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GEOLOGY OF THE KASSLER QUADRANGLE, JEFFERSON AND DOUGLAS COUNTIES, COLORADO 

QUATERNARY GEOLOGY AND GEOMORPHIC HISTORY OF 
THE KASSLER QUADRANGLE, COLORADO 

BY GLENN R. ScoTT 

ABSTRACT 

'l'he Knssler qundrangle lies along the east flank of the Colo­
rndo ll'ront Uuuge, where it contains n variety of landforms and 
deposits. 'l'he principal landforms are mountains, hogbacks, 
pediments, and cnnyons and valleys. The deposits range in age 
and composition from Precambrian crystalline rocl\:s to Paleo­
l'.oic, Mesozoic, uud Cenozoic lithitied sedimentary rocks and 
surHcial deposits. 

'l'he sur1icial deposits were lnid down during several geo­
morphic cycles thnt consisted of downwnrd stream cutting, fol­
lowed by sideward stream cutting, nlluviation, wind erosion and 
deposition, nnd soil formation. Soil stratigraphy, physical geo­
logy, geomorphology, fossils, nrtifncts, and radiocarbon age 
determinations were the criteria used to differentiate and corre­
lnte the deposits. 

Soils formed at six times. Calcium carbonate enriched Brown 
soils are the most widespread ; acid Podz9lic soils are found only 
in the higher parts of the area where surficial deposits are 
uncommou. 

'l'he earliest event directly relnted to the surficial geology was 
the uplift of the Rocky Mountains in Late Cretaceous and early 
Tertiary time. The mountains were lowered cousiderably by 
erosion in middle and late Tertiary time, and high level erosion 
surfaces were cut on the Precambrian rocks. 

The geologic and geomorphic history of the Pleistocene in the 
quadrangle can be well detailed. The oldest deposits, the Rocl{y 
Flats alluvium, the Verdos alluvium and a Pearlette ash equiv­
nlent, and the Slocum alluvium, overlie broad stream-cut pedi­
ments that slope gently away from the mountains. On the three 
pre-,Yisconsin alluviums nre developed Brown soils of Sanga­
mon ('n, Ytu·mouth ( ·n, and Aftonian (?) age that have lime-free 
clay-enriched B horizons overlying thicl.: layers of caliche. Soil 
of Sangamon ( "l) age also is developed on an older loess that 
overlies the Slocum alluvium. Stream channels into the Slocum 
nlluvium were refilled with 11 strath of T.JOuviers alluvium, which 
Is course grained along the 1nnjor streams but fine grained along 
the small arroyos. A large assemblage of fossil mollusks and 
vertebrntes, including mammoth, camel, giant bison, and other 
extinct animals, is found in the Louviers alluvium. The Lou­
viers alluvium is further characterized by a thick layer of iron­
and manganese-stained micnceous silt containing wavy bedding 
nnd compaction structures called flow rolls. The Louviers, 
which is more than 10,000 years old, is overlain locally by a 
younger loess. A calcareous Brow.Q soB of ·wisconsin age is 
developed on the early 'Visconsin deposits. Channels in the 

·Louviers alluvium are filled with Broadway alluvium along the. 
large streams aiid with pre-Piney Creek alluvium along the small 
streams. 

Recent deposits are primarily alluvium but include some 
eolian sand and loess. Pre-Piney Creek alluvium, the oldest 
Recent deposit, was dated by radiocarbon as 5,500 years old. 
The pre-Piney Creek alluvium contains an Archaic culture. 
Eolian sand blown from soft bedrock and from stream alluvium 
overlies the pre-Piney Creek alluvium. An early Recent Brown 
soil is developed on the alluvium and on the eo'lian sand. 
Arroyos cut in late Recent time are filled with silty humic Piney 
Creek alluvium about 2,800 years old ; a late Recent Brown 
soil is developed on this alluvium. Small arroyos in the Piney 
Creek alluvium are partly filled with sandy post-Piney Creek 
alluvium, which contains pottery and artifacts of the 'Voodlan<l 
culture about ~,500 years old. Small unmappable deposits of 
late Recent eolian sand and loess also contai.hJartifacts of the 
Woodland culture. Modern arroyos are cut h:rPiney Creek and 
post-Piney Creek alluvium. Bog clay anr landslides occur 
at several places in the area. 

Deposits of alluvium contain sand, gravel, 'llld boulders that 
may be suitable for use as aggregate for concrete, as road metal, 
and as riprap. 

INTRODUCTION 

The l(assler quadrangle is mantled by surficial de­
posits of Quaternary age that provide an important 
geomorphic record which is broadly applicable along 
the east flank of the Front Range. · This report describes 
the deposits, and their soils and landforms, and explains 
the methods by which they have been distinguished. 
The section "Origin of the landforms" gives an inter­
pretation of these physical features in terms of their 
geomorphic evolution. 

The deposits were studied to obtain essential geologic 
information for engineering works planned by the 
Denver City Water Board and the U.S. Bureau of 
Reclamation. 

The l(assler quadrangle, an area of 57 square miles 
in central Colorado, is 18 miles south of Denver (fig. 1). 

The surficial deposits were mapped in 1953; fossils 
were collected and studied in 1954. The geology was 
plotted on aerial photographs and then transferred to 

1 
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FIGURE 1.-Map Showing location of Kassler quadrangle and ()ther places mentioned in text. 

the topographic map of the quadrangle at the scale 
1 :20,000. The distribution of the surficial deposits is 
shown on the surficial geologic map (pl. 1). 

Most of the deposits are well exposed in natural cuts 
such as arroyos or in artificial cuts such as roads and 
canals. Some pits and augerholes were dug to find 
the thickness and character of the surficial materials. 
Deposits that are more than 3 feet thick are mapped; 
those less than 3 feet thick are included in the under­
lying unit. 

ACKNOWLEDGMENTS 

Many ranchers 1nade their lands accessible for this 
survey. Ray E. Johnson, forest ranger at the Indian 
Creek ranger station in Pike National Forest, gave help­
ful information on roads and trails in the National 
Forest. James Slocum and E. H. Sterling, of pioneer 
families, gave much information on the history of the 
area and dates of arroyo cutting and deforestation. 

Specialists helped me on several parts of the investi-
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gation. Arnold ''Tithers, archaeologist of Denver Uni- I 

versity, examined several archaeological sites and with 
the assistance of his students, particularly David Bret­
ernitz, excavated four of the sites. Dwight ,V. Taylor 
and Cornelia C. Cameron, of the U.S. Geological Sur­
vey, identif-ied the mollusks and prepared a large report 
on them from which I abstracted the passages in this 
report. ~1ore than 200 vertebrate fossils were identified 
by Edward Lewis, of the U.S. Geological Survey, in 
collaboration with C. B. Schultz, T. ~1. Stout, a.nd L. G. 
Tanner, of t:he University of Nebraska State ~1useum 
and Geology Department. The fossil seeds were identi­
fied by R.. A. Scott, of the U.S. Geological Survey. The 
ostracodes were identified by I. G. Sohn, of the U.S. 
GeologicnJ Survey, and the charophytes by R.. E. Peck, 
of the University of ~1issouri. / 

I am particularly grateful to Gerald ~1. Richmond, 
of the U.S. Geological Survey, for advice given in the 
field and in the office on soils and on the Quaternary 
stratigraphy. 

PREVIOUS PUBLICATIONS 

The sur.ficial deposits of the quadrangle were not 
previously" described or mapped. Members of early 
Survey teams described in a general way the topo-· 
graphic features, particularly the even summits of the 
mountains and the lmifelike truncation of the hog­
backs. The lack of publications on the local geology 
is compensated by ·a large literature on the regional 
geology. 

Nearly all the regional reports describe the geomor­
phology. 7'he so-called peneplains in the mountains 
have aroused the 1nost interest. The pediments in the 
plains are the subject of fewer papers; the surficial 
deposits of the plains were neglected until recently 
when several articles were published by the U.S. Geo­
logical Survey. 

GEOGRAPHIC SETTING 

TOPOGRAPHIC FEATURES 

All the landforms of the qimdrangle lie within two 
physiographic divisions (Fenneman, 1931) : the Colo­
rado Piedmont section of the Great Plains physio­
graphic province a.t' altitudes of 5,500 to 6,500 feet and 
the R.ocky 1\tfountain Front R.ange at 5,600 to 8,050 feet. 
Streams have eroded these two divisions into moun­
tains, hogbacks, pediinents, and .~anyons and valleys. 
These landforms are the product of late Tertiary and 
Quaternary erosion, which was controlled by the struc­
ture and the hardness of the rocks . 

MOUNTAINS 

The mountains can be subdivided into those com­
posed of Pikes Peak granite and those com.posed of 
metamorphic rocks. Those composed of Pikes Peak 
granite in the south end of the quadrangle are gently 
rounded except for ]ocaJrugged peaks of hard granite. 
Their slight locaJ rel1ef, which is only about 500 feet, 
results from deep weathering and erosion of the coa,rse­
grained granite. "r eathered granitic debris covers the 
hills, which slope gently dow'iiward to broad debris­
fi]] eel valleys. 

The mountains to the northwest, which are composed 
of metamorphic rocks, are rugged, especially where 
cut by the canyons of the Soutl~ Platte R.iver and its 
tributaries. LocaJly, small, gently rounded· hills of 
granite lie within the rough terrane of the 1net~unorphic 
rocks. 

An erosion surface of Pliocene age beveled the n1oun­
tains at altitudes between 7,000 and 8,000 feet. This 
surface is now preserved as sn1oothed ridge tops and 
knobs of nearly equal height. Stream-deposited 'gravel 
lies on smne of these knobs in nearby areas of the Pine 
and Indian Hills qu1adrangles (fig. 1) at altitudes rang­
ing from 7,500 to 8,000 feet. As viewed from the east, 
the n1ountains present a ra.ther even smnmit line ex­
cept for son1e irregularities, some V -shaped canyons, and 
an east-facing escarpment that slopes steeply down to 
the level of the hogbacks. 

HOGBACKS 

The hogbacks, sh!arp ridges of upturned sedimentary 
rocks that lie parallel to the n1ountain front (figs. 2, 
6), range from 5,500 to 6,500 feet in altitude; some have 
more than 500 feet of relief. They are cmnposed of the 
hardest sediJnm1tary rocks in the area-sandstone, con­
glomerate, and lunestone. Their continuity is broken 
by water gaps, and their summits are truncated by pedi­
ments. 

PEDIMENTS 

':fhe pediments, alluviwn-covered broad bedrock floors 
of ancient streams, were eroded across both hard and 
soft rocks in early and middle Pleistocene time. Three 
pediments are recognized; the oldest and highest pedi­
lnent truncates the hogbacks and lies 350 feet above the 
stremns; the middle pediment tnincates only the softer 
rocks ·and lies 250 feet above the streams; the lowest 
pediment also trw1cates only the soft rocks and lies 
100 feet above the stremns. Only small rmnnants of 
the pedin1ents have survived later stream erosion. The 
slope of all three pediments, estimated from the slope 
of the material that covers the1n, is at least 100 feet per 
1nile. The bedrock surface itself may be steeper. The 



4 GEOLOGY OF THE KA!SSLE.R QUADRANGLE:, COLORADO 

V) 

c~ 
"'0 
·~­.c Q) 

E.!: 
l:j= 
..,,!3 

0:5-

Not to scale 

FIGURE 2.-Diagrammatic sketch of outcrop expression of bedrock showing the relative prominence of the ridge-forming unlts. 

cover on the pediments, locally more than 35 feet thick, 
conJSists of coarse alluvium that was deposited by 
streams. 

CANYONS AND VALLEYS 

Deep V -shaped cha1mels cut through the Precambrian 
rocks in the w~tern part of the quadrangle are called 
canyons; broad shallow channels cut through the sedi­
mentary rocks and surficial deposits in the eastern part 
of the quadrangle a .. re called valleys. · 

The canyons are characterized by steep gradients, 
great depth, thin alluvial fills, and large blocks of 
bedrock that litter the slopes and bottoms. Gradients 
range from 70 feet per mile 'along the South Platte 
River to 500 feet per mile along small tributaries. W a­
terfalls plunge nearly 60 feet to the level of the river 
near the mouths of some tributaries. The river lies more 
than 2,000 feet below the summit level of the surround­
ing mountains; smaller canyons are more than 500 feet 
deep and generally contain many 5- to 10-foot CJascades 
over bedrock. Alluvium is rarely more than 10 feet 
thick along these canyons, but along the river it may be 
20 feet thick; there it contains many large boulders 
that partly block the river. Boulders also clog the small 
streams and cr~ate small waterfalls and large brush 
piles, which block the paths along the streams. The 
source of the boulders is the adjoining slopes, where 
rocks are perched in various degrees of stability. Talus 
is uncommon, possibly because the climate is too wet or 
because the rocks are softened too much by faults to 
stand steeply. 

Most of the canyons are along faults; only a few are 
superposed across faults. · 'Vhere a canyon extends 
from hard unfaulted into soft faulted rocks, the stremn 
emerges from a sharply constricted valley with a bed­
rock floor and passes into a broad alluviated valley. 
'Vhere a stream in a fault valley nears the mountain 
front or the South Platte canyon, the broad valley js 
breached by the stream's abrupt plunge to a lower ·alti­
tude. vVhether faulted or not, the South Platte canyon 
and the other canyons cha .. nge to broad valleys where 
they leave the mountains. 

The vall~y:s east of the mountains are wide flat-floored 
terrace-bordered channels occupied by quiet, braided 
streams, that flow over thick deposits of fine- to medium­
grained alluvium. Here, the valley walls of the htrger 
streams are only about 100 feet hjgh and slope gently 
down to bro.:'td terraces that border the stream and then 
down to a flat flood plain. Nearly 100 feet of alluvium 
underlies the flooq plain of Plum Creek and more than 
30 feet underlies that of the South Platte River. 
Smaller valleys 'also are· broad and contain thick ac­
cumulations of alluvimn. The size of the valleys is 
proportional to the size of the strean1s that cut them. 

DRAINAGE 

The plains area of the quadrangle is drained by five 
perennial streams and many ephemeral streams. 
Ephemeral streams are powerful cutting agents in the 
spring. No surface water flows in these ephen1eral 
stream valleys the rest of the year, but an underflow 
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continues even in the summer in the ephemeral stream 
beds east of the mountains. In the small mountain 
canyons, springs enter here and there and the water 
flows for a few hundred feet before it evaporates or 
sinks into the ground. 

The flow of water in the ephemeral streams is great­
est after cloudbursts, when runoff is fast. · Cloudbursts 
n.re generally of short duration and confined to small 
areas, but the prec!pitation is heavy (as much as 18 
.inches in a day) and the flash floods swift and destruc­
tive. ''T11ter runs over the steep pediments in a sheet 
which may be 6 inches thick. Despite the. coarseness 
of the alluvium, infiltrn,tion is probably less than an 
inch per hour. l\{ost of the bedrock deposits are finer 
grained than aJluvium and have even slower infiltration 
rates; therefore, ~t great quantity of runoff enters the 
streams in a short time. 

CLIMATE 

The quadrangle is in an 1trea of continental and t~m­
perate clim1tte. Summers are long aJld warm; w·inters 
are short and cold. Atmospheric pressure is about· 83 
percent of that at sea level, and the humidity averages 
53 percent. Average rainfall is slight and evapora­
tion is high. W eruther is changeable and difficult to 
predict because of the rain shadow effect of the Con­
tinental Divide. 

TEMPERATURE 

Extre1nes of tem.perature can take place within 24 
hours; however, extended periods of subzero weather or 
temperatures above 100°F are rare (see the follow­
ing table). The extreme m.axi1num for a 10 year period 
at J(assler was 103°F and the extreme minimum was 
-32°F. The average date of the last killing frost at 
J(assler is l\{ay 6 and of the first is October 5-an aver­
age frost-free season of 152 days. The ground becomes 
frozen about the n1iddle of December, but the depth 

Forty-yea?' p1'ecip·itation and temperat1tre averages at Kassler, Colo. 

[From records of U.S. Weather Bureau] 

Period 

January _______________________ _ 
February ______________________ _ 
March _________________________ _ 

~~:~~========================= June __________________________ _ 

JulY----------------------------Augu.st ________________________ _ 
September _____________________ _ 
October ________________________ _ 
November _____________________ -
December ______________________ _ 

Annual _________________ --

655743 q - 63 - 2 

Precipitation 
(inches) 

0. 42 
. 75 

1. 33 
2. 63 
2. 36 
1. 64 
1. 91 
1. 81 
1. 51 
1. 36 
. 75 
. 87 

•17. 34 

Temperature 
(oF) 

32. 6 
36. 3 
39. 5 
49. 7 
58. 1 
68. 4 
74.0 
72. 4 
65. 8 
55. 6 
41. 9 
36.4 
52. 6 

of frost penetration (average 2 feet) depends on the ex­
posure and altitude. Frost goes deeper and stays longer 
on north-facing slopes. 

PRECIPITATION 

The climate is characterized by li1nited and variable 
rainfall and high eva,poration. Precipitation is barely 
above 15 inches (see table above), the line between semi­
arid and humid climate, but it is well distributed, most 
of it falling between l\{arch and October. The pre­
cipitation of the winter months falls as snow and is 
preserved, especially on the north-facing slopes, until 
spring, when the wa,ter soaks into the ground before 
plru1t growth begins. Hail, commonly accompanied by 
strong wind, falls occasionally in early summer and 
creates a hazard to farm crops. 

WINDS 

The quadrangle has long been swept by winds. Old 
eolian deposits are now part of the stratigraphic 
column. These ancient winds, as inferTed from the 
deposits, blew from the northwest. 

The prevailing wind still blows from the northwest, 
and is strongest. in th~ spring and fall. Gusts of wind 
precede thunderstorms; dust darkens the sky on suc­
cessive windy days. The dust is picked up frmn freshly 
plowed fields, from dirt roads, and from stream bottoms 
by winds that blow off the Front Range, funnel clown 
the valleys between pediments, and, sweep eastward 
across eastern Colorado. Small spiraling winds (dust 
devils) accompany the northwesterly winds, but tor­
nadoes and hurricanes are not known in this area. 

SOILS 

In describing the surficial deposits of the Kassler 
quadrangle, some terms are employed in this report 
that are used by soil scientists to describe certain fea­
tures usually disregarded in geologic literature. These 
terms are defined in the Soil Survey Manual (U.S. 
Dept. of Agriculture, 1951, pp. 189-203). . 

Designation of color follows the usage suggested by 
the Soil Survey Manual. The symbols are taken from 
the Munsell S<?il color charts (Munsell Color Co., 1954) 
which were used during mapping. 

The predominant soils in the quadrangle belong to 
two great soil groups: the Brown soils characterized by 
a horizon of calcium carbonate in the parent 1naterial, 
and the Podzolic soils characterized by a lack of cal­
cium carbonate. The two groups overlap in distribu­
tion; Brown soils are found below 6,500 feet altitude, 
and Podzolic soils are found above 5,900 feet altitude. 
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The horizons shown in figure 3 (defined by U.S. 
Dept. Agriculture, 1951, 1957) were used in the map­
ping or are described in the report, although not all 
are superposed in a single profile ns they are shown in 
figure 3. 

The. duff layer or A 0 horizon and the ashy A2 horizon 
are limited to the Podzolic soils in the higher parts of 
the area. The A1, B2, Bca, and Cca horizons are typical 
of the Brown soils in the lower parts of the area. The 
G horizon is 'limited to the soils formed on bog deposits. 

In this report, horizon designations indicate what 
processes have made the soil; for instance, Bca indicates 
that calci mn carbonate of a younger soil has been car­
ried downwa.rd and precipitated in the B horizon of 
an older soil; Cca indicates that calcium carbonate has 
enriched the upper part of the parent material. 

The B horizon is thicker in the older, more strongly 
developed soils, and is much thicker in a coarse-grained 
soil than in a fine-grained soil because water can per­
colate more easily through coarse-grained material than 
through fine-grained. A clayey soil is likely to have 
a well-defined structure; a sandy soil, on the other hand, 

may be structureless. A wet environment speeds ag­
gregation of soil particles by ( 1) producing more clay 
by decomposition of parent material and (2) moving 
the clay down into the B horizon where the greatest 
structural development takes place. 

For identification of soils, color of the B horizon is 
most reliable, but is different for the soils of each age; . 
the older are dusky red, the younger are, in order, reel­
dish brown, yellowish brown, and grayish brown. The 
colors of the B horizons a:re plotted on a graph 1~'! figure 

. 4 which shows that color is a diagnostic correlative fea­
ture. Color that is the result of soil development gen­
eraJly does not n1ask original strong colors in parent 
material. '\Veakly colored parent· material, however, 
is readily changed to shades of yellow or brown by 
precipitation of iron and clay in the B horizon. 

Structure of the B horizons of the soils of a certain 
age is the same only in soils of like texture. Coarse­
grained soils generally are structureless; fine-grained 
soils have well-defined prismatic or columnar structure. 
The size, distinctness, and shape of the structure de­
pends primarily on the amount of clay in the B horizon. 

Ao Organic debris, party decomposed, in podzolic soils 

Horizons of maximum biological activity 
of eluviation (removal of materials 
dissolved or suspended in water), or 
both 

The 
Solum ---------------~-------1 

Horizons of illuviation (of accumulation 
of suspended material from A) or of 
maximum clay accumulation, or of 
blocky or prismatic structure,or both 

The weathered parent material from which tiJe solum 
developed 

Bca ~ ~ 

Dark-colored horizon with a high content of organic matter 
mixed with mineral matter 

Light-colored horizon of maximum eluviation prominent in 
podzolic soils 

Transitional to A, but more like B 

Maximum accumulation of silicate clay minerals or of iron 
and organic matter; maximum development of blocky or 
prismatic structure; or both 

Coatings of calcium carbonate along joints in the 8 horizon 

Gley layers such as bog soils 

Layers of accumulated calcium carbonate 

[U.S. Dept. of Agriculture, 1951, p. 175] 

FIGURE 3.-Prlncipal horizons of the soil profile. 
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SOIL AGE 

Hue Afton ian(?) Yarmouth(?) Sangamon(?) Wisconsin Early Recent Late Recent 
(; 

0 
2.5 

EXPLANATION 

• R 5 One observation 
(red) 

7.5 
@ 

Two or more observations 

10 - = 
0 - ""' 

2.5 
YR 

5 @ @ 
(orange) • 

7.5 @ @ 

10 -r-,. - = 
0 ~ 

=' - = 

2.5 
@ 

y 
5 (yellow) 
7.5 

10 I I I I I. I I I I I I I I I I I I I 

2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 

CHROMA. 

ll'wuu1a 4.-Color of B horizons of soils developed on Quaternary alluvium. (Color symbols from soil color charts, Munsell Color Co., 1954.) · 

Clay content appears to be proportional to the degree 
of soil development, but soils that are formed of clayey 
parent mn.ter.ial do contn.in n1ore clay in the B horizon. 
Because the degree of soil development is greater in the 
older soils and less in the younger soils, the older soils 
have better defined structure. 

In such older soils, structure commonly is developed 
in the A horizon, B horizon, and even in the upper part 
of the parent material. Smne soil scientists would in­
elude in the B horizon of such a. soil every pa1t of the 
profile in ·which structure is developed. Where only 
a single soil is being described, this practice is all right, 
but, for instance, where a thin layer of alluvium buries 
n.n earlier soil a,nd then a younger soil is formed on the 
n.lluvinm, the structural features of the younger B hori­
zon may be superposed ·on the older A horizon, the B 
horizon, and possibly on the older Cca horizon. The 
use of the tenn "13 horizon" for all parts of this profile 
that contain structure would disguise the real genesis 
of the pro.file. vVhere possible the parts of such a pro­
file are so designated thn.t their 1node of origin becames 
clear. This is done by subscripts. The term "Ab hori­
zon" means that a younger B horizon was developed on 
an older A horizon. The tenn "Bca" means that cal­
cium carbonate from a younger soil accumulated in the 
B horizon of an older soil. Other ho:r;.izon designations 
are compounded in like manner for other problems of 
superposition. 

Consistence of' the B horizon is nearly the same in 

soils of the same age and texture, but varies as the 
amount of ch\y varies. Clayey B horizons are sticky 
and plastic regardless of their age, but their hardness 
correlates well with age. The beds in an old clayey B 
horizon are extremely hard; in a young clayey B horizon 
they are soft. As the texture becmnes coarser, the B 
hori~on becomes less sticky, less plastic, and softer, but 
the older soils of a particular original texture are more 
sticky, plastic, and hard simply because the older soils 
are more strongly developed and clay has had more 
time to form. 

Reaction of the soils was measured in the field in 
terms of pH with a small commercial colorimetric kit. 
Because pH was not detennined in the laboratory and 
may be only a close approximation of the true value, it 
is expressed in words that represent a range of pH as 
measured in the .field as follows : 

pH 
Strongly acid ________________________________ 5.1-5.5 
Medium acid ________________________________ 5.6-6.0 
Slightly acid ________________________________ 6.1-6.5 · 

Neutral ------------------------------------ 6.6-7.3 
Mildly alkaline ______________________________ 7.4-7.8 
Moderately alk.aline ________ ....: _________________ 7.9-8.4 
Strongly alkaline ____________________________ 8.5-9.0 

Reaction of undisturbed B horizons developed in 
identicnJ parent material is the same in soils of the same 
age, but is more acid in the older soils. B horizons of 
older soils generally are disturbed by erosion if at the 
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surface or by the later accumulation of calcium carbo­
nate if buried. The detailed stratigraphic sections in 
this report, which were chosen because they showed the 
superposition of several deposits and soils, show sec­
ondary calcium carbonate in the B horizon of almost 
every soil. Obviously then, the only soils in which the 
reaction of the B horizon is not changed are uneroded 
soils at the surface. 

USE OF ANCIENT SOILS AS STRATIGRAPHIC MARKERS 

Ancient soils were used as markers in the Quaternary 
stratigraphy of the quadrangle because they are wide­
spread and easily differentiated from each other as a 
result of development during several widespread Qua­
ternary climatic intervals of slope stability and weather­
ing. Regardless of parent material or topography, 
each weathering interval produced a soil that is dis­
tinguishable from the soils of the other intervals. The 
soils were identified by their uniform profile char­
acteristics, which were not changed by later environ­
ments but are much the same whether the soils are buried 
or relict at the surface. The soil horizons were a.ffe.cted 
differently by such subsequent influences as superposi­
tion of weak soils, slight erosion, or burial. 

The A horizon is readily changed by plants, by the 
deposition of humus, and especially hy slight erosion. 
The lack of A horizons as part of most of the old soils 
is generally attributed to this erosion; however, the 
absence of a humic layer may he due to leaching or 
oxidation of the organic ·matter or to fixed carbon in 
th~ A horizon. A marked progressive decrease in gray­
ness that may be due to leaching or oxidation was ob­
served between the A horizons of the younger and the 
older soils in the area. If a chemical process can reduce 
the grayness of the A horizon, then leaching or oxida­
tion rather than erosion may be the reason why no 
original A horizons are seen in the oldest soils. 

The B horizon was found to be the most reliable hori­
zon to describe and correlate; it is very little affected 
by the addition of humus, by slight erosion, or by the 
superposition of later weak soils. The diagnostic fea­
tures of the B horizon include the thickness, color, struc­
ture, consistence, and reaction. The intensity of these 
features determines what is called the "degree of de­
velopment" of the soil. The B horizon of one soil may 
be consistently thicker, redder, more blocky, and more 
plastic, and may have a lower pH than the B horizon 
of another soil. The profile of the first soil is said to 
be better developed than the profile of the second. The 
terms that are used in this report to express this relative 
degree of development are: "weakly developed," 

"moderately developed," "strongly developed," n,nd 
"very strongly developed." 

The Cca horizon in the parent material generally is 
very little disturbed by subsequent burial, slight erosion, 
or superposition of a weak soil. The amount of cal­
cium carbonate in the Cca hoi·izon depends on the 
amount available nearby. Near a source of calciun1 car­
bonate, the Cca horizon is generally thicker a.nd contains 
a greater concentration of calcium carbonate than the 
average for a particular soil. 

At a particular altitude, the soils of different geo­
logic ages differ considerably in degrees of development. 
Generally the older soils-whether buried or expos~il 
at the surface-are more strongly developed than the 
younger. The soils that were used as stratigraphic 
markers in the J(assler quadrangle from old to young 
progress from very strong to weak; their names and 
sequence of development are : . 

Soils ot the Kassler qu.a(lrangle 

Aye Dcvelopm en t 
Late Recent ______________________________ 'Veak. 
Early Recent_ ____________________________ Moderate. 
VVisconsin ________________________________ Strong. 

Sangamon ( ?) ----------------------------· Very strong. 
Yarmouth ( ?) ----------------------------- Do. 
Aftonian ( ?) ------------------------------ Do. 

A strongly developed soil exposed at the surface was 
little affected by later soil-forming processes that only 
produced a weakly developed soil on fresh parent ma­
terial. Therefore, because most of the older soils are 
the most fully developed and did not lose their identity 
because of later soil-forming processes, the older soils 
exposed at the surface were . used as stratigntphic 
markers with as much confidence as were the older 
soils buried by yotmger deposits. 

PROBLEMS IN THE USE OF SOILS AS STRATIGRAPHIC MARKERS 

Problems arise in the use of soils as stratigraphic 
markers o'ving to differences in the original degree of 
development of the soil and to disturbances of the pro­
file after the· soil was formed, especially by climatic, 
vegetational, and geologic processes. ·Differences in the 
original soil resulted from differences in the altitude 
and the vegetation under which the soil developed. 
These major differences in the soil, herein_called facies 
by analogy with the use of that tenn for lateral changes 
in rocks, range from a Podzolic facies in the mountains 
to a Brown soil facies on the plains. These different 
facies, related to a change in altitude, are typical of 
mountain soils. For instance, Marbut ( 1935, pl. 78) 
described four soil belts in the mountains of western 
United States where Brown soils encircle the base of 
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the mountains and Podzolic soils are near the tQp. 8. A partly eroded soil was buried by a Inter deposit. 
Thorp (1931) described a similar succession of soils 9. A soil that developed on the later deposit extended 
.in the Big I-I01·n l\{ountains of ·v\ry~nning where soils down into the older soil. 
enriched with calcimn carbonate lie near the base of All these combinations were seen in the ICassler quad­
the mount:tins and Podzolic soils lie near the top. rangle. 
These mountain soil facies are a.lmost the same as the The following are some of the principles that have 
great soil groups, which cover a wide r_ange of latitude, been worked out to solve the problem of combinations of 
but in the mountains the great soil groups are tele- erosion, burial, and later soil fo11nation: ( 1) if a soil 
scoped into narrow nJtitude zones. remains undisturbed at the earth~s surface, it is the 

Although each facies is related closely to ~1n altitude product of aU soil-forming periods since the parent 
zone, the soils differ primarily because they were de- material was deposited; (2) if the upper part of ;·a .. soil 
veloped under different-vegetation. A soil developed (A horizon or part of B horizon) is missi11g, the soil 
under grass has a calcareous profile; a soil developed probably was eroded after development; ( 3 9 either an 
under deeiduous or coniferous trees has an acid profile. eroded soil or a buried soil may have been the product 

. T,he boundary between these two facies is interfinger- of severaJ periods of soil development; ( 4) a buried soil 
ing and gradationn1 because it fo11ows the bound- is not necessarily ancient and a soil at the surface is 
aries be;tween zones of vegetation. The two facies are not necessarily modern. 
not eas.ily recognized as soils of the same age, although Distinctive ancient soils a.re preserved, as shown in 
a strongly developed soil of one facies is also strongly table 1, at six sepanute horizo~1s, and the oldest soils 
developed in another facies; genera.lly one facies can be are the most strongly developed. The soils of ''Tisconsin 
traced into the other, or their physiographic identity and Recent ages are less strongly developed than the 
can be demonstrated. pre-,~Visconsin and may be differentiated from them, but 

Disturbances of the profile after a soil was formed the pre-vVisconsin soils can be differentiated from each 
were caused mainly by changes in climate. A change other only by tl~eir geomorphic or stn11tigraphic asso­
in clim.n.te :1ltered -the soil by driving the deciduous trees ciations. "There they are not separable in this way they 
out onto the Brown soils of the plains or the grass are simply called pre-vVisconsin soils. 
up onto the Podzolic soils of the mountains. Similarly 
an increase in tempern,ture n.nd a decrease in precipita­
tion caused cnlcificn,tion of some soils, and a decrease 
in tem.per:tture :1nd an :increase in precipitation caused 
podzolizn.tion. Climatic fluctuations i'n Pleistocene time 
must have caused many such facies chang~s, but becaus~ 
climatic change completely converted all the soils over 
n. widespread area, facies clutnges resulting from 
climatic changes were not as difficult to interpret as the 
disturbances caused by locnJ geologic processes. 

Erosion nnd deposition were the two main geologic 
processes tl1'at disturbed the soil. ~1any changes were 
made in. the .soi.ls by combinations of erosion, 4eposi­
tion, a,nd later soil formation. Some of the possibilities 
n.re listed : 
1. The soil at the earth's surface remained undisturbed. 
2. A later soil was superposed, on the older soil. 
3. The soil was buried under a later deposit, and thus 

rmnoved from the sur:face enviromnent. 
4. A soil that developed on the Jater deposit extended 

down into the older uneroded soil. 
5. The soil was completely eroded. 
6. The soil was partly eroded. 
7. A later soil was developed on an erosion surface cut 

across the older soil. 

GEOLOGY 

PRE-QUATERNARY ROCKS 

The surficia-l deposits are underlain by both crystal­
line and sedi1nentary rocks which are listed below and 
shown on figure 2. The oldest of the crystalline rocks 
are several very c01nplex Precambrian gneisses and 
migmatites, which are cut by two granite bodies of 
later Preca1nbrian age. The sedimentary rocks ·are 
marine and nonmarine shale, sandstone, and limestone 
ranging in age from late Paleozoic to early Cenozoic. 
The Precambrian crystalline roch"'S were intruded by 
early Paleozoic sandstone dikes and early Cenozoic da,rk 
igneous dikes. The following table shows the detailed 
sequence of pre-Quaternary bedrock units that crop 
out in the ICassler quadrangle. 

STRUCTURE 

The J(assler quadrangle contains a large fold and 
many faults that have affected the geomorphic evolu­
tion of the area. The fold is the monoclinal fold along 
the east fl·ank of the Front Range that formed as the 
mountains rose. The core of the fold is occupied by 
Precambrian crystalline rocks in the mountainous west­
ern half of the quadrangle. The flanks of the fold are 
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Pre-Q~taternary stratig1·aphy of the Kassle·r quadrangle 

Era System Series Formation and member 

Cenozoic 'rertiary Paleocene Dawson arkose 

Laramie formation 

Fox Hills sandstone 

Upper Pierre shale Hygienesandstonemem ber 

Cretaceous Smoky Hill shale member 
Niobrara ---------

formation Fort Hays limestone mem-
ber 

Mesozoic Graneros shale, Greenhorn limestone and 
Carlile shale, undifferentiated 

Lower Lytle and South Platte formations, undif-
ferentiated (Dakota group) 

Morrison formation 
Jurassic Upper 

Ralston Creek formation 

Triassic(?) Strain shale member of 
LeRoy 

Glennon limestone mem-
Lykins ber of LeRoy 

Permian(?) formation 
Harriman and Bergen shale 

Paleozoic members of LeRoy, un-
differentiated 

Permian Lyons sandstone 

Pennsylvanian Fountain formation 

Cambrian I Upper Sandstone dikes 

Pegmatite 

Pikes Peak granite 

Biotite-muscovite granite 

Quartz diorite and hornblendite 

Gneissic granite 

Hornblende granite gneiss 

Precambrian Sillimanite granite gneiss 

Granite gneiss and migmatite 

Lime silicate gneiss 

Amphibolite 

Biotite-quartz gneiss 

Sillimanitic biotite-quartz gneiss 

Quartzite 

represented by the steep ridges of eastward-dipping 
sedimentary rocks. 

The faults have strongly influenced the topography 
of the quadrangle. Most of the faults in the mountains 
are northwest-trending and the streams have excavated 
their valleys in the weakened rocks along these faults. 
The minor faults and fractures did not soften the rocks 
as much; consequently they are not followed by streams, 
but do make saddles where the faults cross the ridges. 
The faults in the sedimentary rocks are north-trending 

strike faults that generally thin the stratigraphic sec­
tion. One of these frmlts follows the Fountain forma­
tion (see stratigraphic chart) across the qtutdrangle 
and has weakened it so that this fa.ulted belt wns 
eroded more easily than the rest of the Fountain. At 
the south end of the quadrangle ~ctnother large fault cuts 

·out all the shale and other fine-grained sedimentary 
rocks, and brings sandstone and conglomerate of the 
Dawson arkose (see stratigraphic chart) into contact 
with the Precambrian rocks. For this reason, the sur­
ficial deposits from this small area lack fine-grained 
sediments. In summary, the tocks of the Front Range 
monocline and the local faults have established the 
framework that controlled the location, the kind, and 
the arrangement of all the later geomorphic features. 

QUATERNARY DEPOSITS 

The Quaternary deposits in the l(assler quadrangle 
are of four principal kinds: alluvium and colluvium, 

Species 

c itellus sp. (ground squirrel)-- --- --

c ynomys sp. (prairie dog) --------

homomys sp. (western pocket gopher)--T 

u rsus horribilis (grizzly bear)------

M ammuthus (Parelephas) columbi (mam-

moth)----------------

~----------------

quus sp. (horse)------------

amelops sp. (camel) -- .,---------

anupolama sp. (llama)--- ------

docoileus hemionus (mule deer) -----

ison antiquus (bison) ---------
~-----------------

Wnn----------------

Formation 

Pleistocene Recent 

» 
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FIGURE 5.-Stratigraphic occurrences and ranges of Pleistocene and 
Recent mammals in the Kassler quadrangle 
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windblown sand and loess, bog deposits, and landslides 
(table 1; pl. 1). Only a few alluvial deposits in the 
mountn.ins are large enough to be mapped. Although 
rocks on the steeper slopes in the mountains are gen­
erally covered by colluvium, the cover, which commonly 
is soil, is so thin that it was not mapped. 

nostic in the younger alluviun1 but are too scarce and 
poorly preserved to be of much help in dating the older 
alluvium. Figure 5 summarizes the stratigraphic oc­
currences and ranges of the vertebrate fossils. 

Fossil seeds were collected frmn fine alluvium of three 
different ri.ges. Ostracodes and zygospores of Oha/ra 
were fow1d in one sa,mple of alluvimn that was collected 
for 1nollusks; however, the seeds, ostracodes, and charo­
phytes are not well enough kn()wn nor abundant enough 
to be of stratigraphic value. 

Fossil mollusks were systematically collected in 50-
to 100-pound samples, washed from their matrix on a 
No. 20 screen (U.S. standard series), dried, and sepa­
rated. As a general rule, mollusks were found only in 
the parent m.ater.ial of Quaternary deposits (the lower 
part of the deposit) ; they had been leached out of the 
soil above the parent material. Table 2 shows the strat­
igraphic distribution of all the mollusks 1n the 
quadrn,ngle. 

Archeology and radioca.rbon dating were useful for 
·differentiating the youngest deposits. The older arti­
f~tct-bearing deposits contain no pottery; the younger 
cGntain two kinds of pottery that are of slightly differ- . 
ent patterns and ages. Stone artifacts were of son1e use 
because the shapes of projectile points varied enough 
between one deposit and the next younger to be diag­
nostic. The younger deposits were susceptible to dating 
by radiocarbon. Sufficient charcoal, wood, and bone 
were found to date four different deposits. 

Foss.il vertebrate remains were excavated sys~emati­
cally at one richly productive area, but were collected 

. frmn other deposits only in the .course of mapping. 
1\{ost of the rodent bones came from samples washed for 
n1ollusks. Vertebrate fossils are abundant and diag-

System 

Quatomary 

~'AuLE 1.-Qttate1'1ta1'Y deposits, seqttence of events, and h'isto1·y of life in the Kassle1· quad1·angle 

Series Stage or substage Formation (pl. 1) 
Maximum 
thickness 

(feet) 
Geologic event History of lifo 

-------------------------------- -------------- Valley cutting _____________________ Historic-Upper Republican 
culture. 

Loess and eolian sand_________ 5 Deposition by wind_______________ Protohistoric-ceramic Wood-
land culture. 

Post-Piney Creek alluvium___ 11 Alluviation (1,490±160 •>---------- Do. 
Late _________ ------ ___________ ----------- ____________ ------ __ ____ _ _____ __ Valley cutting ___________ ------ ___ _ 

Soil formation (late Recent) ______ _ 
-Pili'ey-C~cekaii~~iu_m __ ~~====== -----------25- Alluviation_ ---------------------- Preceramic Woodland culture. 

H.eeont____ __ Bog clay __ -------------------- 6 ------------------------ ___________ _ 
Landslides __ ---------------- ___ -------- ________ -------------- __________________ _ 

__ __ --------------------- _______ ------------ __ Valley cutting __________ ------ ____ _ 

-------------------------------- -------------- Soil formation (early Recent) _____ _ 
Eolian sand___________________ 10 Deposition by wind ______________ _ 

EarlY---------------------- Pre-Piney Creek alluvium____ 40 Alluviation (5,450-5,780±160 •) ____ Archaic culture, warmth-

Valley cutting ____________________ _ 
loving mollusks. 

Late ________ Broadway alluvium___________ 35 Alluviation _______________________ Early man in North America. 
____ ------- _____ ------ __________ ------- _______ Valley cutting ________ ------- _____ _ 

wtsconsln~ __ , _____ ,_Yoiiri'icriiiess================= ------------5- b0~~~~f~o~ig~ ~{~~~~~:~~~======== 
Early Louviers alluvium ___________ _ 91 Alluviation (10,200±350 •>--------- Mammoth, c!lmel, giant bison, 

and cold-loving mollusks. Valley cutting ____________________ _ 

Plolstoccuo__ Sangamon ________________________ ----------------------- ___ --------- ____ _ 
Illinoian_------------------ Older loess____________________ 4 

Soil formation (Sangamon?) ______ _ 
Deposition by wind ______________ _ 

Slocum alluvium______________ 90 Alluviation ___________ ------------
Pedimentation ___________________ _ 

Warmth-loving mollusks. 

Yarmouth ___ ---------- ____ ======================= ========= = ======== ===== 
Valley cutting ____________________ _ 
Soil formation (Yarmouth?) ______ _ 

Kansan_------------------- Verdos alluvium_------------" 35 Alluviation ______ ------------ ____ _ 
Pedimentation ___________________ _ 

Afton! an ___________________ = = = == = = = == = = = = = = == = = = = = = = == = = = = = = = = = == = = = = == == 
Valley cutting _____ ----------------
Soil formation (Aftonian?) _ -------

Nebraskan_________________ Rocky Flats alluvium_________ 40 Alluviation _ -------- _________ -----
Pedimentation ___________________ _ 
Valley cutting-----.----------------

1 U.S. Goo!. Survey radiocarbon age, in years (H.ubin q.nd Suess, 1956; Rubin and Alexander, 1958). 



12 GEOLOGY OF THE KASSLER QUADRANGLE·, COLORADO 

TABLE 2.-Stratigraphic distribution of Quaternary mollusks in formations of the Kassler quadrangle 

[Identifications by D. W. Taylor and C. C. Cameron. cf, not certainly identified but resembles the species listed;'?, may be the species listed. Arranged according to Thiele 
(1931)] 

Species 

Gastropods: 

Formation 

Pleistocene Recent 

Verdos Slocum Louviers Younger Pre-Piney Eolian 
alluvium alluvium alluvium loess Creek sand 

alluvium 

Piney 
Creek 

alluvium 

Carychium exiguum (Say) ______________________________________________ X ________________________ X 
Lymnaea bulimoides Lea_______________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ X _______________ _ 

caperata Say_____________________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X 

~~~!~~iss(Kitiii~;)~~=============================== ======== ======== ~ ======== ================_X ____ -parva Lea________________________________________________________ X X ________ X X 
sp- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -·- - - - - - - - - - - - - - - - - - X X _ - _ - _ - _ _ _ - - - - - _ - X Gyraulus parvus (Sa_y) _________________________________________________ X ________________________ X 

ct. z~~i~~~-;;a-r~-89.;,:=::::::::::::::::::::::::::::::~ :::::::: -~----- ~ ~ :::::::: _x ______ x ____ _ 
cf. uccinea grosvenori Lea_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X · X X _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ ______ _ 
cf. Succinea _______________________ _ :. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X 
Cionella lubrica (Mi.iller)_______________________________ ________ ________ X _______________________________ _ 
Columella alticola (Ingersoll)__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X 
l'ertigo gouldi basidens Pilsbry and Vanatta______________________________ X _______________________________ _ 

:V~~~s~~i~~~~ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ~ ~ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

Pupi!~8~z:~~-~f~~i)=_= ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = = = ~ ~ ~ ~ = = = = ~ = ~ = ~ = = = = = = = = = -~---- - : ~::::: : ~::::: = = = = = = = = _ ~ _____ : ~:::: : 
sp- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - - X 

Pupoides albilabris (C. B. Adams)______________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ X 
hordaceus (Gabb) ____________________ .., _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _______________ _ 
inornatus Vanatta ________________________________________ X X ________ X _______________ _ 

Gastrocopta armifera (Say) _____________________________________________ X ________ X ________ X 
cristata (Pilsbry and Vanatta)______________________ _ _____ _ _ _ __ __ _ __ _ __ __ _ _ _ _ __ _ _ _ _ _ X _______________ _ 
holzinqeri (Sterki) _________________________________ 'C. _______________ X ______________ .:. _________ X 
pellucida hordeacella (Pilsbry) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X ---- ____ - __ - ___________________________ _ 
procera (Gould)----------------------------------- ________________ X _______________________________ _ 
tappaniana (C. B. Adams)_________________________________________ X ________________________ X 

vallonia cyclophorella Ancey _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X X _ _ _ _ _ _ _ _ X X 
gracilicosta Reinhardt_ ___________________________ ·_ _ _ _ _ _ _ _ _ X X _ _ _ _ _ _ _ _ X X X 
parvula Sterki _____________ ._ _ _ _ __ _ _ __ _ _ _ _ __ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X 

Punctum minutissimum (Lea) ___________________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _______________________________ _ 
Helicodiscus singleyanus (Pilsbry) _______________________________ -------- X _______________________________ _ 
Hawaiia minuscula (Binney)------------~-------------- ________ X X ________ X ----.---- X 
Retinella electrina (Gould) ______________________________________ -.------- X _______________________________ _ 
Zonitoides arboreus (Say)______________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ X 
Zonitid___ ____ __ ______ __ __ __ _ _ _ _ __ ____ _ _ _ _ _ ___ _ _ __ __ _ _ ____ _ _ _ X _______________________________________ _ 
Deroceras sp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ______ _ 
Euconulusfulvus alaskensis (Pilsbry) ____________________________ -------- X ________________________ X 
Oreohelix _____________________________________________________ - ___ - --- --- _--- - - --- ____ - - - -- - -- --- - ---- ? 

Pelecypods: 
Pisidium casertanum (Poli)----------------------------- ________ -------- X _______________________________ _ 

compressum Prime ________________________________________ -------- X --------· _______________________ _ 
obtusale Pfeiffer___________________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ cf _______________________________ _ 
sp _ - - ______________________________ -- ____ . ____ -- ___ ------ - ___ ---- --- _---- ----- __________________ - X 

Sphaerium sp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _______ - _ _ _ _ _ _ _ X _______________________________ _ 

ROCKY FLATS ALLUVIUM 

The term Rocky Flats alluvium was applied by Scott 
(1960) to that alluvium which lies on the second erosion 
surface below the Rocky Mountain surface and above 
the Verdos alluvium. The Rocky Flats alluvium, which 
consists of 10 to 40 feet of reddish-brown, poorly sorted 
stony coarse sand, was once widespread over the Kassler 
quadrangle east of the mountains, but is now restricted 
to the tops of ridges and knobs from the center to the 

northeast corner of the quadrangle and in the south­
east corner of the quadrangle. A very ~trong clayey 
soil was developed on the Rocky Flats alluvimn possi­
bly in Aftonian time. 

The term Rocky Flats is taken from a pediment 
(Malde, 1955, p. 223) in the Louisville and Golden 
quadrangles, Colorado (fig. 1), and the type locality 
is designated as the gravel pit at the east edge of Rocky 
Flats in the NW~SvV~ sec. 23, T. 2 S., R. 70 vV. Sec-



QUATERNARY GEOLOGY AND GEOMORPHIC HISTORY 13 

tion 1, measured at the type locality, is proposed as the 
type section. The total thickness of the Rocky Flats 
alluvium at the type loca.lity prdbably is as 1nuch as 50 
feet. 

1. Section of the Roclcy Flnts alluviumt meas1wed at the type 
local-ity in the NWl!t,SlV:t;,i, sec. 23, T. 2 S., R. "10 W. 

[l\Iensm·erl with tape] 

Rocky Flats alluvium: 
Pre-"'isoonsin (Afton ian?) soil : 

Soil horizo.n B2 : 
·cobbles in n weak-red clayey matrix 

(lOll 4/4), sandy, pebbly. Oontains 
much ferric iron oxide. Mostly sc,hist 
and gneiss frngments that crumble 
easily. Some quartzite frngments that 
split readily nnd huve a soft rind. 

Structure: medium strong grunulur. 
Consistence: sticl.:y, plastic, hard. 
Reaction: medium ucid. 

Feet 

Boundury: clear ____________ _:_____ 1. 0:....3. 4 

Soil horizon C., .. : 
Pebbles in a very pale brown (10YR 

S/3) to yellowish-brown (5YR 4/8) 
silty calcium carbonate matrix; sandy. 
Total deposit uppears to be more than 
one-half sund size or finer material, 
but cobbles and boulders ns much as 
20 in. in maximum dimension are 
fairly common. ~rhe calcium carbonate 
concentration is massive at top and 
streaky at l.>ottom. A crust of calcium 
cnrbounte is on the bottom of each 
stone. Cont:nins local 2-ft. thicl;;: hard 
bed of calcium carl.>onate (caliche) at 
top. DeJlOsit becomes less calcareous 
townrd bottom where it contains 4 ft. 
of sand or sandy silt layers with few 
stones. 

Structure: medium strong platy. 
Consistence: slightly sticky, non­

plastic. 
Reaction: moderately allmline ____ _ 20.0 

Measured thicl.:ness------------------------- 21. 0-23. 4 

DESCRIPTION 

The Rocky Flats alluvium is a reddish-brown coarse­
grained, poorly stratified deposit of locally derived 
rocks. l\iost rocks are pink; some are white, gray, 
black, or very dark green. These colors are masked by 
brown, reddish-brown and dusky-red iron oxide that 
coats the rocks. The alluvium is composed of boulders, 
cobbles, pebbles, and sn.nd bound .together by clay. 
Grain size is coarser toward the mountains. Three 
boulders greater than 6 feet in maximum dimension 
were seen and others tha.t exceed 3 feet in maximum di­
mension are common. l\iost grains are equant and sub­
angular; the grain surface is irregular or rough. 

055743 0 - 03 - 3 

Grains are arranged in layers roughly sorted by size. 
The grains are 77 to 90 percent granitic rocks and min­
erals from granitic rocks, 7 to 20 percent biotite-quartz 
gneiss, amphibolite, and calcium silicate rocks, and 3 
percent clay ironstone and sandstone. The matrix and 
cementing material is kaolinitic clay strongly stained 
by iron oxide. Clay is most abundant in the upper 
part where the alluvium is the most firmly compacted. 

The greater abundance of clay in the upper part to­
gether with a reduction in numbers of metamorphic and 
sedimentary rocks may be due to weathering. l\ieta­
morphic gneiss and sedimentary rocks are more easily 
destroyed by weathering than are igneous rocks. In 
a fresh exposure about one-third of. the rocks are so 
soft that they may be crushed by hand. vVeathering 
apparently altered part of the rocks to kaolin and iron 
oxide. 

Section 2 is typical of the Rocky Flats alluvium in 
the l(assler quadrangle. 

2. Sect·ion meas1well o·n slope ot pediment in the center NE¥4 sec. 
25, 1'. "' S., R. 69 W. 

[Measured with tape by Scott and R. D. l\:Illler) 

Feet 

Recent colluvium: Clay, very dark gray (N3) ; sandy, 

hulllic --------------------------------------------- 0.5 
Rocky Fiats alluvium : 

Sand, very dusky red (lOR 2/2) ; hard, very clayey 
B horizon______________________________________ 2.0 

Sand, dusky-red (lOR 3/4) ; with pebbles and cobbles_ 7. 0 
Sand, reddish-brown (5YR 5/4) ; clayey, deeply 

weathered contains cobbles; pebbles break in hand_ 12. 0 
Sand, reddish-brown (5Y.R 5/4) ; contains pebbles, 

clayey layers___________________________________ LO 
Sand, reddish-brown (5YR 4/4) ; micaceous, deeply 

weathered; ~ontains angular to subangular pebbles 
and cobbles of granitic rock. Most rocks disinte-
grate readilY----------------------------------- 15.0 

Sand, red (lOR 4/6.) ; coarse, very clayey, micaceous_ 1. 5 
Sand, light reddish-brown (5YR 6/4) ; coarse, clayey, 

micaceous ------------------------------------­
Sand, ·dusky-red (lOR 3/4) ; coarse, very clayey, mi-

.8 

caceous---------------------------------------- 1.1 

Total Rocky l!"'lats alluvium_____________________ 40. 4 
Nonconformity. 
Fountain formation. 

Section 2 has the greatest thickness observed in the 
q mtdrangle. Measurement .of true thickness is com p] i­
cated at most places by the veneer of slopewash that 
covers the lmver contact. The only complete sections 
that could be found are near the mountains; many of 
the outlying remnants have been thinned to less than 
10 fee~. 

DISTRIBUTION 

In the l(assler quadrangle, the Rocky Flats alluvium 
is preserved as rocky knobs and slopes paved with rock. 
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The contact bet\;veen the alluvium and the underlying 
bedrock, 'vhich consists of steeply dipping sediment'ary 
rocks of Tertiary and older age, can be detected by 
springs that flow from the base of the alluvium and by 
scattered outcrops of bedrock. The topographic ex­
pression of the alluvium, which aids in the mapping 
and the correlation of isolated outcrops, is that of a 
pediment cover that slopes away from the mountains. 
In 41h miles the alluvium decreases in altitude from 
6,600 feet to 5,900 feet; the gradient near the mountain 
front is about 250 feet per mile but decreases to about 
100 feet per mile farther out. · 

formation and the Dakota group (fig. 17) in this area 
also are remnants of this surface. Other remnants are 
along the east side of the Dakota hogback and south 
of Wildcat Mountain in the southeastern quarter of the 
quadrangle. 

The altitude and gradient of the erosion surface were 
governed by the streams that flowed from the moun­
tain front. The surface was highest near the mountain 
front and where the streams were farthest apart, and 
lowest away from the mountain front and where major 
streams emerged from the mountains. The present 
altitude of the erosion surface on the sedimentary rocks 

"Jj"IGURE 6.-Roxborough Park from the south. Hogbacks of Fountain formation and Dakota group are truncated by the highest pediment. 
Small remnants of the)owest pediment at middle left. Carpenter Peak on skyline at left. 

UNCONFORMITY BENEATH THE ROCKY FLATS ALLUVIUM 

The unconformity on which the Rocky Flats alluvium 
was deposited is a pediment that may be traced for many 
miles ·along the mountain front. It is preserved as a 
gently sloping broad surface (fig. 20) overlain by de­
posits of Rocky Flats alluvium. It may also be cor­
related by nick-points-remnants of former valleys of 
streams that cut the surface-preserved on faceted spurs 
in the Precambrian rocks (figs. 7, 8) . This surface 
topographic·ally is abou't 1,()00 feet below the Rocky 
Mountain surface and 100 feet above the erosion surface 
beneath the Verdos alluvium (fig. 22). 

In the I\::assler quadrangle, .the pediment beneath the 
Rocky Flats alluvium is well exposed at the south end 
of Roxborough Park (figs. 6, 17) in the central part 
of the qtl'adrangle. The accordant tops of the Fountain 

ranges from 5,750 feet near Plum Crook to 6,600 feet 
at the south end of Roxborough Park. The surface can 
be traced into the Precambrian terrane at the south end 
of Roxborough Park to an altitude of 6,850 feet. A 
projection of this surface south from the Littleton quad­
rangle (fig. 24) shows that it lies about 380 feet above 
the South Platte River. In Roxborough Park, the 
surface is about 350 feet above Willow Creek. The 
grade of the surface is east toward Plum Creek and 
north toward the South Platte River; the gradients 
range from 230 feet per mile near the mountain front 
to 100 feet per mile near Plum Creek. 

The streams that formed this surface had a constant 
base level over- a period of time long enough to almost 
completely level the rocks in front of the mountains and 
to grade the stream floors for many miles back into the 
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mountains (.fig. 21). In the l(assler quadrangle, the 
only i·ocks that stood above the completed surface in 
front of the mountains were a few small ridges of the 
Dakota group south of Roxborough Park (sec. 30, T. 
7 S., R. 79 "r·; pl. 1) and the Dawson arkose at Wildcat 
l\1ountain. Remnants of the graded floors in the moun­
tain vn11eys are preserved in the Slh sec. 2'3, in sec. 25, in 
sec. 26, T. 7 S., R. 69 '\V., and along J arre Creek, Indian 
Creek, Bear Creek, and l\1ill Gulch where they now are 
eovered by Recent alluvium. Remnants of the stream 
vn.lleys are nJso preserved -as nick-points in the mol.1ntain 
front (fig. 7). Later drainage development has isolated 
these nick-points on top of eastward-facing triangular 
facets at altitudes of 5,950 to 6,700. Good examples in 
the l(assler quadrangle are in sec. 25, T. 7 S., R. 69 1V. 

The erosion surface in the l(assler quadrangle, and 
its related nick-points and valley floor remnants, may 
be co~Teh1ted with the erosion surface below the Rocky 
Flats alluvium at its type locality north of Golden, 

Colo., by comparing the accordant eroded surfaces on 
sedimentary rocks in front of the mountains, and by 
tracing the nick-points and valley floor remnants along 
the mountain front. 

ORIGIN 

The Rocky Flats alluvimn was deposited by streams 
flowing no'rtheastward from the Front Range, and is 
composed in part of rocks derived from the Front Range. 
The streams were graded to a base level tlutt was static 
for a long time, for they previ(msly had cut an extensive 
flat surface across bedrock. Plum Creek and the South 
Platte River-local base level-may have filled with 
sediment from the mountains until they could no longer 
carry away the load that was being supplied across the 
pediment. The rising base level caused deposition of 
alluvium on the pediment. The alluvium on the large 
remnant of the pediment in the center of the quadrangle 
is composed mostly of granite derived from the biotite-

Fwuum 7.-Faceted spurs resulting from dissection of highest pediment. 
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n1uscovite granite on which part of the pediment is cut. 
The small remnants of alluvium south of 'Vildcat Moun­
tajn ·are composed mostly of Pikes Peak granite. Gneiss, 
schist, and quartzite form part of every deposit. Each 
sedimentary rock unit supplied material to the alluvium 
downstream. 

AGE 

The Rocky Flats alluvium is considered to be of 
Nebraskan or Aftonian 'age because it is older, but ap­
parently not much older, than the Verdos alluvium of 
l{ansan or Yarmouth age. 

The Rocky Flats alluvium lies fa,r below the projected 
surface of Ogallala fonnation (Pliocene), which must 
originally have covered 'the Castle Rock conglomerate 
on the high area near Franktown and Elbert, Colo. 
(fig. 1). 

SOIL OF AFTONIAN(?) AGE 

A very strongly developed soil, probably of late Af­
tonian age, lies in the upper part of the Rocky Flats 
alluvium. The soil occurs only in outcrops of the Rocky 
Flats alluvium, which range in altitude between 5,900 
and 6,650 feet. Within this range of altitude, the soil 
is developed in only one facies, a Podzolic facies. Malde 
( 1955, p. 255) described two other :facies of this soil: 
a Brown soil and a Brown Forest soil facies, neither of 
which was found in the Kassler quadrangle. The in­
ferred age of the soil is based on its stratigraphic posi­
tion. The soil has lain at the earth's surface ever since' 
it began to form; therefore it actually is the product of· 
all soil-forming episodes since the original soil was 
formed. 

A good exposure of the Aftonian ( ? ) soil was not 
seen, but two of the best exposures are described and the 
climate during development inferred. The best section 
measured was in.Rocky Flats alluvium in th·e center of 
the NE~ sec. 25, T. 7 S., R. 69 W.; it is shown in section 
2. Another good exposure was found in the SE:l4 sec. 
18, T. 7 S., R. 68 W. The soil is exposed there at the 
ground surface; the original A horizon is eroded a way. 
Recent humic colluvium overlies the B horizon discon­
formably. The color of the B horizon is dusky red (fig. 
4). The texture now is very clayey although it may 
have been more granular before development of the soil. 
The structure is coarse, strong, and blocky; the consis­
tence is very sticky, very plastic, and very hard. The 
reaction is medium acid. The climate that is inferred 
from this Podzolic soil is wetter and possibly cooler than 
now. Scrub oak trees may have grown on the Rocky 
Flats alluvium in the Kassler quadrangle. 

VERDOS ALLUVIUM . 

The term Verdos alluvium was ·applied by Scott 
(1960) to that alluvium which lie.s on the third erosion 

surface below the Rocky l\1ountain surface and above 
the Slocum alluvium. The Verdos alluvium, which con­
sists of 16 to 35 feet of brown well-stratified coarse sand 
with some larger stones and a possible equivalent of the 
Pearlette ash bed, was once widespread over the l(assler 
quadrangle east of the mountains, but is now restricted 
to the tops of long mesas and isolated hills in the eastern 
half of the quadrangle. A very strongly developed soil 
was formed on the Verdos alluvium probably in Yar..: 
mouth time. 

The term V erdos is taken from the V erdos Ranch in 
the Littleton quadrangle, Colorado, and the type locality 
is designated as the exposure on the slope of a pediment 
in the NE:l4N'Vl4SE:l4 sec. 22, T. 6 S., R. 69 ,V. Sec­
tion 3, measured at the type locality, is proposed as the 
type section. 

3. Section of the Verdos all·ztvium measured at the type locaUt11 
in the NE 14NW1,4SE:Ift sec. 22, 1'. G S., R. 69 W., Littleton 
quadrangle 

[Measured with haJHl level] 

Peet 
Verdos alluvium: 

Yarmouth ( ?) soil: 
Soil horizons ABC : 

Gravel, clayey, and boulders and cobble's; 

not well exposed 
Boundary: clear______________________ 9.0 

Soil horizon C : 
Silt, very pale brown ( lOYR 7/3) to light 

bro,vnish-gray (lOYR 6/2) ; contains vol­
canic ash. 

Structure: medium moderate prismatic 
to structureless ; bedded. 

Consistence: nonsticky, nonplastic, soft 
to loose. 

Reaction: mildly alkaline. 
Boundary: graduaL__________________ 3. 0 

Ash, white (lOYR 8/1), clean. 

N onco.nformi ty. 

Structure: platy, bedded. 
Consistence: nonsticky, nonplastie, soft. 
Reaction; mildly allmline. 
Boundary: abrupt____________________ ~3 

(This ash bed is 11 ft. thick on the south 
side of pediment.) 

Total measured thickness (rounded)_ 16. 0 

Pierre shale (Hygiene sandstone member). 

DESCRIPTION 

The Verdos alluvium is a thick stratified deposit of 
firmly cmnpacted brown coa.rse sand that contains some 
boulders of metamorphic and igneous rocks. The color 
is brown, yellowish brown, and, in the zone of calcium 
carbonate accumulation, yellowish gray. The grain 
size is predominantly coarse sand in equant rounded 
to sub angular grains. Pebbles and cobbles are common; 
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boulders larger than 2 feet in maximum dimension are 
abundant, and a few boulders larger than 5 feet were 
seen. Silt is more abundant in the upper part of the 
n.lluv.ium. The grains a.re well sorted in the lower parts 
of the deposits remote from the mounta.ins but are 
poorly sorted near the mountains. The alluvium is 
composed of 50 to 75 percent granite, granite gneiss, 
n.nd minerals from granitic rocks. A minor part is 
composed of sedimentary rocks and nongranitic meta­
morphic and jgneous rocks. The metamorphic rocks are 
most abundant in the northern part of the a.rea; igneous 
rocks are most abundant southeast of Roxborough Park. 
'\T elded tuff derived from the area, around Castle Rock 
wn.s deposited in the Verdos alluvium by Plum Creek 
as :far west as the center of sec. 30, T. 6 S., R. 68 W. 
Sedimentary rocks are more abundant in the V erdos 
n.lluvium than in the Rocky F.htts because more hills 
of sedimentary rock protruded through the Verdos al­
luvium than through the Rocky Flats. 

~1ost of the rocks in the alluvium are weathered. The 
wea.thering took place both before and after the rocks 
were deposited in the alluvium. The most decomposed 
rocks are the gneisses and sedimentary rocks which 
crumble easily in the hands. The granite pegmatite and 
rtrnphibolite are not decomposed. 

The alluvium is weakly ·cemented by clay or calcium 
carbonate. Clay is concentrated at the top of the allu-

.vium and is spread through the rest of the alluvium 
sufficiently to hold it in near-verticn.l banks. Calcium 
carbonate generally impregnates the upper one-third of 
the alluvium and locally cements it to the consistence of 
soft limestone. 

Stratification is 'vell developed in the lower part of 
the alluvimn where individual beds are 1 to 6 inches 
thick. ~1any beds are planar cross-stratified, that is, a 
lower bed is beveled before an upper bed is deposited. 
Trough stratification-the result of cham1eling and sub­
sequent deposition-is more rare. The channels in 
trough cross-stratificati.on may be 2 to 6 feet deep, They 
are filled with ·coarse material and some contain perched 
ground water. 

The thiclo1ess of the alluviun1 ranges from 16 to 35 
feet. This range is due partly to the difference in depth 
of longitudinal channels in bedrock beneath the allu­
vium and partly to the greater thickness of alluvium 
near the local base-level streHJns such as Plum Creek and 
Indian Creek. The alluvimn on many bedrock knobs 
that are remnants of the erosion surface beneath the 
Verdos alluvium is only a 1- to 2-foot thick pavement 
of cobbles and boulders, n1ost of the finer alluvium hav­
ing been eroded. 

An ash lens in the Verdos alluvium has been discov­
ered elsewhere in the Denver area. Eight localities are 
now known. The importance of the volcanic ash to the 
age and geomorphic history of the Verdos alluvimn 
warrants detailed listing of the localities: 

1. Barr Lake, Brighton quadrangle, NE%NW%­
SE%, sec. 15, T. 1 S., R. 66 ,V., in cut of Chicago, Bur­
lington, and Quincy Railroad on southeast side of U.S. 
Highway 6. Discovered by M:. R. ~1udge. 

2. V erdos Ranch, Littleton quadrangle, SE14 sec. 22, 
T. 6 S., R. 69 vV., on slopes of Verdos pediment. Dis­
covered by Scott. 

3. Ralston Reservoir) Golden quadrangle, NE% sec. 
32, T. 2 S., R. 70 W., in open pit in Ralston pediment. 
Discovered by Richard Van Horn. 

4. Graveyard Hill, Golden quadrangle, SE%NE% 
sec. 28, T. 3 S., R. 70 W., in excavations for houses. 
Discovered by Richard Van Horn. 

5. North valley wall of ClearQCreek, Golden quad­
rangle, N'V%SW% sec. 28, T. 3 S., R. 70 W., in trench 
prospect for Laramie clay. Discovered by Richard Van 
Horn. 

6. Marston Lake, Fort Logan quadrangle, NE%NE14 
sec. 12, T. 5 S., R. 69 ,V., in gravel pit, now backfilled. 
This is the original deposit discovered by C. B. Hunt 
(1954, p. 96). 

7. Henrys Lake, Fort Logan quadrangle, NE%S,iV% 
sec. 2, T. 5 S., R. 69 vV., in gravel pit. Discovered by 
Scott. 

8. vVest of. Pleasant View, ~1ot:rison quadrangle, 
NWlti sec. 11, T. 4 S., R. 70 vV., in gravel pit. Dis­
covered by Richard Van I-Iorn. 
The volcanic ash generally lies at the base of the alluvi­
um. Pure ·ash is overlain by, and gr~tdes upward into, 
a thick layer of ash contan1inated by silt or clay. 

The pure ash is white, of fine or medium sand size, 
and is composed of small curved triangles, plates, and 
bubbles of glass th~tt nre well sorted by size. Included 
in the glass at the type locality of the V erdos a1luviun1 
is gemmy green pyroxene, black prisms of chevkinite, 
long needles of deep-brown hornblende, magnetite, and 
ilmenite, all identified by H. A. Powers (oral commu­
nication, 1958) of the U.S. Geological Survey. The 
other deposits listed above have comparable chemical 
and mineralogica.l cha.1'aeteristics. 

All the ash examined was deposited by wruter, and the 
stratification in the ash resulted from reconcentration · 
by streams. .. 

Quantitative spectrogntphic analyses of the ash from 
the Verdos alluvium, and of the Pearlette ash member 
of the Sappa formation from Nuckolls County, Nebr., 
and Meade County, l(ans., were made by the U.S. Geo-
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logical Survey to compare the quantities of the minor 
elements. Samples C581 and E1833 were cleaned and 
the phenocrysts were removed by Powers. The follow­
ing table shows the results of the analyses. The quanti­
ties of the minor elements in the volcanic ash from the 
V erdos alluvium are similar enough to indicate that it 
came from the same vent as the Pearlette ash member 
and may even have been part of the same ash fall 
(H. A. Powers, oral communication, 1958). 

Qua-ntitative spectro{J1·aphic analuse8, in percent, of Pcm·lette 
a8h eq1t'ivalent in Venlo8 alluvhtm mul of the Pearlette (t8h 

member frorn J(ansa,<; wnd Neln·aska 

[Analyst, Paul R. Barnett, U.S. Geological Survey] 

Constituent 

B _______________________________ 9 ______ _ 
Ba ____________________________________ _ 
Be _____________________________________ _ 
Cr _____________________________________ _ 
Cu ___________________ -------------- ___ _ 
Fe _____________________________________ _ 
Ga _________ ------------ _______________ _ 
La _____________________________________ _ 
Mn ____________________________________ _ 
Mo ____________________________________ _ 
Nb ____________________________________ _ 
Pb ___ .. _______ ----- _--------------------Sn _____________________________________ _ 
Sr _____________________________________ _ 
Ti _____________________________________ _ v ______________________________________ _ 
y-------- ------------------------------Yb ____________________________________ _ 
Zr _____________________________________ _ 

Sample 

Pearlette ash Pearlette ash Pearlette ash 
equivalent member member 

(C966) (Cii81) (E1833) 

0.001 
.1 
.0008 
. 0001 
.0007 

1 
0 0025 
0 008 
.02 
.0005 
.006 
.004 
. 001 
.04 
.05 

<.0002 
.007 
.0007 
.02 

0.002 
.03 
.001 
.0001 
. 0007 

1 
.002 
0 01 
.02 
. 0007 
.006 
.004 
.0006 
0 001 
.06 
.0002 
.008 
.0007 
.02 

<0.001 
.01 
.0008 
0 0001 
.0004 

1 
. 0026 
.01 
.02 
.0006 
.007 
.004 
.001 
.0001 
.08 

<.0002 
.010 
.001 
.025 

C966: Verdos Ranch, Littleton quadrangle, SEH sec. 32, T. 6 S., R. 69 W., from 
Verdos alluvium. · 

C581: Nuckolls County, Nebr .. sec. 34, T. 1 N., R. 8 W. Collected by L. P. Buck, 
U.S. Geol. Survey. 

E1833: Meade County, Kans., NW~4 sec. 21. T. 33 S., R. 28 W., between the Borchers 
and Cudahy faunas (Hibbard, 1948, p. 594). 

Looked for but not detected: Ag, As, Au, Bi, Co, Cd, Ge, In, Ni, Pt, Sb, Sc, Ta, 
Th, Tl, U, W, and Zn. Phenocrysts not removed from sample C966; therefore, con­
tamination by feldspar is noted in Ba and Sr. 

Ada Swineford of the Kansas Geological Survey 
examined the ash from Marston Lake (loc. 6, p. 17) at 
the request of C.B. Hunt (1954, p. 97). She found it to 
be very similar to the Pearlette ash member, but differ­
ent from the Tertiary ashes of l{ansas. However, Hunt 
( 1954, p. 97) ~easoned that if the cobble alluvium UJt 
the base of the Broadway terrace in Denver is of pre­
Wisconsin (Yarmouth?) age, "The high gravels [185 
feet above the South Platte River] south of Bear Creek 
must be much older. They could be as old as Pliocene." 
The discovery that the youngest pre-Wisconsin pedi­
ment which underlies the Slocum alluvium is about 80 
to 100 feet above the modern streams indicates that the 
cobble alluvium at the base of the Broadway terrace 
can hardly be of Yarmouth age. Rather, it now seems 
probable that the cobble alluvium is of early Wiscon­
sin age (inasmuch as it contains fossils of Wisconsin 
age) and that the dense layer of calcium carbonate on 

the pebb.Jes wa:s concentrated by ground water, for no 
other parts of 'a soil profile are present. The high 
gravels south of Bear Creek are now considered to be 
of l(ansan age, partly because they contain a possible 
equivalent of the Pearlette ash and partly because of 
their geomorphic position. 

DISTRIBUTION 

In the l(assler quadrangle Verdos alluvium crops 
out as remnants of former valley fills. Remnants of the 
Verdos. alluvium cap long sloping pediments in the 
southern part of the quadrangle, and cap knobs of bed­
rock in the northern part. All these remnants lie on 
a gently sloping but nearly flat surface cut across dip­
ping sedimentary rocks. The topographic expression 
of the alluvium is a pediment cover that slopes north­
eastward a way frmn the mountains. The altitude on 
the alluvium near the n1ountains is 6,500 feet, near Plum 
Creek about 5,850 feet. The characteristic slope is 150 
f~et per mile. 

UNCONFORMITY BENEATH THE VERDOS ALLUVIUM 

An intermediate widespread pediment, which can be 
traced for many miles along the mountain front, was 
cut across bedrock between the time Rocky Flats al­
luvium was deposited and Verdos alluvium was de­
posirted. It originally \vas extensive but is now preserved 
as gently sloping narrow surfaces (fig. 20) overlain by 
Verdos aJluvium. The surface topographically lies 
100 feet below the pediment benea.th the Rocky Flats 
alluviun1 (fig. 7) and 150 feet above the pediment 
beneath the Slocum alluvium. 

In tlie l(assler quadrangle the pediment lies in the 
east half and is well exposed on remnants of truncated 
bedrock near Cann Hill. Short segments lie between 
the Dakota hogback a-nd the mountains south of Rox­
borough Park (fig. 8). A few remnants are wide and 
form well-preserved mesas, but most are eroded to nar­
row ridges or rounded hills. Bedrock under the pedi­
ment is steeply to gently dipping sedimentary rocks. 
The pediment generally was cut across softer bedrock 
than the rocks in the surface beneath the Rocky Flats 
alluvium. 

The pediment originally sloped smoothly away from 
the mountains and had little relief except for protru­
sions of higher surfaces or of bedrock. The slope 
averages 150 feet per mile and ranges in altitude from 
6,500 feet at the mountain front in sec. 30, T. 7 S., R. 
68 W., to 5,700 feet along Plmn Creek. The projected 
surface lies about 250 feet above the South Platte Ri ,·er. 
The surface configuration of the pediment is smooth 
except for loi1gitudinal cha.nnels and knobs in bedrock. 
The slopes of the two older pediments appear to con-
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FIGURE 8.-Intermediate pediment south of Roxborough Park: It lies 
belo>v high pediment in foreground and below facet ed spurs of high 
pedim ent cut on crys talline rocks along mountain front . Short grass 
in for eground, ponderosR pine on hog·back of Dakota group ·at left 
center , thick growth of Douglas-fir on north-facing slope in moun­
tains a t ri ght center. 

verge toward Plum Creek (base level for both pedi­
m,ents) and the South Plat te River. The pediment be­
neath the Verdos alluvium also was graded to \iVillow 
Creek, Indian Creek and J arre Creek. 

The pediment in the I(assler quadrangle can be traced 
to the pediment beneath the Verdos alluvium at its type 
locality in the Littleton quadrangle .north of l(assler, 
Colo., by the accordance of eroded surfaces of the sedi-
1nentary rocks in front of the mountains and by the 
height above modern streams. 

FOSSILS AND ORIGIN 

·The only fossils found are mollusks, which are sparse 
because of the coarseness of the alluvium. Cf. Succinea 
grosvenori 'Lea (table 2) was collected at locality 91. 
It is a terrestrial gastropod that commonly lives on 
flood plains near water. 

The Verdos alluvium was deposited by streams flow­
ing northeastward £rom the Front Range and is com­
posed of rocks from the Rocky Flats alluvium and from 
the sedimentary, metamorphic, and igneous rocks of 
the Front Range. 

AGE 

The Verdos alluvium is considered to be of Kansan 
or Yarmouth age for the following reasons: 

1. The pediment under the Verdos alluvium is the 
second oldest in the quadrangle. 

2. The V erdos alluvium has a Yarmouth ( ? ) soil de­
veloped on it. 

3. The alluvium locally contains.an'ash bed that is 
probably the same as both the Pearlette ash member 
of the Sappa formation of Y a:rmouth or l{ansan age 

of Nebraska (Condra, Reed, and Gordon, 1950, p. 22-
24) and the type Pearlette ash of l(ansas (Cragin, 
1896). 

SOIL OF YARMOUTH(?) AGE 

A very strongly developed soil, probably of late Yar­
mouth age, formed in the upper part of the V erdos 
alluvium.· The soil occurs only in the outcrops of Ver­
dos alluvium and in the older exposed deposits. In all 
but the highest part of its range of altitude the soil is 
developed in a Brown soil f&.cies; in the higher range 
of altitude the soil locally is acid or Podzolic. The in­
ferred age of the soil is based on its stratigraphic posi­
tion. Except where the soil is buried, it has lain at the 
earth's surface ever since it began to form; therefore 
it actually is the product of all soil-forming episodes 
since the original soil was formed. '' 

From many good exposures (see sec. 3) the following 
description and clim.a.tic inference are presented con­
cerning the soil of Yarmouth ( ? ) age. The Brown soil 
facies of the soil contains a thick humic A horizon 
except where it has been eroded, a thick clayey reddish­
brown (fig. 4) B horizon which may be partly eroded, 
and a thick Cca horizon. The B horizon generally is 
developed on brown coarse pebbly sand that contains 
enough clay to show a coarse strong columnar structure 
and a sticky plastic hard consistence. The reaction of 
the B horizon is medium acid. The Cca horizon of the 
parent material contains a layer of yellowish-gray cal­
cium carbonate 1 to 2 feet thick. Calcium carbonate 
also extends downward along cracks in the parent ma­
terial and qoats the undersides of most of the stones. 
From the presence of calcium carbonate in the soil the 
inference is made that the soil formed under grass in a 
somewhat arid climate. The climate may have been 
slightly cooler than now but warmer than the climate 
in which the Afton ian ( ? ) soil developed. 

SLOCUM ALLUVIUM 

The term Slocum alluvium was applied by Scott 
(1960) to that alluvium which lies on the fourth ero­
sion surface below the Rocky Mountain surface and 
above the Louviers alluvium. The Slocun1 alluvium, 
which consists of 10 to 90 feet of n1oderate reddish­
brown, well-stratified clayey coarse sand with lenticular 
beds of pebbles and silt, was deposited over about one­
third of the northern part of the Kassler quadrangle. 
A very strongly developed · soil was formed on the 
Slocum alluvium possibly in Sangamon time. 

The term Slocum was taken frmn the Slocum Ranch 
in the l(assler quadrangle, and the type locality was 
designated as the exposure in a quarry face of the Fort 
Hays limestone member of the Niobrara formation in 
the SW~NvV~ sec. 35, T. 6 S., R. 69 W. Section 4, 
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measured at the type locality, is proposed as the type 
section. Two interfingering :facies of the alluvium are 
mapped: alluvium on pediments and alluvium in fill 
terraces. 

DESCRIPTION 

The Slocum al1uvimn on the pediments is a thick, 
stratified deposit of firmly compacted coarse sand and 
boulders of igneous and metamorphic rocks. The color 
is reddish brown, moderate reddish brown, dark brown, · 
grayish brown, or yellowish brown. The predominantly 
coarse sand-size grains (70 percent in one deposit, table 
6) are equant rounded to subangular in shape. Boul­
ders and cobbles are less common than in the older allu­
vium. The grains are sorted into lenses of pebbles, sand, 
or silt. Silt, which may be partly of eolian origin, gen­
erally 'constitutes the upper 2 to 4 feet of the alluvium. 
One-inch pebbles are 78 percent granite and pegmatite, 
13 percent quartz, 3 percent biotite-gneiss and amphibo­
lite, and 6 percent sandstone and arkose. Clay, the 
matrix and cementing material, is most abundant in the 
lower part where the alluvium is also the most firmly 
compacted and is stained by iron oxide. 

The alluvium on the pediments is well stratified. 
Planar cross-stratification is characteristic of the thin 
sand beds in the lower part of the alluvium. Trough 
cross-stratification is characteristic of the thick channel 
beds that locally lie in the upper part. Some of the 
channels are 15 feet wide by 12 feet deep and contain 
boulders 15 inches in diameter. Most individual beds 
are only a few inches thick, but $Orne are more than 4 
feet thick. 

The following stratigraphic sections are typical of the 
Slocum alluvium on the pediments in the Kassler 
quadrangle: 
5. Section of the Slocttm a.llttvittm in stream cut in the SEY4NEY4 

sec. 12, T. 7 S., R. 69 W. (fig. 9) 

[Measured with tape] 
Slocum alluvium: Feet 

Clay, reddish-brown (5YR 5/4), sandy, pebbly; 
slightly disturbed by colluvial action; bedding 
mostly destroyed. Very strongly developed soil in 
upper 3 feet____________________________________ 4.0 

Pebbles, reddish-brown (5YR 5/4), mostly one-fourth 
in. in diameter. Unit contains cobbles and some 
boulders; has a silt and clay matrix. Well bedded. 
Most stones softened by weathering, and undersides 
coated with calcium carbonate___________________ 6. 0 

Silt and sand, reddish-brown ( 5YR 5/4) ; some peb­
bles. Beds undulating and lenslike. Gastropods in 
the more calcareous silt beds (loc. 94) ------------ 2. 0 

Pebbles, reddish-brown (5YR 5/4), mostly one-fourth 
in. in diameter nnd coarse sand__________________ 4. 0 

Bottom of arroyo : 
Measured thickness of Slocum alluvium___________ 16. 0 

6. Section of Slocum alluvium in smttheast-tren(ling a?T01.fO in 
tltc NE1Jp'!.JiJ1Jt .c.;rr·. :w, 'r. r; H., R. as w. 

[l\Ieasured with tape] 

Slocum alluvium: 
Pre-Wisconsin ( Sangamon '?) soil : 

Soil Horizon A1 : Feet 

Silt, light yellowish-brown (10YR6/4), hu-
mic, contains one-fourth-in. pebbles____ 2. fi 

Soil horizon B2cn : 
Silt, brown (7.5I'n 5/4), clayey; splotched 

calcium carbonate accumulation and joint 
fillings from superposed 'Visconsin soil. 

Structure: medium strong prismatic. 
Consistence: sticky, plastic, slightly 

hard. 
Boun.dary: abrupt ------------------- 3. 0 

Soil horizon Ccn : 
Silt, pinkish-white (7.GY U 8/2), friable; 

massive calcium carbonate accumulation. 
Structure: medium moderate prismatic. 
Consistence: slightly sticky, slightly 

plastic, soft. 
Reaction: moderately alkaline. 

Boundary: diffuse ------------------- 3.0 
Silt, brown (7.5Ylt 5/4), pebbly; contains 

bones ( loc. 96) . 
Structure: coarse strong columnar. 
Consisten<:e: sticky, plastic, hard. 
Reaction: moderately alkaline. 

Boundary: abrupt ------------------- 2~0 

Thickness of S l o c'u m alluvium 
(rounded)----------------------- 33.0 

Dawson arkose. 

7. Composite section of the younge1· and oldm· loess and Slocmn 

alluvium in two an·oyos at Roxbo'ro~t!Jh Park school in the 
SW1ANW% sec. 3(i, '1'. (j 8., R .. G9 lV. 

[Measured with hand level and tape by Scott and R. D. Miller] 

Younger loess : 
Wisconsin soil : 

Soil horizon A1 : Feet 

Clay, dark-brown (lOY R 3/3 when moist), 
silty, humic. 

Structure: fine weak granular. 
Consistence: very sticky, very plastic, 

soft. 
Reaction : mildly alkaline. 

Boundary: gradual ------------------ 1.0 
Soil horizon B2cn : 

Silt, brown (10YR 5/3 when moist), ·clayey; 
one-fourth-in. spots of calcium carbonate 
spaced 3 in. apart throughout layer ; con­
tains mollusks (loc. 99). 

Structure: fine moderate prismatic. 
Consistence: sticky, plastic, slightly 

hard. 
Reaction: moderately alkaline. 
Boundary: diffuse____________________ . 9 
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7. Oornposite section of the younge1· a;nd older loess and Slocurn 
aZlu,v·imn in two mToyos at RombCYt'01tUh Park school in the 
STV:tA,NTV% sec. 36, T. 6 S., R. 69 TV.-Continued 

Younger loess-Continued 
Wisconsin soil-Continued 

Soil horizo,n Cea : 
Silt, brown (lOYJl 5/3 when moist), clayey. 

Structure: medium strong columnar. 
Consistence: slightly sticky, plastic, 

slightly hard. 
Reaction: moderately alkaline; lA-in. 

nodules of calcium carbonate in upper 
part--------------~---------------- 1.9 

Thickness of younger loess---------------------- 3. 8 
Older loess : 

Pre-'Visconsin ( Sangamon?) soil : 
Soil horizon Ben : 

Sand, brown (lOYJl 5/3), silty. 
Structure : coarse moderate columnar. 
Consistence : slightly sticky, plastic, 

hnrd. 
Reaction: moderately allmline. 
Boundary: clear--------~------------- 1.1 

Slocum alluvium (part) : 
Soil horizon Ben : 

Sand, brown (7.5YR 5/4), pebbly, silty; 
becomes less silty Jn lower 1 foot, but con­
tains more pebbles. Vertical joints in up­
per 18 in. filled with 1- to 2-in. veins of 
cnlcimn cnrbonnte. 

Structure: coarse strong columnar. 
Consistence: slightly sticky, plastic, very 

hard. 
Reaction : moderately nllmline from sec­

ondary calcium carbonnte. Reaction 
of cnlcium carbonate veins: strongly 
allmline. 

Boundary: clear, wavy________________ 3. 8 
Soil horizon Cen : 

Sand, yellowish-brown (lOY R 6/4), coarse, 
pebbly ; upper part almost entirely white 
lime in 1- to 2-ft layer; contains rodent 
bones and burrows; contains aragonite 
and fossil fragments from underlying 
Pierre shale. 

Structure: very coarse moderate col_um­
nar. 

Consistence: slightly sticky, slightly 
plastic, hard. 

Renction : strongly allmline. 
Boundary: abrupt____________________ &6 

Thiclmess of Slocum nlluvium_____________________ 10. 4 
8. Section of Piney 0'1'ee1,; aml Slomun all1tviu.rn 1m, cvn arroyo in 

the SW1,4,SW1A, sec. 20, T. 7 S., R. 68W. 

[Measured w1tJh tape] 

Piney Creek flJl:luvitun: 
r.Jnte Recent soil : 

Soil horizon A1: 
Silt, dark yellowish-bro~vn (10YR 5/2), Fflet 

clayey, pebbly, humic___________________ 0. 7 

655743 0 - 63 - 4 

Nonconformity. 
Slocum alluv.ium (part) : 

Pre-Wisconsin ( Sangamon?) soil : 
Soil horizon B2 : 

Silt, dark reddish-brown (5YR 3/4), clayey, 
pebbly, prismatic structure _____________ _ 

Soil horizon Ccn : 
Sand, yellowish-brown (10YR 5/4), pebbly, 

cobbly, very calcareous ; cobbles 3 to 4 in. 
in diameter are completely replaced by cal-
cium carbonate ________________________ _ 

Feet 

1.8 

.8 

Thickness of Slocum alluvium___________________ 2. 6 

The Slocum alluvium in the fill terraces is finer 
grained and better sorted than the alluviun1 on the 
pediments. The color is moderate ·brown, reddish 
brown, grayish brown, or yellowish brown. The grain 
size is predominantly sand and one-half inch subanguhu·· 
to rounded pebbles. A 60-foot-thick bed of greenish­
gray micaceous clayey silt also was found in an auger 
hole along the west side of Phun Creek. l\1ost of the 
pebbles are quartz, feldspar, granite, and gneiss, but 
limonite, welded tuff, and petrified wood also are com­
l110ll. The alluvium in the terraces is well bedded and 
finely cross-stratified. 

Sections 4 and 9, which follow, are representative of 
the Slocmn alluvium in the fill terraces. 

4. Sect·ion of the Slocum allnviu.n~ nwa,su:rell at the type local·ity 
'i'lt the Sl'fT%1VW:tA, sec. 35, T. 6 S., R. 69 W., I\.assle1· q1ta.llrangle 

Slocum alluvium: 
Sa.ngamon'( ? ) soil : 

Soil horizon A : 
Silt, dark-brown (10YR 4/3), sandy humic. 

Structm·e: medium moderate columnar. 
Consistence: slighty sticky, slightly plas-

tic, soft. Feet 

Reaction: moderately alkaline_________ 0. 9 
Soil horizon B1en : 

Silt, brown (7.5YJl 5/4), sandy. Contains 
one-thirty-secon<:J-in. veinlets of calcium 
carbonate throughout. 

Structure: medium weak columnar. 
Consistence: sticky, plastic, slightly 

hard. 
Reaction: moderately alkal·ine_________ 3. 6 

Soil horizon B2cn : 
Sand, brown (7 .. 5YR 5/4), silty. Contains 

mollusks ( loc. 93). Becomes quite cal­
careous at base where it is unconformable 
on Fort Hays limestone member of the 
Niobrara formation and contains many 1-
to 4-in. chips of limestone. 

Nonconformity. 

Structure: coarse strong columnar. 
Consistence: sticky, plastic, slightly 

hard. 
Reaction: moderately alkaline_________ 7. 2 

Total Slocum alluvium______________ 11. 7 

Fort Hays limestone :p1.ember of the Niobrara formation. 
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D. Sect'ion of Slocum a,ll1wimn in a fill ten·ace in the SW1h,NE14. 
sec. 4, T."' S., R. 68 "l>l'. 

.[Measured with tape in an auger hole] 

Slocum alluvium (part) : 
Pre-Wisconsin ( Sangamon?) soil : 

Soil horizon A1 : 
Silt, dark-brown (lOYR 4/3), humic, sandy. 

Structure: fine moderate crumb. 
Consistence: sticky, plastic, slightly 

harcl. 
Reaction: neutraL ___________________ _ 

Soil horizon n~ : 
Sand, yellowish-brown (lOYR 5/4), clayey; 

contains 1-in. pebbles. 
Structure: probably coarse weak pris-

rna tic. 
Consistence : sticky, plastic, hard. 

Feet 

1.0 

Reaction: slightly acid________________ 1. 4 
Soil horizon Cca : 

Sand, yellowish-brown (lOYR 5/4), silty; 
undersides of pebbles coated with calcium 
carbonate. 

Structure: probably coarse weak colum­
nar. 

Consistence: sticl{y, plastic, soft. 
Reaction: moderately alkaline_________ 2. 5 

Thickness of Slocum alluvium_____________________ 4. 9 · 

Deep weathering is characteristic of all the alluvium; 
large boulders in the pediment deposits are so rotted 
that fragments can be broken off and crushed in the 
hands. F'ew of the stones can resist abrasion, hut break 
down a.nd augment the sand fraction. 

Thickness of the alluvium ranges from 10 to 90 feet. 
This extreme range in thickness is due to the greater ac­

. cumulation of alluvium in the base-level streams, par­
ticularly Plum· Creek, than on the pediments. 

DISTRIBUTION 

In the I{assler quadrangle the Slocum alluvium is 
widely distributed over the _plains part of the area (pl. 
1). Good exposures are in arroyos (fig. 9) in sec. 12, 
T. 7 S., R. 69 "\V., in arroyos in sees 19 and 20, T. 7 S., 
R. 68 W., in a quarry face (the type locality) in sec. 
35, T. 6 S., R. 69 "\V., and in a broad terrace alm~g Plum 
Creek and Sterling Gulch which trends northward 
through sec. 30, T. 6 S., R. 68 W. In these exposures 
the alluvium is preserved as rocky_ knobs and sheets 
that are part of a formerly extensive pediment cover 
that sloped downward to a broad terrace along the main 
streams. This terrace borders the South Platte River 
and Plum Creek and extends about a mile up Sterling 
Gulch from Plum Creek. The top of the terrace is 
70 to 80 feet above Plum Creek and 25 to 50 feet above 
Rterling Gulch. The base of the alluvium under the 
torrq~A liP.s 4 feet above the arroyo floor of Sterling 

Gulch. The altitude of the a.Iluvium near the moun­
tains is 6,500 feet, near Plum Creek about 5,750 feet. 
The characteristic slope of the alluvimn on the pedi­
ment is 150 feet per 1nile; the characteristic gradient 
of the terrace is a little more than 40 feet per mile. 

UNCONFORMITY BENEATH THE SLOCUM ALLUVIUM 

The lowest "·idespread pediment, which can be traced 
for many miles along the mountain front, was cut across 
bedrock between the time Verdos alluvium was de­
posited and Slocum alluvimn was deposited. It orig­
inally was more extensive, but is now preserved as rem­
nants of geiltly sloping hroad surfaces overlain by 
Slocum alluvium (fig. 17). The surface lies 150 feet 
lower than the pediment beneath the Verdos alluvium 
and 100 feet above the modern streams. 

In the ICassler quadrangle the pediment lies in. the 
eastern half and flanks the valleys of "\Villow and Little 
"\Villow Creeks (figs. 17 and 18), the South Platte River 
(fig. 24), and Plum Creek, and floors Rox'horough Park. 
Most of these remnants are broad well-preserved benches 
but some are short steep slopes along the mountain 
front. Bedrock under the pediment is steeply to gently 
clipping sedimentary rocks. 

The slopes of the pediment remnants range from very 
steep and irregular near their heads to gentle and smooth 
near the major base:-level streams. The short slopes 
(fig. 6) that head in the mountain front at 6,500 feet 
altitude or against remnants of the higher pediments 
are the steepest and m~ty slope as much as 800 feet per 
mile. The long gentle slopes near Plum Creek descend 
only 100 to 150 feet per mile and ·terminate at about 
5,700 feet altitude in a gravel-covered terrace along 
Plmn Creek that slopes downstream only 40 feet per 
mile. The pediment converges head ward with the pedi­
ment beneath the Verdos alluvium. "\Vhere the two con­
verge, the topographic brea.k ranges frmn abrupt to 
barely perceptible. 

:Major base-level streams were Plum Creek and the 
South Platte River; 1ninor base-level streams were "\Vii­
low Indian and ,Jarre Creeks. In addition, four new 

' ' . minor base-level streams, Little "\Villow Creek, Lehigh 
Gulch Rainbow Creek, and Sterling Gulch, were 
. ' 
created. 

FOSSILS 

Fossil remains of land mammals and land and fresh 
water mollusks were collected from the Slocum all u­
vium. Teeth and bones of the smaller rodents, Oitellus 
cf. riohardsoni and Thmnmnys sp., were found in a 
gravel pit in the SEI4SvV%, sec. 29, T. 6 S., R. 68 "\V.; 
Oynmnys sp. was found at localities 92 and 125. Parts 
of sciurid and microtine rodents and of an undeter­
mined leporid also were identified. Of the larger mam-



QUATERNARY GEOLOGY AND GEOMORPHIC HISTORY 23 

mnJs 1!-...,qu.~ts sp. was found at locality 125 and Bison 
sp. at localit·y DG. All the above are long-ranging forms 
t·hnt do not help to determine the age of the Slocum. 

The land and fresh-water mollusks are more common 
in the f-ine-grained deposits and in the north end of 
the quadrangle. The follmYing table lists the mollusks 
tha.t were collect·ecl at five localities in the ICassler quad­
rangle. 

MoUu.sl,;s j'l'(nn Slocn·m. a.llu:v·inm. ·ion the Ka.sslm· ([II(Mlnt.ngle 

[hlent.iflcnt.lons by D. W. 'l'aylor and C. C. Calltcron. Arrnngcd according to 'l'hiclc 
(HJ31)) 

Spec iPs 
Locnlitr 

\!2 \!3 \!4 95 97 
--·--------------1--------------
Gyrauln.~ SP----------------------------- -------- X -------- ______ ----------
cf. Snccinca (lrosvenori Lea _______________ ---------------- X ______ ----------
cr. Snccinea •••.•••••••••••••••••••••••••• -------- X -------- ------ ----------
Pn7>illa /Jlandi 1\olorse .•...•••.••••.•..... -------- X X X 

mn.ycornm (LinnO)................... X -------- -------- X ----------
Pn1>0il/e.v hnrllaceu .. ~ (Oahh) ••••••••••.•.• -------- X X X ----------

innrnatn.~ V111mt.t.a .••.••••••..•...•.• -------- X X X ----------
r.astrocn1>1a 1>ellncida ltordeacella 

(l'ilshr·y) ----------------------------- -------- -------- X ------ ----------
Vallonia Cflcl01>horella Anccy............. X X X ----------

(lracilicosta Hclnluwdt_______________ X X X X X 

~~~:1[\~~~-~~~i-l~~~~~t~~-~]~!~1~~~~~~=========== ======== ~ ---~--- ====== ========== 

The m.olluscan fauna shown in the table is also typical 
o:t: the Slocum alluv.ium in the rest of the Denver area. 
Collections frmn the alluvium at several other places in 
the ltrea show that the species of s~wci_nea, P~tpilla., 

P'LtlJoides, Ga.st'I'OCOJJta, and Vallmiia constitute a char­
acteristic and common fauna. Two examples are 
given: 
Mollusl.:.r; tro·m Slocu·m a.ll'll!l)'i'll;m 80 teet ltbovc Bea:r Oreelc in 

the SWlJ.tSWlJ., ~eo. 29, T. 3 S., R. 70 W., 'west of Jtl.led.alo, 
Colo., ·i·n the JiJo1;erg·rcen 'ynad·ra.nrJle (fi!J. 1) 

[Identified hy C. C. Cnmci'On] 

cf. Su.ccinea a;vm·a Say 
P·n]JOilles honlace·ns ( Gabb) 
17 allonw C?JClOJlhO?·ella Ancey 

Mollu.slcs f'rom Slocum~ all1wi·nm h~ a gmvel ]Jit on the slope of 
lt 1>.ecl'i1nen.t ·in. the Sl·Flti,SlV% sec. 8, '1'. 5 S., R. 69 W., in 
the 1'-ncl-iwn .lUlls qu.afl'l'(t.nylc (fig. 1) 

fldentlfied l>y D. W. 'l'nylorl 

Physa a;lwt-in.a Lea 
Fossa1·ia clctlU ( ll'. C. Bnker) 
.L11mnaea ob·ru.~Sl£ Say 
G11·ra1tlu.s Plt'I''V'Il s (Say) 
cf. S·ttcc·inea 
P1willa sp. 
P1tpoicles honlaceus ( Gnbb) 

in01"'1Ubtus Vanatta 
Gast1·ocopta, ]Jellu.cillct honlencellct ( Pilsbry) 
17 allon·ia gracilicosta Reinhardt 
Discns m·onlchuei (NewcomlJ) 
Ifawa'iict m·i:nmscu.la. (Binney) 
B1tcon1tl1t8 sp. 
Pisiclimn case1·tanmn ( Poli) 

The mollusl{s in the Slocum assemblage that are con­
sidered by Taylor (written comn1.unication, 1954) to 
be most diagnostic are P~t7n:lla blandi, P'upoides lw'r­
daceus, P. inm"natus, and Gast'J'ocopta pellucida hor­
deacella. These four species constitute an index fauna, 
and their ecologicnJ requirements suggest that the cli­
mate dm:ing deposition of the Slocum alluvium was 
more arid and wii1ters were warmer than at pre$ent, in 
this latitude and aJtitude inasmuch as they live today 
in the upper Sonoran and Transition zones of the 
southern Rocky l\1ountains ..... and the Colorado ·Plateau. 
In the southern Rocky l\1ountain and the Colontdo 
Plateau areas, species such as Pwpilla 'ln.usco?'U»n., P. 
blandi, and Pupoides inoTnatus, of 1nore northern dis­
tribution, meet and overlap the ranges of the southern 
forms Gastrocopta 7)ell~wida lwrdeacella and P~tpo-ides 
hordaceus. 

The assemblage from the. Slocum alluvium is dif­
ferent frmn previously recorded molluscan ·Pleistocene 
faunas in the United States. The environment sug­
gested by the fauna also differs from environments in­
fen·ed from most other recorded molluscan faunas. A 
semiarid, warm-temperate climate is suggested by only 
one other h-11own Pleistocene fauna-the Borchers local 
fauna of southweste111 IC~tnsas (IIibbard, 1949, p. 1424-
1425). D. 'i\T. Taylor (written communications, 1957) 
suggested th~t the mollusks of the Slocum alluvium a.re 
probably correlative with the early Sanga.mon ( ~) Cra­
gin Quarry local fauna (IIibbard, 1955, p. 189,) in 
southwestern l{ansas, n.nd with the Sangamon ( ~·) Sla­
ton local fauna (l\1eade, 1!)52, p. 87-89) of the Texas 
Panhandle. Undescribed mollusks from the Slaton 
and the Cragin Quarry faunas also imply a warmer cli­
mate than known glacial faunas, but a more arid climate 
than the Jirigleboh local fauna of l{ansas (Van der 
Schalie, 1953, p. 85; IIibba.rd, 1955, p. 197-204). 

ORIGIN 

The Slocum alluvium was deposited by streams flow­
ing northeastward from the Front Rai1ge and is com­
posed mostly of rocks derived frmn the Front Range. 
The streams were graded to a base level that remained 
stable for a long time for they previously had cut a 
broad flat surface across bedrock. The local base-level 
streams, Plum Creek and the South Platte, filled with 
sediment from the mountains until they could no long-er 
carry the load that was be~ng supplied across the pedi­
ment. The rising base level caused the streams to cut 
laterally at a higher level and caused deposition of allu­
vium on the pedin1.ent. 

The alluvium is composed mostly of metamorphic 
rocks but contains a large proportion of sedimentary 
rocks. Material derived from the older pediment a.llu-
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vium and from soft sedimentary rocks is more abundant 
than it is in the older alluvium. Material from the 
Fountain, Lykins, Morrison, and Benton formations 
and from the Smoky Hill shale member of the Niobrara 
formation and the Pierre shale were identified along 
with harder rocks from the Dakota group, Lyons sand­
stone, and the Fort Hays limestone member of the Nio­
brara formation. The red color in the alluvium is due 
to the large amount of sand -size and smaller material 
from the red Fountain and Lykins formations. The 
alluvimn in the terrace fill along Plum Creek is com­
posed of fragments of Pikes Peak granite and pieces 
of welded tuff from the Castle Rock area. 

AGE 

The age of the Slocum alluvium is considered to be 
late Illinoian or early Sangamon for the following 
reasons: 

1. The ~lluvium, which contains a warmth-loving 
. 1nolluscan fauna that is typically interglacial, 

is the latest alluvium with a pre-Wisconsin soil. 
2. The alluvium is correlated with the Crete forma­

tion of Nebraska, which is considered to be Illi­
noian in age (Condra, Reed, and Gordon, 1950, 

. p. 24-25). 
3. The pediment on which the alluvium lies is the 

youngest pediment in the area. 
4. The next older alluvium is Kansan or Y arm.outh 

in age (see p.19). 
5. The loess that overlies the alluvium probably cor­

relates with the Loveland loess of Nebraska, 
which is considered to be of Illinoian or Sanga­
mon age (Condra. Reed, and Gordon, 1950, p. 
27). 

OLDER LOESS 

Older loess was mapped on the northwest-trending 
ridges in sees. 25, 26, and 36, T. 6 S., R. 69 W. (pl..1). 
Other small outcrops were seen, but not mapped be­
cause of their small size, near Roxborough Park school 
and north of l{assler. 

The loess overlies the Slocum alluvium. It is brown 
or moderate-brown _sandy or cla,yey silt and has well­
developed columnar structur.e where a pre-vVisconsin 
soil is developed on it. (See section 7.) It ranges in 
thickness from 2 to 4 feet. 

Small streams that cut into the Slocum alluvium 
probably were the source of the fine material for the 
older loess. Most of the loess was deposited by the 
wind, but some small stones in it indicate tha_t" it may 
have been partly colluvial. · 

The older loess is considered to be Sangamon in age 

for the following reasm1s: (a) It is the youngest deposit 
on which a pre-"'Visconsin soil is developed, and (b) 
channels eroded into it are filled "·ith "'Visconsin allu­
vium. 

The loess is correlated on the basis of stratigraphic 
position with the Loveland loess of Nebraska which is 
considered to be of late Illinoian or Sangamon age 
(Condra, Reed, a.nd Gordon, 1950, p. 27). The loess 
is also correlated with the loessial deposits in I-Iunt's 
residuum (1954, p. 101), and with the eolian deposits 
in Malde's (1955, p. 233) undifferentiated upland 
deposits. 

SOIL OF SANGAMON(?) AGE 

A very strongly developed soil, probably of late San­
gamon age, has formed in the upper part of the Slocum 
alluvium, in the older loess (see sees. 6 and 7), and in 
all older deposits exposed at the surface. The distribu­
tion of the soil is limited to outcrops of the Slocum 
alluvium and older loess. A Sangamon( ?) soil, which 
is the most widespread and best preserved pre-"'Viscon­
sin soil, is developed in a Brown soil facies under grass 
except :in the higher part of its range of altitude in Rox­
borough Park, where it developed in an acid or Podzolic 
facies under deciduous scrub oak and mountain mahog­
any. The inferred age of the soil is based on its strati­
graphic position. Except where the soil is buried, it 

· has lain at the earth's surface ever since it began to 
form; therefore, it actually is the product of all soil­
forming episodes since the original soil was formed. 
The effect of superposition of a "'Visconsin soil on the 
Sangamon (?) soil is discussed on p. 37. (See also fig. 
14.) 

The bvo facies of the Sangamon ( ? ) soil ar~ described 
separately. The Brown soil facies ·contains A 1 , B2, and 
Cca horizons developed on the parent material. The A 1 

horizon was seen at only one place (see section-6) where 
it is a yellowish-brown humic layer in silt. The clayey 
B2 horizon is well preserved and as much as 3 feet thick 
at many places, although locally it is partly eroded. 
The color of the Bz horizon is reddish brown (fig. 4), 
the structt1re is weak medimn columnar to strong coarse 
columnar, the consistence is sticky, plastic, but only 
slightly hard because the soil is generally developed on 
friable m·aterial (fig. 9). The Cca horizon in the upper 
part of the parent material is impregnated with white 
chalky calcium carbonate that firmly cements the parent 
materials and coats the undersides of stones. Calcium 
oarbonate makes up almost 100 percent of the Ccu hori­
zon. The massive accumulation of calcium carbonate is 
about 3 feet thick but stringers of calcium carbonate 
generally extend 6 to 8 feet lo\ver into parent material. 
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FIGURE 9.-Soil of Sangamon ( ?) age developed on Slocum alluvium in ancient channel of Little Willow Creek in the SE:J,4 NEV-t, sec. 12, 
T. 7 S., R. 69 W. (loc. 94). Stratigraphic sectioii 5. 

The upper boundary of the Cca horizon is abrupt but 
undulatory (fig. 14). This boundary is the most strik­
ing feature of the pre-Wisconsin soils, but the reason 
for its sharpness is not understood. The abruptness of 
the boundary may be due to the depression of the cal­
cium carbonate by post-Sangan1on ( ~) leaching. In the 
younger soils, the upper boundary of the Cca horizon is 
not sharp but gradual or clear. 

The acid or Podz'lOlic facies of the Sangamon ( ~) soil 
contains A1 , A2, and B2 horizons developed on the parent 
material. The A 1 horizon is yellowish brown, the ashy 
A2 horizon is light yellowish brown, and the B2 horizon 
is reddish brown and very clayey. The whole profile is 
acid in reaction. 

The degree of development and depth of the Sanga­
mon( n soil appears to be dependent on the grain size 
and permeability of the material on which it is formed. 
In a stream cut in the Slocum alluvium in the NW~­
SW~NW~ sec. 16, T. 7 S., R. 68 W., the soil is devel­
oped on both silt and small pebbles. In this exposure 
the modern humic horizon is uniform in thickness re-

gardless of lithology, but the ancient oxidized B horizon 
is only 1 foot thick where it is developed on silt and 5 
feet thick were it is developed on pebbles. Similarly the 
calcium carbonate is concentrated in the top 2 feet of 
the silt, but is disseminated in the top 4 feet of pebbles. 

LOUVIERS ALLUVIUM 

The alluvium that lies in the first terrace below the 
Slocum alluvium was named the Louviers alluvium by 
Scott ( 1960) (fig. 25). The Louviers alluvium, on 
which a strongly developed f;)oil was formed in mid­
Wisconsin time, consists of two facies: a reddish-brown 
pebbly facies and a yellowish-brown silty facies. Small 
patches occur a] ong most streams in the northeastern 
part of the quadrangle but the largest exposure is in a 
prominent terrace along Plum Creek. 

The term Lou viers is taken from the town~ which 
is on the terrace along Plum Creek in the l(assler 
quadrangle; the type locality is designated as a gravel 
pit at the northeast edge of Louviers in the SvV~SE1_4 
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sec. 33, T. 6 S., R. 68 "'\V. Section 10 is proposed as 
the type section. 

10. Sect·ion of the coarse-grained facies ot the L01wiers alluvium 
1neasured at the tmwzocaHty in the SW1/.IBE14 sec. 33, T. 6 S., 
R .. 68 W. 

T.1ouviers alluYium : 
·wisconsin soil : 

Soil horizo.n A : 
Silt, dark-brown (10YR 4/3), sandy. 

Structure: coarse weak columnar. 
Consistence: slightly sticky, slightly 

plastic, soft to slightly hard. 

Feet 

Reaction: neutraL____________________ 1. 2 
Soil horizon B : 

Silt, dark-brown (7.5rR 4/4), clayey, slightly 
sandy; contains mollusks but none col­
lected. 

Structure: strong medium prismatic. 
Consistence: slightly sticky, plastic, 

hard. 
Reaction: moderately alkaline_________ 1. 2 

Soil horizon Bca : 
Silt, light-gray (10YR 7/2), sandy. 

Structure: coarse weak blocky. 
Consistence: slightly sticky, slightly 

plastic, soft. 
Reaction: moderately alkaline __ :_______ 0. 5 

Soil horizon C : 
Sand, light yellowish-brown (10YR 6/4), 

fine-gt•ained. Locally iron stained, yel­
lowish-bro,vn (10YR 5/8). Grades down­
ward to loose coarse-grained granitic sand 
containing 8-in. boulders. 

Structure: stratified. 
Consistence: nonplastic, loose to slightly 

l1ard------------------------------- 5.5 
Silt, light olive-gray (5Y 6/2), sandy; has 

pebbles as much as 1 in. in diameter; 
micaceous. Contains spherical compac­
tion bulges or flow rolls (fig. 10). 

Structure: laminated. 
Consistence: sticky plastic, slightly hard. 
Reaction: moderately allmline_________ 4. 0 

Sand, light olive-gray (5Y 6/2), coarse­
grained, silty; has yellowish-brown (10YR 
5/8) iron-stained layers________________ 6.0 

Sand, reddish-brown (5YR 5/4), stained 
light olive gray by overlying silt; coarse 
grained. Contains 2- to 6-in. light olive­
gray and light yellowish-brown (10YR 
6/4) silt layers. 'l'his and two preceding 
units become sandy toward center of PluJII 
Creek valley ___________________________ 30.0 

Thickness of Louviers alluvium (rounded)______ 48. 0 

DESCRIPTION 

The Louviers alluvium has two facies; one is coarse 
grained and related to the large streams, and the other 

is fine grained and related to the small streams. Both 
facies are characterized hy graded bedding a.nd by iron 
and manganese oxide stains. The coarse-grained facies 
also is characterized by contortions in the clay and silt 
iayers and by its excellent terrace (p. 31). 

Graded bedding, though also characteristic of the 
coarse-grained facies, is more evident in the fine-grained 
facies. There a single outcrop commonly shows the 
whole gradation, whereas in the coarse-gra.ined facies 
the gradation must be pieced together from several out­
crops. The grada.tion is frmn cobbles or pebbles at the 
base thi·ough sand to silt and locally clay at the top. 
The boundaries between size-grades generally are gra­
dational, but locally a.re sharp. Locally, the upward 
trend from coarse to fine is reversed by a single bed, 
but on the whole, graded ·bedding is a distinctive feature 
of the alluvium. 

Iron and manganese stains are concentrated in perme­
able beds where they overlie impermeable beds. The 
iron and manga,nese aTe now in the form of oxides. 

The coarse-grained facies is composed of reddish­
brown, light yellowish-brown, or light olive-gray strati­
fied coarse sand and dark-brown, light-gray, or light 
olive-gray silt. Coarse sand and pebbles in the 
lower part are overlain by fine sand and silt. Each 
bed is 4 feet or more thick and is well stratified. 
The grains in each bed are well sorted and subround 
to subangular. Granitic rocks make up more than half 
of the alluvium.; the other constituents are quartz, 
welded tuff, ironstone, chert, and pieces of other meta­
morphic and sedimentary rocks. The grains are poorly 
cemented excepted in the clayey and silty layers and in 
the soil at the top. The coarse-grained facies below 
the water level of the South Platte River consists of a 
bed of cobbles 40 feet thick that lies in the lower part 
of the BroachYay terrace beneath the Broadway allu­
vmm. Section 10 is typical of the coarse-grained facies. 

FLOW ROLLS 

Some unusual contortions that I think are the result 
of compaction are formed in silt layers in the upper 
part of the coarse-grained facies. These compaction 
structures are widespread-! sa,w then1 in the Louviers 
alluvium in the Broadway and ICersey terraces at many 
places between Louviers and Greeley, Colo. In the 
Kassler quadrangle they are most perfectly formed in 
the alluvium downstream from the Louviers city dump 
in the NV\Tl.J!SEV! sec. 4, T. 7 S., R. 68 vV. (fig. 10). 
Similar structures have been described as flow casts by 
Shrock ( 1948, p. 156-162), as flow structures by Cooper 
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( 1943, p. 198), and as flow rolls by Pepper and others 
(1954, p. 88). They are called flow rolls in this report 
although their shape . is more like a ball than a roll. 

The flow rolls \vere found only where coarse sand 
overlies plastic silty clay. The sand is in ball-shaped 
masses (fig. 10) spaced every 2 to 3 feet in the silty 
clay. The. crude stratification that the sand possessed 
is preserved as concentric rings in the balls. The out­
lines-of the balls are accentuated by iron and manganese 
stains that are concentrated at the interfaces between 
the permeable sand and the impermeable silty clay. 
The silty clay is 'n·apped around each ball of sand 
much like the interlocking pieces of a jigsaw puzzle. 
StratiJication is well developed in the silty clay and 
closely follo\YS the contours of the cavities into which 
it \Yas pressed. 

The rolls were fonned by the folding of a sand bed 
to form a small isoclinal fo]d or inverted dome around 
which flo,Yed the softer clay which the sand had origi­
nally covered. The deformation of original stratifica-

tion shows that the beds \Yere plastic at the time the rolls 
·were formed. Some of the sand balls that are 1 foot 
in diameter have only a 3-inch neck connected to the bed 
from \Yhich they flow·ed (fig. 10). The tight folding 
could not have taken place after the beds were raised 
above water level, but must have taken place just below 
the stream as the upper sand \Vas being deposited, inas­
much as the movement which fornled the flow rolls was 
confined vertically to the beds within the flow roll zone 
and the beds above and below the zone of deformation 
are not disturbed (fig. 10) ..... Because the movement was 
confined to this zone, the flow rolls formed almost in 
place. They are slightly tilted downstream in the same 
fashion as imbricate pebbles. The only force that could 
have acted in a downstream direction was the frictional 
force of the stream on its floor. 

The formation of flow rolls is probably due to a dif­
ference in specific gravity between t\vo layers of aJlu­
vium. Both layers are saturated. The lower clay layer 
is plastic, and although the upper sand layer is not 

FIGURE 10.-Closeup of flow rolls in Louv~ers alluvium in NW1,4 SE~ sec. 4, T. 7 S., R. 68 W., showing spht:>rical shape and flowage of 
bedding. Photograph by D. R. Crandell. 
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plastic it flowed because of its large \vater content. Ap­
parently no deformation takes place if the soft plastic 
clay is equally loaded by the oYerlying sand and if no 
irreg-l1larities exist on the surface of the clay. Outcrops 
were seen in the Louviers alluvium \Yhere the clay and 
sand beds were smoothly tabular in shape and were 
undeformed. Deformation does take place, however, 
if the clay is unequally loaded by the overlying sand 
or if there are any initial irregularities such as channels 
or .depression on the surface of the less dense clay. 
The process seems to be a sinking of the sand into the 
clSty or into the voids created by the lateral flowage of 
the clay. 
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The fine-grained facies of the Louviers alluvium con­
tains a lower pebble bed, a middle friable sand, and an 
upper evenly stratified silt. The lower pebble bed is 
composed of grayish-bro·wn, light-gray, or dark reddish­
brown sandy clay studded with pebbles (fig. 11). The 
pebbles average 1 inch in diameter but an occasional 
boulder is as much as 18 inches in diameter. ~1ost of 
the pebbles are in point contact. The composition of 
the pebble bed varies locally depending on the source 
of pebbles. Near the mountains it contains more meta­
m.orphic and igneous rocks, else,vhere it contains more 
sedi1nentary rocks. 

FIGURE 11.--Louviers alluvium overlain by pre-Piney Creek and Piney Creek alluvium along Willow Creek in NW'-4 sec. 7, T. 7 S., R. 68 W. 
Superposition of soils of \Visconsin, early Recent, and late Recent ages ancl graded bedding in the Louviers alluvium are well shown. 
See also stratigraphic section 14. 
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The following stratigraphic sections of the fine­
grained facies illustrate its relation to the other a.lluvial 
fills, its graded bedding, variability in thickness, and 
modification by the "'HTisconsin soil. 

ll. Sect·ion of Lo1tvie1·s alluv·i·um ·in· wrroyo ·in SElA,NBlJtSlVlt! 
sec. 4, '1'. 7, S., Jl. GS lV. 

[~lt!IISUl'Cd With tape] 

I.~ouviers alluvium (part) : 
Wisconsin soil·: 

Soil horizon A1 : 
Silt, dark grayish-brown (lOYU 4/2), sandy, 

Structure: fine crumb. 
Consistence: slightly sticky, slightly 

plastic, soft. 
Reaction: neutraL ___________________ _ 

Soil horizon B~ : 
Silt, yellowish-brown (lOY U 5/4), sandy. 

Structure: 1uedium moderate prismatic. 
Consistence: sticky, plastic, hard. 
Reaction : neutraL ___________________ _ 

Soil horizon Ccn : 
Silt, yellowish-bi·own (lOYR 5/4) with :~ght­

er streaks; calcium carbonate more nlw·.,-
dnnt in upper 2.0 ft. Lower 18.0 ft. con~ist:? 
of thin layers of grayish-brown silty allu-
vium and thick layers of yellowish-brown 
silty alluvium. Lower 4.0 ft. of deposit 
consists of medium-grained sand contain-
ing magnetite, nnd basal pebble layers 
containing bones (loc. 105a). 

Structure: conrse modern t:e prismatic. 
Consistence: slightly sticky, slightly 

plastic, slightly hard. 

Pcct 

1.0 

1.0 

" 

Reaction: moderately allmline_________ 20. 0 

Thickness of Louviers alluvium__________________ 22. 0 

12. Sect·ion of Lo1tv·ie1·s allttv·imn em1JOSe(l along Bainbow Creek ·in 
NllJl,{tNW:y.. sec. 2.9, '1.'. 7 S., R. GS W. 

[Mensurr!tl with tape] 

r ... onviers alluvium (part) : Feet 

Wisconsin soil : 
Soil horizo,n & : 

Sn ncl, reddish-brown, humic, silty---------- 1. 5 
Soil horizon B~: 

Sand, oxidized, friable; lower 1 foot pebbly-;.- 4. 0 . 
Soil horizon Ccn : 

Sand, clayey; calcium carbonate enriched___ 10. 0 

Thickness of Lolwiers alluvium__________________ 15. 5 

18. Sect·ion, of p·re-Pin.e11 C·reeh: a.ZZ.n1;'i'/l.n~ mul Lou.viers alluvi·u.m. 
in an an·oyo along Walow C1~eek in the NElA,SW1,4 sec. 36, T. G 
s., R. 69 w. 

[l\Icmmred with t~lpc] 

Pre-Piney Creek alluvium: Feet 

En rly Recent soil: 
Soil horizon A1 : 

Silt, dark gray-brown (lOYR 4/2), humic__ 1. 4 
Soil horizon B3: 

Silt, dark yellowish-brown (10YB 4/4), peb-
bly; weathers blocky____________________ 2. 0 

655743 0 - 63 - 5 

Soil horizon Crn : Feet 

Silt, yellowisll-brown (10 YI{ 5/4) in upper 
part, light reddish-brown (5YR 6/4) in 
lower part; pebbly; calcareous; weathers 
blocky. Contains mollusks (loc. 127) ____ 7. 2 

Soil horizon Ccn : 
Sand, light reddish-brown (5YB 6/4)_,_____ 0. 2 

Soil horizon Ccn : 
Silt, light reddish-brown (5YR 6/4) ; contains 

1- to 2-in. concretions of calcium· carbonate_ 1. 0 

'l'hickness of pre-Piney Creek alluvium_ 11. 8 

Louviers alluvium (part) : 
·wisconsin soil : 

Soil horizon A : 
Silt, very dark grayish-brown (lOYR 3/2), 

huinic _________________________________ _ 

Soil horizon BC : 
Silt, reddish-brown (5YB 4/5) ; weathers 

blocky in upper part and forms massive 
bed; contains mollusks (loc. 117); con­
tains calcium carbonate concretions in low-
er 2 ft.; bedded slightly----------------­

Soil horizon C : 
Sand, reddish-brown ( 5Y R 4/4), fine-grained, 

pebbly, bedded; (;ontains 1-in. concretions 
of calcium carbonate ___________________ _ 

Soil horizon C : 
Pebble bed, dark reddish-brown (5YR 3/4), 

cla;rey, limonitic, with sand and cobbles as 
much as 4 in. in maximum dimension ____ _ 

Thickness of Louviers alluvium _____ _ 

1.2 

4.2 

1.::1 

1.0 

7.9 

14. Sect·io·n of P·iney Creek, 1n'e-Phwy Greek and Lottv·im-.s alltt­
viurn ·in wrroy'o along W·illow C1·eek in,, NW1,4NW% sec. 7, 
'1'. 7 S., R. 68 W. (see fig. 11) 

[1\feasm·ed with tape] 

Piney Creek alluvium: 
La:te Recent soil : 

Soil horizon A1 : 
Silt, dark grayish-brown (lOYR 4/2), humic. 

Structure: platy. 
Consistence: sticky, plastic, slightly 

bard. 
Reaction : neutral. 

Ji'cct 

Boundary: clear smooth______________ 0. 7 
Soil horizon B1 : 

Silt, dark-brown (lOYR 4/3), humic clayey. 
Structure: fine weak prismatic. 
Consistence: sticky, plastic, hard. 
Reaction: slightly acid. 
Boundary: clear smooth--------------­

Soil horizon B3 : 
Silt, clark grayish-brown (lOYR 4/2), humic 

clayey. 
Structure: medium weak prismatic. 
Consistence: sticl{y, plastic, slightly 

hard. 
Reaction: slightly acid. 

.5 

Boundary: clear smooth_______________ . 6 

Thickness of Piney Creek alluvium______________ 1. 8 
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14. Section of P·iney Creek,, ]we-Piney Creek an(l LO'ltviers alltt­
vinm in arroyo along lVWow Creek In. NW1,4Nll'% sec. 7, 
T. 7 S., R. 68 W.-Continued 

Pre-Piney Creek alluvium: 
Early Recent soil : 

Soil porizon A1cn : Feet 

Silt, dark grayish-brown (lOYR 4/2), humic 
clayey. 

·Structure: medium moderate prismatic. 
Consistence: sticky, plastic, hard. 
Reaction : moderately alkaline. 
Boundary: gradual, smooth___________ 0. 9 

Soil horizon B2ca : 
Silt, brown (lOY R 5/3), clayey ; contains 

some stones as much as 3 in. in diameter. 
Structure: medium strong prismatic. 
Consistence: sticky, plastic, hard. 
Reaction : moderately alkaline. 
Boundary: clear, smooth______________ 1. 5 

Soil horizon Cca : 
Silt, very pale brown (10 YR 8/3), sandy. 

Structure: medium moderate prismatic. 
Consistence : slightly sticky, plastic, 

slightly hard. 
Reaction : strongly alkaline. 
Boundary: clear, smooth _____________ _ 1.7 

Thickness of pre-Piney Creek alluvium___________ 4. 1 
Louviers alluvium (part) : 

Wisconsin soil : 
Soil horizon A1ca : 

Silt, grayish-brown (10 YR 5/2), humic. 
Structure: medium weak prismatic; 

weathers blocky. 
Consistence : sticky, plastic, hard. 
Reaction: moderately alkaline. 
Boundary: a'brupt____________________ 0. 5 

Soil horizon B2cn : 
Silt, yellowish-brown (lOY R 5/6), clayey ; 

calcium carbonate concentrated on outsides 
of prisms and in three-eighths-in. vertical 
pipes. 

Structure: medium strong· prismatic; 
weathers blocky. 

Consistence : sticky, plastic, hard. 
Reaction : moderately alkaline. 
Boundary: clear smooth ______ :.________ 1. 5 

Soil horizon Cca : 
Silt, very pale-brown (lOYR 7/3), sandy, 

pebbly. 
Structure: medium moderate prismatic 

in upper part, blocky in lower part. 
Conststence : sticky, plastic, hard. 
Reaction : moderately alkaline. 
Boundary: abrupt, wavy-------------- 1. 0 

Soil horizon C : 
Pebble bed, mottled grayish brown and light 

gray; clayey; stones slightly imbricate, as 
large as 6 in. in maximum dimension ; 
mostly igneous and metamorphic rocks, 
some fragments of Pierre shale_________ 1. 4 

Thickness of Louviers alluvium__________________ 4. 4 
Bottom of arroyo. 

15. Sectio·n of ]We-Piney C1·eelv ancl Louviers allnvi'ltm along 
Lehigh G·ztlch in NE%SW1,4NlV:1,4 sec. 16, '1.'. 7 S., R. 68 1:11. 

[il:IeasurNl with tape] 

Pre-Piney Creek alluvium: 
Early Recent soil: 

Soil horizon A1: Ji'cet 

Silt, dark gray-brown (lOYR 4/2), humic. 
Structure: structureless. 
Consistence: slightly sticky, slightly 

plastic, loose. 
Reaction : slightly acid. 
Boundary: gradual___________________ 1.4 

Soil horizon B2 : 
Silt, dark yellowish-brown (lOYR 4/4), 

clayey. 
Structure: fine weak prismatic. 
Consistence: slightly sticky, slightly 

hard. 
Reaction : neutral. 
Boundary: gradual___________________ 1.5 

Silt and sand in layers, grayish-brown (lOY R 
5/2), humic; unit contains boulders as 
much as 10 in. in diameter; contains seeds 

of Hackberry tree_____________________ 18. 0 

Thickness of pre-Piney Creek alluvium ____________ 20. 9 

Louviers alluvium (part) : 
Wisconsin soil : 

Soil horizon A1 : 
Silt, dark gray-brown (lOY R 4/2). 

Structure: fine weak prismatic. 

hard. 
Consistence: slightly sticky, slightly 
Reaction: moderately alkaline. 
Boundary: gra~ual___________________ 0.6 

Soil horizo.n B2 : 
Silt, brown (lOYR 5/3), clayey. 

Structure: fine modernte prismatic. 
Consistence: sticky, plastic, hard. 
Reaction: moderately alkaline. 
Boundary: clear______________________ 0.7 

Soil horizon Cca: 
Silt, pale-brown (lOY R 6/3), contains mol­

lusks (loc. 104) ; calcium carbonate 
throughout upper 1.6 ft but mottled in 
lower part. 

Structure: medium moderate prismatic. 
Consistence: sticky, plastic, soft. 
Reaction: strongly alkaline. 
Boundary: gradual___________________ 2.5 

Soil horizon C : 
Sand, yellowish-brown (lOYR 5/4, and fine 

pebbles; grades downward into nonpebbly 
.sand; .mottled with calcium carbonate. 

Structure: blocky. 
Consistence: slightly sticky, slightly 

plastic. 
Reaction: moderately alkaline_________ 1. 5 

Thickness of Louviers alluvium__________________ 5. 3 
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16. Section ot Piney C1·eek ancl Louv·ie1·s alluvium, in an ar1·oyo 
'i?b the SW%NW%SW1/.1 sec. 35, T .. 6 S., R. 69 W. 

[:\leasu•·ed with tape by Scott and Emest Dobrovolny] 

Piney Oreelc alluvium : 
Late Recent soil: 

Soil horizon A : 
Sand, very dar}{ gray (10YR 3/1), humic; 

contains sandstone pebbles. 
Structure: structureless. 
Consistence: nonsticl\:y, nonplnstic, loose. 
Reaction: slightly acid. 

Feet 

Boundary: gradual___________________ 1.3 

Louviers alluvium (part) : 
Wisconsin soil: 

Soil horizon A1cn : 

Silt, gray (lOYR 5/1) ; stained light gray (10 
YR 7/2) on outside; humic; contains mol­
luslcs (loc. lOOc). 

Structure: coarse strong columnar. 
Consistence: slightly sticky,. non plastic, 

hard. 
Reaction: moderately alkaline. 
Boundary: diffuse____________________ 1. 5 

Soil horizon B~c• : 
Sand, grayish-brown (lOY R 5/2) ; has 

limonite stains and sandstone pebbles 
from the Morrison formation and the 
Dalcota group. 

Structure: coarse strong columnar, 
weathers blocky. 

Consistence: nonsticky, nonplastic. 
Reaction: moderately alkaline. 
Boundary: graduaL__________________ 1. 3 

Soil horizon G1cn : 

Sand, dark-gray (lOY R 4/l), fine-grained, 
humic bog deposit, contains bones and mol­
lusl\:S (loc. lOOa). 

Structure: coarse strong columnar. 
Consistence: nonsticky, slightly plastic, 

extremel~{ hard. 
Reaction: moderately alkaline. 
Boundary: diffuse____________________ 1. 5 

Soil horizon G~cn : 

Snnd, grny (lOYR 5/1), fiue-grnined. 
Structure: coarse moderate columnar. 
Consistence: slightly sticky, nonplastic, 

soft. 
Reaction : moderately alkaline_________ 2. 0 

'l,hickness of Louviers alluvium__________________ 6. 3 

A count of the pebble bed where it overlies the basal 
conglomerate of the Dawson arkose in the N1~T~NE1;4 
sec. 36, T. 6 S., R .. 69 1~r., showed qua.rtz and quartzitic 
sandstone to make up two-thirds of the pebbles. :Minor 
constituents are gneiss, si.ltstone,·'Sanastone, chalcedony, 
pegmatite, chert, quartzite, jasper, limonitic sandstone, 
n,nd petr.ified wood. The peBble bed is strongly stained 

by iron and manganese oxide. It locally contains 
abunda.nt bones and fresh water n1ollusks. 

The middle friable sand of the fine-grained facies 
is composed of yellowish-brown or reddish-brown 
clayey fine-grained sand. It is well bedded and con­
tains some pebbles a.nd l-inch nodules of calcium car­
bonate. · Along the mountain front south of ICassler 
the middle sand contains abundant mica, probably from 
gneissic metamorphic rocks which can be seen in the 
N1~T~NE~ sec. 3, T. 7 S~ R.. 69 1V., and at locality 
124 i11" the NE1;4SE1,4 sec .. 34, T. 6 S., R.. 69 vV. In 
this micaceous sandy alluviun1 are dark yellowish­
orange iron -stained layers. Cobbles and boulders of 

. partly decomposed gneiss are common this close to the 
mountains. 

The upper evenly stratified silt of the fine-grained 
facies is composed of brown, grayish-brown, yellowish­
brown, and reddish-brown clayey calcareous silt. It 
contains some sand and local lenses of pebbles. Along 
the flanks of trenches that contain the fine-grained 
facies the silt is underlain by a pavement of pebbles; 
these were in transport downslope to the valley floor 
before -the silt was deposited. The silt is composed 
mostly of quartz but contains larger fragments o-f ig­
neous, metamorphic, and sedimentary rocks. J\1:ica is 
abundant at the same localities where it is abundant 
in the middle friable sand. The silt is cemented with 
calcium carbonate. The upper part is evenly impreg­
nated with a flourlike concentration of calcium car­
bonate which continues downward as threads and tubes 
that probably formed around rootlets. 

The thickness of the Louviers varies considerably 
both geographica.lly and in the two facies. The fine­
grained facies ra,nges in thickness fron1 about 6 feet 
along the mountain front to about 25 feet in the small 
streams that flow into Plum Creek. The coarse-grained 
alluvimn is much thicker. An auger hole in the 
SE~NE~ sec. 4, T. 7 S., R.. 68 1V., (pl. 1), where 
the valley floor of Indian Creek lies about 30 feet below 
the top of the Louviers alluvium, penetrated 91 feet 
of coarse-grained sand with some pebbles and cobbles. 
The coarse-grained facies therefore may be as much as 
120 feet thick 

DISTRIBUTION 

·In the ICassler quadrangle, the Louviers alluvium is 
preserved as a well-formed terrace along Plum Creek 
and as small patches of buried valley fill in ancient 
arroyos along n1ost of the smaller strea.ms (fig. 13). 
Some of the best of. these smaller exposures are (a) 
along 1Villow Creek (fig. 11), (b) in the arroyo in the 
south central part of sec. 4, T. 7 S., R.. 68 "r., where 
it ·overlies Slocum alluvium, (c) in Sterling Gulch in 
sec. 30, T. 6 S., R.. 68 "\V., where it also overlies Slocum 
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alluvium, and (d) with colluvium of the same age, in 
the arroyo west of the Dakota group in the SW:% sec. 
35, T. 6 S., R. 69 W. The terrace al~ng Plum Creek 
is preserved as a flat surface as much as a quarter of a 
mile in width that lies 40 to 60 feet above Plum Creek 
and 50 feet below the surface of the Slocum alluvium. 
The slope of the terrace is slightly steeper than the slope 
of Plum Creek, so the height of the terrace diminishes 
downstream. 

Outside the quadrangle the terrace can be traced 
southward toward Castle Rock and northward into 
the Littleton quadrangle. North of the Littleton quad­
rangle (fig. 1) only small remnants of the original ter­
race can be found along the valley walls of the South 
Platte River, Cherry Creek, and Clear Creek. The 
terrace apparently was truncated in the Denver area 
(fig. 12) where according to Hunt (1954, p. 107) early 

Louviers 
5700' 

5600' 

5500' 

5400' 

5300' 

5200' 

their different elevations at Greeley where the Pieasant 
Valley lies 50 to 60 feet a:bove the South Platte River 
and the Kersey lies only 25 feet above. As suggested 
by Hunt ( 1954, p. 107), such differences in elevation 
can be explained by the fact that a terrace is likely to 
be higher along and immediately downstream from 
major tributaries than it is between them. This differ­
ence in elevation takes place because aJluvium is brought 
in faster from the tributaries than it can be carried 
away by the main stream. The Pleasant Valley terrace 
was created north of the South Platte River as the 
Cache la Poudre River dumped its alluvium in the main 
channel of the Platte River. The l(ersey terrace was 
created south of the South Platte River where the ter­
race was not much affected by the influx of alluvium 
from the north or was leveled off later. 

0 0 

Denver 
5700' 

5600' 

5500' 

5400' 

5300' 

5200' 

5100''-"'-------------------------------------------.....L-5100' 

0 10 MILES 

DATUM IS MEAN SEA LEVEL 

FIGURE 12.-Profile of South Platte River Valley showing erosion of Louviers alluvium and overlap of eroded Louviers by Broadway alluvium 
from the town of Louviers to Denver. 

'Visconsin alluvium lies beneath late Wisconsin allu­
vium in the lower part of the Broadway t~rrace. 

In order to determine whether the Broadway terrace 
is equivalent to the Kersey or the Pleasant Valley ter­
race of Bryan and Ray ( 1940, p. 25) and what correla­
tive terraces are in the l(assler quadrangle, I traced 
the Broadway terrace north to the type localities of 
the two terraces at Greeley. Near Greeley, Colo., I 
again found the early Wisconsin alluvium lying be­
neath the alluvium of late Wisconsin age in the Kersey 
terrace, and I concluded that the Pleasant Valley and 
I\:ersey terraces should, be grouped together because 
(a) no significant difference could be found in the allu­
vium of the two terraces; (b) the Wisconsin soil is 
formed on the ·alluvium in both terraces; and (c) the 
Pleasant Valley terrace becomes lower downstream un­
til it is the same height ( 25 feet) above the South Platte 
River as the I\::ersey terrace. The factor that led Bryan 
and Ray (1940, p. 25) to separate the two terraces was 

UNCONFORMITY BENEATH THE LOUVIERS ALLUVIUM 

In the interval of 'Visconsin time tha.t followed de­
position of the Slocum alluvium and development of 
the Sangamon ( ? ) soil, erosion was reactivated; exist­
ing streams penetrated through the Slocum and deeper 
into underlying bedrock. These deep valleys were cut 
before the Louviers alluvium was deposited. Along the 
South Platte River and Plum Creek the valleys were 
cut into underlying bedrock to a depth of 60 feet below 

. modern stream level. This erosion, which cut arroyos 
along the smaller tributaries as well as broad channels 
along the main streams, was deeper than in any later 
stage of erosion. The base of Louviers" alluvium in 
these deep valleys has ·not been exposed by the 1nodern 
arroyos. As the valleys were cut, adjacent slopes were 
beveled across Slocmn alluvium and bedrock. The 
slopes range in steepness from 5° to 40° and can be com­
pared to short steep pediments. 
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FOSSILS 

Vertebrate fossils are abundant a.nci diverse in the 
Louviers alluvium. Almost 50 collections were identi­
fied frmn 11 .locaJities a.nd many other fragmentary 
bones were seen but not collected. llalf of these col­
lections are from the site of a former spring in the 
N"\,TlJ.tNElfi.t sec. 36, T. 6 S., R. 69 ''r. (loc. 102, pl. 1) .. 
Bones are found mostly in the p~bbly lower part of 
the Louviers aJluvium; along the South Platte River 
they are found :in the 40-foot cobble layer below the 
persistent deformed silt beds. The followi11g table 
lists the mammals that were collected at 11 locn.Jities 
in the ICassler quadrangle.· 

ll1ammals from Louviers alhwium in the Kassler quadrangle 

[Ident.lflcat.lon by :gdward Lewis, C. B. Schultz, T. M. Stout and L. G. Tanner 
cr, not certainly identified but resembles tho species listed; ?, may be the species 
listed] 

Species lOOn 102a 103 104 105a 105b 106 107 108 109 125 
----------1--·1---------------
Citellus sp................... ..... ..... ? .................. ________ ---- ----

~~~~:~:,~1/~l~j)_:~::::::::::::: ::::: ::::: :::: ·x· ::::: ::::~ -~- :::: :::: :::: -~-
.Afammuthus ~Parele]Jhas) 

colnmbi (l'alconcr)...... ..... X ............. _____ ____ ____ ____ ____ '? 
Eqnu.~ SP-------------------- ----- X ---- .... X ......... ____ .... ____ X 
Camelops SP----------------- ..... X ________ ----- _____ ____ ? ____ : ... X. 
'l'annpolama SP-------------- ..... ----- ______________________ .... ____ ___ : X 
Odncoiletts hemionus (H.afln-

csquo)..................... or ----- ---- ---- ----- ----- ---- ---- ---- ---- ----Rison cmtiqt£tt8 Leidy________ cr _______ .. ____ _____ cf ________________ X 
SP----------------------- ----- ----- ---- ---- ----- ... ,. ---- ---- X X ----

Lewis, Schultz, Stout, and Tanner (written commu­
nication, 1955) concluded that these fossils are of 
'Visconsin age. T]1is conclusion was based on Bison 
antiqtiJ7.ts, which ranges from mid-"\Visconsin to the end 
of the Pleistocene, and on 111 a1n1nuth1.t8 ( Pa1·elephas) 
columbi, which ranges throughout the ''Tisconsin. All 
the other mammals apparently are long ranging (figure 
5) .. 

In vertebrate fossils also are abundant in the Louviers 
alluvium. Thirty-nine species fronl' 27 localities are 
listed in the following table. 

The invertebrate fossils are all land snails with the 
exception of two genera of fresh-water snails, Ly1nnaea 
and Gy1'a1tl1ts, ,and two genera of fresh-water clams, 
P-isid?:1.t1n and Sphae1·iu1n. The most common species 
are Lynvnaect ])(t1·va; cf. Succinea avant, Pupilla 1nus­
co1'u1n, Vallonia cyclozJhoTella, Vallonia gnwilicosta, 
and Il a·waiia 1nin1t8mtla. According to Frye and Leon­
ard ( 1952, p. 169), Vallonia gracilicosta, S'wccinea 
ava1·a, P1.tpilla miusco1·um, P. bl~ndi, and Il a'Waiia 1ninu­
scula occur at almost every locality of early "Tisconsin 
(Iowan) loess that they studied in l{ansas. In the few 
early "\~Tisconsin alluvial deposits they studied, the same 
species also we~·e found (Frye and Leonard, 1!)52, p. 
166). "\Vhereas most of the collections of early, 'Vis-

Mollusks t1·orn Louvie1·s all1tv'i1trn of the Kassler quad·ranglc 

[Idontlflcatlon by D. W. 'ray lor and C. C. Cameron. Arranged according to Thiele (1931), cf, not certainly identified but resembles the species listed· ? may be the specie 
listed] ' ' 

Locality 
Species 

lOOa lOOb JOOc lOOd lOOQ lOla lOlb 102a 102b 102c 103 104 106 111 112 113 114 115 116 117 118 119 120 121 122 123 124 
-------------1---- ----------------·------------------

t First of two recorded fossil occurrences. 

X 
X 
X 
X 
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consin mollusks in ICansas are from loess, most of the 
collections in the ICassler quadrangle are from alluvium. 

Many of the fossil mollusks are t€}rrestrial species that 
were carried into the Louviers after death. The greater 
abundance of species in the alluvium than in the yom1ger 
loess probably is due to concentration by water. For 
this ·reason mollusks in the alluvium may represent a 
large proportion of those that were living in the area · 
at the time the Louviers alluvium was deposited. Com­
parison of the mollusk assemblage in the Louviers al­
luvium with th1at from other deposits is shown in 
table 2. 

The habitats and geographic distributions of the 
living representatives of the species on the chart indicate 
that the fossils lived in the climate of a glacial stage. 
Data on distribution and habitat taken from Pilsbry 
( 1946 and 1948) , Leonard ( 1950 and 1952) , and Van 
der Schalie (195'3) were interpreted by D. vV. Taylor 
and C. C. Cameron (written communication, 1954) and 
show that the land mollusks of the Louviers alluvium 
prefer a cool dry habitat. For instance, Pupilla n1!Us­
contm is living today in the Front Range at cool high 
altitudes well above timberline; and with Vallonia 
cyclophorella and Euconulus fulvus alaskensis lives 
from the foothills up to timberline. Vertigo modesta 
and OolufJnella alticola also live in meadows as high as 
10,000 feet. Other species such as Vallonia gracili­
costa, H arwaiia minuscula, P~tpoides albilabris, Gastro­
copta tappaniana, G. holzingeri, G. armifera, G. pro­
cera, and H elicodiscus singleyanus are adapted to drier 
habitats. 

Fresh-water mollusks from the Louviers alluvium 
suggest an enviromnent such as a flood plain with small 
sluggish streams and backwater pools containing thick 
vegeta;tion. A 1similar environment is suggested by 
ostracodes and charophytes that were found with mol­
lusks at locality 124. The following ostracode species 
were identified by I. G. Sohn: 

"Oandona" sp., both males and females, adults only 
"Oandona" ~ sp. of the Oandona lacteagroup 
Oypridopsis ~ sp. 
Gen. a:ff. Il erpetocypris, very large; two valves, two 

fragments 
Limnocythere sp., one valve 

Only a few valves were picked from the alluviun1 of 
locality 124, for only an interpretation of the environ­
ment was sought. 

Se~eds of the Hackberry tree (Celtis sp.) were found 
in the Louviers alluvium in Sterling Gulch in the 
SE'~SE~ and in the NE:~SE~ sec. 30, T. 6 S., R. 
68 W. The Hackberry tree grows today beside streams 
in the drier parts of the Colorado. 

ORIGIN 

The Louvie.rs alluvimn was deposited by streams 
flowing in previously cut valleys northeastward from 
the Front Range and is composed mostly of rocks de­
rived from the Front Range. The earlier alluvimn on 
the pediments supplied1nost of the n1aterial, but local 
sedimentary rocks contributed some. Base levels for 
the streams that deposited Louviers alluvium were 
Plum Creek and the South Platte River. As shown 
by the graded bedding of the alluvimn, the streams that 
were ca.pable of carrying large quantities of coarse 
material during the early part of this depositional 
cycle became progressively less competent ·as time 
elapsed. 

The large amoml't of iron and manganese oxide in 
the silty layers of the alluvium suggests that the al­
luvium was laid clown in a boggy, possibly cool, environ­
ment. Similar accmnulations of iron oxides are form­
ing in Colorado today in stagnant beaver ponds and 
bogs at altitudes of 9,000 or 10,000 feet. No bogs with 
iron oxide are known at an altitude comparable to that 
of J:>hun Creek or the South Platte River in the ICassler 
quadrangle. Ferrous iron hydroxide is soluble in cold 
water under reducing conditions with a low pH. The 
iron was apparently not fixed by bacteria or deposited 
as small pellets as is bog iron ore, but was precipitated 
as ferrous iron hydroxide. vVhen the alluvium was 
dissected and the water table dropped, the iron· was 
oxidized to ferric iron hydroxide. 

AGE 

The Louviers alluvium is considered to be early "\Vis­
cousin in age for the following reasons: 

1. The younger loess that overlies it is correlated 
·with the Peorian loess of Nebraska. As stated in the 
section on correlation and age of the younger loess 
( p. 35) , the soil developed on this loess has been traced 
across eastern Colorado and probably is the same as the 
Brady soil that is developed on Peorian loess in N e­
braska. 

2. The alluvium has a molluscan assemblage almost 
the same as the assemblage in ICa.nsas called pre­
Bradyan vVisconsinan fauna by Frye and Leonard 
( 1952, p. 166). 

· 3. It has Pleistocene mammals that are found only 
in vVisconsin deposits of Nebraska. 

· 4. The Louviers a.lluvium was the first alluvium de­
posited after the pre-vVisconsin Slocum alluvimn. 

5. A vVisconsin soil is developed on the alluvium. 
In hopes of determining the absolute age of the Lou­

viers alluviun1 radiocarbon analysis was made of some 
wood fragments found beneath a bone of a mam1noth at 
a former spring in the N"\VI4NE·~ sec. 36, T. 6 S., R. 69 
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1\T. The deposit in which the wood fragments lie is a 
loess that was probably deposited in a boggy environ­
ment. It overlies a pebbly clay that is considered to be 
the Louviers alluvium; ho·wever, the wood fragments 
gt1ve a radiocarbon age (1\T-288, R.ubin and Suess, 1956, 
p. 446) of 4,885 ± 160 years, whereas the associated mam­
moth bone, which must be Pleistocene, is assumed to be 
at least 10,000 years old. Of all the possible reasons for 
this discrepancy the most probable explanation is that 
the wood fragments were pushed into boggy ground at 
the spring by later grazing animals. 

A later radiocarbon analysis ('~r -401, R.ubin and 
Alexander, 1958, p. 1485) of a mammoth tooth from the 
pebbly clay gave a date of 10,200±350 years. This age 
is within the expected age range of mammoths, but is 
much younger than the supposed 15,000-year date that 
was expected for the Louviers alluvium. Such varia­
tions in apparent n.ges are not surprising, for animals 
had congregated around the spring from early '~Tis­
consin to R.ecent time and their bones undoubtedly were 
trmnpled into the older deposits. 

YOUNGER LOESS 

Younger loess forms a bhmket confined to the north­
central part of the quadrangle, with the exception of a 
small outcrop south of Louviers (pl. 1). The surface 
of the. younger loess is gently rounded, but reflects any 
large irregularities of an underlying surface. Three 
depressions in the loess south of R.oxborough Park 
school are deflation basins floored by Pierre shale and 
surrounded by loess. The younger loess overlies and is 
later thn.n the older loess and Louviers alluvium, but 
is eroded and the channels filled with pre-Piney Creek 
n.nd Piney Creek alluvium. An outcrop of loess over 
Louviers alluvium is well exposed at an ancient spring 
:in the N'~Tlfi.~:NE1A'1, sec. 36, T. 6 S., R.. 69 "r., south of 
the South Platte R.iver. The greater amount of loess 
on the south side of the South Platte R.iver is clue to a 
large source of silt in the flood plain of the river that 
was .picked up and redeposited by southeasterly winds. 

The youngei· loess .is moderate yellmvish-brown to 
olive-gray silty s.n.nd or sandy silt about 5 feet thiek 
(see section 7). The lower part is crudely stratified; 
the upper part conta.ins a nwderately strong prismatic 
structure thn.t cnuses it to stand in vertical banks. 
Small pebbles and coarse sand were locally incorporated 
by slopewash from the adjacent pediment alluvium. 
Cn.lcium carbonate mottles the loess and is common in · 
soft 1,4. -inch nodules n.nd as coatings on faces of prisms. 

FOSSILS 

Fossil vertebrates n.nd mollusks are abundant in the 
loess. Eq~I/US sp. and Oa?nelOJ)S sp. were identified from 
more than 50 bones collected at the site of a former 

spring in the N"T~NE1,1t, sec. 36, T. 6 S., H. 69 ,V. (loc. 
98a, b; figure 5). In addition, Oanwlops sp. was found 
at locality 99. ~1pllusks were collected at three locali­
ties; two of the localities were found in excavating for 
bones at the spring site. Following is a list of the mol­
lusks from each locality. 

M oilusks from .Younger loess in the Kassler quadrangle 

[Identifications by D. W. Taylor and C. C. Cameron. Arranged according to Thiele 
(1931)] 

Locality 
Species 

98a 98b 99 

Lymnaea parva Lea______________ X X 

Gyra~fz1:;~p~~=================== ---~--- ----x-·-- ======== 
cf. Succinea avara Say____________ X X 
P1tpilla muscorwn (Linne)________ X X 
Vallonia cyclophorella Ancey _ _ _ _ _ _ X X 

X 
X 

The fossil assemblage in the loess contains only those 
1nollusks that lived on the surface of the loess, on plants 
growing from it, or in nearby water. The mollusks are 
the same as the diagnostic assemblage from the Lou­
viers alluvium (table 2). Pupilla n~uscO?"U?n, Vallonia 
r:yclophm·ella, cf. ~uccinea ava1'a, .and Lyn~naea pa1·va 
are most abundant and suggest cold dry conditions dur­
ing deposition of the younger loess. 

AGE AND CORRELATION 

The age of the younger loess is considered to be early 
1\Tisconsin because it contains the same fauna as the 
Louviers alluvium, which it overlies, and because a 
'¥isconsin soil is developed on it. The loess is con·e­
lated with the Peorian Loess which was traced from 
Nebraska across eastern Colorado to the Denver area. 
It thins from more than 100 feet in Nebraska to 5 feet 
in the ICassler quadrangle. The younger loess is also 
correlated with the eolian silt and sand of ~1alde ( 1955, 
p. 240-243) and the eolian deposits of IIunt (1954, p. 
108-111). 

SOIL OF WISCONSIN 'AGE 

A soil, placed stratigra phica.lly as mid-"Tisc01isin in 
age, was strongly developed in a Brown soil facies in 
the upper part .of the Louviers alluvium and younger 
loess. (See sections 7, 11, 12, 13, 14, 15, 16, and distr·ibu­
tion on pl. 1.) The inferred age of the soil is based on 
its stratigraphic position. Buried profiles of the soil 
can be seen in figure 13 and are described in sections 13 

' 14, 15, and 16 which were measured in the walls of 
modern trenches eroded through younger alluvium into 
the fine-grained facies of the Louviers alluvium. Pro­
files of the soil that have been continuously exposed at 
the surface are developed on the coarse-grained facies 
of the Louviers and on the younger loess (see sections 
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7, 11, and 12) ; although these exposed soils were sub­
jected t9 all later episodes of soil formation, they were 
not altered much and are easily recognized as Wisconsin 
soils. 

The soil is developed in a Brown soil facies except for 
some small exposures of · unmapped colluvium with a 
Podzolic facies in Roxborough Park and in the moun­
tains. The Brown soil contains three well-developed 
and well-preserved horizons, A1, B2, and Cca· The A1 
horizon is very dark brown, humic, and about 1 foot 
thick. The B 2 horizon is brown (see fig. 4) , has a strong 
medium prisma:tic structure and a sticky plastic hard 
consistence, and commonly contains splotched secondary 
calcium accumulation along the prism fa.ces. Thick­
ness of the B2 horizon ranges from 0.7 to 1.5 feet; thick­
ness is greater where texture is coarser. The Cca hori­
zon in the alluvium is a soft m.assive accumulation of 
calcium carbonate that follows joints and is not nearly 
as concentrated as in the pre-Wisconsin soils. In the 
younger loess the calcium carbonate is scattered through 
the parent material in one-fourth-inch spots (loess 
kind chen) rather than in a massive concentration. Peb­
bles in the Cca horizon are coated on the undersides w.ith 
calcium carbonate. 

The \iVisconsin soil is superposed on pre-vVisconsin 
soils (fig. 14) and has altered the original profiles in 
several ways. Calcium carbonate was deposited along 
joints in the pre-\iVisconsin B horizons; the top of the 
pre-vVisconsin Cca horizon was leached and the calcium 
carbonate reconcentrated a few inches lower in a thick 
layer of almost pure calcium carbonate that has a very 
abrupt but slightly wavy upper boundary. The A 
horizon of the pre-\iVisconsin soil is not visible at any 
of the outcrops where the \iViseonsin soil is superposed 
on the pre-Wisconsin, such as in the arroyo at Rox­
borough Park school in the SvV1;4NvV~i sec. 36, T. 6 8., 
R. 69W. (fig. 14, and sec. 7) and in the Highline ditch 
in the NW1;4 sec. 25, T. 6 8., R. 69 W., Littleton quad­
rangle. Evidence that the A horizon was eroded is 
lacking; therefore, I suggest that the humus in it was 
bleached chemically and is no longer recognizable as 
an A horizon. 

BROADWAY AIJLUVIUM 

That alluvium which lies in the first terrace below the 
Louv.iers alluvium was named the Broadway alluvium 
by Scot.- (1960). ·This alhrdtm1, on which a Brown soil 

FIGURE 14.-A Wisconsin soil superposed on B horizon of a Sangamon ( ?) Roil. Note abrupt upper boundary of Cca horizon of soil of 
Sangamon(?) age and Wisconsin calcium carbona te in joints of Sangamon(? ) B horizon. At Roxborough Park school, SW~NW1,4, 
sec. 36, T. 6 S. , R. 6!> W. 
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was moderately strongly developed in early Recent time, 
is composed of reddish-bro·wn fine- and coarse-grained 
sand with pebbles. The alluvium was deposited only· 
along the South Platte River and Plum Creek. The 
term Broadway is taken from Broadway Avenue which 
traverses the Broadway terrace northward through 
Denver, Colo.; the type locality is designated as a gravel 
pit in the SEl!.t, sec. 30, T. 2 S., R. 67 vV. near Dupont 
in Adams County, Colo. Other nearby gravel pits at 
the north edge of Denver also show typical sections of 
the Broadway alluvium. Section 17 is typical of the 
alluvium in the J{assler quadr-angle. 

DESCRIPTION 

The Broadway alluvium is composed of uniform 
coarse-grained sand near the center of the Plum Cre.ek 
channel, but grades into silty humic coarse-grained sand 
near the east edge of the channel. The uniform sand. is 
reddish brown and rather clean, and contains subangu­
lar to subrounded pebbles. Most of the pebbles are less 
than 1 inch in diameter, but some are 4 to 6 inches. 
Major constituents are granite, quartz, ironstone, and 
welded tuff; minor constituents are chert, sandstone, 
quartzite, altered amphibolite, biotite-quartz gneiss, 
aplite, pegmatite, and granite gneiss. The humic silty 
sand is grayish brown and obviously has been little 
washed by stream action. It contains pieces of Dawson 
arkose from the slopes along the east side of Plum 
Cre.ek. The alluvium throughout the terrace is crudely 
stratified in the coarse beds, well-stratified in the fine 
beds. The thickness is estimated to be about 25 feet. 

17. Section of Broadway alluvium in sand pit in NE¥±SE1j4 sec. 

viers in a moderately well formed terrace that lies 30 
feet above and slopes more steeply than Plum Creek. 
It also slopes steeply from the valley sides toward Plum 
Creek. The terrace can be traced north into the Broad­
way terrace of the Denver area and into the J{ersey ter­
race of the Greeley area. The terrace was removed by 
later erosion along the South Platte River near J(assler. 

UNCONFORMITY BENEATH THE BROADWAY ALLUVIUM 

Shallow valleys were cut irito the Louviers alluvium 
in late vVisconsin time along the South Platte River 
and Plum Creek. The depth of the valleys is generally 
less than 25 feet and only locally is the width more than 
1 mile. The unconformity where the base of the trench 
is cut in Louviers alluviun1 is exposed in gravel pits 
along the South Platte River and can be recognized by 
a change from large cobbles in the Louviers to small 
pebbles in the overlying Broaqway. Along small tribu­
taries, trenches were cut only a short distance upstream. 
Upstream from the trenches Louviers alluvium was not 
eroded. · 

AGE 

The Broadway alluvium is considered to be late 'iVis-
consin in age for the following reasons: · 

1. The upper part of the gravel capping the Broad­
way terrace contains late Pleistocene fossils and is con­
sidered late vVisconsin in age (Hunt, 1954, p. 104). 

2. The Broadway alluvium was the first alluvium de­
posited after the early 'Visconsin Louviers alluvium. 

3. The alluvimn is older than the pre-Piney Creek 
alluvium. 

33, T. 6 S., R. 68 W. PLACEMENT OF PLEISTOCENE-RECENT BOUNDARY AND 

Broadway alluvium: 
Early Recent soil : 

Soil horizon AB : Feet 
Sand, dark-brown (10YR 4/3), silty, humic; 

pebbles, cobbles and boulders as much as 
8 in. in length ; poorly sorted ; stands in 
vertical banks where freshly exposed ____ 2-3. 0 

Soil horizon 0 : 
Sand, reddish-brown (5YR 5/4), medium- to 

coarse-grained; stratified in 2- to 4-in. 
layers; reddish-brown layers are sepa-
rated by yellowish-gray layers of slightly 
finer texture and looser consistence ; iron 
oxide and clay cement the grains slightly. 
Locally contains streaks of calcium car­
bonate-------------------------------- 16.0 

Thickness of Broadway alluvium ____________ 18. 0-19. 0 

DISTRIBUTION 

In the Kassler quadrangle, the Broadway alluvium 
is preserved along the east side of Plum Creek at Lou-

· SUBDIVISION OF THE RECENT DEPOSITJS 

The Pleistocene-Recent boundaty suggested by Hunt 
(1953) is used in this report. In the J{assler quad­
rangle the boundary lies between Broadway alluvium 
and pre-Piney Creek alluvium. This boundary in the 
geologic column coincides with the disappearance of 
Pleistocene mammals, such as the elephants and camels, 
and the appearance o.f a modern fauna characterized by 
Bison bison which did not occur in the older deposits. 
The deposits above and below the boundary are distinct 
lithologically. The older deposits along the main 
streams are coarse-grained glacial outwash frmn the 
mountains, whereas the younger deposits are fine­
grained silty alluvium from local sources. 

In other parts of the geologic section the most reli­
able stratigraphic markers separating two stages have 
been the ancient soils; presumably they should also be 
useful in separating the Pleistocene from Recent. In 
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the Kassler quadrangle, the first w·ell-developed soil to 
form after the ]ate 'V.isconsin deposits is the soil of 
early Hecent age. G. ~1. Hichmond and R. B. ~1orri­
son ( orn,l communication, 1!)59) of the U.S. Geological 
Survey hnYe used this early Hecent soil to mark the 
end of the Pleistocene in areas they have mapped in the 
R.ocky ~'fountn ins, the Colorado Plateau, and the Great 
Basin. These areas, however, do not contain early 
R.ecent deposits (or else the deposits are of glacial 
origin and are considered to be fUl extension of 'deposits 
that rightly belong in the Pleistocene) ; Richmond and 
M:orrison consider, therefore, that the early Hecent 
soil-even though it formed only 4,:'500 to 4,000 years 
ngo-eft'ecti vely divides Pleistocene from Hecent de­
posits. In the J(assler qundrnngle. where both alluvium 
ttnd eolian sn,nd containing Heeent mammals were de­
posited in early Hecent time, the early Hecent soil can­
not be used to eli vide the Pleistocene and Recent: 

Presumably, a soil that could be used to eli vide Pleis­
tocene from H.ecent must have formed at the end of th.e 
Broadway geomorphic cycle, as it did at the ends of 
other cycles. Actually such a soil has been found in 
Nevada. ~1orrison (1958, table 1) in the southern 
Carson Desert area near Fallon, Nev., found a very 
weakly developed soil that may mark the boundary 
between Pleistocene and Hecent at Lake L:1hontan. 

This late 'V:i.sconsin soil may ha"\re developed in the 
J(assler quadrangle and later have been completely ob­
scured by the early ;Recent soil, whicl1 is much stronger. 
Absence of the soil has not been a deterrent to strati­
graphic placement of the early Hecent deposits, for 
charcoal in the pre-Piney Creek alluvium gave an aver­
age age .of 5,500 years before the present and the 
alluvium cont:1ins only H.ecent ma.mm:tls. 

Geologists who have worked with Quaternary .de­
posits have divided ·the Hecent epoch differently and 
have included in it quite different amounts of geologic 
time. In the Rocky ~'fountains, Colorado Plateau, and 
Great Basin areas. G. ~1. Richmond and R. B. ~1orri­
son (oral communication, 1959) include in the Recent 
only the time since the developn1ent of the early Recent 
soil. They divide the Hecent into two stages: early 
Recent, which includes equivalents of the Piney Creek 
alluvium, and late Recent, which includes equivalents 
of the post-P.iney Creek alluvium. These two informal 
stages are separated by the late Recent soil. 

In the J(assler quadrangle, the soil of early Recent 
age is used to divide the Hece:ra.t into two informal 
ages, early Recent .and late Recent, which together 
encompass about 10,000 years· of geologic time; divided 

they include approximately 6,000 years of early Recent 
and 4,000 years of late Hecent time. 

PRE-PINEY CREEK ALLUVIUM 

Pre-Piney Creek alluvium, composed of light-brown 
stratified. silt, on 'vhich a moderately strongly devel­
oped Brown soil was formed, is widespread in the 
J(assler quadrangle, but was not recognized in any ad­
joining part of the Denver area. 

DESCRIPT1v.1.~ 

The pre-Piney Creek alluvium consists of light­
brown, moderate-brown, or moderate yellmvish-brown 
·silt and sand with thin lenses of pebbles. Quartz is the 
major constituent of the fi}le alluvium; rounded to sub­
rounded fragments of igneous, metamorphic, and sedi­
mentary rocks are locally abundant. Stratification is 
well developed in beds of silt, sand, and pebbles. Cal­
cium carbonate cements the grains and fills rootlet holes, 
especially in the silt layers, to a depth of 30 feet. The 
thickness of the alluvium may exceed 40 feet. 

Charcoal fragments as large as 1 inch in dimneter 
fonn layers in the alluvium at several places, probably 
as a result of forest fires during or before the deposi­
tion of the alluvium. 

Colluvium of early Recent age, which is mapped as 
part of the pre-Piney Creek alluvium, consists of a 
heterogeneous mixture of reddish-brown calcareous 
sand, silt, and clay with boulders, cobbles, and pebbles 
lying west of the Dakota hogback. ~1ost of the stones 
are Dakota sandstone, but there are also pieces of shale 
and limestone from the ~iorrison and Lykins forina­
tions, and igneous and metamorphic rocks reworked 
from the older surficial deposits. The colluvium is 
crudely stratified parallel to the slopes, and flat rocks 
parallel the stratification. The thickness of the col­
luvium locally exceeds 10 feet. 

18. Sect·ion of p1·e-Piney Creek allwv'ium along Rainbow C1·eel.: 
hl the NJEJ4NWl4NEl,4, sec. 29, '1'. "'/ S., R. 68 TV. 

[Measured with tape] 

Pre-Piney Creek alluvium (part) : 
Early Recent soil : 

Soil horizon A1 : Feet 

Sand, grayish-brown (lOY R 5/2), humic____ 1. 2 
Soil horizon B2 : 

Sand, light-brown (7.5YR 6/4), clayey, 
coarse-grained; contains small pebbles___ 4. 3 

Soil horizon Ccn .: 
Sand, light-brown (7.5YR 6/4), pebbly; con-

tains mollusks (loc. 128) ---------------- 12. 0 

Thickness of pre-Piney Creek alluvium_ 17. 5 
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19. Section of p1·e-P-iney 0'reelc alluv·ittm along Ra-inbow O·reek 
in the NW:!4NW:!4 sec. 28, T. "' S., R. 68 W. 

[Measured with tape] 

Pre-Piney Creek alluvium (part) : 
Early Recent soil: 

Soil horizon A1: Feet 

Sand, reddish-brown ( 5YR 4/4), silty______ 1. 0 
Soil horizon B~ : 

Sand, yellowish-red (5YR 5/6), silty, blocl{y_ 3. 0 
Soil horizon Ccn : 

Sand, reddish-brown (5YR 5/4), silty; cal­
cium carbonate in cracks to a depth of 3 
ft, then spread thinly through deposit be-
lo\v 3ft ________________________________ 37.0 

Thickness of pre-Piney Creek alluvium_ 41. 0 
Dawson arkose. 

DISTRIBUTION 

The alluvium lies in channels cut in Louviers allu­
vium along Indian Creek and Rainbow Creek (sections 
18 and 19), but was deposited on straths of Louviers 
alluvium along other streams, such as 'Villow Creek 
(fi.g". 11; sections 13 and 14). It lies in the first terrace 
above the Piney Creek alluvium about 25 feet above 
stream level along Indian Creek, "Lehigh Gulch (section 
15), and Rainbow Creek in the southeastern part of the 
quadrangle. Pre-Piney Creek alluvium along 'Villow 
Creek and other arroyos, where it was observed buried 
by Piney Creek alluvium, is not mapped, but it is de­
scribed in sections 18 and 19. 

UNCONFORMITY BENEATH THE PRE-PINEY CREEK ALLUVIUM 

Valleys as deep as 25 feet and as ·wide as one-quarter 
mile were cut into Louviers alluvium in early Recent 
time along the tributaries of the South Platte River 
and Plum Creek. The unconformity at the base of these 
channels can be recognized at many places along Indian 
Creek and Rainbow Creek where outcrops of Louviers 
alluvium protrude through the pre-Piney Creek 
alluvium. 

FOSSILS 

Vertebrate fossils were found in q1e early Recent 
colluvium that borders a pit dug into the Lykins shale 
in the SE%SEY,1 sec. 11, T. 7 S., R. 69 W. (loc. 126, pl. 
1). Here Ursus horribilis and Odocoileus hernionus 
(Rafinesque) were found associated with fossil mol­
lusks and with artifacts. The grizzly bear and deer 
probably were killed by man. 

Invertebrate fossils from localities 127 and 128 in 
pre-Piney Creek alluvium and locality 126 in colluvium 
are listed in the following table. 

Jl!follusks from pre-Piney Creek alluvium in the Kassler quadrangle 

[Identifications by D. W. Taylor and C. C. Cameron, arranged according to Thiele 
(1931)] 

Species 
Locality 

126 127 128 
----------------1-----------
Lymnaea bulimoides Lea________________ _ _ _ _ _ _ X 
cf. Succinea grosvenori Lea______________ X X X 
Pupoides albilabris (C. B. Adams)_______ X ___________ _ 

· hordaceus (Gabb)__________________ ______ X 
-inornat'us Vanatta_______________________ X 

Gastrocopta armifera (Say)______________ X ___________ _ 
cristata (Pilsbry and Vanatta)__ _ _ _ _ _ _ _ _ _ _ _ X 

Vallonia gracilicosta Reinhardt_ _ _ _ _ _ _ _ _ _ X X X 
Hawaiia minuscula (Binney)____________ X ___________ _ 
Zonitoides arboreus (Say)____________________________ X 

Gastrocopta c'ristata and Pupoides hordaceus of local­
ity 127 are now living in the warmer states south of 
Colorado and suggest a nonglacial environment, per­
haps an interglacial or postglacial climate. Seeds of the 
Hackberry tree ( 0 eltis sp.) were found in the early 
Recent colluvium in the pit at locality 126. Hackberry 
trees grow today beside streams in the drier parts of 
Colorado. 

ARCHEOLOGY AND AGE 

The pit at locality 126 also exposed an Archaic cul­
ture layer in which artifacts were found 4 feet below 
the top of the early Recent colluvium. Shallow-bowl 
metates, manos, projectile points, scrapers, choppers, 
and bone tools were found in the culture layer. Asso­
ciated with the artifacts is a concentration of charcoal. 

Charcoal frmn this culture layer and from alluvium 
were analyzed in the radiocarbon laboratory of the 
U.S. Geological Survey by l\ieyer Rubin. The age of 
the sample (W-272, Rubin and Suess, 1956, p. 446) 
from the culture layer was found to be 5,780 ± 160 years. 
Charcoal from a deposit of fine-grained pre-Piney 
Creek alluvium in an arroyo at the foot of the moun­
tains (W-273) in the S'VI4SvV% sec. 24, T. 7 S., R. 69 
W., gave a radiocarbon age of 5,450±160 years. These 
dates indicate that the pre-Piney Creek allqvium was 
deposited about 4,500 years after the beginning of the 
Recent and about 1,000 years before the early Recent 
soil. The relative age of the alluvium is well known; 
it overlies Louviers alluvium and is overlain by Piney 
Creek alluvium. 

EOLIAN SAND 

Eolian deposits, chiefly medium-grained well-rounded 
sand, extend southeastward across the uplands from 
several of the main valleys. 

The eolian sand south of Rainbow Creek is reddish 
yellow to reddish brown, medium to coarse grained, 
slightly platy, slightly sticky, plastic, and soft. The 
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deposit is 10 :feet thick. The soil developeCI. on the 
eolian sand is acid owing to a thick overgrowth of scrub 
oak. 

The eolian sand north of Rainbow Creek is light 
brown, silty, fine grained, and massive. Only about 
llh feet of sand covers the Slocmn alluvimn in the 
Rainbow Creek area. The soil developed on the sand is 
enriched with calcium carbonate owing to a cover of 
grass. This deposit 'vas measured in a small arroyo 
:in the S'V~SEl!.t, sec. 20, T. 7 S., R. 68 ''T· and is de­
scribed in section 20. 

The small deposit of eolian sand near l(assler in sec. 
34, T. 7 S., R. 69 vV., is about 10 feet thick and consists 
of reddish-brown silty fine-grained sand that is crudely 
stratified. The sand is mottled with a lacy network of 
calciun1 carbonate. 

DISTRIBUTION 

The sand overlies Louviers alluvium sOt1th of the 
South Platte River in the NE14SE1;4 sec. 34, T. 6 S., 
R. 69 "r. (pl. 1). It overlies Slocum alluviup1 north of 
Rainbow Creek in the S"T~SE~11, sec. 20, T. 7 S., R. 
68 "r., and overlies Dawson arkose south of Rainbow 
Creek in the NE1;4NE1;4 sec. 29, T. 7 S., R. 68 ,V. A 
s1nooth thin veneer of eolian sand locally overlies the 
pediments elsewhere, but generally is too thin to map. 
The sand is hummocky where it overlies eroded bedrock. 

20. Scct·ion ot coUmt sa1ul in a1Toyo in the SW1Ji,SE1Jt, sec. 20, 
'11

• "' S., R. 68 1-V. 

[l\Icnsured with tape] 

l!JoUnn sand : 
1Dnrly Recent soil: 

Soil horizon .AB : Feet 

Sand, dark grayish-brown (10YR 4/2), 
humic, clayey; lower 4 in. oxidized______ 0. 9 

·Soil horizon Ccn : 
Sand; upper 6 in. clark grnyish brown (10YR 

4/2), humic; contains snails in lower part 
(loc. 129). r.Jower part yellowish brown 
(10J7R 5/4), clayey; contains fine granules 

. of calcium carbonate____________________ 1. 9 

~Chickness of eolian sand------------------------ 2. 8 

l\{ollusks found in the deposit north of Rainbow 
Creek (loc. 12D) are listed below. All are land snails 
except Lyn&naea. Collectively they indicate that the 
climate was cooler than it now is along Rainbow Creek 

Ly·m.n.a.oa. 1Jarva Len 
cf. S1tcc·inca, O'IJa?'(£ Say 
Oolnm.clla. (tlt-icola (Ingersoll) 
Ve1·t1.go sp. 
J>u,1Jilla nwsco1·um (Linne) 
Vallonia cyclo1Jho1·ezza .Ancey 
V. gracilicosta Reinhardt 

The eolian sand was derived frm;n nearby streams or 
from alluvium on the Verdos or Slocum pediments. 

The wind deposited the sand southeastward from the 
source. For the wind to be able to move the sand, vege­
tation must have been sparse, probably as the result of 
a dry climate. 

Inasmuch as the eolian sand overlies Louviers al­
luvium and has the early Recent soil developed on it, it 
probably is of either late 'Visconsin or early Recent age. 
In addition, the outcrop south of Rainbow Creek seems 
to have been derived from pre-Piney Creek alluvium; 
therefore, the sand probably is about 5,000 years old. 
Hunt (1954, p. 112) described eolian sand in the Denver 
area which he considered to be late Pleistocene or early 
Recent in age; the sand in the J(assler quadrangle prob­
ably is correlative. 

SOIL OF EARLY RECENT AGE 

A soil of early Recent age is n1oderately strongly de­
veloped on Broad,vay alluvium, pre-Piney Creek al­
luvium, and on the eolian sand. This soil is developed 
in a Brown soil facies except on eolian sand south of 
Rainbow Creek where it is Podzolic. The soil generally 
is e~poseclat the earth's surface, but may be seen burieCI. 
under younger deposits along the 'valls of trenches cut 
by "TilJow Creek (fig. 11). 

The early Recent Brown soil is characterized by the 
A1, B2, and Cca horizons (see sections 13, 14, 15, 18, and 
19). The A 1 horizon is gray brown and generally 
lighter in color than the A 1 horizon of the late Recent 
soil. Structure of the A 1 horizon is platy to very coarse 
weak columna,r a.nd the thickness is 6 to 16 inches. 

The B2 horizon is yellowish brown (fig. 4) or locally 
reddish brown; the structure is fine weak prismatic to 
medium strong prismatic, the consistence is sticky, 
plastic, and hard and the reaction is moderately alkaline 
because of a,n accumulation of secondary cn1cium car­
bonate from overlying deposits. The thickness of the 
B2 horizon is 8 to 18. inches. 

The Cca horizon, or calcium carbonate enriched parent 
material, is yellowish to reddish brown and extends to 
a depth of 13;4 to 3 feet as reticulated boxworks of hair­
like calcium ettrbonate veinlets. The carbonate also 
coats the undersides of pebbles, artifacts, and bones. 
"There the early Recent deposits are near a limestone 
bed, they are very firmly cetnented by calcimn carbonate. 
J\{ollusks are abundant in the Cca horizon but were 
leached out of the A 1 and B2 horizons. 

The horizon thicknesses given are average, but as 
with all soils in the area, the horizons are thicker but 
weaker where they are developed on more porous 
materials. 

LANDSLIDES 

Landslides are of two types: earth flows in soft clayey 
sedimentary rocks, and rockfalls in hard, blocky, ridge-
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forming sedimentary rocks. Earth flmvs move slowly, 
but they move frequently, if not continuously; they 
block streamflow temporarily and keep pediment slopes 
steep. Rockfalls are fast and spectacular, but infre­
quent in this area. Earth flows and rockfalls of several 
ages from early "'\Visconsin to Recent \Yere found in the 
ICassler quadrangle, but all are mapped and described 
together as Recent landslides. 

Most of the earth flows are in sec. 19, T. 7 S., R. 68 vV. 
They are composed mostly of Pierre shale with a thin 
veneer of colluvium from the pediment alluvium. The 
slides are not now in single masses but are broken up 
into small blocks tilted in many directions, though all 
n1oved as a unit. The toes of the slides are the most 
disturbed; they consist of crushed shale pushed upward 
and outward in typical earth-flow fashion. The toes of 
slides are mostly removed by intermittent streamflow 
in the arroyos; however, one slide is so recent that its 
toe partly dams the arroyo. An area of discrete broken­
up blocks at the heads of the slides behaved like a 
slump. The slides are 25 to 50 feet wide and 50 to 200 
feet long. 

The earth flows in Pierre shale were caused by ( 1) 
oversteepening of pediment slopes during dissection by 
streams or ( 2) action of springs and seeps at contact 
of pediment alluvium and Pierre shale. In one slide on 
the edge of the highest pediment the toe was swampy 
and springs flowed from under the slide in the spring 
of the year. 

One rockfall was observed in sandstone of the Dakota 
group at the north end of the hogback south of ICassler. 
The rockfall block is about 40 feet long, 20 feet thick, 
and 30 feet wide. It now lies on the lower Morrison 
formation beside the arroyo west of the Dakota hog­
back. A gap can be seen where the block broke out of 
the D·akota hogback upslope from its present resting 
place. The bedding in the block dips to the west. 

This rockfall was caused by oversteepening of the 
slope. The block split away from the hogback along 
joints perpendicular to the bedding and tumbled down­
slope into the arroyo. The arroyo was temporarily 
dammed until the stream cut a new course around the 
west side of the block. 

The earth flows of Pierre shale took place in late 
Recent time, and displaced Piney Creek alluvium. The 
rockfall of Dakota sandstone took place in late Wiscon­
sin or early Recent time. The new channel around the 
west side of the block cuts into Louviers alluvium and 
is filled with Piney Creek alluvium. 

BOG CLAY 

Bog clay consists of pond deposits of clay 6 feet or 
more in thickness that lie in deflation basins surrounded 

by younger loess and in S\vampy undrained areas along 
the floors of several small valleys. 

Bog clay was mapped at three swampy places west of 
the Lyons sandstone in sees. 2, 11, and 14, T. 7 S., R. 
69 W; in three undrained depressions (pl. 1) south of 
Roxborough Park school (sec. 36, T. 68., R. 68 "'\V. and 
sec. 1, T. 7 S., R. 68 "'\V.), and in a depression on the 
Verdos pediment at the corner of sees. 17, 18, 19, and 
20, T. 7 S., R. 68 W. 

Bog clay is similar in all bogs, but the bogs differ in 
setting. The bog clay is a foul-smelling, very plastic 
gray silty clay containing large amounts of organic ma­
terial. The three de.posits of bog clay west of the Lyons 
sandstone are in poorly dra.ined swamps on Piney Creek 
alluvium. I-Iummocks of grass stand on the surface of 
these bogs. The three bogs south of Boxborough Park 
school are on Pierre shale. They are alkaline and prob­
ably contain sulfates, for they are covered with a white 
efflorescence during dry weather. None of the bogs in 
the area contains perennial water, but all contain water 
for about two 1nonths in a rainy spring and after rains 
in the summer. 
~he bogs also differ somewhat in origin. The three 

bogs on Pierre shale were formed when the younger 
loess closed the drainage outlets and winds eroded soft, 
weathered Pierre shale from the depressions. The 
bogs on Piney Creek alluvium may have been started 
when vegetation built up across the outlet to each little 
basin and trapped water, but this hypothesis does not 
explain the sudden steepening in gradient of the top 
of the alluvimn upstream and downstream from the 
bogs. The saturated clay may have rotated enough in a 
very gradual earth flow or creep to change the gradient. 
The possible role of animals in wallowing and stamping 
out hollows in the alluvium, in which bogs later formed, 
cannot be overlooked. The small bog on Verdos alluv­
ium probably \Vas created by animals or was dammed 
by a small deposit of Piney Creek alluvium. 

The three bogs on Pierre shale date back to the dep­
osition of the younger loess. The other bogs are of the 
age of Piney Creek alluvium or younger. 

PINEY CREEK ALLUVIUM 

Piney Creek alluvium (Hunt, 1954, p. 114), composed 
of brownish-gray humic silt, sand, and clay, forms a 
flat-topped fill in almost every valley. 

DESCRIPTION 

The alluvium is composed of gray, brownish-gray, 
olive-gray, grayish-orange, and pale yellowish-brown 
humic silt, sand, and clay. The silt and sand are in 
well-defined layers that range frmn 0.5 to 10 incl1es in 



QUATEHNAHY GEOLOGY AND GEOMORPHIC HISTORY 43 

thickness. The thickness of t·he alluvium ranges be­
tween ~1: and 2:) feet·. and a ,·erages about 10 feet. 

The lithology of the Piney Cr~ek allu,·ium varies 
greatly Jrom nl.Toyo t·o arroyo, but· the diagnostic fea­
tures are dark-gray color, abundalH.'e of humus, silty 
l:l•xt:ure, and steep "·ails in arroyos. ~Iost of the mate­
rial is quartz :md Jelclspa r; t·he pebbles primarily are 
:igneons OJ.' mehunorph ic rocks, but. where the streams 
have cut illt·o bedrock, sedirnenhn·y rocks are included. 
In t·he vn lleys bet· ween hogbacks large block? of sand­
stone are common. 

Seetions S, 1~1:, Hi and the :following section 21 illu­
st:rnt·e the (ypical.lit·hology of the formation. 

:!1. Section of ./'iiii .. '!J Or('cl.; 111111 JII'C-Pillcy Orcek allu·vi-win ·in a 
stream Gilt ill the ,'-1/~'lJ.,.'S'IFI;.I. :sec. 7, 1.'. 7 S., Tt.. GS lV. 

r :\lt•:lf;lll"t'(l with tape] 

l'iney Creek nllnvinm: 
L:t t·e Ueeent soil: 

Sni l hori:r.on At : Pcct 

Silt, grayish-brown (lOYR 5/2·), humic. 

Structure: pia ty ------------------------ 0. 9 
~oil hol'i:r.on n~ : 

Silt:, light yellowbh-brown (lOYR G/4), 
dayey. 

Structure: prismatic, weathers blocky. 
Consistence: sticky, plastic____________ . !) 

Soil hol'i:r.on Ccn: 
Silt, \'et·y pale l.Jrown (lOYJl 7/4); cout:nins 

l-iu pebble:-> and a threadlike (•oncent:ration 
of ealcinm carbonate __ ~ _____________ :___ 3. 0 

':!;hielmess of l'iney Ct·epk allm·imn_______ 4. 8 
Pt·e-l'iney Creek allnYium (part) : 

JDn rly Uecent soil: 
Soil horizon A: 

Silt, oliYe-gray (GY G/2), clayey, humic. 
Structure: strong columnar. 
Consistence: sticky vinstie____________ . 4 

Soil hori:r.on BC : 
Silt:, Yery pnle brown (101'/t. 7 /4) ; contains 

some 4-in. st·oues and one-eighth-ill. yein­
lets of calcium cnrbouat·e wllich nre spread 
nt three-eighths-in. int·erYals through­
out deposit. 

St~·ucture: coarse weak colmnmu ·; 
weathers blocky____________________ G.O 

'l'hickne:o>s of pre-Piney Creek nllm·imn__________ G. 4 
Bottom o1: arroyo. 

Grain size of the nJluvium ranges :from clay to cob­
bles; the mat·erial is well stratified and stands in verti­
cal banks. Clay, which is generally concentrated near 
the rn idclle n,nd :in the upper parts of the alluvium, is 
abundant enough to cement some beds of silt to a very 
hard consistency when dry. The lower part of the al­
luvium :is generally coarser. Rounded pebbles and cob­
bles as much as 4 inches ill. diameter are concentrated 

:in thin 1nyers. The alluvium is very weH stratifled and 
has a weak, but. coarse columnar structure. "\Vhere the 
alluvium is undercut by streams or the bases of columns 
weakened hy saturation .in the wet season, co.lumns as 
large as 6 feet wide by 2 feet thick break away and 
tumble onto the floors of the arroyos t·hereby creating 
t:empOl'ary d:un~. 

DISTRIBUTION 

The alluvium "·as deposited in late Recent time :in ar­
royos previously cut:. in mos.t deposits in the area and was 
deposit·ed as straths or allm·iaJ fans on older straths oJ 
Louviers, Broadway, and pre~Piney Creek alluvium. 
The broadest deposit-s are in the vnJ.leys of South P.latte 
R.iver and Plum Creek, but the yalleys of :'\Villow, Little 
"\Villow, Indian, .Jal'l'e, and Rainbo"· Creeks contain 
sizab.le deposits. The alluvium is preserved as straths or 
terraces that border a] most every valley, no matter how 
small. It overlies almost every deposit in the area. 

The relation of Piney Creek alluvium to pre-P.iney 
Creek and Lou viers alluvium .in the area, is shown in 
figures 13 and 25 which show a stream cut in the 
NElj1 S"\7\T'l7~iN"\7\T7{1 sec. 16, T. 7 S., R. 68 "\V., (pl. 1) 
where Piney Creek alluvium fills a channel cut into pre­
Piney Creek alluvium which overlies the Louviers al­
luvium. The Piney Creek also lies in a. channel cut in 
Louviers alluvium in the NE:I)t,SEl~b sec. 4, T. 7 S., R. 
68 "\7\T. 

Base levels for streams that deposited the Piney 
Creek alluvium \Yere local, as they are for the modern 
streams. The alluvium lies in small perched valleys. 
where a lip of resistant. rock is base level; it lies across 
older terraces where the edge of the terrace is base level. 
ConsequeHtly such a stream has segments with alluvial 
terraces a11d other segments \Yith no alluvium. 

The topographic position and the slope of the Piney 
Creek alluvium vary from ntlley to valley. The flat 
surface, or strath, on the al1uvium is well preserved 
either in flat-floored scarp-bordered valleys or as ter­
races, and occupies almost every valley in the quad­
rangle. The alluvium lies in a terrace below the pre­
Piney Creek terrace along Indian Creek and Rainbow 
Creek, but over] ies a strath of pre-Piney Creek alluvium 
in the srnaller va.lleys. It lies in a terrace above the 
level of the post-Piney Creek terrace along Plum Creek 
and Indian Creek but is overlain by post-Piney Creek 
alluvium in the smaller valleys. The terrace on the 
Piney Creek alluvimn is 1:) to 20 feet above the modern 
streams (fig. 22) and its slope is almost parallel to their 
gradient.. The terrace slope ranges from DOO :feet per 
mi.le along short segments along the flank of the moun­
tains to 25 feet per mile along the South Platte Hi ver 
on the plains. 
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UNCONFORMITY BENEATH. THE PINEY CREEK ALLUVIUM 

Trenches were cut along most valleys sometime after 
the development of the early Recent soil. Along the 
South Platte River and Plum Creek these trenches are 
broad and shallow; along the small valleys they are · 
narrow and deep, and generally have vertical walls and 
flat floors. Outcrops of Louviers alluvium protrude 
through these valley walls. This valley system "·as very 
extensive-considerably greater than the systern of 
modern arroyos. 

FOSSILS 

Vertebrate fossils are abundant in the Piney Creek 
alluvium. Many of the bones are articulated and form 
complete parts such as a complete leg, a complete upper 
jaw and skull, or a skull and four vertebra. In most 
other alluvial units only pieces of bones are found. 
Bison bison is the most abundant of the vertebrates and 
was found at localities 132, 133, and 136. In a 1-mile 
section of arroyo, as many as 8 specimens of Bison bison 
have been found. 

Invertebrate :fossils generally are scarce. Two col­
lections were made at localities that appa.rently were 
more favorably situated for the growth of mollusks. 
One of these (Joe. 131) was from a deposit near a 
spring; the other (loc. 138) was from a deposit down­
stream from some seeps in the Dawson arkose. These 
mollusks are listed in the following table. 

The mollusks from locality 138 suggest a climate 
much like that of today along the Front Range, but 
possibly with slightly cooler summers (see table 2 for 
cmnparison with other assembl~ges). All the species 
are living in Douglas or adjacent counties today. Oo­
lurnella alticola has been collected only from an altitude 
of 10,000 :feet in the Pikes Peak area. The fossil 
Lymnaea in locality 131 indicates a semiaquatic en­
vironment. 

ARCHAEOLOGY 

Artifacts are uncommon in the Piney Creek alluvium 
although man already had been in the area :for several 
thousand years. A 1netate was :found by C. B. Hunt, 
o:f the U.S. Geological Survey, at the base of Piney 
Creek alluvium where it overlies Louviers alluvium in 
the NW~NE1,4. sec. 36, T. 6 S., R. 69 ,V., at the site of 
a former spring. Pottery was not yet in use in this 
area at the time of deposition of the Piney Creek 
alluvium. 

ORIGIN 

Piney Creek alluvium was derived principally from 
soil-covered slopes, probably by sheet erosion, and is 
almost black :from contained humic material. Only the 
post-Piney Creek alluvium contains as 1nuch humic 
material as the Piney Creek alluviun1. 

l\1ollusks from Piney Creek alluvi'ltm, Kassler (jtwd·rany/c 
[Identifications by D. ,V. Taylor and C. C. Cameron. Arranged according to 

'L'hiele (1931). cf., not certainly identified but resembles the species listed; 't, may 
be the species listed] 

Species 
Locality 

1ao 131 138 140 

--------------------------------
Carychiwn exiguwn (Say)____________ X ______________ _ 
Lymnaea caperata Say_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _________ _ 

palustris (Mtiller) ____ . ________________ X ----- ____ _ 
parva Lea ______________________ X ---------------

Gyraulus parvus (Say) ____________________ X ----- ____ _ 
cf. Succinea avam Say_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X ______________ _ 
cf. Succinea ________________________ _____ X X X 
Columella alticola (Ingersoll)____________________ X 
Pnpilla nmsconon (Linne)____________ X X 

sp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X __ - _- ____ _ 
Pupoides albilabris (C. B. Adams) _______________ ·X 
Gast·rocopla armi.fera (Say)___________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X 

holzingeri (Sterki) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ X 
tappanimw (C. B. Adams) ______ ·_. X ______________ _ 

Vallonia cyclophorella Ancey _ _ _ _ _ _ _ _ _ _ X X 
gmcilicosta lleiJ1 hardt_ _ _ _ _ _ _ _ _ _ _ _ X cf X X 
parvula Stcrki_ ______________________ ----- X X 

Hawaiia min'!lscula (Binney)_________ X X X 
Zonitoides w·bo1·eus (Say)_____________ X _____ ----- X 
Ettconulus.fulvus alaskensis (Pilsbry) ___ X _____ ----------
Oreohelix ___________________________ - __ -- ----- -----
Pisidiwn sp _______________ - ___ .:. _ _ _ _ X ----- ----- -----

Deposition of the whole column o:f alluvium appar­
ently was accomplished quickly. One line of evidence 
comes :frmn the mollusks "·hich are uncommon in the 
alluvium, although the flood plain is ordinarily the 
most :favorable environment in an arid region. There 
probably was not time for then1 to colonize on the flood 
plain between floods; :furthermore, remains of verte­
brates generally are articubted and suggest that the 
animals may have been swept a way and drowned by a 
flood. Again the abundance of humic· a.Huvium. indi­
cates that the streams did not have stable regimens re­
sulting :from a perennial supply of water, but were 
subject to cyclic dryness and flood. The only sugges­
tion of a period o:f stability comes :frmn a soillike profile 
near the middle o:f the alluvium at several outcrops. 

The Piney Creek alluvium probably is about 2,800 
years old. This is the radiocarbon age of charco~.l sub­
mitted by G. ~{. Richmond from a correlative of the 
Tsegi alluvium (Ilack, 1942) in the La Sal ~fountains 
of Utah (vV-143, Rubin and Suess, 1955, p. 484). 

SOIL OF LATE RECENT AGE 

A soil of ]a,te Hecent age is weakly developed on the 
Piney Creek alluvium. The soil is developed in a 
Brown soil facies except at altitudes above 6,000 to 
6,500 :feet where it is acid and apparently azonal, :for 
zonal horizons could not be detected. This is the soil 
that is most commonly exposed at the earth's surface, 
but along 'Villow Creek and n1any other streams it is 
buried under a :few inches of unmapped post-Piney 
Creek alluvium. 
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The late Recent soil is made up of the A1, B1, B2, and 
Ccn horizons (see sections 8, 14, 16, and 21). The A1 
horizon of the Brown soil is clark grayish brown, 
humic, and 10 inches or more in thickness; it has a 
platy structure unlike the prismatic structures of A 
horizons of older soils. 

The B horizon locally ·can be divided into two sub­
horizons, the B 1 which is transitional between A and B 
but more like B, and the 13~ or typical horizon of il­
luviation. The B1 is almost identical with the B~ hori­
zon which is clark grayish brown or yellow.ish brown 
(fig. 4) and generally has a clayey texture, medium 
weak prismatic structure, a sticky, plastic slightly hard 
consistence, a slightly acid reaction where exposed at 
the surface, and a moderately alkaline reaction where 
buried under younger calcareous alluvium. 'Vhere 
only the B:.l horizon was present, the thickness is about 
10 inches; where both the B 1 and 13~ horizons are pres­
ent, the thickness is about 14 inches. 

The Cca horizon is a very pale brown we~k floury 
concentration of calcium carbonate about ·4 to 6 inches 
in depth, which is most evident on the joints or faces 
of peds, but the insides of peds also are moderately 
allmline :in reaction. Near a local source of calcium car­
bonate, the Ccn horizon may extend as deep as 3 feet 
into parent 1naterial. 

POST-PINEY CU.EEI<: ALLUVIUM 

The post-Piney Creek alluvium, a grayish-brown 
loose humic sand, includes the alluvium in both the 
lowest terrace and the flood plain. 

The terrace alluvium is finer grained than the flood­
plain alluvium and more heterogeneous in composition. 
The alluvium in the low terraces consists of grayish­
brown fine- and medium-grained humic sand, and layers 
of black magnetite-rich sand. The sand is in layers 3 
to 12 inches thick~ locally crossbedded. It has a non-

N 
5750'-

Louviers 
alluvium Post-Piney Creek 

colluvium 

sticky, nonplastic, loose co11sistcnce and "·eak columnar 
structure. It generally stands in Yerticn l banks :-1 to 10 
feet high despite its lack of clay and silt. Stones as 
large as _12 inches in diameter can be fonnd in the 
alluvium. Roots and branches of trees are Yery abund­
ant in the alluvium along Indian Creek and Plum 
Creek. · 

The alluvium in the stream bottoms is considerably 
coarser than the alluvium in the ]ow terraces because 
fine particles are washed :nnty and coarse particles are 
concentrated. Along the South Platte Hi,·er the alluv­
ium ranges in size from 1;:b -inch pebbles to 12-inch 
boulders. Along Plum Creek the allnY.inm consists of 
coarse sand with some pebbles and cobbles. The floor 
of most arroyos is paved with a matrix of sand set with 
pebbles, cobbles, and boulders. The thickness of sand 
was measured in a trench dug across the bottom of an 
arroyo in the SE14 sec. 4, '1'. 7 S., R. GS ,V. The thick­
ness, which probably is typical of small arroyos, is only 
llh feet to 31h feet (fig .. 15). 

DISTRIBUTION 

The alluvium is confined to t.he ndleys of the South 
Platte River and Indian and Plum Creeks and consists 
of low terraces that lie below the terrace of Piney Creek 
alluvium. One-half mile north of the 1\.:assler quad­
rangle on Plum Creek the alluvium makes two terraces 
and forms the stream bottom (fig. 16). The upper 
terrace is about 12 feet abm:e the stream and the lower 
terrace about 3 feet above the stream. Along Indian 
Creek these two terraces are respectively 10 feet and 2 
feet above the arroyo floor. Along the smaller valleys, 
where arroyos had not been eroded, the alluvium over­
lies Piney Creek alluvium. Post-Piney Creek alluvium 
includes the alluvium in both these lowest terraces and 
in the flood plain. 

s 
5750' 

5700' Post-Piney Creek 
alluvium 

Slocum alluvium 

5650' ..t_ ____________________ ..=:B.::!ed!.:..:ro~c~k -----------------------'- 5650' 
HORIZONTAL SCALE APPROXIMATELY 1 IN=lO FT 

DATUM IS MEAN SEA LEVEL 

Fwun•~ 15.-Ct·oss section of arroyo in SElA sec. 4, T. 7S., R. GSW., showing topographic relations of Recent to Pleistocene deposits. The 
base of the channel was exposed in a tt·ench du~; ft·om bank to bank. 1'he Slocum alluvium was mot·e than 91 feet thick in an auger hole 
one-fourtl!milc to the north. 
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1 

Piney Creek 
alluvium 

14 MILE 
(APPROXIMATE) 

A' 

B B' 

. ~Post-Plney C<eek 
Poney C•eek alluvlum (not mapped) 

alluvium 

FIGURE 16.-Recent terraces at junction of Sterling Gulch and Plum 
Creek, SW~SE~ sec. 20, T. 6 S., R. 68 W., Littleton quadrangle, 
Colorado. 

UNCONFORMITY BENEATH THE POST-PINEY CREEK ALLUVIUM 

Shallow broad valleys were cut into the Piney Creek 
alluvium in late Recent time along the South Platte 
River· and Plum Creek. The trenches were 8 to 15 
feet deep and post-Piney Creek alluvium \vas concen­
trated on their floors. Channels extend up tributaries 
like 'Villow Creek and Indian Creek a mile or two, 
but generally were not cut in smaller tributai·ies. 

FOSSILS, ORIGIN, AND AGE 

Bones and artifacts are fairly common in the post­
Piney Creek alluvium. Bones of Bison bison and 

Odocoileus hendonus (mule deer) are most common. 
In addition to these two species, T h01n01nys sp. was 
collected at locality 137. In a small deposit· of post­
Piney Creek colluvium at a spring (loc. 139) in the · 
N'V14NE* sec. 36, .T. 6 S., R. 69 vV., bones of camel, 
mammoth, horse, and bison reworked from Louviers 
alluvium are 'mixed with pottery and artifacts of the 
vVoodland culture and with nails, wire, and pipe of the 
early settlers. Artifacts and pottery of the "T oodland 
culture also were found in the post-Piney Creek allu­
vium at a site (loc. 137) in the SE*SE* sec. 11, T. 7 
S., R. 69 ,V., where charcoal is so abundant that the 
alluvium is almost black. Projectile points, scrapers, 
choppers, metates, manos, bone a\Yls, dark-gray pot­
tery, and fragments of bones \Yere found at this site. 

The alluvium was derived mostly from the Piney 
Creek alluvium, but partly from older alluvium and 
bedrock and was deposited very close to its source by 
ephemeral streams. Sand is abundant because silt and 
clay was winnowed out. The coarse alluvium in the 
stream bottoms is a lag concentrate left after the finer 
alluvium was washed away by torrential floods. 

The post-Piney Creek alluvium is late Recent in age 
and correlates with the protohistoric a.nd historic al­
luvium of I-:Iunt (1954, p. 117) and the post-Piney 
Creek alluvium of ~ialde (1955, p. 244-246). A radio­
carbon age determination of charcoal from the archaeo­
logical site in sec. 11, T. 7 S., R. 69 W., was made by 
~ieyer Rubin ('V-289, Rubin and Suess, 1956, p. 446) 
and gave an age of 1,490-+-160 years before the present. 

DIFFERENTIATION OF THE PRE-PINEY CREEK, PINEY CREEK, 

AND POST-PINEY CREEK ALLUVIUM 

Differentiation of the pre-Piney Creek, Piney Creek, 
and post-Piney Creek alluviums is difficult; only the 
first two have soils developed on them. Piney Creek 
and post-Piney Creek alluviums may be confused be­
cause both are very humic, and where late Recent soil 
developed on Piney Creek alluvium lacks distinct struc­
ture, it is similar to the humic layer at the grass roots 
of the post-Piney Creek alluvium. The three alluviums 
ca.n be separated most satisfactorily \Yhere each forms 
a terrace. The relation of the terraces to the alluviums 
can be seen in the general diagram of .figure 22 and in 
figure 16 which shows the Piney Creek and post-Piney 
Creek a.lluviums at the junction of Sterling Gulch and 
Plum Creek in the Littleton quadrangle. The post­
Piney Creek alluvium nearly always consists of loose 
sand with many tree branches and roots that are lack­
ing in the older alluvium. The pre-Piney Creek al­
luvium is tan or reddish brown in contrast to the Piney 
Creek alluvium which is gray. 
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The presenc~ of pottery in alluvium is diagnostic :for 
clifferentintion, for only the post-Piney Creek alluvium 
contains pottery. The absence of pottery is not as help­
ful because camp sites are not abundant, and in a short 
occupation pottery might not be broken or left behind. 
The stone artifacts in the three alluviums are so similar 
that only large collections n re helpful in differentiating 
the alluviums. 

The chronology of the late Recent alluviums was 
demonstrated by I-Iunt (1954, p. 114) at the type locality 
of the P.iney Creek a.lluvium on Piney Creek nea.r Par­
ker, Colo. (fig. 1). There the alluvium is dissected so 
Hwt·. it·s clw rnct:eristic t·errnce form is obliterated. 
Arnold '\Vithers had identified a ''r ooclla.nd Culture site 
:in sand OYerlying this dissected terrace; so Jlunt made 
t·.his the t-,ype locality of his Piney CL'ee.k alluvium 
and correlated it with the allmrial Tsegi formation of 
northeastei·n Arizona and w·ith the 1\:uner terrace 
(Bryan and Ray, 1940, p. 26) of the Greeley area, 
Co.lorado. At the type locality, the P.iney Creek ter­
race is buried by more than 3 feet of post-Piney Creek 
sand in which artifacts including pottery were found. 
At this type locality, therefore, J-Iunt demonstrated the 
chronology of the two most recent alluviums in the Den­
,·er nren; t·hey n re the silty humic Piney Creek nlluvium 
and the sanely humic post-P.iney Creek alluvium that 
contains a "Toodland ·culture. 

LOESS AND EOLIAN ·SAND 

Small, thin unmappable deposits of loess and eolian 
sand were observed at several places. Although this 
unit was not mapped, bvo outcrops will be described 
because of their stratigrn.phic importance in dating 
local archaeological cultures. · 

Pale-b~·own fine-grained loose, indistinctly cross­
bedded eolian sand overlies the Lyons sandstone in the 
NE14S"T1Jb sec. 30, T. 7 S., R. 68 '\V. It was blown 
from weathered Lyons sandstone and deposited as hum­
mocky low dunes only a few hundred feet from its 
sourc·e. Section 22 was measured at the above locality, 
which was the site of a '\Voodla.nd camp. 

~:!. Section of eolian smut in. a S'mall m·1·oyo in the NEl;I,SllllJL 
sec. 30, 1'. 7 S., R. 68 W. 

J<;olian snnd: 
::Hoder.·n incipient soil: 

Soil hol'i7.011 AB: 

Snnd, pale-brown (l.OYR G/3), fine-grained. 
Structure: indistinctly crossbedded. 
Consistence: Houst:iclQ', nouplast:ic, loose. 
Uenction : medium :t"cid. · 
Boundary: clear. 

Ji'cct 

'l'opography of Boundary: irregular____ 1. 0 

Soil horizon C : 
Sand, gray (lOYJ~ 5/1), fine-grained, humic, 

lenticular; contains dark-gray pottery, 
lii'Ojectile poiuts, stone fial{es, scrapers, 
manns, metates, and fire-blackened stones 
aud chnrcoal in closely svaced hearths. 
Contains a few animal burrows; one bone 
found. 

Structure: structureless. 
Consistence : nonsticky, nonplastic, loose. 
Heaction: slightly acid. 
Boundary : gradual, but broken as a re­

sult of humal1 occupation at different 

Feet 

levels during deposition of sand_____ 2. 0 
Sand, pnle-brown (10YR 6/3), fine-grained. 

Hearths are interbedded in sand at inter­
vals of 3 to 4 feet horizontally and range 
vertically from position on Lyons sand­
stone to top of occupation layer described 
above. :\lost stones in hearths are limo­
nitic sandstone from Lyons; a few tll:e 
metamorphic gneiss. 

Structure: weakly bedded. 
Consistence : nonsticky, nonplastic, loose. 
Reaction: slightly acid________________ 3. 3 

Thic:kness of eolian sand________________________ 6. 3 
X onconformity. 
Lyons sandstone: 

Sandstone; grayish-orange (lOYR 7/4), 
friable, fine-grained. 

Loess overlies Rocky Flats alluvium in the N'\VI4 
N'\VI4 sec. 4, T. 8 S., R.. 68 "r. The loess is about 10 
inches thick and is composed of brown humic silt which 
is slightly sticky, nonpln.st:ic, and soft. It probably "·ns 
derived from Piney Creek or post-Piney Creek a.lluvium 
and deposited as n. thin blanket on top of the highest 
pediment in the area. Bot·h the sand and loess were de­
posited by 'vind probab.ly at times of slightly greater 
aridity. 

One leg bone, apparently from a mule deer, "·as found 
in the eolian sand. Artifncts "·ere found in Loth the 
eolian sand and the loess. Pottery from the loess is 
slightly younger than the pottery from the eolian sand. 
The younger pottery (referred by '\~Tithers to the 
Franktown focus) is light gray, and the jars have shal­
low diagonal corrugations and d~ep vertical corruga­
tions. The older pottery (referred to the Parker focus 
of the "Voodland culture) is dark gray and has deeply 
impressed vertical corrugations. Part of an older pot­
tery clay jar almost 2 feet high and 11-;'2 feet in diameter 
was found in the eolian sand. The walls of the jar 
range in thickness fr01n 1j8 to 14 inch, very thin for so 
large a jar. The stone artifacts in the sand and loess 
are similar, but some projectile points from the loess 
are side notched and resemble points fr01n the Upper 
Republican culture (table 1). Charcoal taken from 
the pottery jar in the eolian .sand was elated by Rubin 
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(vV -290, Rubin and Suess, 1956, p. 446) as 1,360-+-200 
years old, an age \Yhich is in agreement with the range 
of the ceramic "'Voocllancl culture. Charcoal from 
hearths in the loess \Yas elated by Rubin ("';V-1018) as 
!)00-+-250 years. According to "'Vithers the cultural. 
mnJerial from the Frankto\vn focus is transitional be­
h,·een the "'Voodlancl and upper Repnblican cultures. 

VALLEY CUTTING IN HISTORIC TIME 

Arroyo cutting started in the lower r-eaches of streams 
in the J(assler area about A. D. 1900. According to 
ranchers in the area it was accompanied and aided by 
fires along the mountain front that stripped off the 
vegetative cover that normally retains the ra.in\vater. 

Arroyos are more extensive now than they \Yere be­
fore the post-Piney Creek alluvium \Yas deposited. 
:Modern shallow wide valleys are cut along the South 
Platte River and Plum Creek. Along major tributar­
ies like "'1\Tillow and Indian Creeks, arroyos extend up­
strennl to the mountain front. Along smaller 
tributaries arroyos are nearly continuous to their 
headwaters. 

Depths o:f arroyos range· :from 10 feet in post-Piney 
Creek alluvium to 25 foot in the thicker Piney Creek 
alluvium. 

ORIGIN OF THE LANDFORMS 

The landforms are high level surfaces of Tertiary 
age, and pediments, terraces, and valleys of Quaternary 
age (fig. 17) .. The physical features of the landforms 
will be summed up briefly here in connection with a 
discussion of their origin. Some of the evidence for 
the depth o:f valley cutting is from stream valleys out­
side the quadrangle. The landforms are primarily the 
result o:f stream action, but hydrothermal alteration 
along faults, Quaternary weathering, and overgrazing 
and :forest fires were also :factors. l\1ore than 5lh bil­
lion cubic yards or about 1 cubic mile of consolidated 
and unconsolidated rock was removed from the J(assler 
quadrangle since the earliest Pleistocene pediment was 
cut. 

GEOMORPHIC CYCLE 

The landforms a.re a result o:f -a series o:f erosional 
and depositional events called the geomorphic cycle. 
The geomorphic cycle is defined in this report as the 
events that take place within a. single cycle o:f erosion 
and deposition 1·ather than, in the broader concept, as 
all events between upheaval of the la.nd and nearly com­
plete reduction to base level. In the broader concept 
the geomorphic cycle started as a result o:f uplift; in 
the more limited geomorphic cycle as defined here, a.ll 

ev·ents are be 1 ien•tl to resn lt fl'om c 1 ima tie ehn nge, even 
though minor uplift may have been taking place. 

The cyclic nature of deposits in the quadrangle, in­
dicates that changes in climate, particularly in tempel'a­
ture and precipitation, came in cycles through Quater­
nary time. The direction of change in climate was the 
same in one cycle as in the next; therefore, the cycles 
\Yere repetitive but \Yere not exact duplicates because 
the. intensity and duration of climatic events varied 
from one cycle to the next. 

Just a.s the climatic events in the cycles were repeti­
tive, so \Yere the resultant physical processes in the 
quadrangle in each geomorphic cycle. The ultimate 
effect of the proeesses in each cycle \YUS controlled by 
climate, altitude, and time. Each geomorphic cycle \Yas 
made up of five processes, in chronologie order: do\Yn­
ward stream cutting, sideward stream cutting, alluv.ia­
tion, \Yind erosion and deposition, and soil formation. 
Table :3 shows the relation of these processes to changes 
in temperature, precipitation, discharge, and load. 

The general effect of each geomorphic cycle was to 
force the streams ton lower stable base level where they 
stayed until similar climatic changes generated the next 
geomorphic cycle. 

The number of geomorphic cycles \Yas determined 
:frmn -alluvial deposits in the quadrnngle because allu­
vium was deposited during every cycle and generally 
was well preserved. Table 1 shows eight geomorphic 
cycles completed and part of another cycle, historic 
valley cutting, still in progress. The ab~ence of a par­
ticular deposit of any process on the table does not 
mean that the process \Yas inactive but that it \Yas not 
vigorous enough to create a part of the stratigraphic 
record. The ·last column of table 1 shows some signifi­
cant events in the history o:f life. 

Climate cyclically changed from hot and dry to cold 
and wet. The relation of climatic fluctuations to the 
surficial deposits that lie in the range of the radiocar­
bon-dating method (:from "'1\Tisconsin time to the pres­
ent) are graphed in figure 19. The elates are based on 
radiocarbon age determinations. 'The times of maxi­
nlum wetness are correlated with down\vard stream 
cutting, w·hereas the times o:f maximum dryness are 
correlated with the deposition o:f loess or \Yinclblo\Yn 
sand. 

The interrelation o:f the physical processes with 
temperature, precipitation, discharge, and load will be 
interpreted :for a typical geomorphic cycle, the cycle 
o:f which the Slocum alluvium is one product: In the 
interval preceding downcutting (the first process in the 
geomorphic cycle), climate had been stable for a long 
time, streams were at grade, slopes were stable enough 
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'J~ABLJ~ 3.-l~clatio·n of 1Jhysical 1n·occsscs in the quad1·a,uglc to tcni1Jcrctf1u·c, 1Jrccipitatiou, discllargc, and load 
[Order of events from bottom to top of table] 

Order of 
events 

Physical process Temperatura Precipitation Discharge Load 

1 Downward strcum cutting__________________ Coldest._------------------- 'Vcttcst_____________________ Increased_------------------ Incrcnscd. 

5 Soil formntlon ______________________________ Still warm __________________ l\oloistcr_ ____________________ Smnll-halnnccclload, streams at grade. 

that a Yarmouth ( ~) soil was able to form. Then the 
climate became colder and wetter, :mel, coincident with 
the onset of glaciation :in the mountains, discharge and 
load increased but discharge overba.lanced load and 
caused st-reams :in the plains to cui· downward about 150 
feet bet,Yeen the middle and youngest pediments. 
Downward cutting continued until the climate became 
warmer and drier and load began to overbalance dis­
charge; by then the major strenms on the plains had 
nearJy reached the ]mYer base level that lasted until 
the next cycle. l\1ountain streams continued to cut 
downward throughout the geomorphic cycle because 
erosion of the crystalline rocks could not quite keep up 

·with the erosion of the seclirnentnry rocks. Sideward 
cutt.inp; o:l: t"he pediment beneath the Slocurn alluvium 
began along the major strenms in the plains and 'vorked 
heachntrdup the smaller streams. During lateral cut­
ting streams left a, thin veneer of alluvium· that fre­
quently was reworked and added to by fiash Hoods. 
As the climate became warmer and rain:l:aJl decreased, 
load continued to overbalance discharge because the 
steep-gradient mountain streams carried in outwash 
l'lmt the low-gradient plains streams cotlld not carry 
awny; Slocum alluvium then was depos.ited ( appar­
ently :in :interglacial time as indicated by warmth­
loving mollusks in it) in broad sheets thnt backfilled the 
small valleys, covered the pediments, nnd smoothed out 
many o:l: the topographic irregul:nities left by meander­
:ing- streams. '\'hen the ~limate became the warmest and 
driest of the cycle and the discharge and load became 
the srmtllest, these broad alluvial plnins, with practically 
no vegetation, were easily deflated by the southeast 
w.ind which swept silt into the air and deposited it in 
broad sheets as the geologic unit, older loess. After a 
subsequent :increase in moisture, the climate became 
stable, streams in the plains attni ned grade, and a. 
Snngn mon ( ~) soil "·as able to form. Between the 
formation of the Sangamon (?) soil and the downcut­
ting at the start of the next cycle, the climate became 
cooler and runoff increased, stream grade was dis-

turbecl, mass wnsting commenced, and soil formation 
was greatly hindered. As streams began to cut down­
wnrcl again, a new geomorphic cycle "·as started. 

The overall result of the foregoing processes is a 
landscape marked by gently sloping surfaces at three 
topographic levels: (1) the high, poorly preserved pre­
Pleistocene surfaces cut on Precmnbrian rocks o:l: the 
Front Range, (2) the intermediate, "·ell-preserved 
early Pleistocene pediments cut on sedimentary rocks 
at the mountain front, and ( 3) the low, well-prese1Ted 
late .Pleistocene fill terraces (fig. 22). 

TERTIARY LANDFORMS 

Tertiary landforms consist of remnants of t\YO 
ancient high-level surfaces. They origina.Uy were called 
penephtins by Lee (1917, p. 28), but later were consid­
ered by l\1ackin (1947) to be pediments, and are simply 
called surfaces in this pa.per. 

The Flat T~p surface (Lee, 1917,·p. 28) is the highest 
and oldest of the two; it is not preserved in the. quad­
rangle. The alluvium that originally overhty the Flat 
Top surface is correlated with the Castle Rock conglom­
erate, which is equivalent to the Chadron sandstone 
(lower part of "Thite River group of early Oligocene 
age) of Nebraska. By this correlation the Flat Top 
surface would be of early Oligocene age; this age is 
very close to the estimates of Van Tuyl and Lovering 
( 1935), Little ( 1925), andl\1ather ( 1925). 

Remnants of the younger of the two high -level sur­
faces are preserved as fiat, gently sloping spurs a.nd 
knobs on the Precambrian rocks in the western part of 
the quadrangle and in the adjoining Platte Canyon 
quadra.ngle (figs. 17 and IS). This younger surface, 
which is probably part of an ancient pediment, lies 
about 7,500 to 8,000 feet above sea level and is consid­
ered to be part of the Rocky l\founta.in surface de­
scribed by Lee (1917, p. 28) and shown on figures 17 
and 18 of this report. No alluvium was found on this 
surface in the 1\:assler quadrangle, but alluvimn com-. 
posed of cobbles and boulders is known to qover the 
surface locally in the· Indian llills quadrangle, the 
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FIGURID 17.-View of Roxborough Park and surrounding area. Ilighc t pediment is in foreground overlain by Rocky Flats alluyium. Pedi-
ment truncated hogbacks of Dakota group and Fountain formation, ankl made faceted svurs along- mountain front . Lowest pediment 
is at center right. Rocky Mountain su rface lies west of South Platte River. Valleys of Willow Creek, Bear Gulch, and Cottonwood 
Gulch west of river are along faults. 

Platte Canyon quadrangle, and the Pine quadrangle, 
all of which lie north or west of the ICassler quadrangle. 

Alluvium on the Rocky Mountain surface is corre­
lated with the Ogallala formation of Pliocene age that 
mantles the High Plains. The surface on ·which the 
alluvium rests is probably the same age inasmuch as 

each surface should have a corresponding alluvial de­
posit (Lee, 1922, p. 15-17). Large deposits of coarse 
alluvium of the Oo·allala formation underlie the plains 
east of the mountains. Deposition of this alluvium re­
quired considerable erosion in the mountains; the sur­
faces from which the alluvium was eroded and across 

t 
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FIGURE 18.-Generalized line drawing of area shown in figure 17. 

which it was carried are probably still preserved. Pro­
jection of the surface of the Ogallala. formation from 
the plains near Calhan, Colo. (fig. 1), 50 miles south­
east of the l(assler quadrangle to the Front Range, 
shows that a slope of only 35 feet per mile would bring 
the Ogallu.la, onto ti1e Rocky l\fountain surface. Noma­
jor surface between the highe~t pediment under the 

Rocky Flats alluvium and the Rocky l\fountain surface 
is known, a.nd no major alluvium between the Rocky 
Flats alluvium and the Ogallala formation is known; 
therefore the Ogallala formation is probably the al­
luvium that resulted from the cutting of the Rocky 
Mountain surface, and the Rocky l\fountain surface 
must be of Pliocene (probably early Plioc~ne) age. 
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FIGURE 19.-Grapb of late Quaternary climatic cycles and related de­
posits, based on radiocarbon dates. Curve shows interpretation of 
degree anfl duration of wetness and dryness. 

QUATERNARY LANDFORMS 

Quaternary landforms are pediments,· terraces with 
discontinuous arroyos, and valleys. Pediments ·were 
cut in early Quaternary time, terra:ces in late Quater­
nary time, and valleys throughout Quaterna-ry tin1e. 

PEDIMENTS-

Pediments of three levels are well preserved at many 
places along the mountain front in the quadrangle (fig.· 
20). Block diagrams in figure 21 shov\' the sequence of 
formation of pediments beneath the Rocky Flats al­
luvium, the Verdos alluvium, and the Slocum alluvium 
of the l(assler quadra.ngle. They are correlated with 
other -pediments of the Front Range region on table 4. 
The relation of these pediments to the Rocky Mountain 
surface, to \Vildcat Mountain, and to each other is 
shown on figure 22. Although \Vildcat Mountain rises 
above the highest pediment and may be a remnant of an 
old erosional surface, no surface is preserved on it and 
it cannot be identified with an older surface. 

An earlier pediment, which lies outside the quad­
rangle, was not formed or is not preserved in the Kass-

ler quadrangle, but, because of its bearing on the geo­
morphology, its topographic position and relation to 
the younger pediments are summarized briefly here. 
This old alluvium-covered pediment is well preserved 
near Plainview (fig. 1) between Coal Creek and South 
Boulder Creek north of Golden, Colo., where it lies 
about 100 feet above the surface of Rocky Flats in sec. 
5, T. 2 S., R. 70 \V. This slight difference in elevation 
Iileans that it is only slightly older than Rocky Flats, 
but probably also of Nebraskan age. Because of its 
great age, remnants of. it are even fewer than of the 
three younger pediments. 

I examined the l\1:ount l\1orrison berm (Van Tuyl 
and Coke, 1932) near l\1orrison, Colo., which I had sus­
pected to be another remnant of a pre-Rocky Flats 
pediment, and found it to be not a pediment at all, but 
a structural bench controlled by overturned, almost 
flat-lying beds of the Fountain formation. The berm 
lacks a typical pediment-gravel veneer. It apparently 
is not related to a.ny widespread cyclic geomorphic sur­
face, and therefore its identification as part of a se­
quence of Front Range physiographic surfaces should 
be abandoned. 

Pediments in this area were formed mainly by the 
process of sideward stream cutting or lateral corrasion 
(fig. 23). Lateral corrasion reached its maximum effec­
tiveness when streams stopped cutting downward in 
each cycle and a balance was approached between 
carrying capacity and load. As sediment was deposited 
at slack points such as point bars along a stream or at 
junctures of tributaries, irregularities developed along 
the banks and the stream was forced sideward against 
its valley walls. After it removed any _accumulated 
slope wash, the stream cut into bedrock along the outer 
arcs of its meanders. The meanders of the stream 
acted as a slow sharp knife that cut a slice off the valley 
wall as the meanders migrated downstream like a 
standi1ig wave in a rope. l\1ost of the streams im­
pinged on bedrock in both banks as they meandered 
across their valleys. · 

Some streams, however, impinged on- only one bank; 
for instance, most of the modern streams flowing into 
the South Platte River from the south have been mov­
ing northeastward and cutting into their southwest­
facing valley walls. The southwest-facing valley walls 
are steep, and bedrock is exposed in many places even 
along the smaller streams. The northeast- facing valley 
walls are gently sloping and most of them have a cover 
of loess. One possible reason for the streams' being 
pushed northeastward is that more alluvium and col-
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A. Highest pediment 

B. Intermediate pediment 

-··-Precapture channel of Little Willow Creek 

C. Lowest pediment -·-Postcapture channel of Little Willow Creek 

FIGURE 21.-Generalized block diagrams of the Kassler quadrangle showing evolution of the pediments (A, highest; B intermediate; C, 
lowest) an<l a mino1· drainage change of Little \Yillow Creek. 
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FIGURE 23.-Cross sections showing cutting of pediments by a stream flowing perpendicular to the mountain· front. In i"tep 1 the stream 
is at grade. 'l'he boulders were concentrated by slope wnRh 1war hedl'Ock prominences. and hy tlw :-:tt·t~am during tla:-:h tlootls. In step 
2 a new geomorphic c.vcle is in progre~s. The streani has cut downward antl i:-: now eutting sideward into hetlro<"k. Tlw old nlluviall 
deposit of a stream off the right end of step 2 is now perched on a uiYidP a:-: a rPsnlt of a rPYNsal of topography. If :-:ide\\·ard cutting 
were to continue toward the right and the divide wpre breachecl, a. dminage <liYPI':-:ion would take plaee between the two streams. 

South Platte River, are now controlled by local base 
levels, such as bedrock obstructions, that will remain 
until master base level has stabilized for a length of time 
sufficient for these obstructions to be reduced to grade 
line. During cutting of the highest pediment-the most 
widespread and most nearly perfect. Pleistocene pedi­
ment-many streams in the area, even some mountain 
streams, attained profiles of equilibrium. Not since that 
time has this condition again been so nearly attained. 
The youngest pediments "·ere the smallest in extent, 
although they now are more extensive owing to erosion 
of the older pediment (see fig. 24). The Verdos and 
Slocum pediments show many signs that they were of 
local extent (see fig. 23) ; each covered a little less area 
than the preceding one, and small reversaJs of topogra­
phy are ensv to find in both pediments. As each cycle 

of pedimentation ended short. of completion and "·ith 
geographically restricted pediments (fig. 21)' the 
streams were entrenched in an alhn·ium-fiJled channel 
near the top of a. pediment-. Later, dnring the proeess 
of a.Uuviation, this channel "·as filled and the pediment 
covered. _A.t the start. of the next geomorphic cycle, 
streams were flmYing on a thick blanket of a]hn·inm 
(fig. 23), which they had to erode before a new cycle of 
pedimentntion was started. 

Streams that cut new pediments across old ones meet 
greater obstacles than those that cut pediments on ir-· 
regular soft bedrock. A stream that starts to cut do\Yn 
into ~ pediment must first move coarse gravel until it 
reach~s bedrock. After the stream has cut down 
through the gravel and has reached soft bedrock, which 
can be cut easier thin1 the coarse grav.el can be moved, 

FIGUH~} 24.-Vicw northward into the Littleton quadrangle across the South Platte Rh·er at Kassler showing relation of pediments to Pach 
other and to ridges of bedrock. After W. H. HolnH'H (in Ha~·clen, 187::1, section III, 0)1posite p. 31). 
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.it cuts downward and s.ide"·ays through the soft bed­
rock until it reaches the grade imposed by new local 
base level (Jig. 2:3). The point at which the stream ffrst 
renches grade probably is the site of accumulation of 
boulders, "·h.ich later are preserved as a boulder train 
on ot· nea 1: the surface of the pediment:. The stream 
continues to carry some gravel, because as it erodes 
bedrock the pediment-gravel cover is undercut and falls 
into the st:re:un. After reaching grade, the stream cuts 
laterally into soft rock of the adjoining pediment slopes. 
The completeness of cutting of the pediment is de­
pendent on the amount of time that the master stream 
remains nt the same base level, on the power of the 
strenrn, and on the character of the rock that is being 
rut. 

A stTenm nt grade erodes coarse gravel nncl soft bed­
rock easier than it cuts hnrd bedrock. The places 
bordered by hard bedrock constrict the stream, '"herens 
the places bordered by soH bedrock are planed. It 
requires a much longer time to cut a pediment on re­
sishmt seclirnent:nry or crystalline rocks than to cnt one 
on soft shale. In the J(assler quadrangle, the Dakota 
sandstone is so resistant t·hat the smaller streams lun:e 
not been able t:o cut clown"·nrd through it to reach grade, 
a.lthough the same streams hnve cut small surfaces on 
the soft Niobrara. nncl Pierre formations. 

TERRACES 

Terrnces n.re well developed nlong most streams, but 
t·he most complete sets n re n long the South Plnt-te River 
a.ncl Plum. Creek. Along- Plum Creek (fig: 22 and pl. 1) 
t·he f·ill t·et:raee of Slocum alluvium lies 70 to 80 feet 
a.bove the creek, the fill ten·nce of Louviers alluvium 
lies 40 to 60 feet above the creek, the fill terrace of 
Broadway alluvium lies 30 feet a.bove the creek, the fill 
terrace of Piney Creek allnvinm lies 15 to 20 feet above 
t·he e.reek, and the two fill termces of post-Piney Creek 
:dlnv.inm lie 1.2 ancl3 feet above. the ereek (fig. 16). The 
fill t:enaee of pre-Piney Creek alluvium lies 25 feet 
above stTeam level of Indian Creek and Rainbow Creek. 

Along· t·he smaller streams the a.lluvium is generally 
piled up to fonn a siHp:le terrace, one fill on top of an­
ot·her; ]oen lly, ho\\"ever, as nnwy ns three terraces, each 
<:om posed of one of t·he ]a t·est: three a llnvia l .fills, may 
be seen. F.ip:nre 2f) sho\\"s t-l1e nnangement of the al­
luvial fills and t·he sequence of entting and deposition 
along t·wo sma 11 streams, Ster] ing Gulch and Lehigh 
G-nld1 (pl. 1). 

The streams t-lmt deposited the terraces gradually 
be(' a me steeper bet·\\"een 'Visconsin and H.ecent times. 
The evidence for this conclusion is shown in figure 26 
where, a long 1'11e small arroyos, older deposits lie be­
neat·h younger deposits; n long the ]a t;ge streams older 

deposits 1 ie in the highest terrace, younger deposits in 
the lowest terrace. The steepening or gradient came 
about because not enough time was available to allow 
the cutting of arroyos to the heads of all the streams 
during each cycle of downward cutting. If time or 
other circumstances had been favorable, then terraces 
would border every stream from mouth to head. 

VALLEYS 

The vall-eys were cut between Pliocene a.nd present 
times. l\ieasurement of the heights of pediments and· 
terraces above streams both in the quadrangle and 
in nearby areas gives accurate evidence of the times 
and depths of valley cutting. Configuration of bed­
rock floors of the valleys is irregular (fig. 25). l\iajor 
valley cutting took place before ]ate 'V.isconsin time; 
since then streams have merely reworked older deposits. 
Incipient arroyos along the sma11er ephemeral streams 
are postulated to have formed been use the valleys were 
so steep that their modern Yegetati,·e cover did not 
prevent erosion during torrential storms. 

In the literature on Front Range regional geo­
morphology, the term canyon-cutting cycle is used 
repeatedly. Opinion is not unanimous on the age of 
the canyon-cutting cycle and very little information is 
available in en.rly reports on the depth of cutting dur­
ing each increment of erosion. ..A .. so-called canyon­
cutting cycle was dated by Lee ( 1922, p. 16-17) as start­
ing in ]nte Pliocene or early Pleistocene time, after the 
Rocky :Mountnin.surfnce \YHS cut, and continuing to the 
present. Bryan and Ray (1040, p. 24) confined the 
canyon-cutting cycle to post-Timnath pediment (post­
Illinoian?) and 'Visconsin time, that is, the time be­
tween formation of the pediments and formation of the 
terraces. Lee~s usag·e seems most sensible because he has 
included in late Pliocene to present time all valley 
cutting after the formation of the Rocky l\Iountain 
surface. In Illinoian to 'Visconsin time less than one­
twentieth of the valley cutting took place. It seems 
inappropriate that such an insignificant amount of 
cutting be given such an all-inclusive name as canyon­
cutting cycle. 

In the l(assler quadrangle, nllley cutting took place 
intermittently between Pliocene ahcl early 'Visconsin 
time. ~ieasurement of the heights of the Pleistocene 
pediments above stream level along the mountain front 
provides good evidence of the range of time during 
which increments of the valleys were cnt. Cutting 
started with the dissection of the Rocky l\iountain sur­
face, which is about 8,000 feet. above sea level and 
about 2,000 feet above modern streams in this area. The 
principal episode involved about 1,650 feet of cutting 
between the Rocky l\iountn in surface nncl the highest 
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Verdes alluvium 
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Fwua•' 25.-Diagrammatic cross sections showing stages ln formation of valley-fill sequence along Sterling Gulch, SE1,4 sec. 30, '1'. 6 S., 
R. 68 W., and along Lehigh Gulch, NW~ sec. 16, T. 7 S., R. 68 W., showing reversal of topography. 

Small arroyos 

Louviers alluvium 
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FIGURE 26.-Cross section l:lhowing relation of alluvial teuaces along major streaml:l to huricd alluvium along small arroyos. 
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pediment. Streams cut valleys 100 feet. deep between 
the highest pediment. and intermediat-e pediment and 
150 feet deep between the intermediate pediment and 
the lowest pediment.. Between cutt-ing· of the lowest 
.pediment and early "risconsin t·ime, the streams cut 
abot1t 130 to 160 feet, or :-w to HO feet below modern 
stream levels; then Louviers a lluvinm partly filled 
these channels. 

Although the streams that cut the deep early "\Vis­
consin channels are presumed to ha,·e cut into bedrock, 
the bases of the channels are not exposed and the shape 
and content of the channels are not well known. Op­
erators of gravel pits along the South Platte River and 
Clear Creek report that the con figuration of bedrock 
is quite irregular; in a fe''" areas, depths range from 
less than 10 feet to as much as no feet· within a quarter 
of n mile. Generally, thou~:h, gravel ranges from 2i5 to 
Rf5 feet ·in thickness. An auger hole on the west side of 
Plum Creek in t·he SElJ,,NEYl sec. 4, T. 7 S., R. 68 "\V., 
indieates that the allnvium on ''"hich Plnm Creek flows 
may exceed 65 feet in thickness. 

No major valley cutting has taken place since ea.rly 
"'Tisconsin time. After early_ "\Visconsin time, stream 
erosion before each alluviation became progressive]y 
less so that the sediments of each cycle of alluviation 
have been only slightly disturbed by the following 
cycle of erosion. For instance, the vVisconsht deposits 
in the channel bottom of the South Platte River prob­
ably ha.ve not been disturbed since they were deposited. 
As Bryan and Ray (1940, p. 24) said, a new series o:E 
changes in stream gradients took place, in which, be­
tween periods of incision, aggradation rather than 
planation was characteristic. 

Cutting in ]ate "\Visconsin and Recent times involved 
the erosion or reworking of earlier deposits, with only. 
minor cutting :into bedrock in the headwaters o:E 
strea.JnS. Throughout Quaternary time, therefore, both 
the amounts of cutting n.nd the deposits became smaller. 

The discovery that each deposit is progressively 
smaller than the preceding one introduces the possi­
bility that a vigorous episode of erosion such as that of 
early "Tisconsin time ~ou]d wipe out all trace of "\Vis­
consin and Recent a.lluvial deposits. Such a. catastrophe 
mn.y have ern.sed the record of the minor events of the 
earlier alluvial stages. The apparent over-simplicity of 
the geomorphic history o:E pre-"\Visconsin time com­
pared to the "\Visconsin and Recent history may be due 
to n. cn.stn.strophe that eliminated the deposits of all but 
the major events. 

Depth of downcutting in the mountains since pre­
"\V'isconsin time and since mid-"\V'_\f?COJ.lsin time was 
determined along Bear Creek between Idledale and 
IGttredge (fig. 1) 11 miles noruthwest of the l{assler 

quadrangle. ·In a roadcut on State Route 74 on the 
west side of Sawmill Gulch at Idledale, a soil of pre­
"\Visconsin age is exposed about 50 feet abov'e Bear 
Creek. About a mile farther west, a road cut in the 
S"\V1J,,S"\V'~4. sec. 29, T. 3 S., R. 70 "'r., which also dis­
plays a pre-"\,Tisconsin soil, lies about 80 feet abo,·e 
Bear Creek and yielded the following 1nollusks: 

Collection J-1: 
Va.llonia cyclophorella. Ancey 
cf. Su.coinea avm·a Say 
Pttpoides hol'(laccus ( Gabb) 

P'llJJoides h01·dace~t...(! is characteristic of the molluscan 
fauna in the Slocum alluvium of the ICassler quad­
rangle; therefore, the Bear Creek collection ,J-1 prob­
ably is of Illinoian or Sangamon age. 

Depth of cutting since 1hid-"\Visconsin time ·can be 
seen a;t the west ei1el of IGttreclge in the SEl!.t,S"\V%, sec. 
35, T. 4 S., R. 71 vV., where Louviers alluvium is ex­
posed in a road cut about 30 feet above Bear Creek. 
The alluvium yielded a typical suite of mollusks and 
vertebrate fossils: 

Collection .J-2: 
~Iollusks: 

Vallonia cyclopho1·clla Ancey 
V. graciUcmtta Reinhardt 

Vertebrates (U.S. G.S. Yertebrate collection D46) : 
Bison sp. 
.Equ.u.s sp. 

· It is apparent that Bear Creek too has cut only about 
80 feet' to stream level since Illinoian time and about 30 
feet since "'Tisconsin time. 

The depth of valley cutting discussed above may be 
used to show the ages of steepening of gradients at cer­
tain elevations along the mountain valleys in the TCas­
sler quadrangle. Abrupt changes in gradient. that are· 
related to the pediment beneath the Rocky Flats al­
h1vium can be seen in l\1ill Gnlch in the center of sec. lfl, 
T. 7 S., R. 69 "'r· (pl. 1), in Bear Creek in the NElj~ sec. 
4, T. 8 S., R. 69 "\V., in Indian Creek in the N"\V%, sec. 
6, T. 8 S., R. 68 "'r., and below the gentle reach along 
several other streams where Piney Creek· alluvium. is 
mapped. The abrupt changes in gradient related to the 
highest pediment range in altitude from 6,7nO to 7,000 
feet above sea level. 

Abrupt steepening of gradients that are related to the 
pediment beneath the Slocum alluvium was found along 
many tributaries of the South Platte River. For in­
stance, waterfalls were seen in the NE1j1S"\,T14 sec. 9, T.' 
7 S., R. ()9 "\V. (pl. 1), with 20 feet of fall and in the 
NEl!.t,SE14S"\V%, sec. 33, T. 6 S., R.. 69 "'r., with 50 :feet 
of fall, and sharp breaks in stream gradient were seen 
in other tributaries at elevations of 50 to 80 feet above 
the South Platte River. These nickpoints are the re­
sult of post-Illinoian cutting. The small tributaries 
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that have a gentle gradient 50 to 80 feet above modern 
stream ~evel of the South Platte River were graded to 
the stream that was cutting the Slocum pediment. 
Later heachntrd cutting has eroded stream channels 
only 100 or 200 feet up the tributaries :from the Souti1 
Platte River where most o:f these streams fall over 
waterfalls or steep cascades. 

INCIPIENT ARROYOS 

Small crescent-shaped scarps that become discontinu­
ous arroyos are common at the heads of broad grassed 
upland valleys that are filled with silty alluvium. The 
scarps are spaced about every 100 feet and few are more 
than 2 feet high or 10 feet 'Yide. Figure 27 shows a pro­
file of a typical vaJley containing the scarps. From 
scarp to scarp the following features are shown: a 
plunge.pool below each sod-covered scarp, a lo,Y-gracli­
ent segment of valley that is convex toward the sky, and . 
a high-gradient segment that is concave. Incipient ar­
royos form in silty or clayey alluvium only as a result 
of certain conditions. M:any of the small upland valleys 
are too steep, apparently, ~or torrential rains to !low 
smoothly. Turbulent flmv prevails, especially where a 
spotty or nonexistent grass cover allows rapid runoff. 
Any irregularity, such as a tuft of grass or a joint crack 
in dry clayey alluvium, gradually will be deepened and 
widened to a scarp and plunge pool. Once the plunge 
pool and scarp are created, the water either flows over 
a sod-covered lip or cuts down through the soft A hori­
zon of the soil upstream from the scarp and flows over 
the scarp on a lip created by the clayey B horizon. As 
alluvium is removed from the plunge pool, it is de­
posited in a fan deposit a few yards downstream (fig. 
27). . The slope of this segment of stream valley in­
cluding the plunge pool and fan is less than the slope of 

~ 
Shape of arroyo at o 

20' c: ::=1 
Shape of valley at b 

15' 

the former valley floor. Across this lo\Y-gradient fan 
the middle of the channel is higher than the sides. This 
shape causes the stream to be spread out :mel to be 
inefficient as an erosive agent until it drops its load, 
passes beyond the fan, and returns to a channel where. 
·it again proceeds through the same cycle dmYnstream. 

The incipient arroyos are lengthened by stream ero­
sion, by nndercutting of columns of alluvium, and by 
tuimeling. Arroyos that have long scoop-shaped, grad­
ually deepening channels at their heads are being 
lengthened by stream erosion. Arroyos that are box 
draws with walls 5 to 25 feet high are lengthened by 
undercutting of the columns by water that falls into 
the plunge pool and by weakeni11g of the base of the 
columns by constant saturation. Some arroyos are 
lengthened by water that enters and· tunnels through 
wide columnar joints many feet upstream from the 
arroyo head. As the tunnel is enlarged, snpport is re­
nloved from the roof, which subsequently caves and 
thus a new segment of arroyo is created. The incipient 
arroyos finally merge and form the steep-walled arroyos 
that tHe typical of a semin,rid country. 

CAUSE OF ARROYO CUTTING 

The problem of arroyo cutting that besets the ranchers 
of the area. is not entirely of their own making. As 
shown on table 1, several cycles of arroyo cutting are 
recorded in prehistoric time, and the major cycles of 
valley cutting antedate even the coming of man toN orth 
America (table 1). Overgrazing and the practice of 
burning over pasturelnnd in historic time, which re­
sulted in the deforestation of the mountain slopes, cer­
tainly allowed the torrential downpours, which are 
typical of a semiarid climate, to run off more quickly 
:with more erosive power. Fire in prehistoric time, 
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FIGURE 27.-Profile showing scarps of incipient arroyos developed in the head of a small valley. Based on mea:;;urements in the Nlf2NW 14 
sec. 34, T. 5 S., R. G!) W., Littleton quadrangle, Colorado. 
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shown by charcoal :in the pre-Piney Creek alluvium, 
a.lso may have contributed to the erosive ability of the 
:t.ncient streams, but the primary cause of. arroyo cutting 
is considered to be climatic change; fires and overgraz­
ing merely served to accelerate the erosion that was in­
ev.itable. 

STREAM CAPTURES 

Stream ca.ptures are common in this area, chiefly be­
cn.use t·he gradients of many streams are so steep. The 
stream that does the capturing generally has a. shorter 
reach and a steeper gradient to base level than the 
stream that is captured. Little "';Villow Creek is the 
result of such a. stream capture (fig. 21). In the early 
stage of cutting of the Slocum peel iment, Little "'Villow 
Creek flowed eastward from. a gap in the hogback of 
the Da.kotn. group and entered "'Villow Creek somewhere 
between sec. 7, T. 7 S., R. 68 "''r., and sec. 12, T. 7 S., 
R. 69 "''T· A small stream, flowing generally in the 
course of the modern Little "''Tillow Creek, cut head­
ward to the sonth and captured Little "'Villow Creek 
where :it issued from the gap .in the Dakota hogback. 
Little "''Tillow Creek then completed the cutting of the 
Slocum pediment northward and deposited allu1rium 
on it. Been use base level (the South Platte River) was 
eloser along the course of Litt.le "''Tillow Creek than 
along "'Villow Creek and because downcuttino- c~ntinued t": 

after the capture, the remnants of Slocum alluvium de-
posited before t.he cn.pture nre higher than the Slocum 
a.lluv.ium deposited after the capture. Bedrock at the 
side of the channel is only 11 feet deep in a, hole angered 
on the south side of the road in the SE:i4 sec. 12, T. 7 S., 
R. 69 "r., but bedrock in the channel (fig. 9) is buried 
under more thnn 35 feet of alluvium. High hills of 
Verdos alluv.i um lie north of the ch:tnnel. 

Another stream capture took place in early vViscon­
sin time when the stream in Lehigh Gulch flowed north­
''"ard around the ''"est side of :t ridge of Verdos alluvium 
that straddles the l~ne between sees. 9 and 16, T. 7 S., 
R 68 "''r. (pl. 1). In later "'Visconsin time ~t minor head­
wa.rd-cutting tribut:ny of Indian Creek ca.pt~1red the 
stre11m in Lehigh Gulch south of the section line and 
diverted it eastward into Indian Creek; this action 
le:ft; a. knob of Verdos alluvium ''"hich is now surrounded 
by pre-Piney Creek alluvium. Fn.rther upstream at 
loc:tlity 104 pre-Piney Creek alluvium was deposited, 
and the stream moved ''"estwa.rd across the alluvium 
:mel cut a new channel. The flank of the old early "'Vis­
eonsin channel is preserved in the stream cut shown 
on figure 25. In ndclition to these stream changes, an­
other cnpture :is imminent. The neck between the two 
streams west of locn lity 104 is less than 50 feet wide and 
probably will be breached in a few years; it recently 
wns narrowed by about 15 feet. in a single flash flood. 

EFFECT OF WEATHERING AND HYDROTHERMAL 
ALTERATION ON GEOMORPHIC DEVELOPMENT 

Pleistocene weathering has a direct bearing on the 
width and depth of valley cutting. "''Teathering soft­
ened the rocks, particularly the crystalline rocks, and 
made erosion easier, but its effect was minor compared 
to the effect of the much older hydrothermal alteration, 
which greatly facilitated the erosion of valleys. The 
depth of weathering cm1 be measured in tens of feet, 
but hydrothermal alteration can be measured in hun­
dreds of feet. 

vVeathering had less effect than faults on both the 
amount and the position of valley cutting. In valleys 
cut into ''"eathered crystalline rocks, weathering had not 
softened the rocks enough for the mountain streams 
to keep pace with downcutting of the plains streams. 
"'Vhere the valleys were cut along faults, however, as 
along Stevens and l\1ill Gulches, hydrothermal altera­
tion had already softened the rocks sufficiently that 
valleys were easily eroded. in effect, along the valleys 
that are located along faults, the streams could easily 
cut. downward, even without the weathering part of the 
geomorphic cycle. 

Erodability varies with different kinds of hydro­
thermal alteration. Silicified, hydrothermally altered 
fault gouge is not as susceptible to erosion as unsilici­
fied fault gouge. "'Vhere rocks were only weathered, 
erosion was slow and ineffective; where they were .first 
altered and silicified and then weathered, erosion was 
even slower; but where they 'vere a~tered only and not 
silicified, erosion was fast, and, at least along these 
segments where the streams follow such faults, they 
could reach grade as quickly as some plains streams. 

Rocks in the quadrangle were weathered several 
times; the principal times from oldest to youngest 
were: 
1. Pennsylvanian 
2. Middle Pliocene (post-Ognllala) to Nebraskan (Rocky 

l!"'lats) 
3. Aftonian (?) 
4. Yarmouth(?) 
5. Sangamon ( ? ) 

Pennsylvanian weathering is discussed with the 
Fountain formation in Professional Paper 421-B. 

vVeathering during middle Pliocene to N ebraslmn 
time took place on the Rocky l\1ountain surface, about 
2,000 feet above modern streams. This surface is under­
lain primarily by foliated and unfoliated granitic 
rocks. Several factors contributed to a local deep 
weathered zone. .Coarse grain size and foliated internal 
structure of some rocks allowed the weathering solu­
tions to enter; faults crushed the rock along zones sev­
eral hundred feet wide; closely spaced joints which 
contained water were riven by frost. 
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Aftonian ( ~) weathering took place at or above the 
level of Rocky Flats alluvium. The best exposures of 
crystalline rock weathered in Afton ian ( ~) time are 
in theSE% sec. 25, T. 7 S., R. 69 W. 

Yarmouth ( ~) weathering, which affected rocks at or 
above the level of Verdos alluvium, is apparent under 
the Yarmouth soil, where bedrock was "·eathered to a 
depth of several feet. 

Sangamon ( ~) "·eathering took place 80 to 100 feet 
above modern streams. The best example is in the 
NEl)J, sec. 33, T. 6 S., R. 69 W. No marked \Yea the ring 
has affected the crystalline rocks since Sangamon time. 

CORRELATION 

The surficial deposits can be correlated with other 
deposits in the Denver Basin and in neighboring States 
on the basis of fossils, soils, and radiocarbon age, and 
by tracing the landforms. The soil correlations require 
the assumption. that Quaternary climate was regional, 
that the soils are a response to climate, and that the 
climatic fluctuations of the Quaternary w'er~ concurrent 
in the Great Plains and in the Rocky Mountains. If 
these assumptions are correct, then correlation of soils 
should be quite reliable. 

Table 5 shows the correlation of the surficial deposits 
of the l(assler quadrangle with those of the Louisville 
quadrangle (Malde, 1955), of the Denver area (I-Iunt, 
1954), and of Nebraska (Schultz and others, 1951). 
The deposits in which fossil bone was identified and 
radiocarbon was analyzed are mm~e abundant in the 

Nebraska section, primarily because the deposits In 
Nebraska are finer grained. 

GEOLOGIC HISTORY 

The earliest event that affected the geomorphic de­
velopment of the region was the uplift of the Rocky 
l\1ountains and the arching of their sedimentary cover 

·in Late Cretaceous and Paleocene time. The Tertiary 
geomorphic events are poorly documented, but their 
history is reconstructed ·as follows: In Eocene time 
either no sediments were deposited or they were de­
posited and then removed. In early Oligocene time 
streams cut a broad surface across the Precambrian 
rocks and deposited the Castle Rock conglomerate (a 
correlative of the lower part of the White River group) 
which has since been eroded from the l(assler quad­
rangle. In Miocene time either no sediments were de­
posited or they were deposited and removed. In 
Pliocene time, the Rocky Mountain surface was cut by 
streams flowing across the Precambrian and later rocks, 
and the Ogallala formation was deposited by. the 
streams. 

The record of Quaternary events in the geomorphic 
development is much better documented. The most im­
pressive events are canyon cutting and pedimentation. 
Canyon cutting started in late Pliocene time. At five 
times in the Quaternary-because of a change in cli­
mate-streams cut downward. After each of the first 
three times of downcutting, the streams attained a pro­
file of equilibrium and then cut sidewise to form pedi-

TABLE 5.-Correlation of Qttaternary deposits of Colorado an'l Nebraska m·ea8 with deposits of the Kasslur qu.adrangle 

Age Kassler, Colo. (this report) Louisville, Colo. (Malde, 1955) Denver, Colo. (Hunt, 1954) Nebraska (Schultz and others, 1951) 

-Loess a'ilct-eofiansaii<:i -2~~= == ==~ = ~==~= == == = = = ==== = = = === ~= ==========~= == = = =~ = ======= ======== ======== ======== == ===== 
S~il Z'.l 
Silt and locss.l 

Post-Piney Creek alluvium 1 2 _______ Post-Piney Creek alluvium _________ Flood-plain alluvium t _____________ _ 
Late Recent soil a ___________________ Recent soiL ________________________ Recent soiL _______________________ _ Soil Z.l 

Recent Piney Creek alluvium! _____________ Piney Creek alluvium and collu- Piney Creek alluvium 1 ____________ _ Cochrane. silt and loess .I 2 
vium. Early Recent soil a _____________________________________________________________________________________________ _ SollY.t 

Eolian sand.------------------------ -------------------------------------- Eolian sand 1 _________ ---------------
Pre-Piney Creek alluvium 1 2 ________ -------------------------------------- --------------------------------------

-------------------------------------- ------ _____ -- _ -- _ -- ______ ----- ________________________________ --- ___ --- __ _ __ T2A fill. 
Broadway alluvium_________________ Gravel fill and alluvial filL_________ Gravel filii and alluvium along {Soil YY Bignell soiJ.t 2 

Lakewood and Wier Gulches.! T2B fill. 
Wisconsin Wisconsin son a _____________________ Wisconsin soiL.-------------------- Wisconsin soiL _____________________ Soil X Brady soil.l 

Younger loess !______________________ Eolian silt and sand_________________ Eolian deposits 1 __ ------------------ Silt and loess. 
Soil W. 

-Loiiviel-s -aiiiiviuiil 1 -2~~~= === == == == == = ·aoi>b'ie-gravci= = == ====== == == = == = = = === -:Aiilivi-aigravc-1-,_~============== == = == Todd valley rormauon. 

Sangamon(?) soi13 __________________ Pre-Wisconsin soiL _________________ Pre-Wisconsin soiL _________________ Sangamon soii.I 
Older loess__________________________ _ ____ _ __ _ __ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ __ __ __ ___ __ _ _ __ __ _ __ _ _ _ _ Loveland formation .I 

-~lioctirri aiiuvlum-1_-~ ~== == == = === === == -~~~-i~~r_e_~~i~t_c_~ -~~~~~ ~~~~~~~t_s~~== -~~~i-c~~~-~--~=== ========= === == = === = = = = Crete formation ,I 
Yarmouth(?) soil 3 _ ----------------- -------------------------------------- _____ --------------------------------- Yarmouth soil. 
Vcrdos alluvium.------------------- Upland graveL _____________________ Oravrl on hilltops west of South Sappa formation. 1 

Platte River. Pre-Wisconsin 
Silt and volcanic ash ________________ ---------------------------------------------------------------------------- Pcarlcttc ash. 

-------------------------------------- ------------------------------- __ __ ___ __ _ __ __ __ _ _ __ ___ _ __ _ __ _ _ _ __ _ _ _ _ _ __ _ _ _ _ Orand Island formation .1 

-:Aitoiifan(?)-soii 3==== ====== ========= ~ = == === = ============ == ======== == === = = == == == = ~= = === ~== == === ======= == =~== == === = ~ft~~!~u~~[frmation.t 
Rocky Flats alluvium_______________ Gravel on Rocky Flats ______________ -------------------------------------- Fullerton formation,! 

-_ ----------- ______________________________________ -------- __ _ _ _____ _ _ __ __ __ _ ___ __ _ __ ____ __ _ __ _ _ __ ___ _ __ _ _ _ _ __ _ ___ Holclrcdge formation. 

I Fossil bone reported. 
2 Cu samples analyzed. 
a Age term. 
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ments. Three major stages of pedimentation, the first 
of Nebraskan or Aft.onian age, the second of J(ansan or 
Ya.rmouth age, the third of Illinoian or Sangamon age, 
indicate that sideward cutting by strea1~1s dominated at 
]east three times in the pre-·nrisconsin stages. 

In Nebraskan or Aftonian time the pediment beneath 
the Rocky Flats alluvium was cut about 1,600 feet below 
the R.ocky l\1ountain surface and the Rocky Flats al­
luvium was deposited on it. Plum Creek, along the east 
side of the J(assler quadrangle, was developed as a 
northward-flowing stream bet"·een pediments sloping 
toward it from the east and from the Front R.ange. 
The pediment beneath the Rocky Flats alluvium is the 
most extensive of the Pleistocene pediments and is the 
only Pleistocene pediment that was cut on Precambria11 
rocks. An Afton ian ( n soil "·as developed on the 
Rocky Flats alluvium and on all exposed rocks. In 
J(ansan or Yarmouth time the pediment beneath the 
Verdos alluvium was cut 100 feet below the highest 
pediment. The Verdos alluvium was deposited on the 
pediment an<;l in the valleys of the South Platte River, 
Plum Creek, Indian Creek and '~Tillow Creek. During 
the deposition of the Verdos alluvium coarse volcanic 
ash, probably from a volcano to the west, fell over all 
the middle Great Pla.ins. The ash was interbedded 
with the ]ower part of the Verdos alluvium. A Yar­
mouth ( ~) soil was developed on the Verdos a.lluvium. 
Rainbow Creek, .Tarre Creek, and Lehigh Gulch were 
merely low swaJes on the surface of the Verdos 
aUuvium. 

In Illinoian time the Verdos a.lluvium was dissected, 
the pediment beneath the Slocum n lluvium was cut 150 
:feet below the Verdos alluvium, and the Slocum al­
luvium deposited in Illinoian or Sangamon time in a 
climate that was warmer than now. A fill terrace of 
the Slqcum alluvium was deposited along the South 
Platte R.iver and Plum Creek. Little "Till ow Creek was 
formed by capture of one of the tributaries of "Tillow 
Creek. l'he older loess was blown out of the South 
Platte R..iver valley onto the Slocum alluvium. A San­
gn.mon ( ~) soil was developed on the Slocum alluvium 
and on the older loess. 

From '~Tisconsin to the present time the cutting of 
crtnyons was completed, and streams repeatedly re­
worked large loads of outwash from the mountain gla­
ciers. Five fill terraces of regional extent were pro­
duced by alluvin,tion in "Tisconsin to Recent time. Base 
level was not stable long enough in "Tisconsin time to 
allow widespread pedimentation. 

In early '~Tisconsin time streams dissected the Slocum 
alluvium n.nd broad clmnnels .were cut into it along 
Plum Creek and the South Platte River, possibly deeper 
thn.n they have since been cut; arroyos were cut along the 

smaller streams. At this time the modern drainage 
system was formed. Coarse-grained Louviers alluvium 
was deposited in a broad terrace along the two main 
streams, and fine-grained alluvium was deposited in 
narrow channels along the small strea.ms. The great 
amount of cutting caused most of the colluvium to be 
deposited at this same time. The climate was favorable 
for animals; bones of camel, mammoth, horse, deer, and 
bison and shells of mollusks are abundant at many 
places. 

The younger loess was blown from the outwash along 
the South Platte River and locally from the Pierre 
shale up onto the bluffs along the southeast side of the 
river. The 'Visconsin soil was developed on the early 
vVisconsin deposits and on dissected pre-'Visconsin de­
posits. Bog clay was deposited in three depressions 
near Boxborough Park School after the loess was blown 
across the drain age outlets. In late '~Tisconsin time the 
Broadway alluvium was deposited along the South 
Platte River and Plum Creek. It was entrenched 
slightly into Louviers alluvium and then spread out as a 
strath on the Louviers. In early Recent time arroyos 
were cut locally into Louviers alluvium, and pre-Piney 
Creek alluvium filled the arroyos. The earliest l~nown 
evidence of man in the J(assler quadrangle is in this 
alluvium. '~There no arroyos were cut, an early Recent 
alluvium was deposited on the strath of the Louviers 
alluviun~. No early Recent alluvium was found along 
Plum Creek or the South Platte River although it may 
lie at the base of the Piney Creek alluvium. Eolian 
sand was blown from the pre-Piney Creek a11uvium onto 
the divides south of the streams, and the loess probably 
was reworked at this time. Early Recent soil was de­
veloped on the pre-Piney Creek alluvium, on the eolian 
sand, and on the Broadway alluvium. 

In late Recent time, arroyos were cut along every 
stream in the area and the Piney Creek alluviun1 was 
deposited. Late Recent soil ·was developed on the Piney 
Creek alluvium. Arroyos again were cut and then filled 
with post-Piney Creek alluvium about 1,400 to 1,500 
years ago. Eolia,n sand and loess were deposited shortly 
~tfter this cycle of alluviation, about 1,300 to 900 years 
a.go. The modern arroyos were cut about A.D. 1900 and 
flood-plain alluvium is still being reworked. 

ECONOMIC GEOLOGY 

Gravel from the surficial deposits in the: northeast 
half of the quadra.ngle is used for construction material. 
The major uses of the gravel are for road metal on 
seconda.ry roads and as aggregate for concrete. Large 
boulders are locally used as riprap in stock ponds. 

Prospects listed in this report should be proved by 
subsequent drilling, or test pitting, and the materials 
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should be subjected to la:boratory tests before acceptance 
for specific uses. 

AGGREGATE FOR CONCRETE 

Aggregate is defined as inert material \Yhich, when 
bound toget11er into a conglomerated mass by a matrix, 
forms concrete, mastic, mortar, or plaster (American 
Society for Testing Materials, 1946). Aggregate for 
concrete is classified as fine and mixed. The distinction 
is based on the percentage of material retained on a 
No. 4 sieve. The part of a sample retained on that 
sieve is designated as the coarse fraction. The material 
is classified as a, mixed aggregate if the coarse fraction 
is 5 percent or more by weight of the sample, arid as a 
fine aggregate if the coarse fraction is less than 5 per­
cent. The grading of almost any aggregate material 
ma,y be changed by crushing and screening until it con­
f_orms to required specifications. 

Aggregate for concrete consists of sand and gravel­
size fragments of ha.rd dura.ble mineraJs or rocks. The 
constituent particles a.re free from adherent coatings 
that would interfere with. the bonding of cement with 
the particles. Potential sources of aggregate and some 
constituents that may make the materials unsuitable for· 
aggregate, such as wash material passing the No. 200 
sieve) and humus (disclosed in the colorimetric test) 
are shown in table 6. 

The materials reported are accessible from all­
weather roads and are exposed at the surface or have 
an unconsolidated overburden sufficiently thin to per­
mit economic development. The test cha-racteristics or 
the descriptions of the materia.ls may indicate that some 
are not suitable for use in concrete; however, the same 
material may be acceptable for other uses, such as ag­
gregate for ·bituminous construction or for. cover 
1naterial. 

The stratigraphic units that are actual or potential 
sources of aggregate for concrete are Louviers, Broad­
way, and reworked Louviers and Broad way alluvium 
(designated on table 6 as post-Piney C1:eek alluvium). 
All the older alluvium is too deeply weathered to be 
acceptable. The best source of aggregate from the 
standpoint of quality and quantity is in the flood plain 
of the South Platte River underneath the Piney Creek 
and post-Piney Creek alluvium. 

The performance record of the Platte Hiver aggre­
gate is good. The Los Angeles abrasion loss runs from 
35 percent in the deeper parts of the alluvium to nearly 
45 percent in the sha1lower parts. This loss is high, but. 
acceptable to most users. "Then crushed, the alluvium 
generally is deficient} in material retained on a No. 50 
sieve, but this defect is overcome by putting the crusher 
dust back in the aggregate. Small lumps of clay from 
the Piney Creek or post-Piney Creek alluvium contam­
inate the aggregate somewhat; the larger 'lumps are 
picked out by hand, as are sti·cks and bones. 

ROAD METAL 

Road metal is defined as material that ma,y be applied· 
to a road to improve the performance characteristics of 
that road. 

Surficial materials are used for road metal in the 
northeastern part of the quadrangle. Sand and gravel 
are available in the Rocky Flats, Verdos, Slocum, Lou­
viers, Broadway, and post-Piney Creek alluviums. The 
Rocky Flats, Verdos, and Slocum alluviums are deeply 
weathered, but weathered material has the advantage 
of containing clayey binder material that will 1nake a 
hard-packed surface and decrease dusting on the road. 
Table 6 shows the results of tests on materials that have 
been used or are available for use in construction of 
roads and other engineering structures. 

TABLE 6.-S1.trnmary of 1natm·ials tests 

[Tests by U.S. Bureau of Public Roads materials laboratory] 

Location Sieve analysis, percent retained on- Laboratory 
test data 

Estimated 
quantity Aver- Percent Colorimetric 

Geologic unit of material age Access!- passed Sodium Los test for 
(cubic thick- bility No. 200 sulfate Angeles organic 

Section 'I'. s. R.W. yards) ness 1 % No. No. No. No. No. No. (wash) sound- a bras- matter 
(feet) inch inch 4 8 16 30 50 100 ness ion 

(per- Gper-
cent • cent 
loss) loss) 

----------------------
Post-Piney 

Creek 
NW~NWH36 __ 6 69 Unknown_ -------- Good_ 0 0 1 1 17 41 24 13 1 -------- -------- Light straw. 

alluvium. 
NE~SW~ 34___ 1\ 69 Unlimited. 20 ___ do __ 0 1 21 5 7 43 9 9 2 -------- -------- Dark straw. 

Louviers NE~SEY.( 33 ___ 6 68 ___ do _______ 15+ _ __ do ___ 3 0 19 17 17 28 6 7 2 -------- -------- Light straw. 
alluvium. 

Slocum SEY.(SW~ 29 ___ 6 68 ___ do _______ 55 _ __ do ___ 0 1 25 23 21 14 3 10 1 4. 9 46 Do. 
alluvium. 

NW~SW~12 __ 6 69 50,000+ 10+ _ __ do ___ 9 1 6 14 15 31 7 8 2 -------- -------- Do. 
Verdos NW~NW~21_ 7 68 50,000+ 15 Fair ___ 0 0 12 3 25 28 14 9 5 -------- -------- Do. 

alluvium. 
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RIPRAP 

Riprap is defined as any ma.terial that will ·protect 
earthen fills fro1n erosion. The material for this use 
must be relatively sound and free from impurities, 
cracks, and other structural defects that would cause 
it to disintegrate through erosion, slaking, or freeze­
ltnd-thaw. Blocks of riprap should have approximately 
rectangular faces, 7 inches or n1ore in width. 

Large stm{es are common in the Rocky Flats and 
Verdos alluvium and have been used for facing on spill­
ways, stock ponds, and erosion check d~uns. . Their 
roundness makes them hard to set and somewhat 
unstable. 

FOSSIL LOCALITIES 

Localities of fossils from the surficial deposits of the 
ICassler quadrangle are listed, by number, below. The 
fossils were collected during the .fieldwork on which 
this report is based. Many collections are from out­
crops that are too small to map. The arrangement of 
the list is stratigraphic, from oldest to youngest. ·col­
lections were made by Scott in 1953, except where 
otherwise noted. 

Local­
ltv 

(pl./) 

91 

USGS 
/0.,8/l 
tlerte­
brate 
collec-
tion 

(Denr1er) 

USGS 
Cenozoic 
mollusk 

collec­
tion 

(Denver) Locality de.,cription 
Verdos alluvium 

D405 NW%NW>4 sec. 21, T. 7 S., R.. 68 W. 

Slocum alluvium 

92 D59 D412 SW}~NW% sec. 36, T. 6 S., R.. 69 W., 
from silty alluvium. 

tl3 D4ll SW}~NW}~ sec. 35, T. 6 S., R. 69 W., 
from calcareous, reddish-brown, pebbly 
alluvium. 

H4 D418 SE%NE>4 sec. 12, T. 7 S., R.. 69 W., 
'from pebbly, calcareous alluvium. 
Scott, D. W. Taylor, and C. C. Cameron, 
1954. 

~)5 D438 SW%NE%SE}~ sec. 4, T. 7 S., R. 68 W., 
from sandy alluvium under Louviers 
alluvium at Louviers dump. Scott, 
Taylor, and Cameron, 1954. 

96 D65 NE}~SE}~ sec. 30, T. 6 S., R.. 68 W .. 
from silty alluvium. 

tl7 D40l NE%SW% sec. 26, T. 6 S., R.. 69 W., from 

125a D54 

calcareous cobbly alluvium overlying 
Pierre shale in cut bank of South Platte 
River. 

NE~SE% sec. 30, T. 6 S., R.. 68 W.; from 
silty alluvium. 

Louviers alluvium 

lOOn D68 D400 SW~NWXSW}~ sec. 35, T. 6 S., R.. 69 W., 
from humic gley soil on sandy black 
alluvium. 

Local­
ity 

(pl. I) 

lOOb 

lOOc 

lOOd 

lOOe 

125 

lOla 

101b 

102a 

102b 

102c 

103 

104 

105a 
105b 

106 

107 

108 

109 

110 

111 

112 

113 

114 

USGS 
/088il 
verte­
brate 
collec-
tion 

(Den.ver) 

D54 

USGS 
Cenozoic 
molltt8k 

collec­
tion 

(Denver) Localitv descripl.ion 

Louviers alluvium-Continued 

D398 Same location, but from Cca horizon of 
soil on reddish-brown limy alluvium on 
west side of arroyo. Scott, Taylor, 
and Cameron, 1954. 

D399 Same location, but from Cca horizon of 
soil on brown sandy alluvium overlying 
collection D400 on east side of arroyo. 

D433 Same location, but from htimic alluvium 4 
feet below A horizon of soil and 50 feet 
south of collection D400. Scott and 
Cameron, 1954. 

D434 Same location, but from top of Cca horizon 
of soil on alluvium on west side of gully 
across from collection D400. Scott and 
Cameron, i954. 

D415 

D423 

SEXSW}~SE% sec. 30, T. 6 S., R.. 68 W., 
and NE}~SE}~ sec. 30, T. 6 S., R.. 68 W., 
from silty alluvium. 

NE}~SE}~ sec. 30, T. 6 S., R. 68 W., from 
silty alluvium. 

Same location, but from calcareous silty 
alluvium. 

D64 D436 NW%NE}~ sec. 36, T. 6 S., R. 69 W., from 
calcareous pebbly silt above pebbly clay 
at ancient spring site. Scott, Taylor, 

D63 

D60 

D58 
D52 

D432 

D437 

D421 

D407 

-----} 
-----

D56 · D416 

D53 

D51 

D48 

D172 

D410 

D424 

D403 

D406 

and Cameron, 1954. 
Same location, but from silty alluvium in 

main gully at ancient spring site. 
Same location, but from calcareous silt in 

gully at southea~t corner of ancient 
spring site about 50 feet east of collection 
D436. Underlies younger loess. Scott, 
Taylor, and Cameron, 1954. 

SW%NE~ sec. 5, T. 7 S., R. 68 W., from 
silty alluvium. 

NE}~SW%NW% sec. 16, T. 7 S., R. 68 W., 
from Cca horizon of soil on Louviers 
alluvium. 

NW%SE}~ sec. 4, T. 7 S., R. 68 W., from 
silt and clayey iron-stained pebble layer 
in alluvium. 

SE}~NE}~ sec. 36, T. 6 S., R. 69 W., from 
silty alluvium. 

NW}~SW~ sec. 4, T. 7 S., R. 68 W., from 
silty alluvium. 

NW%NW% sec. 4, T. 7 S., R. 68 W., from 
silty allUvium. 

NW~SE~ sec. 4, T. 7 S., R. 68 W., from 
sandy alluvium. 

SEXSEX sec. 19, T. 7 S., R. 68 W., from 
pebbly alluvium. J. H. Smith, 1956. 

NE}~SE}~ sec. 4, T. 7 S., R. 68 W., from 
sandy alluvium. 

SW}~SE}~ sec. 36, T. 6 S., R. 69 W., from 
. silty alluvium. 

SE~SE}~ sec. 17, T. 7 S., R. 68 W., from 
silty alluvium. 

SE%SE}~ sec. 5, T. 7 S., R. 68 W., from 
silty alluvium. 
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Local­
ity 

(pl. I) 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

98a 

98b 

99 

126 

127 

128 

129 

130 

131 

132 

133 

134 
135 
136 
138 
140 

137 
139 

USGS 
fossil 
·verte­
brate 
collec-
tion 

(Denr~a) 

D50 

D50 

D61 

D43 

{
D41} 
D36 

{
D40l 
D33j 
D37 
D35 
D34 

D39 
D42 
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USGS 
Cenozoic 
mollusk 

collec­
tion 

(Denver) Locality description 

Louviers alluvium-Continued 

D408 NEXNEY-1 sec. 20, T. 7 S., R. 68 W., from 
silty alluvium. 

D417 SE}~SE}~ sec. 30, T. 6 S., R. 68 W., from 
silty alluvium. 

D419 NE%SW}~ sec. 36, T. 6 S., R. 69 W., from 
sandy calcareous alluvium. 

D422 SW}~SE}~ sec. 29, T. 6 S., R. 68 W., from 
silty alluvium. 

D425 SEXNW}~ sec. 8, T. 7 ·s., R. 68 W .. from 
silty alluvium. 

D426 SW}~SW}~ sec. 31, T. 6 S., R. 68 W., from 
silty alluvium. 

D427 NWXSW}~ sec. 4, T. 7 S., R. 68 W., from 
silty alluvium. 

D428 NW%NW% sec. 29, T. 7 S., R. 68 W., from 
silty alluvium. 

D430 SE%SE}~ sec. 17, T. 7 S., R. 68 W., from 
silty alluvium up side draw south of 
main gully. 

D431 NE}~SE}~ sec. 34, T. 6 S., ·R. 69 W., from 
sandy micaceous alluvium. 

Younger loess 

D420 NWXNE% sec. 36, T. 6 S., R. 69 W., from 
small gully at southeast corner of 
ancient spring site. 

D429 Same location, but from pit east of main 
gully at ancient spring site. 

D413 SW}~NW}~ sec. 36, T. 6 S., R. 69 W. 
Pre-Piney Creek alluvium 

D404 SE%SE% sec. 11, T. 7 S., R. 69 W., from 
reddish-brown calcareous stony collu­
vium. 

D402 NE%SW% sec. 36, T. 6 S., R. 69 W., from 
yellowish-brown silty alluvium. 

D439 NE%NW%NE% sec. 29, T. 7 S., R. 68 
W., from sandy alluvium. 

Eolian sand 

D414 . SW%SE% sec. 20, T. 7 S., R. 68 W. 
Piney Creek alluvium 

D435 SW%NW%SW}~ sec. 35, T. 6 S., R. 69 
w., from alluvium on west side of gully 
across from collection D400. Scott 
and Cameron, 1954. 

D440 NW%NE% sec. 36, T. 6 S., R. 69 W., from 
alluvium at ancient spring site. 

D409 
D451 

SW%NW% sec. 20, T. 7 S., R. 68 W. 

SE}~SW}~ sec. 7, T. 7 S., R. 68 W. 

NW%NW% sec. 12, T. 7 S., R. 69 W. 
NW}~SW% sec. 31, T. 6 S., R. 68 W. 
NE~SW% sec. 36, T. 6 S., R. 69 W. 
NE}~NE}~ sec. 5, T. 7 S., R. 68 W. 
NW%SW7~ sec. 20, T. 7 S., R. 68 W 

Post-Piney Creek alluvium 

SE}~SE7~ sec. 11, T. 7 S., R. 69 "'. 
NW7~NE% sec. 36, T. 6 S., R. 69 W., from 

post-Piney Creek colluvium. 
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