir in the Orchard quad-

rangle, the Brady Soil is exposed on the Louviers Alluvium. The soil

is buried by 6 feet of younger silty alluvium upon which a soil of the

Recent is developed (measured section Y). The A horizon of the Brady

Soil on the alluvium is a dark gray layer of humic sandy silt, 18

- ---------- - -- -
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inches thick; its boundaries are smooth and gradual. The B horizon

is a dark brown clayey sandy silt, 14 inches thick; its boundaries are

smooth and clear. The soil peds, which are strongly developed, have a

medium angular blocky texture. The consistence is slightly hard when

dry, driable when moist, and sticky when wet. The parent material is

very calcareous. Thirty-five to 66 inches below the B horizon, the

light gray pebbly silt is heavily encrusted and weakly cemented by
calcium carbonate.

The soil is correlated as the Brady Soil because of the following:

1. The soil is the second soil recognized above the
Sangamon Soil within a continuous section of loess.

2. The soil is the fourth profile of weathering below
the surface of the loess.

3. Pleistocene fauna were collected immediately below
the soil in both the Peorian Loess and the Louviers
alluvium.

4. The soil has the same degree of development as the type
Brady Soil

The Broadway Alluvium is redefined in this thesis to include a

pink cross-stratified, feldspathic sand which crops out on the south

side of the river along the base of the bluff below Bijou Flats, and

a light yellowish-brown to olive-brown, well-bedded, carbonaceous,

silty sand which overlies the pink alluvium. The pink facies, pre-

dominantly of the South Platte River provenance is directly correlative
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to the Broadway Alluvium of Scott (1960, 1962, 1963a). The olive-

brown silty sand is herein named the Bijou Flats Tongue of the Broad-

way Alluvium. The Bijou Flats Tongue is of Bijou and Kiowa Creek
provenance.

Scott (1960) named the Broadliay Alluvium from exposures near

Broadway Avenue in Denver. Hunt (1954, p. 104) had previously called

the lowest Wisconsin terrace, which lies 25 feet above the South

Platte River in the Denver area, the Broadway terrace. The type

locality of the alluvium is in a gravel pit in the SEt, sec. 30, T. 2

S., R. 67 w., (Scott, 1960, p. 1543). At its type l~ality, the

Broadway Alluvium contains 12 to 15 feet of reddish-brown, fine- to
coarse-grained sand and some pebbles.

Definition. The pink facies of the Broadway Alluvium lies above the

Louviers Alluvium and below the Bijou Flats Tongue of the Broadway

Alluvium. The Bijou Flats Tongue and the pink facies are believed to

intertongue near the ancient mouths of Kiowa, Bijou, Badger, and

Beaver Creeks. The pink facies includes the pink to reddish-brown

feldspathic sand deposited by the South Platte River within the strati-
graphic interval defined above.

Distribution and Topographic Expression. The pink facies of the

Broadway Alluvium forms a terrace southwest of Orchard, Colorado. The
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terrace at Green City Flats in the Masters quadrangle lies about 40

feet above the river. The terrace can be traced westward to the mouth

of the Cache la Poudre River. Near the mouth the terrace corresponds

to the Kersey terrace of Bryan and Ray (1940, p. 25\ which branches

southward along the South Platte River toward Denver, westward along

the Cache la Poudre River in Greeley, and northward along Pleasant

Valley (Scott, 1963, p. 32) in northern Weld County. In the map area

about 20 to 30 feet of clean pink sand of the facies is exposed be-

neath the brown silty sand of the Bijou Flats Tongue (fig. 24). At

the base of the terrace escarpment the pink sand either crops out or

is covered by younger colluvium and alluvium along the entire south

side of the river. East of the map area the terrace formed by the

pink facies is eroded and buried by younger deposits.

Description. The pink facies of the Broadway Alluvium exposed in

places along the base of the bluff south of the river in the NWi NE~

sec. 16, T. 4 N., R. 60 W., Orchard quadrangle, is a light reddish-

brown to pale orange, feldspathic, coarse sand. Parts are stained by

limonite and manganese dioxide. Mechanical analyses of grab samples

indicates that the alluvium contains about 10 percent pebbles, 15

perc ent granules, 45 percent sand, and 30 percent silt. The alluvium

is well sorted; the coefficient of sorting is 1.9. The median diameter

of particles is approximately one millimeter. Pebbles and granules

are equant and subangular to subrounded. Fine-grained sand, which is

-- - ---- -----
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Figure 2"-, The cont.act between the 'rpoer brown silty facies (Bijou
Flats Tongue) and the pink facies (Broadway Alluvium of
Scott, 1960) of the Broadway Alluvium.
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generally angular to subangular, is composed of quartz and feldspar.

The coarser fractions are chiefly granite, quartz, and feldspar.

Particles are clean and free from coatings except in the limonitic and

manganiferous lenses. Cut and fill cross-stratification is character-

istic of the well-formed sand lenses.

The pink facies is jUdged to be about 40 feet thick in the map

area. The general thickening of the Wisconsin alluvial fill toward

the east (fig. 9, p. 50) suggests that the pink facies may also thicken

eastward in the South Platte River valley.

The pink facies unconformably overlies the Louviers Alluvium.

Well logs suggest the two units may be locally separated by beds of

gray clay which were deposited within a pre-Broadway cahnnel cut into

the Louviers Alluvium. The lithology of the pink facies of the Broad-

way Alluvium and the Louviers Alluvium are similar. Generally, the

pink Broadway Alluvium exposed is finer grained, has a different grain-

size distribution, and is better sorted than the Louviers Alluvium

exposed. Where borings do not encounter the gray clay beds the pink

facies of Broadway Alluvium and LOijviers Alluvium are difficult if not

impossible to distingUish from each other~

Origin. The sorting and graded bedding typical of the pink facies

suggests the alluvium was deposited by the perennial but waning

South Platte River. The composition of the alluvium indicates the

"river was the trunk stream which flowed from glaciated areas in the

mountains. Much of the pink alluvium however, was reworked from the

100

"
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Louviers Alluviumo

Ageo The pink facies is considered to be late Wisconsin (late Pine-

date) in age for the following reasons'

10 It is younger than the Brady Soil which is dated at
about 11,000 years BoP.

2. It is overlapped by the Bijou Flats Tongue.

3. The Altithermal soil, which marks in this area the
Pleistocene and Recent boundary, is developed on
the Bijou Flats Tongue 0

Bijou Flats Tongue

Definitiono The Bijou Flats Terrace in Morgan County is underlain by

the light brown silty sand facies of the Broadway Alluvium here named

the Bijou Flats Tongue. The Bijou Flats Tongue,which overlies the

pink facies of the Broadway Alluvium near the rive~ is interpreted to

intertongue with the pink facies in the subsurface south of the present

rivero The type locality is selected as a south facing bluff along

Bijou Creek in the SEt NEt swt seco 29, T. 4 No, Ro 59 Wo, Orchard

quadrangle, Colorado (measured section 0, f'Lg, 25)0 Two local measured

sections are designated as reference sections. Section K (fig. 26)

on Kiowa Creek in the swt swt sec. 11, T. 4 No, R. 60 Wo, Orchard quad-

rangle is a section of the upper part of the Bijou Flats Tongue.

Section R, in the swt swt seco 10, To 4 N., Ro 60 Wo, Orchard quad-

rangle, along the South Platte River contains the Bijou Flats Tongue
and the upper part of the pink facies.
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figure 25. Type section of the Bijou Flats Tongue of the Broadway
Al.Luv i.um in the NE!> Slil!> sec. 29, T.'. N., R. 59 W.,
Orchard quadr-angLe (measur-ed section G). The bluff was
scoured by Bijou Creek during the June 1965 flood. The
dark zone at the top of the alluviu~ is the Altithermal
soil.
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Figure 26. Terrace bluff near the mouth of Kiowa Creek in the SWt
SW~sec. 11, T. I~,N., R. 60 W., Orchard quadrangle. About
')0 feet of the Bijou Flats Tongue of the Broadway Alluvium
is exposed (measured section K). The Altithermal soil
separates the late Wisconsin deposit from the overlying
Sand Hills Formation. The Cris Lee Soil is about 20
inches below the top of the bluff.
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Distribution. The Bijou Flats Tongue has been traced from the west

edge of the Orchard quadrangle eastward as far as the Prewitt Reservoir

in northwestern Washington County. The tongue, which is considerably

finer grained north of the river, wedges out beneath the Sand Hills

Formation near the northern and southern edges of the river valley.

Topographic Expression. The Bijou Flats Tongue of the Broadway Alluvium

was deposited as a large alluvial fan near the ancient mouths of Kiowa,

Bijou, and other piedmont streams. The alluvial fan was spread by

catastrophic floods across the older pink facies. The river has since

eroded into the alluvial fan and formed a terrace now rising 60 to 90

feet above the South Platte River in the map area. The longitudinal

profile of the terrace formed on the Bijou Flats Tongue is illustrated

in figure 27. Bijou Flats Tongue buries Kersey Terrace east of Green

City Flats.

Description. The upper 30 to 35 feet, exposed along the terrace bluffs

of the river and of Bijou and Kiowa Creeks (fig. 26), is a light olive-

brown to yellowish-brown silty medium sand which comprises the Bijou

Flats Tongue. The Bijou Flats Tongue is composed of 3 percent granules,

9 percent very coarse sand, 15 percent coarse sand, 25 percent medium

sand, 21 percent fine sand, 6 percent very fine sand, 13 percent silt,

and 8 percent clay. It contains lignite debris reworked from the

Laramie Formation. The Laramie Formation crops out along Bijou and

Kiowa Creeks south of the map area. Light pink to white pebbles of
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Fossaria parv~ (Lea)
Stagnicola ca'erata (Say)
~ palustris Muller)
Gyraulus circumstriatus (Tryon)
Physa spo
cfo Succinea avara Say
Vertigo ovata Say
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welded tuff are also common in the coarse sand bedso The sand, com-

posed ctiefly of white orthoclase and quartz, occurs most commonly in

massi ve beds from 1 to 6 feet 'thtck, Some lenses are stratIfied and

cross-stratifiedo Massive beds show graded beddingo Distinct bound-

aries exist at the tops of most massive sand bedso Generally, each

massive bed of sand is overlain by a layer a fraction of an inch to

one foot thick of dark gray, hard clayey silt (figo 28)0 The combina-

tion of a coarse sandy bed and the gray silt layer overlying the bed

is interpreted to be the deposit of a single catastrophic flood from

Bijou and Kiowa Creekso A maximum of 16 of these events are recorded

in some of the sections measuredo

One bed of pink silt, measured in section H on the Price Ranch in

the NEt NEt NEt seco 1, To 4 No, Ro 60 Wo, Orchard quadrangle, contains

mollusks which were identified by Glenn Ro Scott of the Uo So Geolo-

ical Surveyo The assemblage indicates that the mollusks lived in a

temporary or irrtermi ttent pond or seepage areao The climate at the

time was warm and very similar to that of todayo Below are listed the

mollusk collected from bed 19 described in measured section Ho

USGS Cenozoic mollusk collection D 1004:

-- --- --- -
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Figure 28. Lithology of the Bijou Flats Tongue at its type section
(measured section G) in the NE~ SW} sec. 29, T. 4 N.,
R. 59 W., Or-chard quadr-ang l.e ,

107



The exposed boundary between the Bijou Flats Tongue and the pink

facies is abrupt and irregular. In addition to the contrasts in color,

the brown silty facies stands in almost vertical natural slopes whereas

the pink sand facies forms a slope near the angle of repose of the sand

(fig. 24). The upper boundary of the Broadway Alluvium is the Alti-

thermal soil developed on several feet of flood reworked eolian sand

~mich overlies the alluvial fan. This thin layer of light brown eolian

sand is included in the top of the Bijou Flats Tongue for mapping pur-
poses.

On the basis of water-well logs, the Bijou Flats Tongue is be-

lieved to be as much as 60 feet thick under Bijou Flats. Subsurface

data are needed for a more compreshensive interpretation of the thick-

ness. Similar data could be used to study the subsurface boundary

conditions between the Bijou Flats Tongue and the pink facies within

the Broadway Alluvium.
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Origin. The Bijou Flats Tongue originated from the piedmont area

drained by Kiowa, Bijou, and other streams. The alluvium deposited by

Bijou and Kiowa Creeks was eroded primarily from the Dawson and

Laramie Formations. The piedmont streams were ephemeral. Frequent,

catastrophic floods carried large quantities of debris into the ancient

South Platte River valley. When the floods debouched from the tri-

butaries onto the pink facies along the river, the water spread as a

sheet flood and deposited its bedload. In many of the floods the
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water was ponded long enough to allow some of the suspended load to be

depositedo Successive floods resulted in deposition of a large alluvial

apron near the ancient mouths of Kiowa, Bijou, and probably Badger,

and Beaver Creeks alsoo

Ageo Because the Altithermal soil, which in this area marks the

Pleistocene and Recent boundary, is formed on the Bijou Flats Tongue,

the tongue is assigned to the late Wisconsin (late Pinedale)o The

presence of warmth-loving mollusks in the upper part of the tongue

suggests that the deposi tdon may have continued into the early part of

the Altithermal IntervaL Richmond (1965) assigns the Altithermal

Interval to the period between 4,000 to 6,500 years BvP, The upper

beds of the Bijou Flats Tongue, therefore, could have been deposited

as recently as 6,500 years agoo

A moderately well developed brown soil on the Bijou Flats Tongue

of the Broadway Alluvium (figo 29) and on the Bignell Loess (fig. 22,

po 91) is the most widely preserved of the paleosols in the map areao
The soil, at or near the surface, is developed on older deposits and

older soilso The paleosol, which is used in the thesis area as the

boundary between Wisconsin and Recent deposits, was probably formed

during the Alti thermal Interval or C'Li.matic Optimum at the end of the
Pl.eis tocene ,
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Figure 29. The Altithermal soil moderately developed on flood re-
worked eolian sand at the top of the Bijou Flats Tongue
of the Broadway Alluvium at the type locality of the
tongue in the NEl SWt sec. 29, T. 4 N., R. 59 W. The
A horizon is 3 inches thick, the 3 horizon is 12 inches
thick,and the eca horizon varies from 2 to 12 inches
thick.
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The Altithermal soil is recognized in a number of measured sections

(sections G, I, K, M, N, Q, T, V, AL, AD, am AA). The uneroded A

horizon is as much as 7 inches thick where developed on eolian sand at

the top of the Bijou Flats Tongue. It is grayish-brown and slightly

hard when dry. The B horizon is thinnest on the coarse sand of the

Bijou Flats Tongue and is thickest on the finer grained facies north

of the river. The thickness ranges from 8 inches to 13 inches. The B

horizon varies from dark grayish-brown to a reddish-brown. It is

slightly hard when dry, friable when moist, and slightly plastic when

wet. The clayey horizon has a well-formed structure of medium pris-

matic to angular blocky peds. The contact between the Band C horizon

is usually clear. The prism faces of the peds in the lower part of the

B and in the Cca horizons are commonly coated with a light gray film of

calcium carbonate.

On the Bignell Loess the A horizon, which is as much as 9 inches

thick in buried profiles, is in places removed, especially where the

paleosol is exposed at the surface of the ground. The B horizon,

composed of dark grayish-brown, clayey, fine sandy silt is commonly 9

to 14 inches thick. The structure is well-formed and has coarse

angular blocky to prismatic peds. The soil when dry is slightly hard,

when moist,it is friable;and when wet,it is plastic and sticky. The

B horizon is slightly calcareous in the lower 2 inches (Bca). The con-

tact between the Band C horizons is in most places abrupt and smooth.

The Cca horizon, commonly 12 i.nches thick, is a light brown calcareous



T-I098 112

silt having in places a white calcium carbonate coating on prism faces.

Sand Hills Formation

The Sand Hills Formation, consisting of well-sorted, yellowish-

brown, noncohesive eolian sand, is the most widespread surficial depos-

it along the South Platte River in northeastern Colorado. In the Fort

Morgan area the eolian sand overlies the Bijou Flats Tongue of the

Broadway Alluvium and the Bignell Loess, but younger sand also has

migrated Over Recent alluvium.

Definition. The Sand Hills Formation was named by Lugn (1935) for the

20,000 square-mile Sand Hills region of Nebraska. The name was applied

in eastern Colorado by Hill and Tompkin (1953, p, 32), whose usage is

adopted here. The Sand Hills Formation mapped on Bijou Flats includes

all eolian sand above the Altithermal soil. North of the river, this

restriction cannot be followed because the Altithermal soil was not

observed. Therefore, north of the river all eolian sand regardless of

age is mapped as Sand Hills Formation.

Distribution and Topographic Expression. The Sand Hills Formation

covers a considerable part of eastern Colorado. Large areas of dunes

(fig. 30) cover Bijou Flats in the southern part of the Orchard quad-

rangle and southwestern part of the Weldona quadrangle. The regions

south, east, and west of the map area and surrounding Judson Hills
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Figure 30. Sand dune on Bijou Flats in the S'tlt sec. 10, T. 4 N••
R. 59 W., Weldona quadrangle.
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north of the map area are extensively covered by eolian sand. In some

areas hills and ridges as much as 170 feet high and ten miles long are

formed (Hill and Tompkin, 1953, p. 32). The ridges trend southeast.

Description. The sand varies in color and in texture depending upon

the locality. Generally, it is pale brown to yellowish-brown, is very

well sorted, and contains about 10 percent silt-sized and 90 percent

sand-sized quartz and feldspar particles. The median diameter of the

eolian sand on Bijou Flats is around 0.18 millimeters. Dunes rise to

a height of 30 feet on Bijou Flats. The sand may be as much as 50 feet

thick in places. The sand generally is a mantle which varies from a

few feet to 10 feet thick. A zonal soil, the Cris Lee Soil of la te

Recent age, is buried within the Sand Hills Formation (fig. 31).

Remains have been reported (Hunt, 1954, p , 120) of the giant bison

and artifacts of the Clovis and Folsom cultures buried locally by the

Sand Hills Formation. Artifacts left by the Woodland (about A.D. 658

~ 100) (Breternitz and Wood, 1965), Upper Republican (about A.D. 1400),

and Dismal River (modern Indians) cultures are believed to have been

buried in the top of the eolian sand along with remains of the modern
bison.

Origin. The sand in the northern part of the mBp area originated from

the erosion of Pleistocene terrace alluvium, the Fox Hills Sandstone,

and the upper sandy merrber of the Pierre Shale. South of the river,

the sand originated partly from local outcrops of the same formations
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f Sancl,HiIIs' Formati'on

Fig'Jre 31. ~oli~n 3~d, the Altithermal soil, and the Cris Lee
Soil of Recent age exposed in the SWt SW~ sec. )1,
r. 5 "., R. 59 'Ii., Orchard quadr angLe, Alti thermal
soil Lies below pick handl e ; Cris Lee Soil ic, a
pick point.



but was primarily derived from sandy flood deposits,which periodically

spread out in Recent time along the South Platte River, Kiowa, Bijou,

Badger, and Beaver Creeks.
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!ge. The Sand Hills Formation as mapped in the Orchard, Weldona, and

Fort Morgan quadrangles is predominantly eolian sand of Recent age.

The eolian sand mapped north of the river may include, in addition to

the sand of Recent age, eolian sand of Wisconsin (7) age. Exposures

north of the river containing fossils and buried soils are lacking;

therefore, the oldest geologic age that is assigned to the Sand Hills

Formation in the area is in doubt. Elsewhere, for example at Otis

(Malde, 1960, p, 237), the Sand Hi.lls Formation contains mammoth re-

mains, showing that it is in part Wisconsin. The Recent age of the

younger deposits is well supported by buried soils. On Bijou Flats,

sand was deposited in at least two major episodes of eolian activity

during Recent time. The first was after the formation of the Alti-

thermal soil, and the second was after the formation of the Cris Lee

Soil of late Recent age. Deposition of eolian sand southeast of the

Bljou Creek floodplain is taking place today.

Piney Creek Alluvium

The Piney Creek Alluvium (Hunt, 1954), a dark gray to yellowish-

brown sandy silt and humic sand, contains materials reworked locally

from older bedrock and surficial units. A terrace formed on the Piney
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Creek Alluvium, lies below the terrace on Bijou Flats within the

present river valley. A weak zonal soil here called the Cris Lee Soil

is developed on the alluvi urn,

Definition. Hunt (1954, p , 114) applied the term Piney Creek to de-

posits along the tributary to Cherry Creek in the NWi NWi sec. 25,

T. 5 S., R. 66 W., east of Denver. At the type locality, dissected

Piney Creek Alluvium is overlain by post-Piney Creek alluvium that

contains Woodland cultural materials (Scott, 1963a, p. 47).

Distribution and Topographic Expression. Piney Creek Alluvium once

formed a continuous flat-topped fill in almost every arroyo and creek

in the map area as weD as in the South Platte River valley. The fill

has been removed or reworked in many places adjacent to the river.

Along Bijou Creek most deposits of Piney Creek have been buried by

eolian sand. No exposures of Piney Creek Alluvium were observed in

Kiowa Creek. The alluvium was either removed by erosion, buried by

younger deposits, or was not deposited in Kiowa Creek. Well developed

paired terraces, formed on Piney Creek Alluvium, occupy Wildcat Creek,

Cris Lee, Cottonwood, and smaller draws north of the river.

The Piney Creek Alluvium forms the second terrace above stream

level. The terrace is commonly 30 to 40 feet above the larger tri-

butaries, whereas along the South Platte River and shorter tributaries

such as Cris Lee Draw, the surface is 15 to 25 feet above stream level.

The larger tributaries have assumed a new base level after depositing
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the Piney Creek Alluvium. They have subsequently eroded headward

increasing the length of their basin and deposi ted pes t-Piney Creek

alluvium locally in their lower reaches.

Description. The Piney Creek Alluvium is composed of yellowish-brown

clayey silt and sand and grayish-yellow humic silt. The coarsest

alluvium, which may include cobbles, is at the base of terrace and

arroyo fills. Clay and silt in the upper part of the Piney Creek

Alluvium ranges from ]5 to 30 feet thick. The upper part of the allu-

vium is generally well stratified and banded by an occasional stratum

of brownish-gray humic silt and clay. The dry consistence of the upper

part is tough and hard; when wet,the nmterial is sticky and slightly

plastic. The color of the major part of the silt is grayish-brown and

li.ghtbrown. Despite a soft dry consistence, the silt stands in almost

vertical slopes along Wildcat Creek and its tributary arroyos. A

weakly developed zonal soil called the Cris Lee Soil is formed at the
top of the alluvium.

The alluvium also contains numerous bones and bone fragments of

bison. A bison skull was collected from an arroyo tributary to Wildcat

Creek. The skull, which protrUded from the arroyo wall, was buried by

7 feet of Piney Creek Alluvium.

The Piney Creek Alluvium can generally be identified by its topo-

graphic position, the late Recent Cris Lee Soil developed at its top,

its high humic content, and the widespread abundance of land and fresh

water mollusks within the alluvium. The mollusks, which were identified



T-I098 119

by Glenn R, Scott of the U. S. Geologic Survey; were collected by the

wri ter from the localities listed below and shown by letters on the

Fossaria parva (lea)
cf. Succinea avara Say
Gastrocopta armifera (Say)
Vallonia cyclophorella Sterki
Punctum minutissimum (Lea)
Discus cronkhi tei (Newcomb)
Hawaiia-rrJoUSCUla (Binney)
Retinella electrina (Gould)
Gyraulus similaris (Baker)

<f Sw.: Sw.: sec , 19, T. 5 N., R. 58 W., Peace Valley School quad-
rangleo Other localities shown on plates 2 and 30

plates 2 and 30

U.S.G.S. Cenozoic
Mollusk Collection:

DlOOl DlOOO DlO02 DlO03 -

Field Locali ty
A AK BN N~\- BI

x
x x x x x

x
x
x
x
x x
x

x

The cross sections in fizure 19 (p. 81) illustrate the topographic and

stratigraphic relationships of the Piney Creek Alluvium near fossil

locality AK in the SEi seco 7, T. 4 N., R. 58 W., Weldona quadrangle.

Figure 32 shows the contact between the Piney Creek Alluvium and Pierre

Shaleo The unconformity at the base of the Piney Creek Alluvium re-

presents removal of 60 to 110 feet of Broadway Alluvium prior to

Origin. The Piney Creek Alluvium is composed of colluvium and associ-

ated alluvium. Local erosion of slopes, stimulated by a cool, moist

deposi tion of Piney Creek Alluvium.
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Fi~Jre 32. Piney Creek Alluvium (Qp) in contact with Pierre Shale
(Kp) at the Narrows (fossil locality AK) in the SWt
SW-ij-SE-~ sec. 7, T. Lf N., R. 58 W. The site is the
north f'oundat.Lon of the proposed Narrows Dam. The gully
in the photo was eroded by floodwaters carried do"m the
Weldona Ditch.
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climate and high water table, contributed large quantities of fine-

grained debris. Sluggish overbank flooding onto the heavily vegetated

floodplain helped spread and rework the local debris. The arcuate

nature of the contact, shown in figure 32, suggests that locally the

alluvium was derived from the colluvium covered slopes of Pierre Shale.

Age. The Piney Creek is Recent in age. Interpolation of regional

radiocarbon dates compiled by Haynes (1966, p. 22-24) suggest that

Piney Creek time may represent the time from 4,000 years to 2,250 years

B.P. The unconformity at the base of the Piney Creek Alluvium may

represent at least 500 years of degradation. The Piney Creek Alluvium

consequently is about 2,250 to 3,500 years old and represents most of

early Recent time.

Cris Lee Soil

A weakly developed soil here named the Cris Lee Soil for Cris Lee

Draw northwest of Fort Morgan is fonned on the Piney Creek Alluvium

and the upper parts of the Bignell Loess and the Sand Hills Formation.

The soil in most places is at or wi thin five feet of the surface. The

profile is better developed on silty Piney Creek Alluvium (fig. 33)

and Bignell Loess (fig. 22, p. 91) than on the eolian sand in the Sand

Hills Formation (fig. 31, p. 115). The A horizon where developed and

preserved on silty parent material is about 2 to 3 inches thick. The

B horizon has a medium weak subangular-blocky structure, a sticky,
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a.

Figure 33. Cris Lee Soil developed on Piney Creek Alluvi'J.m along
(a) Wildcat Creek no~th of the map area and (b) a road-
CIt in the swt swt sec. 29, T. 5 N., R. 57 W., Fort
Morgan quadrangle. Piney Creek Al.Luv i.um buries a well
developed soil, probably the Alti therma.l soil.

Z rt d



T-I098 123

plastic, slightly hard consistence and ranges from 5 to 9 inches thick.

In places a very weak azonal soil lies above the Cris Lee Soil in the

young loess (fig. 22, p. 91) deposits. This younger zone of weathering

is from 2 to 5 inches thick.

The Cris Lee Soil, locally buried within the Sand Hills Formation

on Bijou Flats, contains a dark grayish-brown sandy A and B horizon

about 6 to 8 inches thick. The soil on eolian sand is structureless

and breaks into individual grains under very light pressure. Very

thin skins of clay coat particles below the dark grayish-brown sand

indicating weak B horizon development. The C horizon is slightly

calcareous on eolian sand but is noticeably more calcareous on the

silty alluvium.

Post-Piney Creek Alluvium

The post-Piney Creek alluvium informally includes bed deposits

in the streams, floodplain deposits, alluvium in small alluvial fans

(separately mapped as QpP2)' bog deposits (separately mapped as Qppt),

and alluvium in the newly named Hurley Terrace (separately mapped as

QpPr). The terrace alluvium, a dark gray humic silt layer which over-

lies a pale orange to yellowish-brown feldspathic sand, is finer

grained than the floodplain or bed deposits on the South Platte River.

Bog deposits and alluvial fans are in small local deposits along the

outside of the floodplain.
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Definition. Deposits included as post-Piney Creek alluvium have never

been formally defined in eastern Colorado. The term post-Piney Creek

alluvium is used in the sense first applied by Malde (1955, p. 244).

Distribution. The alluvium is confined to the South Platte River,

Kiowa, Bijou, and Wildcat Creeks and forms the Hurley Terrace and

floodplain below the terrace formed on Piney Creek Alluvium. The

Hurley Terrace is froln 6 to 12 feet above the stream channels and the

floodplain along the river is about 3 to 4 feet above the present

channels. Ancient arroyos that have eroded into the Piney Creek

Alluvium, such as Schaefer, Lamborn, and Aker Draws, are filled with

post-Piney Creek alluvium. Farther up the draws post-Piney Creek

alluvium commonly overlies Piney Creek Alluvium.

In the reach of the river southeast of the Narrows in the Orchard

quadrangle, the post-Piney Creek alluvium is 9 to 15 feet thick. The

alluvium occupies a channel eroded about 40 feet below the top of the

Piney Creek Alluvium. Erosion in the channel removed Piney Creek

Alluvium and cut into shale. The present channel is perched on the

north flank of the ancient buried valley, which was eroded in early

Wisconsin time.

Description. The post-Piney Creek alluvium in the Hurley Terrace (fig.

34) usually is capped by a few inches to 3 feet of very dark gray to

black, blocky, tough humic clayey silt. Bog deposits occur locally

near groundwater seeps and springs. A peat is well developed along
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Terrace

Qbf
/

Fi~lre 34. The Hurley Terrace along the South Platte River in the
SW~ sec. 2, T. 4 N., R. 60 W., Orchard quadrangle contains
post-Piney Creek alluvium (QoPl). A ledge of pink Broad-
way Alluviulli(Qb) protrudes from beneath ~~e Bijou Flats
Tongue (Qbf) near the power poles and oil well in the
center of the photograph. The SO-foot terrace on the
skyline contains Bijou Flats Tongue. The surface in the
foreground is underlain by historic post-Piney Creek
albvium (Qpp).



the outside edge of the terrace in the S! sec. 11, T. 4 N., R. 59 W.,
Weldona quadrangle. Below the mouths of Bijou Creek and Kiowa Creek,

the organic top layer may be buried by a few inches to eight feet of

medium to very fine sand deposited by overbank flooding from Bijou and

Kiowa Creeks.
Under the top organic layer of the Hurley Terrace is a pink to

yellowish-brown gravelly feldspathic sand. The sand is well-bedded,

cross-stratified, and in places highly limonitic. The post-Piney Creek

alluvium along Kiowa and Bijou Creeks is similar in most respects. The

deposits are well-stratified layers of light grayish-brown, silty, very

fine to medium sand and dark gray organic silt.

The bedload carried in the South Platte River is coarse upstream

from the confluence of Bijou Creek. Sand taken from the South Platte

River channel in the swt sec. 3, T. 4 N., R. 59 w., has the particle

size distribution shown in the histogram in figure 35.
The sand and gravel carried by the South Platte River above the

mouth of Bijou Creek is subangular to subrounded. The coarser fractions

are composed chiefly of granite, feldspar, and quartz. Included are

smaller particles of sandstone, andesite, rhyolite, irons tore concre-

tions, gneiss, schist, and chert. Feldspar, quartz, mica, garnet,

magnetite, chert, rhyolite, epidote, and traces of coal have been

T-I098 126
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recognized in the sand. Gold, which occurs only as a trace element,

was sought in the early 1930's by a placer operation along the river

east of Orchard. Many spearpoints, smaller pt' ojectile poin ts , bison

teeth and bones, and mammoth teeth have been recovered in gravel

dredging operations or found by amateur collectors.
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Figure 35. Histogram showing the size-distribution of 7 random
samples of post-Piney Creek alluvium from the South Platte
River channel in the swi sec. 3, T. 4 N., R. 59 W., Weldona
quadrangle (Histogram based on analyses by the U. S.
Bureau of Reclamation).
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Figure 36. Histogram showing the size-distribution of grab samples of
post-Piney Creek alluvium from the Bijou Creek channel in
the SE~ sec. 29, T. 4 N., R. 59 W., Weldona quadrangle.
(Based on mechanical analyses conducted in the Civil
Engineering Laboratory, Colorado School of Mines).

Downstream from the mouth of Bijou Creek, the river and flood-

plain deposits are mixtures of the loads carried by both the South

Platte River and Bijou Creek. The alluvium below the confluence,

consequently, is considerably finer grained than that in the river

above the mouth of the creek. The size-distribution of sand deposited

in the bed of the ephemeral Bijou Creek is shown in figure 36.

Mollusks and bison remains are locally abundant in the post-

Piney Creek alluvium. From the peat and surrounding organic silt

deposits on the Conrad Schaefer farm in the SW~ sec. 11, T. 4 N., R. 59

W., Weldona quadrangle, the following fresh water and land mollusks

were collected by the writer and identified by Glenn R. Scott of the

u. S. Geological Survey.
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Carychium exiguurn (Say)
Stagnicola caperata (Say)
~ palustris elodes (Say)
Gyraulus circumstriatus (Tryon)
cf. Succinea avara Say
Physa anatina-rea-
~ elliptica Lea
Aplexa hypnorum (Linne~
Oxyloma haydeni (Binney)
Vertigo ovata Say
Gastrocopta ta aniana (C. B. Adams)
Hawaiia minuscula Binney)
Retinella electrina (Gould)
Euconulus Fulvus (MUller)
Pisidium cf. ne lectum Sterki
Pisidium casertanum Poli)
Pisidium sp,

USGS Cenozoic mollusk collection DIDOS:

Artifacts of the modern American Indian are occasionally found

near the surface of the Hurley Terrace. In addition, rock circles and

fire pots attest to carnpsites frequented by the Indians. A good

example is at the mouth of Kiowa Creek in the SEt NWt sec. 10, T. 4 N.,

R. 60 W., Orchard quadrangle.

Low terrace materials have been repeatedly reworked and over-

ridden by wind and floods, making the differentiation of the recent

materials difficult. Along Wildcat Creek the Hurley Terrace is com-

posed of post-Piney Creek alluvium. The terrace is 8 to 12 feet above

the dry channel. The lithology of the post-Piney Creek alluvium along

Wildcat Creek is very similar to that of the Piney Creek Alluvium. The

two alluviums may be distinguished by topographic position and by the

fact that the younger alluvium has no zonal soil profile at its top.
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Origin. The post-Piney Creek alluvium above the mouth of Bijou Creek

is derived primarily from Piney Creek Alluvium and Louviers Alluvium.

The alluvium almg Kio"a and Bijou Creeks is material scoured from the

Bijou Flats Tongue of the Broadway Alluvium, eolian sand, ani bedrock

outcrops upstream. In Wildcat Creek, Piney Creek Alluvium and bedrock

have been reworked into the post-Piney Creek alluvium. The coarse

alluvium on the floodplain and in the bed of the South Platte River

above the mouth of Bijou Creek is a lag concentrate. Fine-grained

sand, silt, and clay have been winnowed out by high runoff in the spring.

Bog deposits, although scattered in their occurrence, reflect blockage

of surface water runoff or a highground water table.

Age. The post-Piney Creek alluvium is late Recent in age. Alluvium in

the Hurley Terrace may be as old as 1,500 years. The latest change in

the river regime and attendant change in channel characteristics pro-

bably took place about 1860.

Artificial Fill

Artificial fill is included as a mapped geologic unit because of

the growing importance of recording disturbed or artificial ground.

The unit includes rubbish; industrial waste; spoil from gravel pits;

and highway, canal, and dike embankments. Excep t for rubbish and

industrial waste, artificial fill is similar in color and texture to

the natural material from which it .~s derived. Sedimentary structures,

130
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however, have been destroyed, and the compaction of the artificial fill

is usually different from that of similar natural deposits.

CORRELATION

The local sections of surficial deposits in northeastern Colorado,

and those in other parts of Colorado and neighboring states can be

correlated by means of stratigraphic position, paleosols, fossil verte-

brates, fossil mollusks, radiocarbon ages, and isochronal beds. Ac-

cording to Dunbar and Rogers (1957, p, 271), "two units, ••••• , are said

to be correlative if they are judged to be time equivalents of each

other, ••••• n The term "rock equivalenta" describes widely spaced

local sections of surficial units which are physically traceable one to

another, are lithologically similar, or have the same topographic or

stratigraphic position and sequence but are not necessarily exact time

equivalents of each other. Correlations are madein this thesis when

the writer believes that the stratigraphic units of possible equivalence

cont~in at least one comrnontime line.

Where it is evident that rock units are not time equivalent or

where there is dou~t of time~equivalence, the term rock eqUivalent is

used. In manycases rock equivalents are also geologic-climate equiv-

alents. Thi.s distinction helps significantly to extrapolate the in-

ferred paleoclimatic and geomorphichistory from more distant strati-

graphic sections to the local one. Paleosols, unconformities, strati-

graphic position, continuity, and the inferred paleoclimatic origins of
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strati graphic units were the chief tools used in the Norgan County area

to establish rock eqUivalency with distant sections.

Until absolute ages of unconformities, deposi ts, and soils in

MorganCounty can be determined by precise methods, such as radiocarbon

dating, figure 37 and table 6 (p. 136) are presented as working models

for comparing events with those of the standard midcontinent and the

RockyMountain Quaternary sections.

As shown in figure 37, the Pear1ette Ash represents a time line

in the Pleistocene sequence which maybe used as a basis for correlation.

A restored stratigraphic section drawn from the Front Range of Colorado,

parallel with the South Platte and Platte Rivers, to eastern Nebraska

(fig. 37) diagrammatically illustrates this correlation. The ash near

Golden, Colorado, at the mouth of Clear Creek Canyonlies at the base

of the Verdos Alluvium and rests on the Laramie Formation. Northeast

of Iliff in Logan County, Colorado, the ash is well up in a aecta on of

gravel alluvium (Frye, 1961, p. 600). The alluvium, because of its

topographic posi tion and the presence of the ash, is interpreted to be

the Verdos Alluvium (fig. 9, p. 50, and fig. 37). In central and

eastern Nebraska, the ash is LneLuded in the fine-grained merriberat the

top of the Sappa Formation (Reed and Dreezen, 1965, p. 33-34). The

Grand Island Formation is believed to be the rock equivalent but not

the exact time equivalent of the Verdos Alluvium in Colorado. There-

fore, the coarse alluvial unit is shown to have transgressed time

lines. The unit accumulated first in eastern Nebraska and progres-
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sively later in reaches to the west. The Grand Island Formation, be-

lieved to be the periglacial equivalent of the Clarkson Till in Nebras-

ka (Reed et aI, 1965, p. 197), is late Kansan. The Verdos Alluvium in

northeastern Colorado is late Kansan or early Yarmouth in age. The

position of the sediments with respect to the Pearlette Ash time line

suggests the concept that other alluviums deposited in the ancient

Platte and South Platte Rivers may also be progressively younger from

east to west.
The concept, that some rock-equivalents of Pleistocene age are

progressively younger westward from eastern Nebraska toward the Rocky

Mountains, is supported by geomorphic as well as stratigraphic data.

In eastern Nebraska the ancestral Platte River was blocked by conti-

nental ice sheets at least once during the Nebraskan Glaciation and at

least twice during the Kansan Glaciation (Reed and Dreezen, 1965, p.

10). Outwash deposited at the ice front during each glaciation caused

the regional base level to rise.
In the vicinity of the ice front the rise in base level caused de-

posi tion of coarse alluvium carried eastward by the ancestral Platte

Hi ver , The alluvi um gradually filled the valley of the PIa tte River

starting from the ice front and building westward.

Periods of deglaciation in the Rocky Mountains accelerated the

filling of the Platte River valley from east to west. When permitted

sufficient time, as was the case in the late Kansan and early Yarmouth,

the entire Platte River valley was filled LncLudd ng the valley of the
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GEOMORPHIC PROCESSES

lower South Platte River. This concept, therefore, implies that from

east to west along the Platte and South Platte Rivers the older pre-

Wisconsin alluviums become progressively younger.

Radiocarbon d9. tes, one of the best means of time correlation, are

presently restricted to use in sediments of Wisconsin and Recent age.

The usefulness of many radiocarbon dates for correlation is question-

able because samples were contaminated; others were taken without good

stratigraphic control. Table 6, however, proposes a radiocarbon

chronology. The chronology is extrapolated in part from radiocarbon

dates tabulated by Haynes (1966, p. 21-30) for the nonglacial sequence

of Colorado and adjacent states and in part based on correlations with

the chronologies of Richmond (1965) in the Rocky Mountains and Morrison

and Frye (1965) in the midcontinent region. The time of events are

inferred in the nonglacial sequence in Nebraska. The Nebraska sequence

is a composite from the publications of Schultz (et aI, 1951) and Reed

(et aL, 1965). The chronology for post-Sangamon deposits in Morgan

County, Colorado, is the writer's interpretation. With the exception

of several dates from correlative deposits in the Kassler quadrangle

(Scott, 1963a), none of the chronology has yet been substantiated by

dates from near Fort Morgan. This chronology appears by the side of

the map area sequence in table 6.

The landscape of Morgan Coun~ has evolved through the interaction
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of several geomorphic processes. Running water, wind, and soil-forming

processes each have, at different times dominated in intensity and are

the physical processes that formed the South Platte River valley. The

type, intensity, and duration of the process was controlled by climate,

that is, by regional temperature and precipitation. Each cycle, during

which the processes acted, was distinctive in its effect on the land~

scape; and therefore, each cycle probably varied from the others in

intensity as well as duration. The history interpreted from the de-

posits in Morgan County suggests an underlying theme of repetition.

Cycles have been repeated many times since the earliest Pleistocene.

A complete cycle began with intense stream erosion. In each cycle

stream erosion gradually gave way to stream aggradation, first of

coarse then finer materials. The dominant process then shifted to

eolian erosion and eolian deposition of the fine-grained materials.

Slope stability and soil formation ended each cycle before streams

again began cutting down in their valleys and initiated a new cycle.

Stream Erosion

Erosion by the South Platte River and deepening of its valley have

prevailed throughout Quaternary time. The general erosional trend has

on occasion been interrupted by episodes of deposition. Along the

mountains, the natural tendency for through-flowing streams is to erode

their valleys. As long as the discharge of the river and its tribu-

~ries was maintained and the supply of debris from the upper part
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of the drainage basin was low, the South Platte River continued to

scour existing deposits within its valley and to deepen its channel.

When the climate grew cooler, glaciers formed and began to advance down

mountain valleys. Tributaries along the Platte River on the plains

eroded because of higher runoff from the nonglaciated parts of the

basin. The net effect was to intensify river erosion in the map area.

When glaciers reached their maximum downvalley position, they built

moraines. Meanwhile, mass wasting on slopes increased to a maximum.

The glacial drift and slope debris were stored in the upper part of the

basin awaiting an increase in discharge (Schumm, 1965, p. 790).

Stream Aggradation

When the climate warmed, the glaciers began to recede. Discharge

and sediment load in the glaciated tributaries increased. In the lower

part of the basin, the river, which was transporting as much sediment

as it was able to, began depositing large quantities of material.

Aggradation probably was not taking place in all reaches of the

river valley at the same time because aggradation was controlled by

local base levels as well as a regional base level. The parts of the

basin in which deposition became the dominant process acted as base

levels. These base levels because of a continuous supply of alluvium

migrated upstream. The alluvial deposits resulting from the upstream

migration of base levels transgress time lines as shown by figure 37.
As climate continued to change by a decrease in precipitation and

138
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an increase in average yearly temperatures, river flow gradually de-

creased and the amount of debris being carried dwindled. The calibre

of the sediment load also gradually decreased. Finally, toward the end

of the irterval of stream aggradation, the chief source of sediments

shifted from the moun tains to the piedmont and plains.

Eolian Acti vi ty

When fluvial deposition had all but ceased, fine-grained sediments

were quite widespread and readily available for wind erosion. In the

warm and semi-arid climate, eolian activity became the dominant process

because of high winds and sparse vegetation.

The lack of sizeable eolian deposits of pre-Wisconsin age may have

been due to many causes. The chief cause was that the climate that fol-

lowed the intervals of stream aggradation in the Nebraskan to Illinoian

geomorphic cycles may have been more moist than those experienced in

the cycles since. In addition, there does not appear to have been

widespread areas of loose, fine-grained sedimert s which would be sus-

ceptible to wind erosion.

Loess originated from upwind areas of silty alluvium previously

deposited by sheet wash from fine-grained Cretaceous and Tertiary

deposits. The deep channel in the river valley which was eroded in

early Wisconsin time worked headward and developed an extensive arroyo

system. Subsequently, the arroyos were filled with material grading

from coarse at the base to fine at the top. The fine-grained upper
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part of this fill is believed to be a major source of loess and eolian

sand.

Soil Formation

Gradually, the source areas and deposits of eolian sediments were

stabilized by a cover of vegetation. Aided by an increase, and possibly

a more uniform distribution of annual precipitation, and a warming cli-

mate, weathering progressed to the extent that zonal soils were formed.

Soil-forming processes either acted 1m ger or more intensively during

pre-Wisconsin than during Wisconsin and Recent time. Thicker B horizons

were developed in pre-Wisconsin soils, and parent materials of pre-

Wisconsin soi~ have much thicker and stronger calcium carbonate horizons

than younger parent materials. The A horizons of most soils have been,

at one time or another, eroded or thickened by minor deposition during

formation. Younger paleosols were in places developed on erosion sur-

faces cut across the older soils. Where they are developed directly on

older soils their profiles may be indistinct.

TERRACE SEQUENCE

One effect of the above geomorphic processes has been the evolution

of terraces along the South Platte River valley. The terraces are form-

ed for the most part by alluvium deposited by the South Platte River

eroded in response to hydrologic changes in the river. The hydrologic
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changes are caused by climatic changes.

Pre-Wisconsin Terraces

Remnants of four pre-Wisconsin terraces parallel the South Platte

River in northeastern Colorado. Longitudinal profiles of the terraces

formed in pre-Wisconsin time tend to converge with each other and with

the modern profile of the South Platte River as they are projected to

the east (fig. 9, p. 50).

Dead Horse Terrace

The highest and oldest terrace is herein named the Dead Horse

Terrace for a high terrace in northeastern Morgan County. The Dead

Horse Terrace is well preserved in T. 5 and 6 N., R. 56 W., Dead Horse

Springs quadrangle east of the map area. The terrace, which was formed

on Nussbaum Alluvium, decreases from a maximum height of 430 feet above

river level in the Fort Morgan quadrangle to about 260 feet above river

level near the Nebraska state line. The high remnants of Nussbaum

Alluvium, which are shown in figure 10 (p. 51) and figure 17a (p. 73),

represent the Dead Horse Terrace in the map area. Northwest of Fort

Morgan, in the Sunken Lake quadrangle, a pediment fl&nking the river

valley is developed on Fox Hills Sandstone and correlates with the

Dead Horse Terrace. Nearer the Front Range, Soister (1965a and 1965b)

has mapped local gravel-capped knolls in the Hudson and Platteville

-- - -- --- ~- ----------
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quadrangles which are remnants of the Dead Horse Terrace or associated

pediments. In the Eldorado Springs (Wells, 1963) and Louisville quad-

rangles (Malde, 1955), a pediment, as much as 450 feet above present

stream level, is also capped by Nussbaum (pre-Rocky Flats) Alluvium.

The Dead Horse Terrace is correlated with these high pediment remnants

which lie higher than the Rocky Flats Pediment. The age of the Dead

Horse Terrace is Nebraskan because it lies below the surface of Pliocene

deposits and above remnants of Kansan and younger Nebraskan deposits.

Spottlewood Terrace

The first terrace below the Dead Horse Terrace in the map area is

the Spottlewood Terrace, the terrace equivalent to the Spottlewood

Pediment of Bryan and Ray (1940, p. 14). The Spottlewood Terrace is

strongly dissected and mOdified by erosion. Before removal the terrace

was about 200 feet below the older Dead Horse Terrace. In places

remnants of the Rocky Flats Alluvium on which the terrace was formed

are believed buried by Verdos Alluvium (fig. 13, p. 59). Remnants of

the Spottlewood Terrace in Morgan County correlate with the pediment

on Rocky Flats in the Golden quadrangle and with Table Mesa at Boulder.

The age of the Spottlewood Terrace is Aftonian because the youngest

sediments on which it is formed are Aftonian or Nebraskan.

Coalbank Terrace

The second terrace below the Dead Horse Terrace is here called the
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Coalbank Terrace, the terrace equivalent to the Coalbank Pediment of

Bryan and Ray (1940, p. 14). The terrace, which parallels the South

Platte River, is best developed and preserved northeast of Pawnee

Creek in T. 7 and 8 N., R. 54 W., near Sterling, Colorado (fig. 13,

p. 59). The Coalbank Terrace was formed on the Verdos Alluvium.

The Coalbank Terrace converges eastward with the profile of the

modern river (fig. 9, p. 50), but the convergence is somewhat less

than that of the Dead Horse Terrace. North of Fort Morgan the terrace

lies about 190 feet above the South Platte River and decreases to about

160 feet above the river at the state line. The Coalbank Terrace,

which may correlate with the T-4 terrace of Schultz and Stout (1948),

extends into Nebraska. Near Paxton, Nebraska] the base of the terrace

fill approaches river level in the divide between the North and South

Platte Rivers. A short distance to the east the terrace fill appears

to be completely buried in the alluvium beneath the Platte River

(Schultz and Stout, 1948, p , 559).

The Coalbank Terrace west of Fort Morgan is mostly destroyed by

erosion. Correlative pediments along the Front Range include Davidson

Mesa in the Golden quadrangle and pediments capped with Verdos Alluvium

in the Kassler quadrangle (Scott, 1963a), the Littleton quadrangle

(Scott, 1962), and the Eldorado Springs quadrangle (Wells, 1963). The

age of the Coalbank Terrace is Yarmouth because the youngest alluvium

on which it is formed is Yarmouth.
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The lowest pre-Wisconsin terrace is here called the Timnath

Terrace for the equivalent pediment formed about 80 to 100 feet above

the Cache la Poudre River northwest of Greeley, Colorado (Bryan and Ray,

1940, p. 23). In other areas remnants of the Timnath Terrace lie from

30 to 60 feet above the South Platte River. Two miles northeast of

Fort Morgan, the Timnath Terrace is mostly buried by younger alluvium.

West of the mouth of Bijou Creek in the Weldona and Orchard quadrangles

all trace of the terrace has been destroyed. The alluvium which forms

the Timnath Terrace is the Slocum Alluvium. The Timnath Terrace corre-

lates with pediments formed in the Kassler quadrangle (Scott, 1963a) on

Slocum Alluvium. The age of the Timnath Terrace is Sangamon because

the upper part of the Slocum Alluvium is Sangamon.

Wisconsin Terraces

Three terraces of Wisconsin age are recognized in Morgan County.

The terrace intermediate in age is the most extensive terrace along the

South Platte River upstream from the map area. It forms the major

agricultural bottom land in Weld and Adams Counties. The younger and

older terraces are local in extent but important in the development

of the South Platte River valley.
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Riverside Terrace

A terrace, well preserved at the surface between Riverside Reser-

voir and Jackson Lake in the Orchard quadrangle, is here named the

Riverside Terrace. The Riverside Terrace is the oldest Wisconsin

terrace exposed along the South Platte River in the map area. Lying

40 to 50 feet above present river level, the Riverside Terrace can be

distinguished from the late Wisconsin Kersey Terrace by the coarser

fill of Louviers Alluvium and the prominent Brady Soil developed on

the fill.

The extent of the Riverside Terrace is not known. Scott (1963a,

p. 32) takes exception to any correlation with the Pleasant Valley

Terrace of Bryan and Ray (1940, p. 25) which was assigned by them to

the early Wisconsin. He believes that the Pleasant Valley Terrace

should be considered the same as the late Wisconsin Kersey Terrace of

Bryan and Ray (1940, p. 26). The Pleasant Valley Terrace is 50 to 60

feet above present river level (the Kersey is generally 25 to 30 feet

above river level). The Riverside Terrace correlates with the terrace

developed on Louviers Alluvium in the Kassler and Littleton quadrangles

and is considered to be middle Wisconsin in age.

The Kersey Terrace, named by Bryan and Ray (1940, p. 26) for the

terrace at Kersey, Colorad~near the confluence of the Cache la Poudre
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and South Platte Rivers, is continuous eastward along the South Platte

River as far as the western part of the Orchard quadrangle. The terrace

is called Green City Flats on the Masters quadrangle. Within the re-

maining parts of the map area the Kersey Terrace is buried by the Bijou

Flats Tongue of the Broadway Alluvium. The Kersey Terrace is equivalent

to the Broadway Terrace in the Denver area (Hunt, 1954, p. 104). Through-

out the Denver, Weld County, and Morgan County areas, the pink facies of

the Broadway Alluvium forms both the Broadway Terrace and the Kersey

Terrace (which are the same). The age of the Kersey Terrace is late

Wisconsin. The terrace is probably related to Pinedale Glaciation in

the Front Range.

Bijou Flats Terrace

Bijou Flats Terrace is the name here applied to the surface of the

19.rge flood deposit of Bijou Flats Tongue which buries the Kersey

Terrace at the mouths of Kiowa, Bijou, Badger, and Beaver Creeks in

MOrgan County. At Goodrich in the Orchard quadrangle Bijou Flats is

90 feet above present river level; at Fort Morgan the surface is 60

feet above present river level. Figure 27 (p. 105) illustrates the

relationship of the Bijou Flats Terrace to the Kersey Terrace. Down-

stream from the thesis area between Balzac and the Nebraska state:line,

the Bijou Flats Terrace merges with the profile of the river to a

point where the terrace lies about 15 to 20 feet above present river

level. The Bijou Flats Terrace is latest late Wisconsin in age.
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Recent Ter~ace$

Two well-formed recent terraces and the floodplain occur within

the valley cut in the Broadway Alluvium.

Kuner Terrace

The higher of the Recent terraces is considered to be an extension

of the Kuner Terrace near Greeley. The Kuner Terrace was named by Bryan

and Ray (1940, p. 26) for a terrace at Kuner, Colorado. The correla-

tion is based upon the fact that the terrace at both Kuner and Fort

Morgan lies 12 to 20 feet above the South Platte River, contains Piney

Creek Alluvium, and has a weakly developed zonal soil formed on the

alluvium. The terrace, in places such as Weldona Valley and along

Wildcat Creek (fig. 38) in the northern part of the Fort Morgan quad-

rangle, has been subjected to accretion of colluvium near the valley

wall. Thick alluvium and coJluvium in these areas has caused the out-

side of the terrace to be as much as 30 to 40 feet above the river.

Remnants of a terrace 20 to 25 feet above Bijou Creek are also be-

lieved to be equivalent to the Kuner Terrace. The Kuner Terrace is

well formed along the South Platte River and Wildcat Creek in the

eastern part of the Fort Morgan quadrangle. The Kuner Terrace is

continuous both east and west of the map area along the South Platte
River.
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Fig~re )8. The K~ner Terrace deve10ped 0n Piney Creek All~vium along
~ildcat Creek in the 1~t~sec. 10, T. 5 N., R. 57 ~.,
Peace Valley School q~adr~~gle.
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Hurley Terrace

The lowest terrace is here named the Hurley Terrace for a terrace

at a small sugar beet loading station in the NEt NWt sec. 33, T. 4 N.,
R. 57 W., Fort Morgan quadrangle. The terrace is 6 to 12 feet above

present stream courses (fig. 34, p. 125). The Hurley Terrace along

the South Platte River is flooded on the average of once every 20 to

25 years. Floodwater in Wildcat and Bijou Creeks covers the terrace

more frequentlY. Because the materials making up the terrace along

Bijou Creek are sandy, they are highly susceptible to erosion by floods

and lund. As a result the Hurley Terrace along Bijou Creek is poorly

preserved and buried by moving eolian sand.

Floodplain

The present floodplain of the river is inundated by floodwater

on the average of once every 2 years. Overbank deposits and channel

cutoffs modify the floodplain with each flood. The river floodplain

is distinctive when viewed on air photographs or in the field because

of the heavy growth of cottonwood~which are continuous along the

channel banks. The Hurley Terrace composed of pCE t-Piney Creek

alluvium has a eparse growth of trees because of a heavy clayey top

layer. Channels, which are in places braided, are well defined in the

river and along Wildcat Creek. The upper reach of Kiowa Creek in the

southern part of the Orchard quadrangle has a well defined channel, but
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the reach near the mouth of Kiowa Creek has & poorly defined channel

similar to that of Bijou Creek.

SUMMARY OF QUATERNARY HISTORY

The history of the Quaternary Period along the South Platte River

in Colorado began with erosion. In the Morgan County area the position

of the Nussbaum Alluvium with respect to the restored position of the

Ogallala Formation suggests that in the late Tertiary and early Pleisto-

cene at least 600 feet of erosion took place before deposition of the

Nussbaum Alluvium (fig. 9, p. 50). The ancient South Platte River

through Morgan County formed in early Nebraskan time. Little else is

known about the interval of time before deposition of the Nussbaum.

The stages of geomorphic development from Nebraskan to Recent time

(fig. 39) are discussed by geologic-climate units which in this case

represent distinct intervals of time.

Nebraskan and Aftonian

Nebraskan and Aftonian time are represented in Morgan County by

600 feet of pre-Nussbaum erosion, deposition of the Nussbaum Alluvium,

230 feet of pre-Rocky Flats erosion, deposition of the Rocky Flats

Alluvium, and the formation of a soil (fig. 39a and 39b). Nebraskan

time in the mountains includes the Washakie Point Glaciation (Richmond,

1965). In the midcontinent region two advances of continental glaciers
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occurred in Nebraskan time (Reed and Dreezen, 1964). During the glacial

period, large volumes of material were contributed to the South Platte

River basin by increased mass wasting and possibly by mountain glaciers.

The material was transported through Colorado into Nebraska where it

then was mixed with materials derived both locally and from the outwash

of the continental glaciers. When the Platte River was blocked by the

continental ice sheets during Nebraskan time (Condra et aI, 195q p.

6), thick sediments accumulated within valleys in eastern and central

Nebraska. The rapid aggradation initiated by the blockage caused base

level to migrate upstream preceded by a pulse of strong aggradation

(possibly the Seward and Fullerton Formation, fig. 37, p. 133). The

pulses of aggradation are represented in northeastern Coler ado by

remnants of the Nussbaum and Rocky Flats Alluvium. Deposition in

Colorado may have continued well into the Aftonian. The Aftonian

Interglaciation is manifested by the formation of the Aftonian Soil.

Kansan and Yarmouth

Kansan and Yarmouth time are represented by as much as 100 feet

of pre-Verdos valley deepening, deposition of the Verdos Alluvium,

and formation of the Yarmouth Soil (fig. 39c). In other areas in

Colorado and adjacent states the Pearlette Ash was deposited in late

Kansan time.

Blockage of drainages occurred during at least two of the three

recognized advances of the Kansan ice sheet into eastern Nebraska.
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The Verdos Alluvium was deposited in Morgan County in response to an

upstream migrating base level caused by the last blockage of the Platte

River in eastern Nebraska. During the substade represented by the

retreating Clarkson Till in eastern Nebraska, the Pearlette Ash was

blown over the entire region from a volcanic eruption somewhere to the

west. Much of the ash was mixed with silt in the Sappa Formation. Ash

deposits accumulated in arroyos along the flanks of the river valley

and on the uplands wherever newly deposited ash was sheltered from the

wind or was washed in by water. The deposition of the fine-grained

Sappa Formation continued into the late Kansan and early Yarmouth time

along most of the Platte River in eastern and central Nebraska. At

the same time deposition of the coarse-grained Verdos Alluvium took

place along the South Platte in Colorado and western Nebraska. In

middle Yarmouth time deposition essentially ceased and a well-developed

soil formed over the area.

Illinoian and Sangamon

Pre-Slocum erosion deposition of the Slocum Alluvium, and deposi-

tion of the Loveland Loess represent Illinoian and Sangamon time in

the map area. Approximately 150 feet of valley fill and shalewas

eroded before deposition of the Slocum Alluvium (fig. 39d).

During the pre-Slocum erosional interval many creeks and arroyos

in the map area cut headward and dissected the older terraces and up-

lands. An ancient drainage was developed at this time in the basin of
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Wildcat Creek. Dissection continued in the headwaters of the arroyos

as the trunk valley of first the South Platte River and then Wildcat

Creek filled with Slocum Alluvium.

Sometime in the early Sangamo~ erosion at the arroyo heads slowed

and streams ceased to deposit Slocum Alluvium. The climate became warm

and dry. Winds picked up sand and silt from the widely exposed uncon-

solidated alluvium and deposited it as an eolian blanket over the

terrain. Rainfall then increased, and vegetation stabilized the newly

deposited Loveland Loess. The Sangamon Soil formed in an environment

of low to moderate rainfall, warm temperatures, and grassland vegeta-

tion.

Wisconsin and the Altithermal Interval

The Wisconsin glacial interval was 45,000 to 65,000 years long

(Frye and Willman, 1960). The time in the Fort Morgan, Weldona, and

Orchard areas is represented by an initial 200 feet of valley deepening

by the South Platte River following Sangamon time (fig. 3ge). Sedi-

mentation occurred in the valley during many of the Wisconsin sub-

stades. The substades are represented by at least three minor cycles

resulting in erosion, deposition, and soil formation (fig. 39f).

In the Morgan County uplands, major arroyo cutting accompanied

the deep valley incisions of early Wisconsin time. The remainder of

Wisconsin time is represented qy the Louviers and Broadway Alluviums
and the Peorian and Bignell Loesses. Deposition of the loess was

d



T-I098 155

interrupted by the formation of two Wisoonsin paleosols and the Alti-

thermal soiL

The regional olimate throughout the Wisoonsin appears to have been

generally oooler and the rainfall either less frequent or more sporadio

than in pre-Wisconsin time. Regional evidence suggests that the S~lth

Platte River throughout much of Wisconsin time carried mostly glacio-

fluvial sediments derived from granitic terrains in the mountains.

Glaciers in the mountains advanced down their valleys at least three

times during the Bull Lake Glaciation (Richmond, 1960). Continental

ice sheets covered most of the midwest, parts of Iowa, Wisconsin,

Minnesota, the Dakotas, Montana, and Canada. Approximately 30,000

years ago the climate grew mild, glaciers reoeded, and a moderate soil

representing the Farmdale Interstadial interval was formed. The

moderately developed soil found in the lower part of the Peorian Loess

in Morgan County is that formed during this interval.

Glaciation again ensued. Early Pinedale glaciers moved down moun-

tain valleys, and the continental ice lobes of the Woodford stade

moved into eastern Nebraska. Intense fluvial sedimentation occurred

in the South Platte River until about 12,000 years ago. The climate

again grew warm and dry, alpine glaciers receded into their cirques,

and the continental ioe sheet withdrew to Canada. Winds deflated

areas of silty upland alluvium to the northwest of Morgan County. As

early as 13,000 years ago a blanket of loess was deposited over the

dissected uplands and soil of early Wisconsin age. Rainfall increased,
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vegetation stabilized the loess, and the Brady Soil began forming during

the Two Creeks Interstade.

Near the close of Two Creeks time, between 11,000 and 11,500 years

ago, the area was occupied by the first people known in North America

(Haynes, 1964, p. 1411). The culture is characterized by Clovis pro-

jectile points. The Clovis people were hunters of mammoth,but soon

after the disappearance of the mammoth their hunting was focused on

the great Bison (~antiguus). The change probably coincided

closely with the development of the Folsom points,which were used

during the time span between 10,000 and 11,000 years ago. Several

cultures of hunter, distinguished by their artifacts roamed the area

between 7,000 and 10,000 years B.P. (Malde, 1960 and Haynes, 1966,

p, 11).

The climate grew cooler; older deposits were dissected. Stream

activity increased, resulting first in downcutting, and finally in

deposition of the Broadway Alluvium. Because of climatic change,

which altered stream competency, fine-grained alluvium became more

widespread. Dunes were built near the river whereas loess was deposited

and reworked by wind and water in the uplands. Towards the end of the

late stade of Pinedale Glaciation in the Rocky Mountains and the

Valders stade in the midcontinent and near the beginning of the Alti-

thermal Interval, the precipitation and temperature patterns in the

Colorado Piedmont began to change. Rainfall became sporadic and in-

tense. Periodic torrential rains, exceeding in intensity those expe-
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rienced in modern times, fell on the South Platte-Arkansas divide.

Floodwaters moved down the Bijou Creek, Kiowa Creek, and other streams

draining into the South Platte River. The earliest floodwaters from

Bijou and Kiowa Creek scoured as they rushed from their creek valleys

onto the wide sandy floodplain of the river. Later floods increased

in magnitude. When floodwaters debouched onto the permeable river

alluvium they spread as sheet floods. Water was lost by rapid infil-

tration into the underlying alluvial fill. The bedloads carried by

the floodwaters were deposited and the water and suspended loads were

temporarily ponded. As a result a large alluvial fan was built by

Bijou and other creeks. Flow down the South Platte River from above

Kiowa Creek, however, was too small to transport the enormous amount

of debris accumulated in the alluvial fan, and the river was forced

to flow along the northern periphery of the sheet flood deposits. The

South Platte River, which now occupies the channel along the northern

periphery of the valley, forms a conspicious northward bend in its

course between the empire Reservoir and Fort Morgan. Figure 39f to h

illustrates the development of the present route of the South Platte

River in Wisconsin time.
The frequency ani magnitude of floods decreased near the beginning

of Altithermal time. Eolian sand, derived from the alluvium deposited

in sheet floods from Bijou and Kiowa Creeks, drifted over the extensive

floodplain. Some of the eolian sand was overridden and leveled by the

last of the great late Wisconsin floods from Bijou Creek. Precipita-

157
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tion became more frequent and more uniformly distributed throughout the

year. Mountain glaciers completely melted away (Richmond, 1960 p. 1376)

and soil formed between 4,000 to 5,000 years B.P. at the end of the

Altithermal Interval.

Recent

The last high stand of the oceans shows that the Recent began

approximately 5,000 years ago (Frye and Willman, 1960, p. 6). Recent
e-time in the map area is arbitarily set at approximately the time of

formation of the Altithermal soil, Recent time, therefore, is repre-

santed by pre-Piney Creek erosion, deposition of Piney Creek Alluvium,

a short soil-forming episode, post-Piney Creek erosion, deposition of

about 12 to 15 feet of post-Piney Creek alluvium, formation of an

azonal soil, and the historic episode of deposition and erosion (fig.

39h) •
Renewed river activity in early Recent time was the result of a

general increase in precipitation in the Rocky Mountains and Piedmont,

which corresponded with the onset of the Neoglaciation. The South

Platte River deepened its channel at least 100 feet below the alluvial

fan composed of the Bijou Flats Tongue. Gravel alluvium, mostly re-

worked from older sediments, was deposited in the lowest parts of the

channel. Runoff from the mountains during the Temple Lake Stade pro-

bably caused a persistent low stage perennial river flow. In addition,
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movement of material down slopes adjacent to the river and its local

tributaries increased. The fine-grained materials being fed to the

river by local arroyos and slopes choked the river because flow in the

river was not sufficient to transport the material. Deposition of the

Piney Creek Alluvium between ),500 and 2,250 years B.P. resulted.

Sand, blown by strong winds, began a short period of local migration.

Late in the minor climatic cycle, the surface of the Piney Creek

Alluvium and eolian sand was stabilized by rainfall and vegetation.

About 2,250 to 2,000 years B.P. a weak soil, the Cris Lee Soil, devel-

oped. The people of the pre-ceramic Woodland culture probably occupied

the region from sometime after the earlier hunters to about the first

century B.C.

Because of an increase in seasonal runoff, the South Platte River

is believed to have deepened its channel again about 2,000 years ago.

Deposition of the Protohistoric post-Piney Creek alluvium between

2,000 and 1,000 years B.P. followed the cutting of the Kuner Terrace.

People of the plains ceramic Woodland culture frequented the area about

1,500 to 1,050 years B.P. Minor eolian activity occurred and was

succeeded by the development of an azonal soil. Between 1,050 and 700

years B.P. farmers of the Upper Republican culture may have lived in

the valley (Wedel, 1959). Streams in the area cut a channel into the

Hurley Terrace composed of the Protohistoric alluvium, after 1000 A.D.

Since then the floodplain and channel have undergone repeated scour,

overbank deposition from floodwaters, building of bars, channel change,
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and meander migration. About 1850 the South Platte River was an

aggrading intermittent stream in an almost treeless valley (Parshall,

1922). Today the river flows perennially through the Protohistoric

alluvium, Which supports a cottonwood forest. The well-defined banks

and coarse bedload in the channel suggest that the river is now in a

state of gradual degradation. A change to a slightly warmer and drier

climate may have contributed somewhat to the present state of the

river, but river diversion, irrigation, animal grazing, and land

cultivation controlled by man are the paramount causes of recent stream

activity.

160
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ENG I NEE R I N G G E 0 1 0 G Y

The Association of Engineering Geologists (1964, p. 2) defines

engineering geology as

the discipline of applying geologic data,
techniques, and principles to the study of
naturally occurring rock and soil materials
or ground water. The purpose (of engineering
geology) is to assure that geologic factors
affecting the planning, design, construction,
operation, and maintenance of engineering
structures and the development of ground water
resources are recognized, adequately interpreted,
and presented for use in engineering practice.

That also is the final aim of this thesis.

The area investigated is of particular interest from an engineer-

ing point of view. A fou~lane interstate highway has just been com-

pleted. Highway construction provided valuable information on natural

soil conditions Which has been compiled and recorded in this report.

Building of a large earth dam is proposed at the Narrows

in the Weldona quadrangle. Geologic conditions are interpreted re-

lating to the foundation and hydrology of the proposed dam and

reservoir site as well as those at several other sites in the area.

161
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Probably, the most useful contribution of this part of the paper is the

compilation and evaluation of information about natural geologic mate-

rials for use as construction materials in highways, dams, and flood

control structures. Soil characteristics are evaluated in terms of

the geologic origin of the material. Finally, the influence of the

geology on the development and management of surface and subsurface

water is briefly discussed. Recognition of the geologic factors is

the first step to adequate interpretation. The interpretation, however,

is limited by the scope of the thesis and by the financial and time

restriction inherent to research of this type. The opinions presented

are solely those of the writer. It is hoped that the discussion pre-

sented in this part of the thesis will promote a better un::lerstanding

of the geologic factors and thereby lead to more adequate interpreta-

tion in the future.

ENGINEERING SOILS

'l'er-zaghi (1948) defined an engineering soil as "a natural aggre-

gate of mineral grains that can be separated by such mechanical means

as agit<'ltionin watp,r." This definition can be applied to most sur-

ficial geologic materials in the Orchard, Weldon<'l,and Fort Morgan

areas. Soil defined as an engineering material should be clearly

distinguished from an agricul turd soil or a soil used in soil strati-

graphy. Engineering soils in this part of the thesis are synonymous
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with transported alluvial, colluvial, and eolian materials of Quater-

nary age and the weathered Pierre Sha Le ,

Engineering Soil Classifications

Engineering soils are classified on the basis of megascopic

physical characteristics, and field performance. The two classifica-

tions most commonly used by civil engineers are the American Associa-

tion of State Highway Officials (AASHO) classification system (Allen,

1945) and the Unified Soil Classification (U. S. Army Corps of Engi-

neers, 1953) used by the Corps of Engineers and the Bureau of Reclama-

tion. The AASHO classification system (table 7) divides soils into

eight group~depending on their load carrying capacity and performance

as a construction materiaL The grain size and Atterberg limits of a

soil are indicative of its load carrying capacity and performance.

The Unified Soil Classification System (table 8) is based on

grain size, gradation, plasticity, and compressibility. The system

divides soils into three categories: coarse-grained soils, fine-grained

soils, and highly organic soils. After compiling the engineering data

available for each mapped stratigraphic unit, materials in the Morgan

County area were grouped in accordance with the AASHO and Unified Soil

Classification Systems (table 9).
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Group index charts. Chart A--Grain Size and P. I. Relations
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Table 7. AAS~O engineering soil classification
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Unified Soil Classification System

Group
symbols

Typical names

GW Well-graded gravels, grovel-sand
mixtures, little or no fines

Major divisions

GP Poorly groded grovels, grovel-
.Clnd mixtures, little or no fines

d
GM*_ Silty grovels, gravel.sond-silt mix-

lures

GC Clayey gravels, grovel-sand-cloy
mixtures

SW Well-graded sands, gravelly sands,
little or no fines

SP Poorly graded sands, grovelly
sands, little or no fines

z•~oc

,.

>'~ ~
~ Q

s.~. ;
5- ~ !.~_j_--1I-~ ~ _
•• 3'

~~~
[

dSM*I_ Silty sands, sand-silt mixtures

SC Clayey sands, sand-cloy mixtures

Ml
Inorgonic silts and very fine sands,
rock flour, silly or dayey fine HInds,
or doyey silts with slight plasticity~.

a: '"3 "~ g.- Q

e c,
3' Q

s ~
~
S

Cl
Inorgonic cloys of low to medium
plasticity, gravelly clays, sandy
clays, silty clays, lean clays

Ol Organic silts and organic silty clays
of low plasticity

MH
Inorganic silts, micaceous or diato-
maceous fine sandy or silty soils,
elastic silts

co
~a:
i '"~ "~ e• ,

Q
Q

c,~ Q

3' ~
e,
~
S

CH Inorganic clays of high plasticity, fat
clays

OH Organic clays of medium to high
plasticity, organic silts

Peat and other highly organic sailsPI

Laborlltory c1auificalion criteria

~.•:

Atterburg limits above "A"
line with P.1. greater than 7

Not meeting all gradation requirements for GW

c. = OI;(Jgreater than 4; C, = ~ between 1 and 3
Ow 010 X 060

/
/

Above "A" line with Pol. be-
tween 4 and 7 are border-
line ccues requiring use of
dual symbols

Not meeting all gradation requirements for SW

C" = 060 greater than 6; C, =~ between 1 and 3
010 OlOX OI;(J

Table 8. Unified Soil Classification system
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sUf/iX":8~~~:r~~:nd~~;i~:c~~0~~,I::~dl~.'~:i1~·~~~:.~~~e~~ot~oect~~~T7c~~:~~ow:~~u~~: ~r:rd~:~n~t~d ~~. combination. of group symbols. from PCASoil Pr imer
For example: GW-GC, well.groded grovel-sand mixture with day binder.
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Geologic Units and Soil Glaesification

Engineering data on soils in the map area were compiled from
unpublished records of the Colorado Department of Highways, The Bureau
of Reclamation, the Soil Conservation Service, and the Colorado School
of Mines. In addition, many samples were tested by th",writer to assure
that the above tests were run on the same geologic units that were
mapped on plates 1, 2, and 3. Also not all geologic units were tested
by the above agencies; therefore, several tests wer",run in the
Colorado School of Mines civil engineering laboratory on samples from
units not previously tested.

Mechanical analysis, Atterberg limits, and modified Proctor tests
were mllde accor-df.ng to the ASTM Soil Test Manual (1964). Permeability
tests were not run. Per-meabt.Li.t.i.esare estimated on the basis of
grain-size. Table 9 generalizes the various engineering soil types
are within each geologic unit. Some geologic units range widely in
engineering properties. Others have a narrow range in properties.
The correlations presented on table 9 between the AASHO and Unified
Soil Classification are based upon actual determinations according to
each classification. Samples of the units were collected at random
from widely spaced areas.

After the tests were run, test values were compared with those
compiled from other sources. Only those samples considered representa-
tive of the lithologic unit were averaged for that unit. Ranges in
values and average values are summarized by tables in the sectd.onon
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engineering characteristics. The averages and ranges should provide

the engineer with a rough first approximation of soil characteristics.

Test data were insufficient to give statistical significance to these

values; therefore, soil samples at proposed construction sites should

be tested to determine the local soil characteristics before design

and construction are begun. Most private soil-engineering consultant

firms as well as government agencies are equipped for such investi-

gations.
The soil classification ranges shown in table 9 reflect the origin

of the deposits in the following ways. Alluvial deposits are domi-

nantly coarse-grained soils. Weathered bedrock, loess, and the Recent

alluvial units deposited along draws and creeks on the north side of

the river are dominantly fine-grained soils. Most fine-grained soils

were originally derived from fine-grained bedrock formations, and many

have experienced several cycles of reworking.

Engineering Characteristics

Pierre Shale

Inorganic clay and silt developed from the weathering of the

Pierre Shale are, with the exception of bog deposits, the poorest

material in the map area for construction purposes. The weathered

shale may produce moderate swelling pressures because of swelling of

the disseminated bentonite when the water content fluctuates. Mod-
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erate to high rebound may take place when overburden is removed. The

shale is susceptible to erosion by running water and gullies develop

rapidly in overgrazed watersheds where conservation is not practiced

(fig, 40). Generally, the bearing characteristics of foundations

vary from good on unweathered shale to poor on badly decomposed shale

or soft clay. Although the soil is practically impermeable, caution

is recommended when local deposits are used for core material for an

earthfill dam. Much of the shale, even though partly weathered, is

gypsiferous and may make unstable fill. Unweathered shale is tough,

but rd.ppabl.e, Calcareous concretions may require blasting, Compaction

to a unit dry weight between 100 and 125 lb per cu ft under optimum

moisture conditions can be achieved with rubber-tired equi.pmerrtor

sheepsfoot rollers, Table 10 summarizes the test data that were com-

piled on samples from the map area,

Physic!l.1test Number of tests Average Range

Atterberg limits
Liquid limits 3 34% 32 - 36%
Plastici ty index 3 14% 11 - 16%

Gradation
Passing No, 10 3 100% -
Passing No, 40 3 98% 95 - 100%
Passing No, 200 3 63% 38 - 82%

CBR 2 3,5 2,8 - 4,3

Table 10, Summary of some engineering properties of samples from
weathered Pierre Shale,
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fi'ig:J.re Lv). .iec en t. arroyo cit in Pierre Shale and DJst-?-l'y.;;"r t::r'9~k
~lllVi~l~-(~in the'Jild88.-t, Cr-eek "c.anvon CO'lnGl"Y. II
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Loess

The light-gray loess mapped as Peorian and Bignell Loesses is a

clayey silt of slight to high plasticity. Some of its properties are

summarized in table 11. The silt, possessing most of the undesirable

engineering characteristics of friable Loe ss , must be used and built

upon with special careo Because the natural material is poorly com-

pacted and highly compressible, foundations have poor bearing charac-

teristics. Uncompacted undisturbed loess or disturbed loess, which is

not compacted to near maximum density, will consolidate under static

and dynAmic loads if the moisDlre content of the soil substantially

increases after construction. Differential settlement of structures

built on the silt may result.
Loess is not normally desirable as core material in dams; how-

ever, when sufficient quantities of better materials are lacking,

admixtures of loess may provide an adequate core material for earth-

fill dams if close compaction control is usedo Rubber-tired and

sheepsfoot rollers may be used in compaction. Close control of the

moisture content is imperative for a maximum compactive result. If

the optimum moisture content is exceeded, there is a risk that the

soil will not remain trafficable.

Because of jointing, all cuts in the undi stair-bedloess should be

left near vertical. Manipulation of the loess destroys this property,

and as a result embankments must be constructed with side slopes. When

171
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rolled on side slopes of lt horizontal to 1 vertica1 or flatter,

embankmentsof disturbed loess appear to be stable.

Permeability varies verticdly and horizontally. The range in

permeabi.Li.ties of the similar soil type tested in a

~ -5 ~k = 10 to 10 emper sec vertically and k = 10

Labor-at.ory is

to 10-7 emper

sec horizontally where k is the coefficient of permeabi.Ll.t,Y. Both

manipulated as well lLS undisturbed loess erode readily under running

water but can be held by a growth of short grass,

Physical test Numberof tests Average Range

Atterberg limits
Liquid limit 4 31% 25 - 33%
Plasticity index 4 8% 4 - 11%

Gradation
Passing No. 10 5 100% -
Passing No. 40 5 99% 98 - 100%
Passing No. 200 5 80% 65 - 92%

CBR 4 4.4 2.8 - 5.0

Proctor test
MlLXimumdensity 2 107.2 lb 106.7 - 107.6 lb
(Mod. AASHOcompaction) per cu ft per cu ft

Optimummoisture 2 17% 16.6 - 17.4%

Penetration 1 1050 psi

Table 11. Summaryof some engineering properties of sampl.es from the
Peorian lLndBignell Loesses.

Loveland Loess lLndSand Hills Formation

The two map units differ chiefly in color, grain. size, and sorting.
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The Sand Hills Formation is usually grayish-yellow to light brown,

whereas the Loveland Loess is reddish-brown, The Loveland generally

has a larger percentage of material passing the No. 200 screen. Both

are classified predominantly as silty sands or silt-sand mixtures

(AASHO, A-2-4; Unified, SM). Some deposits of the Sand Hills Formation

are classified as well-graded sands with little or no fines (A-3; SP).

Some Loveland Loess is composed of fine sandy silt (A-4; ML). Table 12

summarizes the results of several engineering tests made on both eolian

units. Unpaved roads over the Sand Hills Formation tend to be rough

Physical tests Number of tests Average Range

Atterberg limits
Liquid limit 13 25.4% 21 - 30%
Plasticity index 13 4.9% NP*- 7%

Gradation
Passing No. 10 8 93 % 91 - 100%
Passing No. 40 8 67 % 52 - 85%
Passing No. 200 8 15 % 9 - 24%

Specific gran ty 9 2.67 2.60 - 2.71

Proctor test
Maximum density 12 119.8 Ib 111 - 136 Ib per
(AASHO Mod. compaction) per cu ft cu ft

Optimum moisture 12 11.6% 11 - 13%

Penetration 3 900 psi 725 - 1200 psi

* non-plastic

Table 12. Summary of some engineering properties of the Sand Hills
Formation and the Loveland Loess.

and unst.sol.e because of the deficiency in clayey binder material. Well-
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graded sandy material makes especially poor sub-base for bituminous

pavements because of that characteristic. Stabilization by soil cement

improves the material as sub-base. Disturbed Loveland Loess and Sand

Hills Formation should be compacted as near optimum moisture conditions

as possible. Rubber-tire equipment can be used for compaction but

vibrators have been shown to be more effective in the poorly sorted

eolian sand. Drainage characteristics are excellent to good except in

low areas and undrained depressions. Very small deposits of red clay

were encountered in the Sand Hills Formation during construction of

Interstate 80-s. These may be highly organic clays which filled

depressions during times when the water table was higher than now and

which now are oxidized and buried within the sand.

The silty and clayey sands may be used for impervious cores in

dams. Well-graded eolian sand is undesirable. Most of the material

from the Sand Hills Formation and Loveland Loess makes good dikes but

must be protected from scour by water and deflation by wind. Rolled

embankments will be satisfactory with side slopes flatter than 2 to 1.

Dikes and other embankments which may be subjected to rapid drawdown

of water will require slopes designed at much flatter angles.

Bijou Flats Tongue

The Bijou Flats Tongue is a heterogeneous, layered, well-graded,

silty sand. It has layers both of moderately plastic silt and of non-

plastic, slightly cohesive sand. Figure 41 is a gradation curve
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showing the size-distribution characteristics of the Bijou Flats Tongue

and reworked eolian sand in its upper part. Running water erodes the

material easily, especially if runoff from pavements is allowed to dis-

charge over rolled embankments (fig. 42). Rolled embankment with side

slopes less than It to 1 appears to be stable, At flatter slopes the

material will be reasonably stable as a shell for dikes and dams, Trac-

tors as well as rubber-tired and steel-wheeled rollers will compact

fills satisfactorily, ManipUlated and undisturbed materials are

moderately permeable and will allow water to drain well. The coeffi-

cient of permeability (k), determined from material sampled in sec. 19,

T. 4 N" R. 58 W., Weldona quadrangle, by the U, S. Bureau of Reclama-

tion, was 0.19 em per sec. Other engineering characteristics determined

for the Bijou Flats Tongue are listed in table 13.

The density and firmness of undisturbed material is relatively

high; therefore, the alluvium probably has a high bearing value for

foundations. Bearing capacities of compacted fill may be increased by

vibrators. Most of the material lies above the water table. When

saturated, however, foundatiomunderlain by clay may deteriorate;

foundations may undergo slight to moderate differential settlement

because of the clay lens~s are compressible.

Seepage through the natural material should be low to moderate.

More water will seep horizontally through sand layers than vertically

because vertical seepage will be impeded by the many widespread,thin

layers of clayey silt,
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I J

Figure ,1J.2. Embankment. on Ent.er s t.e.t.e ;-liglH-Jay30·S at Fort Horg~n.
The corrpac t ed h'Jrr0W m8.ter~_~1. was':,a:<en from 3ijOli Flats
Tongue. Poor drainage of the road surface and poor
stabilization by vegetation have resulted in rill and
~llly erosion of the embankment.

- -----------

----- ~---
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Physical tests Number of tests Average Range

Atterberg limits
Liquid limit 8 26% 24 -29%
Plasticity index 16 6% NP - 14%

Gradation
Passing No. 10 9 91% 77 - 100%
Passing No. 40 9 59% 32 - 84%
Passing No. 200 9 12% 3 - 31%

Specific gravity 4 2.66 2.65 - 2.69

Proctor test
Maximum density 5 123 Ib per 117 - 132 Ib per
(Mod. AASHO compaction) cu ft eu ft

Optimum moisture 5 n% 7 - 14%

Penetration 4 800 psi 450 - 1050 psi

Table 13. Summary of some engineering properties of the Bijou Flats
Tongue.

Piney Creek Alluvium

The upper part of the Piney Creek Alluvium is a plastic cohesive,

clayey, sandy silt (A-4; CL and ML). The lower part is II. gravel-sand-

silt mixture (A-2; GM and SM). Near the outer edges of valleys flanked

by Pierre Shale, the alluvium tends to be finer grained and more

plastic than nearer the channel. Table 14 summarizes a few engineering

properties of the Piney Creek Alluvium.

This alluvium is probably the best and cheapest source of core

material for dams prOVided deposits are sufficiently free of organic

mtter. Fine-grained deposits which have a plasticity index greater

---- -----------
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than 15% when used in cores, and when well compacted, should provide

the greatest resistance to piping of any of the surficial deposits in

the area (Sherard et al, 1963, p. 129).
Sheepsfoot and rubber-tired rollers achieve only fair compaction of

the material. The alluvium should be used only in the lower part of

thick highway sub-grades where it will not introduce problems because

of in~dequate drainage and the effect of frost action. Bearing values

of undisturbed deposits are poor to good, depending on plasticity,

amount of organic m;tl:.er,natural moisture content, and ground water

conditions,

Physical test Number of tests Average Range

Atterberg limits
Liquid limit 4 2% 24 - 35%
Plasticity index 4 8% NP - 15%

Gradation
Passing No. 10 4 97% 93 - 99%
Passing No. 40 4 82% 65 - 94%
Passing No. 200 4 24% 9 - 41%

Table 14. Summary of Atterberg limits and gradation test for deposits
of fine-grained Piney Creek Alluvium.

Post-Piney Creek Alluvium

The post-Piney Creek alluvium along the river and streams in

Morgan County is heterogeneous, Most engineering soil groups are

represented. Small bog deposits are common. The top few feet of the

floodplain and terrace alluvium in places west of the Narrows in the
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Weldona quadrangle contain highly organic cl~y and silt. The deposit

in the Hurley Terrace along Wildcat Creek and near Hurley contains

sandy clayey silt similar in engineering properties to the Piney Creek

Alluvium. Underlayers range from clean, non-cohesive, gravelly sand

to silty limonitic sand. River alluvium is chiefly a well-graded

gravel-sand mixture.
The granular materials are excellent sources of select pervious

fill material for embankments, sub-grade, and shells for dams. They

may be compacted by crawler-type tractor and rubber-tired or steel-

wheeled rollers. They are also suitable for use in concrete, provided

the proper grading of particle sizes is obtained. Gradation tests of

samples collected from the vicinity of the Narrows by the Bureau of

Reclamation indicate an average of 19% gravel (greater than No. 4

screen) and 81% sand. Figure 43 is a gradation curve showing the

average size-distribution of the 46 samples taken from near the Narrows.

An overburden of silty sand is generally less than 3 feet, but the

total thickness of the post-Piney Creek alluvium rarely exceeds 10

feet and most of this is below the water table. Draglines or dredges,

therefore, will be needed to work borrow and gravel pits.

Louviers. Verdos, and Nussbaum Alluviums

Deposits of Louviers Alluvium, Verdos Alluvium, and Nussbaum

Alluvium are additional sources for concrete aggregate and select
borrow material. Gradation curves typical of deposits are shown in
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figure 44. Gravel in the Verdos and Nussbaum requires crushing to

meet most gradation specifications. Some deposits have horizons where

particles are coated by calcium carbonate. Screening and washing of

the aggregates are necessary when they are used in concrete.

Excavation is easy with bulldozers, frontend loaders, or heavy

power equipment. Most existing pits are dry, but some contain water,

ponded from ground water or canal seepage which percolates between the

gravel and the underlying shale.

Eolian deposits, usually less than 30 feet thick, cover many

gravel deposits. The cheapest means to search for gravel beneath the

eolian overburden is the earth resistivity method. Gravel in the area

has a high apparent resistivity which ranges from 100 to 1000 ohm-m.

Apparent resistivity values for the overburden range much lower, 10 to

100 ohm-m. Bottoms of gravel deposits may also be determined cheaply

by seismic refraction methods. Seismic waves travel through gravel at

approximately 3,500 ft per sec and through unweathered shale at a some-

what higher velocity.

Selected pervious fill material may be compacted by crawler-type

tractors, or steel-wheeled rollers. The material makes excellent sub-

base and sub-grade for paved roads and highways when properly graded.

Gravel placed on unpaved roads serves better when mixed with small

amounts of binder material. Select material makes very stable embank-

ments and pervious shells for dikes and dams. Properly graded sand

and gravel mixtures may also be laid directly as drains in dams and in

-.-- --

~ '.- ~.
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filtering systems. The resistance of the sand and gravel to plplng is

medium to high; their range in permeability is on the order of 103 to

105 ft per yr (Sherard et ll. 1963, p, 269).

A number of existing gravel pits and favorable prospect sites are

plotted on the geologic maps, plates 1, 2, and 3. Table 15 list these

pits and sites, their locations, and the geologic unit with which each

is associated. Estimates of the quantities available at most sites and

of the average overburden thickness are included. The sites recommended

for future exploration have not been evaluated, and few have been

sampled. The quantities listed are estimates based on map planimetry

and average thicknesses of deposits judged by the writer. Reserves of

coarse granular construction materials from the geologic units specified

in the table total 13,000,000 cu yd in the Fort Morgan quadrangle,

10,000,000 cu yd in the Weldona quadrangle, and 20,000,000 cu yd in

the Orchard quadrangle. These quantities are in addition to the equally

large reserves contained with the floodplain of the South Platte River.

HYDROLOGY

Hydrology is the discipline concerned with the origin, distribu-

tion, and properties of the surface and underground waters of the

earth. The boundary between hydrology and geology is indistinct. Each

contribute to the understanding of the other. Similarly, engineering

hydrology, which is concerned with the design and operation of engi-
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Table 15 Page 1 of 3 pages

Pit location Geologic unit Estimated Estimated Property
qu~ntity average Owner
10 cu yd overburden

(feet)

Fort Morgan quadrangle

NEt NEt sec. 10,
T. 4 N., R. 57 W. Verdos Alluvium depleted 10 N. Iungerich

NEt swt sec. 10,
T. 4 N., R. 57 v. Ver-des Alluvium .65 20 N. Iungerich

NWtNWtNWt sec.
25, T.4N.,R. 58
w. Verdos Alluvium depleted 0 -
SEt SEt sec. 23,
T. 4 N., R. 58 w. Verdos Alluvium .037 3 K. C. McFarland

NWt NWtNEt sec.
24, T. 4 N., R.
58 w. Verdos Alluvium 1.1 15 H. Freudenthal

SEt SEt sec. 24,
T.4N.,R. 58 w. Verdos Alluvium •5 15 H• Freudenthal

Center st sec. 13,
T. 4 N., R. 58 w. Verdos Alluvium 1.3 20 Steinhoff &

Mc>rtensen

swt NEt sec. 33, Slocum and Verdos
T. 4 N., R. 57 W. Alluvium 6.4 25 v. R. J0hnson

NWtNEt sec. 27, J. J. & P.
T. 5 N., R. 58 W. Nussbaum Alluvium .25 3 Whittington

swt swt NEt sec.
34, T. 5 N., R.
58 W. Nussbaum Alluvium .7 3 I. Westoff

NWtswt sec. 28
T. 5 N., R. 58 W. Nussbaum Alluvium 1 5 B. Sailsberry
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Table 15 Page 2 of 3 pages

SEt swt sec. 20,
To 4 N., R. 57 W. Slocum Alluvium .3 20 G. Eisenach

SEt SEt NWt, seco

36, T. 4 N., R.
58 W. Broadway Alluvium depleted 0 C. M. Boyd

NEt NEt sec. 35, Upper Platte &

T. 4 N., R. 58 W. Louviers Alluvium .15 3 Beaver Ditch Co.

NWt NEt SEt sec.
21, T. 4 N., R.
58 W. Verdos Alluvium .2 10 G. L. Spence

Weldona quadrangle

Nt SEt sec. 20, Louviers and Slocum Covelli Bros.
T. 4 N., R. 58 W. Alluvium depleted 3 R. McGrew

NWt NWt sec~ 20, Louviers and Slocum
T. 4 N., R. 58 W. Alluvium depleted 3 Covelli Bros.
NWt swt NWt seco

18, T. 4 N., R.
58 W. Broadway Alluvium slight 20 A. C. Berryhill
SE~ SE~ NE~ seco444
7, T. 4 N., R. 58
w. Verdos Alluvium 2 15 J. Matwishin
NW~ SW~ to SE~ SE~l.l- l.j. 4 4

sec. n, T. 4 N.,
R. 59 W. Louviers Alluvium 2.3 5 C. Schaefer
NWt NWt to NEt SEt
sec. 10, T. 4 N.,
R. 59 W. Louviers Alluvium 4.4 9 C. Schaefer
NWt NEt to NEt swt
sec. 12, T. 4 N.,
R. 59 w. Louviers Alluvium 1.3 7 H. Tompky
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P~ge 3 of 3 p~ges

Orch~rd quadrangle

Nt sec .. 32, T. 5 H. M. Stromsoe
N., R. 59 W. Louviers Alluvium 2·3 5 P. Lissolo

D. Chapin
NEt NWt to Nwt NEt
sec. 31, T. 5 N., T. Parachini
R. 59 W. Louviers Alluvium 2.9 5 H. M. Stromsoe
NEt NWt NEt sec.
2, T. 4 N., R. Sutton &
60 W. Louviers Alluvium Limited 2 Kiswalter
N1.SW1.sec. 35, G. K~mmerer2 4
To 5 N., R. 60 W. Louviers Alluvium .8 5 M. Mack
NEt SEt sec. 27 M. Lengel
to SEt NWt sec. 26, G. Baugh
To 5 N., R. 60 W. Louviers Alluvium 2.7 8 L. Barker
swt SEt sec. 4 to
NE1.SE1.NWi;- sec. 3,444T. 4 N., R. 60 W. Louviers Alluvium 1.8 5 J. Rocchio
SW1.SW1.to NWi;- SEt4 4 4NEt sec. 5, T. 4 N., J. JonesR. 60 W. Louviers Alluvium 1.7 10 C. Willi~s
NWt Nwt SEt sec" Louviers Alluvium 1.3 2 G. Brady
8, T. 4 N., R. 60 w.
swt swt to swt NWt
SEt sec. 17, T. 4
N. , R. 60 W. Broadway Alluvium 7.5 2 F. Yoc~

T~ble 15. List of existing gravel pits and recommended gr~vel prospects
in the Fort Morgan, Weldona, and Orchard quadr-ang'Les,
Loc~tions of existing pits ~re shown on pl~tes 1, 2, and 3.

187
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neering projects for the control and use of water, is not separate and

distinct from engineering geology. A discussion of the geology and

engineering geology of th~ thesis area would not be complete without a

brief presentation of stream and underground water data and a discussion

of its relevance to engineering geology.

Surface Waters

South Plitte River

Flow in the South Platte River is at maximum during the months of

May to July. High runoff during this period is predominantly due to

mountain snowmelt and early summer precipitation. Flow at lower stages

is maintained primarily by effluent seepage from the ground water under-

flow to the channel of the South Platte River. Bjorkland and Brown

(1957) have estimated the return flow to the river resulting from

irrigation to average about 5.25 cfs per mile of river. This rate of

effluent seepage produces 131 cfs (94,800 acre-ft per yr) of return

flow throughout the Orchard, Weldona, and Fort Morgan reach of the

river. This return flow will decrease significantly if new wells begin

overpumping the aquifer.

The average daily water discharge of the river at Weldona during

the period from 1952 to 1960 was 399 cfs (288,900 acre-ft per yr). The

minimum daily water discharge, occurring on December 9, 1952, was

measured at 43 cfs (31,100 acre-ft per yr).
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The average sediment discharge computed by the Bureau of Reclama-

tion above the Narrows Dam Site in the Weldona quadrangle is about 1.19

cfs (860 acre-ft per yr) or about 0.3 percent by weight of the total

water discharge,

The bed of the South Platte River ranges from 150 to 500 feet

wide. The width is generally greater below the river's confluence with

Bijou Creek. During medium to low stages the river is braided,

Meanders are open; their amplitudes seldom exceed 2,000 feet and their

wave lengths are on the order of 7,000 feet, The average gradient of

the river is 6.8 feet per mile (a slope of 0.0013), Figure 45 illus-

trates the gradients and longitudinal profiles of the South Platte

River and its major tributaries through Morgan County,

Bijou Creek

Bijou Creek flows less than 19 days during the average year.

Flow is most likely from May to September when cloudbursts are common

along the Platte-Arkansas River Divide. The mean annual discharge as

gauged between 1950 and 1956 was 9.2 cfs (6,600 acre-ft per yr). The

highest measured mean annual discharge was re~crded in 1951 at 33,2

cfs (24,070 acre-ft per yr) and the lowest in 1953 at 1.64 cfs (1,190

acre-ft per yr).
The largest concentration of suspended sediment measured at the

gauging station at Interstate Highway 80S was 12.7 percent on July 30,
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1950. A scour study conducted by the U. S. Geological Survey determined

that changes in cross section surveyed at the Bijou Canal siphon in the

NWt sec. 33, T. 4 N., R. 59 W. (fig. 46) indicated that 240,000 tons of

sand were completely removed by flood scour between 1952 and 1966 in a

700-foot reach of Bijou Creek (M. S. Peterson, 1966, written communica-

tion). Most of the scour probably occurred in the June, 1965 flood.

The study suggests that an average of 19.3 acre-ft of sand each year

could have been removed through each one mile reach of the stream in

the vicinity of the investigation,

Bijou Creek above its mouth has a gradient of 16 feet per mile (a

slope of 0.003). The average width of the creek bed, measured on air

photographs taken before the 1965 flood, was 550 feet. The shape of

the channel is maintained by sizeable floods which have a high frequency

of occurrence. The channel is a poorly defined sand channel with banks

from one to six feet above the creek bed. Overbank flooding is affected

by vegetation on the floodplain. Vegetation, which usually grows back

rapidly after floods is composed of shrub cottonwood and weeds. The

channel is more sparsely vegetated than the floodplain. Mannings tin"

may range from 0.20 to 0.35 during floods (Howard F. Matthai, 1966,

oral communication). Figure 46 illustrates successive changes in sur-

face profiles across the floodplain of Bijou Creek from 1935 to 1966.

The quantities of sand removed between 1952 and 1966 were computed

from these cross sections.
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Kiowa Creek

The longi tudind profile of Kiowa Creek as shown in figure 45

differs from the other stream profiles in that its profile is strongly

convex upward. The most apparent cause for the strong convexity is

that discharges have not been sufficiently large or frequent to allow

the creek to adjust its profile to the South Platte River after the
deposition of the Bijou Flats Tongue of the Broadway Alluvium. The

reach containing the convex profile is in effect a knickpoint. Kiowa

Creek upstream from the knickpoint is graded to an ancient terrace

leveL When the profile of the upper reach of Kiowa Creek is projected

toward the river, the height of the profile is 77 feet above the pre-

sent river.

Downstream narrowing of the Kiowa Creek channel is further evi-

dence of infrequent high magnitude flows, At Bennett, Colorado, some

40 miles upstream, the channel is 100 feet wide. The channel west of

Wiggins, however, is only a few feet wide. According to Bjorkland and

Brown (1957), the downstream decrease in channel size is caused by a

progressive loss of stream flow to the ground water reservoir. Flood

waters in the upper reaches of Kiowa Creek are effectively retained by

dikes and dams.

Wildcat Creek

Local residents report that before the 1935 flood and the failure
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of the Jackpot Reservoir Dam, the channel flow was perennial to inter-

mittent in Wildcat Creek. Many springs and seeps existed throughout

the "Wildcat Country," and in the late 1800's and early 1900's many

settlers and ranchers populated the area. The effect of plowing and

grazing in addition to a trend toward a drier climate caused springs

and seeps to dry up and caused ranchers and dry1and farmers to abandon

their homesteads.

Discharge data from Wildcat Creek have not been recorded. Floods

in recent years have occurred as frequently as twice a year. Debris

and high water marks indicate in some places that the Hurley Terrace,

composed of post-Piney Creek alluvium, has been inundated by at least

two feet of water.

Reservoir s and Canal s

Four irrigation reservoirs and their intake and outlet canals

supply water to the Morgan County area. The largest of these is the

Riverside Reservoir which is located 6 miles west of Orchard. A

storage volume of 57,500 acre-ft is generally maintained in the

reservoir. Water is distributed across the entire map area north of

the river via the Riverside Canal. The Empire Reservoir, which

supplies the Bijou Canal, is located on the south side of the river one

mile west of the area boundary. When filled, the Empire Reservoir

contains 37,700 acre-ft of water. Jackson Lake, located in sec. 27,
T. 5 N., R. 60 W., Orchard quadrangle (plate 1), contains a maximum of
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35,445 ~cre-ft of stor~ge w~ter, some of 1mich is appropriated to the

Weldon~ Valley Ditch. In addit.Lon, Jackson Lake is ma.i.nt.a'l.nedby the

State G~me and Fish Commission as a recreation area. Bijou No. 2

Reservoir, centered in sec. 27, T. 4 N., R. 59 W., shown on the Weldon~

qu~drangle (pl~te 2), is an auxili~ry reservoir to the Empire-Bijou

C~n~l system. When filled,it cont~ins an additional 6,000 acre-ft of

w~ter. Diversion~ry structures for the Fort Morg~n, Upper Platte, and

Beaver C~n~l on the north, ~lso are loc~ted within the are~ investi-

gated.
The irrigation canals and reservoirs ~re import~nt hydrologic

fe~tures, not only bec~use of the water they store, but ~lso because

of their contribution to the rech~rge of underground w~ter. The water

lost into the subsurf~ce by the four reservoirs and 90 miles of can~ls

was computed from seep~ge rates suggested by Bjorkl~nd and Brown (1957,

p. 52-53). If ~ll f~cilities ~re m~intained ~t optimum conditions for

one month, between 20,000 ~nd 25,000 ~cre-ft of water m~y be lost. It

is seepage such as this th~t percol~tes ~s return flow to the South

Pl~tte River.

Floods

The frequency and m~gnitude of floods ~re extremely import~nt d~ta

which are determined by stre~m gauges maint~ined by the U. S. Geological

Survey and other government agencies. The occurrence of floods commonly

is ~nalyzed ~s ~ probability problem. Prob~bility studies ~re impor-
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tant tools for the planning and design of dams, spillways, reservoirs,

canals, and land uses. They are also important tools for evaluating

the significance of floods in carving the landscape (Leopold et al,

1964, p. 63).
Reported or observed floods have taken place along the South Platte

River in 1844, 1864, 1867, 1878, 1894, 1921, 1933, 1935, 1938, 1942,

1948, 1949, 1957, and 1965. Few floods originating on the Platte have

caused concern to Morgan County residents. The most memorable floods

from up river have had their crest subdued before reaching Morgan

County. The greatest hazards to residents are caused by flash floods

originating on Bijou, Kiowa, Badger, and Wildcat Creeks.

1878. The first recorded flood of large magnitude was that on Kiowa

Creek on May 12, 1878. An account of A. B. Sandford reproduced by

Follansbee and Sa~er (1948,p.4) emphasizes several important points

concerning floods and flood channels:

Among the unsolved mysteries in Colorado's
history is the disappearance of a standard gage
Kansas Pacific (now Union Pacific) locomotive in
the quick sand of Kiowa Creek ••••on the night of
May 12, 1878. A sudden flood had destroyed the
wooden bridge that crossed the usually dry channel
a short time before a freight train was due, and
owing to the bridge being the low point of a sag
in the roadbed and (to) the high speed of the
train, the engine and most of the cars plunged
into a swirling torrent of water before the
engineer realized the situation. The engineer,
firemen, and brakeman went down with the engine,
which was completely buried.

A few days later ••••search was begun for
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the missing engine. Long metallic rods were
driven into the sands. In some places pits were
started but soon abandoned because of the heavy
underflow, and the location of the ••••locomotive
appeared hopeless when it was estimated the bed-
rock formation was probably 50 feet below the
channel of Kiowa. (The locomotive was never
recovered. )

1921. Widespread heavy rains over the mountains and eastern plains

caused the severe floods of June 1-7, 1921. Between Brighton and

Orchard all wooden bridges became impassable; two were completely

destroyed and the approaches to the others were washed out. The flood

peak which moved down the South Platte River, arrived at the Kersey

gauging station on June 7. It registered 31,000 cfs. The gauging

station registered over 10,000 cfs for 15 consecutive days. The flood

stage came within one foot of bridge-level near the Union Pacific

Railroad Station at Fort Morgan (Follansbee and Sawyer, 1948). The

flood peak, which reached Balzac gauging station below Fort Morgan

on June 11, registered 31,200 cfs.

!21i. The month of May 1935 was among the wettest months in Colorado

history. On May 30-31, rains of cloudburst intensity fell near the

South Platte-Arkansas River Divide. The isohyetal map shown in figure

47 emphasizes the high intensity and local distribution of this rain-

fall.
Few data are recorded concerning the flood along Kiowa Creek.

However, the town of Wiggins was reported to have been under at least

7 feet of water, and 1,000 feet of the Burlington Railroad right-of-way

--- -- -
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The crest reportedly was sustained for 20 minutes. It moved down
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Prior to the arrival of the flood crest, ponding occurred south

was destroyed southwest of town. A slope-area measurement made in

sec. 11, T. 3 N., R. 59 W., Weldona quadrangle, by the U. S. Geological

Survey, gave a peak discharge of 280,000 cf's, The maximum probably

flood peak volume, calculated by the Bureau of Reclamation, was 180,000

acre-ft (90,500 cfs/day). A similar measurement made on the South

Platte River one mile above Fort Morgan indicated a peak flow of 84,300

cfs (Follansbee and SawYer, 1948).

of the Burlington Railroad bridge and embankment 12 miles upstream

from the mouth of Bijou Creek in the swt of sec. 6, T. 3 s., R. 59 w.,
Wiggins quadrangle. When the embankment failed, a large body of water

was abruptly released which increased the flow in the stream below.

The high water mark and slope of the flood led one consulting engineer

to conclude that the calculated maximum flow value of 280,000 cfs was

far too high (Follansbee and SawYer, 1948, p. 71). No data are avail-

able, however, on the volume of water ponded. Nor have investigations

been made to determine whether the failure of one-half mile of embank-

ment coincided with the arrival of the flood crest. The slope-area

measurement eight miles downstream may have reflected the discharge

which resulted from either the true flood crest, the crest due to the
/

pond breakage, or the flood crest augmented by a simultaneous release

of ponded water.

Bijou Creek and into the South Platte River at the rate of about 4
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miles per hour. Four miles above Fort Morgan, the flood issued onto

the wide South Platte River floodplain. The peak flow was subsequently

reduced by overbank ponding and increased roughness in the flood

channel. The value of 84,300 cfs appears to be quite reliable for the

peak discharge in the South Platte River although an average daily

discharge would be considerably lower because of the short duration of

the flood peak.
The Wildcat Creek flood of 1935 occurred on June 11 after the

Bijou Flood (Howard Rollins, 1964, oral communication). Floodwaters

accumulated because of heavy rainfall upstream from the Jackpot

Reservoir. The Reservoir, which was poorly maintained, was topped and

breached by the floodwaters. A large destructive wall of water was

abruptly released into Wildcat Creek valley. No record or field evi-

dence was found to indicate the depth or volume of flow.

l2£i. During the period from June 16 to 18, a series of severe

thunderstorms struck eastern Colorado. Heavy rains fell upon the

already saturated headwaters of the plains and piedmont streams.

Two floods swept the Fort Morgan area during this period. The

first flood, originating from Bijou Creek, reached Fort Morgan on the

afternoon of June 16. The flood had previously carried away sections

of the Fort Morgan Ditch flume and destroyed the county bridge over

Bijou Creek between Fort Morgan and Weldona. In this first flood,

water was reported by the Fort Morgan Times to be running at an all
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time high down the tributary valleys of the Big Muddy and Deer Trail

Creeks, Big Muddy Greek had flooded ranch lands for the first time

in Morgan County history and was running more water than Bijou Greek,

On June 18, a seccnd flood virtually isolated the town of For-t

Morgan, A local broadcaster who witnessed the flood reported in the

F<'lrtMorgan Times:

At Hoyt ••,the 12-foot wall of water in the Bijou
came into the Hoyt area at 2:15 a.m. and was joined
farther south with water from the Muddy or Deer-
field Creek (Deer Trail Creek),

REA power lines were torn out as the water
headed north t<'lwardWiggins and as the flooding
waters spread, it was decided to evacuate Wiggins.
Water expected to require three hours to reach
Wiggins, was there in It hours, ••

The Bijou, running about three miles wide,
hit the railroad bridge east of Wiggins, tearing
out the tracks and ties and later the bridge. The
Nelson bridge went out 20 minutes after the water
crossed the interstate, then struck the North Main
St. crossing (at Fort Morgan), smashing the new
bridge against the Rainbow bridge and the fl<'lod
swept between the bottom of the hill to the Union
Pacific Railroad tracks, tearing out everything in
its path ,

The great 1965 flood is known to have caused an estimated $1,346,

000 worth of damage to irrigation and county road facilities in Morgan

County, In addition, about one mile of Burlington Railr<'ladtrack and

bridge was destroyed. Two newly completed state highway bridges were

demolished, As much as six feet of new sand was deposited over fields

near the mouth of Bijou Creek, Homes were wrecked, livest<'lckwere

drowned, fences were ca.rried away or buried, and electric power service
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and transportation were interrupted,

Measurements of the June 16 flood were not made. It is probable

that the gauge height of the first flood at Fort Morgan was signifi-

cantly lower than those of the 1935 flood or of the second 1965 flood.

Water of the first flood did not substantially breach the temporary

dikes thrown up north and east of the power plant as the later flood-

waters did. A high water mark in the basement of the city power plant

at the city park was 10.5 feet above the floor of the basement, and

the 1935 high water mark was pointed out as being only about 7 feet

above the floor of the basement.

The flood of June 19, 1965 reached its peak at the Rainbow bridge

01\1 north Main St" Fort Morgan before 8 a.m. The peak discharge at

Fort Morgan was estimated to be 140,000 cfs. The maximum peak dis-

charge of the June 19 flood measured in Bijou Creek 5 miles upstream

from its mouth was a staggering 466,000 cfs. Upstream measurements of

flood peaks indicated the largest flow came from East Bijou Creek,

which contributed 274,000 cfs (table 16). The isohyetal map for the

June 17 storm (fig. 48) shows the distribution of rainfall responsible

for the devastating flood.

Meteoric Waters

The hydrology of streams is directly related to climatic events.

Cloudburst rains sometimes drastically alter alluvial channels and
cause gullying of hillsides. Man is less aware of the effects of rains
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Stream and place of Drainage Floods
detemination area 1935 1951 1957 1965

(sq. mi.) (efs) (efs) (cfs) (efs)

Kiowa Creek !
Elbert, in sec. 34,
T. 9 s., R. 64 W. 60 43,500 - - -
Secg 21, T. 6 S.,
R. 63 w. 190 110,000 - - -
Bennett, in sec. 26,
T. 3 s., R. 63 w. 266 75,300 - - -

West Bijou Creek
Sec. 13, T. 8 S.,
R. 62 W. 118 34,250 - - 67,200
Sec. 36, T. 6 S, ,
R. 62 W. 187 44,400 - - -
Byers - - - - 74,000

Middle Bijou Creek
Sec, 26, T. 7 S.,
R. 60 W. 151 71,270 - - -
Sec, 28, T. 4 S.,
R. 60 w. 230 143,640 - - 11-45,000

East Bijou Creek
Deer Trail, sec. 3,
T. 5 S., R. 60 W, 294 25,000 - - 274,000

Bijou Creek
Sec. 32, T. 4 S.,
R. 58 W. 1320 280,000 - - -
Sec, 1, T. 3 S., R. 59 W,1314 - 50,100 - -

South Platte River
Weldona 13245 - - 14,200 14,000
Fert Morgan, sec. 26
T. 4 N., R. 58 W. 14573 84,300 33,800 - 140,000
Balzac 17170 - - - 100,000+

Table 16. Peak discharges along Kiowa Creek, Bijou Creek,and the
South Platte River.
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from frequently recurrent storms Ulan he is of the effects of the infre-

quent, catastrophic type storms 0 The type, frequency, and quantity of

precipitation determine in part the amount of water and sediment

carried by streams as well as the amount of underground water moving

beneath the stream valleyo
The intensity of precipitation is a measure of the number of

inches of moisture that falls per unit of time 0 Intensity is a para-

meter which determines the effectiveness of rainfall in eroding slopes

and in transporting the sediment yielded by the lando Intensity of

rainfall determines, to a large extent, the peak water and sediment

discharge of floodso
The greatest amount of rain, averaging about 2058 inches, usually

falls on Morgan County in Mayo The months of lowest precipitation are

December, January, and February, when moisture averages less than 0.3

of an inch. Figure 4 (p. 21) shows the distribution of average rain

fall over the period of a yearo Rainfall is intense during the summer

months, but it is of short duration. The highest intensity of rainfall

recorded within the Kiowa and Bijou Creek drainage basins occurred on

May 30, 1935. During the heavY storm of that year, 24 inches fell in

3 hours at Elbert, Coloradoo Figure 49 is a graph showing the probable

maximum precipitation that might be expected for given periods of time.

The graph represents a statistical prediction based upon data recorded

by the U. S. Weather Bureauo The diagram indicates the largest storm

that may occur in a 100-year period over Fort Morgan. The maximum

T-1098



T-1098
,,06

0
'0

0
r<

r<
" 0'-;'-'.c"'"" ::r:E

0
0

'"
'" '-''0<V"'-'

"'-'
0

0
'0

0
-

ro
OJ

.
'"

'"
ror<

0

'"
ro

"'-'<0
r<

C\J
<V

ro'"
0

1
>

,0
r<.

0

" 0'-;
" <0eo

I>,
'"

o
0

"
\2

""
"'-'

C
'

'"
<V

0

'"
r..

0
r..

r<
'" 0'-'.c0
-

ros,bJl

I>,
L()

c" <V" C
'

<V'" '-'r<r<ro'-'" onro
0::ov'"<V'"" bD

r<
0'-;
r..

'OJ'
'"

C\l
0

Rainfall
(inches)



207

probable rainfall that might occur in a 24-hour period is 4.5 inches.

The diagram also indicates the other extreme. Fort Morgan in all

probability can expect a rainfall with an intensity of 0.6 inches of

rain in 30 minutes each year.
Precipitation from winter storms falls as snow which is usually

heaviest in March. The average annual snowfall measured over a 51-

year period of record is 26 inches. The precipitation left by other

seasonal storms '<s either convectional or orographic. Precipitation

in Morgan County occurs most frequently from spring and summer con-

vection type thunderstorms. A single rainstorm, possibly covering an

area up to 20 miles wide, is usually accompanied by intense thunder

and lightning, The topographic and wind conditions within the South

Platte River va11ey"rain shadow' area shown in figure 3 (p.19) are not

conducive to orographic rainfall. Orographic precipitation is most

pronounced on the windward side of the Rocky Mountains where the

increasing elevations force moisture-laden air to rise with the result

that the air is cooled and precipitation occurs. The low rainfall in

the Greeley area occurs partly because once the air has been forced

over the peaks of the Front Range) orographic lifting ceases. Unstable

air which may continue to rise furnishes some moisture to the area.

Stable air, descending adiabatically as wind on the lee side, under-

goes compression and heating, and it becomes still more unfavorable

for precipitation.
The Arkansas-Platte River Divide south of Morgan County is, how-
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ever, an excellent setting for development of orographic, convectional,

and frontal storms 0 Extremely heavy rains, such as those causing the

May 30, 1935, and June 16 to 18, 1965, floods, result from an unusual

combination of meteorologic conditions, which develop over the divide
area"

The conditions which led to the storms of June 16 to 18, 196~ are

summarized as follows: A plentiful supply of water vapor was trans-

ported into the area from the Gulf of Mexico, under the combined

influence of an almost stationary surface high pressure area over the

Great Lakes, and a low pressure area over northern Mexico. These

influences persisted for a period of about 4 days before the storms

(fig. 50). The mechanism for lifting the moist air was provided in

part by moving the air over increasingly higher terrain from Texas

to the Arkansas-Platte River Divide and in part by the moist air's own

instability and convectional movement. The latter took place at a

more rapid rate and occurred after the air was moved to a critical

height by its upslope motion. Possibly the greatest influence in

producing rapid vertical motion was the presence of a relatively

intense low pressure trough in the atmosphere at 19,000 feet immediate-

ly to the west of the Front Range. This trough produced a jet stream

over Colorado of 57 m:p:h which brought cold dry air aloft over the

moist air in eastern Colorado with such great instability as to pro-

duce tornadoes (Seymour Schamack, 1965, written communication). The

storm, not related directly to frontal actiVity, was more associated
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with the orographic and convective movement. In this single storm

period at least 230,000 acre-ft of water fell on the Bijou and Kiowa

Creek watersheds, The average precipitation over the drainage basins

was about 2.18 inches,

Ground Water

Most subsurface flow is confined to the buried valley of the

ancient Platte River, The deepest part of the buried valley, which

contains alluvial deposits up to 250 feet thick, lies about 51 miles

south of Weldona. Cross sections on the geologic quadrangle maps,

plates I, 2, and 3, illustrate the position of the buried valley floor

and thick alluvial fill. From Bjorkland and Brown's (1957, p. 58)

table of ground water inflow, it is estimated that 25,200 acre-ft per

yr of subsurface water flows into the mapped area from the underflow

of streams along the South Platte River valley, In addition, an

estimated 4,5 millien acre-feet of ground water is in temporary storage

in the underground reservoir of the valley.

Various agencies have estimated that the aquifer in the South

Platte River Valley may now be in equilibrium; that is, the recharge

gain of the aquifer by surface infiltration and underflow into the

area may be equal to the discharge loss to evapo-transpiration, to

pumping, and to the river, Because water levels in most wells appear

to be dropping without an off-season recovery,the aquifer is discharging

more water than is being recharged. The cause appears to be as much
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the growing number of pumped wells as the drought condition which pre-

vailed in recent years,

Control over pumping of old wells and the drilling of new wells

is imperative to the conservation of underground water and to the pro-

tection of individual surface and undergrourrl water rights, At present

the most practical method for synthetically monitoring ground water

conditions in the aquifer of the South Platte River valley is by the

electric analog model. The method uses an analogy of ground water flow

to the flow of electric current. The electric analog model is set up

by a network of resistors and capacitors. The network is constructed

to simulate as many of the conditions of the true aquifer as are

known. The conditions ~sually simulated are the water level, the

saturated thickness of the aquifer, pumping data, and permeabilities.

Pumping behavior of individual wells or groups of wells can be simulated

on analog models. For example, pumping rates for each individual well

can be tested by analogy to determine the rate a well can be pumped

without interfering with the pumping rights of adjacent wells, A new

well can be tested by analogy to determine, even before it is drilled,

what effect it will have on adjacent wells. The method provides a

relatively inexpensive means of data processing to achieve proper

regulation of ground water, The method is limited by the data, which

define the ability of the aquifer to yield water, A study of the

geology of water-bearing sands and gravels logged within the numerous

holes drilled into the aquifer is recommended in order to supplement
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and refine existing data. A vertical variability pattern map supple-

mented by a sand-clay ratiQ (lithofacies) map (Forgotson, 1960) can

provide valuable information on the vertical and horizontal distribution

of permeable materials (Domenico !i al, 1964, p. 15-21).

DAM AND RESERVOIR SITES

Within or near the map area are a number of sites along streams

which are topographically suited for dams. The best damsites based on

their topography and geology are on Wildcat Creek. On Bijou Creek two

sites have been proposed for possible flood control dams. Along the

South Platte River at least six sites were initially selected in the

survey preliminary to the Narrows Project. Four of the six sites were

eliminated because of adverse geologic conditions. The two remaining

sites, the Weld County site and the Narrows site, were evaluated and

compared on the basis of dam construction cost.

Damsites other than the Narrows are grouped below by the particular

streams on which they occur. The proposed Narrows dam and reservoir,

the geology of the damsite and reservoir, and the expected problems

and design recommendations are discussed in more detail in a later

section.

Wildcat Creek

Many damsites, both geologically sound and topographically feasi-
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ble, are situated on Wildcat Creek, Most foundations and abutments at

these sites would rest directly on Pierre Shale, Seepage from possible

dams at other sites could effectively be cut off by excavating to shale.

Impervious core material is abundant, The availability of coarser

material for the shell and embankment is locally a problem. The sites

occur Where the valley is narrowed by bedrock spurs and steep valley

slopes. The topography forms excellent damsites backed by basins

Which can hold quantities of water ranging from an estimated few

thousand acre-ft to over 300,000 acre-ft.

It appears impractical under existing water decrees to supply by

existing canals excess floodwaters from the South Platte River to a

Wildcat Creek reservoir. The logical source of water is Wildcat Creek

itself. Ungauged and ephemeral as it is, the creek in recent years

has flooded the valley at least once, and often twice, annually.

The need for flood control, wildlife, and recreation facilities would

appear to justify a future project in the Wildcat basin, The stream

should be gauged to determine a site and a practical size for a dam

and reservoir.

Bijou Creek

Dams at the Wiggins site, 12 miles above the mouth of Bijou Creek,

and at the Hoyt site, approximately 24 miles above its mouth, have been

proposed to control floods and sedimentation in Bijou Creek. Both sites

are situated within the wide valley floor of the creek and are under-
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lain by a thick sandy fill, For these r~asons. the sites are poorly

suited for flood control dams. In addition, the sediment control pro-

vided by either or both of the reservoirs would not be adequate to

justify their construction to protect the proposed reservoir at the

Narrows (U. S, Bureau of Reclamation, 1961). The design and construc-

tion cost of large catchment basins on Bijou Creek would seem not to

be warranted by the benefits. Although, some ground water recharge

and surface storage could be developed along these reaches of Bijou

Creek, the writer is of the opinion that smaller flood control struc-

tures nearer the headwaters of Bijou tributaries would provide better

flood and suspended-sediment control. A catchment area prior to

diversion into the proposed canal leading to the Narrows Reservoir
could be used to reduce the bedload.

South Platte River

Five sites along the South Platte River other than the Narrows

damsdt.e were evaluated by the U, S. Bureau of Reclamation. These

sites are the Goodrich, Weldona, Fort Morgan, Old Fort Morgan, and

Weld County sites. The Goodrich, Weldona, Fort Morgan, and Old Fort

Morgan sites, lie within the thesis area (fig. 51). The Weld County

site is located approximately 22 miles upstream from the Narrows in

the Deerfield quadrangle.

At the Goodrich site, shale is 22 feet below the channel of the

river, Three miles south of the site, shale is about 150 feet below
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the level of the present rivero Foundation conditions are, therefore,

unfavorable 0 Kiowa Creek, Which empties into the river near the axis,

would cause undesirable sedimentation in the proximity of the d am,

The dam itself would be larger and more costly than one at the Narrowso

'I'he Weldona site has the same foundation and embankment di sadvant age as

the Goodrich ai.t.e, The embankment materials available there are also

less desirable, and the cost of the spillw;y is greater than at the

Narrows 0

Dams placed at either of the two sites west of Fort Morgan would

result in seepage which would cause a high water table and possible

deterioration of foundations in the oity of Fort Morgano Reservoirs

would be shallower, have larger dead-storage spaces, and expose larger

surface areas to evaporation than the proposed reservoir above the

Narrows 0 A dam at the Fort Morgan site would also risk damage from

Bijou Creek floods if costly flood and sediment control structures

were not built along Bij'~llCreek 0

The Weld County damsite was recommended by Woodward, Clyde,

Sherard, and Associates (1965, written communications) to be geolog-

ically superior to the Narrows damsiteo The reservoir is leak proof,

and the river underflow could be cont.roLl.ed, However, because of the

deep cutoff trench needed to control seepage under a dam placed at the

Weld County site and the added haul distance for embankment materials,

the cost of the Weld County site compared with the Narrows site is

$12 million moreo The benefit-cost ratio, a number which compares
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the total annual benefit with the total annual costs averaged over a
lOO-year period, is I,ll, or 21 percent less than that for the Narrows
site, This was the deciding factor for chosing the Narrows as the dam-
5i t e ,

The Narrows

The significance of the geology of the purposed Narrows dam and

reservoir is more apparent to the writer as the result of the compre-
hensive geologic study, The background and information generously
made available by the U, S, Bureau of Reclamation and Woodward, Clyde,
Sherard, and Associates furnished guidelines for the writer's
evaluation and r-ecemmendatd.ons , Those condi. tions which,in the
opinion of the writer, are of special geologic significance are empha-
sized,

Pr<l>posedUse

Irrigation water storage and flood control are the two major
benefits that would be derived from the Narrows Reservoir, Approxi-
mately 100,000 acre-ft of water, mostly from floods, leaves Colorado
unappropriated by water users, Storage in the Narrows Reservoir would
permit this amount of water to be detained in addition to that already
appropriated until users d<l>Wllstreamrequired the water, Flood control
of Bijou Creek, as evidenced by the June 1965 flood, is a necessity.

~""-------------------
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The Bureau of Reclamation estimates that the benefit-cost ratio is

1.41. This value ~uld be substantially increased when the benefits

from ground water recharge, fish and wildlife, and recreation are deter-

mined.

Design Specifications

The proposed dam at the Narrows in the NWt sec. 18, T. 4 N.,

R. 58 W., Weldona quadrangle (figs. 51 and 52), is a rolled earthfill-

type dam which will contain an estimated 8,000,000 cu yd of earth and

rock. The structure would have a maximum height of 147 feet and a

crest elevation of 4,453 feet above sea level. The damsite is shown

on the cross section in figure 53. The length of the proposed dam,

along the crest, would be about 4f miles. In addition, a dike at

least 6,500 feet long and 35 feet high has been proposed across Bijou

Creek, southwest of Bijou No.2 Reservoir, to divert floodwater from

Bijou Creek into the proposed Narrows Reservoir. This project WDuld

be carried out by a large diversion canal. Approximately 4,000,000

additional cubic yards of material would be needed for dikes and

flood control structures. The reservoir, when full, would contain

about 700,000 acre-ft of water. The land below the 4,420 foot contour

(plate 2 and fig. 51) in Weldona Valley would occasionally be inun-

dated. The proposed reservoir, Which is 15.2 miles long, would contain

45 miles of shoreline. The maximum water surface elevation during
times of maximum design floods would be 4,447 feet, which would allow

......._--------------------
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b.

Fi~~re 52. The proposed Narrows damsite in the NW~ sec. 18, T. 4
N •• R. 58 W., Weldona quadrangle (a) viewed by vertical
photograph and (b) looking along the axis from the south
abutment •

..........:..._-
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for a freeboard of approximately seven feet at the dam. The designed

spillway and outlet capacity based on the design flood from the South

Platte River and Bijou Creek is 36,200 cfs. The spillway would be

constructed in bedrock on the north side of the dam. Other important

hydrologic allotments for the proposed reservoir are shown on figure

53.

Geology of the Damsite and Reservoir

The damsite is 4t miles north of the deepest channel cut into the

buried bedrock floor. The position of the buried channel with respect

to the damsite and proposed reservoir is the most significant geologic

factor. The elevation of the river at the site is 4,307 feet, whereas

the elevation of the buried channel south of that point is about 4,215

feet. The buried valley in wrllch the channel lies is 4 miles wide.

Its thalweg is shown in figure 51. The average thickness of the

saturated buried alluvium in the valley is 100 feet. Cross sections

on plates 1 and 2 show the buried valley floor and channel south of

the present river.

ShaLo ~r0?S out on both the north and south banks of the river.

The river flows over 8 to 10 feet of alLuv i.umwi thin the shale banks ,

The north abutment (fig. 53) is composed of Pierre Shale covered by a

thin wedge of gravelly sand (Louviers Alluvium) overlain by clayey

silt and clayey sand (Piney Creek Alluvium). The shale is impervious,
but contains large calcareous concretions which could slow excavation.



E"."~
0)

~

:l

0
,,-I

,,-I

'"
,,-I

.c
a
;

en

'"
Q
l

0
s.,

-0
,..

,..
Q
l

Q
l

....
;>

c
,

~
Kansan

or
Cretaceous

Yarmouth....o
a

.,
::>

::>
....

bD>
<:

::>
0,,-1

E-<,,-I

~

....
~
~
~
p

o
rl

..
O
"

r...
'

::>
0

o
~•

...,""
....""

c'-
y
~
_
-
-
-
-
-
.J

Wisconsin

-,

220

.,,.." bD....r...



-~----------------- ---

T-I098 221

The south abutment is composed of gravelly sand (Louviers Alluvium)

and well-graded sands (pink facies of the Broadway Alluvium) which

underly silty sand (Bijou Flats Tongue) and eolian sand (Sand Hills

Formation). The Pierre Shale surface slopes southward away from the

south bank of the present river channel toward the deepest part of the

buried valley (fig, 53).
The water table, inclined downward from Bijou Creek toward the

South Platte River, slopes roughly 17 feet per mile in a N 650 E

direction. Ground water is tributary to the South Platte River by

means of underflow into the wide buried valley from beneath the pre-

sent river north of the Empire Reservoir in the Master quadrangle,

Seepage back to the river takes place along the shale-alluvium contact

on the south slope of the river in the Orchard, Weldona, and Fort

Morgan quadrangles. Bijou No. 2 Reservoir, 3 miles southwest of the

damsi te, leaks considerably and contributes to the water ta.ble in the

vicinity of the damsite.

Problems Expected and Design Recommendations

Water Loss. Leakage from the reservoir is a major design consideration

because of the permeable alluvium and bur-Led valley south of the

reservoir. These questions are raised. How much Leakage would take

place from the reservoir, and how much water could flow around the

axis of the Narrows dam within the four-mile wide bur-Led valley?

Calculations of seepage in the vicinity of the pr-oposed dam have
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been made, The U. S, Bureau of Reclamation (1948) calculated that 47.8

cfs of water could be lost by seepage from the reservoir, This dis-

charge considers water lost through the dam, under the dam, and around

the south abutment without benefit of an impervious clay blanket

extending upstream from the south abutment. The calculations were

based upon a maximum permeability of 140,000 feet per day (0.14 em

per sec) and a reservoir head of 85 feet,

Leakage through tile south flank of the reservoir basin is inevi-

table. Any amount of water which will leak from the the reservoir

into the thick permeable aquifer to the south would be lost to the

water conservation project. An analysis is needed to determine the

proposed reservoir's effectiveness in retaining South Platte River

water in an amount above that already appropriated by downstream water

users~

Should the dam be constructed and the reservoir filled, leakage

from the reservoir will go into bank storage south of the reservoir.

The ground water table will correspondingly rise probably reversing

the flow of ground water toward Bijou Creek, Bijou Creek, acting as

a natural French drain, will intersect the water table when the

reservoir is maintained near its capacity.

The leakage from the reservoir would be facilitated by flow

through about 20 feet of clean, well-sorted sand which crops out in

the pink facies e>f the Broadway Alluvium along the south flank of the

reservoir basin. Water can cemmum.cat.e through these beds t.e the more
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permeable Louviers Alluvium, The permeability of the Bijou Flats

Tongue is low in comparison with the better sorted pink facies and

coarser grained Louviers Alluvium. Some beds in the Bijou Flats Tongue

may be considerably more permeable horizontally because the beds con-

tain coarse sand confined between beds of cl~yey silt. The Sand Hills

Formation overlying the Bijou Flats Tongue has a permeability inter-

mediate between that of the Bijou Flats Tongue and the pink facies of

the Broadway Alluvium. Flow from the reservoir into the buried valley

is most likely, therefore, to occur through the pink facies (fig. 53)

wi. th minor leaks flowing horizontally through the Sand Hills Formation

and more permeable sandy beds in the Bijou Flats Tongue.

Once an estimate of the leakage into the burled valley is made,

solutions to reduce the leakage and seepage near the dam will ultimately

be based upon an optimum cost-benefit ratio. No way is known to

economically control the deep underflow through the buried valley.

Water losses near the dam and from the reservoir can be econom-

ically reduced, Excavation of all surficial deposits and weathered

bedrock in the foundation and north abutment would reduce seepage in

these areas to negligible amounts, Inasmuch as all the sandy and

silty material in the south abut.ment is highly susceptible to piping

under the proposed reservoir conditions, an inverted filter drain

should be used at the downstream toe of the dam, The toe drain will

reduce pore water pressure as well as the probability of piping,

An impermeable clay blanket, laid from the dam upstream, would
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decrease seepage by increasing the distance the seepage must travel.

Table 17 shows the reduction in water loss around the dam which could

be expected by increasing the length of an impermeable clay blanket

upstream from the dam. Natural silting of the reservoir and slumping

of material into the reservoir may gradually reduce leakage. Never-

theless, an impermeable clay blanket, as long as economically feasible,

should be laid upstream from the dam before slumping and wave erosion

start to flatten the slope. Artificial sealing of the 15 miles along

the south flank of the reservoir seems impractical and unwarranted

unless studies related to the reservoir leakage prove otherwise.

Length of clay blanket (feet) Computed water loss (cfs)

No clay blanket 47.8

1,000 4601

3,000 43.0

5,000 40.2

10,000 3300

15,000 2609

Adapted from the U. So Bureau of
Reclamation, 1948

Table 17. Water loss based on length of clay blanket.

Ground Water Regulation. Strict compliance with Colorado ground water

regulations by local farmers and ranchers is strongly recommended for

the following reasons. The pumping from old and new wells south and
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Erosicm and Slope Stability. Wind and wave action will be strong

along the entire southern shore. The lower six miles of reservoir is

directly aligned with the strong prevailing winds. At times waves in

excess of 6 feet can be expected (Sherard ~ aI, 1963, p. 172). Thick

layers of rock riprap should be placed on the upstream face of the dam

and over the area of the clay blanket on the south slope. The dam and

south abutment thus, would be protected from possible failure caused

by wave action. In add i.t.i.on , wave action would cause long shore drift
of sand along the south slope. Short jetties placed at intervals

southeast of the reservoir could conceivably increase to the point

where water, considerably in excess of the natural leakage, might be

drawn from the reservoir. Even though local residents would benefit,

the surface water rights of water users supplied by the Narrows

Reservoir could, in some years, be materially affected.

Advancing techniques in drilling, pumping, and irrigating

emphasize the need for strict regulation. The self-propelled circular

sprinkler shown in figure 54 irrigates one-quarter section of land.

Its pump is capable of pulling 1,600 to 2,500 gpm. Use of these

sprinkler systems have at least doubled the amount of water pumped from

the South Platte River valley underflow in the last few years. Al-

though many acres of previously unarable land have been reclaimed,

farmers have had to lower pumps in the wells at least one to two feet

per season. The water table obviously does not recover because the

ground water recharged is not as great as that discharged by pumping.
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Figure 54. A sprinkler ~stem, fed by a large irrigation well,
irrigates approximately a quarter section of land,
and is self propelled.
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along the south shore may eventually be neerled to control the damward

migration of sand.
The south shore of the reservoir, because of its abundant sandy

deposits, should form excellent beaches and recreational sites. As

slumping and wave eroaien progress, the south shore would eventually

assume about a I vertical to 15 horizontal slope. Deposits along the

northern shore are more silty and clayey, and the slopes above and

under the water line are expected to be steeper.

The proposed diversion canal from Bijou Creek to the Narrows

Reservoir would need to be a wide and deep excavation. 'I'heroute

shown on figure 51 is preferred by the writer for reasons which will

be explained 1 at.er, Excavation would take place in the Sand Hills

Formation and in the Bijou Flats Tongue. Slopes should be at angles

less than the angle of repose (about 32°) of the eolian sand in the

Sand Hills Formation. Inasmuch as many slopes along the riverside

escarpment of Bijou Flats are near vertical, the writer suggest that

slopes cut in the Bijou Flats Tongue along the diversion canal should

also be near vertical. Slumping and ravelling of the cut slopes,

based on the geologic history of the natural slopes along the escarp-

ment, will be insignificant within the designed life of the reservoir.

Proper slope protection will increase the stability of cut slopes

along the diversion canal. Gentle slopes should be stabilized as soon

as possible to reduce wind, rill, lind sheet wash erosion. Drift

fences may be needed on the windward side to protect the canal from
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sand carried from adjacent fields not well stabilized by vegetation.

Drainage ditches plowed along the edge of the excavation would reduce

slumping of the steep canal banks and erosion of the more gentle slopes.

Silting, The design of the proposed dam was altered in 1965 primarily

to include possible flood control of Bijou Creek. The changes prOVided

for 550,000 acre-ft of flood storage instead of the original 380,000

acre-ft. In addition, the new design provided for the handling of

170,000 acre-ft of sediment from Bijou Creek in 100 years. Storage of

another 86,000 acre-ft provides for sediment from the South Platte

River, The calculations of these estimates consider only sediment

carried in suspension by streams. Although bedloads of streams are

usually ignored in design and computation of reservoir lives,it is

obvious from the flood experienced in June of 1965 and the catastro-

phic floods recorded in the Bijou Flats Tongue of the Broadway Alluvi-

um, that Bijou Creek carries enormous amounts of material in its bed-

load. If this bedload were not reduced or diverted in some way before

Bijou Creek floodwaters entered the reservoir, a large delta or

alluvial fan could be built into the reservoir at the mouth of the

diversion canal. The designed life and efficiency of the reservoir

would be reduced accordingly.

The bend on Bijou Creek in the S~ sec. 29, T. 4 N" R. 59 W.,

Orchard quadrangle, forming an escarpment about 30 feet high (fig, 25,

p. 102), is critical in relation to the diversion canal. Floods in

the past have scoured considerable quantities of material from the
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northern bluff of the bend. During the 1965 flood more than 1,050

acre-ft of sediment was scoured from the field in the swt of sec. 29.

30 A slight increase in quantity of material needed for the
dikes and embankment s 0

Estimates of quantities scoured from the bend by smaller, but more

frequent, floods were not attempted, but the large quantities of

material which are here eroded increase the total sediment load carried

by Bijou Creek toward its mouth, It would be an advantage in this

sense to locate the Bijou Creek diversion in a canal tangent to the

bend. However, this proposal requires that the dike would need to be

located upstream from the location originally suggested by the Do S.

Bureau of Reclamation (1961). The advantages of the upper route over

the lower are:

I. A slightly shorter, but straighter, channel into the
proposed Narrows Reservoir.

2. A steeper channel slope (0.0032 opposed to 0.0019 for
a canal at the upper route.

4, A decrease in haul distance for fill materials from the
canal excavation to the dike embankment,

The disadvantages are:

1. A decrease of about 2,000 acre-ft in the ponding prior to
diversion,

2. A decrease along Bijou Creek in settling area for bedload
deposition prior to diversion.

If the lower site for the dike across Bijou Creek is used, riprap or

other protective wQrks should be placed along at least one mile of the
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bend perimeter of Bijou Creeko

The writer suggests that the head of the canal could be designed

as a spillway, The diversion would be made after the rising flood-

water, heaVily ladened with sediment, had ponded behind the diversion

dike and the rising water had overtopped the head of the canal or

spillway, By this plan much of the energy of the flood could be

dissipated in the pond and deposition of the bedload controlled before

diversion,

Flood Control. The Chicago, Burlington, and Quincy Railroad embankment

bridging Bijou Creek is another consideration important to proper

functioning of the diversion canal and dike. During the 1965 flood,

an estimated 5,000 acre-ft of water was ponded behind the embankment

when the flood crested. If left in its present form, the embankment

may seriously affect control of major floods. Proper modification of

the embankment, on the other hand, could aid flood regulation and bed-

load control in advance of the diversion structures. The embankment

could be reconstructed to act as a dam or weir behind which bedload

sediment could be trapped,

Flow through the diversion canal can be controlled by hydraulic

parameters of the canal, by gates at the cana'L head, or by both.

Flood routing criteria will play a major roll in canal design; however,

the canal design should strive for quasi-equilibrium (that is, non-

scouring and nonsilting) within the canal channel. Design of a "regime"
canal, may require consideration of two sets of hydraulic channel
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parameters. One set, based upon the extreme events, could be used to

design a large outer canal. The other, based upon smaller more fre-

quent event, would lead to the design of a smaller channel within the

larger excavation. The smaller would serve to divert accumulating

waters from floods on the order of the mean annual flood; the larger

channel would carry floods whsse magnitudes approach that of a 100-

year probable flood.
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SUMMARY OF CON C L U S ION S

There is a certain order in nature. That order is reflected in

the cyclic sedimentation and degradation which has taken place in

Morgan County as the result of cyclic change in climate, The grada-

tional processes throughout the Quaternary Period that have worked to

form the landscape are generally those favoring degradation, Period-

ically, processes favoring aggradation have dominated those favoring

degradation. The outcome is a sequence of alluvial terraces which

are now preserved along the lower South Platte River valley,

Approximately 1,100 feet of erosion have taken place in the South

Platte River valley of Morgan County since middle or late Pliocene.

Six-hundred feet of sediments were eroded before deposition of the

Nussbaum Alluvium, the oldest known Pleistocene formation in the area.

As much as 500 feet of erosion has occurred since the time of Nebraskan

Glaciation when the Nussbaum Alluvium was deposited, The depth to

which the valley was lowered after deposition of the Rocky Flats

Alluvium was less than one-half the valley lowering during the other
erosional episodes. Erosion in the early Recent resulted in the South
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Platte Riversbeing lowered a distance about one-third the total thick-

ness of Wisconsin deposits.

Degradation in the map area probably dominated the gradational

processes during late episodes of interglaciations and early episodes

of glaciations. Stream aggradation most likely occurred from the late

episodes of glaciations to early episodes of interglaciati.ons. Eolian

activity increased during early episodes of interglaciations and inter-

stades when climates were dry and growing warmer. Soil was formed

during interglaciations and interstades when climates were warm but

growing more moist,

The northward bend in the South Platte River in Morgan County

was formed as the result of deposition of a large alluvial fan at the

ancient mouths of Kiowa and Bijou Creeks, The alluvium compraising

the fan was deposited by a series of catastrophic floods which flowed

from Kiowa and Bijou Creek as recently as 6,500 years ago.

A knowledge of the origin and occurrence of engineering materials

and water is valuable in assessing the engineering potentialities and

uses of these natural materials. Engineering soils are easily inven-

toried by their geologic origin. Geologic units distinguished on the

basis of lithology usually have a narrow range in engineering charac-

teristics, or if heterogeneous, are distinctive because of their

diversity in engineering characteristics. Water is the most valued

natural resource in Morgan County. Its source and behavior mast be

properly understood in order to control stream flow and the sediment
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carried by streams, and in ord er to properly manage ground water

recharge to and discharge from the South Platte River underground

aquifer.
The site of the Narrows Project is geologically sound. However,

certain aspects suggest a need for further investigation. These

include:
1. Analysis of water loss from the reservoir to the large

underground aquifer south of the proposed reservoir.

20 Investigation of a potential change in ground water
discharge downstream from the dam axiso

)0 Determination of the influence on the reservoir of pumping
from irrigation wells in the underground aquifer south of
the reservoir.

40 Research into the bedload, channel scour, and bank erosion
characterized by recent floods in Bijou Creek.

5. The feasibility of upper drainage basin control of sediment
and floodwater in Bijou Creek.

6. The feasibility of retalning the bedload carried by Bijou
Creek before the sediment reaches the reservolro

2)4
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MEASURED SECTIONS

SECTION E

Post-Piney Creek alluvium measured at a ditch excavated in the

Hurley Terrace in the NWi NWi sec. 31, T. 5 N., R. 59 W., Or-char-d

quadrangle.

Thicknell8
(feet)

Post-Piney Creek alluvium:

3. Silt, dark gray, clayey, humic, columnar to
subangular blocky texture, slightly hard
when dry, sticky and plastic when wet,
calcareous

0.5

2. Silt and very fine- to fine-grained sand,
yellowish-brown, slightly hard when dry;
exposed faces coated with alkali

1.2

1. Silt and very fine- to fine-grained sand,
gray to black at top, dark yellowish-
brown at base; contains nodules of alkali
or calcium carbonate

3.4

235
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SECTION G

Type section of the Bijou Flats Tongue of the BroadwayAlluvium

along the bluff near the bend of Bijou Creek in the Sw..NWt SE~ sec.

29, T. 4 No, R. 59 W., Orchard quadrangle,

19.

18.

17.

16.

14.

Thickness
(feet)

SancI Hills Formatdone

Sand, light grayish brown, fine- to medium-
grained, silty; weak fine granular structure;
sligh tly hard when dry, friable moist; non-
calcareous; lower boundary smooth and clear

Bijou Flats Tongue of the BroadwayAlluvium:

Silt, brown to clark brown, sandy and clayey (B
horizon of the Altithermal soil); moderate
structure, mediumsubangul.ar-blocky texture;
hard to very hard dry, friable whenmoist;
noncal.car-eousj lower boundary clear and
smooth

0.8

Sand, light brown, fine- to medium-grained; silty;
noncalcareous; contains one-to two-inch layer
of carbonaceous debris at lower boundary

Sand, light brown, fine- to medium-grained; silty;
massive bedded

1.9

Sand, light olive-brown, fine- to coarse-grained;
silty; massive·bedded

Sand, light brown, fine- to medium-grained; silty;
contains small layers or lenses of carbonaceous
debris about It inches thick and very thin
bedded carbonaceous layers at the center of the
bed (carbon is lignite eroded by Bijou Creek
floods upstream from area)

1.7
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Thickness
(feet)

Sand, light olive-brown, firHl- to coarse-grained;
silty; massive-bedded

12. 3and, light olive-brown, fine- to coarse-grained;
pebbly; contains pebbles of light pink to
purple rhyoli te

105

11, Jand, light brown, very fine- to fine-grained;
micaceous; very thil'llycross -bedded ; contains
carbonaceous lenses

Sand, light brown, fine- to m6dium~grained; con-
tains carbonaceous lenses and a thin gJi'ay
clayey silt lense at the top

Sand, light brown, fine ..to medium-grained; very
thinly to thinly cross-bedded; loose; two·,
inch gray clayey silt layer at the top

8. Silt, gr~YI micaceous and containing carbonaceous
debris

Sand , light olive··br'own,fine- to coarse-grained;
silty; graded bOOIding; coar-se-gr- ..ined at base I
contains carbonaceous debr-i s

(1,8

6, Sand, light broWi1l,fine·· to lIIedium-gJrained;silty
to very silty toward base

Sand, light bFown, f'iile~ to coarse-glrained; silty;
thin-bedded, weU-bedd!!d

Sand, light olive-brown, fine~ to coaJrse-grainedl
silty; massive-bedded; maximum particle Si~6
, ·11; no

1,5

Sand, light brown, fine ..to coaJrse~grained; silty;
contains pebbles. Maximum partich> size':3 /8 Ln,
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1, Sand, light oliv~rowrn, fine- to medium-grained
sand with occasional lenses of well sorted
coarse-grained sand. (Sample of lignite taken
I foot down from top of bed gave radiocarbon
date of 29,000 + 200 yrs. Date to be dis-
regarded because pollen in the lignite includes
the genera Aquilapollenites, Monosulcites,
Pemphixipolleni tes, Kurti.zipites, Wodehouseia,
and Proteacidites, and assemblege indicating
late Cretaceous age), The lignite was eroded
from outcrops of the Laramie Formation in the
Bijou Creek drainage.

Thickness
(feet)

Reference section or the Broadway Alluvium measured on the Price

Sand Hills Formation:
Sand, grayish-yellow, fine- to medium-grained,

silty
28. Sand, dark greyish-brown, silty. A horizon

of Cris Lee Soil

Bed of Bijou Creek at base of bluff

SECTION Ii

ranch in the NEt NE~ sec. 1, To 4 N., !t. 60 w., Or-cnard quanr-ang'Le,

Sand, brown, silty. B horizon of Cris Lee
Soil, weak structure, crumb texture, loose

Bijou Flats Tongue of the Broadway Alluvium:
26. Sand, light brosm, fine- to medium-grained with

Thickness
(feet)

0.6

0.8

238
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Thickness
(feet)

16. Silt, dark gray, very thin-bedded, tough, clayey L8

dark gl1'i1r0 ,I in, !!lyers of sil t

25. Sand, light brown, fine- to medium~grained,
containing carbonaceous debris

Silt, light grayLh~bY'(llm, bedded wUh f'\.n~~
grained sand

Sand, light gray, very fine-grained, very
thinly bedded

0.8

Sand, light gray, very fine-grained with one
inch beds of gray silt

21. Sand, light grayish~brow, very fine-grained
to medium~grained" Vel~ fine-grained and
well sorted at base

L5

Silt, clayey, alternating with beds of silty
sand. Clay is gray, calcare.:lUs,tough,
and has a pri.smatic structure

Ll

Silt, pink, limonitic and contains mollusks.
Loess-like. Contd.nuous alol1lgthe bluff
above the South Platte River for at least
t mile

Sand, pink to light yellow, silty; containing
carbonaceous debris

S~~d, pink, very fine~grained, micaceous, very
loose

150 511t, light gray, thick-bedded, jointed
Clay, dark gray, platy, badly slacked, silty,

with very thin beds of very fine-gra:ined sand
Silt, light brown, to mottled~black, clayey;

containing silty sand. Clayey zone at top
more pl~ty; sandy zone at bottom more massive



T-I098

12.
lL

10.

and contains carbonaceous debris

Clay, limonite stained

Sand, light grayish-brown,
cross-laminated, loose.
on gully wall

very fine-grained,
Sand wedges out

240

Silt, light brown, mottled ochre by limonite,
carbonaceous, clayey

9.
8.

Silt, gray, blocky

Sil t, gray, clayey, limonitic, carbonaceous

Thickness
(feet)

0.1

L8

0.7

0.9

0.4
6.5

L7

0.7
2.2

0.3

0.2

6.0

Sand, light brown, very fine-grained, micaceous;
containing carbonaceous debris (lignite
eroded from Laramie Formation) stained
reddish-brown to ochre by limoni.te

6. Sand, light brown, medium- to coarse-grained,
very thinly cross-bedded, loosely cohesive,
and streaked with limonite

5.
4.

Clay, gray to light gray, laminated

Sand, light
grained,
carbon.
base

olive-brown, massive, medium
silty with limonite streaks and
Micaceous sand lenses toward the

3. Clay, gray to light gray, laminated

Pink facies of the Broadway Alluvium,

2. Sand, pink to light brown, medium- to coarse-
grained, poorly sorted, thin-bedded,
limonite stained

Sand, pink, fine-to coarse-grained, ochre
and black stained, cross-stratified

Lower units covered by colluvium



Typical section of the Bijou Flats Tongue of the Broadway
Alluvium exposed on the east side of Kiowa Creek (fig, 26 in text)
in the IfWot N~ sec. 14, T. 4 N., R. 60 W" Orchard quadran~le.

Silt, light brown and very fine sand, loose;
abrupt boundary at base

21. Bijou Flats Tongue of the BroadWay Alluvium:

T~1098

25 ..

24.

23.

22.

20.

19.

241

SECTION [{

Thickness
(feet)

Sand Hills Formation:
Sand, light ornnge-o rovn, fine- to llIedium-

grained, silty; clear boundary at base
1.8

Sand, grayish-brown, .ine- to mediuM=grained,
silty. B horizon of Cris Lee Soil, visible
clay skins on peds of very fine crumb
texture, soft when dry; lower boundary
gradual

Sand, light brown, fine- to medium-grained,
silty, loose; contains crude medium cross-
bedding

0.4

Sam, dark grayi.sh brow, fine- to medium~grained,
silty. A hOl'iz<,Y!of Alti themal soil, medium
prismatic to angular blocky tex~lre, weakly
cemented by calcium carbonate, slightly hard
when dry, friable when moist; clear loWEll"
boundary

0.6

Sand, grayish brown at top to light brown at base,
fine- to medium-grained, silty. B horizon of
Altithermal soil, clayey, moderate st~lctUl"e
of medium angular' blocky peds, weakly cemented
by calcium carbonat,e, slightly har-d when d!'Y,
slightly sticky, and plastic when wet, firm
when moist; lOWEll"boundary abrupt

1.0
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19.

18.

17.

16.

15.

13.

12.

11.

10.

242

Sand, light brown, fine- to coarse-grained,
sil ty, slightly hard when dry, massi ve-
bedded ;whi te feldspar dominant. Lower4 inches loose fine sand

Thickness
(feet)

1.5

Sand interbedded with clayey silt, dark gray
to light brown; contains carbonaceous
material. Abrupt boundary at base

1.6

Sand, light brown, fine- to medium-grained,
cross-stratified, loose; composed chiefly
of white feldspar and quartz. Abrupt
boundary at base

0.8

Silt, light gray, clayey, hard when dry 0.4
1.8Sand, light olive-brown, fine- to medium-

grained, silty; bed graded and massive.
Contains finely disseminated carbonaceous
debris in upper part and some 1/8 to
3/4 inch nodules of calcium carbonate.
Abrupt boundary at base

Silt, light gray, clayey, platy texture, hard
when dry, plastic when wet; contains a l-
inch, loose, very fine sand layer in
central part. Abrupt boundary at base

1.3

Silt, light reddish-brown to light brown,
slightly hard, very coarse columnar texture
(loess-like). Upper and lower parts com-
posed of loose, bedded fine to medium sand

Sand, light brown, fine- to medium-grained,
loose, cross-stratified

0.3

Silt, light reddish-brown to light brown.
Similar to bed 13

0.6

Sand, light brown, fine- to medium-grained,
fine-bedded, silty, loose; contains
carbonaceous material

4.9



Historic post-Piney Creek alluvium forming an island in the river

across from the Jackson Lake outlet ditch in the SEt NEt sec. 3,

T-I098

9.

8.

7.

6.
5.

3.

2.

10

Sand, light brown, fine- to coarse-grained;
fine-bedded, silty, loose. Contains
carbonaceous debris; sand coarser at base.
Abrupt boundary at base

Silt and fine sand, dark gray mottled black;
light brown cross-bedded fine sand, micaceous;
contains coarse particles of carbonaceous
debris. Abrupt boundary at base

Sand, light brown, fine- to coarse-grained, silty,
massive-bedded, slightly hard when dry; con-
tains some granules and bits of carbonaceous
debris. Abrupt boundary at base

Silt, gray, clayey, platy texture, hard when dry

Sil t and very fine sand, light brown; cortains
coarse particles of carbonaceous debris

Sand, light brown streaked orange, limonitic;
disseminated carbonaceous debris interbedded

Sand, light brown, fine-grained, loose; con-
tains carbonaceous debris

Silt, gray streaked orange, clayey, very hard
when dry, limonitic

Sand, light gray, very fine-grained, limonitic;
i.nterbedded wi th thin lenses of dark gray,
clayey silt

SECTION L

T. 4 N., R. 60 W., Orchard quadrangle.

243

Thickness
(feet)

3.8

0.3

3.2

0.2
0.3

0.5

0.6

0.6

2.0



L Sand, light brown to light reddt sh-browr,
medium- to coarse-grained sand dominant;
contains granules and pebbles. Maximum
size particles 2 inches.

Z.O

T-I098

Thickness
(feet)

Post-Piney Creek alluvium:
3. Sand, light brown, very fine- to fine-grai.ned

loose
Z. Sallli,black, very fine- to fine-grained, humic,

silty
0.8

Channel of South Platte River
(Coarse alluvium probable major cause in formation of island)

Section ~ composed of post-Pi.ney Creek alluvium, was measured
about 300 feet upstream from ford over Kiowa Creek. HZ which con-
tains mostly the Bijou Flats Tongue of the Broadway Alluvium was
measured 50 to 75 feet south of ~. The sections are on an island
formed between an artifical channel and the old meander of Kiowa
Creek in the ~ Nwt· sec. 3, T, 4 N., R. 60 W., Orchard quadrangle.

SE<::TION ~

Thickness
(feet)

Post-Piney Creek alluvium:



4, Sand, grayish~brown, clayey, silty; possibly
B horizon of Cris Lee Soil, mediuMprismatic
texture, weak structure, hard when clry,
Abrupt boundary at base,

0.7

T-I098

Thiclmess
(feet)

Sand, gray brown, very fine~ to medJum-grained;
silt, loose

1.7

2, Sand, da.rk gray to black, clayey, silty, humic;
possibly azonal. soil, mediumanguLar' blocky
texture, tough, plastic whenwet

10 Sand, light grayish-brOWll1lto bro~~, fine- to
medium-grained; contains lenses of black silt
and coarse sand

1.6

(Bxposed in terrace 6 feet above bed of KiowaCreek)

SECTIONMz

Sand, grayish-bmw, finl:l- to mooiullIJ-grained;
becomes clayey ii'll lower part, Clayey sand
is blocky and hard whendry

1,7

Bijou Flats Tongue or Piney Creek (1) Alluvium undifferentiated:

Sand, gray, silty; possibly A horizon of Cris
Lee Soil, humic, sll ghtly hard

Bijou Flats Tongue of the BroadwayAlluvium:

Sand, light brow, fine- to coarse-grained,
massive-bedded, silty; contains a 9~inch
rounded boulder of welded tuff and some
fragments of bene, Abrupt boundary at base ,

Silt, light brown and very fine sand
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Thielmess
(feet)

L Sand, light brown, very fine- to fine-grlll.ned;
contains carbonaceous streaks

0.5

SECTION N

Louviers Alluvium, burilld by Piney Creek Alluvium, exposed in a

silage pit in the NEt NWt sec. 3, T. 4 N., R. 60 W., Orchard quad-
rangle.

Thickness
(feet)

Piney Creek AU.unum:
3. Silt, dark brown, sandy, pebbly and slightly

clayey (possibly Cris Lee Soil)
LO

2. Sand, yellowish-brow, very fine- to coarse.
grained, very silty, micaceous

Louviers Alluvium:
1, Sand; light reddish-brown mottled orange, fine-

to medium-grained sand dominant; contains
granules and pebbles, limonitic

SF.GTION P

Post-Piney Creek alluvium measured at terrace edge on north side
of South Platte River in S~ NI~ NWt sec. 2, T. 4 No, R. 60 Ii.,

Orchard quadrangle.

iiAit..i ---------------------
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Thickness
(feet)

Post-Piney Creek alluvium (Protohistoric alluvium):

snt and very fine-grained sand, dark gray;
humic

1.2

3. Silt, dark gray; clayey; subangular blocky
texture; very hard when dry

1.5

2. Sand and silt, light brown; pebbly 1.0
Sand, pink to yellow; fine- to coarse-grained;

pebbles up to I! inches; slightly calcareous
in upper 6 inches

3.0+

Post-Piney Creek channel alluvium covering base

SECTION Q

Reference section of Broadway Alluvium measured north of low

sand hill along bluff SEt NEt NEt sec. 16, T. 4 N., R. 60 W., Orchard

quadrangle.

Thickness
(feet)

Sand Hills Formation:

12. Sand, dark gray-brown, fine- to medium-grained,
silty. B horizon of Cris Lee (?) Soil, very
weak fine granular structure; slightly hard
when dry, friable moist; calcareous at lower
1 inch. Lower boundary clear and smooth

0.7

11. Sand, gray brown, fine- to medium-grained;
slightly calcareous; loose

0.9



Thieme:>:>
(feet)

10. Sand, light browrn to brown, fine- to medium-
grained; nonoalcareous and loose

2,3

Bijou Flats Tongue of the Broadway All.uvium:
9. Silt, dark gray-brow; sandy] clayey (B horizon LO

of the Altithermal soil); moderate medium sub-
angular prismatic to blocky structure; hard to
very hard when dry, friable when moist; moderately
calcareous; lower boundary clear al'Ild smooth

8, Sand, light brom, fine- to coarse-grained
7. Sand, light gray-brown; silty; angular blocky 0.3

structure; contains carbonaceous debris
6, Sam, light brow, fine- to medium-grained; massive - 104

bedded; carbonaceous debris, hard when dry;
silty

5. Silt, gray am very fl..lle..gr-at.ned sand, subangu'l ar' 0,8
blocky structure; hard tltHm dry; calcareous

4. Sand, light olive-brown, very fine- to medium- 1.8
grai.ncd; ail ty; llIaSSh1ilPbedded; contains carbon-
aceous debris

3. Silt, gray clayey, very hard when dry; angular O./f
blocky structure; calcareous; grades into
unit below

2. Sand, light olive_bro>m, fine- to medium-grained; 1.8
silty; massive~bedded; contains carbonaceous
debris

Pink facies of the Broadw~ Alluvium:
10 Sand, light !"eddish~bt'o>lt1lto pale orange, very

fine- to coarse-grained; well strli.tified;weH
sorted; feldspathic

30+

Lower part of section covered by collu',iulll

248
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SECTIONR

Reference section of the BroadwayAlluvium measured in second

gully from the east end of arcuate bluff above the South Platte !til'er

in the SWf SW*sec. 10, T. 4 No, R. 60 W., Orchard quadrangle.

Thickness
(feet)

Post-Piney Greek colluvium:

Sand, light gray brown; silty 0,6

Bijou Flats Tongue of the BroadwayAlluvium:

16.. Sand, light brown; fine- to coar-se-grsd ned, 1.6
silty, slightly hard when dry, very weakly
cohesive at base above thin clay layer

15. Sand, light brown to light olive-brown, fine- 1,4
to coarse-grained with some fine~grained
gravel; hard when dry; t inch cby layer
at base is very silty and calcareous

14. Sand, light oUvle brown, fine- to coarse-grained 106
becomes coarser at bottom with fine g~avel and
scatte~ed rl~t pebbles of pink and white rhyolite;
massively bedded and slightly hard whendryo
Very rine-grained sand layer at base

13. Sand, ligllt brow, fine- to coar-se-grai.ned with 1,5
some gravel; silty; massive, veJry fine-grained
sand layer at base, calcareous

12. Sand, light brown, very fine- to medium-grained; Oc08
and silt, thin-bedded with very fine~grailled
sand layers

11. Sand, light brown, fine- to medium-grained, silty; 0.7
one-inch silt and carbonaceous layer at base
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10.

8.

7.

6.
5.

2.

1.

250

Thickness
(feet)

Sand, light brown, fine- to medium-grained;
silty; very fine-grained sand layer at base

0.5

Sand, light gray-br01Nn, very fine- to fine-
grained; cross-bedded; contains carbon-
aceous debris

0.5

Sand, light olive-brown, fine- to medium-grained
at top; becomes coarser at bottom; silty;
massive

1.1

Sand, light olive-brown, fine- to medium-grained
at top; becomes coarser at bottom; silty;
massive

1.0

Silt, gray, and sand, fine-grained; well·~edded 0.3
1.4Sand, light olive-brown, fine- to medium-grained;

at top coarse-grained sand and pebbly at base;
massive; silty

Sand, light grayish-brown, very fine- to fine-
grained and silt; massive-bedded

Sand and silt, light grayish-brown clayey,
carbonaceous, thin-bedded

1.2

Sand, light brown, very fine- to fine-grained;
silty; massive

1.2

Pink facies of the Broadway Alluvium,

Sand, pink to orange-brown, fine- to medium-
grained; well-sorted; limonitic; feldspathic

30.0

Lower part covered by colluvium

SECTION S

Post-Piney Creek alluvium measured at scarp of terrace 5.5 feet
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above the South Platte River NEt N'dt SW~sec, la, T, 4 Noo R. 60 w"

Orchard quadrangle,

Thiclmess
(feet)

Post-Piney Creek alluvium (Protohistoric alluvium)

J. Silt and sand, light brow very fine-grained;
cross-stratified

1.2

2. Clay and silt, black to dark gray, platy, contains
fossil mollusks (bog deposit)

1.6

L Sand, yellow-brown, very fine- to fine-grained,
Loo se , limonite-stained

Water level

SJOC:TlON T

BroadwayAlluviummeasured on blurt above Milliron Drawswt NE~

Thiclmess
(feet)

Sand Hills Formation:

9. Sand. brown, very fine- to medium-grained

Bijou Flats Tongueof the Bro,adwayAlluvium:

8. Sand, light brown, very fine- to medium-grained
micaceous

Sand, light brosn, very fine- to fine-grained;
contains foul" l-il1lch c~rbonaceous layers

1057.



sec. 16, T. 4 N., R. 60 W., Orchard quadrangle,

T-l098

6,

5.

4.

2.

L

10.

252

Thickness
(feet)

Sam, light brown, fine- to medlium-grained,
micaceous

Sand, light brown, fine~ to co~rse-grained,
silty; contains predominantly white
potassium feldspar

Silt, dark gray, carbonaceous, clayey

SMd, light brown, very fine- to medium-grainedl

Silt, dark gray, carbonaceous, clayey 0.4
Silt, light grayish-broWll and very i'inEl-grainedl

sand

Lower units cover-ed by oolluvium

SECTIONU

Broadway Alluvium measured on bluff SE of a corral ~wtS,~NE~

Thickness
(feet)

Bijou Flats Tongue of the Broadway Alluvium:

Silt, dark grayish~broWll and sand, very fine- to
medlium-grained cont.ammg humus; A horizon of
eris Lee Soil; weak fille crumb structure; soft
when dry, very friable moist; noncal.careoua;
lower boundary cle~r and smooth

1.0
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8.

7.

6.
5.

4.

2,

1.

Silt, light grayish..brown, sandy, clayey; B
horizon of Cris Lee Soil; top 5 inches,
weak medium subangular blocky structure;
slightly hard when dry, friable moist;
noncalcareous; lower boundary clear and
smooth

San:l, light grayish-brown, fine- to medium-grained,
silty, clayey, calcareous; B horizon of
Altithermal (1) soil top 9 to 11 inches;
moderate medium prismatic structure breaking
to moderate medium subangular blocks; hard
to very hard when dry, friable moist; white
interstitial calcium carbonate (Cca lower
2-4 inches); lower bOUndary clear an:! wavy

Sand, light olive-brown, fine- to coarse-gravel,
predominately white feldspar with some mica;

Silt, dark gray, clayey; angular blocky structure;
Sand, light brown, fine- to llIedli.um~glrained,silty,

micaceous; contains chunks of lignite debris
Silt, dark gray, clayey; angular blocky structure,

tough, calcium carbonate on priSM faces.
Sand, light brow, very fine- to coar-se-gramed

containing wood fragments and C CO) on prism
faces a

S11 t., light brown to brown, micaceous
Sand, light brown, fine-· to coarse-grained;

predominantly pink potassium feldspar,
micaceous and noncalcareous

Remainder concealed by collluvium

Thickness
(feet)

0.8

1.3

0.9

0.3
1.1

1.3

253
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SECTIONY

Section of buried soils overlying the Louviers Alluvium at the

east end of an old canal flume over the Jackson Lake outlet ditch in

the Ni-Jt SE{-sec, 27, T, 5 No, R. 60 "1., Orchard quadr~.ngle"

Thickness
(reet)

Artifi~al fill:

Sand, brown silty, spoil from ditch

Piney CreeF Alluvium:

8. Sand, dark brown, humic; A horizon of Cris
Lee Soil

0.4

Sand, brown, silty, clayey; B hor-i son of
Cris Lee Soil

0.6

6. Sand, bro sn, silty

Sand, Jark brown, silty 1.5
Louvier Alluvium:

Sand, dark gr&yish-br'own, silty, clayey
moderately well developed crumb to
subangu'Iar blocky peds; B horizon of
Brady (7) Soil

101

3. Sand, brown, silty, calcareous 3.0
2.6
8.0

Sand, light gra,y, silty, pebbly, very calcareous2.
L Sand and gravel, light reddish-brown; maximum

si ze I-inch

Outlet ditch

=



Broadway Alluvium measured west of bluff along Bijou Creek in

the swt NEi sec. 32, T. 4 N., R. 58 W., Weldona quadrangle.

T-I098

22.

21.

20.

19.

18.
17.

16.

15.

14.

13.

12.

255

SECTION AA

Thickness
(feet)

Sand Hills Formation:

Sand, light gray-brown, fine- to medium-grained,
silty

2.5

Bijou Flats Tongue of the Broadway Alluvium:

Sand, light brown, fine- to coarse-grained,
silty

1.9

Silt and very fine-grained sand, tan, very
conspicuous horizon

0.5

Sand, light broml, fine- to coarse-grained,
silty, massive-bedded

3.5

Silt, light gray, micaceous, carbonaceous 0.3
1.2Sand, light brown, very fine- to fine-grained,

well-bedded

Silt, gray, clayey, platy to blocky, tough,
plastic when wet, very calcareous at top

1.0

Sand, light brown, fine- to coarse-grained,
silty, massive-bedded

0.8

Silt, dark gray, clayey, blocky, tough 0.3
Sand, light brown, fine- to coarse-grained

silty, some 1/4 inch granules, massive-
bedded

2.1

Sand, light olive-brown, fine- to coarse-grained,
pebbly, maximum size 1/2 inch, silty, massive-
bedded

2.5
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SlOC:TION AB

Protohistoric post-Piney Creek alluvium exposed east of the Fort

MorganCanal flume along Bijou Creek in the swt NE~sec, 32, T. 4 N.,
R. 58W., Weldonaquadrangle.

Thiclmess
(feet)

Historic post-Piney Creek alluvium:

Sand, light brown, fine- to coarse-grained,
silty

6.
Protohistoric post-Piney Creek alluvium:

Clay, dark gray, humic; possibly azonal soil,
angular blocky texture, tough, silty, plastic
whenwet

Sand, grayish. brown, fine~grained, silty;
limonitic stain around root fillings

Silt, dark gray, clayey, tough, plastic when
wet, limonitic

0.6

4,

Sand, light brown, fine-grained, carbonaceous

2. Silt, dark gray, humic, clayey, plastic wen
wet, limonitic

0,2

Sand, yellowish-brown, fine- to medium-grained,
loose

1.0

Channel of di tch
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sroTION AC

Protohistoric post-Piney Creek alluvium exposed on the southeast
bank of Bijou Creek in the NWt SEk seoo 32, T. 4 No, R. 58 W., Weldona
quadrangleo

Thickness
(feet)

4.
Historic post-Piney Creek alluvium:

Sand, light brown, fine- to mediumograined;
contains some lenses of gray silt

LO

Protohistoric post~PineY Creek alluvium:
Sand, grayish~brown, fine- to coarse-grained,

well-bedded, vert silty; contains limoni tio
root fillings, Upper 2 inches composed of
gray silt with a fine angular blockY texture

106

2. Silt, light brown, sandy, loose 006
1. Slll'IId,light brown, medium-grained, silty 200

Bed of Bijou Creek
,;,,

SECTION AD

Exposure of gravel about 40 feet above the South Platte River in
the swt swt NEt sec, 20, T. 4 N., R. 58 ~ Weldona quadrangle. Gravel
is mapped as Louviers Alluvium but may possibly be SlOCUM Alluvium.
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5.

4.

3.

2.

259

Thickness
(feet)

Piney Creek and post-Piney Creek colluvi.um undifferentiated:

Silt, yellowish-brown, sandy and pebbly; maximum-
size particles 1/2 inch

1.3

Silt, dark brown, clay~ very fine crumb
structure; lower 3 inches very calcareous,
soft (possibly Cris Lee Soil)

0.6

Louviers (?) Alluvium:

Silt, brown to yellowish-brown, sandy, pebbly,
very calcareous, soft

1.7

Sand, light brown, mottled orange and black,
medium- to coarse-grained, coarse-bedded,
limonitic, manganiferous; contains pebbles
and cobbles

4.0

Pierre Shale

1. Shale, yellowish-gray to olive-gray, silty;
contains large silty calcareous concretions
Mostly covered by vegetation

SECTION AE

Protohistoric post-Piney Creek alluvium along the South Platte

River in the SEi NWi sec. 11, T. 4 N., R. 59 W., Weldona quadrangle.

5.

Thickness
(feet)

Historic post-Piney Creek alluvium:

Silt, dark gray, sandy, micaceous, slightly
hard when dry, noncalcareous; contains
root fillings and humus

0.6
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Thickness
(feet)

Sand, light brown, very fine- to fine-grained,
micaceous, loose, noncalcareous

Protohistoric post-Piney Creek alluvium:

Silt, dark gray to black, very humic, very
calcareous, moderately hard when dry,
plastic when wet, blocky texture; con-
tains mollusks. Upper part is probably
an azonal soil

2.0

2. Sand, yellowish-brown mottled orange, very
fine- to fine-grained, loose, noncalcareous;
contains small lenses of gray silt

0.7

1. Silt, gray to black, humic, plastic when wet 0.8

SECTION AF

Protohistoric post-Piney Creek alluvium in the swt $Wi sec. 12,

T. 4 N., R. 59 W., Weldona quadrangle.

Thickness
(feet)

Silt, dark gray, sandy, humic, loose,calcareous 0.3
0.35Silt, dark gray to black, sandy, humic, slightly

hard when wet, calcareous, probably an azonal
soil

Sand, yellow to mottled brown, very fine- to
fine-grained, micaceous, loose, slightly
limonitic; contains disseminated carbonaceous
debris. Noncalcareous except in upper few
inches

0.6
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Thickness
(feet)

Sand, light reddish-brown, very fine- to fine-
grained, noncohestve, non-caf.careous ; con-
tains lenses of gray silt

Sand , light ,-eddish-bJl'ownto gJl'&y-br'()W!I1lmottled
blaok and orange, very thin-bedded and OJl'OSS-
bedded; contame some coar-se sand and granules,
limonite cemented Jl'ootfillings

Water surfaoe in drainage ditoh

SECTION A G

Protohistoric post-Piney Creek alluvium exposed in the SW{: 3W*
W'* sec. 3, T. 4 N•• R. 59 W., Weldoi'llaquadrangle.

4.

3.

2.

1.

Thiokness
(feet)

Silt, grayish-brown to yellowish-brown, soft,
slightly stioky when wet, struotureless,
noncaloareous

Silt, dark grayish-brown, struoturaless, medium
sUbangular blooky texture, stioky aitlldplastio
when wet, slightly hard when dl"y, very cal-
careous, weakly cemented; probably an aeonal.
soil

Sand, gl"ay, fine -gl"ained, sitty, humic, sligh tly
hard when dry, friable moist; cOi'lltainsmollusks
and bovine bones

0.9

Sand, yellowish-braWl'll, verry fil1le- to fine-grained,
loose soft; stained by limonite
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Piney Creek Alluvium along BijQU Creek in the NW~ SW~ sec. 6,
T. 3 N., R. 58 W., Weldona quadrangle.

12.

11.

10.

9.

8.

Post-Piney Creek alluvium:
Sand, light grayish-brown, very fine- to medium-

grained, silty, loose when dry, noncalcareous
Piney Creek AlluviuM

Silt, dark grayish-brown, clayey, noncalcareous.
Cris Lee Soil, weak structure of medium to
coarse angular block texture, slightly hard
when dry, very friable when moist, slightly
sticky and plastic when wet; boundaries are
clear

Silt, light grayish-brown, clayey, subangul.ar:
blocky texture, noncalcareous

Silt, dark gray, 'irJryblocky t.exture in upper
zone and lower zone. }iiddle ZOl1l6is a slightly
hard, silty, very fine sand characterized by
krotovina of insects and worms; calcareous

Sand, grayish-brown, very fine- to mediuM-grail1lsd,
very silty, calcareous. Contains krotovina

Silt, very dark gray banded light gray, clayey,
well-stratified. Clllyey layer's have a fine
angular blocky texture, are calcareous and
plastic. The bed contains krotovina of
insects and wormso

Silt, light grayish-brom and sand, very tine-
to tine-grained

Thickness
(feet)

0,8

0,6

1.6

0,5

0.9

0.6



T-I098 263

Thickness
(feet)

5. Silt, dark gray. clayey, calcareous, sticky
am plastic 'l\tuenwet; texture is platty.
Boundary at base is sharp 0 Zone contains
silty very fine sand; Contained a frs,gment
of a rib bene

4, Sand, light gray to brown, and sand, very fine-
to fine-grained, loose

1.3

3. Silt, grayish~brown; interstratified with wery
fine- to fine-grlljJriied sand. coar-se sand and
silt, ar.J! lenses of finely cross-bedded,
loose, fine sand" Noncaloareous

2. Silt, dark grayish-brown and sandi, very fine- to
fine -grained, clayey, coarse pri. smatd, c texture,
nonoaloareous

1.0

Sand, grayish~brown, very fine- to medium-grained,
loose, w~ll-stratified

Lower 3 feet which is above the bed of Bijou Creek was covered

SECTIONAK

Piney Creek Alluvium at the north abutment of the proposed

Narrows Dam in the SW~ ~ sEl; sec. 7, T. 4 N., R. 58 W., Weldona

quadrangle,

Thiokness
(reet)

Piney Creek Alluvium:

Silt, light olive-brown to grayish-br'own; con-
tains sandy lenses and scattered pebbles

1.9



Altithermal soil developed on fine-grained facies of the Bijou

Flats Tongue of the Broadway Alluvium north side of the river in

T-I098

8.

7.
6.

5.

2.

1.

Sil t, light brown; cont ains fewer pebbles than
overlying unit; upper boundary gradational

Silt, mottled brown and gray, sandy and pebble

Silt, light brown, clayey; has subangular blocky
texture. Contains some thin lenses and beds
of pebble sandy silt

Silt, light brown to varicolor, very sandy; con-
tains a few pebbles and cobbles throughout

Silt, brown to light brown, clayey, subangular
blocky structure, sandy in places

Silt, greenish-brown to grayish-brown, clayey
subangular blocky texture, sandy and pebble;
contains many mollusks and some bovine bones.
Lenses containing chunks of charcoal cr car-
bonized wood at 5.3 feet.

Louviers Alluvium:

Sand, light reddish-brown, fine- to coarse-grained;
contains granules and some pebbles but little
sil t, loose

Pierre Shale:

Shale, dark gray, slightly weathered and jointed;
contains calcareous concretions 4 to 10 feet
long

Arroyo floor

SECTION AL

264

Thickness
(feet)

0.2

5.0

1.2

1.5

17.7

3.0

0.5
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Cottonwood Draw and measured in a trench in the SEt corner sec. 27,

T. 5 N., R. 59 W., Weldona quadrangle.

Thickness
(feet)

Bijou Flats Tongue of the Broadway Alluvium:

4. Silt, dark gray brown, sandy; moderately developed 0.3co

platy structure; loose, dry; moist, friable;
slightly sticky when wet; noncalcareous. (A
horizon of Altithermal soil)

3. Silt, dark reddish-brown, very clayey, sandy upper 1.1
6 inches, coarse well-developed prismatic
structure; middle 3 inches fine to medium
angular blocky structure; lower zone medium
coarse prismatic structure; noncalcareous, dry,
slightly hard; moist, firm; wet, sticky, plastic
(B horizon of Al ti ih ermal soil)

2. Sand, light brown, fine-grained, very silty; medium 1.9
developed prismatic structure; very calcareous;
whi te coatings on prism faces. (Cca horizon)

1. Silt, light brown, sand, slight calcareous 1.0+

Bottom of trench

SECTION BA

Nussbaum (?) Alluvium measured at the edge of the plateau in the

NWt NWt sec. 27, T. 5 N., R. 58 W., Fort Morgan quadrangle.

Thickness
(feet)

Colluvium:
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Thiclmess
(feet)

2. Gravel, sand, and silt 0-6

Nussbaum (1) Alluvium:
1. Conglomerate, white to mottled reddish-brown.

coarse-grained, cemented with calcite and
aragonite (radial habit,~cl~sters I to 3
inches in diameter), Maximum size, 11
inches; 4-inch to 6-incb cobbles conanon,
Upper lenses of unit coarse-grained sand,
pebbles, and cobbles, cross-stratified and
cemented

Pierre Shale

SECTION BB

Loveland, Peorian, and Bignell Loesses measured on an arroyo wall
in the SW~NE~ NEt sec, 27. T, 5 N" R, 58 W., Fort Morgan quadrangle,

Thiclmess
(feet)

Peorian and Bignell Loesses:
8. Silt, very light brown, friable, soft, structure- 0.5

less, calcareous
7. Silt, light grayish-brown; B horizon of Altithermal 0.9

scdL, moderate subrounded prismatic structure,
soft, very friable, calcareous, sticky when wet

6, Silt, very light brown, calcareous coatings on 1,2
prism faces

5. Silt, very light brown, calcareous, massive 25.0
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Thickness
(feet)

Loveland Loess:

4. Silt, dark reddish-brown, sandy, slight columnar
structure, calcareous, abrupt boundary at top

0.6

Silt, very dark reddish-brown, sandy, coarse
columnar peds of moderate structure, sticky when
wet, friable

1.5

2. Silt, reddish-brown to light reddish-brown, local
lenses of fine- to coarse-sand, a few pebbles
near the base, calcareous, lower boundary
grada tional

1.7

Slocum Alluvium:

I. Sand, brown to reddish-brown, very loose medium- 3.7
to coarse-grained, some pebbles and a few cobbles

Pierre Shale

SECTION BF

Piney Creek Alluvium, overlain by thin deposits of post-Pin~

Creek alluvium, exposed in an arroyo in the swi NEi sec. 31, T. 5 N.,

R. 60 W., Fort Morgan quadrangle.

Thickness
(feet)

Post-Piney Creek alluvium:

6. Silt, dark grayish-brown, sandy very fine crumb
to weak angular blocky texture, sticky and
plastic when wet, very friable when moist,
loose when dry,

0.45

7 7



Piney Creek AlluviuM aoo SlOCUMAlluviuM uooifferentiatlld at an

exposures along Wildcat Creek (fig. l7b in text) in the sWi: S'N'~ sec.

29, T. 5 N., R. 57 W., Fort Morganquadrangle.

T-I098

4.

3,

2.

L

5.

268

Thickness
(feet)

Silt, yellowish-brown, clayey; asonal, soil,
fine weak angular bloc'" texture very sticky
and plastic whenwet, firm whenmoist,
slightly hard when dry

0.35

Silt, dark broWl streaked black, clayey, smdy;
contains bovine bones. Disconformity at base

1.3

Piney Creek Alluvium:

Silt, very dark brown to black, sandy, organic;
uppermost horizon in which a bog facies of
Cris Lee Soil is formed has moderately developed
structure, blocky, tine textured slightly sticky
and plastic whenwet, friable whenmoist, ha~
whendry. Contains scae gastropods, slightly
calcareous

0.7

Silt, dark grayish-brown at top to broWlilat base,
Lover part of the bog facie: of Cris Lee Soil,
structureless, mediumsubangular blocky texture,
sticky and pb.stic wilen wet, friable whenmoist,
hard ~~ell'ldry, calcareous

Silt, light brown to brown, loose to slightly,
hard when dry

1.6

SECTION BU

Thiclmess
(feet)

Sand, gr,ay, medium-grai.n, some pebbles am many
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Thickness
(feet)

cobbles, calcareous
Sand, pebbles, and cobbles, gray to pink, very

silty; many angular pieces of Cretaceous
sandstone. About 2/3 of the material are
quartzite and granite particles, calcareous

2.5

3. Silt, very dark brown, sandy, slightly calcareous;
contains a few gastropods

0.8

Sand and gravel, brown, silty; contains some clay
balls

1.3

1. Sand, light brown to pink, medium- to coarse-
grained; pebbles and some cobbles in lower
zone

2.0

SECTION BK

Partial section of Verdos Alluvium exposed in the Riverside Canal
in the ~ S~ sec. 24, T. 4 N., R. 58 W., Fort Morgan quadrangle.

Thickness
(feet)

Piney Creek colluvium:
6. Silt, dark grayish-brown, sanqy; contains lenses

of coarse sand and some pebbles
1.9

Loveland Loess:
5. Silt, white to light-brown, sandy and pebbly,

very calcareous (Cca horizon of Sangamon
Soil), friable, plastic when wet

1.2
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4.

3.

2.

10

270

Thickness
(feet)

Verdos Alluvium:

Sand, yellowish-brown, very fine- to medium-
grained, calcareous

0.6

Sand, yellowish-brown, mottled white, silty;
contains calcium carbonate small pods and
seams

106

Sand, dark brown, silty, very cobbly, plastic
when wet

103

Sand and gravel, yellowish-brown; contains up
to 8-inch cobbles

3.6

Canal channel

SECTION BL

Piney Creek Alluvium measured at the type locality of the Cris

Lee Soil in the SEt NEt sec. 24, T. 4 N., R. 58 W., Fort Morgan

quadrangle.

4.

3.

Thickness
(feet)

Piney Creek Alluvium:

Sand, grayish-brown, silty, friable (A horizon
of Cris Lee Soil)

0.2

Silt, dark grayish-brown; very fine-grained sand.
E horizon of Cris Lee Soil, coarse texture,
angular blocky, weakly developed structure,
sticky and plastic when wet, firm when moist,
hard when dry, calcareous. Lower boundary clear

0.9

r , _
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Thickness
(feet)

2. Silt and sand, light brown, slightly hard when
dry, calcar eous

2.1

Silt, light brown, loose, sandy, contains some
lenses of sand, small areas of seepage

8.0

•

SECTION BO

Verdos Alluvium exposed in SEt swt sec. 23, T. 4 N., R. 58 w.,
Fort Morgan quadrangle in the Riverside Canal.

Thickness
(feet)

Artific'al fill:,

6. Silt, dark grayish-brown, calcareous, cobbly 2.5
Broadway Alluvium (colluvium of Bijou Flats Tongue):

5. Sand, grayish-brown, silty; contains pebbles.
A horizon probably of the Alti thermal soil,
subangular blocky to crumb texture, soft
when dry, friable when moi.s t, noncohesi ve
when wet, lower boundary clear

0.35

Sand, dark grayish-brown, silty; contains pebbles.
B horizon probably in the Al tithermal soil,
moderate structure, angular blocky to crumb
structure, slightly hard when dry, friable
when moist, slightly sticky, and plastic when
wet

1.0

3. Sand, grayish-brown, silty; contains pebbles,
calcareous

0.5
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Thickness
(feet)

Loveland Loess:

2. Sand and silt, light orange-brown to mottled
white; contains pebbles and cobbles. Upper
l-foot cemented by calcium carbonate" Cca
horizon of Sangamon Soil, hard when dry,
friable when moist, noncohesive when wet"
Clear boundary at base

Verdos Alluvium:

1. Sand and gravel, light brown, mottled reddish-
brown; contains cobbles up to 6 inches

6"0

Base of canal

SECTION BP

Contact of Verdos Alluvium and Pierre Shale exposed in the

Riverside Cane.l in the SW1;. NEft sec" 21, T. 4 N., R" 58 W., Fort

Morganquadrangle"

Thiclmes9
(feet)

7.
Artific}ll fill:

SiU, white to grayish-brown, cobbly

BroadwayAlluV'ium (colluVium of Bijou Flats Tongue)

6. Sand, grayish-brown, silty; contains pebbles.
A horizon probably of the Altithe~~l soil,
weak subangul.ar blocky to crumb texture,
loose men dry, friable when moist, non-
cohesive when wet

0.4



5. Sand, dark grayish-brown, silty; contains some
pebbles. B horizon probably of the Alti-
thermal soil, moderate structure, angular
blocky texture, slightly hard when dry, friable
when moist, slightly sticky and plastic when
wet; upper boundary clear, lower boundary
gradual over 3-5 inches.

1.1

Thickness
(feet)

Sand, light gray mottled white; calcium carbonate
filling rootlets, joints, and forming small
nodules. Discontinuity at base

Loveland Loess:

3; Silt, gray mottled white and brown, very calcareous. 3.1
Contains cobbles up to 3 inches; cast of calcium
carbonate cemented to base of cobbles

Verdos Alluvium:

2. Sand, pebbles, and cobbles, orange-brown. Maximum
particle size 8 inches; sharp inclined contact
at base

6.0

Pierre Shale:

1. Shale, olive-green, weathers to orange-brown,
jointed 10.0

Bottom of canal

SECTION BS

Exposure of the Verdos Alluvium in a gravel pit in the NEi NWi
NWi sec. 19, T. 4 N., R. 57 W., Fort Morgan quadrangle.
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Thickness
(feet)

Loveland Loess:
3. Silt, light brown to light reddish-brown,

sandy. Lower I-foot contains lenses of
fine- to coarse-grained sand and some gravel

5.2

Verdos Alluvium:
2. Silt, mottled white and light brown; contains L.6

sand, pebbles and cobbles, very calcareous.
Cca horizon possibly of Yarmouth (1) Soil,
upper 0.8 feet slightly cemented by calcium
carbonate

1. Sand, pebbles and cobbles; contains coarse lenses 3.3
commonly with 3-5 inches cobbles lenticularly
bedded with sand lenses. Unit shows graded
bedding from base to top. Individual lenses
are similarly graded. Some lenses, about 120
feet wide, are truncated latterally as well
as at their tops by others lenses. Sandy lenses
show fine cut and fill cross-bedding. Unit
contains I-foot boulders of quartzite observed
embedded in wall of pit; yellow weathered silt-
stone nodules up to 9-inches in largest dimen-
sions. Most particles are composed of quartzite,
granite gneiss, and granite pegmatities

Base covered by water in pit shale lies 6 feet below water
level

SECTION PV

A composite section of loess and associated soils measured in the
SEi sec. 9, T. 6 N., R. 58 W., Peace Valley School quadrangle. Shown
in figure 22 in the text.

b_....
iiiiiiiiiiiiiiiiii

_



T-1098 275

Thickness
(feet)

Bignell Loess:
16.

15.

Silt, light yellowish-brown, calcareous 1.0

Silt, dark gr~, brown, noncalcareous,
humic; azonal soil of late Recent age

0.2

Silt, li~~t grayish-brown, calcareous; A
horizon of Cris Lee Soil

0-0.3

13. Silt, dark grayish-brown, calcareous, humic;
B horizon of Cris Lee Soil

0.3

12. Silt, light grayish-brown, calcareous;
A horizon of Altithermal soil

0-0.9

11. Silt, dark grayish-brown, calcareous, humic;
B horizon of Altithermal soil

0.7-0.9

10. Silt, light grayish-brown, calcareous, slightly
plastic when wet, fine to medium prismatic
structure

2-7

Peorian Loess:
9. Silt, dark grayish-brown, noncalcareous, plastic 0.5-4.0

when wet, humic, fine to medium platy to
prismatic structure; B horizon of Brady
Soil, thickest section in a dark gray,
bog soil facies (fig. 20)

8. Silt, light gray to white, very calcareous, 1.5-2.5
medium to coarse prismatic structure; Cca
horizon below Brady Soil; forms breaks in
slope along arroyo sides

7. Silt, light yellowish-brown, calcareous; structure 7-12
is medium to coarse prismatic; contains cf',
Succinea avara Say throughout; ~ sp, and
Camel'opssp, 5 feet below gley soil (fig. 20,
marked x)
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6.

5.

4.

3.

2.

Sil t, light pink to light brown, noncalcareous,
fine angular blocky peds, moderately hard
when dry, friable when mosit, plastic when
wet; B horizon of soil of early Wisconsin
age

Silt, light brown to light reddish-brown,
slightly calcareous, fine to medium
prismatic structure

Loveland Loess:

Silt, reddish-brown, sandy, noncalcareous coarse
prismatic structure; A (?) horizon of Sangamon
Soil

Silt, dark reddish-brown, clayey, sandy, coarse
prismatic to angular blocky jointing; B
horizon of Sangamon Soil (fig. 18)

Silt, pink to white, very calcareous, very
coarse blocky structure, weakly cemented
with CaC03

Silt, reddish-brown, sandy and pebbly near
base, slightly calcareous, coarse prismatic
jointing, slightly hard when dry

Pierre Shale

276

Thickness
(feet)

0.8

2-7

1.4

2.2

4.6-4.2

0-5.0
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