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QUATERNARY STRATIGRAPHY OF THE LA SAL MOUNTAINS, UTAH

By GERALD M. RICHMOND

ABSTRACT

General setting. The La Sal Mountains are in southeastern 
Utah on the eastern margin of the Colorado Plateau, and just 
south of the confluence of the Colorado and the Dolores Rivers. 
They comprise three mountain groups that rise steeply above 
the general level of the plateau to altitudes as high as 12,700 feet. 
Each mountain group is underlain by laccolithic masses of diorite 
which, in Tertiary time, intruded the Triassic, Jurassic, and 
Cretaceous sedimentary rocks of the plateau radially from a 
central stock. The sedimentary rocks consist mostly of massive 
red sandstone, red siltstone, and gray shale.

Quaternary processes. During the Quaternary period, the La 
Sal Mountains were glaciated at least 9 times. The glaciers 
were all small, the largest being only 9 miles long. Each glacial 
episode was characterized by extensive glacial, alluvial, colluvial, 
and eolian sedimentation. Colluvial sedimentation was pre­ 
dominantly the product of frost action and solifluction. The 
early part of each interglacial interval was characterized by fine­ 
grained alluviation and eolian activity followed by local arroyo- 
cutting; the middle part, by widespread slope stability and 
weathering or soil profile development; the latter part, by exten­ 
sive deepening and widening of valley floors by erosion prior to 
the onset of the next glacial episode.

Quaternary stratigraphy. The Quaternary stratigraphy of the 
La Sal Mountains involves the relations of a variety of genetically 
different deposits to each other, to disconformities, and to ancient 
soils that range, with altitude, through several great soil groups, 
or facies. Recognition of the differences between soils of differ­ 
ent geologic age proved particularly significant as a means of 
local correlation of deposits; but other means of correlation were 
also fully utilized, including relative topographic position, surface 
expression, internal character, and relation to erosion surfaces 
and disconformities.

On the basis of these criteria, the Quaternary deposits of the 
La Sal Mountains are grouped into four formations. The upper 
surface of each formation is marked by a widespread distinctive 
soil that is locally truncated or cut out by a disconformity which 
also separates the formations.

Formations are subdivided into members, whose upper surfaces 
are also bounded by widespread soils, locally truncated or cut 
out by disconformities. The characteristics of soils that sepa­ 
rate members, however, are not necessarily distinctive of a 
particular member.

Each formation and member comprises several genetically 
distinct facies whose intergradational or interfingering relations 
to a given formation or member can be clearly demonstrated.

The oldest formation, called the Harpole Mesa formation, 
consists of three members. The lower and middle members 
comprise three facies: till, alluvial gravel, and eolian sand and 
silt. These deposits lie on interstream divides, and genetically 
similar facies are so alike that they cannot be distinguished as

to member except where superposed and separated by a soil, or 
where the alluvial facies lie on distinctly different erosion sur­ 
faces. The tills are thin sheets that retain only rare vestiges of 
morainal topography. The alluvial deposits trend across present 
canyons. The eolian deposits are interbedded with the tills and 
alluvial gravels or mantle them conformably.

The disconformity separating the middle member from the 
upper is of canyon proportions, and deposits of the upper member 
lie mostly in the canyons. However, these deposits locally 
overlap the older members on interstream divides and may be 
distinguished where all three members are in superposition and 
separated by soils. The upper member comprises eight facies. 
The till facies retains the broader aspects of morainal topography 
in many places. The alluvial gravel parallels the present drain­ 
age. The alluvial fans are deeply dissected and commonly 
beheaded. Talus, solifluction mantle and frost rubble are rarely 
preserved. Inconspicuous eolian deposits fill depressions on the 
uplands.

Each of the three members of the Harpole Mesa formation 
has a stratigraphically distinct but similarly very strongly devel­ 
oped zonal soil formed on it. These are called the lower, middle, 
and upper Spring Draw soils or, where undifferentiated, simply 
a Spring Draw soil. .At any given altitude, these soils tend to be 
more strongly developed than other geologically distinct soils. 
Also, the boundary between their acid and alkaline facies (the 
pedalfer-pedocal boundary) is at a higher average altitude than 
those of other soils.

The Placer Creek formation locally overlaps the Harpole Mesa 
formation, but more commonly it rests on bedrock in valleys that 
dissect the Harpole Mesa formation to depths of 100 to 200 feet. 
It consists of a lower member and an upper member, and com­ 
prises 9 genetically distinct facies: till, alluvial gravel, alluvial 
sand and silt, alluvial-fan gravel, talus, solifluction mantle, frost 
rubble, slope-wash mantle, and eolian sand and silt. The strati- 
graphic relations of 5 of the facies to either the lower member or 
the upper member can be demonstrated in many places. The 
other 4 facies, however, can be related only to the formation as a 
whole.

In general, deposits of the Placer Creek formation are larger,. 
more widespread, more mature in topographic aspect, more 
weathered, and more dissected than those of younger formations. 
The terminal moraines are mostly in the lower parts of the can­ 
yons and solifluction deposits extend nearly to the base of the 
mountains. A weakly developed zonal soil, known as the Por­ 
cupine Ranch soil, is preserved locally on the lower member 
where it is buried by the upper member.

A strongly developed soil, the Lackey Creek soil, is formed on 
the upper member and also on the lower member where it is not 
buried by the upper member. At any given altitude, the profile 
of this soil tends to be less strongly developed than the Spring 
Draw soils, but more so than the younger soils. The average 
altitude of the boundary between its pedalfer and pedpcal facies

1
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is lower than that of the Spring Draw soils but higher than that 
of any other soils.

The depth of erosion between the Placer Creek formation and 
the next younger formation, the Beaver Basin, averages from 30 
to 50 feet.

The Beaver Basin formation lies on the Placer Creek or Harpole 
Mesa formations, in valleys that dissect them, or on upland bed­ 
rock surfaces. It consists of 2 members, and comprises 10 facies: 
till, rock glacier, alluvial gravel, alluvial sand and silt, alluvial-fan 
gravel, talus, frost rubble, solifluction mantle, slope-wash mantle, 
and eolian sand and silt. The stratigraphic relations of 6 of the 
facies to the lower or upper members can be clearly demonstrated; 
4 can be related only to the formation as a whole.

The terminal moraines of both members lie farther upstream 
than the terminal moraines of the Placer Creek formation. In 
some canyons they are represented by rock glaciers. Two gener­ 
ations of frost rubble and two of alluvial gravel are distinguish­ 
able on the basis of their geomorphic relations. A weakly 
developed zonal soil, the Pack Creek soil, is commonly preserved 
at the top of the lower member where it is overlain by the upper 
member.

A moderately developed zonal soil, the Castle Creek soil, is 
formed on the upper member and on deposits of the lower mem­ 
ber that are not buried by the upper member. At any given 
altitude, this soil tends to be less well developed than the Spring 
D.raw or Lackey Creek soils but better developed than all other 
soils. The average altitude of the boundary between its pedalfer 
and pedocal facies is lower than that of the Spring Draw or 
Lackey Creek soils, but higher than those of any others.

The depth of erosion between the Beaver Basin formation and 
the youngest formation, the Gold Basin formation, averages from 
15 to 30 feet.

The Gold Basin formation commonly lies in channels that 
truncate the Beaver Basin formation, or on bedrock. It consists 
of 2 members and comprises 10 facies: till, rock glaciers, alluvial 
gravel, alluvial sand and silt, alluvial-fan gravel, talus, frost 
rubble, solifluction mantle, slope-wash mantle, and eolian sand 
and silt. Seven facies can be related specifically to the lower 
and upper members; three can be related only to the formation 
as a whole.

The Gold Basin formation is the least extensive of the Quater­ 
nary deposits. Moraines or rock glaciers are confined to the 
cirques, as is talus except for very small deposits along lower 
canyons. Alluvium forms narrow terraces along the present 
streams. Solifluction mantle and frost rubble are confined to 
the higher mountains. Slope-wash mantle is widespread but 
thin and spotty. Eolian deposits are also widespread, but are 
thick enough to map only on the plateaus and in the major 
valleys.

The lower member, whether buried or exposed, has a very 
weak azonal soil, the Spanish Valley soil. The upper member 
has no soil, or merely a faint humus horizon, and, except for its 
moraines and rock glaciers is still accumulating, at least inter­ 
mittently.

Five of the 8 Quaternary soils in the area occur in 4 different 
facies, equivalent to great soil groups, that are ranged with alti­ 
tude on the mountain slopes. These facies are, from higher to 
lower, Brown Podzolic soils, Brown Forest soils, Brown soils, 
and Sierozem soils. Though locally formed on older Pleistocene 
deposits and in some places on older rocks, each individual soil 
can be traced throughout its range of facies. Futhermore, 
each soil maintains its characteristic degree of development 
relative to other soils throughout its range of facies.

Correlation. Assuming that the major factors in soil develop­ 
ment are climate and the duration thereof, and that the major

climatic fluctuations of the Quaternary were synchronous over 
the Rocky Mountains and the High Plains in the United States, 
the relative stratigraphic development and geologic succession 
of soils is believed to furnish a criterion for regional correlation. 
On this basis, the Harpole Mesa formation is correlated with the 
Cerro till of the San Juan Mountains, till of the Prairie Divide 
stage of Bryan and Ray (1940) of the Front Range, till of the 
Buffalo stage of the Wind River Mountains, and the Nebraskan, 
Kansan, and Illinoian (Loveland) deposits of the High Plains. 
Similarly the Placer Creek formation is correlated with the 
Durango till in the San Juan Mountains, tills of the pre-Home 
and Home stages of Bryan and Ray (1940), of the Front Range, 
till of the Bull Lake stage in the Wind River Mountains, and the 
Peoria loess of the High Plains. The Beaver Basin formation is 
correlated with till of the Corral Creek substage of Bryan and 
Ray (1940) in the Front Range, till of the Pinedale stage of the 
Wind River Mountains, the Jeddito formation of Hack (1942) 
in the Hopi Country, Arizona, and the Bignell loess of the High 
Plains.

The lower member of the Gold Basin formation is correlated 
with the Tsegi formation of Hack (1942) in the Hopi Country, 
an early Recent till in the San Juan Mountains, till of the Sprague 
substage of Ray (1940) of the Front Range, deposits in the 
Temple Lake moraine of Moss (1951a) of the Wind River Moun­ 
tains, and an early Recent alluvium in Nebraska. Some of 
these deposits are also characterized by a prepottery stone cul­ 
ture and hearth sites. Charcoal from a hearth site in the lower 
member of the Gold Basin formation yields a radiocarbon age 
of 2,800 ± 200 years. The upper member of the Gold Basin 
formation is correlated with the Naha formation of Hack (1942) 
in the Hopi Country, a late Recent till in the San Juan Mountains 
moraines in front of existing glaciers in the Front Range and 
Wind River Mountains, and a late Recent alluvial terrace in 
Nebraska. Some of these deposits contain pottery.

Quaternary history. The succession, character, and strati- 
graphic relations of the deposits, soils, and disconformities in 
the La Sal Mountains demonstrate that events in one glacial- 
interglacial cycle were repeated in considerable detail in the 
others. Variations were chiefly due to differences in either 
intensity or duration of processes controlled largely by climate 
and time. The climate at any given time varied with altitude 
on the mountains, and changed progressively with time.

The events of each cycle are inferred to have been as follows:
1. Early glacial (increasingly wet and cold). During the initial 

advance of glaciers, stream regimen changed from erosion 
to alluviation. Increasingly intense frost action increased 
the rate and extent of formation of talus, solifluction de­ 
posits, and frost rubble, and together with the prevailing 
low temperature effectively decreased the rate of soil profile 
development. Vegetation zones were lowered.

2. Middle glacial (cold and wet). At the glacial maximum, the 
terminal moraines seen today were formed. Frost action 
and solifluction were maximal, and coarse alluvium exten­ 
ded throughout the major valleys. Tree line was at a 
minimum altitude.

3. Late glacial (cool and increasingly dry). The ice shrank 
chiefly through ablation. Solifluction and frost-rubble 
deposits gradually stagnated; talus continued to form. 
Alluviation of fine-grained debris and eolian activity dom­ 
inated at lower altitudes. Vegetation tended to become 
sparse.

4. Early interglacial (dry and increasingly warm). At the be­ 
ginning of an interglacial the glaciers disappeared complete­ 
ly; solifluction and frost-rubble deposits stabilized. Talus 
formed at a reduced rate in the cirque heads. Eolian de-
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position extended to the summits. Fine-grained alluvia- 
lion persisted for a time in the lower valleys but changed 
gradually to arroyo cutting. Vegetation zones started 
to rise.

5. Middle interglacial (warm and moist). The middle part of 
an interglacial interval was marked by intensive soil de­ 
velopment on stable slopes and a tendency for pedocal 
soil-forming processes to migrate upslope. Streams by­ 
passed material with little erosion or deposition. Tree 
line was at a maximum altitude.

6. Late interglacial (increasingly cooler and wetter). The latter 
part of an interglacial interval was characterized by stable 
slopes with relatively dense vegetation. Pedalfer soil- 
forming processes tended to migrate downslope. An 
increase in the erosional activity of streams caused signifi­ 
cant deepening and widening of valley floors. Vegetation 
zones started to move down.

Certain differences in extent and intensity of process 
from one glacial-interglacial cycle to another are significant.

1. Harpole Mesa glaciations. The three glaciations represented 
in the Harpole Mesa formation were of similar size and 
considerably more extensive than later ones, probably 
reflecting colder and wetter conditions. . All three formed 
piedmont ice at the foot of the mountains.

The first glaciation preceded canyon development; the 
second advanced on a relatively deep, broad-valley erosion 
surface; the third took place after considerable canyon 
incision and was followed in the subsequent interglacial 
interval by further canyon-cutting. The downcutting 
was sufficient to suggest that it was in part due to epeiro- 
genic uplift of the Rocky Mountains region. However, 
as it was interrupted by climatic alluviation during each 
glaciation, the uplift was probably very gradual.

The very strong development of all three Spring Draw 
soils and the range in altitude of their pedocal facies suggest 
that the soil-forming optima following each glaciation 
were similar and all were longer and warmer than any 
succeeding interglacial intervals.

2. Placer Creek glaciations. The two glaciations represented 
in the Placer Creek formation were confined to the moun­ 
tain canyons. Solifluction processes extended to most of 
the mountain slopes but frost rubble was very localized. 
Eolian activity toward the close of glaciation affected most 
of the area.

The weakly developed character of the Porcupine Ranch 
soil suggests that the interval separating the two glacia­ 
tions was short and somewhat warmer and wetter than at 
present. The strong development of the Lackey Creek soil 
and the range in altitude of its pedocal facies suggest that 
the soil-forming optimum following the later Placer Creek 
glaciation was longer and warmer than any subsequent inter- 
stadial interval but not as 'long nor as warm as those in 
which the Spring Draw soils formed.

3. Beaver Basin glaciations. The two glaciations represented in 
the Beaver Basin formation were confined to the upper 
parts of canyons, suggesting that the climate was either not 
as cold or not as wet as during the Placer Creek time. 
Solifluction was relatively restricted, but frost-rubble 
development was widespread. Eolian activity was con­ 
fined mostly to the west slope of the mountains.

The weakly developed character of the Pack Creek soil 
suggests that the interval separating the two glaciations was 
short and somewhat wetter than at present. The moderate 
development of the Castle Creek soil and the range in 
altitude of its pedocal facies suggest that the soil-forming

optimum following the later Beaver Basin glaciation, the 
"altithermal" interval of Antevs, was not as long nor as 
warm as that following the later Placer Creek glaciation but 
was considerably warmer than at present.

4. Gold Basin glaciation. Glaciers and rock glaciers of the 
earlier Gold Basin glaciation were restricted to the cirques'; 
Solifluction and frost-rubble development was restricted to 
summit areas. These conditions suggest that the glacial 
episode was short and only slightly colder and wetter 
than at present. Valley alluviation was characterized 
by fine-grained sediments, in contrast to the widespread 
gravel deposition of earlier glaciations.

The very weak development of the Spanish Valley soil and 
the range in altitude of its pedocal facies suggest that the 
soil-forming optimum following glaciation was very short 
and only slightly warmer than at present.

Glaciers and rock glaciers of the later Gold Basin glaci­ 
ation were even smaller than those of the earlie.r, and 
periglacial processes comparably restricted in extent under 
the less cold and wet climatic conditions. The currently 
decreasing range of frost action, widespread arroyo-cutting, 
and increasingly dry climatic .conditions suggest that the 
present may be part of an interglacial interval of indeter­ 
minate duration.

INTRODUCTION

The La Sal Mountains in southeastern Utah are 
extensively mantled by Quaternary deposits that 
range widely both in genesis and age. These deposits 
were studied because they appeared to offer unusual 
opportunity to investigate problems in Quaternary 
stratigraphy and correlation, whose solution would 
have broad application both within and beyond the 
Rocky Mountain region.

This report is primarily devoted to a description of 
the Quaternary deposits and soils and to an analysis 
of their stratigraphic relations. The deposits include 
nine different generations of glacial, alluvial, colluvial, 
and eolian sediments. Each generation is separated 
from the succeeding one by an ancient soil and also by 
a disconformity or an erosion surface. However, the 
deposits, soils, and disconformities or erosion surfaces 
are nowhere superposed in a vertically continuous 
column, and determination of their succession therefore 
required detailed study of both their stratigraphic and 
geomorphic relations. Plate 1 is a geologic map of 
the Quaternary deposits, and plate 2 a reconnaissance 
map of the soils.

In the latter part of the report the local Quaternary 
deposits are correlated with those of other areas of the 
Rocky Mountains and the High Plains. The final 
section is an interpretation of the Quaternary history 
of the La Sal Mountains in terms of inferred changes in 
regimen of geologic processes, ecology, and climate.

LOCATION OF THE AREA

The La Sal Mountains lie in southeastern Utah 
south of the confluence of the Colorado and Dolores 
Rivers (fig. 1). The area mapped lies between lat
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FIGURE l. Index map showing location of the La Sal Mountains in southeastern Utah.
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38°15' and 38°40' N. and kmg 109°00' and 109°30' W., 
and it includes approximately 550 square miles. It 
is covered by the following 15-minute quadrangles: 
Polar Mesa, Utah-Colo., Castle Valley, Utah, La Sal, 
Utah-Colo., La Sal Junction, Utah, and Moab, Utah.

NATURE OP PRESENT WORK

Field studies were carried out in July and August 
1949,. from June through September 1950, and in August 
1952. The Quaternary deposits were examined at 
roadcuts and such natural exposures as stream banks, 
arroyo walls, or escarpments. In many places, how­ 
ever, test pits were necessary to secure critical strati- 
graphic information, to collect data on soil profiles, 
or to determine the origin of certain kinds of deposits. 
More than 300 such pits were dug, of which more than 
100 were 4 to 6 feet deep. Attempts to drill with an 
auger were nearly useless in the extremely stony 
terrain.

Inasmuch as adequate topographic maps of the area 
were not available until after the manuscript was 
written, the geology was mapped on aerial photographs 
at a scale of approximately 2 inches equals 1 mile 
(1:31,680), on which the section corners were located 
in the field. This information was later transferred 
to controlled aerial mosaics, prepared at the same 
scale by the U.S. Department of Agriculture, Soil 
Conservation Service, 1947, and from these a plani- 
metric geologic map was traced. The planimetry 
was checked against land plats compiled by the U.S. 
Department of Interior, General Land Office (now 
Bureau of Land Management); existing planimetric 
maps compiled by the U.S. Department of Agriculture, 
Soil Conservation Service; and the land net of topo­ 
graphic strip maps along the Colorado River, surveyed 
by the U.S. Geological Survey. Subsequently, after 
the manuscript had been edited, a check made against 
newly available U.S. Geological Survey topographic 
maps revealed some errors, especially in the higher 
mountains in the vicinity of Mount Peale. These 
errors still exist on the map, as planimetric revision 
of the geology was not feasible.

During the preparation of the manuscript an attempt 
was made to construct crude topography with a contour 
interval of 200 feet for the area, using as a base existing 
topographic strip maps along the Colorado River, 
the La Sal quadrangle of the Hayden and Powell 
Survey, 1885, and a topographic sketch map of the 
La Sal Mountains by C. B. Hunt. However, this 
attempt proved inadequate when checked against the 
new topographic maps, which were ultimately used to 
recompile the 200-foot contours on plates 1, 2, 4, and 6 
of this report, and from which all elevations in the text 
and illustrations have been recomputed.
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PREVIOUS PUBLICATIONS

Observations on the Quaternary geology of the 
region were first recorded by Powell (1875) on his 
trips down the Colorado River in 1869 and 1871. 
Peale (1877, p. 62) was the first to recognize that the 
mountains had been glaciated. He also noted the vast 
amounts of frost debris on them. Cross, in his unpub­ 
lished field notes for 1905, made mention of the exten­ 
sive "talus/! and recorded the presence of moraines 
and extensive gravel benches older than the moraines. 
Hill (1913, p. 105) recognized that the ancient gravels 
on the mesas west of the mountains were probably 
glacial outwash that antedated the present canyons. 
He also recorded moraines in the mountains and noted 
the "rock streams or rock glaciers" among the high 
peaks. These latter features he believed to have 
originated as landslides in the manner postulated by 
Ho we (1909) for similar forms in the San Juan Moun­ 
tains. Hill also first described the conglomerate of 
Tertiary (?) age in Castle Valley.
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Gould (1927) discussed the genera] geomorphology of 
the region, calling attention to the striking influence of 
the structure on erosional landforms and the difference 
in rate and character of erosion by streams in the sev­ 
eral climate zones on the mountain slopes. He briefly 
described the cirques, U-shaped canyons, and moraines 
and suggested an extent of the valley glaciers approxi­ 
mately equivalent to that of the tills of the Beaver 
Basin formation of this report. He also observed many 
"rock glaciers," noting that some occurred in cirques, 
but that others, including the largest one, did not. 
Gould agreed with Howe (1909) that these features 
probably originated as landslides.

From 1930 to the present, relatively few observations 
of the Quaternary geology were made. Baker (1933) 
described thick gravel beds capping pediment surfaces 
at the south end of the mountains and obtained well 
data on the thickness of the alluvium in Spanish Valley. 
Dane (1935) noted an extensive alluvial fill in Fisher 
Valley north of the mountains and discussed its relation 
to a possible cycle of Quaternary alluviation along the 
Colorado River.

PRE-QUATERNARY STRATIGRAPHY

Rocks exposed in the area range in age from 
Pennsylvanian to Tertiary (?) (pi. 1 and table 1). The 
rocks of Paleozoic and Mesozoic age are all sedimentary, 
chiefly sandstone and shale, and are about 6,700 feet 
thick. The Tertiary rocks are chiefly intrusive stocks 
and laccoliths but include some conglomerate in Castle 
Valley. The intrusive igneous rocks are mostly of dio- 
rite porphyry, with some small bodies of monzonite, 
syenite porphyry, and various alkalic varieties. Vol­ 
canic vent breccias are locally associated with the intru­ 
sive rocks, especially in the North Mountain group 
(Hunt, 1958). The sedimentary rocks have been de­ 
scribed in detail by Baker (1933), Dane (1935), and 
Hunt (1958).

STRUCTURE

The structure between the Colorado River and the 
La Sal Mountains consists of a series of broad parallel 
folds trending northwest (fig. 2). The Castle Creek 
and the Spanish Valley anticlines of Baker (1933) are 
broken by normal faults along which grabens have 
dropped to form the two major valleys (figs. 3, 4).

The folds generally dip less than 10°. The Navajo 
sandstone, the Entrada sandstone, and the Salt Wash 
member of the Morrison formation form a steplike suc­ 
cession of plateaus that rise southeastward from the' 
Colorado River. Near the La Sal Mountains, however, 
the bedrock dips radially outward from the mountains 
at angles of 10° to 15°.

The mountains form three broad structural domes, 
around which the sedimentary rocks are steeply up­ 
turned (Hunt, 1958). Each dome consists of a central 
stock surrounded by several intrusive bodies chiefly 
laccoliths, but locally phacoliths and sill-like masses  
which extend into the surrounding sedimentary rocks. 
Most of the intrusive rocks are in sandstones of 
Triassic and Jurassic age, though a few penetrate the 
Mancos shale.

In southeastern Castle Valley, a body of conglom­ 
erate of Tertiary(?) age is chiefly composed of material 
from the intrusives of the North Mountain group. 
The mass has a basin-shaped structure unrelated to 
the regional folds and is upended against the intrusives. 
Hunt (1958) believes this structure resulted from lateral 
migration of salt of the Paradox member of the 
Hermosa formation from beneath Castle Valley at some 
time after the emplacement of the laccoliths.

GENERAL PHYSIOGRAPHY

The La Sal Mountains are broadly similar in physi­ 
ographic aspects to other laccolithic mountains of the 
Colorado Plateau: the Blue (Abajo) Mountains, the 
Henry Mountains, the Carrizo Mountains, and Navajo 
Mountain. They rise approximately 6,500 feet above 
the plateau level and comprise three groups of peaks, 
called the North, Middle, and South Mountain groups 
(fig. 5). The highest peak, Mount Peale, in the Middle 
Mountain group, has an altitude of 12,721 feet. 
The surrounding plateau is dissected by a maze of 
canyons; the largest, that of the Colorado River, is 
more than 2,000 feet deep in places.

The region may be divided into six physiographic 
subdivisions: igneous mountains, hogbacks, plateaus, 
cuestas, pediments, and canyons (pi. 3). The 
dominant land form of each subdivision is chiefly the 
product of late Tertiary and early or middle Pleistocene 
erosion, controlled principally by the structure and 
relative competency of bedrock.

Superimposed on the dominant land forms are a 
great variety of secondary forms that differ at different 
altitudes from the summits of the mountains to the 
Colorado River. These are mainly the product of late 
Pleistocene erosion and deposition.

IGNEOUS MOUNTAINS

The three mountain groups which make up the La 
Sal Mountains are underlain largely by resistant igneous 
rocks, and the shape of the laccolithic intrusions is 
reflected in considerable detail by the form of individual 
peaks. The North and South Mountain groups are
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TABLE 1. Pre-Quaternary stratigraphy of the region of the La Sal Mountains

System

Cretaceous

Jurassic

Jurassic and 
Jurassic (?)

Jurassic(?)

Triassic

Permian

Permian(?) 
s3 and Penn-
2 sylvanian ni

1 
 £ Pennsyl-
* vanian

Precambrian

Series

Upper
Cretaceous

Lower 
Cretaceous

Upper 
Jurassic

Upper and 
Middle 
Jurassic

Lower Jurassic 
and Lower 
Jurassic (?)

Lower 
Jurassic(?)

Upper 
Triassic

Middle(?) 
and Lower 

Triassic

Group

San 
Rafael
group

Glen 
Canyon 
group

Formation

Conglomerate 
in Castle . 

Valley

Intrusive rocks 
of the La Sal 
Mountains

Mancos shale

Dakota 
sandstone

Burro Canyon 
formation

Morrison
formation

Summerville 
formation

Entrada 
sandstone

Carmel 
formation

Navajo 
sandstone

Kayenta 
formation

Wingate 
sandstone

Chinle
formation

Moenkopl 
formation .

Cutler

Rico 
formation

Hermosa
formation

Member

Ferron sand­ 
stone member

Brushy Basin 
shale member

Salt Wash sand­ 
stone member

Unnamed 
member

Shinarump 
member

Unnamed 
member

Paradox 
member

Thickness 
(in feet)

1000+

410-800+

50-120

125

350-400

300+

0-50

275-360

0-25

300+

250±

275-350

200-300+

0-50

500±

1000±

200?

1500±

?

Description of rocks

Conglomerate of boulders, pebbles, and cobbles of diorite, mon- 
zonite, syenite porphyry, and red, brown, and gray sandstone. 
Competent.

Igneous rocks, mostly diorite, monzonite, and syenite porphyry, 
which intrude older sedimentary rocks as stocks, laccoliths, 
and dikes. Competent.

Lead-gray marine shale. Incompetent.

Buff thin-bedded sandstone and sandy shale, 60 feet thick. 
Incompetent.

Lead-gray marine shale. Incompetent.

Sandstone, shale, siltstone,- and coal. Sandstone is competent.

Sandstone, conglomeratic sandstone, conglomerate with pebbles 
of quartzite, and varicolored chert, silicifled wood and verte­ 
brate bones, limestone, and variegated shale. Mostly com­ 
petent.

Variegated red, green, and purple shale; some thin lenticular 
sandstone beds. Incompetent.

Gray and white, conglomeratic, cross-bedded and thick-bedded 
sandstone, locally carnotite-bearing; some interbedded thin 
shale. Competent.

Red thin-bedded sandstone and shale; some gray limestone with 
  large chert concretions. Incompetent.

Red, orange, and white, massive, cross-bedded and thick-bedded 
sandstone. Competent.

Red sandstone and mudstone. Incompetent.

Buff, gray, and white, massive, cross-bedded and thick-bedded, 
flne-grained sandstone. Competent:

Lavender, gray, and white, Irregularly bedded sandstone, red 
sandy shale, limestone and shale-pebble conglomerate. In­ 
competent.

Reddish-buff, massive, horizontally thick-bedded and cross- 
bedded, fine-grained quartz sandstone. Competent.

Irregularly bedded, buff to red sandstone, red siltstone, limestone 
and mud-pellet conglomerate. Incompetent.

Light-brown to gray sandstone and pebble conglomerate con­ 
taining fresh-water invertebrates, silicifled wood, vertebrate 
bones, and buried soil horizons. Competent.

Brown, thin-bedded, micaceous shale; ripple-marked, gray and 
brown thin-bedded sandstone and arkosic grit. Incompetent.

Chocolate-brown and red sandy shale, maroon and pinkish-gray 
arkose and conglomerate of rounded pebbles of metamorphic 
and igneous rocks; some orange-red sandstone. Competent.

Buff, red, and purple arkosic sandstone and conglomerate with 
several thin beds of marine limestone. Competent.

Gray and blue-gray interbedded limestone, sandstone, and shale. 
Incompetent.

Gray sandy shale and sandstone, gray limestone, black shale, 
gypsum, and rock salt. Incompetent, plastic.

Granite, granite gneiss, biotite and hornblende schists. Not 
exposed.

elongated parallel to grabens in the sedimentary rocks; 
the Middle Mountain group is roughly circular in 
outline.

The summit uplands have convex slopes and rounded 
divides. Bedrock, though near the surface, is com­ 
monly covered by a blocky residual or colluvial mantle.

The mountains are sculptured by numerous small 
cirques, some forming large cirque-complexes, locally 
known as basins. Within the cirques are several

generations of moraines or rock glaciers, the deposits 
of latest Pleistocene and Recent glacial advances. At 
the base of cirque headwalls are talus cones, most now 
inactive. The headwalls are deeply incised either by 
ragged talus chutes and chimneys, cut into frost-rubble 
slopes at their summits, or by glacially polished cou­ 
loirs. Some, however, are so completely covered by 
talus or solifluction mantle that little bedrock remains 
exposed.
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EXPLANATION

__1 ____
f 

Approximate axis of anticline

   *     
Approximate axis of syncline

High-angle fault, dashed where 
approximately located 
D, downthrown side

FIGURE 2. Generalized map of the geologic structure in the vicinity of the La Sal Mountains (compiled after Baker, 1933, and Hunt, 1958).

Unglaciated mountain slopes between the cirques 
are extremely steep many as steep as 40° owing 
largely to the steep dip of the underlying rocks. Out­ 
crops are scarce, however, for frost rubble or solifluction 
debris mantles the slopes to depths as great as about 
20 feet.

Many youthful, steep-walled valleys penetrate the

igneous mountains. Most are glaciated, but a few on 
South Mountain are not. Glaciation, however, has 
not greatly modified them, and only a few are deeply 
enough scoured to be typically U-shaped. Till mantles 
their floors and slopes, and lateral and end moraines 
are well preserved. The lowest end moraines tend to 
lie at or just beyond the mountain front.
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FIGURE 3. Castle Valley from Harpole Mesa. Castle Valley is a broad anticline whose crest has collapsed along faults to form a graben. Round Mountain is a small 
laccolith intruded into the floor of the graben. The rocks in the foreground are part of a conglomerate of Tertiary (?) age which was deposited in the graben after 
intrusion of the stocks and laccoliths of the La Sal Mountains. The conglomerate has since been folded as a result of further collapse of the graben due to migration 
of salt from beneath into the border faults to form plugs like that along the left side of the valley.

FIGUKE 4.--An aerial view of Spanish Valley. Spanish Valley occupies a graben, downfaultod along the crest of a broad anticlinal arch. Fre-Wisconsin 
alluvial gravel (Qhal) of the Harpole Mesa formation caps Johnsons Up-on-top and trends across the canyon of Mill Creek. The valley floor is a com­ 
pound alluvial fill of Wisconsin and Keeent age.
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North Mountain group
Middle Mountain group

  c tt, n« South Mountain group 
Geyser Pass South Pass K

FIGURE 5. The La Sal Mountains from the west. View of the North, Middle, and South Mountain groups across the plateaus from Johnsons Up-on-top, which is capped 
hy a remnant of the oldest alluvial gravel in the area. The deposits lie about 850 feet above the floor of Spanish Valley to the right of tho photograph.

The valley heads tend to be wider and more ex­ 
tensive in the stocks than elsewhere, particularly in the 
Middle Mountain group. The explanation for this is 
not obvious, but the greater erosion may be related to 
the closely spaced joint systems and hydrothermal 
alteration of the stocks.

HOGBACKS

Each mountain group is surrounded by steep hog­ 
backs of resistant sandstone of Triassic and Jurassic 
age and separated from one another by a broad syn­ 
clinal saddle underlain by weak shale of Cretaceous 
age. The outer slopes of the hogbacks are mostly 
mantled by frost rubble or solifluction debris, and the 
inner slopes by talus. Bedrock exposures are abundant 
only along the crests and in transverse canyons.

The synclinal swales between the mountain groups 
are mantled with till; some are very deeply weathered 
and lack morainal topography.

PLATEAUS

West of the mountains, four broad steplike plateaus 
or mesas extend toward the Colorado River. They 
are underlain successively by the resistant Burro 
Canyon formation, the Salt Wash member of the 
Morrison formation, the Entrada sandstone, and the 
Navajo sandstone. Near the mountains they slope 
westward as steeply as 500 feet per mile; near the 
Colorado River their surfaces undulate parallel to the 
broad folds in the underlying bedrock.

The two plateaus nearest the mountains are covered 
by extensive deposits of deeply weathered till and 
associated outwash. The two outer plateaus are irreg­ 
ularly mantled by eolian sand and silt, some in small 
active dunes. The bedrock rims of the plateaus,

especially those underlain by the Navajo sandstone, 
have been delicately eroded into monuments and 
pedestal rocks.

CUESTAS

East and south of the mountains are two cuestas 
whose dip slopes are supported by the Salt Wash 
member of the Morrison formation and the Burro 
Canyon formation. Like the plateaus, these cuestas 
are mantled by deeply weathered till or outwash near 
the mountains. Farther away they become barren 
rock slopes covered only by a veneer of residual debris 
or by small irregular deposits of eolian sand and silt.

Southwest and northeast of the mountains are a 
sequence of dissected pediments of probable early and 
middle Pleistocene age. These surfaces cut across the 
underlying bedrock structures on gradients ranging 
from 1,000 feet per mile in their upper parts to 400 
feet per mile in their lower parts. They are capped 
by thick deposits of gravel that grade into deeply 
weathered till near major canyon reentrants. Eolian 
sand and silt irregularly mantles the gravel on the 
lower slopes of the pediments.

CANYONS

Many of the valleys in the mountains terminate 
on the slopes of the adjacent plateaus. Most, however, 
extend as narrow, sinuous, steep-walled canyons  
radially from the mountains across the plateaus, 
cuestas, and pediments to the Dolores or Colorado 
Rivers. The canyons have steep gradients; many are 
more than 1,000 feet deep. Most major streams appear 
to be consequent on structural slopes, though some, such 
as East Coyote Wash and West Coyote Creek, are
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subsequent in synclinal troughs; others follow weak for­ 
mations or faults for short distances; and still others, 
such as Negro Bill Canyon, cross the underlying structure 
in such a way as to suggest that they may have been 
superposed from a late Tertiary or early Pleistocene 
gravel cover.

The canyons are relatively free of surficial deposits. 
Near the mountains, their walls tend to be mantled by 
solifluction debris, talus, or landslides all virtually 
inactive at present. Downstream, they are typically 
barren, locally alcoved cliffs along whose bases are 
small talus heaps.

Castle Valley and Spanish Valley are broad, steep- 
walled, relatively flat-floored troughs. In the upper 
parts of both, alluvial terraces merge downstream to 
form a single depositional surface; in the lower parts, 
the terraces diverge again as distinct entities. The 
margins of both troughs are bordered by extensive 
alluvial fans that head in talus along the cliffed walls.

The canyon of the Colorado River along the north­ 
west margin of the area is a series of incised meanders 
that cross major fold axes and the graben underlying 
Spanish Valley in a manner suggesting superposition 
from ancestral cover rocks now stripped, as proposed 
by Emmons (1897) and Davis (1901).

Along the river are distinct but discontinuous allu­ 
vial terraces. Talus and small alluvial fans border 
the canyon walls.

CLIMATE

The region of the La Sal Mountains embraces a 
considerable climatic range. In general, the plateaus 
and canyons bordering -the Colorado River are arid. 
The mean annual precipitation is less than 10 inches, 
and the mean annual temperture is between 50° and 
60° F. The fringing foothills and plateaus are semiarid. 
Mean annual precipitation is between 10 and 15 inches, 
and mean annual temperture is between 40° and 50° F. 
The mountain areas are subhumid. Mean annual 
precipitation is between 15 and 25 inches, and locally 
it is as much as 30 inches. Mean annual temperature 
in the mountain areas is estimated to range from about 
30° to 40°F.

The United States Weather Bureau maintains re­ 
cording stations at Moab (altitude, 4,000 feet) and La 
Sal (altitude, 7,000 feet). Precipitation and temper­ 
ature records from these stations are summarized in 
tables 2, 3, and 4.

PRECIPITATION

Precipitation records (tables 2 and 3) show wide 
variations in monthly and annual precipitation. The

range, in average monthly precipitation, however, 
amounts to less than an inch. Though there is no well 
defined rainy season, an interval of maximum precip­ 
itation occurs from July to October, and a secondary 
maximum of shorter duration takes place in March or 
April. June has normally the least precipitation, and 
dry intervals commonly begin in early May and end 
in late July.

The wide variation in precipitation reflects the fact 
that most rain falls as scattered local thunderstorms, 
which, on relatively barren ground, cause damaging 
flash floods. The road along the canyon of the Colo­ 
rado River, north of Moab, may be closed for short 
intervals by flood debris mudflows from secondary 
canyons several times a year. In the mountains, most 
heavy rains are absorbed by the vegetation-covered 
surficial deposits; only very locally are slopes being 
gullied.

Hail frequently accompanies thunderstorms in the 
mountains. Regional storms commonly produce partly 
cloudy to overcast conditions on the plateau, and 
heavy overcast with intermittent showers or occa­ 
sional rains of 1 to 2 days duration in the mountains.

Widespread snows fall between September and 
March, beginning in the mountain areas. The greatest 
accumulations are in December and January at Moab 
and in the foothills, but the snows continue into March 
in the mountains. The average annual snowfall at 
Moab is about 6 inches, and at La Sal it is about 58 
inches. It increases rapidly with altitude and in the 
high basins of the moutains amounts to more than 10 
feet. In general, snow at Moab melts in a few hours 
or at most in a few days, but it may last for weeks at 
La Sal, and into April or early May in the foothills. 
In the mountains, snowbanks in sheltered places last 
throughout the summer.

TEMPERATURE

The region has marked extremes of temperature 
(table 4), both diurnal and seasonal. Diurnal changes 
at Moab, and generally in the lower parts of the area, 
are commonly about 40°F and are occasionally over 60°. 
Summer daytime maxima are commonly over 100°F, 
the maximum recorded being 113°. Corresponding 
night minima may be as low as 40°F. Winter daytime 
maxima are as high as 60°F but may remain below 
freezing for several days at a time. Night tempera­ 
tures are commonly below freezing and may fall to zero 
levels. The average monthly temperature at Moab 
ranges from 28.9°F in January to 79.5° in July.

591960 O 62
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TABLE 2. Monthly, annual, and average precipitation, in inches, at Moab, Grand County 

[Elevation, 4,000 feet. Years of record, 57]

Year

1889   _--.-----_-
1890_. _____ ___ ______
1891    -----------
1892   ___---.-----
1893... _...._._._ ...

1894.... _._._..._..'.
1895. --. ---------
1896.. __.-.------.. -
1897   ------------
1898   -----------

1899   -----------
1900   -----------
1901   -----------
1902   _-____-.._-__
1903   -----------

1904  __---_--.-__.
1905   ----------
1906    ----------
1907.-.. .--. ._.-___.
1908  -----------

1909-   --.--.-----.
1910..   _------, -.
1911  ... ----.--..-
1912_.   ..__. --.__.
1913   -._-.._-.-.

1914   _----_-.-_-
1915   -----------
1916  ..-_.--.--...
1917   ----------
1918  -.-__._-.. ...

1919  ..---------. .
1920  -.-_--_.--_. .
1921    __------__.-
1922    -----------
1923  -------------

1924  .--.-_.--_._.
1925.. ._--.-----_...
1926   --_----.__-
1927.   _-_. --------
1928   ___----___-.

1929..-. . ----------
1930  -------------
1931    -_-_--.---.
1932-... __.-_--___.
1933   -,_.-_-.___

1934.. ...;. ...-.___.
1935.... ....... .....
1936  ..---..I...-.
1937  __._   _______
1938   __.__-_-. -__

1939__  ----_____-
1940   -_-_-______
1941  _.--_--_.__.
1942  ....-_.....-.
1943   . .-.___-.-. .

1944    . _._..-._. _
1945    __-----_._.

Avg_. _...__... _._.

January

0. 58
. 60

1. 20
.72

.33

.64

.45
1. 22
.77

.48

.42

.32

.40

. 12

, 15
1.90
.57

1. 18
.34

.94

.71
1. 00

. 16

.94

1.32
2. 31
3.52
1. 66
1. 65

.00

. 59

.68

.61

. 17

.45

.51

.02
1.01
.11

. 74
2.55

Tr.
. 21
.44

.65
1.24

. 16

.25

.42

.78

.82

. 62

. 32

.50

46
.68

0.74

February

1.28
.57
. 71
.43

.60

.89
Tr.

2. 12
.13

. 15

. 12

.58

.49

.90

. 41
1.35

. 21

.56
1.71

.70

.03
1. 11
.26

1. 49

.57
1.02
.45
. 10
. 22

.50
1. 46

. 26

.70

. 15

.45

. 60

. 65
2. 50

Tr.

1.09
.99
.01
.53
Tr.

1. 49
1.20
1.07

. 52

.93

. 61
1. 27
.91

1. 02
. 24

.69

.42

0.70

March

0.68
. 40

1.41
.53

.74
1.57

. 18
2. 43
.44

.57

.04

.56

.91

.91

.90
1. 51
1. 88

. 92

.95

.56
1.31
.82

2.76
. 10

.44

.25
1. 17

. 54
1. 38

.50

.54

.37

.51
1.30

1. 26
. 32

1.27
2. 01
.69

1.09
. 41
.42
.68
. 49

.00
1.11

. 52
1. 42
1.01

1. 48
.41

1. 64
. 60

1. 38

.53
1.30

0.88

April

0.29
. 11
.60
.34

.58

.02

. 11

.72

.25

.37
1.03
.75
.40
.69

.08

.66
1.72
.36
.36

1. 16
.03
. 47
. 65
.35

1.07
1. 02

. 45
2. 78
1.04

.20
1. 30
1.45
1.04
1.00

.73

.52
1.09
.33
. 12

1. 14
1.81
.02
.99
.79

. 41
1.04
.27
.05
.39

.00
1.06
1. 76
1. 53

. 22

1. 86
.69

0. 72

May

Tr.
0:39
.93
.76

.68

.35

. 17

.38
1. 58

.39

.03
1. 19
.84
.84

1. 41
2. 28
1.79
1. 40
.41

.09
Tr.
Tr.
.98
. 19

1. 23
1.93
.90

1. 47
. 11

.26

.08
1.35
.57
.45

.69

.03
2. 22

. 06
1. 56

1. 85
. 25
.32
. 10-

1.21

1. 26
.58
. 21
. 19

1.00

.73

.03

.82
1. 17

. 55

. 45
: 13

0.73

June

Tr.
0. 07

Tr.
Tr.

.24

.12

.03

. 14

. 16

.76

.26

.20

.43

.70

. 26

.00
Tr.

. 37

.20

Tr.
1.32
.60
. 83
.40

1. 20
. 17
.00
. 17

1. 15

Tr.
.44
.37
.33
Tr.

Tr.
. 85
.00

2.35
.23

. 10

.53

.38

.70
Tr.

. 04

.00

. 25

.39

.56

.02

.38
1. 22

. 00
1. 16

1.33
1.50

0. 41

July

0. 10
1.35
.37
.89

.02
1. 14
.66
.80
. 17

. 55

.02

.39

.30

.84

.37

.53

. 77

.81
1. 54

. 50

.25
1. 22
.90
.37

2.00
. 51
.53
.55

6.63

1.03
. 26

1. 12
.21
.79

1. 16
1. 10
1. 33
1. 30
1.39

.78
1. 14
.30

1.67
2. 15

. 17

.50
1. 17
2. 35
.00

.00
1. 17

. 44

. 11

.56

.00

.82

0. 86

August

0.45
. 61
.43
.20

1. 11

.66

. 11

.51

.60

. 35

2.04
.37

1.47
.53
.03

.97

. 15

.58
1.73
1. 29

.84

. 78

.75

. 30

.29

. 77

.43

.90

.03

. 56

.55

.79
2. 33
1. 16
.37

.53
1. 86

. 37

. 66

.80

.83
1. 17
.20

1. 99
1. 49

1. 37
.64

1. 62
1. 65
.84

1: 59
. 44
.77
.37
.94

.02
,88

0. 81

September

0. 02
. 26

2. 41
Tr.

1.28

.69

.36
5.97
1. 46
.00

.03
1.43

Tr.
1.26
1. 27

.25
1. 95
2.08
.60
.73

1. 17
. 84

1. 72
.08

1.78

.31
1.08
.. 73
.78
. 72

.87

.32

. 00

.03
1.07

1.30
1. 76

. 90
3. 55

. 12

1. 73
1.36
1. 66
.20
.05

. 44

.41

. 43

. 83

.91

3. 13
3. 46
1. 12

. 64

. 61

.00

.00

1.02

October

0.80
. 18
Tr.

. 41

.05

.79

.47

.83
2. 52

Tr.

1. 06
.22

1.41
Tr.
.28

.63

. 12

.23

.68
2.49

. 18
1. 17
2.60
2.95
.05

1. 66
. 14

4. 20
. 02
.75

. 51
1.73

. 51

.01

. 61

1.03
2. 13

. 56
1. 14
3.50

. 14

.36
1.00

. 10

.60

. 00

.12

. 36

.48

.97

1. 42
2. 18
4.40

. 79

.87

.52
1.98

0. 96

November

0.33
1.05

. 00

.37
1.46

.00
1. 38
.30
.48
.25

. 11

.53

.02
1. 94
.00

.00
1. 55
1.75
.27
.86

1. 56
1. 12

. 21

.65
1. 19

.02

.88

.05

. 13

.65

1.48
. 40
.65
.69

1. 15

.20

. 46

. 14

. 44
1.98

.73

. 60

.85

.00

.87

1. 09
.30
. 10
. 41
. 18

. 44
1.05
1. 35
.08
.95

.78

. 25

0. 64

December

2.83
. 55
.82
. 41
.77

1. 23
.35
.32

1. 82
. 22

1. 13
.00
.28
.40
.05

. 29

. 11
1.57
.39

1. 49

2.02
1.50
.60
.35

1.90

.31
5. 75
.33
. 06

1. 10

.23

. 44
1.59
.52
.80

3. 16
. 46

2. 17
. 61
. 31

.08

. 00

.71

. 92

.38

.86
1.17
1. 40

. 75

.97

.03
1. 26

. 37
. 12
.57

. 22

.84

0. 85

Annual

C CO

71^
6.61
8.34

6. 56
7. 40
9.53

14 6Q
4. 32

7.64
4.47
7. 17
7.90
6.63

5. 72
12. 11
13. 15

9. 27
12.37

9.72
9.06

11. 10
10.87
9.05

10. 90
15. 49
13. 23
8.29

15.96

6. 13
8.35

10.68
6.38
7.86

10.96
10. 60
10. 72
15.96
10. 81

10. 30
11. 17
5.87
8. 09
8. 60

7.78
8.31
7. 56
9. 29
8. 18

10. 23
13.53
15. 42

6. 75
8. 55

6.86
9.49

9. 37
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TABLE 3. Monthly, annual, and average precipitation, in inches, at La Sal, San Juan County

[Elevation, 7,000 feet. Years of record, 45]

Year

1901    ------------
1902.. .....__..__...
1903  ..-----------
1904.. ._..._._..__._
1905   ------------

1906   ------------
1907    ---------
1908   -----------
1909   ----------
1910  -------------

1911  . ------------
1912_.._. ...........
1913   -----------
1914   ------------
1915   ----------

1916  ------------
1917   ---------.-
1918  ------------
1919   ------------
1920   ------------

1921   ...-...-.-...
1922.   -.-_---_....
1923   ------------
1924   -.---.---...
1925   ------------

1926  -------------
1927    _----__-_.-
1928   ------------
1929.  -.-.---.---.
1930   -----------

1931--. _-_-_--_---._
1932., .............
1933   ------------
1934   ...... ....-
1935   ------------

1936   ----.-_---_
1937   ............
1938   ------------
1939   ....... .. ..
1940   -----------

1941    ...........
1942. .   ----.-._.. .
1943   -----_--_-._
1944-   ------.-__..
1945- - -----------

A vry

January

1. 52
. 60

.99

1. 13
.60

I. 19
.53

. 10

.08
2.47
.51

1. 78
.82

2.00
.00

1. 13

.93

.55

. 45

.01

.50

Tr.
.50

1.85

.27

. 22

. 82

.83
1.92

. 14

.59

.48
2. 02
1. 41

1.36
.83

1. 63
.73

1. 09

0. 88

February

1. 57
. 90

2. 20

. 45

1. 14
.58

.85

.79

. 42
2.00

.77

. 24
. 69
.90

2. 11

.87

. 25

. 07

.07

.28

.83
3. 20

.29

. 81
1.00
.06

1. 45
1.35

1. 22
1.06
.30
.59

1.44

1. 37
1.30

. 53
1. 69
.68

0. 95

March

1. 87
1.01

1.94

.22

.59

.49

.76

.20

.27

.25

1. 28

. 76

.35

. 90

. 28

. 64

. 15

.47

.50

. 45
2. 00

1.00

. 86

.98

. 60

.03

.99

. 36
1.70

.96

1.66
1. 28
1. 11

. 61

.78

0. 81

April

0. 61
.05
. 61

1. 83

1. 14
.73
.37

. 70

.79
Tr.
.46

1. 13

. 94

1. 38
.35

1. 00

1. 55
.30
.70
.70
.70

2. 86
.30

2.28

.65
1. 20
.75
.39

1. 53

. 16
Tr.

Tr.

2.86
2. 47

. 46
2. 27
1.70

1. 24

May

1. 68
.60

1. 05

2. 17

. 91
Tr.

. 10

Tr.
.02
Tr.

1. 32
2. 18

. 54

.05
1.43
1. 00

1. 52
.20
.80
.40
Tr.

3. 26
.30

1. 44

.28

.25

. 44
1.58
.86

1.95

.34

.46

.04

.04

1.47
.26
.62
.63
.40

0. 78

June

0.23
.03

1. 68
.19
.04

.00

.30

. 06
1. 18

1, 29
1. 86

. 10
1.57
.88

Tr.
.00

1. 40
.00
.75

1. 64

.07

.00
1.36

.00
3.06

. 49

.22

.43

. 41

.03

. 15

.01

1. 27
.33
. 57
.00

2. 20
.00

1. 20
2.07

Q8

0. 68

July

0.81
.06
. 72
.82
.95

1.37

. 62
2. 70
1. 50

2.40
1. 58

. 62
1.90
.84

2.32

1. 20
2.75

on

1 Q6

1. 16
1 QO
2. 20

.70

.70

. 20

2.31

1.47
2.70
4. 20
.72

1.57

3. 46
2.83
.87
.85

. 75
1. 23
.57

2. 12

1.47

August

2. 55
.09
.31

2.95
Tr.

1. 38

2. 26
1. 87
.63

. 25

.84
1.08
.25

2. 12
1. 54
.02

2. 15
1. 70

3. 22

1 96
.77

1. 44

.50
2. 60

. 55

1.04

.35
3.98
.31

1.33
1. 48

3. 30
2. 40

.03

.70

2.95
1.31
2. 36

. 81
2. 45

1. 45

September

2.03
1.00
.66

1.48

1.83
i

1. 20
1. 40
.82

.08
2.02
.34

1.70

.56
1. 21
1. 65
1. 19
1. 10

. 58

.07
1. 30
1. 15
2. 85

1. 08
4. 64

. 12
1. 90
.96

1. 48
1.69

. 89

.59
1.72

. 70
1. 15

3.66
3.63

3.08
.73
. 49
.02
. 12

1.34

October

Tr.
0. 10
1. 04

. 16

.48

2. 24
.37

1. 03

2.39
1. 91

. 26
2.00
.00

2. 47
.00
. 85
.79

1. 20

1 Ql

.50
1.35
3.85

1.72
2. 50
3. 75

. 46

.40

1.87
.30

1. 22
. 22
.82

1. 29
.50

1. 25
1. 52

5. 34
.82
.78
.35

1 91

1. 27

November

0.01
1.37
.00
.00

1.80

1. 41

1. 28
1.37

.05
2.00
1. 38
.03
.90

,09
.00
.85

1.30
. 74

. 94

.33
1. 89
.20
. 15

Tr.
.31

4. 40
.01
.80

1. 18
.01

1, 43
1. 20
.29

. 13

. 40

.00

.91

.48

. 55

. 55
2. 08

. 12

0. 78

December

0.43
.45
.00
.80
.39

. 21

1. 55
2. 20
1. 33

.30

. 56
1.30
.50

1. 72

.59

.00

. 90

.85
1. 10

1.79
1. 45

. 70
5. 25
1.70

2. 00
.70

. 15

.07

. 73

.97

. 36

. 59

.87

1. 55
.20

1. 10
. 08

1.88

1. 46
. 10

1. 17
.98

1. 80

1. 00

Annual

Q fi4
7.98

13.95

13. 16
10.03

10. 76
7. 59

12. 36
12, 36

13.46

11. 75
12.06
13. 63

17 1Q

9.75
12. 27
15. 53

13.40
20. 81

11.50

10.35
13.90
12. 25
8.36

14. 50

13. 92
11.62

9.48

24. 77
10. 40
12. 13
12. 81
14. 15

12. 66

In the foothills and mountains diurnal changes are 
somewhat less than at Moab, and maximum and 
minimum temperatures become progressively lower at 
increasing altitudes. Summer daytime maxima in the 
mountains are rarely over 70°F, and night minima are 
rarely below freezing. Winter daytime maxima in 
December and January rarely get above freezing, and 
night minima are commonly subzero. Seasonal fluctu­ 
ations are about as wide as at Moab, but maxima and 
minima are lower.

WINDS

Regional winds are mostly gentle from the southwest; 
high winds occur in winter, and gusts precede thunder­ 
storms in summer. Wind frequency suffices to main­ 
tain active dunes in Spanish Valley and on the plateaus 
east of Moab. In Spanish Valley, silt is carried several 
hundred feet into the air at times, and local residents 
report that the snow in the high mountain basins is 
colored red from silt accumulations in some years. The 
direction of ground winds is greatly influenced by the
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TABLE ^.^Temperatures at Moab (56-year record) and La Sal (89-year record) ( 9 F)

Station January February March April May June July August September October November December Annual

Average monthly and annual

Moab.. __ .._ -._.
La SaL..__-_ _______

28.9
24. 5

36.7
28.6

46. 4
32.6

53.3
44. 5

64. 2
53. 1

72.4
62.2

79. 5
68.9

75.9
67.4

67. 1
59.0

54.6
48. 3

41.3
36. 3

31. 1
26. 1

54. 3
45.6

Highest monthly

Moab. ... .
La Sal.. ____________

65
60

78
64

88
70

97
76

102
85

108
94

113
100

107
93

103
86

90
89

82
81

68
67

Lowest monthly

Moab.... . _ . ._.
La Sal.. . ---_-....

-24
-22

-13
-27

8
--3

15
5

27
19

36
25

43
34

41
37

29
19

18
0

  4
-1

-18
-22

local topography, especially along the Colorado River 
and in the troughs of Spanish Valley and Castle Valley. 
In the mountains, canyon winds are reversed daily, 
owing to diurnal temperature changes.

VEGETATION

The differences in climate in the 8,700 feet of relief 
between the Colorado River and the highest peaks have 
induced a distinct zonal differentiation of the vegetation 
broadly ranged with altitude (pi. 4 and fig. 6). Two 
major ecologic divisions are represented: the Rocky 
Mountain Forest Complex and the Great Basin Desert 
ecologic formation.

ROCKY MOUNTAIN FOREST COMPLEX

The Rocky Mountain Forest Complex in the La Sal 
Mountains, though generally similar to that along the 
flanks of the Rocky Mountains from Alberta to north­ 
ern Mexico, differs in certain important aspects. It 
includes four zones, each characterized by a distinctive 
vegetation.
Alpine zone

Alpine tundra associations 
Subalpine zone

Engelmann's spruce-subalpine fir climax 
Montane zone

Aspen and meadow subclimax 
Foothills zone

Scrub oak-mountain-mahogany climax
Ponderosa pine climax
Pinyon-juniper climax

ALPINE ZONE

The alpine zone lies above a timberline which ranges in 
altitude from about 11,000 feet on north-facing slopes 
to about 11,500 feet on south-facing slopes. As mapped 
(pi. 4) the zone includes areas of barren rock, rock gla­ 
ciers, and frost-rubble deposits. It is characterized by

several tundra associations composed of cushion plants, 
cinquefoils (Sieversia turbinata, Potentilla spp.), and 
various sedges (Carex spp.) and grasses. The absence 
of species of Dryas and Salix, common to the alpine tun­ 
dra of the Rocky Mountains of Colorado and north­ 
ward, reflects the more arid environment of the La Sal 
Mountains. The abundance of grasses in the communi­ 
ties suggests that a mature climax is being approached. 
The alpine zone is wholly on Brown Podzolic soils.

SUBALPINE ZONE

The subalpine zone, whose upper limit-is timberline, 
lies mostly between 9,500 and 11,500 feet. On some 
south-facing slopes, especially on South Mountain, this 
zone appears to be relict on the sandstone hogbacks 
bordering the mountain as low as 8,800 feet. On the 
east and west flanks of the mountains the zone is mostly 
above 9,500 feet but on the north flank of the North 
Mountain group, it extends down to 8,000 in a few 
places.

The zone is characterized by dense stands of Engel­ 
mann's spruce (Picea engelmanni) and less abundant 
subalpine fir (Abies lasiocarpa). Some Douglas-fir 
(Pseudotsuga taxifolia) is interspersed in the lower part 
of the zone.

The subalpine zone is mostly developed on Brown 
Podzolic soils, but it extends nearly halfway down 
through the range of Brown Forest soils in a few places.

Timberline appears to be currently advancing up- 
slope. Clumps of young spruce, displaying a vigorous 
and unimpeded growth, appear to be encroaching over 
the tundra above the upper limit of the forest proper. 
Most of these spruce trees, especially those on south- 
facing slopes, are erect and uniformly developed, and in 
only a few exposed places are they flagged, twisted, or 
otherwise influenced by wind. Some of the trees have
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FIGURE 6.  Aerial view showing distribution of vegetation zones on the west side of the Middle Mountain group, La Sal Mountains, Utah. AT, Alpine tundra association; 
SF, Spruce-fir climax, including some Douglas fir climax; AM, Aspen and meadow subclimax; PP, Ponderosa pine climax, on east slope only; OAf, Scrub oak-moun­ 
tain mahogany climax; PJ, Pinyon-juniper climax; SB, Sagebrush association.

taken hold on shallow active frost-rubble deposits, and 
here individual trees tend to have considerably thinner 
growth rings on their upslope side than on their down- 
slope side, owing to the pressure of the rubble moving 
against them. Even these clumps, however, appear to 
be spreading gradually.

The current apparent advance of timberline is from 
a position that was in turn preceded by one somewhat 
higher than at present. This possible higher timber- 
line is suggested by local stands of dead, gnarled and 
twisted relatively large trees that extend farther up­ 
slope from the present forest than the upper limit of 
new growth. Most of the dead clumps do not appear 
to be parent to the new growth, though some new 
growth may contain dead or dying material. The 
older trees appear to have been killed by climatic fac­ 
tors, for no evidence suggests destruction by fire or 
other agent. The age of these trees has not been

established, but they may antedate the most recent 
local glacial advance. Subsequent regression of tim­ 
berline is inferred to have taken place during the most 
recent glacial maximum, following which the new 
growth appears to be a read van ce.

MONTANE ZONE

The montane zone is not as clearly expressed by a 
climax vegetation here as it is in the Rocky Mountains 
of Colorado by Douglas-fir and ponderosa pine. The 
ponderosa pine climax, the lower part of the montane 
zone in the Rocky Mountains, is here lower and in a 
special environment within the scrub oak-mountain- 
mahogany climax of the foothills zone. It will there­ 
fore be discussed as part of that zone.

In the normal position of the montane zone, below 
the spruce-fir of the subalpine zone, is a belt of aspen 
(Populus tremuloides) and meadows that completely
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encircles the mountains. It lies mostly between 8,000 
and 10,000 feet. The actual boundaries are highly 
sensitive to exposure, moisture accumulation, and other 
environmental factors, so that tongues of aspen extend 
as high as 10,800 feet on some south-facing slopes, 
especially on the east and west flanks of the mountains, 
and as low as 6,500 feet on some north-facing slopes. 
Small, isolated patches of spruce and fir are common 
high in the zone, and tongues of scrub oak and ponder­ 
osa pine, related to lower zones, extend up into the 
aspen to altitudes as high as 9,500 feet on certain south- 
facing slopes.

The aspen and meadow subclimax consists of fairly 
thick stands of aspen separated by open meadows of 
tall grasses and many kinds of herbs; the grasses and 
herbs also extend as a thick undergrowth through the 
aspen groves. This sub'climax is developed mostly on 
Brown Podzolic soils but extends through the range of 
Brown Forest soils locally, and in a few places it pene­ 
trates the range of Brown soils.

In the Rocky Mountains, aspen is normally subcli­ 
max to spruce-fir or Douglas-fir climax stands, following 
fire, lumbering, or other catastrophic destruction of 
the climax forest. Some small areas of aspen in the 
La Sal Mountains are undoubtedly in this category. 
Few areas, however, represent growth following fires, 
for there have been very few forest fires, and none of 
great size, in historic time in the La Sal Mountains. 
And lumbering has been restricted to small areas.

The breadth and distinctiveness of the zone of aspen 
and meadow, as well as its continuity around the moun­ 
tains, suggest that it is climatically controlled. The 
stratigraphic record implies that climatic zones shifted 
considerably in altitude during the late Pleistocene and 
Recent and may have affected the vegetation zones 
nearly as much as timberline. The transitional zone 
between any two adjacent vegetation climaxes would 
therefore be the locus of alternations of migration and 
regression. Hence the zone of fast-growing aspen and 
meadow may represent a persistent subclimax vegeta­ 
tion between two competing climaxes. The aspen zone 
currently appears to be following the spruce-fir climax 
upslope and losing ground below to ponderosa pine or 
scrub oak and mountain-mahogany, under increasingly 
warm and dry conditions.

FOOTHILLS ZONE

The foothills zone in the La Sal Mountains includes 
four distinct climax communities. The uppermost is a 
scrub oak-mountain-mahogany climax which lies most­ 
ly between 6,500 and 9,000 feet on north-facing slopes 
and between 7,500 and 9,500 feet on south-facing 
slopes. The vegetation consists of patchy but relative­ 
ly pure stands of scrub oak (Quercus gambelli and other

spp.) and intervening areas of mountain-mahogany 
(Cercocarpus spp.) and other brush. At higher alti­ 
tudes subsidiary squawbush (Rhus trilobata), buckbrush 
(Ceanothus greggi), chokecherry (Prunus virginiana), and 
serviceberry (Amelanchier utahensis} occur among grass­ 
es and flowering herbs. Chokecherry is abundant at 
intermediate altitudes, and sagebrush (Artemisia tri- 
dentata) and sparse grass are present at lower altitudes. 
This climax is mostly developed on Brown Forest soils, 
but in a few places it extends as much as 1,000 feet up 
into the range of Brown Podzolic soils and halfway 
down through the range of Brown soils.

A second climax community in the foothills zone is 
ponderosa pine, which forms a belt along the north, 
east, and southeast slopes of the mountains, either 
within the altitude range of the oak-mountain-mahog­ 
any climax or between that and a lower pinyon- 
juniper climax.'

Ponderosa pine is absent on the west and south 
sides of the mountains except for a few lone trees along 
streams. The extensive stands to the north and east 
are relatively pure except near their margins, where the 
trees are widely spaced, and oak, aspen, or grass 
intervene.

The ponderosa climax is restricted to sandstone areas 
covered only by a thin mantle of relatively sandy mate­ 
rial in the areas of somewhat higher rainfall on the east 
side of the mountains. It is developed about equally 
on Brown and Brown Forest soils, but it invades the 
lower limit of Brown Podzolic soils in a few places. 
It does not extend downward through the range of 
Brown soils. These conditions, together with the fact 
that ponderosa lies within or below the altitude range 
of the oak-mountain-mahogany climax, whereas in the 
Rocky Mountains it lies above that climax, suggest 
that the present distribution of ponderosa pine in the 
La Sal Mountains may be relict from a more wide­ 
spread stand during a past and somewhat cooler and 
wetter interval. Presumably, it is preserved on areas 
of sandstone because these rocks contain more mois­ 
ture than adjacent areas of shale.

A pinyon-juniper climax is developed on the plateaus, 
mesas, alluvial fans, gravel-covered pediments, and 
terraces from an altitude of about 7,500 feet to an 
altitude of about 5,500 feet. The upper limit of the 
climax extends to about 8,500 feet on some south- 
facing slopes, and the lower limit extends to about 5,000 
feet on some north-facing slopes. It is mostly devel­ 
oped on Sierozem and Brown soils, but it extends as 
much as halfway up through the range of Brown Forest 
soils in a few places.

In its upper range, the climax consists of both mixed 
and relatively pure stands of juniper (Juniper utahensis, 
J. scopulorum et spp.) and pinyon (Pinus edulis et spp.).
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In its lower range it consists mostly of juniper. Open­ 
ings between the trees support sparse grass, herbs, and 
low shrubs, including Mormon tea (Ephedra sp.), sage­ 
brush (Artemisia tridentata), blackbrush (Coleogyne sp.), 
squawbush (Rhus trilobata), and blackbrush (Ceanothus 
greggi}. Yucca (Yucca spp.), and various cacti, such as 
pricklypear (Opuntia sp.), are also abundant.

The pinyon-juniper climax is widespread throughout 
the Colorado Plateaus. Its position below the oak- 
mountain-mahogany climax in the La Sal Mountains, 
the Blue (Abajo) Mountains, the Henry Mountains, 
and elsewhere is in striking contrast to its position above 
the oak-mountain-mahogany climax along the east 
slope of the Southern Eocky Mountains south of 
Denver. J. W. Marr (written communication, 1954) 
has indicated that although juniper commonly lies 
above oak with respect to altitude near Denver it actu­ 
ally occupies a more xerophytic environment. The 
zonation with altitude expressed in the La Sal Moun­ 
tains is therefore probably normal.

Within the altitude range of the pinyon-juniper 
climax, and locally penetrating the range of the pon- 
derosa pine and scrub oak-mountain-mahogany cli­ 
maxes, are small areas in which a sagebrush-grass 
association appears to be the climax vegetation.These 
areas are mostly on eolian sand, between 7,000 and 
9,200 feet on the south and west slopes of the mountains. 
South of the mountains they merge downward with 
the widespread sagebrush-grass climax of the Great 
Basin Desert ecologic formation.

This higher sagebrush-grass climax consists of the 
same dominant species (Artemisia tridentata) as that 
at lower altitudes. It differs from the lower climax 
in its greater degree of restriction to eolian deposits, 
in persisting under conditions of somewhat greater 
rainfall and cooler climate, and in being developed 
largely on Brown Forest soils rather than on Brown 
and Sierozem soils as is the lower climax. Further, 
the higher climax lacks the variants associated with 
saline soils or with local small areas of unusual aridity 
that are common to that at lower altitudes. It also 
contains a greater abundance of shrubs and herbs than 
the lower. These differences suggest that the sage­ 
brush association at higher altitudes is ecologically 
part of the foothills zone rather than an extension of 
the Great Basin Desert ecologic formation. An "Upper 
sagebrush-grass" climax similar to this, but more 
sharply demarcated from the pinyon-juniper climax 
with respect to altitude, has been described by Billings 
(1951) from t^ie Basin Kanges of Nevada.

GREAT BASIN DESERT ECOLOGIC FORMATION

The Great Basin Desert ecologic formation consists 
primarily of a sagebrush-grass association that is

confined for the most part between altitudes of 4,000 
and 7,000 feet. It is developed wholly on Sierozem 
and Brown soils. This association is widespread in 
Spanish Valley and Castle Valley (pi. 4), where it 
occurs on terraces underlain by alluvial gravel or sand, 
locally veneered with eolian sand. , Tlie sagebrush 
(Artemisia tridentata) is commonly 12 to 24 inches 
high, but close to intermittent water courses it may 
attain a height of 6 to 10 feet. The intervening grass 
is sparse.

Included in the sagebrush-grass association below 
7,000 feet are several vegetational variants. In the 
lower part of the valley of Pack Creek, upstream from 
Spanish Valley, and on the pediment gravels east of 
Round Mountain in Castle Valley, sagebrush is re­ 
placed by blackbrush (Coleogyne ramosissima), which 
survives the locally more arid environment of these 
and a few othe^r localities.

Along the   flood plains of intermittent streams 
below 7,000 feet, where water is available at relatively 
shallow depths, and beside long-used irrigation ditches 
are occasional cottonwoods (Populus Jremontii) and 
an abundance of willows (Salix spp.). Where water 
has been removed from streambeds by irrigation for 
several years, the cottonwoods appear to be dying, 
as they do locally along Castle Creek. In Spanish 
Valley, from the vicinity of Moab as far south as the 
Summerville Ranch, Russian olive (Elaeagnus angus- 
tijolia L.), an introduced shrub, has become established 
along the flood plain of Pack Creek in relatively thick 
stands.

On low terraces, where the alluvium contains abun­ 
dant gypsum or other salines, sagebrush is locally 
replaced by stands of greasewood (Sarcobatus ver- 
miculatus), or in a slightly more arid environment 
by shadscale (Atriplex confertifolia).

Along the Colorado River, gravel terraces support 
a sagebrush-grass association and small stands of 
scrub oak (Quercus gambelli). The sandy flood plain 
of the river is mostly covered by willow (Salix sp.?), 
and there are some areas of tamarisk (Tamarix gallica). 
Poison ivy (Rhus toxicodendron) is present along the 
river upstream from Moab. The talus-covered lower 
slopes of the canyon walls support sparse grass, herbs, 
and a few juniper trees.

QUATERNARY STRATIGRAPHY
i

The Quaternary stratigraphy of the La Sal Moun­ 
tains is the geologic record of physical processes that 
were controlled for the most part by the same cyclical 
changes in climate responsible for world-wide Quater­ 
nary glacial and interglacial intervals. During each 
glacial-interglacial cycle, the extent to which any spe­ 
cific process dominated the region varied considerably
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FIGURE 7. Schematic illustration of the range in process domination with altitude, time, and inferred climate during a typical glacial-interglacial cycle in the La Sal
Mountains. Utah.

with altitude, both at any given time and with the pas­ 
sage of time (fig. 7). In general, however, each cycle 
consisted of four episodes. Starting with glaciation, 
these were (1) widespread sedimentation in the valleys, 
accompanied by glacial and colluvial erosion of the up­ 
lands; (2) eolian activity and arroyo cutting; (3) soil 
formation under conditions of essential slope stability; 
and (4) valley deepening and valley widening by stream 
erosion.

An unusually complete Quaternary stratigraphic rec­ 
ord of at least nine glacial-interglacial cycles is pre­ 
served. The deposits are continuous and well preserved 
in individual valleys, but over the area as a whole they 
are both discontinuous and thin. Their stratigraphic 
succession has been determined from several kinds of 
evidence (fig. 8): (1) physiographic criteria, especially 
the relation of depositional surfaces to erosional surfaces; 
(2) physical relations of deposits; (3) disconformities; 
and (4) soil profiles. The soil profiles possess recogniz­ 
able characteristics and such specific geologic relations 
that they became significant markers of particular 
geologic horizons.

ROCK-STEATIGBAPHIC TERMINOLOGY

In North America, deposits of the Quaternary system 
have, by custom, received somewhat different treat­ 
ment in regard to rock-stratigraphic terminology from 
those of older systems. Terms such as "group," "for­ 
mation," and "member" have rarely been applied to 
glacial, fluvioglacial, or colluvial deposits, though they 
have been used for marine deposits and locally for 
alluvial, lacustrine, and eolian deposits.

In this report, a formation is treated broadly as a 
lithogenetic unit which is also a mappable unit. More 
specifically, a formation includes those subaerial depos­ 
its of diverse specific origin which have mutually grada- 
tional or interfingering relations, and which are related 
in the same way to identifiable, immediately younger 
and older formations. The base of a formation is 
commonly a disconformity; the top is marked by a 
distinctive soil whose highest stratigraphic position is 
the top of that formation.

Members, as identified in this report, are similar to 
formations, except that they are only locally identi­ 
fiable within formations and the soil at their surface is 
not necessarily distinctive of a particular member.
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Figure 8. Diagram showing kinds of physical relations of deposits, disconformities, 
and soils on which the Quaternary stratigraphy of the La Sal Mountains is based. 

1. Contemporaneous deposition of two kinds of deposits, (a) Interflngering and 
lensing of different facies. (6) Interflngering and lensing of different fades with 
difference in slope of depositional surface, (c) Lateral gradation of facies. 

. 2. Continuous deposition with vertical change in facies.
3. Conformable deposition of different facies. Deposit A is older than depositional 

surface B, which is older than deposit C.
4. Overlap. Deposit A is older than depositional surface B, which is older than 

deposit C. (a) Sloping surface on overlapped deposit. (6) Sloping surface on over­ 
lapping deposit.

5. Erosion followed by deposition. Deposit A is older than disconformity B, 
which is older than deposit C. (a) Extent of disconformity is unknown. (6) Extent 
of disconformity can be observed.

6. Erosion and pcneconteraporaneous deposition. Deposit A is older than dis­ 
conformity B. (o) Deposit C is till which was formed during same glaciation in which 
disconformity B was cut or scoured by the ice. (6) Deposit C is solifluction debris 
or block rubble. Disconformity B was formed at same time as deposit C.

7. Deposition followed by stability. Deposit A is older than soil B.
8. Stability interrupting deposition of similar deposits. Deposit A is older than 

soil B, which is older than deposit C and soil D.
9. Stability following continuous deposition of dissimilar deposits. Deposit A 

is older than deposit B, which is older than soil C.
10. Stability separating deposition of dissimilar deposits. Deposit A is older than 

soil B, which is older than deposit C and soil D.
11. Deposition followed by stability and later erosion. Deposit A is older than soil 

B, which is older than erosion surface C..
12. Deposition followed by erosion and later stability. Deposit A is older than 

erosion surface B, which is older than soil C.
13. Deposition followed by stability and later erosion before renewed deposition 

and final stability. Deposit A is older than soil B, which is older than disconformity 
C. Disconformity C is, in turn, older than deposit D, which is older than soil E. 
Soil E has not megascopically affected soil B.

14. Deposition followed by erosion, further deposition, and final stability. Deposit 
A is older than disconformity B, which is older than deposit C and soil D.

15. Deposition followed by erosion and stability before renewed deposition and 
final stability. Deposit A is older than disconformity B, which is older than soil C. 
Soil C is older than deposit D, which is older than soil profile E. Soil E has not 
megascopically affected soil C.

The deposits of diverse specific origin contained in a 
formation or member include such units as till, soli­ 
fluction manlte, alluvial gravel, talus, or eolian deposits. 
As these units are discontinuous and locally of slight 
extent, they are most readily described informally as 
facies of specific formations or members.

Subdivision of the Quaternary deposits in the La Sal 
Mountains into formations, members, and facies, to­ 
gether with the local names assigned to them is shown 
in figure 9. A brief descriptive glossary of the several 
kinds of facies as distinguished in the area is given 
below.

Till. An unsorted and unsized mixture of rock and mineral 
debris, having morainal features or containing glacially striated, 
soled, or faceted fragments.

Alluvial gravel. A deposit of bedded, round to subround 
 gravel, cobbles, and boulders in a clean sandy matrix. It in­ 
cludes both outwash and nonglacial stream deposits, and is 
commonly composed in large measure of diorite.

Alluvial sand and sill. A deposit of sand or silt, or mixture 
thereof, that is evenly bedded or displays alluvial channel-and- 
fill crossbedding.

Alluvial-fan gravel. A bedded deposit of locally derived, 
poorly sorted, angular to subangular.rock debris in a sandy, silty, 
clayey matrix. The deposit may also contain layers of similar, 
but unsorted and nonbedded, material of possible mudflow origin. 
Most of the debris is sandstone, but some derived from older 
gravel may contain an appreciable amount of diorite and much 
rounded material.

Slope-wash mantle. A crudely bedded sheet of sorted to un­ 
sorted and commonly angular rock and mineral debris that may 
locally display a shallow surficial rill pattern.

Solifluction mantle. A sheetlike deposit of unsorted rock and 
mineral debris that tends to be abruptly separated from subja­ 
cent mantle and displays surface features or internal involuted 
structures suggesting downslope movement by slow flowage.

Frost rubble. A deposit of angular blocky or irregularly shaped 
rock fragments of pebble or larger size that contains little or no 
matrix, has no cliff or prominent ledge at its head, and is prima­ 
rily the product of frost action.

Rubble sheet: An irregularly shaped deposit of frost rubble
that is thin in relation to its legth and breadth. 

Rubble lobe: A tabular sloping mass of frost rubble whose 
extent across the slope is greater than that down the 
slope, and whose lower margin is arcuate downslope in 
plan and convex upward in profile.

Rubble stream: A large tabular sloping mass of frost rubble
whose extent down the slope is greater than that across
the slope, and whose lower margin is arcuate downslope
in plan and convex upward in profile.

Rubble rill: A small, narrow tonguelike mass of frost rubble
that extends irregularly down a slope.

Rubble festoon: A narrow mass of frost rubble that extends 
as an irregular arc or series of arcs across a slope and 
commonly has a lobate lower margin.

These descriptive categories of frost rubble may be 
more specifically ascribed to (1) frost riving, or splitting 
of subjacent rock by frost action; (2) frost creep, or 
downslope movements of rubble as a result of freezing 
and thawing; (3) frost sorting, or the concentration of
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FIGURE 9. Stratigraphic column of Quaternary deposits in the La Sal Mountains.

rubble at the surface of a subjacent deposit of mixed 
debris without significant net downslope displacement; 
and (4) frost lag, or the concentration of rubble at the 
surface of a deposit of mixed debris during downslope 
movement as a result of freezing and thawing, solifluc- 
tion, and slope wash.

Talus. A heap or sloping sheet of rubble or debris at the foot 
of a cliff, bluff, or series of ledges from which it is derived by 
piecemeal disintegration.

Protalus ( rampart: A ridge of rubble or debris that has 
accumulated piecemeal by rock-fall or debris-fall across 
a perennial snowbank, commonly at the foot of a talus. 

Protalus lobe: A tonguelike or lobate mass of rubble or 
debris that is the product of creep or solifluction of the 
toe of a talus.

Rock glacier. A tonguelike or lobate mass of rubble, locally 
with a core of till-like debris, that has surface features resembling 
some of those of a glacier.

Eolian sand and silt. A deposit of sand or silt, or mixture 
thereof, that displays eolian crossbedding, dunal form, or other 
evidence of deposition by wind.

TIME-STRATIGRAPHIC TERMINOLOGY

The term "stage" has been widely used with special 
reference to subdivisions of the Pleistocene, but in a 
conflicting sense by different writers. By some, it has 
been used as a geologic-time term for major subdivisions 
of the Pleistocene epoch, in the manner recommended

by the stratigraphic code (Ashley and others, 1933); 
by others, it has been used as a time-stratigraphic term 
in the sense adopted by the International Geological 
Congress (Renevier, 1901). This problem is ably 
stated in the report of the American Commission on 
Stratigraphic Nomenclature (1948, p. 372, Note 5), 
which recommended revision of the stratigraphic code 
to provide for recognition of the term "stage" as a 
time-stratigraphic unit, and of the term "age" as a 
geologic-time unit of classification. The commission 
(1952, p. 1634) has defined these terms with the recom­ 
mendation that they apply to all parts of the geologic 
column, including the Quaternary.

SOILS

The term "soil, "as used in this report, means soil profile 
or profile of weathering. A soil is recognized and de­ 
fined on the basis of gross physical profile character­ 
istics that are the product of chemical and physical 
changes induced in unconsolidated mantle or bedrock 
by exposure to the earth's surficial environment. A 
soil is therefore a layer of material formed parallel to the 
earth's surface that is both genetically distinct and 
younger than the one or more underlying rock units 
from which it is derived, but of which it is no longer a 
part. Its top is commonly the earth's surface or, where
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buried, a subaerial unconformity. However, soils lo­ 
cally grade upward into overlying deposits. The base 
of a soil is commonly a zone of gradation into under­ 
lying deposits, but in some it is a sharp contact.

A soil thus has many features common to a rock- 
stratigraphic unit. It differs from a rock unit in being 
formed primarily from underlying deposits, though some 
ingredients of a soil may be derived from other sources, 
and some rock units, such as a felsenmeer, may be of 
residual origin. Also, because a soil is defined on its 
weathering or pedologic characteristics, it commonly 
lacks the lithologic homogeneity that defines a rock 
unit. For example, a soil overlying several lithologi- 
cally different rock units may have broadly the same 
weathering characteristics throughout, though the rock 
and mineral particles in it differ widely from the sub­ 
jacent rock unit.

A soil is not an unconformity, for that term refers 
simply to a surface. Most unconformities are erosion 
surfaces buried beneath transported deposits (Lahee, 
1941, p. 67; Pettijohn, 1949, p. 146). Less commonly, 
an unconformity is considered to be a surface of non- 
deposition or a surface between bedrock and its over­ 
lying residual products (Lahee, 1941, p. 69). In 
contrast, a soil is the material product of residual 
weathering. It may extend downward from, rest on, 
or be crosscut by an unconformity, and is commonly a 
criterion for recognizing or dating an unconformity; 
but it is a material, not a surface.

SOIL CLASSIFICATION

The soils recognized in the La Sal Mountains (pi. 2) 
are essentially equivalent to the great soil groups of 
soil science. However, certain profiles classed as 
Chestnut soils by the Soil Conservation Service of the 
U.S. Department of Agriculture are here included as 
the Brown soils, and certain other soils that may be Red 
Podzolic soils are included as Brown Podzolic soils. 
The following generalized descriptive definitions of the 
four soil groups recognized in the La Sal Mountains are 
modified for purposes of this report from the definitions 
given in the glossary of the Department of Agriculture, 
Yearbook of Agriculture, Soils and Men (1938, p. 1162- 
1180).

Brown Podzolic soil. Soils characterized by a dark grayish- 
brown, acid, humus-mineral A horizon, partly leached of clay and 
sesquioxides; a very thin, pale gray A2 subhorizon which is only 

. locally developed; a brownish to yellowish-brown, acid B horizon 
of clay and sesquioxide accumulation grading down into parent 
material.

Brown Forest soil. Soils characterized by a dark brownish, 
acid, humus-mineral A horizon, partly leached of clay and 
sesquioxides; a brownish, slightly acid B horizon of clay and 
sesquioxide accumulation; a pale, neutral to mildly alkaline Cca 
horizon of slight carbonate accumulation grading down into 
parent material.

Brown soil. Soils characterized by a brownish, slightly acid 
to neutral, humus-mineral A horizon, partly leached of clay and 
sesquioxides; a brownish, slightly acid to mildly alkaline B 
horizon of clay and sesquioxide accumulation; a pale, alkaline 
Bca or Cca horizon of marked carbonate accumulation grading 
down into parent material.

Sierozem soil. Soils characterized b'y a very thin, gray or 
grayish-brown, neutral to slightly alkaline, humus-mineral A 
horizon, partly leached of clay and sesquioxides; a thin Bca 
horizon of lighter colored alkaline material that in some places 
displays clay, sesquioxide, and carbonate accumulation; a pale, 
alkaline Cca horizon of marked and, in some places, well- 
cemented carbonate accumulation grading down into parent 
material.

DESCRIPTION OF SOIL PROFILES

The method of describing soil profiles in this report 
follows, as closely as possible, that recommended in the 
Soil Survey Manual of the U.S. Department of Agri­ 
culture (Soil Survey Staff, 1951).

IDENTIFICATION AND NOMENCLATURE OF SOIL HORIZONS

The following soil horizon designations are used in 
this report though not all occur in any one profile (fig. 
10). The A horizon is characterized by accumulation 
of organic matter, a washing out of clay, and a leaching 
of carbonate and iron oxide. The A2 subhorizon is 
differentiated only in podzolic soils under a spruce-fir 
forest. The B horizon is characterized by accumulation 
of clay and iron oxide and generally by leaching of 
carbonate. Soil structure is commonly most prominent 
in the B2 subhorizon. The Bca subhorizon is an 
accumulation of calcium carbonate or calcium sulphate 
in the lower part of the B horizon; the Cca subhorizon 
represents similar accumulations in the C horizon.
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These subhorizons are recognized in Brown Forest 
soils, Brown soils, and Sierozem soils. The C horizon 
is imconsolidated mantle, either residual or transported, 
below the soil. It may represent the parent material 
on which the soil profile is developed. Or, it may be 
overlain by other mantles that are transgressed by, 
and included in, upper horizons of the profile but are 
at the same time the major parent material of the 
profile. The D horizon is bedrock. Openings in the 
rock may, where the C horizon is lacking, contain 
accumulations of clay, sesquioxide, or calcium 
carbonate.

HORIZON BOUNDARIES

The boundaries between soil horizons are commonly 
gradational and somewhat overlapping. In buried 
soils, or relict soils that have undergone more than one 
cycle of soil profile development, secondary carbonate 
may have accumulated in the A horizon or in the upper 
part of the B horizon. Horizon boundaries are neces­ 
sarily somewhat arbitrary.

Terms used to describe horizon boundaries are as 
follows:

Abrupt. Ranges from a sharp contact to 1 inch in thickness. 
Clear. Ranges from 1 to 2}£ inches in thickness. 
Gradual. Ranges from 1% to 5 inches in thickness. 
Diffuse. More than 5 inches in thickness.

SOIL COLOR

Names of soil colors follow the usage of the U.S. 
Department of Agriculture and refer only to the dry

soil. Color symbols are those of the Munsell system 
(Munsell Soil Color Charts, 1954).

SOU TEXTURE

Descriptions of soil textures are based on field exam­ 
ination without mechanical analysis. Terms used to 
describe texture refer to the size-separation scale of the 
Department of Agriculture.

SOIL STRUCTURE

The structure of the soil profile, particularly of the 
B horizon, is one of its more diagnostic characteristics. 
The term "structure" in soil science refers to the aggre­ 
gation of primary soil particles into secondary com­ 
pound particles known as peds, whose shape, size, and 
distinctness range widely under different conditions of 
parent material and environment. Types and classes 
of soil structure are given in table 5.

Terms signifying grade of structure are as follows:

Structureless. No observable aggregation.
Weak. Poorly formed indistinct peds, which when disturbed 

break into a mixture of few entire peds, many broken peds, 
and much unaggregated material.

Moderate. Well-formed, distinct, and moderately durable 
peds, which when disturbed break down into many distinct 
peds, some broken peds, and little unaggregated material.

Strong. Well-formed, distinct, and durable peds, which resist 
displacement and break down into many entire peds, a few 
broken peds, and little unaggregated material.

TABLE 5. Types and classes of soil structure

[After Soil Survey Stafl, 1951, p. 228]

Type (shape and arrangement of peds)

Class

Very fine or very 
thin.

Coarse or thick .....

Very coarse or very 
thick.

Platelike aggregates 
arranged in a 

horizontal plane

Platy

Very thin platy; 1 
mm.

Thin platy; 1 to 2 
mm.

Medium platy; 2 
to 5 mm.

Thick platy; 5 to 
10 mm.

Very thick platy; 
>10mm.

Prismlike aggregates with horizontal di­ 
mensions considerably less than vertical. 
Vertical faces well denned; vertices 
angular

Caps flat

Prismatic

Very fine prismatic; 
10 mm.

Fine prismatic; 10 to 
20mm.

Medium prismatic; 
20 to 60 mm.

Coarse prismatic; 50 
to 100 mm.

Very coarse prisma­ 
tic; >100 mm.

Caps rounded

Columnar

Very fine columnar; 
10 mm.

Fine columnar; 10 to 
20mm.

Medium columnar; 
20 to 50 mm.

Coarse columnar; 50 
to 100 mm.

Very coarse colum­ 
nar; >100 mm.

Blocklike, polyhedral, or spheroidal aggregates, with three dimensions of the same 
order or magnitude

Plane or curved surfaces that are casts or 
molds of faces of adjacent peds

Faces flat vertices 
angular

Angular-blocky

Very fine angular 
blocky; 5 mm.

Fine angular blocky; 
5 to 10 mm.

Medium angular 
blocky; 10 to 20 
mm.

Coarse angular 
blocky; 20 to 50 
mm.

Very coarse angular 
blocky; >50 mm.

Faces rounded and 
flat; many rounded 

vertices

Subangular blocky

Very fine subangular 
blocky; 5 mm.

Fine subangular 
blocky; 5 to 10 mm.

Medium subangular 
blocky; 10 to 20 
mm.

Coarse subangular 
blocky; 20 to 50 
mm.

Very coarse suban­ 
gular blocky; >50 
mm.

Plane or curved surfaces that have 
slight or no accommodation to faces of 
adjacent peds

Relatively 
nonporous peds

Granular

Very fine granu­ 
lar; 1 mm.

Fine granular; 1 
to 2 mm.

Medium granular; 
2 to 5 mm.

Coarse granular; 5 
to 10 mm.

Very coarse gran­ 
ular; >10 mm.

Porous peds

Crumb

Very fine crumb; 
1 mm.

Fine crumb; 1 to 
2 mm.

Medium crumb; 2 
to 5 mm.
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SOIL CONSISTENCE

Soil consistence includes those characteristics of a 
soil that express its degree of cohesion or adhesion and 
its resistance to deformation or rupture.

General terms used to describe consistence are as 
follows:
Consistence when wet. Moisture at field capacity or higher.

Stickiness or adhesion. Measured by pressing between 
thumb and fingers.

Nonsticky. No adhesion. 
Slightly sticky. Adheres, but comes off easily. 
Sticky. Adheres and stretches somewhat. 
Very sticky. Adheres strongly and stretches decidedly. 

Plasticity or cohesion. Measured by ability of material to 
form a wire between thumb and finger. 

Nonplastic. No wire formable. 
Slightly plastic. Wire formed but easily deformed. 
Plastic. Wire formed, requires moderate pressure to 
  deform. 
Very plastic. Wire formed, requires much pressure to

deform.
Consistence when moist. Measured by resistance to rupture 

between thumb and finger. 
Loose. Noncoherent.
Very friable. Crushes easily under very gentle pressure. 
Friable. Crushes easily under gentle pressure. 
Firm. Crushes under moderate pressure. 
Very firm. Barely crushable. 
Extremely firm. Cannot be crushed.

Consistence when dry. Measured by 'resistance to rupture 
between thumb and fingers. 

Loose. Noncoherent. 
Soft. Breaks to powder or individual grains under

very slight pressure.
Slighily hard. Weakly resistant; easily broken. 
hard. Moderately resistant; barely breakable. 
Very hard. Very resistant; not breakable.

SOIL CEMENTATION

Soils that are bound by calcium carbonate, silica, 
or oxides to a degree that typically does not soften 
under moisture, are said to be cemented. Grades of 
cementation are as follows:

Weakly cemented. Brittle and hard, but breakable in hands. 
Strongly cemented. Brittle and very hard, but easily broken

with hammer. 
Indurated. Brittle, requires sharp blow to break with

hammer.

SOIL REACTION (pH)

Soil reaction, or pH, values for this study were 
obtained with a small commercial colorimetric kit. 
General terms used.to describe a range in pH are as 
follows:
Extremely acid. ____ <4. 5
Very strongly acid... 4. 5-5. 0
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 alkaline. 7. 9-8. 4 
Strongly alkaline.... 8. 5-9. 1 
Very strongly alka- 

line. .-_--_---- £9.1

USE OF SOILS AS STRATIGRAPHIC MARKERS

A soil is formed when the surficial layers of the earth 
undergo weathering at rates greater than those of 
erosion or deposition. Except where weathering pro­ 
ceeds very rapidly at the same time as erosion or 
deposition, a soil marks an interval of essential slope 
stability. In the La Sal Mountains, as elsewhere, 
not all soils are the product of modern climate, or even 
of the climate since the last major glacial stage of the 
Pleistocene. The major profile characteristics of most 
soils were developed during specific intervals of the 
Pleistocene, as will be demonstrated from their geologic 
position relative to deposits of known geologic age. 
Certain of these ancient soils, or paleosols (Hunt and 
Sokoloff, 1951), tend to retain some of their original 
profile characteristics, both where buried by younger 
deposits and where relict at the surface. Such soils, 
if identified with care and traced from one climatic 
environment to another, are reliable stratigraphic 
markers of the interval in which they formed.

Because soils are used as criteria for identifying the 
formations recognized in this study, it is desirable to 
summarize their previous use in other areas and discuss 
more fully how they are used in this report.

Weathered zones have long been recognized as 
stratigraphic markers of interglacial conditions in the 
pre-Wisconsin continental drift sheets of central United 
States, and they served as a basis for naming the Sanga- 
mon (Worthen, 1873) and Yarmouth (Leverett, 1898) 
interglacial stages. Since then, many workers have identi­ 
fied soils in both the pre-Wisconsin and Wisconsin 
drifts (Leighton, 1923, 1926; Kay and Apfel, 1929; 
Kay and Graham, 1943; and others). More recently, 
soils have been identified and extensively used as 
criteria for correlation in the Pleistocene loess sheets and 
alluvium of Nebraska and Kansas (Schultz and Stout, 
1945, 1948; Schultz, Lueninghoener, and Frankforter, 
1951; Thorp, Johnson, and Reed, 1951; Frye and 
Leonard, 1949, 1952; and others) and in the glacial 
and Pleistocene lake deposits of the Rocky Mountain 
region (Richmond, 1950; Hunt and Sokoloff, 1951; 
Richmond, Morrison, and Bissell, 1952; Hunt, 1954; 
and others).

BURIED SOUS AND SURFACE SOILS

Soils may either be buried by younger deposits or 
remain at the surface.

Burial implies that the soil is removed from the 
environment in which it formed. It may remain 
without significant megascopic change as a complete 
or, more commonly, a partly eroded buried soil; or it 
may undergo physical or chemical subsurface changes so 
extensive as to obscure or destroy its original character­ 
istics. In the La Sal Mountains buried soils commonly
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have enough primary characteristics preserved to be 
clearly recognized.

Surface soils are continually subject to the effects of 
surface environment, including those of environmental 
change. They are thus "living" soils (Nikiforoff, 1955). 
However, profile characteristics formed under one 
environment may alter so slowly under others that 
they are essentially preserved and are readily distin­ 
guished from those of modern soils. In some, the 
megascopic aspects of nearly complete ancient zonal 
profiles may be so preserved. Such profiles have been 
aptly termed "relict" soils (Thorp, 1949), the surface 
remains of ancient soils. In the La Sal Mountains 
several surface soils are considered to be relict because 
they are clearly different from soils formed on deposits 
of the last major cycle of regional sedimentation in 
the same kind of local environment and because they 
are traceable without significant megascopic change 
to a buried position beneath younger deposits.

DETERMINATION OF GEOLOGIC AGE

The stratigraphic usefulness of a soil depends on the 
degree to which its identity and geologic age can be rec­ 
ognized. Either buried or relict soils can be dated as 
younger than the material on which they are developed. 
A buried soil is obviously older than superposed mater­ 
ials or unconformities. Either variety may display cum­ 
ulative effects of environmental changes and may 
therefore be difficult to place precisely in the local his­ 
tory unless it can be traced to positions where unambig­ 
uous relations are seen.

For example, in figure IIA soil X, which has a rela­ 
tively strongly developed profile, is formed on deposit 
X' and is buried beneath deposit Y', on which the 
relatively weakly developed soil Y is formed. Soil X 
can be traced from its buried position to a relict posi­ 
tion on deposit X', and in this position it retains the 
same dominant characteristics it had in a buried posi­ 
tion. In other words, the effects of environment 
since soil X was buried have not altered the megascopic 
character of its profile beyond ready recognition. Such 
a soil can be used with confidence as a stratigraphic 
marker in both a buried and relict position.

In figure 115, soil Y, which has a relatively weakly 
developed profile, is formed on deposit Y' and is buried 
beneath deposit Z', on which the relatively strongly 
developed soil Z is formed. Soil Y can be traced to a 
relict position on deposit Y', but at the point of inter­ 
section with soil Z it changes in character to look like 
soil.Z. In other words the effects of environment since 
soil Y was buried have altered the megascopic charac­ 
ter of its profile beyond recognition. Such a soil, 
though a useful stratigraphic marker where buried, 
cannot be identified at the surface.

FIGURE 11. Determination of the usefulness of relict soils as stratigraphic horizons.

A. Soil X which has a strongly developed profile, is formed on deposit X' and is 
buried beneath deposit Y' on which the weakly developed soil Y is formed. Where 
soil X is traceable to a relict position at the surface, it retains the same dominant 
characteristics it had in a buried position. Soil X is therefore a useful stratigraphic 
marker in both a relict and in a buried position.

B. Soil Y, which has a weakly developed profile, is formed on deposit Y' beneath 
deposit Z' on which the strongly developed soil Z is formed. Where soil Y is trace­ 
able to the surface, it changes in character to look like soil Z. In other words, soil Y 
is masked by soil Z at the surface, and can be recognized as a stratigraphic marker 
only where buried.

In some places a soil has been relict through many 
changes in environmental conditions. Such superposed 
profiles tend to resemble the most strongly developed 
of those soils that make up the composite, though 
commonly the effects of several episodes of soil forma­ 
tion can be distinguished in them. In general, these 
effects of lesser development cannot be referred on the 
basis of their appearance to a particular geologic age, 
though the profile as a whole is distinguishable as at 
least as old as its most strongly developed component.

SOU PROFILES AS TIME-STRATIGRAPHIC UNITS

Where the interval during which the major profile 
characteristics of a soil can be narrowly bracketed hi 
geologic tune, that soil is a time-stratigraphic unit in 
the same sense used by the American Commission on 
Stratigraphic Nomenclature (1952, p. 1629). Because 
the interval in which the dominant characteristics of 
a soil were formed commonly represents only a part of 
a stage or substage, which are the lowest formal time- 
stratigraphic units, such an interval will simply be 
referred to informally as a soil-forming optimum.
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DIFFERENCES IN SOUS ATTRIBUTABLE TO DIFFERENCES IN ENVIRONMENT

Factors influencing soil formation may be differenti­ 
ated into those dependent on climate and the duration 
thereof and those dependent on the local drainage, 
slope, vegetation, organisms, and texture and mineral- 
ogic character of the parent material.

The broad changes in soil character that have been 
used as a basis for description and classification of 
great soil groups (Marbut, 1928, 1935; Baldwin, 
Kellogg, and Thorp, 1938; Thorp and Smith, 1949) 
are induced primarily by climate, and their geographic 
distribution corresponds closely with that of climatic 
provinces. In the Rocky Mountains, climatic prov­ 
inces are telescoped in narrow altitude zones, to which 
the great soil groups correspond, as has been shown by 
Thorp (1931) in the Big Horn Mountains of Wyoming. 
Each of the soils recognized in the La Sal Mountains 
likewise changes its character from higher altitudes to 
lower. These changes, here called facies by analogy 
with the use of that term for lateral changes in rocks, 
range from a Brown Podzolic facies in the higher moun­ 
tains through a Brown Forest facies and a Brown soil 
facies, respectively, to a Sierozem facies in the lower 
parts of the area.

The more local environmental factors also cause 
important soil variations. However, it is in many 
places possible to select areas where only one or two 
of these factors differ, thus giving a measure of control 
as to their relative influence. For purposes of com­ 
paring the characteristics of soils of different geologic 
age in the La Sal tytountains, well-drained profiles on 
gentle slopes at similar altitudes and on unconsolidated 
parent materials of; similar textural and mineralogic 
character have been used. Composite or superposed 
soils displaying the effects of more than one soil-forming 
optimum have been avoided wherever possible.

DIFFERENCES IN DEGREE OF PROFILE DEVELOPMENT

"Degree of development" is a general expression for 
summarizing the differences in thickness of the profile, 
and in thickness, color, structure, consistence, pH, 
and accumulation of clay, sesquioxide, or calcium car­ 
bonate of individual horizons of soils formed on similar 
parent materials and under similar conditions of slope, 
drainage, and present-day vegetation.

In the La Sal Mountains, profiles of like facies of 
soils of different geologic age differ markedly in degree 
of development. For example, the B-horizon of the 
Brown soil facies of one soil is consistently thicker, 
redder, more blocky, more plastic, more clayey, and 
has a lower pH than the Brown soil facies of a second 
soil; but it is consistently less thick, less red, less blocky, 
less plastic, Jess clayey, and has a higher pH than that 
of a third soil. For purposes of comparison, it may be

said that the profile of the first soil is better developed 
than the second and less developed than the third.

Furthermore, the profile of each soil maintains its 
relative degree of development, as compared with that 
of others, throughout each of its facies. In other words, 
a soil of given geologic age that is comparatively weakly 
developed in one facies is comparatively weakly de­ 
veloped in all.

In this report, the general terms "very weakly de­ 
veloped," "weakly developed," "moderately devel­ 
oped," "strongly developed," and "very strongly 
developed" are used to describe megascopically dif­ 
ferent degrees of relative profile development. These 
terms do not necessarily refer to the duration of soil 
formation or to pedologic maturity. Though the oldest 
soils are the most strongly developed, the sequence of 
soils in the La Sal Mountains does not progress from 
very strong to very weak.

Where other criteria are lacking, relative development 
can locally be used to identify a particular soil. How­ 
ever, it should be used with caution, and only after the 
geologic relations of each soil have been precisely de­ 
termined and its profile characteristics have been care­ 
fully compared with those of other soils in the area.

Comparison of sequences of soils from different areas 
in terms of their relative development is believed to 
provide a valid basis for stratigraphic correlation, as 
will be subsequently discussed.

HARPOLE MESA FORMATION
DEFINITION

The oldest known Quaternary deposits of glacial 
association in the La Sal Mountains are till sheets and 
interfingering alluvial gravels that cap high interfluves 
around the flanks of the mountains and are distinctly 
older than the present canyons. The deposits have a 
very strongly developed soil formed on them, and they 
include two members separated either by a very strongly 
developed, persistent, buried soil or by an erosion sur­ 
face. Within the canyons, but locally extending head- 
ward over these two older members, are interbedded or 
interfingering glacial, alluvial, colluvial, and eolian de­ 
posits representing a third, member, on which a very 
strongly developed soil is also formed. These three 
depositional units are here defined as the lower, middle 
and upper members of the unit herein named the Har- 
pole Mesa formation (fig. 9).

The three soils formed on the three members are so 
similar that no one is alone a criterion of a specific 
member. However, such soils were not found on de­ 
posits demonstrably younger than the Harpole Mesa for­ 
mation, and they differ markedly from any soils known 
to be associated with such younger deposits. There­ 
fore, where they are developed on deposits otherwise
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ascertained to be Pleistocene, they are considered to be 
a stratigraphic marker diagnostic of the Harpole Mesa 
formation. Where specifically identifiable, the soil at 
the top of the lower member of the formation is called 
the lower Spring Draw soil, that at the top of the 
Middle member is called the Middle Spring Draw soil, 
and that at the top of the upper member is called the 
Upper Spring Draw soil. Where forming a composite 
profile in which individual soils cannot be distingushed, 
they are called simply a Spring Draw soil.

TYPE LOCALITY

The Harpole Mesa formation is named from Harpole 
Mesa, on the northwest side of the North Mountain 
group. The type section is designated as that exposed 
on the south side of Spring Draw in SW1/4SW1/4 sec. 
32, T. 25 S., R. 24 E. Here, the formation rests uncon- 
formably on the conglomerate of Pliocene (?) or very 
early Pleistocene(?) age (Hunt, 1958). The following 
section extends down the slope from the top of the mesa.

Type section of the Harpole Mesa formation
[Measured with hand level. Color symbols refer to Munsell Soil Color Charts, 1954]

Feet 
Harpole Mesa formation:

Upper member: Upper Spring Draw soil on solifluc- 
tion mantle (relict profile):

B horizon: Reddish-brown (2.5YR 5/4) unsorted 
nonbedded arkosic sandy loam with angular to 
subangular rock fragments, mostly of diorite 
and sandstone. Many fragments broken since 
deposition; some deeply disintegrated. 

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

friable, slightly hard. 
Reaction: neutral.

Thickness, B horizon.--------------- 3
Abrupt irregular boundary.
Cca horizon: Pink (5Y 7/3) unsorted nonbedded 

arkosic sandy solifluction mantle .containing 
angular to subangular rock fragments, mostly 
of diorite and sandstone. Many fragments 
broken; some deeply disintegrated.

Structure: structureless to weak thick platy. 
Consistence: nonsticky, nonplastic, firm,

slightly hard. 
Reaction: strongly alkaline.

Thickness, Cca horizon _________________3
Total thickness, upper member. __--__ ___6

Gradational contact.
Middle member: Middle Spring Draw soil:

B horizon: Light-reddish-brown (2.SYR 6/4) un­ 
sorted arkosic sandy till, containing subangu­ 
lar to subround fragments   of diorite and 
sandstone.

Structure: moderate very coarse angular
blocky.

Consistence: slightly sticky, slightly plastic, 
firm, hard; weakly cemented with clay 
and iron oxide. 

Reaction: mildly alkaline.

Type section of the Harpole Mesa formation Continued

Feet
Harpole Mesa formation Continued

Middle member: Middle Spring Draw soil Con. 
B horizon Continued

Interior of joint blocks leached of carbonate; 
secondary carbonate along structure 
planes probably associated with Cca 
horizon of upper Spring Draw soil above.

Thickness, B horizon._______________ 4
Abrupt contact.
Cca horizon: Pink (7.5YR 7/4) unsorted arkosic 

sandy till, containing subangular to sub- 
round fragments of diorite and sandstone. 

Structure: strong very coarse platy. 
Consistence: nonsticky, nonplastic, firm, 

hard; strongly cemented with calcium 
carbonate. 

Reaction: very strongly alkaline
Thickness, Cca horizon______________ 15

Diffuse boundary.
Till: Light-yellowish-brown (10 YR 6/4) un­ 

sorted nonbedded arkosic sandy silt, with 
subangular to round fragments of diorite 
and sandstone. Boulders as much as 6 feet 
in diameter. Compact, but friable. Some 
pods and veins of powdery calcium carbonate 
as much as 2 inches in diameter

Thickness, till-_____._.__...________ 28

Total thickness, middle member.

Abrupt disconformity.
Lower member: Lower Spring Draw soil:

B horizon: Light-reddish-brown (SYR 6/4) non- 
bedded well-sorted eolian fine sand and silt. 

Structure: moderate, very coarse angular
blocky. 

Consistence: slightly sticky, slightly plastic,
firm, hard.

Reaction: mildly alkaline except for con­ 
centrations of secondary carbonate along 
structure planes.

Thickness, B horizon___--____-__----
Abrupt boundary.
Cca horizon: Light-brown (7.5YR 6/4) un­ 

sorted arkosic sandy till, containing abundant 
subangular to round fragments of diorite and 
sandstone.

Structure: moderate, very coarse platy. 
Consistence: nonsticky, nonplastic, firm,

hard.
Reaction: very strongly alkaline; mod­ 

erately cemented with calcium car­ 
bonate.

Thickness, Cca horizon._____________
Abrupt contact.
Cca horizon, continued: pink (7.5F.R 7/4) 

well-sorted nonbedded eolian sand and silt. 
Structure: very coarse platy. 
Consistence: nonsticky, nonplastic, firm,

hard. 
Reaction: very strongly alkaline.

Thickness, Cca horizon, continued- __.

47
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Type section of the Harpole Mesa formation Continued

Feet 
Harpole Mesa formation Continued

Lower member: Lower Spring Draw soil Continued 
Abrupt contact.
Till: Light-brown (7.5 YR 6/4) sandy; contains 

abundant subangular to round fragments of 
diorite and sandstone; mildly alkaline.

Thickness, till.__-----_--.-___---_'__ 8
Abrupt contact.
Alluvial sand and silt: Light-reddish-brown 

(SYR 6/4), crudely bedded; local bedded 
gravel lenses; mildly alkaline.

Thickness, alluvial sand and silt-.---. 1. 5 
Abrupt contact.
Till: Light-yellowish-brown (10YR 6/4) un- 

sorted nonbedded arkosic sand and silt, 
containing subangular to round fragments 
of diorite and sandstone. Boulders as much 
as 5 feet in diameter. Structureless, compact 
and friable. Mildly alkaline throughout, 
but with a few thin lenticular layers of platy 
carbonate in upper few feet.

Thickness, till...__......._.____.__. 29
Abrupt contact.
Eolian sand and silt: Light-reddish-brown (SYR 

6/4), massive, nonbedded. Contains a few 
small stones. Mildly alkaline to neutral.

Thickness, eolian sand and silt..._.-- 2

Total thickness, lower member. ______

Total thickness, Harpole Mesa

55

formation. 108

Angular unconformity.
Conglomerate of Pliocene(?) or very early Pleistocene(?) 

age.

This section is the only one found in which all three 
members of the Harpole Mesa formation are in super­ 
position and separated by soils. Even here, the upper 
member is represented only by a relatively thin soli- 
fluction deposit. The upper member was also found 
on the south prong of Harpole Mesa where a saddle, 
cut into till of the middle member (fig. 12), contains 
distinctly morainal till and outwash gravel on which 
the upper Spring Draw soil is developed. This till 
extends down into the canyon of Placer Creek well 
below the base of the lower member (pi. 1 and fig. 13). 
Similarly, the outwash extends down Cane Hollow to 
the northwest.

Except on Harpole Mesa, the three members of the 
formation are not found in superposition, but they can 
be distinguished locally by their physiographic relations. 
For example, in many places referred to specifically 
below, gravels locally interfinger with till on each of 
three widespread erosion surfaces, each with a Spring 
Draw soil developed on it. From higher to lower, each

surface was dissected before the next lower surface 
developed and was deposited upon. Three distinct 
cycles of Pleistocene deposition older than the upper 
Spring Draw soil can therefore be demonstrated. 
Correlation of these three generations with the three 
members of the Harpole Mesa formation is inferred 
from the fact that not more than three generations can 
be demonstrated anywhere in the area and that the 
stratigraphic succession of the deposits is alike. The 
difference in physiographic setting can be explained by 
the fact that Harpole Mesa probably was being lowered 
in a graben throughout deposition of the formation, 
owing to movements of underlying salt masses. 
Although the deposits at Harpole Mesa are not exposed 
along the graben faults, similar deposits in the Fisher 
Valley graben, north of the mapped area, are cut by 
faults.

LOWER MEMBER

The lower -member of the Harpole Mesa formation 
comprises three facies: till, alluvial gravel, and eolian 
sand and silt. A Spring Draw soil is locally pre­ 
served on these deposits.

TILL

Till of this member crops out on Harpole Mesa, on 
the highest of three erosion surfaces along the south­ 
west flank of the mountains near Pole Canyon, and 
high on Fisher Ridge along the northeast flank (pi. 1). 
It attains a lower limit of about 6,800 feet. Its surface 
is commonly smooth and lacks morainal expression. 
The till consists of compact, poorly sorted, arkosic 
sand containing numerous cobbles and boulders of 
fresh diorite or sandstone, many soled and faceted. 
However, some deeply disintegrated boulders occur 
throughout the deposits, well below any Spring Draw 
soil. The deposit north of Pole Canyon is 120 to 140 
feet thick and appears to be derived from the ancestral 
canyon of Pack Creek because alluvial deposits of the 
same age upstream along Pole Creek contain no diorite. 
The deposit on Fisher Ridge contains fragments of 
vein-quartz and syenite porphyry that could only be 
derived from the head of Bachelor Basin.

ALLUVIAL GRAVEL

Alluvial gravel interfingers with till of the lower 
member at the type locality and locally on the highest 
of three erosion surfaces capped by alluvial deposits on 
which a Spring Draw soil is developed (pi. 1).

The deposits range from 25 to 150 feet in thickness 
and most are poorly sorted, crudely bedded accumu­ 
lations of subround to round cobbles and boulders in 
an arkosic sandy matrix, with local lenses of well-bedded 
arkosic sand. Rock fragments are mostly of diorite

591880 O #2  3
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FIGURE 12. Section of the lower and middle members of the Ilarpole Mesa formation in superposition on the south flank of Harpole Mesa.

or sandstone, though breccia, syenite porphyry, or 
monzonite are minor local components. Deposits 
along the Colorado River contain abundant granite, 
gneiss, schist, and basalt from outside the area. A 
few deeply disintegrated cobbles occur throughout most 
deposits.

The deposits have surface gradients ranging from as 
much as 400 feet per mile at the mountain front to 100 
feet per mile along the Colorado River. Some, as on 
Dobe Mesa, Johnsons Up-On-Top, and Fisher Ridge, 
parallel the gentle dip slopes of the plateau rocks. 
Those on Johnsons Up-On-Top trend somewhat ob­ 
liquely to Spanish Valley and diagonally across Mill 
Creek canyon (fig. 4). They represent the main drain­ 
age from the west slope of the mountains to the Colo­ 
rado River. Deposits on the southwest and northeast 
flanks of the mountains represent alluvial fills on 
preexisting pediments. The fact that at canyon re­ 
entrants the gravels interfinger with till shows that 
the fills coincided with glaciation. Gravels between 
canyon re-entrants are almost wholly sandstone derived 
from the local hogbacks. Along the Colorado River, 
gravels capping the highest of three terraces on which 
a Spring Draw soil is developed are correlated with 
the lower member of the Harpole Mesa formation

because their projected gradient coincides at Moab 
with that of outwash of the lower member along the 
east side of Spanish Valley.

EOLIAN SAND AND SILT

Eolian sand and silt of the lower member of the Har­ 
pole Mesa formation is nowhere mappable, but about 
25 feet of well-sorted light reddish-brown (5YR 6/4), 
fine sand and silt is interbedded with gravel of this 
member on the south flank of Harpole Mesa. Similar 
material, 6 to 8 feet thick, on which the lower Spring 
Draw soil is developed, caps both gravel and till of the 
lower member over most of Harpole Mesa. A layer 
about 2 feet thick lies at the base of the member at the 
type section. The material is compact, massive, and 
nonbedded. It has a coarse blocky jointing, and is 
composed almost wholly of quartz. The deposits 
would probably qualify as loess, though no mechanical 
analyses have been made.

EROSION SURFACE BETWEEN THE LOWER AND MIDDLE 
MEMBERS

Broad valleys, whose remnants range in depth from 
150 to 250 feet in the mountains and decrease down­ 
stream to 60 to 75 feet along the Colorado River, 
dissect the lower member and antedate the middle
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FIGURE 13. Aerial view of the valley of Placer Creek on the north side of the North Mountain Group showing the type localities of the terminal moraines of the 
lower (Qptl) and upper (Qptu) members of the Placer Creek formation. A steeply sloping compound out wash fill, in which gravel of the upper member 
(Qpa.il) overlies gravel of the lower member (Qpal), extends from the lower moraine downstream along Placer Creek below the level of till (Qftto) and outwash 
(Qhau) of the upper member of the Harpole Mesa formation. On Harpole Mesa, the type locality of the Harpole Mesa formation, till of the upper member of 
the formation (Qhtu) forms a moraine in a saddle which is cut in till of the middle member (Q/iim). This till in turn overlies till (Q/iW) and outwash gravel 
(Qhal) of the lower member of the formation. The type section of the Harpole Mesa formation lies on the north flank of the mesa above the road leading up 
Spring Draw. The plateau suface on the right of the photograph is underlain by till (QM) of either the upper or lower members of the Harpole Mesa formation.

member of the Harpole Mesa formation. The moun­ 
tain valleys, though modified by later glaciation, appear 
to have been steep sided, as much as half a mile wide, 
and with gradients as steep as 500 feet per mile.

The trough of Spanish Valley was shallower than 
it is now. The lower part of Castle Valley may have 
existed, but its present upper end was crossed by a 
stream that cut a shallow valley over 2 miles wide 
northwesterly across what is now Dobe Mesa. The

canyon of the Colorado River had its present course 
and general form, but it was about 200 feet less deep 
than it is now.

The depth of erosion varies considerably. At Har­ 
pole Mesa, the middle member overlies the lower mem­ 
ber in apparent conformity, whereas at Dobe Mesa the 
lower member was dissected approximately 350 feet 
before deposition of the middle member.

On the west side of the mountains, the lower valley
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of Pack Creek was dissected about 300 feet below the 
lower member, whereas in northern Spanish Valley 
cutting was less than 150 feet, and along the Colorado 
River, only 60 to 75 feet.

Remnants of an intermediate erosion surface on the 
southwest side of the mountains indicate that a broad 
steeply sloping pediment was cut at a depth between 
200 and 300 feet below the surface of alluvial gravel of 
the lower member there.

On the east side of the mountains, the lower member 
on the high surface north and south of Beaver Creek 
was dissected 150 to 200 feet before the middle member 
was deposited.

MIDDLE MEMBER

The middle member of the Harpole Mesa formation 
comprises only two fades: till and alluvial gravel. 
A Spring Draw soil is locally preserved on these deposits.

Till

Till of this member was recognized at the type 
locality, on the pediment south of Pack Creek known 
as Amasas Back, and between Chicken Creek and 
Spring Canyon on the southeast side of the mountains 
(pi. 1). The deposits are as much as 150 feet thick 
and consist of compact, nonbedded, unsorted mixtures 
of angular to subangular, locally soled and faceted 
boulders and cobbles in an arkosic sandy matrix. No 
striated fragments were observed. The material is 
largely composed- of sandstone and diorite but includes 
a little shale. All grade downslope into outwash gravel.

The till attains a lower limit of about 6,600 feet. The 
surface of the till is mostly gently rolling. Hummocky 
morainal topography is locally preserved, however, and 
a distinct bouldery end moraine 20 to 50 feet high 
borders the till on Amasas Back (fig. 14). Except at 
the type locality, the till rests on an erosion surface 
that dissects the lower member and is cut by an erosion

14. Pre-canyon. moraine of the middle member of the Harpole Mesa forma­ 
tion on Amasas Back divide, south of Pack Creek.

surface on which lie deposits of the upper member. All 
the deposits have a very strongly developed Spring 
Draw soil preserved on them.

ALLUVIAL GRAVEL

Except at Harpole Mesa, where it lies between the 
lower and upper members, alluvial gravel of the middle 
member of the Harpole Mesa formation rests on an 
erosion surface that cuts the lower member and is itself 
truncated by an erosion surface on which lies the upper 
member. These conditions may be observed on Dobe 
Mesa north of Castle Valley, on Amasas Back south of 
Pack Creek, in the headwaters of Black Canyon on the 
southwest flank of the mountains, along Deep Creek 
and Beaver Creek on the east flank of the mountains, 
and along the Colorado River (pi. 1). The deposits 
grade into till at Harpole Mesa, on Amasas Back, 
and between Chicken Creek and Hang Dog Creek.

The alluvial gravel is commonly between 20 and 40 
feet thick, but at Dobe Mesa and on the southwest 
flank of the mountains it is between 100 and 180 feet 
thick. It consists of subrounded to rounded cobble 
gravel in an arkosic, coarse sandy matrix. Boulders 
are relatively common, especially where outwash grades 
into till. The material is mostly diorite and sandstone, 
but it includes local syenite, syenite porphyry, monzonite, 
diorite or sandstone breccia, vein-quartz, or other rock 
types. Deposits along the Colorado River contain 
abundant granite, gneiss, schist, and basalt from out­ 
side the area.

Most deposits parallel present drainage, indicating 
that present stream courses were in general established, 
but the erosion surfaces on which they rest are broad- 
valley surfaces or pediments that clearly antedate the 
present canyons. The surface gradients of the deposits 
range from as much as 600 feet per mile at the mountain 
front to about 100 feet per mile along lower Spanish 
Valley and the Colorado River.

Erosion between deposition of the middle and upper 
members of the Harpole Mesa formation is represented 
by canyons and pediments similar to those cut between 
deposition of the lower and middle members.

At the north end of the mountains, Castle Creek 
probably captured the drainage across Dobe Mesa at 
this time. Part of the diversion was apparently due 
to subsidence of the Castle Creek graben, for gravel 
of the middle member on the north wall of the graben 
lies 400 feet above gravel of the middle member at 
Harpole Mesa on the graben floor. That stream ero­ 
sion was also a factor, however, is indicated by the 
fact that the middle member at Harpole Mesa was 
dissected about 300 feet by Placer Creek and about
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600 feet by Castle Creek before the upper member 
was deposited.

On the west side of the mountains, erosion by Pack 
Creek, following deposition of the middle member, 
was as much as 450 feet at the mountain front bat 
decreased downstream to about 200 feet at the south 
end of Spanish Valley and about 120 feet at the north 
end of that valley. On the south side of the mountains, 
a broad pediment was cut 50 to 100 feet below the 
middle 'member near the mountain front and about 
200 feet below those deposits at their present lowest 
extent; On the east side of the mountains, the canyons 
cut down between 150 and 200 feet along Deep Creek 
and Beaver Creek.

Little is known of conditions in the high mountain 
areas, except that no erosion appears to have taken 
place in Geyser Pass, where till of the upper member 
of the formation rests on the middle(?) Spring Draw 
soil, developed on till of the middle(?) member.

Along the Colorado River, erosion between the 
middle and upper members amounted to about 100 
feet.

UPPER MEMBER

The upper member of the Harpole Mesa formation 
comprises six facies: till, alluvial gravel, alluvial-fan 
gravel, talus, frost rubble, and solifluction mantle. 
The upper Spring Draw soil is commonly preserved 
on the depositional surfaces of these deposits but was 
not observed on their dissected slopes.

Till

Till of this member is widely distributed on broad 
valley surfaces and benches which, project from the 
walls of canyons that dissect the middle and lower 
members. Examples are along Pack Creek Canyon, 
on Boren Mesa, on Brumley Ridge, on the north side 
of La Sal Creek, in the headwaters of Twomile Creek, 
and along Geyser Creek, Deep Creek, and Bear Creek. 
It attains its lower limit of 6,800 feet in Pack Creek 
Canyon.

The till differs from older tills in its more bouldery 
surface and in retaining its original morainal topography 
in many places, as along Pack Creek and on Harpole 
Mesa. Glacial scour associated with the till is pre­ 
served at Boren Mesa, whose western edge is rounded 
and smoothed in contrast to the ragged edges of 
unglaciated mesas.

The till averages from 10 to 20 feet in thickness but 
ranges from a veneer to more than 200 feet. It is 
generally composed of angular to subangular cobbles 
and boulders in a compact, unsorted, nonbedded 
matrix. Soled and faceted fragments are common, 
but striated fragments are rare. Where the till is 
derived from older outwash, it contains an appreciable

amount of rounded material; where it rests on shale, 
the matrix contains much clay and shaly chips. The 
larger rock fragments, however, are mostly of diorite 
and sandstone. Deeply disintegrated fragments are 
scattered throughout the deposits.

ALLUVIAL GRAVEL

Alluvial gravel of the upper member of the Harpole 
Mesa formation is preserved on remnants of broad 
valley erosion surfaces along the walls of many canyons, 
on the lowest dissected pediment surface along the 
southwest flank of the mountains, and on remnants of 
a rock terrace 160 to 180 feet above the Colorado 
River. The gravel grades into till on Harpole Mesa, 
in the valley of Pack Creek, in the headwaters of 
Twomile Creek, and along Geyser Creek. In many 
other places it rests on remnants of the same erosion 
surface as, and only a short distance downstream from, 
till of the upper member. The disconformity at the 
base of the gravel commonly truncates the middle 
member of the formation, for example along Pack 
Creek (fig. 15), Beaver Creek, and Black Canyon. 
The very strongly developed upper Spring Draw soil 
on this gravel is overlapped in several places by the 
Placer Creek formation.

. Most of the gravel surfaces are even and slope 
downstream at gradients ranging from 500 feet per 
mile at the mountain front to about 100 feet per mile 
in the lower valleys. Some are mantled by eolian 
material, but most are littered with fractured and 
exfoliated rock fragments. Desert varnish coats many 
of the fragments below an altitude of 7,500 feet.

The deposits are composed of subrounded to rounded 
gravel, cobbles, and boulders in an arkosic sandy 
matrix. Most of them are poorly sorted and crudely 
bedded. The rock fragments are mainly of diorite 
and sandstone, but on pediment surfaces between major 
canyons they are almost wholly sandstone, and those 
along the Colorado River contain much granite, gneiss, 
schist, and basalt. Deeply disintegrated material is 
common throughout. Deposits on broad valley sur­ 
faces range from a veneer to 50 feet in thickness; those 
on pediment surfaces commonly range from 20 to 80 
feet in thickness, but near major canyon re-entrants 
are as much as 100 to 175 feet.

ALLUVIAL-FAN GRAVEL

Alluvial-fan gravel of this member occurs in several 
places in Castle Valley. Its original form is largely 
obscured by subsequent dissection, and most of it has 
been separated from its source. West of Porcupine 
Ranch (pi. 1) fan deposits composed wholly of locally 
derived angular sandstone gravel grade downslope into 
well-rounded alluvial gravel that contains much 
diorite. East of the confluence of. Castle Creek and
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FIOURE 15. Till of the upper member of the Harpole Mesa formation on the broad valley surface above the canyon of Pack Creek. Till and outwash of the middle and 
lower members of the formation cap successively higher pediment surfaces above the rim of the canyon to the south.

Spring Draw, other fan deposits composed of gravel of 
diorite and sandstone head against slopes cut 200 to 
300 feet below alluvial gravel of the middle and lower 
members on Harpole Mesa. All the deposits are 
crudely bedded and poorly sorted.

TALUS
Talus of the upper member of the Harpole Mesa 

formation was found on a slope of about 20° at the foot 
of weathered and rounded sandstone cliffs east of the 
headwaters of Twomile Creek. The material consists 
of angular to subangular blocks of sandstone in a red 
sandy clay matrix. Some blocks are deeply disinte­ 
grated, and many have a crumbly rind that is 1 to 3 
inches thick. The deposit has the upper Spring Draw 
soil developed on it and grades westward into diorite- 
bearing till of the upper member of the formation.

FROST RUBBLE

A frost-rubble facies of the upper member of the 
Harpole Mesa formation was found north of Geyser 
Creek along the base of the ridge east of Mt. Tomasaki 
and at the cattle guard on the road along the south wall 
of the valley of Placer Creek above Pinhook (pi. 1). 
(the term "frost rubble" is defined on p. 19.) The 
deposits consist of contiguous but loosely packed angu­ 
lar blocks of sandstone whose interstices are partly 
filled with compact sandy clay. Though they resemble 
talus, they lack cliff sources and appear to have formed

in place. Partly stripped profiles of the upper Spring 
Draw soil are preserved on them. The deposit north 
of Geyser Creek lies on a slope of about 5° and grades 
downhill into till of the upper member. The deposit 
above Pinhook lies on a steep slope that dissects older 
till on the upland to the south. It is overlain by 
younger frost rubble of the Placer Creek formation.

SOLIFIUCTION MANTLE

Sheetlike solifluction deposits of silty sand and angu­ 
lar fragments of sandstone cover many slopes in upper 
Twomile Creek and Hang Dog Creek and grade later­ 
ally into till. Their surface is irregular. A crude 
bedding is present and an imbricate arrangement of 
slabs was noted locally. The deposits lie on bedrock 
and average about 6 feet thick.

FACIES OF THE HARPOLE MESA FORMATION, UNDIFFER- 
ENTIATED AS TO MEMBER

Many deposits, referable to the Harpole Mesa forma­ 
tion because of topographic position or stratigraphic 
relations, cannot be differentiated as to member, 
though some are demonstrably older than the upper 
member. Such deposits include till, alluvial gravel, 
talus, and eolian sand and silt. Only certain deposits 
of till which throw light on the extent of the glaciers 
are here discussed. These deposits cap Bald Mesa and 
Wilson Mesa west of the mountains (fig. 16). They lie 
above the upper member of the Harpole Mesa formation.
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FIOURE 16. Aerial view of the till-covered mesas west of the mountains. Boren Mesa is capped by till of the upper member of the Harpole Mesa formation. 
Bald Mesa and Wilson Mesa are capped by till of either the lower or middle members of the formation. The rounded appearance of the cliffs bordering the 
mesas is believed to be the product of glacial scour.

in the canyon of Mill Creek and could therefore belong 
to one of the older members or represent some still older 
glacial episode.

TILL ON BALD MESA AND WILSON MESA

Bald Mesa and Wilson Mesa are two successive steps 
in the plateau surface west of the mountains. Bald 
Mesa, the higher, is capped by till that rests on the 
Mancos shale and has a Spring Draw soil developed on 
it. The surface of the till retains no suggestion of 
morainal topography, though it is scalloped by land­ 
slides in the underlying shale. Boulders are rare on 
the surface except at breaks in slope. The till is 20 to 
40 feet thick along the southeast rim of the mesa but 
thins to about 6 feet at the west rim. It is a compact 
sandy clay, derived largely from the underlying shale, 
and contains cobbles and boulders, some of which are 
of diorite breccia and sandstone breccia that could only 
have come from the Middle Mountain group to the 
southeast. The ice must therefore have moved north­ 
west across Boren Mesa and across the sites of the 
present canyons of Horse Creek and Mill Creek before 
they were cut. Drag folds, overturned to the north­ 
west, and closely spaced shear joints, dipping southeast, 
are exposed in the lower part of the till and in the under­ 
lying shale in a gully at the northern edge of the mesa,

and are inferred to record the effects of overriding ice. 
Large angular blocks of shale are also displaced north­ 
west from their bedrock source into the till.

The cliffs along the northwest rim of Bald Mesa are 
rounded at the crest as if by glacial scour and channeled 
in at least four places by broad U-shaped ravines 
(fig. 16), in contrast to the sharp and ragged aspect of 
most sandstone rimrock in the region. It is therefore 
inferred that the ice flowed over them onto Wilson 
Mesa.

The till on Wilson Mesa is a relatively thin veneer of 
boulders. For about half a mile west of Bald Mesa it 
consists of angular blocks of sandstone in a sandy matrix 
and appears to be wholly derived from the cliffs. 
Farther west, however, fragments of diorite become 
more and more abundant, and some vein-quartz, sand­ 
stone breccia, and diorite breccia are present. On the 
western part of Wilson Mesa the till grades into outwash 
gravel at an altitude of about 7,600 feet. This is 
approximately 9 miles from possible sources of ice in 
the Middle Mountain group, the maximum length of 
any glacier recorded in the La Sal Mountains.

Though most of this till on Wilson Mesa appears to 
be derived from the Middle Mountain group, smoky 
quartz found on the north part of the mesa suggests 
that some of the till was from the North Mountain
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group about 6 miles distant, where the only smoky 
quartz known in the mountains is exposed. (C. B. 
Hunt, oral communication, 1952).

VOLCANIC ASH IN HARPOLE MESA FORMATION

Reconnaissance in the badlands developed at the 
headwaters of Onion Creek in Fisher Valley, north of 
the mapped area, revealed a sequence of deposits 
containing layers of volcanic ash. The following sec­ 
tion was measured at an altitude of 5,300 feet in 
bluffs on the south side of Onion Creek in the the 
NWtfNWtf sec. 23, T. 24 S., R. 24 E. (Polar Mesa 
quadrangle).

Section in badland bluffs on south side of Onion Creek headwaters

Thickness
Beaver Basin formation:

Reddish loessial alluvium conformable Unit Total 
contact__-_----_--_---____-____--__ 6-10 8

Placer Creek formation:
Reddish loessial alluvium ._.______..___ 5-15 20

Upper member:
Sandy cobble gravel, calcareous coatings

or weakly cemented in upper 3 to 4 feet. 6-8 27 
Disconformity. 
Lower member:

Reddish loessial alluvium. _ ____________ 5-15 38
sandy cobble gravel, calcareous coatings
in upper 12-18 inches. ______________ 8-15 50

Angular unconformity. 
Harpole Mesa formation:

Reddish compact loessial aluvium _ !___ 10 60 
Middle member:

Sand, strongly cemented with calcium
carbonate. __---____-__-_---_______ 1-2 62

Volcanic ash, white, loose, fluffy. _______ 3 65
Red loessial colluvium and bedded allu­ 

vium with some interbedded silty 
gravel lenses. ----------___-__--_-__ 40 105

Clean sand with pebble to cobble gravel 
lenses-__--_----------------_-_--__ 15 120

Red loessial colluvium and alluvium_____ 20 140
Angular unconformity. 

Lower member:
Hard, bedded alluvial sand with lenses of 

angular gravel containing cobbles of 
diorite. Several lenses of volcanic ash 
up to 6inches thick in upper part..---. 40 180

Correlation of these units with the Beaver Basin and 
Placer Creek formations is based on their similarity to 
the alluvial facies of these formations in Castle Valley 
and Spanish Valley, and on their character of weather­ 
ing and carbonate accumulation in the upper part of 
each unit. Correlation of units with the Harpole Mesa 
formation is based on similarity of the weathering and 
carbonate accumulation in the upper part of this unit 
to .the Sierozem facies of the Spring Draw soil.

Downstream to the northwest of the described section 
another unit of reddish compact colluvium and alluvium

containing interbedded gravel, but no volcanic ash, 
lies disconformably beneath the units correlated with 
the Placer Creek formation and in angular unconformity 
on the unit correlated with the middle member of the 
Harpole Mesa formation. It has a soil like the Spring 
Draw soils formed on it and is believed to represent 
the upper member of the Harpole Mesa formation. 

A sample of the ash was collected from the unit cor­ 
related with the middle member of the Harpole Mesa 
formation and examined by Ray E. Wilcox, who report­ 
ed as follows (written communication, December 30, 
1951).

The material is relatively unaltered volcanic ash, of which the 
major portion is clear colorless glass, occurring as fragments 
(up to 1 mm diam.) of thin, slightly curved walls of vesicules. 
Many of the fragments have rib-like projections, some curved, 
some straight, marking the junctures with other walls. (Ap­ 
parently vesiculation prior to fragmentation had proceeded so 
far that most vesicules had approached polygonal shapes and 
were separated by thin walls of only moderate curvature and no 
great thickening at the junctures.) Elongate fragments are 
present in moderate numbers, and these contain closely packed 
tubular vesicules parallel to length of the fragments. Occasion­ 
ally ovaloid vesicules are found in these and other fragments. 
Refractive index of the glass is very uniform, lying between 1.499 
and L501.

With the glass are found moderate amounts of quartz and 
alkali feldspar fragments, both included in the glass and as sep­ 
arate loose fragments. Scattered tiny particles of carbonate 
(calcite?) account for the strong but brief effervescence of the 
sample when treated with HCI. The occasional black flakes 
seen under the binocular were not encountered in immersion 
mounts. They may be biotite.

Irregular and streak-like portions, up to several mm in size, 
are cemented by light orange material which is soft and does not 
effervesce more strongly than the loose ash in 6N HCI, nor does 
it show any immediate effects of the acid treatment. In immer­ 
sion mounts, this material is seen to consist of aggregates of 
grains, less than 0.005 mm in size, showing moderate birefringence 
and low positive relief (vs. 1.540). Individual particles adhere 
to the smooth surfaces of the glass fragments but do not appear 
to be replacing the glass nor to be an alteration of the glass. 
The material may be a member of the montmorillonite series.

This glass has refractive index identical to that of the Pearlette 
ash. Although the grain size is much larger, the shape-habit 
of the fragments is similar to that of the Pearlette. The common 
occurrence of curved junctures and tubular vesicules of some 
fragments have been taken by Swineford and Frye as critical 
features of the Pleistocene ashes of Kansas and Nebraska, 
separating them from the Pliocene ashes in which such features 
are uncommon.

Subsequently the sample was further examined by 
H. A. Powers, who noted the chevkinite which he has 
found also to be common to the Pearlette volcanic 
ash bed and to other volcanic ash beds in Western 
United States. Mr. Powers supplied the analytical 
data given in table 6, which further suggests a correla­ 
tion of the ash bed from the middle member of the Har­ 
pole Mesa formation in the La Sal Mountains with the 
Pearlette volcanic ash of Kansas. Concerning this he
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TABLE 6. Comparison of analyses of cleaned glass shards (all phenocrysts and detrital material removed) from the ash bed in the middle 

member of the Harpole Mesa formation, the Pearlette volcanic ash bed at its type locality, and other Pleistocene ash beds

1 -2 3 4 5 6 7 8

STANDARD ROCK ANALYSIS 

[Analysts: 1-6, 8, D. F. Powers; 7, P. Monalto; all F determinations, P. Monalto]

SiOj.   -_-_-_-___-_-_-_---_-_--_
A1203 ..   -----------------------
TiOs  -------------------------
Fe203 .- -------- -----------------
FeO--_____-_. ------------------
MnO. _-._.---.---.-.-. ---------
MgO. .....-.-.-.-.-.-.-.-.-. --.
CaO  -------------------------
Na_0-_______           _-_._
K,0... ................... ......
P90S.... ........................
H20+____ ......................
H20- _---.-.-_---. __._._.-.-._.
F_._ .--.__. ._.--_. .-._.-.-.-.

72. 63
11.71

. 12

.56

.90

. 04

. 17

.67
3.00
5. 44
.02
3.80

. 19

. 15

72.58
11. 86

. 12

. 64

.88

.04

. 15

.59
2.99
5.37

. 01
3 Q4
.25
. 14

73. 10
11. 72

. 13

.58

. 90

.04

.08

.56
2.73
5. 64
.01

3. 64
.25
. 15

72. 82
11. 71

. 14

.59

.95

.04

. 12

.62
2.73
5. 59
.02
3.76
.23
. 13

72. 78
11.80

. 12

.57

.93

.04

. 11

.51
3.31
4.93
.02
4.07
.20
. 13

73.58
11. 79
* 07
*. 31
*. 38
.04
. 17
.74
3.37
4. 52
.02
4.22
.24

*. 06

*6Q 82
12.49

. 12
*. 77
1. 10
.05
. 13
.59

*2. 32
*6. 72
.06

4 Qfi
.23

* 10

70 90
11. 99
* 19

*1. 07
*1. 50
.05
.22
.94

*3. 92
*3. 81

. 01
4. 54
.25

* 06

QUANTITATIVE SPECTROGRAPHIC ANALYSIS 

[Analyst: P. R. Barnett]

B__ --.._-.. --------------------
Ba__ _-.:-...-_---_----.-. -------
Be-. ---------------------------
Cu____ ___-_-_-__:-_____-_--_-__
Ga
La. _______-___-_-_-_-_-_-_-__--
Mo.. ...... -.-_---------------_-
Nb______--______._ -.-_._._._._.
Pb. ____________________________
Sc....-_. -_-------.-_-. ---------
Sn. __. _________________________
Sr... . .......-.._---.-_-._.-----
Y_ _____________________________
Yb__-_-__-__   -___-_--_   __-
T.V. .............................

<0. 001
.02

.001
. 0004
. 0026

.01
.0006
.006
.004

<. 0002
.001

<. 001
.01

.0009
.03

<0. 001
.02

.001
. 0006
.0026

.01
.0006
.006
.004

<. 0002
.001
.001
.01

.0009
.03

0. 001
.03

.001
. 0006
.0026

.01
.0006
.006
.003

<. 0002
.001
.001
.01

.0009
.03

0.001
.03

.001
.0004
.0028

.02
.0006
.007
. 004

<. 0002
.001
.001
.01

.001
.03

0. 001
.02
.001

. 0004

.0026
.01

.0005
.006
.004

<. 0002
.001
. 001
.009

.0009
.02

*0. 01
* 006
.001

. 0002
*. 0015
*<. 004
.0006
* 003
.003

*. 0005
* 0004

. 001
*. 003

*. 0003
*. 01

*0. 006
*. 005
.001

. 0008
* 0033

.01
.0006
.007

*. 002
<. 0002

.001

. 001
.01

.0008
.04

0. 001
*. 08
.001

. 0005
*. 0023

.01
.0005
* 002
*. 001

* 0007
.001
. 001
.01

.0009
*. 05

* Difference believed significant.
1. Ash bed in middle member of Harpole Mesa formation; heavy minerals present as phenocrysts: ferroaugite, chevkinite, magnetite, ilmenite, fayalite, pink zircon, colorless 

zicron. Field no. 50-61A, lab no. E1886.
2. Pearlette ash. type locality, under Borchers fauna above Cudahy fauna. Field no. 57-P-12, lab. no. D1768.
3. Sappa ash, Nuckolls County, Nebr. Field no. Buck OS-35, lab. no. E1827.
4. Pearlette ash, Koberts County, Tex. Field no. DT-3-56, lab. no. D1763.
5. Ash in Saltaire core, 548-ft depth. Core no. 179, lab. no. D1764.
6. Ash in Saltaire core, 646-ft depth. Core no. 212, lab. no. E1820.
7. Hagerman ash, near Hagerman, Idaho. Field no. 55-P-183, lab. no. E1810.
8. Blanco ash, at type locality Blancan fauna, Blanco, Tex. Field no. 58-P-201, lab. no. E2219.

reported as follows (written communication, August 16, 
1959):

The ash from Onion Creek, the ash from a depth of 546 feet in 
the lakebeds at Saltaire, Utah, and samples from several outcrops 
of the Pearlette ash of the Great Plains, are similar in physical 
character, contain similar phenpcryst minerals, and are similar in 
chemical composition. These samples differ in several charac­ 
teristics from a number of other ash deposits of Late Cenozoic 
age that have been studied. In my opinion, these data justify 
correlation of the ash bed in Onion Creek with the Pearlette ash 
of the Great Plains.

SPRING DRAW SOILS

DEFINITION AND TYPE LOCALITY

The Spring Draw soils are very strongly developed 
weathering profiles which were observed on deposits of 
the Harpole Mesa and older formations but not on

younger deposits. Soils of this kind occur at the top of 
each of the three members of the Harpole Mesa forma­ 
tion, where these members are superposed (p. 25). 
Where distinguishable, they are specifically referred to 
as the lower, middle, and upper Spring Draw soils (fig. 
9). Their type locality is that of the Harpole Mesa 
formation. The three members are only locally super­ 
posed, however, so that any single soil is in general 
known only to be younger than the particular member 
involved.

RELATIONS TO THE PLACER CREEK FORMATION

The relations of the Spring Draw soils to the Placer 
Creek formation are readily established. At Harpole 
Mesa, the upper Spring Draw soil is dissected by Placer 
Creek, exposing outwash that grades upstream into a
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moraine of the lower member of the Placer Creek forma­ 
tion (fig. 12). The Spring Draw soils are therefore all 
older than the Placer Creek formation.

Beyond the limits of Harpole Mesa, the uppermost 
Spring Draw soil is consistently either overlain by the 
Placer Creek formation or by a disconformity older 
than that formation (fig. 17). The Spring Draw soils 
are differentiated from those in and on the Placer Creek 
formation because of their greater degree of develop­
ment.

FACIE8 OF THE SPRING DRAW SOILS

The Spring Draw soils occur in four different facies; 
that is, their profiles change with altitude through four 
different great soil groups. \

The four facies are, in order of descending altitude, 
a Brown Podzolic facies, a Brown Forest facies, a Brown 
soil facies, and a Sierozem facies.

Typical profiles of each major facies showing their 
general character diagrammatically are sketched in 
figure 18.

BROWN PODZOLIC FACIES

x Brown Podzolic facies l of the Spring Draw soils are 
developed on the Harpole Mesa formation above a 
lower limit that ranges in altitude from 8,600 to 9,200 
feet (pi. 2 and fig. 19). Upward, they extend to 10,500 
feet, the highest altitude at which deposits of the 
Harpole Mesa formation were found. Present vegeta­ 
tion on the facies is a spruce-fir climax and an aspen 
and meadow subclimax.

' The term  ' Brown Podzolic" is applied to this facies with some misgiving because 
the profile is considerably thicker, redder, and more clayey tnan profiles usually 
so referred. Possibly it should be called a Red Podzolic soil because it has many 
aspects of that group. However, since like geologically younger Brown Podzolic 
soils, it is at higher altitudes than Brown Forest soils and since it appears to differ 
from them mainly in color and degree of development, it is arbitrarily grouped as 
a Brown Podzolic soil.

Lackey Creek soil

Lackey Creek soil

Upper Spring Draw 
soil

Spring Draw soil

Lackey Creek 
soil

,Upper Spring Draw soil

^Qhau^___ -Lackey Creek 
soil

Porcupine Ranch soir^0SSs

Qpau

Lackey Creek soil

Upper Spring D

.Spring Draw soil

Lackey Creek soil.x

P*°» Qham Ft
'     U~

85-1

Spring Draw soil

A. A sketch of the wall of a draw tributary to Cane Hollow, in Castle Valley 
southeast of Round Mountain. The Upper Spring Draw soil, developed on alluvial 
gravel of the upper member of the Harpole Mesa formation (Qhau), is overlain con­ 
formably by alluvial gravel of the Placer Creek formation (Qpa), on which a younger 
soil, the Lackey Creek soil, is formed.

B. A sketch of relations of alluvial fans on the south side of Castle Valley, west 
of Porcupine Ranch. The Upper Spring Draw soil, developed on alluvial fan gravel 
(Qft/) and outwash gravel (Qftou) of the upper member of the Harpole Mesa forma­ 
tion, is dissected by an erosion surface that is overlain by outwash deposits of the 
lower (QpoZ) and upper (Qpau) members of the Placer Creek formation, on which the 
Lackey Creek soil is formed.

C. A sketch along an irrigation ditch on the upland at the head of Twomile Creek, 
east of Mount Peale. The Upper Spring Draw soil, developed on till of the upper 
member of the Harpole Mesa formation (QMu), is overlain by thin deposits of boul- 
dery outwash (QpaZ) from a nearby moraine (Qptl) of the lower member of the Placer 
Creek formation on which the Lackey Creek soil is formed.

D. A sketch along the same ditch as in C, a quarter of a mile to the east on the 
south side of the valley of Twomile Creek. The Upper Spring Draw soil, developed 
on till of the upper member of the Harpole Mesa formation (Qhtu), is here overlain 
by solifluction mantle of the Placer Creek formation (Qpss) on which the Lackey 
Creek soil is formed.

E. A sketch of the south wall of the valley of Pack Creek, about one mile upstream 
from the Pack Creek Ranch. Spring Draw soils are developed on till of the middle 
member of the Harpole Mesa formation (Qhtm) on the rim of the valley, on the 
valley wall that dissects this till, and on a moraine of the upper member of the for­ 
mation (Qhtu) which lies on the valley wall. This moraine is, in turn, cut by a 
slope which is overlain by slope-wash mantle (Qpss) and alluvial gravel (Qpo) of 
the Placer Creek formation, on which the Lackey Creek soil is formed. Younger 
terraced deposits and soils lie in the bottom of the valley.

F. A sketch of a ravine that dissects the hlgn surface south of Pack Creek, about 
half a mile south of locality E, above. A Spring Draw soil is developed on outwash 
'gravel of the middle member of the Harpole Mesa formation (Qham) and on the 
north slope of the ravine. On the south side of the ravine, this soil is overlapped 
by eolian sand and silt of the Placer Creek formation (Qpe) on which the Lackey 
Creek soil is formed.

0. A sketch of the north slope of Wilson Mesa above Pinhook at the cattle guard 
along the county road. The Upper Spring Draw soil is developed on a frost rubble 
deposit of the upper member of the Harpole Mesa formation (Qhb) and Is overlain 
by a frost, rubble deposit of the Placer Creek formation (Qp6) on which the Lackey 
Creek soil is formed.

H. A sketch along the county road up Brumley Ridge at the Summerville Ranch. 
Here, a Spring Draw soil, developed across a thin deposit of till of the Harpole Mesa 
formation (Qht) and Into the underlying bedrock is overlain by eolian sand and 
silt of the Placer Creek formation (Qpe) on which the Lackey Creek soil is formed.

FIGURE 17. Some geologic relations of the Spring Draw soils.
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Brown Podzolic 
Altitude

Younger . 1Q ' 10Qft 

superposed 
soil

Spring
Draw 
soil

Brown Forest
Altitude 
8600 ft

Brown soil
Altitude 
7200 ft

Sierozem
Altitude 
4100 ft

Gravel

-44 in

-74 in
Cca

  -100 in

~ i i T"7^1 i ~-  J .->!

Gravel

-1 in
 6 in  

-36 in

r 180 in

FIGURE 18. Typical profiles of the four major fades of the Spring Draw soils, showing dlagrammatically their general character and thickness.

The Brown PodzoHc facies were observed on till, 
alluvial gravel, and coarse colluvial deposits of different 
lithologic composition. Typical relict and buried pro­ 
files on till composed mostly of diorite, a mixture of 
diorite and sandstone, wholly of sandstone, and of gray 
clay derived from the Mancos shale are given in sections 
1 to 5. 2

2 Sections referred to throughout the text are given under " Stratigraphic Sections 
of Soils."

Profiles of the Brown Podzolic facies are fairly uni­ 
form regardless of texture or lithologic characteristics 
of the parental material.

An A horizon, associated with relict profiles, appears 
to be superposed on a truncated B horizon and is'there- 
fore considered to be of post-Spring Draw origin.

The B horizon ranges in maximum thickness from 
about 4% feet at an altitude of 9,200 feet to as much as 
8 feet at 10,500 feet (table 7). It is commonly reddish
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Modern 
soil

Spanish 
Valley 
soil

Castle
Creek
soil

Pack
Creek

soil

Lackey 
Creek 
soil

Porcupine Spring
Ranch Draw

soil soils

12,000 -i

11,000-

10,000

9000 - 

8000 -

7000-

6400 - 

6000

5000

4000

7000-

8000-

7200-

5400-

7800-

7000-

5100-

8400

7400

5500

9000

8600

8200

7800

5800 5800

9200

8500

6200

EXPLANATION OF FACIES

Azonal soils

Zonal soils

Pedalfer Pedocal
'/V,

% ~~
Brown Podzolic Brown Forest Brown soil Sierozem

FIGURE 19. Range in altitude of facies and facies changes of soils of different geologic age in the La Sal Mountains, Utah. 
Altitudes beside columns are average altitudes of facies changes.

brown (5 TR 6/4) to yellowish red (5 YR 4/6). On Mancos 
shale, the hue is less red (7.5YR) and the chroma is 
more red (6). The structure of the B horizon is in 
general moderate to strong, coarse to medium, angular 
blocky. Some buried profiles on till display a crude 
platy parting, perhaps a relict till structure rather than 
a soil structure. The material is commonly plastic, 
considerably more so than the parental rock, and 
reflects obvious clay accumulation. The reaction (pH)

ranges roughly from medium acid in the lower part of 
the altitude range at about 9,200 feet to strongly acid 
at about 9,600 feet, very strongly acid to 10,000 feet, 
and extremely acid above 10,000 feet. Kaolinized feld­ 
spar grains and deeply rotted fragments are more 
common in the B horizon than below.

BEOWN FOREST FACIES

Brown Forest facies of the Spring Draw soils are 
developed on the Harpole Mesa formation in an altitude
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TABLE 7. Comparison of profile characteristics of Brown Podzolic facies of soils of different geologic age
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Soil

Spanish 
Valley

Castle Creek

Pack Creek

Lackey 
Creek

Porcupine 
Ranch

Spring Draw

B horizon

Altitude 
range 
(feet)

Above 
7,000

Above 
8,000

Above 
7,800

Above 
8,400 

to 
. 9,000

Thickness

4-6 
inches

10-22 
inches

4-8 
inches

3.0-4.5
feet

. Color

Hue

T.fr-lQYR, 
mostly 
IOYR

7.5-10YR, 
mostly 
IOYR

IOYR

5-10 YR, 
mostly 
7.5YR

Chroma

2-4

2-4, 
mostly 

4

2-4,

2-6, 
mostly 

6

Structure '

Grade Class Type

Structureless

Weak

Weak

Weak 
to 

moderate

Fine 
to 

medium

Fine 
to 

medium

Fine 
to 

medium

Crumb 
. to 

subangular 
blocky

Subangular . 
to 

angular 
blocky

Angular 
to 

subangular

Plasticity

Nonplastic

Nonplastic

Nonplastic

Mostly 
slightly 
plastic

Reaction 
(PH)

6.0-7.0

5.0-6.5

6.0-6.5

4.5-6.5

Not observed

Above 
8,600 

to 
9,200

4.5-8.0 
feet

10R- 
7.5YR, 
mostly 
5YR

2-6, 
mostly 

6

Moderate 
to 

strong

Coarse 
to 

medium
Angular 
blocky

Plastic 4.0-5.5

range whose upper limits are roughly between 8,600 and 
9,200 feet, and whose lower limits are roughly between 
8,200 and 8,500 feet (pi. 2, fig. 19).

Brown Forest facies were observed on till and alluvial 
gravel of all three members of the Harpole Mesa forma­ 
tion. (See sections 6 and 7 and fig. 20.)

An A horizon was observed on the Brown Forest 
facies only in relict profiles, where it rests on a truncated 
B or Cca horizon and is therefore believed to be the prod­ 
uct of a younger soil-forming environment.

The B horizon ranges in maximum thickness from 
about 4 feet .at 8,200 feet, the lower altitude limit of 
the facies, to about 5 feet at 9,200 feet, the upper 
limit (table 8). It is reddish brown (2.5YR 5/4) to red 
(2.5YR 5/6) though locally on mantle composed mainly of 
sandstone the hue is 10R and the chroma is less (2-3). 
The structure is commonly moderate, medium to coarse, 
angular to subangular blocky. The material is slightly 
plastic to plastic and is more clayey than the parent 
mantle. The reaction (pH) ranges from slightly acid 
(6.2) at lower altitude to medium acid (5.5) at higher. 
Kaolinized feldspar and rotted rock fragments are more 
common in the B horizon than in the underlying parent 
mantle.

The Cca horizon ranges in maximum thickness 
from about 4 feet at an altitude of 8,200 feet to about

3 feet at 9,200 feet, the highest altitude at which 
carbonate was observed in the profile. The carbonate 
tends to form thin coatings on the under sides of rock 
fragments and along openings but does not cement 
the matrix. The color ranges from reddish brown 
(2.5YR 5/4) to light brown (7.5YR 6/4), locally mottled 
reddish yellow (7.5YR 6/6). The horizon is commonly 
structureless, but where developed across fine-grained 
parent mantle, such as eolian sand and silt, it has a 
moderate coarse blooky to weak coarse platy structure. 
The plasticity is commonly similar to or only slightly 
more than that of the parent mantle. The reaction 
(pH) of the horizon ranges from neutral (7.0) at higher 
altitudes to moderately alkaline (8.0) at lower altitudes. 
Krotovinas (animal burrows), filled with material from 
the B horizon, are locally present.

BROWN SOIL FACIES

Brown soil facies 3 of the Spring Draw soils occur in 
an altitude range whose upper limits are roughly 
between 8,200 and 8,500 feet and whose lower limits 
are roughly between 6,200 and 5,800 feet (pi. 2, fig. 19).

3 The term "Brown soil" is applied to this facies with some hesitancy because the 
profile is thicker, redder, and more clayey than most soils referred to the Brown soil 
group. Near Monticello, Utah, this profile has been classed as a Chestnut soil by 
the U.S. Department of Agriculture. However, since it occupies the same relative 
environment as younger Brown soils, between a Brown Forest facies above and a 
Sierozem facies below, it will be grouped arbitrarily as a Brown soil.
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FIQUKE 20. Brown Forest facies of a Spring Draw soil developed on till of the Harpole Mesa formation along a gully on the north side of Bald Mesa. The profile extends
through the till and into the underlying Mancos shale.

TABLE 8. Comparison of profile characteristics of Brown Forest facies of soils of different geologic age

Soil

Spanish 
Valley 1

Castle 
Creek

Pack 
Creek

Lackey 
Creek

Porcupine 
Ranch

Spring 
Draw

Alti­ 
tude 
range
(feet)

7,000- 
6,500

7,800- 
7,000

8,000- 
7,200

9,000-
7,400

B horizon

Thick­ 
ness

Color

Hue Chroma

Structure

Grade Class Type

Plasticity

No B horizon

4-10 
inches

2-4 
inches

2.5-3 
feet

7.5YR

WYR

2.5- 
7.5 YR

3-4

3-4

3-6,
mostly 

4.5

Weak Fine Granular 
to blocky

Structureless

Weak to 
moderate

Fine to 
medium

Subangular 
to angular 

blocky

Nonplastic

Nonplastic

Mostly 
slightly 
plastic

Reac­ 
tion 
(pH)

6.5-7.3

6.1-6.5

6.1-7.0

Cca horizon

Thick­ 
ness

2-6 
inches

12-24 
niches

6-12 
inches

1.5-3 
feet

Color

Hue

10YR

7.5- 
10 YR

WYR

7.5- 
10 YR

Chroma

3-4

3-4

3-4

3-6

Structure

Grade Class Type

Structureless

Structureless

Structureless

Structureless to  

Weak Fine to 
medium

Platy

Reac­ 
tion 
(pH)

about 
7.0

7.0-7.5

7.0-7.5

7.0-8.0

Not observed

9,200- 
8,200

4-5 
feet

WR- 
2.5YR

2-6 
mostly 6 Moderate

Medium 
to coarse

Subangular 
to angular 

blocky

Mostly 
plastic 5.5-6.2

3-4 
feet

2.5- 
1.5YR 3-6

Weak to Medium 
moderate to coarse

Blocky 
to platy 7.0-8.0

Spanish Valley soil has an azonal alkaline A-C profile, whose characteristics in an arbitrary altitude range are given here under Cca horizon.
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The lower boundry of the fades is somewhat uncertain, 
because Spring Draw soils are known from only a 
few localities below 6,500 feet.

The Brown soil facies is more extensively preserved 
than any other facies of the Spring Draw soils. It is 
developed on till and alluvial gravel of all three mem­ 
bers of the Harpole Mesa formation and on talus and 
alluvial-fan deposits of the upper member. Some of 
these deposits are composed of a mixture of diorite 
and sandstone; others are mainly of sandstone. The 
facies is also formed on eolian deposits that are pre­ 
dominantly of quartz sand and silt. Megascopically, 
all profiles on these several kinds of parent materials 
appear alike. A relict profile on till composed of diorite 
and sandstone is given in section 8 and is illustrated 
in figure 21. Buried profiles on similar material are 
described on page 26. The profile is also preserved 
on bedrock, especially on the west side of the moun­ 
tains. Though not studied here, its horizon of car­ 
bonate accumulation is prominent on rock in many 
places.

An A horizon was observed only in association with 
relict profiles of the Brown soil facies, in most of which

it rests on a truncated B horizon and is not of the Spring 
Draw origin. In a few places, however, an abrupt 
disconformity occurs within the A horizon, separating 
a younger dark-gray-brown, friable, nonplastic material 
with a granular structure above from a dark-gray, 
hard, plastic material with a strong fine columnar 
structure below. The lower material grades diffusely 
down into the underlying B horizon and is considered 
of Spring Draw origin.

In general, the B horizon ranges in maximum thick­ 
ness from about 40 inches at 5,800 feet near the lower 
altitude limit of the facies, to about 50 inches at 8,500 
feet at the upper altitude limit (table 9). However, at 
the type locality of the Harpole Mesa formation, the B 
horizon of the lower Spring Draw soil is as much as 6 
feet thick. The profile is commonly thinnest on clay 
and thickest on gravel. In many places it is partly or 
wholly truncated by erosion. The color is fairly 
consistently reddish brown (2.51^ 5/4), but on mantle 
composed primarily of sandstone or red shale it tends 
to be weak red (10724/4). The chroma, though com­ 
monly 4, may be as much as 6. The structure is strong 
to moderate, medium to coarse columnar to angular

FIGURE 21. Brown soil faciesof a Spring Draw soil developed on sandy till of the Harpole Mesa formation along an eroded irrigation ditch leading west across the central
part of Wilson Mesa.
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TABLE 9. Comparison of profile characteristics of Brown soil fades of soils of different geologic age

Soil

Spanish 
Valley

Castle 
Creek

Pack 
Creek

Lackey 
Creek .

Porcupine 
Ranch

Spring 
Draw
(Soils)

Alti­ 
tude 
range 
(feet)

'6,600 
5,600

7,200- 
5,400

7,000- 
5,100

7,800- 
5,500

'6,800 
5,400

8,500- 
5,800

B horizon

Thick­ 
ness 

(inches)

Color

Hue Chroma

Structure

Grade Class Type

Plasticity PH

No B horizon

6-12

4-8

24-36

6-24

40-50

7.5- 
10 YR, 
mostly 
10YR

5-WYR

5-WYR, 
mostly 
SYR

S- 
7. SYR

2.5- 
10 YR

3-4

3-4

4

3-4

4-6, 
mostly 

4

Weak Fine
Columnar 
to blocky

Structureless or 

Weak

Weak to 
moderate

Weak

Moderate 
to strong

Fine

Fine to 
coarse

Fine to 
medium

Medium 
to coarse

Columnar 
to blocky

Columnar 
to blocky, 

mostly 
blocky

Angular to 
subangular 

blocky

Columnar 
to angular 

blocky

Nonplastic

Nonplastic 
to slightly 

plastic

Nonplastic 
to slightly 

plastic

Nonplastic 
to plastic

Plastic to 
very plastic

7.0-7.8

7. 0-7. 5

6. 8-7. 5

6. 5-7. 2

6.0-7.0

Cca horizon

Thick­ 
ness 

(inches)

2-6

24-36

12-24

36-60

12-30

48-72

Color

Hue

5- 
WYR

7.5-
ioyfl

5-10 YR

5-WYR

7. SYR

5-7. SYR

Chroma

3-4

3-4

3-4

2-4

4

1-4

Structure

Grade Class Type

Structureless

Structureless or 

Weak 
to strong Fine

Blocky 
to col­ 
umnar

Structureless

Structureless or 

Weak to 
moderate

Strong Platy

Structureless

Coarse
Massive 
or medi­ 
um to 
strong

Blocky 
to platy

PH

About 
7.5

8. 0-8. 5

7.5^.5

8.0-9.0

7. 5-8. 0

8. 0-9. 0

1 Spanish Valley soil has an azonal alkaline A-C profile, whose characteristics in an arbitrary altitude range are given here under Cca horizon. 
8 Range in which soil is preserved; probably not equivalent to original extent.

blocky. The material is commonly plastic to very 
plastic and displays noticeable clay accumulation as 
compared with the underlying parent mantle. The 
reaction (pH) ranges roughly from slightly acid (about 
6.0) at the upper altitude limit of the facies to neutral 
(about 7.0) at the lower altitude limit. The contact 
between the B horizon and Cca horizon is in most places 
a sharp, irregular solution surface.

The Cca horizon ranges in maximum thickness from 
about 4 feet at an altitude of 8,200 feet to about 6 feet 
at 8,000 feet (table 9). Carbonate is generally more 
abundant than in the Cca horizon of the Brown Forest 
facies, though no quantitative measurements have been 
made; it is concentrated along openings and thickly 
coats the rock fragments. The matrix is commonly 
cemented to a degree that the horizon forms a ledge at 
exposures. The horizon is white (5YR 8/1) to pink 
(7.5YR 7/4) and is either massive and structureless or 
has a coarse, medium to strong, platy to blocky struc­ 
ture. It is commonly more plastic than the underlying 
mantle. Leached samples, however, display no marked 
clay accumulation except where the lower part of the 
B horizon overlaps the upper part of the horizon of 
carbonate enrichment to form a Bca horizon. The 
reaction (pH) ranges from moderately alkaline (.about 
8.0) at higher altitudes to strongly alkaline (about 9.0) 
at lower altitudes. Krotovinas, filled with material

from the B horizon, commonly extend into, and in 
places through, the Cca horizon.

The base of the Cca horizon is generally very indis­ 
tinct, and carbonate concentrations extend to consider­ 
able depths as streaks and lenses. Where the parental 
Quaternary deposits are thin, calcium carbonate tends 
to be concentrated on top of the bedrock or along bed­ 
ding and joint planes in it; much of it may have been 
brought in laterally rather than from above. For 
descriptive purposes, the base of the Cca horizon is 
arbitrarily placed at the top of the highest deposits 
not significantly impregnated with carbonate, even 
though streaks may be found well below.

SIEBOZEM FACIES

Sierozem facies of the Spring Draw soils are developed 
on deposits of the Harpole Mesa formation in an alti­ 
tude range whose upper limits are roughly between 
6,200 and 5,800 feet (pi. 2, fig. 19). Its lower limits 
are unknown, but the lowest exposures observed are at 
about 4,100 feet on terrace gravel of the upper member 
of the Harpole Mesa formation 160 feet above the 
Colorado River and 2 miles downstream from Moab.

A Sierozem facies is developed on alluvial gravel of 
each of the three members of the Harpole Mesa forma­ 
tion and on talus which cannot be identified as to mem­ 
ber. It is confined to deposits along the Colorado
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River and on the plateau northeast of Spanish Valley, 
where its parental material is a mixture of diorite and 
sandstone. A typical profile is given in section 9. 

Relict profiles of the Sierozem facies appear to be 
partly composite. The A horizon is thin and friable 
and contains so little organic matter that it is probably 
modern. In places, part or all of the Bca horizon also 
appears to be of post-Spring Draw origin. This is 
illustrated in section 9 where material high in the Bca 
horizon is redder, much more friable, much less clayey, 
much less compact, and much less plastic than that in 
the lower part, which is pink, hard, clayey, compact, 
and plastic. Furthermore, the mottled calcareous 
accumulations in the upper part of the Bca horizon are 
clearly younger than the broken thick caliche fragments 
relict from the Spring Draw soil and may be the product 
of later leaching and frost action acting on a once- 
thicker horizon of carbonate accumulation of that 
soil. Composite origin is further suggested by the 
physical relations of the two parts of the Bca horizon. 
In some places, as shown in section 9, the upper part 
rests in abrupt contact on the lower part; in others it 
rests abruptly on the Cca horizon; in still others it is 
lacking, and material like that in the lower part of that 
section overlies the Cca horizon beneath a very thin 
friable A horizon.

The lower part of the Bca horizon has a maximum 
thickness of about 40 inches (table 10). It is believed 
to be of Spring Draw origin because it is sticky, plastic, 
firm, and hard, as are the B horizons of other Spring 
Draw facies, and because it occurs in buried profiles 
beneath the Placer Creek formation. Material like 
that of the upper part of the Bca horizon shown in 
section 9 was not found in buried profiles.

The Cca horizon ranges in maximum thickness from 
about 10 feet at an altitude of 6,000 feet to 16 to 18 
feet at an altitude of 4,100 feet (table 10). Where less 
thick, truncation of the profile by erosion can be demon­ 
strated. In some places, erosion has left only broken 
thick caliche fragments to suggest its former presence. 
Where more fully preserved, the profile is characterized 
by an intense accumulation of calcium carbonate which 
fills most interstices in the deposit, thoroughly impreg­ 
nates the matrix, and thickly coats the rock fragments. 
In general, it also weakly to strongly cements the 
deposit. The horizon is white (5TR 8/1) to pink 
(7.5YR 7/4) and is either massive and structureless or 
has a strong coarse platy structure. Accumulated 
calcareous matter causes the material to be plastic, but 
leached samples are no more plastic than the under­ 
lying parent mantle. The reaction (pH) of the horizon 
is consistently strongly to very strongly alkaline (about 
9.0).

TABLE 10. Comparison of profile characteristics of Sierozem facies of soils of different geologic age

Soil

Spanish 
Valley

Castle 
Creek

Pack 
Creek

Lackey 
Creek

Porcupine 
Ranch

Spring 
Draw

Alti­ 
tude 
range 
(feet)

below 
5,500 «

below 
5,400

below 
5,100

below 
5,500 to 

5,800

'4,700- 
4,200

below 
5,800 to 

6,200

B or Bca horizon

Thick­ 
ness

Color

Hue
Chro­ 
ma

Structure

Qrade Class Type
Plasticity

Reac­ 
tion 
(PH)

No B or Bca horizon

About 
6 inches

5- 
10 YR 4 Structureless or weak platy Nonplastic 8.0-8.5

No B or Bca horizon

6-24 
inches

6± 
inches

24-36 
inches

2.5- 
7.5 YR

2.5YR

SYR

4

6

3

Structureless or 

Moderate Medium Blocky

Structureless

Structureless

Slightly 
plastic

Nonplastic

Plastic

9.0

8.0-8.5

9.0

Cca horizon

Thick­ 
ness

2-6 
inches

36-48 
inches

About 
24 

inches

65-85 
inches

24-36 
inches

10-18 
feet

Color
»

Hue

5-7.8YR

5- 
7.5 YR

5- 
10 YR

2.5- 
7.5 YR

2.5YR

2.5- 
7.5YR

Chro­ 
ma

3-4

3-4

3-4

2-4

4

1-i

Structure

Qrade Class Type

Structureless

Structureless

Structureless

Structureless or 

Medium 
to fine Strong Platy

Structureless or 

Weak Coarse Columnar

Structureless or 

Strong Coarse Platy

Reac­ 
tion 
(pH)

7.5-8.0

8.5-9.0

8.0-8.5

8.8-9.0

8.0-8.5

9.0

Ce­ 
menta­ 

tion

None.

None.

None.

Weak.

None.

Weak 
to 

strong.

i Spanish Valley soil has an azona] alkaline A-C profile, whose characteristics in an arbitrary altitude range are given here under Cca-borizon. 
i Range in which soil is preserved, probably not equivalent to original extent.

591960
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SUMMARY OP GENERAL, CHARACTERISTICS OF SPRING 
DRAW SOILS

The Spring Draw soils display certain characteristics 
which set them apart from all others in the area.  
1. The average upper altitude limit of each of the four facies is 

higher than for like facies of any other soils (fig. 19).
2. The B or Bca horizon ranges in maximum thickness from 24 

inches at an altitude of 4,100 feet, its lowest observed alti­ 
tude, to 120 inches at 10,500 feet, its upper limit. At any 

.given altitude its average thickness is consistently greater 
than the B horizon of any younger soil (fig. 56).

3. The hue of the B horizon ranges from IOR to 7.5YR, with most 
profiles displaying a hue of 2.SYR or 5YE. This is consist­ 
ently redder than the B horizon of any other soil (fig. 57^4).

4. The chroma of the B horizon ranges from 3 to 6 and is gener­ 
ally 4 to 5, thus tending to be somewhat higher than that of 
any other soil (fig. 57B). Color values are in general like 
those of other soils (fig. 57C).

5. The structure of the B horizon ranges from prismatic to sub- 
angular blocky. It is, however, more commonly columnar 
or angular blocky than that of the B horizon of any other 
soil, regardless of the texture of the parent mantle (fig. 58A). 
The structure is also more commonly coarse or medium (fig. 
58J3) and more commonly strongly developed (fig. 58C) 
than that of the B horizon of any other soil.

6. The material of the B horizon is commonly more plastic than 
that of the B horizon of any other soil (fig. 59) and thus 
probably contains more illuviated clay than the B horizons 
of younger soils.

7. The reaction (pH) of the B horizon ranges from about 7.0 at 
an altitude of 5,800 feet to about 4.0 above 10,000 feet (fig. 
60). Throughout this altitude range, the pH tends to be 
lower at any given altitude than that of the B horizon of any 
younger soil.

8. The Cca horizon ranges in maximum thickness from about 3 
feet at an altitude of 9,200 feet, its upper limit, to as much 
as 17 feet at 4,800 feet (fig. 61). At any given altitude it is 
consistently thicker than the Cca horizon of any younger 
soil.  

9. The reaction (pH) of the Cca horizon ranges from about 7.0 at 
an altitude of 9,200 feet, its upper limit, to about 9.0 at 
altitudes below 6,000 feet. At any given altitude above 
about 5,500 feet the pH tends to be higher than that of any 
younger soil (fig. 60). Below 5,500 feet, the pH is greater 
than that of any younger soil except the Lackey Creek soil 

. which at such altitudes is also about 9.0.
10. Although no quantitative measurements have been made, 

the thickness, impregnation, and cementation of the Cca 
horizon of Spring Draw soils suggest that at any given al­ 
titude it contains more accumulated calcium carbonate 
than the Cca horizon of any other soil.

11. The Spring Draw soils are developed on slopes that are most­ 
ly lower than 20°, and no profile differences attributable 
to slope erosion during soil formation were noted. The 
slopes are believed to have been essentially stable at the 
time and mostly well drained. Since formation, the soils 
have been extensively eroded, commonly more so on steep 
slopes than on gentle slopes.

EROSION SURFACE BETWEEN THE HARP OLE MESA 
FORMATION AND THE PLACER CREEK FORMATION

Erosion younger than the Harpole Mesa formation 
and older than the Placer Creek formation is recorded

by canyons somewhat shallower than those cut just 
prior to deposition of the upper member of the Harpole 
Mesa formation.

On the west side of the mountains, the downcutting 
generally amounted to 200 to 250 feet, though Mill 
Creek, an exception, appears to have cut about 500 
feet, well below Horse Creek at their junction. At the 
north end of Spanish Valley, erosion amounted to about 
150 feet and along the Colorado River to about 90 feet.

On the south side of the mountains, the upper member 
of the Harpole Mesa formation was dissected only 20 
to 50 feet along the upper sectors of the major streams 
but as much as 200 feet along the lower sectors.

On the east side of the mountains, erosion was be­ 
tween 80 and 150 feet in most places, but locally it was 
as much as 200 feet.

At the north end of the mountains, the upper member 
of the Harpole Mesa formation was dissected at least 
140 feet at the east end of Castle Valley, but near Round 
Mountain it is overlapped conformably by alluvial 
gravel of the Placer Creek formation. This suggests 
that the west end of the Castle Valley graben continued 
to collapse during this interval.

Most of the erosion is believed to have postdated 
development of. the upper Spring Draw soil, for that 
soil was not observed on eroded slopes of the upper 
member of the Harpole Mesa formation.

PLACER CREEK FORMATION

DEFINITION

The unit here named the Placer Creek formation 
includes interfmgering or intergradational deposits 
that overlie the Harpole Mesa formation or an erosion 
surface truncating it. In places the formation likewise 
disconformably overlies deposits older than the Harpole 
Mesa formation. The formation typically has the 
Lackey Creek soil developed on it (fig. 9), and is the 
youngest formation that bears this soil. It is commonly 
either cut by shallow valleys containing the Beaver 
Basin or Gold Basin formations, or it is overlain by those 
younger formations.

The Placer Creek formation includes two members. 
Where these are superposed, a weakly developed zonal 
soil, the Porcupine Ranch soil, is locally preserved on 
the lower member. This soil, however, is commonly 
cut out by a disconformity that separates the two mem­ 
bers. The upper member generally has the distinct 
and strongly developed Lackey Creek soil developed 
on it. This soil is also commonly developed on deposits 
of the lower member that are not buried by the upper.

The Placer Creek formation comprises nine facies: 
till, alluvial gravel, alluvial sand and silt, alluvial-fan 
gravel, talus, solifluction mantle, frost rubble, slope- 
wash mantle, and eolian sand and silt (fig. 9). Five of
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these can be distinguished in both lower and upper 
members. Four can be related only to the formation 
as a whole. Within each member, the facies interfinger 
or intergrade laterally or vertically so as to indicate 
virtual continuity of deposition. Sketches of these 
relations at a few specific localities are shown in figure 
22.

Genetically similar facies of the lower and upper mem­ 
bers are alike in all respects except stratigraphicposition. 
Each facies will therefore be described as a unit before 
discussing the subdivision into members.

As all facies of the formation are nowhere represented 
in a single section, the type locality for the formation 
is defined stratigraphically with respect to its till, to 
which all other facies are then correlated on the basis 
of their interfingering or intergradational relations.

TYPE LOCALITY

The Placer Creek formation is named from the canyon 
of Placer Creek on the west side of the North Mountain 
group, where a high terminal moraine of the lower

member occupies the area between Pinhook and the 
point where the road to Miners Basin crosses Placer 
Creek (NW# sec. 16, T. 26 S., R. 24 E.) (pi. 1). The 
toe of the moraine, altitude 8,100 feet, is about 2 miles 
upstream from the lower limits of till of the upper mem­ 
ber of the Harpole Mesa formation on Harpole Mesa 
(fig. 13) and lies in a canyon that dissects the upper 
Spring Draw soil developed on that till and associated 
outwash.

In Miners Basin, 2 miles up the canyon from the 
terminal moraine of the lower member of the formation, 
is a similar but smaller terminal moraine of the upper 
member. Small outwash deposits extend discontin- 
uously downstream from this moraine through a 
trench eroded in the moraine of the lower member.

Evidence for distinguishing the two moraines as sepa­ 
rate members of the formation was found in several 
places in Castle Valley, downstream from the lower 
moraine where outwash deposits from the two moraines 
form a compound fill. Outwash from the lower mo­ 
raine has a weakly developed zonal soil, the Porcupine

Lackey Creek soil -Lackey Creek soil

/ \ 
' >

A. Sketch of till (Qpt) of the Placer Creek formation, on which Lackey Creek 
soil is developed, overlain by eolian sand and silt (Qbe) of Beaver Basin formation 
which fills the interstices between boulders at the surface of the till and has the Castle 
Creek soil formed on it. Location at sharp bend in road to Miners Basin at an 
altitude of about 9,000 feet.

B. Sketch of till (Qpt) of the Placer Creek formation, on which Lackey Creek soil 
is developed, overlain by alluvial fan gravel (Qbf) of Beaver Basin formation, on 
which Castle Creek soil is developed. Location in wall of arroyo in cirque east of 
Pilot Mountain.

C. Sketch of till (Qptu) of the upper member of the Placer Creek formation, on 
which the Lackey Creek soil is developed, overlain byoutwash gravel (Qba) and 

. slope wash (Qbss) of the Beaver Basin formation, on which the Castle Creek soil is 
developed. Location along Dark Canyon Creek near Dark Canyon Lake.

D. Sketch of till (QpM) of the lower member of the Placer Creek formation eroded 
by a shallow valley that contains outwash (Qptm) and solifluction debris (Qpss) of 
the upper member of the formation. The Lackey Creek soil is formed across the 
surface of all three deposits. Location along Brumley Creek at an altitude of 8,400 
feet.

E. Sketch of alluvial sand and silt of the Placer Creek formation (Qps) grading 
laterally into eolian sand and silt of the formation (Qpe). The Lackey Creek soil 
is developed across both deposits. Location in the wall of a draw on the south side 
of South Mountain.

F. Sketch of outwash gravel (Qpa) of the Placer Creek formation, composed mostly 
of diorite, interfingering with alluvial fan gravel (Qp/) composed wholly of sandstone. 
Lackey Creek soil is developed across the surface of both deposits. Location in the 
wall of an arroyo between Lackey Creek and Trough Springs Creek west of La Sal.

O. Sketch of till of the Placer Creek formation (Qpt) grading laterally into talus of 
that formation (Qpta). The Lackey Creek soil is developed across the surface of both 
deposits. Location along a draw tributary to Dry Fork from the north at an alti­ 
tude of about 10,600 feet.

H. Sketch of till (Qpt) of the Placer Creek formation, composed largely of diorite, 
grading laterally into solifluction debris (Qpb) of the formation composed largely of 
sandstone. The Lackey Creek soil is formed across the surface of both deposits, 
and is overlain by slope wash mantle (Qpss) of the Beaver Basin formation on which 
the Castle Creek soil is developed. Location in the wall of an arroyo tributary to 
Deep Creek from the north at an altitude of about 10,800 feet.

FIGURE 22. Some stratigraphic relations of deposits of the Placer Creek formation.
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Ranch soil, formed on it, and this soil is in turn cut by a 
disconformity buried by outwash from the upper mo­ 
raine. On this, the relatively strongly developed Lack­ 
ey Creek soil is formed. The fact that the Porcupine 
Ranch soil is here in a Brown soil facies, similar to but 
more weakly developed than the Lackey Creek soil, 
clearly indicates that an interval of nondeposition and 
weathering under an ameliorated climate separated 
deposition of the two members.

The upper moraine of the Placer Creek formation in 
Miners Basin lies downstream from moraines of the 
Beaver Basin formation on which a moderately devel­ 
oped soil, the Castle Creek soil, is formed. Both mo­ 
raines of the Placer Creek formation and the Lackey 
Creek soil are overlapped by alluvial fans, talus, frost 
rubble, or eolian sand and silt of the Beaver Basin for­ 
mation. The two moraines of the Placer Creek forma­ 
tion therefore older than deposits of the Beaver Basin 
formation and separated from them by the Lackey 
Creek soil.

FACIES OF THE PLACER CREEK FORMATION

TILL

Till of the Placer Creek formation forms two distinct 
end moraines, whose stratigraphic and physiographic 
relations are similar to those at the type locality, in the 
lower part of 29 canyons in the mountains (pi. 1). The 
average altitude of the moraines of the lower member is 
9,230 feet, that of the moraines of the upper member is 
9,670 feet. More than two moraines are present in a 
few places, as along Horse Creek and Beaver Creek; and 
locally, as on Grand View only one moraine was found. 
Lateral moraines are extensively preserved, and ground 
moraine mantles the canyon floors as far upstream 
as the end moraines of the Beaver Basin formation.

The end moraines are large, and they are as much as 
150 feet in height. In places, they overlap steep bed­ 
rock slopes or cliffs, thereby giving the impression of 
having even higher fronts.

Most of the moraines have a relatively mature aspect, 
owing largely to a mantle of locally derived colluvium or 
of eolian sand and silt. Boulders are relatively abun­ 
dant on the surface, however, especially along morainal 
crests; many are fractured, but few are deeply disinte­ 
grated. No striated boulders were observed.

The ground moraine ranges from 30 to 60 feet in 
thickness, though in places, as in the valley of La Sal 
Creek, rounded bedrock knobs project through it. 
Kettles, are rare, but some are as much as 30 feet deep. 
Most of the kettles are dry or marshy, and no peaty 
deposits were found in them.

Surface drainage of the till is fairly well integrated. 
Trunk streams have dissected the ground moraine to

depths as great as 50 feet in many places, and have cut 
narrow channels through most terminal moraines. No 
natural lakes are retained by the moraines, though de­ 
posits of small ancient lakes were found back of a few of 
them. Artificial lakes are impounded by dams at 
terminal moraines of the upper member of the formation 
in Blue Lake Canyon and on Placer Creek.

The till of the Placer Creek formation is much more 
bouldery than that of the Harpole Mesa formation. In 
the upper parts of some canyons it is in fact an accumu­ 
lation of tightly wedged blocks; and boulders and cob­ 
bles make 'up about 30 percent of the till in most 
terminal moraines. The fragments in the till are mostly 
angular slabs and blocks, but in the lower segments of 
canyons many have a soled, snubbed, or faceted shape. 
Very few striated fragments were noted. A few deeply 
weathered stones occur throughout the deposits. The 
matrix is commonly a compact arkosic sandy silt, but 
in areas underlain by shale it is clayey.

ALLUVIAL GRAVEL

Some alluvial gravel of the Placer Creek formation is 
preserved in nearly every major canyon, but it is 
considerably less widespread than similar deposits of 
the Harpole Mesa formation. In the mountains, it 
forms outwash plains that slope steeply away from 
their associated moraines; in the canyons, it underlies 
small isolated terrace segments or, locally, a pair of 
segments, one above the other. In the broader 
valleys, such as those of Pack Creek and La Sal Creek, 
it caps two fairly continuous outwash terraces (pi.5), 
and in Castle Valley it forms an extensive compound 
fill.

Alluvial gravel deposits of the Placer Creek formation 
have smooth regular surfaces that are commonly 
strewn with boulders and cobbles but are locally 
mantled by eolian sand and silt. In places, they retain 
shallow braided channels. Most of them are little 
dissected by secondary arroyos. Where the gravel 
deposits head at moraines, the surface gradients range 
from 600 to 1,200 feet per mile, flattening downstream 
to 200 to 100 feet per mile in the lower valleys and to 
only about 30 feet per mile along the Colorado River. 
Where the gradients are very steep, as along Pack Creek 
or Placer Creek, the surface locally slopes to one side 
of the valley as well as downstream, the difference in 
elevation on opposite sides of the valley being as much 
as 50 feet in some places.

Most of the deposits are from 15 to 30 feet thick, 
though some are as much as 60 feet thick, and those 
near Pinhook along Placer Creek are probably much 
thicker. The gravel is poorly sorted, crudely bedded, 
and has an arkosic sandy matrix. Boulders are 
abundant, particularly near moraines. Lenses of
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bedded sand or sandy silt are interbedded in the larger 
valleys and along the Colorado River. In the head­ 
water areas, the gravel is largely composed of diorite, 
but downstream it includes more locally derived 
sandstone and shale, and along the Colorado River it 
contains much granite, gneiss, schist, basalt, and other 
rocks from outside the area.

The alluvial gravel of the Placer Creek formation 
can be subdivided into members in many places where 
the deposits grade into till. In Castle Valley and in 
Spanish Valley the lower member is separated from 
the upper by the Porcupine Ranch soil. Where the 
alluvial gravel caps two distinct terraces, the deposits 
of the higher terrace are inferred to belong to the lower 
member and those of the lower terrace to the upper 
member. The strongly developed profile of the 
Lackey Creek soil, developed on both members, masks 
any previously existing profile of the Porcupine Ranch 
soil on the lower member. The Lackey Creek soil is 
developed on eroded slopes of the lower member on 
the higher terrace but was not observed on eroded 
slopes of the upper member on the lower terrace.

ALLUVIAL SAND AND SILT

Alluvial sand and silt of the Placer Creek formation 
forms shallow fills in many valleys on the south flank 
of the mountains, where it appears to be derived from 
eolian deposits of the formation with which it inter- 
fingers. Other deposits cap and interfinger with the 
alluvial gravel of the formation in the large valleys 
west of the mountains.

The deposits consist of irregularly bedded finis sand 
and silt in variable proportions. Those which inter- 
finger with or can be traced into outwash are clearly 
of glacial age. Those capping alluvial gravel or 
interfingering with eolian deposits may be of either 
late glacial or interglacial age. All the deposits are 
included in the Placer Creek formation because they 
are older than the Lackey Creek soil. Only very 
locally could they be related specifically to either the 
lower or upper member of the formation.

ALLUVIAL-FAN GRAVEL

Extensive deposits of locally derived angular allu­ 
vial-fan gravel occur along the sides of Castle Valley 
and Spanish Valley and form broad piedmont fans at 
the mouths of cannons on the south and northeast 
flanks of the mountains.

The deposits in general have a typical fan form. 
They average about 50 feet thick, though a few are 
as much as 100 feet thick. Most of them are 
poorly sorted and crudely bedded. Some, derived 
from cliffs, consist of slabby to blocky angular to 
subangular rock fragments, as much as 10 feet in 
diameter, in a matrix of sand, silt, and clay. Others,

chiefly derived from gravel of the Harpole Mesa for­ 
mation, contain much rounded gravel. The gravel in 
most of the deposits is composed of sandstone and silt- 
stone, but that from the Harpole Mesa formation or 
from the higher mountains is mostly diorite. In gen­ 
eral, fans on north-facing slopes are larger and less 
dissected than those on south-facing slopes. Dissec­ 
tion is greater at lower than at higher altitudes.

In a few places, notably in Spanish Valley, the 
deposits form compound piedmont fans in which both 
members are present. In Spanish Valley, the lower 
fan deposit grades eastward into outwash gravel of the 
lower member on a terrace 95 feet above Pack Creek; 
the upper fan deposit converges down arroyos cut 
through this terrace and grades into outwash gravel of 
the upper member on a terrace 50 feet above Pack
Creek.

TALUS

Talus of the Placer Creek formation is extensively 
preserved in cirques that have not been glaciated since 
Placer Creek time, such as the south-facing cirques 
west of Mount Tomasaki (pi. 1), or in parts of cirques 
beyond the limits of Beaver Basin glaciation. It is 
also present along cliffs bordering the major canyons.

On the slopes of some cirques it is difficult to differen­ 
tiate between talus and solifluction mantle of the Placer 
Creek formation. For purposes of mapping, the deposits 
have been considered to be talus if their slopes were 
even and concave, solifluction mantle if hummocky and 
convex.

In many places the talus grades into till and can thus 
be correlated. Elsewhere, the correlation is inferred 
from truncation by moraines or block rubble or overlap 
by talus of the Beaver Basin formation. In the lower 
parts of the area talus assigned to the Placer Creek 
formation grades into alluvial fans that in turn grade 
into outwash of the Placer Creek formation.

Talus that grades into till or outwash is clearly of 
glacial age, and theoretically most talus in the lower 
canyons probably developed during glaciation. How­ 
ever, cirque talus which does not grade into till may 
well be of late glacial or interglacial age, for frost action 
at high altitudes certainly outlasted glaciation. Talus 
is assigned to the Placer Creek formation wherever the 
Lackey Creek soil is developed on it.

In the mountains, the talus forms cones or compound 
cones that in places nearly bury the parental cliffs. 
Most of the cones are covered by dense forest, meadow, 
or tundra vegetation. Along the lower canyons talus 
forms sheets on steep bedrock slopes at the base of cliffs. 
Most of the sheets are mantled by fine-grained, partly 
eolian material, so that they look less blocky than sheets 
of younger talus. The deposits are commonly gullied 
5 to 30 feet deep, exposing angular, slabby to blocky,
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coarse to fine rock debris. Most of the material came 
from cliffs above and is either structureless or crudely 
bedded parallel to the slope. Except where it grades 
into till of the upper member, the talus of the Placer 
Creek formation cannot be assigned to members.

SLOPE-WASH MANTLE

Slope-wash mantle of the Placer Creek formation 
forms a widespread but irregular veneer over the slopes 
surrounding the mountains below the limit of solifluc- 
tion mantle of the formation. Deposits were mapped 
only where they are relatively thick and extensive.

The deposits occur on steep to gentle slopes and have 
smooth surfaces that locally preserve shallow rill chan­ 
nels. They range from a veneer to a layer about 6 feet 
thick and are thickest at their lower extremities. Some 
are structureless; others display a weak discontinuous 
bedding. Most of the deposits consist of small angular 
rock fragments in a matrix of sand, silt, and clay, but 
cobbles and large blocks are scattered through some. 
Rounded material is commonly derived from older 
gravel. No evidence was found to subdivide slope- 
wash mantle of the Placer Creek formation into mem­ 
bers.

SOLIFLUCTION MANTLE AND PEOST RUBBLE

Solifluction mantle and frost rubble of the Placer 
Creek formation are widespread on nonglaciated up­ 
lands and valley slopes (pi. 1). Their lower limits 
extend from 7,000 to 8,000 feet altitude on the west side 
of the mountains and from 8,000 to 9,500 feet on the 
east side.

The two kinds of deposits are mapped as a single unit 
because vegetation and inadequate exposures inhibit 
their ready differentiation. Their assignment to the 
Placer Creek formation is based on abundant down- 
slope gradations into till, outwash, or alluvial-fan gravel 
or slope wash of the formation, and, like these other 
facies, the Lackey Creek soil development.

A few deposits can be related to specific members of 
the formation. At the southeast base of Mount Peale, 
the outer of a pair of large lobate Solifluction masses, 
nested one upslope from the other, grades into a lateral 
moraine of the lower member of the formation, whereas 
the inner mass cuts across both the outer mass and the 
till of the lower member to grade into a lateral moraine 
of the upper member.

The deposits form sheets and lobate masses on slopes 
ranging from 5° to 45° with no cliffs and few rock 
exposures at their heads (fig. 23). They are character­ 
ized by hummocky surfaces exposing numerous blocks. 
Individual lobes are commonly 2 to 5 feet high, though 
some large forms below steep slopes have fronts as 
much as 20 feet high. Many terminate against stream- 
banks. The deposits are commonly gullied 5 to 10

FIGURE 23. Solifluction mantle of the Placer Creek formation, having an undulating 
surface slope of between 35 and 40 degrees, at an altitude of 11,800 feet on the north 
side of Minors Basin.

feet deep, but locally, as in Lackey Basin, gullies have 
been cut through 50 feet of Solifluction mantle and 5 to 
10 feet into bedrock.

The Solifluction mantle consists of coarse and fine 
angular rook debris in an abundant matrix of sand, 
silt, and clay. Its color is commonly reddish, owing 
to its partial derivation from the B horizons of the 
Spring Draw soils. Most deposits are structureless, 
but some are involuted, and in others slabby fragments 
crudely parallel the slope.

Frost rubble includes masses of angular rock frag­ 
ments that range from 6 inches to 3 feet in diameter. 
They occur on both steep and gentle slopes (fig. 24) and 
lack cliffs or ledges at their heads. Some deposits 
derive from older unconsolidated mantle which they 
abruptly contact; others grade downward into frac­ 
tured bedrock. Interstices are void except near the 
surface, where they are filled with eolian or inwashed 
fines. Locally, on steep slopes fragments are imbri­ 
cated, but no other structures were observed.

EOLIAN SAND AND SILT

Eolian sand and silt of the Placer Creek formation is 
widespread on the south side of the mountains and on 
the plateau surfaces west and north of them. Elsewhere 
the material forms only a thin, discontinuous mantle, 
mostly between 7,500 and 9,000 feet. Below this, the
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FIGURE 24. Typical frost rubble sheet of the Placer Creek formation, on which the 
Lackey Creek soil is developed, covering gentle summit area of ridge northeast of 
Mount Waas.

material appears to have been largely reworked by later 
eolian activity; above, a few patches of it are preserved 
in the lee of ridges up to 11,500 feet. Some deposits 
are interlayered with alluvial-fan gravel that grades into 
outwash of the Placer Creek formation, and are clearly 
of glacial age; at other places the material is inter- 
layered with alluvial sand and silt or lies conformably 
on outwash, till, or solifluction mantle of the formation, 
and here it may be of either late glacial or interglacial 
age.

The eolian deposits form irregular sheets that range 
from a veneer to layers as much as 15 feet thick. The 
thickest deposits are on the lower southwest flank of 
the mountains. No distinct dunes were seen, but 
dunelike accumulations are common on north and 
northeast-facing slopes cut in the Harpole Mesa forma­ 
tion, as on Amasas Back, south of Pack Creek (fig. 17 F). 
The material is mostly well sorted and ranges from 
fine-grained sand at lower altitudes to silt in the higher 
mountains. Some deposits are structureless, and others 
have channel-and-fill crossbedding. The particles are 
mostly subround to subangular; a few are well rounded 
and frosted. Quartz makes up as much as 90 percent 
of many deposits. Feldspar and mafic minerals are 
present in variable amounts, but they are especially 
abundant in deposits in the mountains.

Some of the eolian deposits can be related to specific 
members of the formation. For example, on the south 
side of Spanish Valley, about 2 miles southeast of Moab, 
eolian deposits, on which the Porcupine Ranch soil 
is developed, rest on alluvial-fan gravel of the lower 
member and are overlain by alluvial-fan gravel of the 
upper member, capped by eolian sand which bears the 
Lackey Creek soil.

PORCUPINE RANCH SOIL

DEFINITION AND TYPE LOCALITY

The Porcupine Ranch soil is here defined as the 
relatively weakly developed zonal soil locally developed 
on the lower member of the Placer Creek formation. 
It is only recognizable where it is overlain by the upper 
member. Presumably it was originally developed on 
all deposits of the lower member, but, where not buried 
by the upper member, it was later masked by the more 
strongly developed Lackey Creek soil. It may not 
have superposed a recognizable effect on Spring Draw 
soils, but, though not so recognized, probably formed 
on exposed deposits from which a Spring Draw soil 
had been stripped. Nowhere was it recognized on 
bedrock.

The type locality of the Porcupine Ranch soil is in 
the north bank of Placer Creek, 100 yards upstream 
from Porcupine Ranch (SWtfSWtf sec. 36, T. 25 S., 
R. 23 E.). Here it is developed on alluvial gravel of 
the lower member of the Placer Creek formation, and 
it is overlain by alluvial gravel of the upper member 
(fig. 25). On either side of the exposure, the Porcupine 
Ranch soil is cut off by a disconformity, which separates 
the lower and upper members of the formation but is 
hard to identify except where the soil is present.

This soil, though found at few localities, displays at 
each a similar development and geologic position be­ 
neath deposits that bear the Lackey Creek soil. The 
deposits on which it is formed either lie in valleys that 
dissect the Spring Draw soil, as at Porcupine Ranch, or 
overlie that soil, as in Fisher Valley north of the mapped 
area.

The Porcupine Ranch soil appears to mark an interval 
of nondeposition and essential slope stability following 
deposition of the lower member of the Placer Creek 
formation. It is cut by a disconformity indicating 
erosion before the upper member of the formation was 
deposited.

The Porcupine Ranch soil has been recognized in 
only two facies (fig. 19). A Brown soil facies ranges in 
altitude from 5,800 to 6,800 feet in Castle Valley and 
from 5,400 to 5,800 feet in Fisher Valley. These alti­ 
tudes do not represent lower and upper limits but merely 
limits of known exposures. A Sierozem facies was 
found at altitudes between 4,200 and 4,700 feet in 
Spanish Valley; again the full range is unknown. 
Diagrammatic profiles of these facies are shown in 
figure 26. Both facies are relatively weakly developed 
compared with similar facies of the older Spring Draw 
soils, or of the younger Lackey Creek soil.
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FIGURE 25. Type locality of the Porcupine Ranch soil. Exposure is in the north wall of Placer Creek, just upstream from Porcupine Ranch. The relatively strongly 
developed Lackey Creek soil at the surface is formed on alluvial gravel of the upper member of the Placer Creek formation (Qpau). This gravel disconformably over­ 
lies the relatively weakly developed Porcupine Ranch soil formed on alluvial gravel of the lower member of the formation (QpaO- Details of the profile of the Porcu­ 
pine Rancli soil are shown in figure 27 and in section 10, p. 108.

BROWN SOIL FACIES

A Brown soil fades of the Porcupine Ranch soil is 
exposed on gravel composed mainly of diorite at the 
type locality, at two other localities farther down 
Placer Creek, and in the north wall of Cane Hollow 
half a mile below the crossing of the road to Porcupine 
Ranch (fig. 27). It is also extensively exposed on 
eolian sand and silt in the badlands at the head of Onion 
Creek in Fisher Valley north of the mapped area. A 
typical profile developed on gravel is given in section 
10. 4

A disconformity at the top of the profile of the Brown 
soil facies suggests that its A horizon was stripped by 
erosion before burial. The B horizon ranges in thick­ 
ness from 6 to 24 inches (table 9, p. 42), It is reddish 
brown (5YR 5/4) to brown (7.5YR 5/4), and its struc­ 
ture is consistently weak, medium to fine, angular to 
subangular blocky. The material is nonplastic to 
plastic and shows very little clay enrichment. The 
reaction (pH) ranges from slightly acid to neutral 
(6.5-7.2). The boundary between the B horizon and 
Cca horizon is commonly abrupt and irregular.

The Cca horizon ranges in thickness from about 12 
inches on fine-grained materials to as much as 30 inches 
on coarse-grained materials (table 9). It is pink 
(7.5YR 7/4) to light brown (7.SYR 6/4). Carbonate is 
concentrated as streaks and lenses along bedding 
planes, joint planes, root casts, or other openings, and 
it thinly coats the rock fragments. The matrix is 
commonly very friable and nonplastic. Its reaction 
(pH) ranges from mildly to moderately alkaline (7.4-8.0). 
Krotovinas, filled with material from the B horizon, 
are relatively abundant.

 Sections referred to throughout the text are given under "Stratigraphic Sections of 
Soils."

SIEROZEM FACIES

A Sierozem facies of the Porcupine Ranch soil is 
exposed in a compound alluvial fan on the south side 
of Spanish Valley about 2 miles south of Moab. The 
soil is developed on eolian sand and silt which rests on 
angular fan gravel of the lower member of the Placer 
Creek formation. It is overlain by angular fan gravel 
of the upper member.

Though the soil was stripped from much of the lower 
member before the upper member was deposited, rem­ 
nants are locally preserved. The profile is described 
in section 11 and in table 10, p. 43.

SUMMARY OF GENERAL, CHARACTERISTICS OF THE POR­ 
CUPINE RANCH SOIL

The Porcupine Ranch soil is not widely enough 
exposed to disclose its character through a broad range 
in altitude. However, its B horizon averages less than 
1 foot thick at about 6,100 feet and less than 6 inches 
thick at 4,400 feet. Its reddish color appears chiefly 
inherited and only partly due to sesquioxide accumula­ 
tion. Little noticeable illuviation of clay has taken 
place. The pH values of the B horizon are nearer that 
of the parent deposit than are those of the Lackey 
Creek of Castle Creek soils. The Cca horizon averages 
about 30 inches thick. Its brownish to pinkish color, 
friability, and abundant voids indicate little carbonate 
accumulation except as thin coatings on the rock frag­ 
ments, in places only on their undersides.

EROSION SURFACE BETWEEN THE LOWER. AND 
UPPER MEMBERS OF THE PLACER CREEK FOR­ 
MATION

Between the deposition of the lower and upper mem­ 
bers of the Placer Creek formation downcutting by 
streams ranged from almost none to as much as 75 feet.
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FIGURE 26. Typical profiles of the two observed facies of the Porcupine Ranch soil showing, diagrammatically, their general 
character and thickness. The soil has been recognized only where it is developed on the lower member of the Placer Creek 
formation and is overlain by the upper member on which the Lackey Creek soil is developed.

In the mountains erosion was apparently very slight. 
Lower down, valleys cut at this time range from 15 to 
30 feet in depth and from 50 feet to half a mile in width. 
In Castle Valley, alluvium of the upper member either 
rests conformably on the Porcupine Ranch soil or on a 
disconformity, with local relief of less than 15 feet, on 
the lower member. Where Pack Creek and Mill Creek 
enter Spanish Valley, however, gravels of the lower 
member were downcut 50 to 75 feet before gravel of the 
upper member was deposited (pi. 5).

LACKEY CHEEK SOIL

DEFINITION AND TYPE LOCALITY

The Lackey Creek soil is a distinctive strongly devel­ 
oped zonal soil locally formed on the upper member of 
the Placer Creek formation, on the lower member where 
it is not buried by the upper, and locally on older 
deposits exposed at that time. Though seen in a few 
places where it is superposed on a Spring Draw soil, it 
could not commonly be so recognized. It was not 
observed on bedrock except in a few places on Mancos
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FIGURE 27. Exposure of the Brown soil fades of the Porcupine Ranch soil on the north side of Cane Hollow one-half mile downstream from the 
crossing of the road to Porcupine Ranch (NEJ4SWJ4 sec. 25, T. 25 S., R. 23 E.). The Lackey Creek soil at the surface is developed on 
alluvial gravel ( Qpau) of the upper member of the Placer Creek formation. This gravel rests disconformably on the Porcupine Ranch soil 
developed on alluvial sand and silt (Ops) and alluvial gravel ( Qpa) of the lower member of the formation. Both gravels are included in 
one unit (Op) on the geologic map (pi. 1).

shale. Examples of its stratigraphic relations are 
sketched in figure 17.

The type locality is on Lackey Creek, 2% miles west 
of La Sal, just below the crossing of State Highway 46 
(NWtfSWtf sec. 4, T. 29 S., R. 24 E.), where the soil is 
developed on alluvial silt and fan gravel of the Placer 
Creek formation and is overlain by alluvial deposits

of the Beaver Basin formation (fig. 28). The type 
section is described in section 21.

The Lackey Creek soil is formed on moraines of 
both members of the Placer Creek formation at their 
type localities, and can be traced from them to other 
deposits of the Placer Creek formation. Its absence 
on the lower member where it is buried by the upper,
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FIGURE 28. Type locality of the Lackey Creek soil in the wall of Lackey Creek 
2>£ miles west of La Sal just downstream from the crossings of State Highway 46. 
The Brown soil facies of the strongly developed Lackey Creek soil is formed on 
alluvial silt (Qps) and fan gravel (Qpf) of the lower member of the Placer Creek 
formation, and is overlain disconformably by fan gravel (Q6a) and alluvial silt 
(Qfts) of the Beaver Basin formation on which the moderately developed Castle 
Creek soil is formed. Recent eolian silt (Qge) overlies these deposits at the top of 
the section.

and the presence of the more weakly developed Por­ 
cupine Ranch soil at this horizon, clearly indicates 
that the Lackey Creek soil does not occur at two 
stratigraphic horizons. Its presence on the lower 
member where it is not overlain by the upper probably 
means that its stronger profile has masked the weaker 
profile of the Porcupine Ranch soil.

The relations of the Lackey Creek soil to the Beaver 
Basin formation are clearly exposed at many places.

Some observed relations are sketched in figure 22. In 
each place, the Lackey Creek soil is either overlain 
by the Beaver Basin formation or is truncated by a 
disconformity overlain by that formation.

FACIE8 OF THE LACKEY CREEK SOIL,

The Lackey Creek soil occurs as four distinct facies 
(pi. 2, fig. 19), each in a particular range in altitude. 
The four facies are a Brown Podzolic facies, a Brown 
Forest facies, a Brown soil facies, and a Sierozem 
facies (fig. 29). The soil can be traced continuously 
from one facies to the next up the mountains on the 
Placer Creek formation. Adjoining facies intergrade 
through a vertical range of about 200 feet. These 
relations are particularly well exposed along the road 
to Miners Basin in the valley of Placer Creek.

Each facies is less strongly developed than the 
corresponding one of the Spring Draw soils but more 
strongly developed than like facies of the Porcupine 
Ranch soil and of all younger soils.

BROWN PODZOLIC FACIES

The Brown Podzolic facies of the Lackey Creek soil 
is developed on the Placer Creek formation above a lower 
altitude limit ranging between about 8,400 and 9,200 
feet, and an upper limit of 11,500 feet, the upper limit 
of the Placer Creek formation. The facies is developed 
on till, alluvial gravel, solifluction mantle, frost rubble, 
talus, and slope wash all coarse textured and composed 
predominantly of either diorite or sandstone, though 
some consist largely of shale. Typical profiles are 
described in sections 12, 13, 14, 15, 16, and 17.

The Brown Podzolic facies is relatively constant 
everywhere. An A horizon was not observed in buried 
profiles. In relict profiles the structure and consistence 
of the A horizon so closely resemble those of younger 
soils and the color and reaction so closely follow the 
distribution of modern vegetation that the horizon is 
probably not part of the Lackey Creek soil.

The B horizon ranges in maximum thickness from 
about 4^ feet in the upper part of its altitude range to 
about 3 feet in its lower part (table 7, p. 39). 
Locally it appears slightly truncated. Its color is com­ 
monly yellowish red (5YR 5/6) to strong brown (7.5 YR 
5/6), but on mantle of diorite or Mancos shale the hue 
is IOYR. In general, the hue is less red than for Brown 
Podzolic profiles of the Spring Draw soils. As most 
deposits in the range of the Brown Podzolic facies are 
extremely coarse, the B horizon is commonly structure­ 
less, though locally, on eolian deposits or mantle de­ 
rived from Mancos shale, it has a weak to moderate, 
fine to medium, angular to subangular blocky structure. 
The fine-grained material tends to be nonplastic in 
profiles developed on dioritic mantle, slightly plastic 
on mantle derived from sandstone, and plastic on mantle
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FIOUBK 29. Typical profiles of the four major facies of the Lackey Creek soil showing, diagrammatically, their general character and thickness on parent material
composed chiefly of diorite.   .

derived from Man cos shale. Clay alluviation is gener­ 
ally discernible but not as markedly as in the Spring 
Draw soils on similar mantles. In profiles on mantle 
derived from sandstone, clay commonly coats individual 
grains in the B horizon. The reaction (pH) of the 
B horizon is very strongly acid (4.5-5.0) above an 
altitude of 10,500 feet strongly acid (5.1-5.5) between 
roughly 10,500 and 10,000 feet, medium acid between 
10,000 and 8,800 feet, and slightly acid between 8,800 
and 8,400 feet, the lower limit of the Brown Podzolic 
facies. Rotted fragments are no more abundant in 
the B horizon than in the underlying parent mantle.

BROWN FOREST FACIES

The Brown Forest facies of the Lackey Creek soil is 
developed on the Placer Creek formation between an 
upper limit ranging in altitude from 8,400 to 9,000 feet 
and a lower limit ranging from 7,400 to 7,800 feet 
(pi. 2, fig. 19). It is developed on coarse textured, 
poorly sorted till, solifluction mantle, slope-wash man­

tle, or alluvial gravel, and on eolian sand and silt; 
the soil profile on all is similar. The material, though 
mostly of diorite, is in places predominantly sandstone. 
Mantle derived from shale is scarce. Typical profiles 
are given in section 18, 19, and 20.

The Brown Forest facies of the Lackey Creek soil is 
relatively, uniform. No A horizon was observed in 
buried profiles and that of relict profiles appears modi­ 
fied by the modern vegetation.

The B horizon has a maximum thickness ranging 
between 2% and 3 feet (table 7, p. 39). It commonly 
consists or two components, an upper B2 subhorizon 
that is yellowish red (5YR 5/6) to reddish yellow (7.5YR 
6/6), and a lower B3 subhorizon of a somewhat less red 
hue that is transitional into the Cca horizon. On 
mantle derived from sandstone the hue may be more 
red (2.5YR). The B horizon tends to have a weak 
to moderate, medium to fine, subangular to angular 
blocky. structure and is less commonly structureless 
than that of the Brown Podzolic facies. It is slightly
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plastic to plastic and displays discernible clay accumu­ 
lation, especially on eolian material or sandstone 
debris. The reaction (pH) ranges from slightly acid 
to neutral (6.1-7.0). Rotted fragments are no more 
abundant than in the parent mantle and much fewer 
than in the B horizon of the Brown Forest facies of 
the Spring Draw soils.

The Cca horizon ranges in thickness from about \}( 
feet at an altitude of 8,400 feet to about 3 feet at 7,500 
feet (table 8). In the upper part of this range, calcium 
carbonate forms thin films on the undersides of rock 
fragments, but it is not present in the matrix; at 
lower altitudes it thinly coats both fragments and 
matrix grains and forms local streaks and lenses. The 
color ranges from strong brown (7.5YR 5/6) at higher 
altitudes to very pale brown (IOYR 8/3) at lower alti­ 
tudes. The horizon is commonly structureless, but 
on fine-grained mantle it is locally weakly platy. The 
reaction ranges from neutral (7.0-7.3) at high altitudes 
to mildly alkaline (7.4-7.8) at lower altitudes and very 
locally to moderately alkaline (as much as 8.0) at the 
lowest occurrences of the soil. Krotovinas, filled 
with material from the B horizon, though rare, are 
present in places.

BROWN SOIL FACIES

The Brown soil facies of the Lackey Creek soil is 
formed on the Placer Creek formation between an 
upper limit ranging in altitude from 7,400 to 7,800 
feet and a lower limit ranging from 5,500 to 5,800 feet 
(pi. 2, fig. 19). It is developed on dioritic alluvial 
gravel, on sandstone alluvial-fan gravel and talus, and 
on alluvial or eolian sand and silt. Typical profiles 
are given in sections 21 and 22.

The A horizon of buried profiles is as much as about 
18 inches in thickness and is very dark gray (5YR 3/1 to 
7.5YR 3/1). The material is commonly silty, has a weak 
to moderate, fine angular to subangular blocky struc­ 
ture, and is nonplastic.and friable.

The B horizon-ranges in maximum thickness from 
about 3 feet in the upper part of the altitude range to 
about 2 feet in the lower part (table 9, p. 42). Lo­ 
cally it includes a B2 subhorizon that is brown (7.5YR 
5/4) to reddish brown (5YR 5/4) and a somewhat 
lighter colored B3 subhorizon. Profiles on mantle 
derived from sandstone or from the Morrison formation 
are reddest. The structure ranges from weak to mod­ 
erate, fine to coarse subangular to angular blocky, or 
very locally columnar. The material is slightly plastic 
to nonplastic and shows discernible clay accumulation, 
especially in the B2 subhorizon. Its reaction (pH) 
ranges from neutral to mildly alkaline (6.8-7.5).

The contact between the B horizon and the Cca 
horizon is in many places a sharp leached boundary.

The Cca horizon ranges from about 3 feet in thickness 
in the upper part of the altitude range of the facies to 
as much as 5 feet in the lower part (table 9). Carbon­ 
ate coats both rock fragments and grains in the matrix, 
weakly cementing the material in many places. The 
color ranges from white (1QYR 8/2) to light yellowish 
brown (WYR 6/4) and, on mantle derived from sand­ 
stone, commonly has a reddish hue (5YR). The hori­ 
zon is structureless to strongly platy and i'ts reaction 
(pH) ranges from moderately alkaline (7.9-8.4) in the 
upper, part of the altitude range to strongly alkaline 
(8.4-9.0) in the lower part. Krotovinas, filled with 
material from the B horizon, are common in the Cca 
horizon.

SIEROZEM FACIES

The Sierozem facies of the Lackey Creek soil is de­ 
veloped on the Placer Creek formation below altitudes 
ranging from 5,500 to 5,800 feet (pi. 2, fig. 19). The 
facies is formed on alluvial gravel composed mostly 
of diorite, on alluvial-fan gravel and talus composed 
mostly of sandstone, and on alluvial or eolian sand 
and silt. A typical profile is given in section 23.

No A horizon was observed in buried profiles, and 
that on relict profiles appears to be mainly of younger 
origin.

A Bca horizon was observed locally. It ranges in 
thickness from 2 feet at higher altitudes to about 6 
inches at lower altitudes (table 10, p. 43). Its color 
ranges from reddish brown (2.5YR 5/4) to brown 
(7.5YR 5/4), and it is structureless to moderately 
blocky. The material tends to be slightly plastic, 
and its reaction (pH) is commonly strongly alkaline 
(about 9.0).

The Cca horizon ranges in maximum thickness.from 
about 5% feet in the upper part of the altitude range to 
about 7 feet in the lower part (table 7). Its color is 
pinkish white (7.5YR 8/2) to light reddish brown 
(2.5YR 6/4). Calcium carbonate thickly coats rock 
fragments and thoroughly impregnates the. interstices 
of the matrix, weakly cementing the material in places. 
The horizon is structureless to strongly platy and its 
reaction (pH) is strongly alkaline (about 9.0).

SUMMARY OF THE GENERAL CHARACTERISTICS OF THE 
LACKEY CREEK SOIL

Over the area as a whole, the Lackey Creek soil 
displays certain characteristics which set it apart from 
all others. These characteristics are those of well-drained 
profiles on relatively gentle slopes throughout the alti­ 
tude range of the soil and apply to all facies.

The characteristics are as follows: .
1. The average upper altitude limit of each of the four facies 

is not as high as that for similar facies of the Spring Draw 
soils, but it is higher than that of similar facies of all other 
soils in the area (fig. 19).
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2. The B horizon ranges in maximum thickness from 6 inches 
at an altitude of 4,200 feet to 54 inches at 11,000 feet. At 
any given altitude it tends to be thicker than the B horizon 
of any other soil except the Spring Draw soils (fig. 28).

3. The hue of the B horizon ranges from 2.5 YR to 1QYR, gen­ 
erally from SYR to 7.5 YR (fig. 574). This is less red than 
in the Spring Draw soils but redder than in any others.

4. The chroma of the B horizon ranges from 3 to 6 and is mostly 
from 4 to 5 (fig. 57B), thus it is commonly lower than in 
the Spring Draw soils but higher than in others. The color 
value ranges as in other soils (fig. 57C).

5. The structure of the B horizon ranges from columnar to 
subangular blocky, more commonly subangular blocky than 
in other soils (fig. 584). The structure is in general less 
coarse and less strongly developed than in the Spring Draw 
soils but coarser and stronger than in any others (figs. 58B, 
58C).

6. The material of the B horizon ranges from plastic to non- 
plastic, more commonly slightly plastic than in other soils 
(fig. 59). Illuviated clay is much less discernible than 
in the Spring Draw soils but more so than in others.

7. The reaction (pH) of the B horizon, excluding any Bca sub- 
horizon, ranges from about 7.0 at an average altitude of 
about 5,500 feet to about 4.5 at 11,000 feet (fig. 60), thus 
averaging at any given altitude higher than in the Spring 
Draw soils but lower than in any others.

8. The Cca horizon ranges in maximum thickness from about 1 
foot at 8,800 feet to about 7 feet at an altitude of 4,200 
feet (fig. 61); thus, at any given altitude, it tends to be 
less thick than the Cca horizon of the Spring Draw soils 
but thicker than that of others.

9. The reaction (pH) of the Cca horizon ranges from about 7.0 
at an altitude of 8,800 feet to about 9.0 at altitudes below 
5,500 feet (fig. 60). At any given altitude above about 
5,500 feet, the pH tends to be lower than in the Cca horizon 
of the Spring Draw soils but higher than in any 
others. Below about 5,600 feet, the pH is similar to that 
of the Spring Draw soils and greater than in others.

10. Although no quantitative measurements have been made, 
the Cca horizon at any given altitude probably contains 
more calcium carbonate than any soil except the Spring 
Draw sails.

11. In most places,, the Lackey Creek soil appears to have been 
developed under well-drained conditions.

12. The Lackey Creek soil appears to have formed on relatively 
stable slopes, for the profiles on steep slopes are essentially 
the same as those on gentle slopes, though of course many 
profiles have been subsequently truncated. , However, 
fully preserved profiles on steep slopes appear little dif­ 
ferent from those on gentle slopes.

EEOSION SURFACE BETWEEN THE PLACER CREEK 
FORMATION AND THE BEAVER BASIN FORMATION

Stream erosion between deposition of the Placer 
Creek and Beaver Basin formations was considerably 
less than that following the Harpole Mesa formation. 
In a few places, as in southern Spanish Valley and lower 
Castle Valley, alluvial gravel of the Beaver Basin forma­ 
tion overlaps the Lackey Creek soil on the Placer Creek 
formation with almost no erosion. In most places, how­ 
ever, the Placer Creek formation was trenched before 
the Beaver Basin formation was deposited. Some ero­

sion, mostly in the form of arroyos as much as 20 feet 
deep, preceded development of the Lackey Creek soil, 
as indicated by its local development on steep cuts in 
the upper member of the Placer Creek formation for 
example, along upper Pack Creek and in the headwaters 
of East Coyote Wash.

Most of the erosion, however, is younger than the 
Lackey Creek soil. The deepest dissection appears to 
have taken place where Pack Creek and Mill Creek enter 
Spanish Valley (pi. 5), where alluvial gravel of the Plac­ 
er Creek formation was trenched as much as 80 feet 
before deposition of alluvial gravel of the lower member 
of the Beaver Basin formation. Elsewhere, however, 
stream cutting resulted in channels 30 to 50 feet deep 
and 30 feet to half a mile wide.

BEAVER BASIN FORMATION

DEFINITION

The unit here named the Beaver Basin formation in­ 
cludes interfingering or intergradational deposits that 
overlie the Placer Creek formation or an erosion sur­ 
face truncating it. In places it likewise disconformably 
overlies deposits older than the Placer Creek formation. 
The formation typically has the moderately developed 
Castle Creek soil on it (fig. 9), and is the youngest for­ 
mation that bears this soil. It is commonly either over­ 
lapped or entrenched by deposits of the Gold Basin 
formation.

The Beaver Basin formation has two members. 
Where these are superposed, the upper bears the Castle 
Creek soil and the lower bears a weakly developed soil, 
the Pack Creek soil. Where not superposed, both mem­ 
bers bear the Castle Creek soil, which apparently has 
masked the less well developed Pack Creek soil on the 
lower member. The Castle Creek soil, however, was 
rarely observed on older deposits, presumably because 
it is obscured by the preexisting and more strongly de­ 
veloped Lackey Creek and Spring Draw soils.

The Beaver Basin formation comprises 10 facies: 
till, rock glacier, alluvial gravel, alluvial sand and silt, 
alluvial-fan gravel, slope-wash mantle, talus, solifluction 
mantle, frost rubble, and eolian sand and silt (fig. 9). 
The two members of the formation can be distinguished 
in 6 of these facies, and in three they are sufficiently 
widespread to be mapped (pi. 1). Within each member, 
the facies interfinger or grade into one another over rela­ 
tively short distances. Sketches of these relations at a 
few specific localities are shown in figure 30.

Similar facies of both members are much alike. They 
will therefore be described as a unit before discussing 
the evidence for subdividing them into members. The 
type area for the formation is defined on the basis of its 
till facies, to which all others are correlated.
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A Sketch of outwash gravel (Qbau) traceable from a moraine of the upper member 
of the Beaver Basin formation overlapping a lateral moraine (Qbtl) of the lower mem­ 
ber of the formation. The Castle Creek soil is formed across the gravel, the till, and 
an intervening slope wash deposit (Qbss). Location: near site of mining camp in Gold 
Basin.

B. Sketch of gravel of the lower member of Beaver Basin formation (Qbal) on which 
the Pack Creek soil is developed, overlain by gravel of the upper member of the forma­ 
tion (Qbau). This compound fill lies in an arroyo that transects the Lackey Creek 
soil, developed on gravel of the Placer Creek formation (Qpa), and is overlapped by 
eolian deposits of the upper member of the Beaver Basin formation (Qbe) on which 
the Castle Creek soil is developed. Location: along West Coyote Creek above the 
junction of U.S. Highway 160and State Highway 4fi.

C. Sketch of talus (Qbta) of the Beaver Basin formation merging into alluvial fan 
gravel (Qbf) of the formation. The Castle Creek soil is formed across both facics. 
Location: observed along several arroyos at the foot of the cliffs bordering the south 
side of Spanish Valley.

D. Sketch of alluvial gravel (Qba) of the Beaver Basin formation overlying the 
Lackey Creek soil on a disconformity truncating alluvial gravel (Qpa) of the Placer 
Creek formation. The deposit grades upward into alluvial sand and silt (Qbs) of the 
Beaver Basin formation on which the Castle Creek soil is formed. Location: in the 
north wall of Pack Creek at an altitude of about 8,400 feet.

E. Longitudinal section through the toe of a small rubble rill (Qbb) of the Beaver 
Basin formation developed from solifluction mantle (Qpb) of the Placer Creek forma­ 
tion. Section shows imbricate arrangement of blocks, out washed silt (Qbs) and sub­ 
jacent involuted humus layers. Location: south slope of summit of Manns Peak.

F. Cross section of a small rubble rill (Qbb) of the Beaver Basin formation, showing 
that it transects the Lackey Creek soil formed on solifluction debris (Qpb) of the 
Placer Creek formation from which the rubble is developed. The Castle Creek soil 
including the A horizon, is developed across fine material accumulated at the base of 
the rubble. .Location: south slope near summit of Manns Peak.

G. Sketch of a rubble stream (Qbb) of the Beaver Basin formation developed along 
the contact between till of the upper member of the Harpole Mesa formation (Qhtu), 
composed mostly of diorite, and a solifluction deposit (Qpb) of the Placer Creek forma­ 
tion, composed wholly of sandstone. Note that the base of the rubble stream trun­ 
cates both the Upper Spring Draw and the Lackey Creek soils, and that very little 
mixing of the contrasting rock types has taken place during its formation. Location: 
on south rim of Dark Canyon Creek at altitude of about 10,000 feet.

H. Sketch of a rubble sheet (Qbb) of the Beaver Basin formation, part of which is 
developed on bedrock, and part on older solifluction mantle (Qpb). The Castle Creek 
soil is formed on interstitial eolian sand (Qbe) which fills the interstices of the rubble 
sheet. Location: south slope of ridge east of Mount Tomasaki.

FIGURE 30. Some stratigraphic relations of deposits of the Beaver Basin formation.

TYPE AREA

The Beaver Basin formation is named from Beaver 
Basin on the east side of the North Mountain group 
(pi. 1), where it is represented by two sets of moraines. 
Since no one exposure can be designated as a type sec­ 
tion, Beaver Basin is designated as the type area. An 
outer moraine, representing the lower member, lies at an 
altitude of 10,050 feet at the mouth of the basin in a 
notch cut into the Lackey Creek soil that is developed 
on the upper member of the Placer Creek formation 
(fig. 31). Upstream, below each of the 11 cirques that 
rim the basin, are small bouldery end moraines, repre­ 
senting the upper member of the formation. Outwash 
from these moraines overlaps, or lies disconformably on, 
ground moraine of the lower member. Both sets of 
moraines bear the Castle Creek soil. Moraines of the 
upper member lie downstream from, or are overlapped 
by, younger moraines of the Gold Basin formation.

The two sets of moraines represent separate glacial 
advances, because wherever outwash gravel from them 
is superposed, as along Pack Creek on the southwest

flank of the mountains (pi. 1), the deposits are separated 
by the weakly developed Pack Creek soil (fig. 40), whose 
character suggests that it formed under climatic condi­ 
tions incompatible with the existence of local glaciers.

FACIES OF THE BEAVER BASIN FORMATION

Tin

Although absent from some canyons, till of the 
Beaver Basin formation forms two end moraines like 
those at the type area in the upper parts of most of 
them. A total of 34 moraines of the lower member 
and 45 moraines of the upper member were identified. 
The average altitude of moraines of the lower member 
is 10,270 feet, that of moraines of the upper member 
is 10,630 feet. In a few places, as on La Sal Creek, 
it is difficult to distinguish the terminal moraine of 
the upper member from recessional ridges related to 
the lower. Elsewhere, as on the south side of Miners 
Basin, the formation is represented by only a single 
moraine. In several canyons, either the upper or 
both moraines are represented by rock glaciers.
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FIGURE 31. Type locality of the till of the Beaver Basin formation in Beaver Basin on the east side of the North Mountain group. Till of the lower member of 
the formation (QbtT) forms a terminal moraine in the canyon at the mouth of the basin. Till of the upper member (Obtu) forms terminal moraines below each 
of 11 cirques, not all of which can be seen in the photograph. Moraines of both members have the Castle Creek soil developed on them. They lie upslope 
from moraines of the Placer Creek formation (Qptl and Qptu) and downslope from small moraines of the Gold Basin formation, not obvious in the photo­ 
graph, that lie beneath the cliffs in the cirques. Opal and Opou, alluvial gravels of the Placer Creek formation.

The moraines are relatively small and appear fresher 
and younger than those of the Placer Creek formation. 
Most of them are sharp distinct ridges with steep 
slopes. They average about 40 feet in height but 
range from 20 to 100 feet. A few, such as the moraine 
of the lower member on La Sal Creek, overlap steep 
bedrock slopes, thus appearing considerably higher. 
The slopes tend to be irregular and very bouldery. 
Individual boulders at the surface are commonly 
stained to depths of one-eighth to one-fourth of an inch. 
Few of the boulders are exfoliated or deeply rotted.

The rare kettles are steep sided. Some are as much 
as 30 feet deep, and many are occupied by ponds 
that dry up in summer. None contain distinct peaty 
deposits. Broad zones of kettles, as much as 200 yards 
wide, back of the end moraines of the lower member 
along La Sal Creek and Dark Canyon Creek, suggest

that the glaciers may have stagnated near their termini 
during recession.

The ground moraine is dissected from 5 to 15 feet by 
those streams that head in cirques, and locally end 
moraines are breached by narrow gullies. However, 
few lake deposits were found back of moraines, and 
only two moraines retain lakes at present, owing 
presumably to the permeability of the till and the 
steepness of the terrain.

The till is more bouldery than that of the Placer 
Creek formation and somewhat less compact. High in 
the canyons, boulders comprise nearly all the till, 
particularly in lateral moraines. Most of the boulders 
are angular, though soled, snubbed, or faceted stones are 
abundant; striated fragments are rare. In the moun­ 
tains, most fragments are diorite, but sandstone in­ 
creases downstream. Rotted material is uncommon.
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The matrix is friable and, except over shaly bedrock, 
is an arkosic silty sand.

ROCK GLACIER

Rock glaciers of the Beaver Basin formation occur at 
the heads of many canyons of the Middle and North 
Mountain groups, where they occupy the same position 
as end moraines in other canyons. Most of them lie 
below prominent cirques cut largely in diorite; a few 
relatively small ones, however, lie below sandstone 
cliffs along the sides of canyons, and possibly these 
should be considered protalus lobes, as defined on 
page 20. In eight canyons a pair of rock glaciers, 
representing both the lower and the upper members 
of the formation, are present (fig. 32); in five other 
canyons a rock glacier of the upper member lies up­ 
stream from a moraine of the lower member.

Rock glaciers of the Beaver Basin formation com­ 
monly overlap ground moraine of the Placer Creek 
formation and are locally overlapped by the Gold Basin 
formation. The deposits are inactive, and the Castle 
Creek soil is commonly developed on interstitial fine 
material a few feet below their surface.

The rock glaciers are lobate blocky masses having 
steep terminal snouts 30 to 75 feet high and flanks

decreasing in height headward to the contact with the 
canyon wall. They range in length from 75 to 700 
yards, measured from snout to overlap by younger 
deposits, and they may have originally been as much 
as a mile in length. They are 80 to 450 yards wide 
and differ in cross profile from slightly convex to 
slightly concave. Their terminal zones are character­ 
ized by arcuate ridges and furrows; and their headward 
zones are characterized by relatively smooth slopes that 
grade into talus at the cirque headwall. The headward 
zone is of course lacking where it has been reworked 
by younger rock glaciers, but none of the rock glaciers 
terminate abruptly headward in ice-contact slopes. 
This suggests that they did not form downvalley from 
a glacier, as has been observed by Capps (1910) and 
others in Alaska and inferred by Kesseli (1941) for 
some in the Sierra Nevada. Some rock glaciers have 
merely irregular hummocky surfaces. A few have 
kettlelike depressions containing water (fig. 33), and 
others have a series of short straight crevasselike 
furrows that project obliquely upstream from the 
borders of the deposits toward the centerline.

At the surface, the deposits consist mostly of angular 
blocks or slabs oriented at random. Individual blocks

FIGURE 32. Rock glaciers of the lo-wer (QbrZ) and upper (Qbru) members of the Beaver Basin formation above Blue Lake northeast of Mount Mellenthin in the 
Middle Mountain group. A rock glacier of the lower member of the Gold Basin formation (Qgrl) lies upslope beneath the cirque headwall, and rock glaciers of 
both the lower (Qgrl) and upper (Qgru) members of the Gold Basin formation can be seen in the cirques to the south. 
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FIGURE 33. A kettle in a rock glacier of the lower member of the Beaver Basin
formation.

average from 1 to 3 feet in diameter but may be as 
much as about 15 feet. The blocky material differs in 
thickness and may locally include the whole deposit; but 
locally, both along the margins and at the surface, 
blocks lie in a matrix of unsorted sand, silt, and clay 
that looks like till. This material and the retention 
of water in the kettles suggest that a till core may 
underlie the blocky mantle.

The pairs of rock glaciers in some canyons clearly in­ 
dicate two generations. The upper rock glacier over­ 
laps and in places extends beyond the lower, leaving 
remnants of it to one side, and debris from the upper 
overlaps or lies in channels that dissect the lower.

That the pair of rock glaciers actually represent the 
upper and lower members of the formation is strongly 
suggested by the lack of moraines in canyons having a 
pair of rock glaciers and by single moraines in those 
with only one rock glacier.

ALLUVIAL GRAVEL

Alluvial gravel of the Beaver Basin formation is much 
less extensive than that of the Placer Creek, but it is 
more extensive than that of the Gold Basin. It tends 
to form narrow fills or terrace deposits trenched within 
alluvium of the Placer Creek formation. In places, 
however, as in parts of Spanish Valley and Castle 
Valley, it overlaps the Lackey Creek soil on the Placer 
Creek formation and occupies the full valley width. 
The deposits have the Castle Creek soil on them, and 
they are overlain or trenched by the Gold Basin forma­ 
tion.

In the higher mountains some small steeply sloping 
outwash plains or narrow outwash channel-fills grade 
into till of the formation. Below the moraines they

form isolated terrace segments 10 to 30 feet above many 
streams. In the lower valleys they form a pair of 
terraces; deposits on the higher terrace are correlated 
with the lower member, and those on the lower are 
correlated with the upper member. In places these 
terrace deposits converge to form a compound fill in 
which the upper member, bearing the Castle Creek 
soil, overlies the Pack Creek soil on the lower member. 
Longitudinal profiles of the relations between such 
terraces and fills along Pack Creek are shown in plate 5.

The surfaces of the deposits are relatively smooth and 
commonly retain their original braided channels. 
Gradients range from as much as 1,200 feet per mile for 
short distances in the mountains to about 150 feet per 
mile lower down. Boulders and cobbles abound on the 
surfaces, though they are locally mantled by thin 
alluvial or colian silt.

The gravel deposits are from 10 to 40 feet thick 
and consist of crudely bedded and poorly sorted, sub- 
angular to well-rounded, boulder gravel to cobble gravel. 
The gravel is chiefly of diorite, but it includes some 
sandstone and other rocks and, along the Colorado 
River, granite, gneiss, schist, and basalt from outside 
the area. The matrix is an arkosic to silty sand, of 
which lenticular layers are abundant at lower altitudes. 
Outwash deposits are mainly within a mile of the source 
moraine, and many appear trapped behind moraines of 
the Placer Creek formation. Down valley, much gravel 
is derived from the Placer Creek formation, whose 
texture, particle shape, and other lithologic character­ 
istics it closely reflects. In places, the material has 
obviously a very local source, for many cobbles well 
below the profile of the Castle Creek soil retain partly 
eroded calcareous coatings like those in the Cca horizon 
of the Lackey Creek soil nearby.

ALLUVIAL SAWD AND SILT

Alluvial sands and silts of the Beaver Basin forma­ 
tion are much more widespread than those of the Placer 
Creek formation. They underlie much of the lower 
major valleys, especially Spanish Valley and Castle 
Valley, interfingering with alluvial gravel of both mem­ 
bers of the formation. Such deposits are of glacial age. 
However, other extensive deposits, especially on the 
south flank of the mountains, intertongue with, and 
appear to represent a contemporaneous reworking of, 
eolian deposits, probably largely of interglacial age. 
In both situations, the alluvium is included in the for­ 
mation because it is overlain by the Castle Creek soil. 
Many deposits form a compound fill in which the lower 
member with the Pack Creek soil on it is overlain by 
the upper member with the Castle Creek soil.

The smooth alluvial surfaces slope at gradients from 
100 to 200 feet per mile. Most deposits are 10 to 15
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feet thick but may be as much as 30 feet They con­ 
sist of weakly bedded to massive, poorly sorted, pink 
to reddish-brown, fine sand and silt. Locally, they 
contain some clay, especially toward the top. The 
sand and silt are mostly of quartz, but in places feldspar 
abounds. Lenses of local gravel are common in the 
lower part of some deposits, especially in the lower 
member. Nodules and stringers of gypsum in the 
lower valleys presumably represent poorly drained 
ground. Small aquatic gastropods and pelecypods are 
rare; they are most numerous in clayey bands and in 
the uppermost layers across which the Pack Creek 
soil is formed. Scattered charcoal fragments in the 
upper member were insufficient for radiocarbon age 
determination; none were found in the lower member.

ALLUVIAL-FAN GRAVEL

Small fans of angular alluvial gravel border the larger 
valleys and occur at many canyon mouths. A few 
others are present below talus deposits in the high 
mountains. These fans are much less extensive than 
those of the Placer Creek formation.

Most of the fans head in gullies that dissect gravel 
of the Placer Creek formation, and they overlap that 
gravel downstream. They are themselves dissected 
by small draws containing alluvial fans of the Gold 
Basin formation. The Castle Creek soil overlies them. 
In many places they grade downslope into outwash 
gravel and headward into talus. A few fans grade 
into till or outwash gravel assignable either to the lower 
or the upper member of the formation, but most of them 
cannot be so related.

The deposits have smooth concave slopes, and most 
of them take the shape of individual fans rather than 
compound piedmont forms. Their surfaces are sparsely 
dissected by rather widely spaced gullies. Most of 
them are relatively thin, generally less than 40 feet 
thick, though in many places they are not fully exposed. 
The deposits are of poorly sorted, crudely bedded, angular 
gravel in a sandy silty matrix that is characterized by 
a shallow channel-and-fill crossbedding. The frag­ 
ments are commonly of sandstone, but some are of 
diorite, many fragments of which may be rounded.

SLOPE-WASH MANTLE

Slope-wash mantle, which locally grades into other 
facies of the Beaver Basin formation and bears the 
Castle Creek soil, is widely scattered on steep to gentle 
slopes in the foothills and lower valleys. The deposits 
are only a few feet thick and consist of irregular sheets 
having smooth surfaces locally scored by shallow rills. 
Many of them consist of poorly sorted angular rock 
debris and fine-grained interstitial matter; though 
some are wholly of sand, silt, and clay. Some deposits

display a weak discontinuous bedding, but most of them 
are structureless. No attempt was made to map this
material.

TALUS
Talus deposits of the Beaver Basin formation are 

fewer and generally smaller than those of the Placer 
Creek formation. They are most prominent in cirques 
lacking rock glaciers or moraines of the Gold Basin 
formation, but they also border cirques beyond the 
outer limit of those deposits. Small deposits are abun­ 
dant along most canyons and along the walls of Castle 
Valley and Spanish Valley. Generally, talus in the 
glaciated areas forms compound cones; elsewhere, it 
forms sheets on steep bedrock surfaces.

The deposits commonly overlap or entrench talus of 
the Placer Creek formation and are themselves over­ 
lapped or trenched by talus of the Gold Basin formation. 
They have the Castle Creek soil developed on their 
fine-grained interstitial matter, and locally they grade 
downslope into other facies of the Beaver Basin forma­ 
tion. -Few are subdivisible as to member.

The talus consists of angular rock debris that range 
from chips to huge blocks but are mostly from 3 inches 
to 2 feet in diameter. In places it is crudely layered 
parallel to the slope. Fine-grained material, some of 
eolian origin, fills the interstices irregularly and locally 
forms the surface..

Most deposits have smooth concave slopes at angles 
as steep as 36°. A few have irregular, hummocky, or 
wavy surfaces that presumably result from localized 
movements of the material. Many deposits thin down- 
slope to a featheredge, but in the mountains some ter­ 
minate in a lobate mass bearing one or more arcuate 
ridges in which the fragments tend to be oriented 
imbricate to the slope. The snouts of the lobes are 
abrupt, and they are from 2 to 10 feet high. Such 
protalus lobes appear to have flowed slowly forward as 
a unit, presumably by solifluction. They are different 
from, but easily confused with, protalus ramparts 
(Bryan, 1934), which are ridges of randomly oriented 
rock debris accumulated at the toe of a talus by falling 
and sliding across perennial snowbanks at the foot of a 
cliff. Protalus ramparts have also been called winter 
talus ridges (Crawford, 1913; Behre, 1933).

Talus of the Beaver Basin formation is inactive. It 
supports little vegetation except where fine-grained 
matter is present at the surface. Rock fragments are 
sparsely covered with lichen.

SOLIFLUCTION MANTLE

Solifluction mantle of the Beaver Basin formation is 
confined to upland slopes above about 7,500 feet on the 
west side of the mountains and about 8,000 feet on the 
east side. The deposits are small and much less exten-
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sive than those of the Placer Creek formation which 
they commonly transect. All are inactive. Many 
grade into other facies of the Beaver Basin formation; 
all bear the Castle Creek soil. No criteria for distin­ 
guishing the lower or upper members of the formation 
in them were observed.

The deposits lie on slopes that range from less than 
10° to more than 40°. They are sheetlike to lobate and 
have smooth to hummocky surfaces and local blocky 
concentrations. A few end in low ramparts, 1 to 3 feet 
high, but most grade into other facies or are cut off at 
gully banks.

The material is rarely more than 5 feet thick and con­ 
sists of unsorted rock debris in a fine sandy to silty 
matrix. Humic bands are irregularly folded back under 
the terminus of many deposits. Blocky concentrations 
tend to occur along the arcuate crests of lobate masses 
or in discontinuous elongate shallow channels that trend 
irregularly downslope. Small areas of patterned ground 
also occur in a few places. Sorted polygons were ob­ 
served on slopes under 8° and sorted stripes on steeper 
slopes.

FROST RUBBLE

Frost-rubble deposits of the Beaver Basin formation 
are much more widespread and distinct than those of 
the Placer Creek formation. They occur on slopes 
that range from nearly horizontal to as much as 42° 
on summit uplands, valley walls, and valley floors. 
Their lower limits range from an altitude of about 
7,200 feet on the northwest flank of the mountains to 
about 9,000 to 9,500 feet on the east flank.

The deposits transect the Placer Creek formation 
(fig. 34) and grade into other facies of the Beaver Basin 
formation. Though many lack interstitial fines and 
hence display no soil development, many others contain 
at depths an interstitial filling of eolian or in-washed 
sand and silt on which the Castle Creek soil is formed 
(fig. 34). Deposits on the higher peaks are commonly 
overlapped by frost rubble of the Gold Basin formation.

All the frost rubble of the Beaver Basin formation 
is inactive. Blocks on the surfaces are lichen covered, 
and forest or tundra vegetation is encroaching on the 
borders. Springs issuing from the lower ends of the 
deposits are clear, even during seasonal thaws, and 
are eroding an "outwash" apron of bedded fine-grained 
material that borders the toes of some deposits.

In several places, as at the southeast base of Mount 
Peale, the southwest slope of Mount Tukuhnikivatz, 
and the northwest base of Mount Mellenthin, two 
lobate deposits of frost rubble are present, an inner 
deposit nested within and upslope from an outer 
deposit. That these two units may represent the lower 
and upper members of the formation is suggested by 
the nonparallelism of their lobate borders and by the

FIGURE 34. Cross section of a rubble stream of the Beaver Basin formation developed 
on bouldery till of the Placer Creek formation along the road to Miners Basin at 
an altitude of 9,400 feet. The rubble stream truncates the profile of the Lackey 
Creek soil developed on the till. Some of the fine material, removed from the till 
during formation of the rubble stream, has settled at its base. Above, the inter­ 
stices of the rubble were filled with eolian sand at some time after the rubble stream 
became stagnant. The sand is well sorted and composed almost wholly of quartz, 
in contrast to the poorly sorted and highly feldspathic character of the matrix of 
the till. The profile of the Castle Creek soil is formed on the eolian sand at a depth 
of from 2 to 4 feet below the surface of the rubble stream.

drainage channels that head along the edge of the inner 
deposit and transect the outer deposit.

The frost-rubble deposits consist of slabby to blocky 
angular rock fragments on slopes with no cliffs or prom­ 
inent ledges above, thereby differing from talus (cliff 
detritus). The source is either subjacent bedrock 
(diorite or sandstone) or unconsolidated mantle. Indi­ 
vidual fragments range from a few inches to a few feet 
in diameter.

As frost-rubble deposits have received but little study 
in the Rocky Mountains region, and as those of the 
Beaver Basin formation are extensively and distinc­ 
tively developed, the several varieties (described on 
p. 19) observed will be described briefly here.

RUBBLE SHEETS

Rubble sheets are irregular deposits whose extent 
across the slope is greater than that downslope. They 
range in breadth from a few tens of yards to over half 
a mile. Most are only a few feet thick. . These de­ 
posits, which have been called felsenmeer, block seas 
(block-mere), or block fields (blockfelden), include 
four genetic types: (1) frost-riven, developed in place 
from bedrock; (2) frost-creep, developed with slow 
downslope displacement on bedrock; (3) frost-sorted, 
developed in place from unconsolidated coarse and 
fine debris; and (4) frost-lag, developed with slow down- 
slope displacement from unconsolidated coarse and fine 
debris.

Frost-riven rubble sheets. The frost-riven rubble 
sheets occur on slopes ranging from a few degrees to
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as much as 10°. Their surfaces are characterized by 
randomly oriented, unsorted blocks, many on edge or 
on end, that grade down into fractured bedrock. 
Contacts between distinct kinds of bedrock show no 
significant net downslope displacement in the rubble. 
The deposits appear to be primarily the product of 
frost-riving and frost-shattering.

Frost-creep rubble sheets. The frost-creep rubble 
sheets occur on slopes ranging from as little as 5° to as 
much as 42° (fig. 35). Typically, the fragments have 
moved down-slope, either individually or as localized 
masses. The surfaces of the deposits may be even or 
characterized by lobes or waves, the latter commonly 
oblique to the slope. A low rampart may be present 
along the lower edge.

FIGURE 35. Rubble sheet of the Beaver Basin formation mantling the south 
of Mount Pcale.

slope

Fragments on the surface are mostly oriented at 
random, but along the outer margins of lobes or of the 
terminal rampart the fragments may be imbricate to 
the slope. On slopes over 35° or on lesser slopes where 
the fragments are mostly slabby, the slabs tend to 
parallel the slope.

The deposits are crudely sorted from coarse to finer 
downward and rest disconfo ran ably on fractured 
bedrock. They appear to result from frost-shattering 
and frost-riving, accompanied by gravitative move­ 
ments either alone or during thaw.

Frost-sorted rubble sheets. Most frost-sorted rubble 
sheets occur on gentle slopes, though some are on slopes 
as steep as 15°. They develop from older unconsoli- 
dated coarse and fine debris. Blocks at the surface 
tend to lie at random. The borders are commonly

abrupt, but in places they grade into areas of sorted 
polygons, rubble pits, reticulate rubble, and rubble 
rills. Locally they surround projections of the parent 
mantle or enclose isolated masses of coarse and fine 
debris known as "debris islands."

The rubble is mostly about 3 feet thick but may be 
as much as 10 feet thick. It abruptly transects the 
subjacent uucousoliclated mantle from which it is 
derived. Most deposits are crudely sorted from coarse 
to finer downward and have a fine-grained layer at 
their base.

Four characteristics indicate that the deposits have 
not moved downslope: (1) they display no terminal 
rampart or other surface feature suggesting movement; 
(2) they display no preferred orientation suggesting 
movement; (3) no significant downslope displacement 
is seen where they cross contacts; (4) preexisting 
topographic features, such as moraines, aro preserved 
in the form of the rubble.

Frost-sorted rubble sheets probably result from 
sorting in place by repeated freezing and thawing, 
accompanied during thaw by washing or sludging 
downward of the finer components. Some deposits may 
be in part the product of gradual destruction of areas 
of sorted polygons by these processes.

Frost-lag rubble sheets. The frost-lag rubble sheets 
occur on slopes of 10° to 42° and are developed from 
unconsolidated coarse and fine debris. Their surfaces 
are even to irregularly hummocky. The headward 
areas tend to be marked by a shallow depression, and 
lower margins tend to be lobate. In places, the sheets 
grade into areas of irregularly anastomosing rubble 
festoons or rubble rills; but more commonly they end in 
an abrupt rampart 3 to 15 feet high. Along these ram­ 
parts, and to some extent along the downslope edge of 
surface hummocks, slabby fragments tend to be imbri­ 
cated. Along the sides of the sheets, slabs tend to 
parallel the side and dip nearly vertical.

The deposits are as much as about 10 feet thick. 
They abruptly transect the unconsolidated debris below. 
Most of them are crudely sorted from coarse to finer 
downward with a layer of fine-grained material at their 
base and in an apron bordering the terminal rampart.

The observed downslope displacement ranges from a 
few yards to, in a few places, as much as 200 yards.

The deposits are believed to have formed through 
sorting of debris by repeated freezing and thawing and 
concurrent down washing of the fines. Downslope 
transport probably took place by settling of the blocks 
and by local solifluction of the debris beneath them.

RUBBLE STREAMS, LOBES, AND RILLS

Rubble streams, lobes, and rills are deposits whose 
downslope extent is greater than that across the slope.
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FIGURE 36. A rubble stream of the Beaver Basin formation on the southeast slope of Mount Peale. The rabble stream is about three-quarters of a mile long, and merges 
with a rubble sheet on the slope of the mountain to the left. The cliffs to the right of the mountain are at the head of a cirque that opens below the horizon to the right 
and are not the source of the rubble stream.

Rubble streams are large and, in places, sinuous forms 
as much as several hundred feet wide and over half a 
mile long (fig. 36). Rubble lobes are intermediate forms 
as much as about 300 feet wide and nearly as much in 
length. Rubble rills are small, narrow, and commonly 
sinuous forms as much as a few tens of feet wide and a 
few hundreds of feet long (fig. 37); most of them, how­ 
ever, are only a few feet across and a few yards long. 
Rubble rills differ from rubble stripes in that their ar­ 
rangement with respect to each other is nonparallel; 
individuals do not necessarily parallel the direction of 
slope; and inter-rill areas were not sorted during rill 
formation.

All these deposits are developed from unconsolidated 
coarse and fine debris; none were observed on bedrock. 
Some are developed in place on gentle to moderate 
slopes and are apparently of frost-sorted origin; others, 
mostly on moderate to steep slopes, are developed with 
downslope movement and are apparently of frost-lag 
origin.

Frost-sorted jorms. Frost-sorted rubble streams, 
lobes, and rills are much alike except for shape, and 
they display the same criteria for lack of movement as 
frost-sorted rubble sheets, discussed above. Most of 
them lie at or just below the level of adjacent terrain, 
though some lie just above it near their terminus.

Blocks at the surface are oriented at random and at 
depth are crudely sorted from coarse to finer downward. 
The deposits rest in abrupt contact on their subjacent 
source materials. All three varieties are commonly 
sharply demarked, but locally they grade into areas of 
rubble polygons, reticulate rubble, or rubble pits.

FIGURE 37. Rubble rills and festoons of the Beaver Basin formation formed in soli- 
fluction deposits of the Placer Creek formation on the west flank of Mount Peale. 
The rubble deposits transect the Lackey Creek soil on the grass-covered solifluc- 
tion slopes.
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Frost-lag forms. Frost-lag rubble streams, lobes, 
and rills have distinctive surface characteristics. Some 
stem from a single basin-shaped headward area; others 
stem from fingerlike or irregularly shaped headward 
areas that extend upslope from both the sides and 
upper end. Headward sectors are concave in cross- 
profile and have relatively smooth slopes. Middle 
sectors range from convex to concave and in larger 
forms tend to have hummocky surfaces. Frost-lag 
rubble streams are commonly marked by low longi­ 
tudinal ridges separated by shallow, steep-sided furrows. 
Sinuous deposits tend to have lateral ramparts along 
the outer sides of bends and to lie below the level of 
adjacent terrain along the inside. Terminal sectors 
are typically convex except in forms extending from 
steeper onto more gentle slopes, where they may be 
concave. The shape of the terminus ranges from a 
pointed snout to a broad arc. All forms tend to end 
in abrupt terminal ramparts that are commonly 3 to 
6 feet high, but in larger forms they may be as much 
as 30 feet high. Back of this rampart in frost-lag 
rubble streams are commonly a series of arcuate ridges 
and furrows having a local relief of 3 to 6 feet.

In all forms, surface blocks are mostly oriented at 
random, but those in terminal or lateral ramparts tend 
to be imbricate on the slope. Those along arcuate or 
longitudinal furrows or along borders parallel to the 
slope tend to be alined downslope with their slabby 
surfaces nearly vertical. In a few places at bends in 
the deposits, slabby fragments are oriented in shingled 
rosettelike fashion to produce a shallow concave 
swirllike structure. Elsewhere, particularly on slopes 
greater than 35°, they tend to parallel the slope.

The deposits are mostly 2 to 5 feet thick, though 
some rubble streams are as much as 30 feet thick. All 
transect and lie abruptly on subjacent coarse and fine 
debris. A basal layer of fine-grained material is com­ 
mon in some, and aprons of similar material border 
the terminal ramparts of a few.

The displacement of fragments in these frost-lag 
deposits is commonly only a few yards, but in some 
rubble streams it is as much as several hundred yards. 
The deposits, especially the rubble streams, tend to 
obliterate preexisting topographic forms which they 
cross, and where they cross the contact of two different 
deposits blocks from both deposits are mixed downslope 
from that contact.

Frost-lag rubble streams and lobes tend to be sharply 
demarked. Frost-lag rubble rills commonly grade into 
frost-lag rubble sheets or areas of rubble festoons 
(fig. 37).

BUBBLE FESTOONS

Rubble festoons are narrow loop- or arc-shaped depos­ 
its developed on moderate to steeply sloping solifluction

mantle. They trend downslope, anastomosing irregu­ 
larly in draperylike arrangement (fig. 37). The breadth 
of individual arcs, from tip to tip across the slope, ranges 
from a few feet to over 100 feet; the length, downslope 
from tip to toe, ranges from a few yards to over 50 yards. 
The width of the rubble at any point along the arc 
ranges from 3 to 30 feet, being widest at the toe. The 
deposits are from 1 to 5 feet deep and transect the 
solifluction mantle on which they lie. A preferred 
orientation of slabby fragments parallel to the sides 
and imbricate to the toe is common, suggesting that 
most deposits have moved downslope. They are be­ 
lieved to have formed by frost-sorting and washing, 
in most places during solifluction of the deposit on 
which they rest. They are therefore classed as frost- 
lag deposits.

FIGURE 38. Reticulate rubble of the Beaver Basin formation formed on solifluction 
mantle of the Placer Creek formation. The rubble has the Castle Creek soil formed 
on it and transects the Lackey Creek soil developed on the grass-covered solifluction 
mantle.

RETICULATE RUBBLE

Rubble deposits, here termed reticulate rubble, 
occupy an irregular network of channels on gentle 
upland slopes and have been segregated in place from 
underlying unsorted coarse and fine debris (fig. 38). 
The channels range greatly in size and lack a regular 
pattern. They enclose irregularly shaped areas of 
unsorted debris which do not appear to have been 
affected by the sorting processes that segregated the 
rubble. For example, this material has the same 
texture as debris in adjacent areas where rubble is not 
developed. In these several respects, reticulate rubble 
differs from sorted polygons.

The channels of rubble are about 3 to about 15 feet 
wide and enclose areas 3 to 20 feet wide and 5 to 50 feet 
long. Where the slope steepens, they commonly grade 
into rubble rills or rubble festoons. The deposits are 
believed to be the product of frost-sorting and washing 
in place, but of a kind that did not lead to the develop-
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ment of a regular polygonal pattern enclosing sorted 
centers. Possibly the frost action was either of insuf­ 
ficient intensity or duration.

RUBBLE PITS

Rubble pits are small roughly circular masses of 
rubble in depressions, 3 to 6 feet in diameter, that occur 
on flat to gentle slopes near frost-sorted rubble sheets, 
reticulate rubble, or sorted polygons. They show no 
regular pattern. Some appear to have been developed 
in place from subjacent unsorted coarse and fine debris 
by a sorting or washing process. Others represent 
reopenings in a rubble sheet that had become filled or 
covered by fine-grained material.

RUBBLE POLYGONS

Rubble polygons occur on gentle upland slopes. 
Some near the summit of Mount Mellenthin are typical 
sorted polygons (Washburn, 1950) developed from 
unsorted coarse and fine debris. Others, near the sum­ 
mit of Mount Peale, are developed on bedrock by frost- 
shattering and frost-riving and have not been sorted.

The polygons range from 1 to 5 feet in diameter. 
Frost-sorted forms enclose circles of fine debris contain­ 
ing fewer stones than adjacent debris beyond the poly­ 
gons. Frost-riven forms are rosettelike and some are 
stonecentered (Rozanski, 1943). Most of them are 
developed on shaly bedrock.

RUBBLE STRIPES

Rubble stripes occur on upland slopes ranging from 
5° to 15°. Sorted stripes (Washburn, 1950) were 
observed at only 1 locality. In the saddle south of 
Mount Mellenthin, stripes of rubble, 6 to 12 inches 
wide, separate stripes of fine-grained debris 12 to 18 
inches wide. The stripes are 6 to 8 inches deep and 
form a regular pattern parallel to the slope. Frost- 
riven forms composed of slabby fragments wedged 
together in a herringbone arrangement were observed 
on the north ridge of Mount Peale, where they are- 
developed on calcareous shale of the Morrison forma­ 
tion. They have a regular pattern, trend parallel to 
the slope, and grade downward into bedrock. Most 
are 6 to 18 inches wide and 6 to 12 inches deep.

EO1IAW SAND AND SILT

Eolian sand and silt of the Beaver Basin formation is 
much less widely distributed than that of the Placer 
Creek formation. The largest deposits are west of the 
mountains in Spanish Valley, along West Coyote Creek, 
on the uplands west of Browns Hole, and on North 
Mesa and South Mesa. Other deposits on the plateaus 
east of Moab are mostly covered by younger eolian 
material. In the mountains, thin patchy accumulations 
occur as high as 12,500 feet.

The deposits consist of well-sorted fine sand at lower 
altitudes and of silt on higher slopes. They overlie the 
the Lackey Creek soil in many places. Some are 
interlayered with alluvial gravel of the Beaver Basin 
formation and appear to be of glacial age. Most, 
however, conformably overlie glacial deposits and are 
probably of interglacial orgin. All the deposits are 
included in the Beaver Basin formation because they 
have the Castle Creek soil on them.. In most places 
they form a single stratigraphic unit, but in a few places 
they are compound, a lower unit bearing the Pack Creek 
soil overlain by an upper unit bearing the Castle Creek 
soil. The two units probably represent the lower and 
upper members of the formation. They are clearly 
exposed along a washed-out irrigation ditch on the 
south side of Burkholder Draw at the northeast corner 
of North Mesa (fig. 39).

At lower altitudes the eolian deposits form hummocky 
sheets suggesting low dunes and sand drifts; at higher

FIOTTRE 39. Section in the wall of Burkholder Draw northeast of North Mesa. The 
Castle Creek soil at the surface Is formed on eolian sand of the upper member of the 
Beaver Basin formation (Qbeu) which overlies the Pack Creek soil on eolian sand of 
the lower member (Qbel). These deposits rest on the Lackey Creek soil devel­ 
oped on undifferentiated eolian sand of the Placer Creek formation (qpc).



QUATERNARY STRATIGRAPHY 67

altitudes they tend to form thin lenses on lee slopes and 
in depressions or thin layers in the interstices of frost 
rubble. Most of the deposits are structureless, though 
some at lower altitudes are crossbedded. The material 
is mostly quartz, in places as much as 90 percent, but 
many deposits contain from 30 to 50 percent of feldspar 
and small amounts of mafic minerals.

PACK CHEEK SOIL, 

DEFINITION AND TYPE LOCALITY

The Pack Creek soil is here defined as the weakly 
developed soil locally developed on the lower member 
of the Beaver Basin formation. Though its profile is 
commonly zonal, it is essentially azonal in places. It 
is only recognizable where overlain by the upper mem­ 
ber, but presumably if was originally developed on all 
deposits of the lower member. Where not buried by 
the upper member, however, it was later masked by the 
more strongly developed Castle Creek soil. It probably 
did not superpose a recognizable effect on the preexist­ 
ing Spring Draw and Lackey Creek soils, but, though 
not so recognized, it presumably formed on exposed 
deposits from which the Spring Draw or Lackey Creek

soils had been stripped. Nowhere was it recognized on 
bedrock.

The Pack Creek soil is named from a type locality on 
Pack Creek just above the National Forest boundary 
(SWtfNEtf sec. 31, T. 27 S., R. 24 E.). Here, it is a 
distinct marker within alluvial gravel of the Beaver 
Basin formation on which the Castle Creek soil is de­ 
veloped (fig. 40). The Castle Creek soil is overlain 
disconformably by gravel of the Gold Basin formation 
on which the very weakly developed Spanish Valley 
soil has formed. A section measured in the arroyo wall 
at the type locality is given in section 25.

The Pack Creek soil is extensively developed on al­ 
luvium of the Beaver Basin formation in the canyon of 
Pack Creek, in Spanish Valley, Castle Valley, Browns 
Hole, along West Coyote Creek, and on eolian sand 
and silt along a deep irrigation ditch on the south side 
of Burkholder Draw (fig. 39). At each of these locali­ 
ties it lies below the Castle Creek soil, and in several it 
is seen to be above the Lackey Creek soil. The Pack 
Creek soil can be traced for long distances, suggesting 
that it marks a widespread, though probably short, 
interval of essential nondeposition and slope stability 
within the Beaver Basin formation.

,-Gold Basin f,m -

Castled reek soil

§ '-ji ' 

i 'i *

FIGURE 40. Type locality of the relatively weakly developed Pack Creek soil at an altitude of 7,500 feet along Pack Creek. A Brown Forest facies of the soil is here devel­ 
oped on alluvial silt and gravel of the lower member of the Beaver Basin formation, and is overlain by alluvial gravel of the upper member of the formation on which 
the moderately developed Castle Creek soil is formed.
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FACIES OF THE PACK CREEK SOIL,

The Pack Creek soil occurs in four facies: a Brown 
Podzolic facies, a Brown Forest facies, a Brown soil 
facies, and a Sierozem facies (fig. 41). The Brown 
Podzolic facies is present above an altitude of 7,800 feet, 
the Brown Forest facies, between 7,800 and 7,000 feet, 
the Brown soil facies, between 7,000 and 5,100 feet; 
and the Sierozem facies, below 5,100 feet (fig. 19). 
These facies can be traced from one into the other.

Along Pack Creek, each facies change takes place 
through an altitude range of about 200 feet.

BROWN PODZOLIC FACIES

The Brown Podzolic facies of the Pack Creek soil 
has been recognized only along Pack Creek, where, 
however, it can be traced almost continuously from an 
altitude of 7,800 feet to about 9,500 feet. A profile, 
measured at an altitude of about 8,500 feet, is given in 
section 24.
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FIGURE 41. Typical diagrammatic profiles of the four major facies of the Pack Creek soil, showing their general character and thickness. The Pack Creek soil is recog­ 
nized only where developed on the lower member of the Beaver Basin formation and overlain by the upper member on which the Castle Creek soil is developed.
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An A horizon is common in the buried profiles. It is 
12 to 24 inches thick, dark gray (WYR 4/1) to very 
dark gray (WYR 3/1), and has a very fine to fine, angu­ 
lar to subangular blocky or granular structure. It is 
nonplastic to slightly plastic, conditioned by the parent 
mantle rather than soil-forming processes. The re­ 
action (pH) is consistently slightly acid (6.1-6.5), and 
has no significant variation with altitude.

The B horizon, though locally not developed, tends 
to be 4 to 8 inches thick (table 7, p. 39). It is commonly 
brown (WYR 5/3-5/4), owing to slight oxide coatings 
of rock fragments and grains. The material is either 
structureless or has a weak, fine to medium, subangular 
to angular blocky structure. No clay accumulation is 
discernible by spindling in the hand. The reaction 
(pH) of the horizon tends to be medium acid (about 
6.0) in the upper part of the altitude range of the facies 
and slightly acid (about 6.5) in the lower part.

BROWN FOREST FACIES

The Brown Forest facies has only been found along 
Pack Creek on alluvial sand and silt between altitudes 
of about 7,800 and 7,000 feet. A profile at the type lo­ 
cality is given in section 25.

The Brown Forest facies varies little. The A horizon 
is 6 to 18 inches thick and is gray (WYR 5/1) to very 
dark gray (WYR 3/1). In places it contains little or­ 
ganic matter. It is commonly structureless, or has only 
a weak, fine subangular blocky structure. The reaction 
(pH) is slightly acid (6.1-6.5). No clay accumulation 
was noted. A B horizon of oxide coatings on fragments 
and grains is only very locally discernible, and where 
present it is extremely thin and indistinct (table 8, p. 
40). Possibly it is masked by overlap of the lower 
part of the A horizon.

The Cca horizon is 6 to 12 inches thick, and it is very 
pale brown 10 YR 7/4) to pale brown (WYR 6/3) (table 
8). Slight calcium carbonate accumulation is locally 
visible along root casts, structural openings, or on the 
undersides of rock fragments. The reaction (pH) is 
neutral to mildly alkaline (7.0-7.5).

In some places, the soil is represented by 2 or 3 thin, 
closely spaced azonal soils that merge and separate in 
such a way as to suggest alternating deposition and 
soil formation on intermittently aggrading flood-plain 
channels.

BROWN SOU FACIES

The brown soil facies occurs between altitudes of 
about 7,000 and 5,100 feet. It is developed on alluvial 
gravel of the lower member of the Beaver Basin forma­ 
tion beneath alluvial gravel of the upper member along 
Pack Creek between Hell Canyon and Brumley Creek 
and along Placer Creek from an altitude of about 5,600 
feet to about 5,100 feet, where it changes to a Sierozem

facies. It is also exposed on eolian sand and silt of the 
lower member of the Beaver Basin formation, overlain 
by eolian sand and silt of the upper member, along a 
ditch at the northeast corner of North Mesa (fig. 39). 
Typical profiles are given in sections 26 and 27.

The A horizon of the Brown soil facies ranges in thick­ 
ness from 4 to about 18 inches. It is commonly gray 
(WYR 5/1) to dark gray brown (10772 4/2) with a red­ 
dish hue (5YR) where it is derived from sandstone. 
The structure ranges from moderate fine columnar to 
weak subangular or angular blocky, the latter where 
the mantle contains clay. The reaction ranges from 
slightly acid to neutral (6.5-7.0), except where second­ 
ary calcium carbonate has accumulated.

The B horizon is brown (7.5 YR 5/4-10 YR 5/3) or 
reddish brown (5YR 5/4) where it is derived from sand­ 
stone (table 9, p. 42). It ranges in thickness from 6 
to 8 inches and is structureless, weakly columnar, or 
weakly blocky. It contains little illuviated clay but 
is commonly formed on slightly plastic parent mantle. 
Its reaction (pH) ranges from neutral to mildly alkaline 
(7.0-7.5).

The Cca horizon ranges in thickness from about 1 foot 
at higher altitudes to 2 feet at lower altitudes (table 9). 
It is commonly thicker on coarse-textured deposits and 
thinner on fine-textured deposits. The color is light 
brown (7.5YR 6/4) to pale brown (WYR 6/3), locally 
light reddish brown (5YR 6/4) on mantle derived from 
sandstone. Calcium carbonate forms thin films on both 
rock fragments and matrix. The horizon tends to be 
structureless, and it has a mild moderately alkaline re­ 
action (pH 7.5-8.4).

A poorly drained phase of the Brown soil facies is de­ 
veloped on alluvium of the Beaver Basin formation in 
many of the lower valleys. It has a dark A horizon as 
much as 3 feet thick, no B horizon, and nodular gypsum 
and rusty streaks in the Cca horizon.

SIEROZEM FACIES

The Sierozem facies of the Pack Creek soil is devel­ 
oped in Castle Valley from an altitude of about 5,100 
to about 4,600 feet and in Spanish Valley from an alti­ 
tude of about 4,600 feet to about 4,000 feet at the Col­ 
orado River. Typical profiles are given in sections 28 
and 40. Its position is further illustrated in figure 42.

The A horizon is thin, and in places it is barely 
discernible. It tends to be gray brown (WYR 5/2), but 
on sandy mantle it has a more reddish hue (5 YR). The 
structure is commonly weak and blocky, and the mate­ 
rial is nonplastic. The reaction (pH) is moderately 
alkaline (about 8.0). Slight accumulations of calcium 
carbonate are present throughout.

The Cca horizon is about 2 feet thick, and it is pale 
brown (WYR 6/3) to light reddish brown (5 YR 6/4)
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(table 10, p. 43). Calcium carbonate forms thin films 
on rock fragments and grains. The horizon is structure­ 
less, nonplastic, and has a moderately alkaline reaction 
(pH 8.0-8.5).

A poorly drained phase of the Sierozem facies is seen 
in several places along Pack Creek between City Park 
and the crossing of U.S. Highway 160 in Spanish Valley, 
in Castle Valley along Placer Creek above Castle Creek, 
and on the south flank of the mountains along West 
Coyote Creek.

The poorly drained phase has a dark gray (2.5 YR 4/1) 
A horizon 1 to 5 feet thick, and it is weakly calcareous 
throughout. Carbonate accumulations extend as a 
Cca horizon for 12 to 24 inches below the A horizon. 
Blebs, nodules, or stringers of powdery gypsum are 
common, and in places they impart a greenish hue. 
The deposits on which the profile is developed tend to 
contain more silt and clay than the normally sandy 
alluvium.

These characteristics suggest that parts of the flood 
plains were swampy, supported an appreciable amount 
of vegetation, and received occasional increments of 
silt and clay while the Pack Creek soil was forming.

SUMMARY OF CHARACTERISTICS OF THE PACK CREEK
SOIL,

The Pack Creek soil displays certain characteristics 
that set it apart from others, regardless of its facies 
or of the parental mantle. About 40 exposures on 
well-drained, relatively gentle slopes support the 
following generalizations:
1. The soil was observed only where it is buried beneath deposits 

bearing the Castle Creek soil, and, in many places, on 
deposits overlying the Lackey Creek soil.

2. The upper limit of each of the four facies represented is 
lower than for similar facies of the Spring Draw, Lackey 
Creek, or Castle Creek soils (fig. 19). The pedalfer- 
pedocal boundary (altitude 7,800 feet) is higher than that 
of the Spanish Valley soil.

3. The B horizon is only locally developed in the Brown Podzolic 
and Brown soil facies. Its range in thickness, 4 to 8 inches, 
is thinner than in any except the Spanish Valley soil.

4. The hue of the B horizon is consistently IQYR except where 
it is developed on reddish sandy mantle, where it is 7.5 YR 
or 5YR.

5. The chroma of the B horizon is consistently 3 to 4; the value 
is rather consistently 5.

6. The structure of the B horizon is weak or lacking. Where 
present, it is commonly subangular to angular blocky, 
very locally columnar on fine-textured parent mantle.

7. The plasticity of the B horizon is similar to that of the parent 
mantle and reflects no discernible clay accumulation.

8. The reaction (pH) of the B horizon ranges from 6.0 at about 
9,500 feet to 7.0 at about 7,000 feet, below which it ranges 
to mildly alkaline (about 7.5).

9. The Cca horizon ranges in maximum thickness from about 
1 foot to about 2 feet at all altitudes. It is commonly 
thickest on coarse deposits and thinnest on fine deposits.

10. The reaction (pH) of the Cca horizon ranges from neutral 
(about 7.0) at 7,800 feet to moderately alkaline (8.0-8.5) 
below 5,100 feet.

11. Although no quantitative measurements have been made, 
the Cca horizon at any given altitude seems to contain 
less calcium carbonate than any other soil except the 
Spanish Valley soil. /

12! The Pack Creek soil, though now well drained, appears 
to have formed in many places on poorly drained alluvium. 
Poorly drained Brown soil and Sierozem facies are the 
most widespread; all other facies appear to have formed 
mostly under well-drained conditions.

EROSION SURFACE BETWEEN THE UPPER AND 
LOWER MEMBERS OF THE BEAVER BASIN FOR­ 
MATION

Stream erosion between deposition of the members 
of the Beaver Basin formation was relatively slight 
and localized. Apparently no arroyo-cutting preceded 
development of the Pack Creek soil. Instead, stream 
deposits appear to have changed gradually from coarse, 
through fine, to wet-bottom flood-plain silts in which 
the Pack Creek soil developed with only occasional 
increments.

Later, streams eroded their flood plains where 
they emerge from canyons to enter broad, flat-floored 
valleys. The maximum erosion, about 20 feet, was 
along Pack Creek just upstream from Spanish Valley 
(pi. 5). Less erosion took place at the mouth of 
Mill Creek Canyon and in upper Castle Valley. In 
other places, the Pack Creek soil was buried by alluvium 
of the upper member of the Beaver Basin formation 
without significant intervening erosion.

CASTLE CREEK SOIL 

DEFINITION AND TYPE LOCALITY

The Castle Creek soil is a distinctive moderately 
developed zonal soil formed on the upper member 
of the Beaver Basin formation, on the lower member 
where it is not overlain by the upper, and locally on 
older deposits exposed at that time. In a few places, 
it was seen superposed on the Spring Draw and Lackey 
Creek soils, which, however, it does not mask. It 
was not observed on bedrock.

The type locality is at the confluence of Castle Creek 
and Placer Creek in Castle Valley (NW#SW% sec. 8, T. 
25 S., K. 23 E.) (fig. 42). Here the soil is developed on 
alluvial sand and silt of the upper member of the 
Beaver Basin formation, which overlies the Pack Creek 
soil and is overlain by the lower member of the Gold 
Basin formation. Details are given in section 40.

The Castle Creek soil is formed on till of both 
members of the Beaver Basin formation throughout 
the mountains, and it can be traced thence onto deposits 
correlated with the Beaver Basin formation. Some of 
these relations are sketched in figure 30. The soil is
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FIGURE 42. Type locality of the moderately developed Castle Creek soil at the confluence of Castle Creek 
and Placer Creek in Spanish Valley. Here the Sierozem facies of the soil is developed on alluvial sand and 
silt of the upper member of the Beaver Basin formation, and is overlain disconformably by alluvial sand 
and silt of the lower member of the Gold Basin formation on which the very weakly developed Spanish 
Valley soil is formed. The weakly developed Pack Creek soil is locally preserved beneath the disconform- 
ity separating the upper member of the Beaver Basin formation from the lower member in the lower part 
of the photograph.

preserved in several places where the Beaver Basin 
formation, on which it is developed, overlies the Lackey 
Creek soil (figs. 28, 43).

The relations of the Castle Creek soil are well demon­ 
strated along Pack Creek, where the soil is developed 
on alluvial gravel of the upper member of the Beaver 
Basin formation, and it can be traced from a moraine 
in the northwest cirque of South Mountain down­ 
stream to the Colorado River. Along much of this

distance, the soil is overlain by the lower member of 
the Gold Basin formation bearing the Spanish Valley 
soil.

The Castle Creek soil is also developed on alluvial 
gravel of the lower member of the Beaver Basin for­ 
mation where that gravel forms a terrace distinct from 
that of the upper member. However, where the two 
members form a compound fill the Pack Creek soil is 
weakly developed between them. These relations



72 QUATERNARY STRATIGRAPHY OF THE LA SAL MOUNTAINS, UTAH

FIGURE 43. Exposure in the wall of Castle Creek in Castle Valley showing a 
Brown soil facies of the Castle Creek soil developed on alluvial deposits of the 
Beaver Basin formation (Q6« and Q6o) which overlie a Brown soil facies of the 
Lackey Creek soil on alluvial deposits of the Placer Creek formation (Qps and 
Qpa).

clearly indicate that the Castle Creek soil does not 
occur at two stratigraphic horizons. It is present on 
the lower member, where that member is not buried by 
the upper member, because its profile is stronger and 
has masked the Pack Creek soil.

FACIES OF THE CASTLE CREEK SOIL

The Castle Creek soil is developed in four distinct 
facies, each with a particular range in latitude, and

grades into adjoining facies through about 200-foot 
changes in elevation (pi. 2, fig. 19). A Brown Podzolic 
facies occurs above about 8,000 feet; a Brown Forest 
facies, between 8,000 and 7,200 feet; a Brown soil facies, 
between 7,200 and 5,400 feet; and a Sierozem facies, 
below 5,400 feet (fig. 44). Each facies is weaker than 
similar facies of the Spring Draw or Lackey Creek soils 
but is stronger than the Porcupine Ranch, Pack Creek, 
or Spanish Valley soils.

BROWN PODZOLIC FACIES

The Brown Podzolic facies of the Castle Creek soil 
occurs above about 8,000 feet as high as 11,500 feet. 
Profiles developed on till, alluvial gravel, alluvial-fan 
gravel, talus, and solifluction deposits are generally 
similar except as they are influenced by the lithologic 
character of the matrix of the parent material. On 
frost rubble, the soil is developed either at the base of 
the rubble (fig. 30 E, F) or on fines in the interstices of 
the rubble at depths as great as several feet below its 
surface (figs. 306?, 34). On eolian deposits, the profile 
is somewhat thinner than it is on coarse-textured de­ 
posits, and the B horizon is more prominent. Typical 
profiles are given in stratigraphic sections 29 through 35.

The A horizon of relict profiles of the Brown Podzolic 
facies is less than 6 inches thick, and it is probably a 
product of modern environment. For example, an A2 
subhorizon was observed only beneath a modern spruce 
forest. The A horizon of buried profiles is 12 to 18 
inches thick, very dark gray (1017? 3/1), and has a fine 
granular structure.

The B horizon ranges in maximum thickness from 22 
inches at the mountain tops to about 10 inches at 8,100 
feet, the lower limit of the facies (table 7, p. 39), but 
varies considerably at any given altitude. It is locally 
divisible into an upper, darker B2 subhorizon and a 
lower, lighter B3 subhorizon. The color of the B2 subho­ 
rizon is brown to yellowish brown (7.5 YR-l 0 YR 5/4-5/2). 
Profiles developed on reddish sandy mantle tend to be 
7.5YR in hue. In general, however, the B horizon is 
less red than it is in the Brown Podzolic facies of the 
Spring Draw or Lackey Creek soils. The material is 
commonly structureless or has a weak fine crumb or 
fine subangular blocky structure. It is nonplastic to 
slightly plastic, and clay accumulation is barely discern­ 
ible. The reaction (pH) of the horizon ranges from 
strongly acid (5.1-5.5) in the upper part of the altitude 
range of the facies to slightly acid or neutral (6.5-6.7) 
at the lower limit.

In a few places, notably near certain igneous bodies, 
calcium carbonate has accumulated in the Castle Creek 
soil on the Beaver Basin formation at altitudes well 
within the range of the Brown Podzolic facies. Typical 
is the profile described in section 36.
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FIGURE 44. Typical diagrammatic profiles of the four major facies of the Castle Creek soil, showing their general character and thickness.

The carbonate in these profiles probably came from 
secondary calcite in the bedrock which, after being 
leached from broken fragments in the mantle was 
precipitated by subsurface evaporation in the voids. 
(See section 36.) Although some carbonate is probably 
introduced with the eolian mantle, the carbonate in the 
profile seems to be restricted to areas where calcite can 
be found in the bedrock.

BROWN FOREST FACIES

The Brown Forest facies of the Castle Creek soil 
occurs in an altitude range between 8,000 and 7,200 feet. 
It was observed on dioritic alluvial and fan gravel and 
on quartzose alluvial and eolian sand and silt. Typ­ 
ical profiles are given in sections 25 and 37.

The A horizon of relict profiles is thin and appears to 
be related to the modern environment. In buried 
profiles the A horizon is 12 to 18 inches thick, very dark 
gray (IQYR 3/1), and has a weak, fine granular or 
blocky structure.

The B horizon has a maximum thickness of about 
10 inches but ranges upward from 4 inches (table 8 
p. 40). It is light brown to brown (7.5YR 6/4-5/4) 
and has a fine granular to blocky structure, except on 
very stony deposits where it is structureless. The 
material is commonly nonplastic and clay accumulation 
is not obvious. The reaction (pH) is slightly acid to 
neutral (6.5-7.3).

The Cca horizon ranges from about 1 to 2 feet in 
thickness (table 8) and is brown (IQYR 5/3) to light 
brown (7.5 YE 6/3-6/4) or pale brown (IQYR 6/3). 
Calcium carbonate forms very thin dendritic films on 
both rock fragments and matrix. The material is com­ 
monly structureless and has a mildly alkaline reaction 
(pH about 7.5).

f]BROWN SOIL FACIES ^'

The Brown soil facies of the Castle Creek soil occurs 
at altitudes ranging from 7,200 to 5,400 feet. It was 
observed on dioritic alluvial gravel, on alluvial-fan 
gravel composed mainly of sandstone, and on quartzose 
alluvial or eolian sand and silt. Typical profiles are 
described in sections 22, 27, and 38.

The A horizon of relict profiles is as much as about 1 
foot thick, though most are less than 6 inches thick. 
In buried profiles, the A horizon is commonly about 1 
foot thick, dark gray (IQYR 4/1) and has a weak blocky 
structure.

The B horizon is 6 to 12 inches thick (table 9, p. 42), 
brown (7.5YR-WYR 5/4-5/3), and commonly has a 
weak fine blocky structure. On some eolian deposits, 
however, the hue is 5YR and the structure is weak fine 
columnar. The material tends to be nonplastic and 
has little or no clay accumulation. The reaction (pH) 
ranges from neutral (about 7.0) at the upper limit of the 
facies to mildly alkaline (about 7.8) at the lower limit.
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The Cca horizon, including locally a Bca horizon, is be­ 
tween 24 and 36 inches thick (table 9) and is commonly 
light brown to pale brown (7.5 YE- 10 YR 6/3). Where 
developed on reddish sandy mantle, the hue tends to be 
7.5YR or locally 5YR. Calcium carbonate forms thin 
coatings or films on rock fragments or, in fine-grained 
mantle, along root casts and structural openings. The 
horizon is generally structureless, but on fine-grained 
mantle it locally has a weak to strong, fine, blocky to 
columnar structure. Its reaction (pH) is moderately 
alkaline (8.0-8.5).

SIEROZEM FACIES

The Sierozem facies of the Castle Creek soil occurs 
below an altitude of about 5,400 feet in Castle Valley, 
in Spanish Valley, and along the Colorado River on 
alluvial gravel, alluvial-fan gravel, alluvial sand and 
silt, and eolian sand and silt. Typical profiles are 
described in sections 28, 39, 40, and 41.

The A horizon of buried profiles is 4 to 10 inches 
thick. It is reddish gray (5YR 5/2) to brown (7.5YR 
5/2), being reddish when developed on reddish sandy 
parent mantle. Relict profiles tend to be structureless; 
buried profiles have a weak to moderate thin platy or 
fine blocky structure. The reaction (pH) is moderately 
to strongly alkaline (8.0-8.5).

A B horizon is lacking or present only as a Bca 
subhorizon about 6 inches thick (table 10, p. 43). It 
tends to be reddish brown (5YR 5/4) because it is 
generally developed on reddish sandy parent mantle. 
The horizon is structureless to weakly platy, has no 
discernible clay accumulation, and has a moderately to 
strongly alkaline reaction (pH 8.0 - 8.5).

The Cca horizon is 3 to 4 feet thick (table 10) and 
lifht reddish brown (7.5YR 6/3 - 6/4) to pink (5YR - 
7.5YR 7/4). The horizon lacks soil structure and has 
a moderately to strongly alkaline reaction (pH 8.5 - 9.0).

SUMMARY OF GENERAL, CHARACTERISTICS OF THE 
CASTLE CREEK SOIL

As a unit embracing four facies under a variety of 
conditions of vegetation and lithologic properties of 
parent mantle, the Castle Creek soil has certain char­ 
acteristics that set it apart from all others in the area.
1. The upper altitude limit of each of the four facies of the 

Castle Creek soil is lower than for similar facies of the 
Spring Draw or Lackey Creek soils but higher than for 
similar facies of all others (fig. 19).

2. The B horizon ranges in maximum thickness from 4 inches at 
an altitude of 4,200 feet to about 30 inches at 11,000 feet. 
At any given altitude it thus tends to be thinner than that 
of the Spring Draw and Lackey Creek soils (fig. 56) but 
thicker than those of all others.

3. The hue of the B horizon ranges from 5YR to 10 YR.. In 
general, a hue of 7.SYR to 10 YR is more common than in 
the B horizon of the Spring Draw and .Lackey Creek 
soils (fig.

A. The chroma ranges from 2 to 5 but is more commonly 4 to 5 
than in the B horizon of the Spring Draw or Lackey Creek 
soils (fig. 575). A chroma of 6 was not observed. The 
range in color value is similar to that of other soils (fig. 57C).

5. The structure of the B horizon ranges from columnar to crumb 
but is more commonly granular to crumb than in the Spring 
Draw or Lackey Creek soils (fig. 58^4). The structure is 
also more commonly fine to very fine, and it is weaker than 
in the Spring Draw and Lackey Creek soils (fig. 58 B, C).

6. The material of the B horizon ranges from plastic to non- 
plastic (fig. 59). However, the plasticity is so similar to 
that of the parent mantle that illuviated clay is rarely 
distinguishable, and it is clearly much less. than in the 
Spring Draw or Lackey Creek soils.

7. The reaction (pH) of the B horizon, excluding any Bca 
subhorizon, ranges from about 7.0 at about 7,200 feet to 
about 5.0 at an altitude of 12,000 feet (fig. 60). Through­ 
out this range, the pH of the B horizon at any given altitude 
is, on the average, higher than the pH in the Spring Draw 
or Lackey Creek soils but lower than in the Spanish Valley 
soil.

8. The Cca horizon of the Castle Creek soil ranges in maximum 
thickness from about 8 inches at 8,000 feet, its Upper limit, 
to 44 inches at 4,200 feet (fig. 61). It averages consistently 
less than the Spring Draw and Lackey Creek soils and more 
than the Spanish Valley soil.

9. The reaction (pH) of the Cca horizon ranges from about 7.5 
at 8,000 feet to 9.0 at 4,000 feet (fig. 60). At any given 
altitude above about 4,500 feet, the pH tends to be less 
than that of the Cca horizon of the Spring Draw and Lackey 
Creek soils.

10. Although no quantitative measurements have been made, 
the Cca horizon seems to contain less accumulated calcium 
carbonate than those of the Spring Draw or Lackey Creek 
soils.

11. Within the mountains, the Castle Creek soil appears to have 
developed under well-drained conditions. A poorly 
drained phase is restricted to depressions in till in the 
Brown Podzolic facies and to local areas on alluvium in 
the Brown soil and Sierozem facies.

12. The Castle Creek soil appears to have formed while slopes 
were relatively stable, for profiles on steep slopes are 
essentially the same as those on gentle slopes. The only 
observable difference is that the A horizon has been 
somewhat stripped on steep slopes and thickened at their 
bases.

EROSION SURFACE BETWEEN THE BEAVER BASIN 
FORMATION AND GOLD BASIN FORMATION

Stream erosion intervening between the Beaver Basin 
and Gold Basin formations was considerably less than 
that following the Placer Creek formation. Develop­ 
ment of the Castle Creek soil on steep slopes, cut into 
the upper member of the Beaver Basin formation, and 
overlain by the Gold Basin formation, indicates that 
some cutting, probably shallow arroyos, preceded de­ 
velopment of the Castle Creek soil. After the soil 
developed, the arroyos were deepened to as much as 
30 feet and broadened into channels 30 to 300 feet wide. 
The irregularity of this cutting is demonstrated by the 
relation of terraces to compound alluvial fills along 
Pack Creek, as shown in plate 5.
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GOLD BASIN FORMATION 

DEFINITION

The unit here named the Gold Basin formation in­ 
cludes interfingering or intergradational deposits that 
overlie the Beaver Basin formation or an erosion surface 
truncating it. It also locally overlaps the Placer Creek 
and Harpole Mesa formations.

The Gold Basin formation consists of two members. 
The lower member, whether buried by the upper 
member or not, has a very weakly developed azonal 
soil, the Spanish Valley soil, on it. The upper member 
has no soil or only a little humus. In places, the upper 
member is being deposited or reworked intermittently 
at present. Elsewhere it is an inactive deposit.

The Gold Basin formation comprises 10 facies: till, 
rock glaciers, alluvial gravel, alluvial sand and silt, 
alluvial-fan gravel, slope-wash mantle, talus, soli- 
fluction mantle, frost rubble, and eolian sand and silt 
(fig. 9). Sketches of observed relations of these facies 
are shown in figure 45. The 2 members of the for­ 
mation can be distinguished locally in 7 of the facies,

and in 4 they are sufficiently widespread to be mapped 
(pl. 1).

As all facies are nowhere represented in a single 
section, a type area will be defined on the basis of the 
rock glaciers, which are more widespread than the till 
and with which all other facies of the formation can be 
correlated.

TYPE AREA

The Gold Basin formation is named from a type 
area in Gold Basin in the Middle Mountain group. 
Each of the 2 north-facing cirques of Gold Basin contain 
2 rock glaciers, 1 nested within and upslope from the 
other at altitudes of 10,600 and 10,800 feet respectively 
(fig. 4t6). The rock glaciers lie upstream from moraines 
of the Beaver Basin formation and locally breach lateral 
moraines of both members of that formation.

The outer rock glacier is the lower member of the 
Gold Basin formation. It has a very weakly developed 
azonal soil, the Spanish Valley soil, developed on local 
interstitial fine material, and it supports some grass 
and scrub spruce. Surface blocks are lichen covered.

Qgtu (active) N 

Spanish Valley soil 

Lichen

Qsb

Spanish Valley soil- 

Slump

'"' Arroyo flood plain,Qgau 5- 
D (alluvial gravel)________

Spanish Valley soil

castie £-:.Qba-:;.r£*^
Creek-"0.   cF o°0 .*?.«,«<?. 

soil

A. Sketch of a rock glacier of the lower member of the Gold Basin formation (Qgrt), 
on which the Spanish Valley soil is developed, in a draw cut in till of the upper mem­ 
ber of the Beaver Basin formation (Qbtu), on which the Castle Creek soil is developed 
Location: southeast cirque of Beaver Basin.

B. Sketch of a rock glacier of the lower member of the Gold Basin formation ( Qgr 1) 
on which the Spanish Valley soil is developed, merging with frost rubble of the 
upper member of the Gold Basin formation (Qsb). The rubble is formed from till 
of the upper member of the Beaver Basin formation (Qbtu) and truncates theCastle. 
Creek soil developed on that till. Location: northeast cirque of South Mountain.

C. Sketch of an eolian deposit of Beaver Basin formation (Qbe), on which the Castle 
Creek soil is developed, overlain by an inactive dune of the lower mem her of the Gold 
Basin formation (Qge), on which the Spanish Valley soil is developed. This dune is 
being eroded to form an active dune of the upper member of the Gold Basin formation 
(Qge). Location: observed in many places along road east from Moab across the. 
plateau.

D. Sketch of a section of alluvial sand and silt of the lower member of the Gold 
Basin (Qgsl) containing a thin persistent humus zone. The Spanish Valley soil at 
the surface of the deposit is truncated by the arroyo which contains a shallow fill of 
alluvial sand and silt of the upper member of the formation (Qgsu), on which only a 
faint humus is formed. This, in turn, is trenched by the present flood plain. Loca­ 
tion: the wall of Pack Creek in Spanish Valley just below Summerville Ranch.

E. Sketch of active talus of the upper member of Gold Basin formation (Qgtu) 
overlapping inactive, lichen-covered talus of the lower mem her of the formation (Qgtu) 
on which the Spanish Valley soil is developed. Location: east cirque of Mount 
Peale.

F. Sketch of alluvial sand and silt of the lower member of the Gold Basin formation 
(Qgsl) filling and overlapping an arroyo cut in gravel of the Beaver Basin formation 
(Qba) on which the Castle Creek soil is developed. The Spanish Valley soil is devel­ 
oped both on the sand and silt and on alluvial gravel of the lower member of the Gold 
Basin formation (Qgfl) with which the sand and silt interflngers. Location: the wall 
of a draw tributary to Pack Creek from the south near the confluence of Brumley 
Creek.

O. Sketch of an active frost-riven rubble sheet of the upper member of the Gold 
Basin formation (Qsb) on the south side of the summit of Mount Peale. In this 
variety of rubble sheet, blocks riven from subjacent bedrock remain in an essentially 
residual position, without significant downslope displacement.

H. Sketch of active frost-creep rubble sheet of the upper member of the Gold Basin 
formation (Qsb) on the east slope of Mount Tukuhnlkivatz. In this variety of rubble 
sheet, blocks riven from subjacent bedrock slide or roll downslope for considerable 
distances.

FIGURE 45. Some stratigraphic relations of deposits of the Gold Basin formation.
591960 O 62  6
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FIGURE 46. Type locality of the Gold Basin formation in Gold Basin on the west side of the Middle Mountain group. Paired rock glaciers of the lower (Qgri) 
and upper (Qffru) members of the formation lie in the cirques on the north side of Mount Tukuhnikivatz, up-valley from moraines of the upper (Qbtu) 
and lower (Qbtl) members of the Beaver Basin formation on which rubble streams (966) are locally developed. A small moraine (Qotl) of the lower 
member of the Gold Basin formation lies in the cirque to the left of the rock glaciers.

The inner rock glacier represents the upper member 
of the formation. It is bounded by a well-developed 
marginal ridge, outside of which is a distinct drainage 
channel. The deposit bears no soil and supports no 
vegetation. Blocks at its surface are fresh and unsta­ 
ble. The rock glacier grades headward into active 
talus and appears to have been active very recently. 
Permanent snowbanks lie at the head in the shelter 
of the cirque wall.

FACIE8 OF THE GOLD BASIN FORMATION

TILL

Small end moraines occur in 11 cirques at altitudes 
between 10,000 and 11,600 feet. Four cirques are in 
the Middle Mountain group and 7 are in the North 
Mountain group. In 9, only a moraine of the lower 
member is present; in 1, moraines of both members 
are present; and in 1, a moraine of the lower member 
lies below a rock glacier of the upper member. The 
average altitude of a total of 33 moraines and rock 
glaciers of the lower member is 11,100 feet, that of

one moraine and 8 rock glaciers of the upper member 
is 10,130 feet.

All moraines lie upstream from those of the Beaver 
Basin formation, and outwash from them overlaps or 
lies in gullies that cut the Castle Creek soil on the 
Beaver Basin formation. The moraines bear the Span­ 
ish Valley soil and support an extensive tundra vege­ 
tation and scrub spruce.

The lone moraine of the upper member, at the head 
of the North Fork of La Sal Creek, lies upstream from 
a moraine of the lower member, and an outwash chan­ 
nel from it crosses the lower moraine. It has no soil 
and supports only a very sparse pioneer vegetation.

The moraines are 15 to 20 feet high, about the same 
size as many small moraines of the Beaver Basin 
formation, but they appear fresher and have more 
bouldery slopes (fig. 47). The till consists mostly of 
coarse angular rock detritus and some sandy intersti­ 
tial material. The material is mostly of fresh diorite 
except where it is derived from hydro thermally altered 
rock.
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FIGURE 47. A rocky end moraine of the lower member of the Gold Basin formation overlapping a moraine of the upper member of the Beaver Basin formation in the 
north cirque of Beaver Basin. A small rock glacier of the upper member of the Gold Basin formation lies to the right of the snowbank in the cirque head.

Outwash channels that were cut while the moraines 
were formed are well preserved, but little later dis­ 
section is evident. Some outwash channels consist 
of narrow shallow trenches floored with boulders lacking 
interstitial matter, and they have local enclosed depres­ 
sions along them. The boulders tend to lie parallel to 
the trench and with their slabby sides at a high angle. 
This and the enclosed depressions suggest that the 
trenches result from gradual settling of the boulders 
as subsurface drainage washed interstitial material 
from between them.

ROCK GLACIERS

Rock glaciers occur in 23 cirques. Seven cirques 
contain rock glaciers of both members; 1, a rock glacier 
upslope from a moraine of the lower member; and 15 
contain only a rock glacier of the lower member. Rock 
glaciers of this formation truncate, overlap, or lie 
upstream from rock glaciers or moraines of the Beaver 
Basin formation (figs. 32, 46). Those of the lower 
member that contain interstitial fine material at their 
surfaces have the Spanish Valley soil developed on 
them, and support scrub spruce or tundra vegetation. 
Blocks on their surfaces are lichen covered. The 
deposits grade headward into inactive talus on which 
the Spanish Valley soil is also developed, and they 
are overlapped by active talus. Rock glaciers of the 
upper member bear no soil and support no vegetation 
(fig. 48). They grade into active talus at the cirque 
headwall but themselves display no evidence of present 
activity.

FIGURE 48. A rock glacier of the upper member of the Gold Basin formation over­ 
lapping a lateral moraine of the lower member in a cirque on the south side of 
Miners Basin.

The rock glaciers of the Gold Basin formation 
appear much fresher than those of the Beaver Basin 
formation. They are lobate, have steep snouts, and 
hi places are as much as 70 feet high.
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The deposits range from 100 yards to half a mile in 
length and from 100 to 600 yards in width. Their 
surface gradients range from 2° to 15°. Surface 
features are similar to, but more pronounced than, 
those of rock glaciers of the Beaver Basin formation. 
For example, a rock glacier of the lower member in 
the northeast cirque of South Mountain has a kettlelike 
depression in its terminal zone that is 100 feet across, 
30 feet deep, and contains water throughout the sum­ 
mer. It also has steep-sided crevasselike furrows, 
30 to 40 feet long, 10 to 15 feet wide, and 6 to 10 feet 
deep, along its northern side.

The deposits appear to consist mostly of unsorted, 
angular, blocky rubble, in which individual fragments 
average about 2 feet in diameter but are as much as 10 
feet. However, exposures of till-like material along 
their flanks and the presence of water in kettlelike 
depressions suggest that the blocky rubble irregularly 
mantles a relatively impermeable core. The rubble 
may be as much as 30 feet thick in places.

ALLUVIAL GRAVEL

Alluvial gravel of the Gold Basin formation is mostly 
confined to the major flood plains and to low, narrow 
terraces along them. The only canyon containing ex­ 
tensive gravel is that of Pack Creek, where the gravel 
either overlaps the Castle Creek soil (fig. 49) or lies on 
an erosion surface that dissects alluvium of the Beaver

Basin formation. Locally, deposits of gravel form a 
compound fill in which gravel of the lower member 
overlies alluvium of the Beaver Basin formation and is 
overlain by gravel of the upper member, with both the 
Spanish Valley and Castle Creek soils in their appro­ 
priate places. More commonly, however, gravel of the 
lower member bearing the Spanish Valley soil underlies 
a terrace, 10 to 15 feet above the stream. The terrace 
is cut below the Beaver Basin formation and is itself 
trenched by lower gravel that has no soil. These rela­ 
tions along Pack Creek are shown on plate 5. In the 
mountains, a few small outwash gravel deposits, bearing 
the Spanish Valley soil, grade headward into moraines 
of the lower member. The gravels have numerous bars 
and channels and consist of poorly sorted, crudely 
bedded, subangular to subrounded gravel that contains 
local lenses of sand and silt. The lower member is as 
much as 20 feet thick; the upper member is commonly 
less than 10 feet thick. Except for small outwash de­ 
posits, most of the gravel is locally derived from older 
alluvial or solifluction deposits.

ALLUVIAL SAND AND SILT

Alluvial sand and silt of the Gold Basin formation is 
widely distributed in the lower valleys west of the moun­ 
tains. Its relations to alluvium of the Beaver Basin 
are like those of the alluvial gravel fades, with which 
it interchanges several times along certain valleys,

.uKE 49. Alluvial gravel of the lower member of tbe Gold Basin formation (Qgal), on which the Spanish Valley soil is developed, overlapping 
the Castle Creek soil on alluvial gravel (Q6o) of the Beaver Basin formation. Exposure is along the upper sector of Pack Creek at an altitude 
of 9,100 feet.
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FIGURE 50. Alluvial sand and silt of the lower member of the Qold Basin formation (Qgif), on which the Spanish Valley soil is developed, filling 
a trench cut in alluvial gravel of the Beaver Basin formation ( Qba) on which the Castle Creek soil is developed. Exposure is along Pack Creek 
below its confluence with Dorry Creek.

except that it fills many arroyos cut in the Beaver Basin 
formation and overlaps the Castle Creek soil. Like the 
gravel, it forms a compound fill in some places (fig. 52), 
and elsewhere it forms a pair of terrace deposits.

These conditions are well illustrated along Pack 
Creek Canyon (pi. 5). In the upper canyon, alluvial 
gravel of the lower member overlies the Castle Creek 
soil on gravel of the Beaver Basin formation. Near 
Hell Canyon, it converges into a trench cut in terraced 
gravel of this formation. Near Dorry Creek, it changes 
facies to alluvial sand and silt that nearly fills a trench 
cut in this alluvial gravel (fig. 50). Farther down­ 
stream the facies changes again to gravel, trenched 
within gravel of the Beaver Basin formation. At the 
south end of Spanish Valley, the gravel overlaps the 
Castle Creek soil on gravel of the Beaver Basin forma­ 
tion. In the central valley, the facies changes again to 
sand and silt, which overlaps first alluvial gravel and 
then sand and silt of the Beaver Basin formation as far 
as the Colorado River.

The alluvial sand and silt is mostly light reddish 
brown to light red, poorly sorted, and well bedded. 
Locally, near salt plugs in lower Castle Valley, it is 
bluish gray, owing to its high content of sulphate. In 
places it is mostly coarse to fine sand; in others, fine 
sand and silt. Very locally, it contains thin layers of 
silty clay.

The lower member is as much as 20 feet thick and 
bears the Spanish Valley soil. It contains a few small 
gastropods and pelecypods, chiefly in clayey layers 
and in the uppermost deposits, on which the Spanish 
Valley soil is developed. Hearth sites containing 
charcoal were found at the following localities:
1. NWMNWM sec. 22, T. 27 S., R. 23 E. North bank of Pack 

Creek below confluence of Bromley Creek, 20 yards east of 
road crossing. Two hearths in lower member overlain by 
1 foot of upper member.

2. NW^NW^ sec. 22, T. 27 S., R. 23 E. Same as locality 1, 
but 1,100 yards east of road crossing. Three hearths in 12- 
foot fill of lower member trenched into gravel of Beaver Basin 
formation and capped by a few inches of upper member.

3. SE%NE}i sec. 22, T. 26 S., R. 22 E. Along short arroyo 
tributary to Pack Creek three-quarters of a mile northwest 
of dam in Spanish Valley. Type locality of Spanish Valley 
soil. Two hearths, flaked chips, and one point found in lower 
member, which is overlain by 3 to 5 feet of upper member.

4. SW>^NE>^ sec. 1, T. 25 S., R. 22 E. North bank of Castle 
Creek at lower end of Castle Valley. One hearth in lower 
member which forms higher of two terraces above the stream. 
Lower terrace, underlain by upper member, is barren.

5. NW^NW^ sec. 1, T. 25 S., R. 22 E. Castle Creek in canyon 
below Castle Valley, below point where stream leaves alluvial 
fill and cuts through rock. Two hearths in lower member 
which forms higher of two terraces along stream. Lower 
terrace, underlain by upper member, is barren.

6. NW#NW# sec. 1, T. 25 S., R. 22 E. Castle Creek, one- 
quarter of a mile downstream from locality 5. One hearth 
15 feet below top of lower member which forms higher of 2
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terraces along stream. Lower terrace, underlain by upper 
member, is barren.

7. NW#SW# sec. 8, T. 25 S., R. 23 E. South wall of Castle 
Creek, just above confluence with Placer Creek. Three 
hearths about 6 feet below top of lower member which is 
overlain by upper member, here 3 feet thick.

The hearths are 2 to 3 feet in diameter and 2 to 8 
inches deep. Some are irregularly lined with flat slabs 
of sandstone. Artifacts, consisting of flaked chips and 
one point, were found in them at locality 3. The 
point was identified by Alice P. Hunt (oral communi­ 
cation, 1952) as being similar to points of "pre-pottery" 
age found by her at the surface of deposits no younger 
than the lower member of the Gold Basin formation 
(Hunt, A. P., 1954). Carbon-isotope analysis of char­ 
coal from this locality by the U.S. Geological Survey 
laboratory (sample W-143) yielded an age of 2,800 ± 
200 years (Rubin and Suess, 1955, p. 484).

The upper member is generally less than 10 feet 
thick and bears no soil or only a thin, faint platy humus 
horizon. It contains a few small pelecypods and 
gastropods. Fragments of pottery were found in 
terraces along Pack Creek between Moab and the 
Colorado River.

ALLUVIAL-FAN GRAVEL

Alluvial-fan gravel of the Gold Basin formation is 
widely distributed, though individual deposits are 
small. The deposits are all locally derived. In the 
mountains, steep cones of coarse and fine angular debris 
grade headward into talus. Lower down they form 
gently sloping fans, composed mainly of angular chips 
of sandstone and shale in a silty matrix that grade 
headward into slope-wash mantle or talus along major 
valleys. Coarser, locally bouldery deposits occur 
where intermittent tributaries join perennial drainage.

In general, the deposits head in gullies cut in the 
Beaver Basin formation, which they overlap down­ 
stream. Many grade downslope into alluvial gravel 
or sand and silt of either member of the Gold Basin 
formation.

The fan gravel is crudely bedded and poorly sorted. 
Some structureless layers probably represent mudflows. 
Torrent or mudflow channels and levees are common 
on seasonally active deposits.

SLOPE-WASH MANTLE

Thin, sporadic deposits of active and inactive slope- 
wash mantle of the Gold Basin formation overlie or 
transect deposits of the Beaver Basin and older forma­ 
tions throughout the area, especially in the lower parts. 
No soil, or only a thin azonal soil, is developed on these 
deposits. Locally derived, poorly sorted debris with 
crude discontinuous bedding forms deposits a few inches 
to as much as 6 feet thick. Some are largely of sand 
and silt, and others contain angular rock fragments.

Most of the deposits have smooth slopes, but the 
surfaces of some are scored by shallow rills. No 
attempt was made to map or subdivide these deposits.

TALUS

Most talus of the Gold Basin formation lies in cir­ 
ques, though a few small, sheetlike deposits or scattered 
large blocks skirt canyon walls. The deposits overlap 
the Beaver Basin formation or He in gullies that dissect 
it. They grade into till, rock glaciers, or alluvial-fan 
gravel of the Gold Basin formation. Some are fresh 
and receive seasonal accretions; others are lichen cov­ 
ered and appear inactive. A few of the deposits, com­ 
posed largely of fine-grained material, support sparse 
vegetation and have a very weak azonal soil.

Clear distinction of the two members of the Gold 
Basin formation in talus deposits is generally impossible. 
Talus that merges with moraines or rock glaciers of the 
lower or upper members can of course be correlated, 
and active deposits are part of the upper member. 
Inactivity is not in itself a criterion of stratigraphic 
position, and a soil-profile is rare on coarse deposits. 
Many are partly active and partly inactive, as though 
talus development were currently waning.

The upper slopes of the smooth concave talus surfaces 
range from 24° to 38°. Many are scored by small 
channels and levees. Most of them consist of coarse, 
angular rock fragments and finer interstitial debris 
crudely bedded parallel to the slope. The fine-grained 
matter is more abundant on the upper slopes of the 
deposits, and coarse debris is more abundant near the 
toes.

Most deposits grade downslope into other facies or 
thin to a featheredge over subjacent material. Some, 
however, end in protalus lobes or protalus ramparts.

SOLIFLUCTION MANTLE

Active solifluction mantle of the Gold Basin formation 
occurs below a few snowbanks at high altitudes. The 
deposits are all small and consist of angular rock fra- 
ments in an unsorted silty sand matrix. Some have a 
cover of tundra vegetation; others are barren.

Inactive solifluction mantle of the Gold Basin forma­ 
tion also exists, but thick vegetation prevents differenti­ 
ation from that of the Beaver Basin formation except 
by excavation of each individual deposit.

No attempt was made to map these deposits.

FROST RUBBLE

Frost rubble of the Gold Basin formation abounds on 
summit uplands and slopes as steep as 42° throughout 
the higher mountains. Its lower limit is at altitudes 
between 11,000 and 11,400 feet on the west flank, 
of the mountains and between 10,400 and 11,200 feet 
on the east flank. Some deposits develop from till or
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FIGURE 51. Kubble sheets of the Gold Basin formation merging downslope into rubble rills that are formed from solifluction mantle of the Beaver 
Basin formation on which the Castle Creek soil is developed. Those on Castle Mountain are formed on diorite bedrock; those on North Peak are 
formed on sandstone. Most of the deposits are inactive.

solifluction mantle of the Beaver Basin formation 
and transect the Castle Creek soil on them. Others 
appear to represent local regenerations of surrounding 
frost rubble of the Beaver Basin formation. Still others 
develop on bedrock but overlap the Beaver Basin for­ 
mation along their lower margins. A few grade into 
till, rock glaciers, talus, or alluvium of the Gold Basin 
formation.

The several kinds of rubble are the same as frost 
rubble of the Beaver Basin formation described on 
page 62, but the deposits are smaller, fresher and 
more unstable than those.

Frost creep and frost-riven rubble sheets on bedrock 
are the most widespread (fig. 51). Frost-sorted rubble 
sheets on summit uplands are commonly associated 
with sorted polygons, and those on steep slopes tend 
to grade laterally into extensive rubble festoons and 
rubble rills. Most of them are on solifluction mantle 
of the Beaver Basin formation. Rubble streams are 
limited to steeply sloping upland swales and are pre­ 
dominantly of frost-sorted origin. Most of them are 
less than 100 yards long, and none as large as those 
common in the Beaver Basin formation were seen.

Frost rubble of the Gold Basin formation includes 
inactive and active deposits, probably related respec­ 
tively to the lower and upper members. Inactive 
deposits tend to lie downslope from or to enclose the 
active deposits. Blocks at their surfaces are sparsely 
covered with lichen and in places, a very weak soil is 
formed at bases or on eolian silt within their interstices, 
Active deposits are very unstable and support no lichen.

The ground in the source deposits beneath small block 
streams was frozen to a depth of about 3 feet in mid- 
July of 1950. Most of the ice is interstitial, but some 
of it forms clear layers, 1 to 2 inches thick, with cleavage 
normal to the surface.

Modern frost creep is locally demonstrated by rubble 
sheets gradually encroaching on scrub spruce, as on the 
south slope of Green Mountain, and by terminal ram­ 
parts against mature trees near the summit of South 
Mountain (fig. 52). The growth rings of the scrub 
spruce are considerably thinner on the upslope side, 
against which pressure is being applied, than on the 
downslope side.

FIGURE 52. An active rubble sheet of the upper member of the Gold Basin formation 
encroaching against a spruce tree at an altitude of 11,200 feet on the south side of 
South Mountain.
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Although undoubtedly some of the frost rubble has 
become inactive in modern times, the relations of many 
inactive deposits to other facies of the lower member of 
the Gold Basin formation indicate that some of these 
deposits are part of that member. Active deposits 
cutting across inactive deposits and constructing ter­ 
minal ramparts with them suggest rejuvenation associ­ 
ated with the upper member.

EOLIAN SAND AND SILT

Eolian sand or silt of the Gold Basin formation forms 
scattered dunes and an extensive drift mantle in Spanish 
Valley and on the plateau east of Moab. A few small 
dunes also occur along West Coyote Creek and along 
the Colorado River north of Moab. Some lie con­ 
formably on, or are interlayered with, alluvial sand and 
silt of the Gold Basin formation; others overlie or tran­ 
sect the Castle Creek soil on the Beaver Basin forma­ 
tion. Still others overlie or transect older soils. In 
the mountains, the deposits form a thin structureless 
mantle most readily seen in the interstices of talus, 
frost rubble, or rock glaciers of the Gold Basin formation. 
They also lie conformably on other facies of the Gold 
Basin formation or disconformably on older deposits. 
Some are so thin that they are difficult to distinguish 
from older eolian deposits.

The dunes and drift mantle of the lower areas con­ 
sist mostly of light reddish-brown, medium- to fine­ 
grained, crossbedded sand. The deposits are mostly 
more than 90 percent quartz, but along Spanish Valley 
they contain as much as 30 percent feldspar and a trace 
of mafic minerals.

Individual dunes are small elliptical masses that 
tend to be oriented in a northerly direction. Most 
are only 3 to 6 feet high, but some that overlap bluffs 
are as much as 30 feet high. Locally, several dunes 
join to form an irregularly elongate mass.

The drift mantle forms thin irregular, hummocky 
sheets, scarred by numerous blowouts. Some of the 
blowouts are floored by the calcareous horizon of the 
Castle Creek or Lackey Creek soils; others are 
floored by bedrock. The deposits are characterized by 
numerous sets of short variably oriented cross laminae, 
separated by shallow blowout disconformities.

The structureless mantle of the mountains consists 
mostly of well-sorted, pale-red to pinkish-gray, fine 
quartz sand or silt, a few inches to as much as 10 feet 
deep.

On the plateaus west of the mountains and in Spanish 
Valley, the deposits comprise two distinct generations. 
Most are inactive, support vegetation, and bear a very 
weak soil. Within, and in places enveloping or trans­ 
gressing, these inactive deposits, however, are small

active deposits. The very weak soil on inactive deposits 
can locally be traced onto alluvium of the lower member 
of the Gold Basin formation and so most inactive de­ 
posits probably correlate with the lower member of the 
formation; active deposits correlate with the upper 
member.

SPANISH VALLEY SOIL

DEFINITION AND TYPE LOCALITY

The Spanish Valley soil is that very weakly developed 
essentially azonal profile of weathering formed on the 
lower member of the Gold Basin formation. Though 
not so recognized, it probably also formed on older 
Quaternary deposits from which preexisting soils had 
been stripped at that time. It was not observed on 
bedrock, nor was it seen superposed on older soils. 
The soil is either overlain conformably by the upper 
member of the formation or cut by shallow valleys in 
which the upper member is deposited.

The Spanish Valley soil is named from a type locality 
in Spanish Valley in the wall of a short arroyo tributary 
to Pack Creek, about three-quarters of a mile below the 
dam in SE^NEX sec. 22, T. 26 S., R. 22 E. The 
Spanish Valley soil is here developed on alluvium of the 
lower member of the Gold Basin formation that con- 
tarns charcoal, hearth sites, stone points, and worked 
flints. It is overlain by interbedded alluvial and eolian 
deposits of the upper member, which has no soil or only 
a very faint modern humus. A section measured in the 
arroyo is given in section 44 and is shown in figure 53.

The stratigraphic relations of the Spanish Valley soil 
can be observed in many places. In northern Spanish 
Valley, it is exposed almost continuously on alluvium 
of the lower member of the Gold Basin formation on a 
terrace 15 to 20 feet above Pack Creek. In the face 
of the terrace, the Castle Creek and Pack Creek soils 
are also exposed. Alluvial gravel of the upper member 
of the Gold Basin formation forms a lower terrace and 
the flood plain.

This same successsion was seen along Placer Creek in 
lower Castle Valley and along Buck Hole Creek in 
Browns Hole.

In the higher mountains, the Spanish Valley soil 
occurs on till and rock glaciers of the lower member of 
the Gold Basin formation. These deposits are trans­ 
gressed by moraines or rock glaciers of the upper mem­ 
ber, which bear no soil, and lie upstream from moraines 
or rock glaciers of the Beaver Basin formation. In 
many places, the Spanish Valley soil can be traced 
laterally onto other facies of the lower" member that are 
overlain or trenched by Kke facies of the upper member. 
Relations observed at several localities are sketched in 
figure 45.
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FIOURE 53. Type locality of the Spanish Valley soil in the wall of an arroyo tributary to Pack Creek at a 
point about three-quarters of a mile downstream from the dam in the central sector of Spanish Valley. 
The very weakly developed azonal pedocal facies of the soil is here developed on alluvial sand and silt of 
the lower member of the Gold Basin formation, containing hearth sites and pre-pottery artifacts, and is 
overlain by alluvial sand and silt of the upper member of the formation on which no soil or only a very 
faint humus is formed.

FACIES OF THE SPANISH VALLEY SOIL,

The Spanish Valley soil cannot be differentiated into 
facies equivalent to great soil groups because it is 
essentially azonal. However, incipient Pedalfer and 
Pedocal facies can be distinguished respectively by 
their acid or alkaline reaction. The boundary is drawn 
where the pH of the soil is 7.0, which in this area is at 
an average altitude of about 7,000 feet (pi. 2, fig. 19).

Diagrammatic profiles of typical Pedalfer and Pedocal 
facies on well-drained dioritic parent material are given 
in figure 54.

PEDALFER FACIES

The Pedalfer facies, above about 7,000 feet, was seen 
on till, talus, alluvial-fan gravel, alluvial sand and silt, 
and eolian sand and silt of the lower member of the
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FIGURE 54. Typical diagrammatic profiles of the two azonal facies of the Spanish 
Valley soil, showing their general character and thickness.

Gold Basin formation. Typical profiles are given in 
sections 24, 42, and 43.

Local variations in the facies reflect chiefly differences 
in slope, drainage, vegetation, and lithologic character­ 
istics or texture of the parent deposits. The A horizon 
is about 1 to 6 inches thick and is loose, friable, and 
structureless. It is commonly dark gray to black under 
spruce, and more brownish under tundra vegetation, 
meadow, or aspen. The reaction (pH) tends to be only 
slightly acid under tundra, in many places less acid 
than the parent mantle. Under spruce, the reaction 
tends to be moderately to strongly acid. A whitish 
strongly acid A2 subborizon, generally less than half an 
inch thick, is locally present under spruce.

The B horizon, though locally lacking, tends to be 4 
to 6 inches thick (table 7, p. 39), brown to dark 
brown (7.5YR-WYR 5/3-5/4), loose to friable, and 
structureless. Clay illuviation was not discernible. 
The reaction ranges from slightly acid (pH 6.0-6.5) at 
higher altitudes to neutral (pH 6.5-7.0) at about 
7,000 feet.

PEDOCAL FACIES

The Pedocal facies, below about 7,000 feet, is consid­ 
ered azonal because, although the parent mantle 
beneath the A horizon is calcareous and alkaline, a 
Cca horizon cannot be clearly delineated. The facies 
was observed on alluvial gravel, alluvial sand and silt, 
and eolian sand and silt. Typical profiles are given in 
sections 28, 40, 44, 45, and 46.

Local variations in the facies are slight, and are 
chiefly due to differences in slope, drainage, vegetation, 
or parent mantle. The A horizon ranges in thickness 
from about 2 inches where well drained at time of origin 
to about 2 feet where poorly drained. It is commonly 
gray to brown, varying in hue with the parent mantle. 
The horizon is structureless to weakly platy and loose 
to friable (table 9, p. 42; table 10, p. 43). Its 
reaction ranges from neutral at about 7,000 feet 
to moderately alkaline (pH 8.0) at about 4,000 feet. 
Slight accumulations of calcium carbonate locally form 
films on rock fragments or the walls of structural open­ 
ings. The reaction of the parent mantle ranges with 
altitude like that of the A horizon.

SUMMARY OF THE CHARACTERISTICS OF THE SPANISH 
VALLEY SOIL,

The Spanish Valley soil displays characteristics that 
set it apart from other soils in the area.
1. The average altitude of the boundary between the Pedalfer 

and Pedocal facies is lower than that separating the Brown 
Podzolic and Brown Forest facies of all other soils.

2. A B horizon is restricted to the Pedalfer facies. Its lower 
altitude limit is higher than that of the B horizon of any 
other soil.

3. The B horizon ranges from 4 to 6 inches in maximum thickness, 
which is less than any other soil except possibly the Pack 
Creek.

4. The range of color of the B horizon is generally similar to that 
of the B horizon of Brown Podzolic facies of the Pack 
Creek and Castle Creek soils.

5. The B horizon is. structureless, loose to friable, and has no 
discernible clay accumulation.

6. The reaction (pH) of the B horizon ranges from about as low 
as 5.5 at higher altitudes to about 7.0 at 7,000 feet less acid 
than in any other soil at any given altitude (fig. 60).

7. Though there is no distinct Cca horizon, the pH of the upper 
few inches of the profile below 7,000 feet ranges from 7.0 to 
8.0.

8. The reaction (pH) of both the A horizon and the underlying 
C horizon ranges from about 7.0 at an altitude of about 7,000 
feet to about 8.0 at altitudes below 4,500 feet. At any given 
altitude below 7,000 feet, the pH of the profile tends to be 
lower than that of the Cca horizon of all other soils (fig. 60).

EROSION SURFACE BETWEEN THE LOWER AND UP­ 
PER MEMBERS OF THE GOLD BASIN FORMATION

Arroyos as much as 30 feet deep were cut in the lower 
member of the Gold Basin formation before the upper 
member was deposited. Dissection was greatest in 
lower Castle Valley and Spanish Valley (pi. 5) and less­ 
ened headward to the mouths of canyons. Within the 
mountains, alluvium of the upper member rests con­ 
formably, or nearly so, on the lower member. All the 
erosion appears later than the Spanish Valley soil.

MODERN SOIL DEVELOPMENT ON THE UPPER MEM­ 
BER OF THE GOLD BASIN FORMATION

The upper member of the Gold Basin formation, 
where still being deposited or reworked, shows no evi­ 
dence of soil development. However, many inactive 
parts of this member, such as alluvial or eolian sand and 
silt or fine-textured talus, have a fault humus horizon 
and support vegetation. The pH of this fault soil on 
flood plains ranges from 6.0 at 11,000 feet to 8.0 at 4,000 
feet and is 7.0 at an average altitude of 6,400 feet, the 
probable boundary between modern Pedalfer and Ped­ 
ocal soil-forming processes.

CORRELATION

Correlations of Quaternary deposits in the Rocky 
Mountains and adjacent regions have been offered by 
many geologists, most recently by Ray (1940), Flint 
(1947, p. 302-303), and Holmes and Moss (1955). For
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purposes of this report, a method using soils as criteria 
for correlation will be described and applied to a few 
key areas. It should not be inferred, however, because 
of the emphasis on soils that they are more significant 
criteria than others, for all commonly accepted criteria 
available have been given careful consideration.

SOIL-STRATIGRAPHIC CORRELATION

Reliable correlation is believed possible by comparing 
the relative degree of development and geologic suc­ 
cession of soils in sequences of Quaternary deposits 
from different areas. This hypothesis rests on two 
assumptions: (1) that the major factors in soil de­ 
velopment are, directly or indirectly, climate and the 
duration thereof; (2) that climatic fluctuations during 
the Quaternary were synchronous throughout the 
Rocky Mountains and adjacent regions, though in­ 
dividual soil-forming optima were probably shorter and 
generally cooler at northern latitudes than at southern. 
If these assumptions are vali.d, it follows that geolog­ 
ically distinct soils should be present throughout the 
region. The problem is how to identify and correlate 
them.

In the La Sal Mountains, the facies of each geolog­ 
ically distinct soil can be traced from one to another, 
leaving no doubt as to their correlation. However, 
detailed comparison of like facies of these soils discloses 
notable differences in thickness, color, structure, con­ 
sistence, and pH (fig. 55). These data, taken together, 
define "degree of development" as used in this report, 
and comparison of them suggests that the relative 
degree of development of each soil is constant through­ 
out all its facies. To test this conclusion, all available 
data for each characteristic of the B and Cca horizons 
of well-drained profiles of each of three soils were 
compiled as a composite, without regard for facies, 
vegetation, or for texture, lithologic characteristics, or 
genesis of the parent mantle (figs. 56-61). Graphs 
drawn from the data show that the characteristics of 
each soil have a distinctive range, differentiating it 
from all other soils. Thus they confirm the conclusion 
reached for the individual facies that relative develop­ 
ment is the same for all facies of each geologically 
distinct soil.

In the La Sal Mountains, where the relief is about 
8,500 feet, four facies are telescoped into a horizontal 
distance of about 12 miles. A traverse across four such 
facies in the central United States is well over 1,000 
miles. In the La Sal Mountains, the succession of soils 
in terms of relative development is, from oldest to 
youngest, very strong, very strong, very strong, weak, 
strong, weak, moderate, and very weak. Such a succes­ 
sion should occur equally in the larger region and thus 
provide a basis for correlation.

Soils so correlated need not look alike, for appearance 
varies with facies and other factors. Conversely, soils 
that look alike are not necessarily correlative, for a 
soil that is strongly developed with respect to others in 
a local succession may resemble one that is but weakly 
developed with respect to those in its local succession. 
As complete a succession as possible is therefore 
necessary to insure reliable correlation.

CORRELATION WITHIN THE ROCKY MOUNTAIN
REGION

Correlation of the Quaternary deposits of the La Sal 
Mountains with those of certain well-known areas in the 
Rocky Mountain region is shown in table 11. The 
basis for correlation with each area is given briefly 
below.

SAN JUAN MOUNTAINS, COLO.

Atwood and Mather (1932) recognized three stages 
of glaciation: the Cerro, the Durango, and the 
Wisconsin. Both the Durango and Wisconsin stages 
as considered by Atwood and Mather are now believed 
to include two substages, and deposits of two younger 
Recent glaciations have been identified (Richmond, 
1954).

Till of the Cerro stage consists of sheetlike deposits, 
lacking morainal topography, that cap upland ridges 
and divides. It has a thick, very strongly developed 
profile of weathering as compared with soils on younger 
tills in the area. In all these respects it resembles the 
two older tills of the Harpole Mesa formation in the 
La Sal Mountains. It differs from the younger till of 
that formation primarily in that it has not been found 
in the canyons.

Till of the Durango stage includes the outermost 
moraines in the canyons and, in places, comprises two 
moraines with associated outwash deposits that appear 
to represent two advances of the ice separated by an 
interval of erosion. Both moraines have a relatively 
strong relict soil and resemble moraines of the two tills 
of the Placer Creek formation in the La Sal Mountains.

The so-called Wisconsin till includes two well-pre­ 
served, bouldery moraines that lie upstream from 
moraines of the Durango stage and appear to represent 
two ice advances. They have a relatively moderately 
developed soil, as do the two tills of the Beaver Basin 
formation in the La Sal Mountains.

Deposits of two younger glacial advances are wide­ 
spread in the cirques of the San Juan Mountains. 
Those of the older advance include small moraines 
and rock glaciers which have a very weak soil, compared 
with that on the so-called Wisconsin till, and support 
scrub spruce and grassy tundra. They thus resemble 
the lower member of the Gold Basin formation in the 
La Sal Mountains. These deposits are overlapped by
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TABLE 11. Correlation of Quaternary deposits of the La Sal Mountains
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Midcontinent 
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lime-stratigraphic 
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Late Wisconsin

Middle Wisconsin

Early Wisconsin

Sangamont?) stage

lllinoian(?) stage

Yarmouth (?) stage

Kansan(?) stage

Aftonian(?) stage

Nebraskan (?) stage

La Sal Mountains, 
Utah

This report

Gold 
Basin 

formation

Beaver 
Basin 

formation

Placer 
Creek 

formation

Harpole 
Mesa 

formation

Upper 
member

Spanish 
Valley soil

Lower 
member
Castle 

Creek soil

Upper 
member

Pack Creek 
soil

Lower 
member

Lackey Creek 
soil

Upper 
member

Porcupine 
Ranch soil

Lower 
member

Upper Spring 
Draw soil

Upper 
.member

Middle Spring 
Draw soil

Middle 
member

Lower Spring 
Draw soil

Lower 
member

San Juan 
Mountains, Colo

Modified after 
Atwood and 

Mother (1932), 
Richmond (1954)

Rock glaciers

Very weak 
soil

Moraines or 
rock glaciers

Modern 
soil

1
*

V

§1
c

0

Upper 
till
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till

Strong 
soil

Upper

Lower 
till

Very strong soil

to 
o

(J

Till

Front Range, 
Cache La Poudre 

River, Colo

Modified after 
Bryan and Ray (1940), 

Ray (1940)

Modern moraines 
R2

Very weak soil

Type Sprague 
moraine Til

Moderate soil

Type Long Draw 
deposit 

Moraine at Long 
Draw Reservoir W4

Type Corral- Creek 
moraine W3

Strong soil

Home moraine W2

Pre-Home 
deposits Wl

Very strong soil

Prairie Divide till

Wind River 
Mountains, Wyo

Modified after 
Blackwelder (1915), 
Richmond (1948), 
Moss (1949, 1951)

Modern moraines
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Temple Lake 
stage
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soil

D> 

«

 a 

c 
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Upper till

Lower till

Strong soil

Upper till

Lower till

Very strong 
soil

Post-canyon
tilU?)

Pre-canyon
tilK?)

Pre-canyon
tilK?)

Hopi Country; 
Arizona

Modified after 
Hack (1942)

Naha 
formation

Very weak 
soil
Tsegi 

formation

Moderate 
. soil

Jeddito 
formation

Nebraska

Modified after 
Schultz, Loeninghoener, 

and Frankforter 
(1951)

Flood plain deposits, 
Soil Z' alluvium

Soil Z

Alluvium

Soil Y

Bignell 

<^" Soil YY 

loess

Brady soil 
(soil X)

Peorian 

<^ SoilW 

loess

Sangamon soil

Loveland loess

Yarmouth soil

Kansan till

Aftonian soil

Nebraskan till

Kansas

After Frye and 
Leonard (1952)

Flood plain and 
Recent low terraces

Post-Bignell 
soil

mation

Sanborn fo

Bignell
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^s^ zone

member

Brady soil

Peoria
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^^ zone

member

Sqngamon soil

Loveland 
member

Yarmouth soil

Kansan till

Aftonian soil

Nebraskan till

fresh rock glaciers of the most recent glacial episode, 
many of which were called rock streams by Atwood and 
Mather and ascribed to landslides. These deposits, 
though locally lichen covered, bear no soil. They appear 
stagnant, but they grade headward into active talus 
as do rock glaciers of the upper member of the Gold 
Basin formation in the La Sal Mountains.

The succession of soils in the San Juan Mountains, 
when compared in terms of relative development with 
that in the La Sal Mountains, seems to be reasonably 
correlated (table 11) if the disconformities separating 
the two advances of tills of the Durango and the so- 
called Wisconsin stages are considered equivalent to 
the weak Porcupine Ranch and Pack Creek soils.

FRONT RANGE, COLO.

A sequence of glacial deposits, widely used in correla­ 
tion in the Southern Rocky Mountains, is that along 
the Cache la Poudre River in the Front Range of Colo­ 
rado. Here, Bryan and Ray (1940; Ray, 1940) recog­ 
nized one precanyon glaciation, the Prairie Divide, of 
pre-Wisconsin age, and five postcanyon glaciations of 
Wisconsin and possibly Recent age. A reexamination

of the area by the writer suggests some revision of their 
succession.

Till of the Prairie Divide stage of Bryan and Ray 
(1940) has been recognized only on intercanyon divides 
and has a very thick well-developed soil. It thus re­ 
sembles the lower and middle members of the Harpole 
Mesa formation, but it differs from the upper member 
because it is not found in the canyons.

The oldest canyon advance, the pre-Home or Wt of 
Bryan and Ray (1940), is represented only by ice mar­ 
ginal channels and outwash along the Cache la Poudre 
River (fig. 62). The outwash has a relatively strongly 
developed soil. The Home, or W2 moraine, bears a 
similar soil, mantled by younger eolian sand and silt. 
These deposits of the pre-Home and Home advances 
resemble the two members of the Placer Creek forma­ 
tion. The outwash deposits of the two advances are 
clearly separated by erosion, but no buried soil has been 
found between them.

The lower of two moraines on Corral Creek (fig. 62) 
is the type Corral Creek or W3 moraine of Ray (1940). 
The upper moraine is associated with a pitted outwash
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FIGURE 56. Range in maximum thickness of B or Bca horizon with altitude in soils 
of different geologic age in the La Sal Mountains, Utah.

plain and was identified by Ray (1940) as his Long Draw 
or W4 advance. The writer believes it to be somewhat 
older than the type Long Draw deposits as shown below. 
Both moraines have a moderately developed soil, as do 
the two members of the Beaver Basin formation in the 
La Sal Mountains, with which they are here correlated. 
A similar pair of moraines with the same soil lie in the 
lower sector of Long Draw. The lower moraine was 
mapped as the Corral Creek advance by Ray. The 
upper moraine lies at the foot of Long Draw Reservoir 
and was seemingly not taken into consideration by Ray. 
It marks the terminus of an advance equivalent to the 
upper moraine on Corral Creek and is somewhat older 
than the type Long Draw deposit upstream.

The type deposit of the Long Draw or W4 advance of 
Ray lies along Long Draw in the saddle of La Poudre 
Pass (fig. 62). It consists of hummocky, well-bedded, 
extensively slumped, ice-contact deposits of sand and

Spring Draw 
soils

Lackey Creek Castle Creek 
soil soil

YRYRYRYR R YR YRYRYR 

A.

R YRYRYR YR

Spring Draw 
soils

Lackey Creek 
soil

Castle Creek 
soil

Spring Draw Lackey Creek Castle Creek

FIGURE 57. Range in color properties of B horizon of soils of different geologic age in 
the La Sal Mountains, Utah. A, Range hi hue of B horizon; B, range hi chroma 
of B horizon; C, range hi color value of B horizon.
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P, prismatic
C, columnar
A, angular blocky
S, subangular blocky
G, granular
C, crumb

C, coarse 
M, medium 
F, fine 
VF, very fine

S, strong 
M, medium 
W, weak

FIGURE 58. Range in structural properties of B horizon of soils of different geologic 
.age in the La Sal Mountains, Utah. A, Range in type of structure; B, range in 
class of structure; C, range in grade of structure.
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FIGURE 59. Range in relative plasticity of B horizon when wet in soils of different 
geologic age in the La Sal Mountains, Utah.

gravel that appear to have formed around blocks of stag­ 
nant ice left during a temporary halt in the recession 
of the ice from the moraine at the Long Draw Reservoir.

The deposit has a moderately developed soil like that 
on the moraines downstream along Long Draw and on 
Corral Creek. Radiocarbon analysis by the U.S. Geo­ 
logical Survey Laboratory (sample W-145) of wood from 
near the base of a peat bog in the deposit yielded an age 
of 6,170±240 years (Rubin and Suess, 1955, p. 485). 
The deposit is, therefore, older than the "altithermal 
interval" or "postglacial optimum."

A small rock glacier (protalus of Ray, 1940) lies at 
the head of Corral Creek (fig. 62). It was identified 
by Ray as belonging to his Sprague or W5 advance. 
The deposit has a very weak azonal soil, supports a 
tundra and scrub-spruce vegetation, and is overlapped 
by seasonally active, modern talus with no soil. It 
thus resembles the lower member of the Gold Basin 
formation.

The type Sprague moraine, which Ray believed to 
represent the youngest glacial advance in the region,
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is in Rocky Mountain National Park in a cirque north 
of the head of Spruce Canyon. It lies below the lower 
of two lakes at the foot of Sprague Glacier. Like the 
rock glacier on Corral Creek and those of the lower 
member of the Gold Basin formation in the La Sal 
Mountains, it supports a tundra vegetation and has a 
weak azonal soil. Below Sprague Glacier, at the upper 
end of the upper lake is a small barren moraine with no 
soil that is distinctly younger than the type Sprague 
moraine. It is a deposit of the modern glacier and 
represents a second Recent re-advance. Moraines of 
this re-advance are present at the heads of many other 
canyons in Rocky Mountain National Park below the 
snouts of modern glaciers. Their freshness and lack of 
soil compares favorably with the moraine and rock gla­ 
ciers of the upper member of the Gold Basin formation. 

Comparison of the succession of soils in the Cache 
la Poudre area with that in the La Sal Mountains 
suggests the correlation shown in table 11.



90 QUATERNARY STRATIGRAPHY* OF THE LA SAL MOUNTAINS, UTAH

200

140

120-

EXPLANATION

  
Castle Creek soil

 
Lackey Creek soil

  
Spring Draw soils

    i     i     i     i 
4000 5000 6000 7000 8000 

ALTITUDE, IN FEET

  I 

10,000

FIGURE 61. Range in maximum thickness of Cca horizon in soils of different geologic 
age in the La Sal Mountains, Utah.

WIND RIVER MOUNTAINS, WYO.

In the Wind River Mountains three stages of glacia- 
tion, the Buffalo, the Bull Lake, and the Pinedale, were 
defined and clearly described by Blackwelder (1915). 
Till of the Buffalo stage includes sheetlike deposits that 
lack morainal topography and have a very thick and 
strongly developed soil. Blackwelder described the 
deposits as the product of a single glacial advance, but 
he recognized some indications that they might repre­ 
sent two advances, and two precanyon, gravel-capped 
terraces have been observed to grade into till of the 
Buffalo stage on interfluves along the northeast flank 
of the mountains (Richmond, 1948). Till of the Buf­ 
falo stage may therefore include deposits of two pre­ 
canyon advances. Recently, deeply weathered Buffalo 
drift has been observed in canyons on the southwest 
flank of the range, and it is believed to be of postcanyon 
age (Moss, 1951a; Holmes, 1951; Holmes and Moss, 
1955). Though more detailed observations are needed,

it is probable that till of the Buffalo stage may actually 
include deposits of three glaciations, two precanyon and 
one postcanyon, as the Harpole Mesa formation with 
which it is here correlated.

Till of the Bull Lake stage, as defined by Blackwelder 
(1915), comprises large and well-developed moraines 
that have a mature aspect and are commonly the outer­ 
most in the canyons. They are deeply dissected by 
axial streams and retain no lakes. A relatively strong 
soil is formed on them. Two distinct groups of mo­ 
raines, each graded to separate outwash terraces, have 
been distinguished (Richmond, 1948; Moss, 1949a, 
1951a; Holmes, 1951) and are believed to represent two 
separate glaciations (Richmond, 1948). Relict soil pro­ 
files on both groups of moraines are similar. The rela­ 
tive stratigraphic position of these moraines and the 
relatively strong soil on them suggest their equivalence 
to the tills of the two members of the Placer Creek 
formation (table 11).

Till of the Pinedale stage comprises moraines that gen­ 
erally lie upstream from moraines of the Bull Lake 
stage, though in some canyons they extend through and 
beyond them. The moraines are smaller, rougher, 
more bouldery, and less dissected than moraines of the 
Bull Lake stage. The soil on them is relatively only 
moderately developed. Two distinct groups of these 
moraines, each graded to separate outwash terraces, 
have been distinguished (Richmond, 1948; Moss, 1951a; 
Holmes, 1951), and they probably represent two sepa­ 
rate glaciations (Richmond, 1948). The soil on both 
groups and on related deposits is similar. Its relatively 
moderate development suggests that the moraines are 
equivalent to the two members of the Beaver Basin 
formation (table 11).

Two ice advances, younger than the Pinedale, have 
been recognized in the Wind River Mountains. The 
older, first recognized by Hack (1943), was named the 
Temple Lake from a locality in the southern part of 
the mountains (Moss, 1951b). It is equivalent to the 
ice advance called Pinedale III in the northern part 
(Richmond, 1948). The younger advance is repre­ 
sented b}7 fresh moraines, called cirque moraines by 
Moss (1951a), in front of modern glaciers or in cirques 
from which the ice has only recently disappeared.

The Temple Lake moraines are small, very bouldery 
deposits in, or just below, the cirques at altitudes 
between 1,000 and 1,500 feet higher than the upper 
moraines of the Pinedale stage. They have a very 
weak soil compared with older tills nearby, and they 
support a tundra and scrub-spruce vegetation.

Most writers (Hack 1943; Richmond, 1948; Moss, 
1949b, 1951a, 1951b; Holmes, 1951) have correlated 
the Temple Lake advance with the Long Draw or W4 
substage of Bryan and Ray (1940) and indicated that
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it was older than the "altithermal" interval or "climatic 
optimum." The relative development of its soil, 
however, suggests equivalence with the lower member 
of the Gold Basin formation and with the Sprague 
moraine of Ray (1940) at its type locality. The 
radiocarbon age of 2,800rfc200 years of the lower 
member of the Gold Basin formation indicates that 
these moraines are younger than the "altithermal" 
interval.

The modern moraines appear fresh and lack soil. 
They support no vegetation, their boulders are very 
unstable, and some contained stagnant ice when 
examined by the writer in 1940. They appear equiv­ 
alent in every way to moraines of the post-Sprague 
Recent advance of the Front Range of Colorado and 
to those of the upper member of the Gold Basin forma­ 
tion in the La Sal Mountains (table 11).

CORRELATION WITH THE ALLUVIAL DEPOSITS OF 
THE HOPI COUNTRY

The alluvial deposits in the La Sal Mountains can 
be reasonably well correlated with those in the Hopi

591960 0-^62  7

Country of Arizona (Hack, 1942) on several lines of 
evidence.

Alluvium of the Beaver Basin formation in the La 
Sal Mountains is correlated with the Jeddito formation 
of Hack (1942) in the Hopi Country (table 11). Both 
are coarse gravels in similar stratigraphic settings, cut 
by arroyos, and overlain conformably by extensive 
eolian deposits which, in the Hopi Country, were 
attributed to the "climatic optimum" (Hack, 1942). 
The soils on both are similar. The alluvium of the 
Beaver Basin formation differs from the Jeddito in that 
it commonly rests on older alluvium (Placer Creek) 
rather than on bedrock valley floors. It also com­ 
prises two members separated by a weak soil or by a 
disconformity not found in the Jeddito formation. No 
extinct vertebrates, such as occur in the Jeddito 
formation, have been found in the Beaver Basin, and 
neither formation contains artifacts.

The lower member of the Gold Basin formation is 
correlated with the Tsegi formation of Hack (1942) of 
the Hopi Country (table 11). From geologic and 
archeologic criteria, Hack has inferred that the Tsegi
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formation was formed between 3000 B. C. and A. D. 
1200. Charcoal from the lower member of the Gold 
Basin formation has an age of 2,800±200 years (Rubin 
and Suess, 1955), which places it at about 900 B. C. 
Both deposits consist predominantly of light-red to 
brown well-bedded fine-grained sand and silt. Both 
occur in, and locally fill, channels in older alluvium. 
The lower member of the Gold Basin formation, 
although a single unit upstream, contains in lower 
valleys a local unconformity or faint humus zone like 
that in the Tsegi formation. It also contains modern 
vertebrates and, like the Tsegi, hearth sites and 
charcoal, though hearths have been reported from only 
the upper part of the Tsegi alluvium (Hack, 1942). A 
pre-pottery stone culture was found in the lower 
member of the Gold Basin formation and extensively 
on its surface (Hunt, A. P., 1954). The 'Spanish 
Valley soil is weakly developed and azonal, as the soil 
on the Tsegi formation. The lower member of the Gold 
Basin formation, like the Tsegi, is cut by arroyos that 
contain locally a younger terraced alluvium. In the 
La Sal Mountains, this younger alluvium is the upper 
member of the Gold Basin formation. It is correlated 
with the Naha formation of Hack (1941) of the Hopi 
Country (table 11). Both consist of fine sand and 
silt, contain pottery, and bear little or no soil.

NEBRASKA

The stratigraphy of the loess sheets of Pleistocene age 
of Nebraska has been intensively studied (Lugn, 1934; 
1935, 1939; Schultz and Stout, 1945, 1948; Luening- 
hoener, 1947; Frankforter, 1950; Schultz, Luening­ 
hoener, and Frankforter, 1948, 1951; Thorp, Johnson, 
and Reed, 1951; Schultz, Reed, and Lugn, 1951): The 
succession shown in table 8 is modified after Schultz, 
Lueninghoener, and Frankforter (1951). The Afton, 
Yarmouth, and Sangamon soils, as described by Thorp, 
Johnson, and Reed (1951), are all very strongly developed 
and generally similar. Each is dated by a well-estab­ 
lished fauna. They are tentatively correlated with the 
lower, middle and upper Spring Draw soils in the 
La Sal Mountains.

Above the Sangamon soil, the Peorian loess is locally 
separated into two units by an "infantile" soil (soil 
W of Schultz, Lueninghoener, and Frankforter, 1951), 
much as the Placer Creek formation is separated into 
members by the Porcupine Ranch soil. A relatively 
strongly developed soil, the Brady soil, or soil X, is 
formed on the Peorian loess. It was defined strati- 
graphically by Schultz and Stout (1945, 1948) and has 
been described by Thorp, Johnson, and Reed (1951). 
In relative development and geologic position it re­ 
sembles the Lackey Creek soil in the La Sal Mountains.

The Bignell loess, overlying the Brady soil, also

locally contains a weakly developed "infantile" soil 
(soil YY of Schultz, Lueninghoener, and Frankforter, 
1951) and has a moderately developed post-Bignell 
soil (soil Y) at its surface. In these respects it resembles 
the Beaver Basin formation.

Two generations of alluvium younger than the Bignell 
loess and older than the modern flood plains are present 
in Nebraska (Schultz and Stout, 1948; Schultz, Loening- 
hoener, and Frankforter,. 1951). The older contains 
hearth sites, but no pottery, and bears a very weak 
azonal soil (soil Z). It is believed equivalent to the 
lower member of the Gold Basin formation and to the 
Tsegi formation of the Hopi Country. The younger 
alluvium contains pottery and has only a faintly humic 
horizon (soil Z1 ). Together with the flood-plain de­ 
posits, it is correlated with the upper member of the 
Gold Basin formation.

KANSAS

A similar succession of deposits and soils has been 
independently recognized in Kansas (Frye and Hibbard, 
1941; Hibbard, 1944, 1948, and 1949; Frye, 1945, 1946, 
1948, 1949, 1951; Frye and Fent, 1947; Frye, Swineford, 
and Leonard, A. B., 1948; Frye and Leonard, A. R., 
1949; Frye and Leonard, A. B., 1949, 1951, 1952; 
Leonard, A. B., 1952). The sucession in table 11 is 
adapted after Frye and Leonard, A. B. (1952). The 
Afton, Yarmouth, and Sangamon soils are all very 
strongly developed and dated faunally as in Nebraska. 
The Peoria loess contains two distinct molluscan faunal 
zones, described by Leonard, A. B. (1952), and, in 
places, a leached horizon that may be very weak soil. 
The Brady soil is relatively strong. The overlying 
Bignell loess also contains a leached horizon which may 
be a weak soil. The post-Bignell soil is moderately 
developed, and there are younger alluvial terrace de­ 
posits on which very weak soils are formed.

The succession of soils is the same in terms of relative 
development as in Nebraska and may be similarly 
correlated with the succession in the La Sal Mountains 
(table 11).

CORRELATION WITH THE MID-CONTINENT REGION

Precise correlation of the deposits in the La Sal Moun­ 
tains with those of the standard Pleistocene stages of 
the upper Mississippi Valley is not possible at present. 
The Spring Draw soils may represent the Aftonian, 
Yarmouth, and Sanagamon stages; and the three mem­ 
bers of the Harpole Mesa formation may represent the 
Nebraskan, Kansan, and Illinoian stages. That the 
upper part of the middle member is locally of Yarmouth 
age is indicated by the similarities of the ash bed in it 
to the Pearlette volcanic ash bed of Kansas as shown 
by Powers (p. 34, this report). The Placer Creek
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formation is possibly early Wisconsin and the Beaver 
Basin formation probably late Wisconsin. The Gold 
Basin formation is clearly of Kecent age, but no correla­ 
tive stratigraphy is known from the glaciated sector of 
the mid-continent region.

RELATION OF SOILS AND SOIL FACIES TO SOIL 
SERIES OF U.S. DEPARTMENT OF AGRICULTURE

Unpublished studies of the soils near La Sal and 
Monticello by the U.S. Department of Agriculture, 
under the direction of W. G. Harper, provide a basis 
for tentatively relating the soils as classified in this 
report with the soil series of the Department of Agri­ 
culture. These relations, shown in table 12, were 
established in part through field conferences with Mr. 
Harper. ,

TABLE 12. Relation of soils and soil fades to soil series

This report

Soil

Spanish Valley... 

Spanish Valley-. ...

Spanish Valley. ..-.

Lackey Creek... ...

Lackey Creek......

Lackey Creek ......

Lackey Creek... ...

Fades

Pedocal

Brown Forest

Pedocal

Brown Forest

Brown soil

Brown soil

Pedocal

Sierozem

Brown soil

Sierozem

Brown soil

Brown soil

Brown soil

Brown soil

Brown soil

Department of Agriculture >

Soil series

Ackmen 
series.

Pack series.

Vega series.

Scorup 
series.

Shay series.

Tabiona 
series.

Blanding 
series.

Mellenthin 
series.

Monticello 
series.

Abajo series.

Soil-series description

Azonal soil on alluvial silt loam 
derived from sandstone and 
diorite. Noncalcareous; lit­ 
tle organic matter.

Azonal soil on alluvial silt loam 
derived from sandstone and 
diorite. High organic con­ 
tent; calcareous.

Azonal soil on alluvial silt loam 
derived from sandstone, dio­ 
rite and loess; calcareous.

Azonal soil on alluvial loam 
over gravel; calcareous.

Intrazonal soil on alluvial silty 
clay derived from Mancos 
shale; calcareous.

Brown soil on alluvial silt loam 
or silty clay loam; calcareous.

Sierozem on loess.

Brown soil on thick loess.

Chestnut soil on loess over 
sandstone.

Chestnut soil on gravel.

i W. Q. Harper, written communication, 1953.

Some of the soil series embrace soils of more than one 
geologic age. For example, the Monticello soil series 
includes the Brown soil facies of both the Lackey Creek 
and Castle Creek soils, the Abajo soil series includes 
the Brown soil facies of the Spring Draw and Lackey 
Creek soils, and tjie Pack, Ackmen, and Shay soil 
series include both the Brown Forest facies of the 
Castle Creek soil and the Pedocal facies of the Spanish 
Valley soil. It will be noted that soil series described 
as azonal or intrazonal by the Department of Agricul­ 
ture are related to the Castle Creek soil, which is 
described as zonal in this report. The profiles of these

soils are azonal in having no marked horizon of clay 
accumulation, but they are considered zonal in this 
report because they have a horizon of calcium carbonate 
accumulation clearly set apart from an overlying hori­ 
zon marked by partial leaching of calcium carbonate 
and slight accumulation of sesquioxid.es. Soil series 
correlated with the Spanish Valley soil are azonal, and 
their characteristics appear to depend more on differ­ 
ences in parent material and local environment than on 
regional soil-forming processes.

SUMMARY OF QUATERNARY HISTORY

The Quaternary period in the La Sal Mountains was 
characterized by a series of cycles during each of which 
the dominant geologic process changed progressively 
from sedimentation to a condition of slope stability 
and soil development followed by erosion. These 
changes were in response to widespread climatic changes 
that caused the succession of glacial and interglacial 
intervals.

THE PREGLACIAL LANDSCAPE

Little is known of the late Tertiary and earliest 
Quaternary record prior to glaciation. The general 
altitude of the region was probably lower and the relief 
less than today, though the size and shape of the moun­ 
tains were probably about the same as they are c now. 
The stocks and laccoliths had been exposed by erosion, 
and the plateau surface near the mountains had been 
largely stripped of Cretaceous and Tertiary strata.

The grabens beneath Spanish Valley and Castle 
Valley were formed some time in the Tertiary prior to 
intrusion and uplift of the mountains. Castle Valley, 
in fact, was a basin in which a conglomerate of late 
Tertiary (?) age accumulated. However, all topo­ 
graphic vestiges of such basins were gone by the begin­ 
ning of Quaternary time. The conglomerate in Castle 
Valley was folded and a broad pediment surface was 
cut across it before the advance of the earliest recorded 
glaciers.

Other extensive pediment surfaces on the northeast 
and southwest flanks of the mountains were probably 
cut in late Tertiary or early Quaternary time prior to 
the onset of glaciation. Broad shallow valleys may 
have extended east and west from the mountains in the 
general vicinity of the present canyons. Drainage from 
the west flank of the mountains formed a large stream 
that flowed northwest to the Colorado River across 
the plateau east of the Spanish Valley graben and diag­ 
onally across the site of the present canyon of Mill 
Creek. The gradients of these upland streams probably 
became steeper near their confluence with the Colorado 
River, which appears to have been well established in its 
present canyon. The difference in altitude between
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the canyon rim and the oldest Quaternary terrace 
deposits below suggests that the canyon was about 800 
feet deep at the beginning of Quaternary time.

The absence of saprolite of Tertiary age, such as is 
common in areas of igneous rocks throughout the 
Rocky Mountains, suggests either that it was removed 
by later erosion or that it was never formed because of 
erosion and vulcanism in the mountains while it was 
developing elsewhere.

HARPOLE MESA TIME

Harpole Mesa time is that required for the deposi­ 
tion of the Harpole Mesa formation. It comprised at 
least three major glaciations, tentatively correlated with 
the Nebraskan, Kansan, and Illinoian glaciations of the 
mid-continent region, and three interglacial intervals, 
tentatively correlated with the Aftonian, Yarmouth, 
and Sangamon interglacial intervals.

EARLY HARPOLE MESA TIME

During early Harpole Mesa time glaciers originated 
in V-shaped valleys in the higher mountains and 
spread across the surrounding plateaus and pediments as 
broad, relatively thin, lobate sheets. Their extent and 
outer limits can only be crudely estimated (pi. 6) but 
were probably like those of middle Harpole Mesa time, 
described below.

The volume of material contributed by the glaciers 
and by mass-wasting on the slopes caused a change 
in regimen of the streams from erosion to aggradation. 
Fills, as much as 150 feet thick, were deposited from 
the margin of the glaciers out over the pediments. 
However, alluvial deposits, only about 20 feet thick, 
along the Colorado River suggest that aggradation 
upstream represented steepening of gradients in response 
to increased load from headwater sources. The 
thickness of the fills suggests either that the material 
was supplied faster, or, more probably, that the interval 
of deposition was considerably longer than during 
any post-Harpole Mesa glaciation.

Eolian activity accompanied early Harpole Mesa 
glaciation and perhaps outlasted it, for eolian deposits 
of the lower member of the Harpole Mesa formation 
are not only interbedded with till and outwash of that 
formation but overlie these deposits conformably in 
several places.

The present troughs of Spanish Valley and Castle 
Valley, as well as the canyons which now radiate from 
the mountains, were not in existence. The plateaus 
adjacent to the mountains were drained by broad 
shallow valleys which debouched through short steep 
gorges into the canyon of the Colorado River. Some 
drainage lines crossed the sites of present canyons, and 
others lay in approximately their present position.

EARLY SPRING DRAW TIME

During early Spring Draw time fluvial deposition 
ceased, and the thick, very strongly developed lower 
Spring Draw soil was formed. Together, these events 
indicate that the glaciers must have disappeared 
entirely from the mountains. The character and 
distribution of facies of the soil suggest that the climate 
during the soil-forming optimum, though broadly 
similar to that of today, was probably somewhat 
warmer and wetter. In fact, it was probably warmer 
and wetter than during any post-Harpole Mesa soil- 
forming optimum. The thickness and relatively very 
strong degree of development of the soil further suggest 
that the soil-forming optimum was longer than those 
of post-Harpole Mesa soils.

Forests probably covered the mountains completely 
and the vegetation zones migrated upslope about as 
far as they did during the late Spring Draw interval, 
discussed below.

Erosion, which must have begun during soil devel­ 
opment, was most effective after the soil-forming 
optimum during the onset of pluvial conditions prior 
to the next glaciation. Streams cut broad, relatively 
deep valleys, except on the south flank of South Moun­ 
tain where an extensive compound pediment formed. 
The depth of the valleys ranged from about 150 to 250 
feet in the mountains but decreased to 60 or 75 feet 
along the Colorado River. The pediment on the south 
flank of South Mountain was cut at a level about 200 
feet below that of thick outwash and alluvial deposits 
laid down during early Harpole Mesa time.

Why broad valleys were cut in some parts of the area 
and pediments in others is not clear. Broad valleys 
tend to have formed along trunk streams heading in 
large basins in the northern and central parts of the 
mountains, whereas pediments formed on the south 
flank of the mountains downslope from relatively small 
drainage basins. Precipitation was probably less on 
the south flank of the mountains than elsewhere, and 
vegetation was more sparse. Under these conditions 
the dominance of sheet flood and slope wash as agents 
of erosion on the south flank may have favored the 
development of pediments in that area.

The relatively slight dissection along the Colorado 
River suggests that, regionally, increased precipitation 
was the major factor inducing erosion. The relatively 
large amount of dissection in the mountains, however, 
appears too great to be accounted for by climatic 
change alone. Possibly, it represents a delayed ero- 
sional response to late Tertiary or earlier Quaternary 
regional uplift that had not previously taken place in 
the mountains owing to the overloaded condition of 
the streams during early Harpole Mesa time. It
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might also represent a response to local doming of 
the mountains in early Spring Draw time.

The Castle Valley graben is believed to have sub­ 
sided during early Spring Draw time, for gravel 
deposited during early Harpole Mesa time lies well 
below the level of gravel of the same age on Dobe Mesa 
north of the graben. Furthermore, the deposits in 
the graben are overlain conformably by gravel and till 
deposited during middle Harpole Mesa tune. This 
condition, found nowhere else in the mapped area, is 
believed to have been made possible by subsidence of 
the graben in early Spring Draw time.

MEDDLE HARPOLE MESA TIME

Glaciers of middle Harpole Mesa time reoccupied 
the shallow cirques formed in early Harpole Mesa tune 
and advanced down the broad valleys cut during early 
Spring Draw tune, filling them and overflowing the 
divides to form lobes of piedmont ice on the plateaus. 
The outer limits of these glaciers can be clearly delin­ 
eated in some places (pi. 6), but in others they cannot 
be distinguished from those of early Harpole Mesa time.

The ice appears to have covered about 85 square 
miles and to have averaged between 150 and 250 feet 
thick. Its maximum volume is estimated roughly to 
have been between 2.5 and 4.0 cubic miles.

The increase in volume of debris that was contributed 
to the streams by the glaciers and by mass-wasting of 
slopes in a periglacial environment caused a change in 
stream regimen from erosion to aggradation. Thick 
outwash gravels were deposited in broad valleys and 
downslope from the glaciers. Near the mountarns 
these deposits are over 150 feet thick, suggesting either 
that the interval of deposition was relatively long or 
that the rate of deposition was relatively rapid as 
compared with those of post-Harpole Mesa glaciations. 
Farther away from the mountains and along the Colo­ 
rado River, the deposits are only 20 to 30 feet thick, 
which suggests either that relatively little material was 
transported this far from the mountains or that the 
major streams were capable of carrying most of the 
material that reached them. In either event, streams 
heading in the mountains steepened their gradients by 
aggradation to a considerable extent.

Present day drainage was generally established by 
this tune, except in a few places such as on Dobe Mesa 
and on the plateau northeast of Spanish Valley.

Although no eolian sand or colluvial deposits of 
middle Harpole Mesa age are known, volcanic ash from 
a source outside the region to the west accumulated 
in Fisher Valley and mass-wasting processes were 
presumably active.

MIDDLE SPRING DRAW TIME

Middle Spring Draw time, like its predecessor, was 
marked by complete disappearance of the glaciers, 
soil development, and a major episode of erosion.

The distribution and character of the middle Spring 
Draw soil show that the climate during th,e soil-forming 
optimum was like those of the early and late Spring 
Draw soil-forming optima. Slopes were probably 
stable and the mountains completely forested.

Though erosion probably began before soil develop­ 
ment, maximum dissection clearly postdated the soil- 
forming optimum. Presumably it took place late in 
the interglacial interval under pluvial conditions 
prior to the next glaciation. Relatively narrow canyons 
as much as 450 feet deep, but averaging about 200 
feet deep, were cut in the broad alluviated valleys of 
the previous cycle. Spanish Valley and Castle Valley 
were partly excavated. The canyon of the Colorado 
River was deepened about 100 feet. On the more 
arid south flank of South Mountain an extensive 
pediment was cut at levels ranging from 50 to 200 
feet below.the surface of the pediment fill of middle 
Harpole Mesa age.

Although the erosion was probably initiated by 
climatic changes that affected stream regimen, the 
depth of dissection may have been caused by regional 
uplift. The streams, moreover, failed to attain base 
level before late Harpole Mesa glaciation commenced. 
A similar episode of canyon-cutting occurred just 
before the last pre-Wisconsin glaciation in the Front 
Range of Colorado and in the Wind River Mountains 
of Wyoming.

It is probable that the graben underlying Castle 
Valley continued to subside during middle Spring 
Draw tune, because alluvial deposits of middle Harpole 
Mesa age on the floor of the graben are 400 feet below 
those of the same age on its northern rim.

LATE HARPOLE MESA TIME

Late Harpole Mesa glaciers reoccupied the broad 
basinlike cirques of middle Harpole Mesa age, whose 
floors had been incised by V-shaped canyon heads 
in middle Spring Draw time, and advanced down the 
canyons. Only locally, as on the southeast run of 
Dark Canyon Creek, did they overflow the intercanyon 
divides. The extent of these lobate tongues of ice 
can be better delineated than those of older glaciations 
(pi. 6) and appear to have attained an average lower 
limit of about 8,100 feet, not taking into account any 
uplift of the mountains in post-Harpole Mesa time. 
They covered roughly 50 square miles and averaged 
between 300 and 400 feet thick. Their maximum
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volume may be estimated at between 2.8 and 3.8 cubic 
miles, or about the same as that of the more extensive 
but thinner and less confined glaciers of middle Harpole 
Mesa age.

As during earlier glaciations, streams became over­ 
loaded with outwash and slope debris and began to 
aggrade. Cooling of the climate must have been 
ultimately responsible for this change, for it took 
place during a regional episode of downcutting.

Gradients along the major canyons were but little 
steepened by aggradation, however, for deposits 
both near the ice and along the Colorado River are 
only about 20 feet thick. In contrast, aggradation 
on the headward sectors of pediments along the south 
flank of South Mountain amounted to 150 feet in 
several places, owing possibly to the difference in 
gradient between the pediments and the canyon floors.

The few preserved periglacial deposits of the upper 
member of the Harpole Mesa formation afford some 
evidence as to the kinds of mass-wasting that accom­ 
panied glaciation. Solifluction was probably wide­ 
spread, but frost rubble development was' .very local. 
Talus was probably abundant, especially in the cirques, 
although it is identified at only one locality. Slope 
wash was important below the lower limit of glaciation. 
No eolian deposits positively referable to late Harpole 
Mesa tune were found, but presumably eolian activity 
was extensive.

LATE SPRING DRAW TIME

Late Spring Draw time commenced with the complete 
disappearance from the mountains of glaciers of late 
Harpole Mesa age, as indicated by the presence of the 
upper Spring Draw soil in the cirques. Analogy with 
the more complete record of younger interstadial 
intervals suggests that the early part of this time was 
probably characterized by local alluviation of fine­ 
grained deposits, local arroyo-cutting, and widespread 
eolian activity. Slopes were stable during the soil- 
forming part of the interval, as indicated by the presence 
of the upper Spring Draw soil even on slopes as steep as 
40°.

The range in facies of the soil, from Sierozem to 
Brown Podzolic, shows clearly that the climate was 
temperate, relatively warm and dry at low altitudes, 
relatively cool and wet at high altitudes, but at no time 
tropical. The sharp irregularly leached boundary be­ 
tween the Cca and B horizons of the Brown Forest and 
Brown soil facies suggests that a soil-forming environ­ 
ment favoring leaching of carbonate followed, or at least 
outlasted, that favoring carbonate accumulation. That 
these two processes did not terminate concurrently at 
different levels in the profile is indicated by the fact 
that leaching along soil structures extends throughout

the Cca horizon and in its upper part encloses carbonate 
in the cores of peds. From this it is inferred that pre­ 
cipitation, one of the major factors influencing accumu­ 
lation and leaching of carbonate, increased gradually 
during the soil-forming optimum. The upper limit of 
the Cca horizon of the Brown Forest facies (fig. 19) 
suggests that in the early part of the soil-forming opti­ 
mum the influence of an environment favoring carbon­ 
ate accumulation extended upslope to an average alti­ 
tude of about 9,200 feet. The lower limit of the B hor- 
zon in the Brown soil facies suggests that in the latter 
part of the optimum the influence of an environment 
favoring leaching of carbonate extended downslope to 
an average altitude of about 6,000 feet.

Some comparison can be made between the climate 
during this soil-forming optimum and that of subse­ 
quent optima. The fact that the facies of the upper 
Spring Draw soil are the same as those of all younger 
soils indicates that climatic conditions during each 
soil-forming interval were at least broadly similar. 
However, the fact that the range in altitude of similar 
facies differs for each soil (fig. 19) suggests significant 
differences in their environments. Assuming that sim­ 
ilar facies of distinct soils require similar climatic con­ 
ditions for development, it nay be inferred that the 
range in altitude of facies of soils of different geologic 
age reflects the approximate position of their respec­ 
tive climatic zones. The soil map showing this distri­ 
bution (pi. 2) provides a basis for inferring differences 
in climate between soil-forming intervals. For example, 
the fact that the average altitude of the pedalfer- 
pedocal boundary of the Spring Draw soils is higher 
than that of any subsequent soil suggests that the cli­ 
mate during these soil-forming optima was on the whole 
warmer than during any later optimum.

Comparison of the degree of development of any 
facies of the Spring Draw soils with like facies of others 
may permit inferring the relative duration of their soil- 
forming optima. If, as has been assumed, like facies 
require like climates, and if other environmental con­ 
ditions can be shown to have been similar, a facies of a 
given soil that has a relatively stronger profile probably 
required a longer time for development than similar 
facies of different soils with weaker profiles. Facies of 
the upper Spring Draw soil are similar to like facies of 
the middle and lower Spring Draw soils, but are much 
stronger than like facies of any younger soils. The 
three Spring Draw soil-forming optima were thus 
probably of similar length, and were considerably long­ 
er than any later soil-forming optimum.

The mountains are presumed to have been completely 
forested in late Spring Draw time (table 13) because of 
the very strong development of the upper Spring Draw 
soil at altitudes as high as 10,500 feet. The higher
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TABLE 13. Possible average altitude of timberline in the La Sal Mountains during Quaternary glacial and inter glacial intervals

Age

Recent

Pleistocene

Glacial and interglacial 
intervals of this report

Present (1950)

Late Gold Basin time

Spanish Valley time

Early Gold Basin time

Castle Creek time

Beaver Basin time

Lackey Creek time

Placer Creek time

Late Spring Draw time

Late Harpole Mesa time

Inferre'd average alti­ 
tude of timberline (feet)

11,000 to 11,500

11,300(7)

11,500

11,000(7)

12,000

10,000

Mountains covered 
< 12,700

9,500

Mountains covered 
< 12,700

-9,000(7)

Criteria

Present range in upper limit of spruce.

Estimated.

Dead unburned trees above present timberline.

Estimated.

Average upper limit of Brown Podzolic facies of Castle Creek 
soil.

11,500 ft upper limit of preservation of Lackey Creek soil. 
8,500 ft average lower limit of frost rubble of Beaver 'Basin 

formation.

Upland distribution and character of Brown Podzolic facies 
Lackey Creek soil.

of

10,500 ft upper limit of preservation of Spring Draw soil. 
8,000 ft average lower limit of solifluction deposits and frost 

rubble of Placer Creek formation.

Upland distribution and character of Brown Podzolic facies 
upper Spring Draw soil.

of

Estimated.

altitudes to which all four facies of the soil extend, 
relative to younger like facies, further suggest that the 
major vegetation zones probably lay at higher alti­ 
tudes than at any subsquent time and were certainly 
higher than at present.

During the later part of late Spring Draw time ero­ 
sion was renewed, probably as a result of increased 
precipitation acting in phase with a gradual uplift of 
the region that may have been taking place more or 
less continuously since late Tertiary or earliest Pleis­ 
tocene time. The dissection may have begun during 
the soil-forming optimum, but it became most effective 
later. The depth of erosion ranged from about 200 
feet in and near the mountains to about 90 feet along 
the Colorado River.

PLACER CREEK TIME

Placer Creek time is that during which the Placer 
Creek formation was deposited; it comprised two 
advances of the glaciers, separated by a relatively 
minor interstadial interval. These glaciations are 
probably of early Wisconsin age.

EARLY P:LACER CREEK TIME

Glaciers of early Placer Creek age probably formed 
in deep V-shaped gullies eroded in the margins of the 
broad, shallow cirques that were cut and extensively 
mantled with talus in Harpole Mesa time. The ice 
merged on the cirque floors and flowed down-canyon 
as tongues as much as 8 miles long (pi. 6). The

glaciers covered about 30.5 square miles and attained 
an average lower altitude of about 9,230 feet. At 
their maximum, they had an estimated volume of 
about 0.5 cubic miles.

Slopes peripheral to the ice were the scene of wide­ 
spread solifluction activity which extended to an aver­ 
age lower limit of about 8,000 feet. The thick clayey 
B horizon of the Spring Draw soils provided an ideal 
medium for this activity. Adequate water was prob­ 
ably derived from melting snow and thaw of seasonally 
frozen ground.

Excessive detritus from the glaciers and slopes in­ 
duced a change in stream regimen from erosion to 
alluviation, and gravel fills 15 to 30 feet thick were 
deposited along most valleys.

Eolian activity accompanied and locally outlasted 
glaciation, as indicated by eolian deposits that are 
interbedded with, and overlie, the lower member of the 
Placer Creek formation beneath the upper member.

Average tree line was probably at about 9,500 feet 
(table 13). Locally it may have extended upward to 
10,500 feet, the upper limit of preservation of Spring 
Draw soils, and elsewhere may have extended down­ 
ward to altitudes as low as 7,500 feet as a result of 
intense solifluction Timberline was probably lowered 
more by the effect of physical processes than by the 
downslope migration of the vegetation zones. The 
average lower limit of spruce, now largely on Brown 
Podzolic soils, probably did not extend much below 
8,200 feet, the lower limit of the Brown Forest facies



98 QUATERNARY STRATIGRAPHY OF THE LA SAL MOUNTAINS, UTAH

of the Spring Draw soils, at which altitude spruce 
occurs now in a few places. The Brown soil facies at 
lower altitudes presumably could not have maintained 
its character long under a spruce forest. Therefore 
the altitude range of spruce may have been constricted 
rather than uniformly lowered. Ponderosa pine and 
oak, whose average lower limits now lie between 7,500 
and 8,000 feet, possibly extended down to about 6,000 
feet, the average lower limit of the Brown soil facies 
of the Spring Draw soils and at which altitude oak is 
found very locally today. They probably did not 
extend much farther downslope because such trees are 
not found on Sierozem soils.

PORCUPINE RANCH TIME

Porcupine Ranch time includes the Porcupine Ranch 
soil-forming optimum and subsequent erosion prior to 
the next glaciation. The glaciers of early Placer Creek 
age probably had disappeared entirely from the La Sal 
Mountains by the beginning of Porcupine Ranch time. 
Though the range of facies of the Porcupine Ranch soil 
is incompletely known (fig. 19), the aspect of its Brown 
soil and Sierozem facies, as compared with similar facies 
of better known soils, indicates that the Porcupine 
Ranch soil probably formed when glaciers were absent. 
The relatively weak profile suggests that the soil-forming 
optimum was comparatively short. Slopes were mostly 
stable, except perhaps in summit areas.

The climate during soil formation is inferred to have 
been similar to that of today, though possibly somewhat 
warmer and wetter. Timberline during the warmest 
part of the interval was probably slightly higher than at 
present.

Soil development was followed by an interval of ero­ 
sion, which suggests an increase in precipitation under 
gradually cooler conditions prior to the next glacial 
advance. The dissection averaged less than 30 feet in 
depth and does not appear to have taken place in Castle 
Valley.

LATE PLACER CREEK TIME

Late Placer Creek time included deposition of the up­ 
per member of the Placer Creek formation. Glaciers 
of late Placer Creek age reoccupied all the early Placer 
Creek cirques and extended down the same canyons, 
though not as far as those preceding (pi. 6). The ice 
extended to an average lower limit of 9,670 feet and 
covered approximately 30.5 square miles. Its volume 
is estimated to have been about 1.5 cubic miles, or only 
about half that of the early Placer Creek glaciers.

Unglaciated slopes were subjected to widespread soli- 
fluction of about the same extent and intensity as in 
early Placer Creek time. Few frost-rubble deposits 
were formed.

Coincident with glaciation, stream regimen changed 
from erosion to deposition, and gravel fills, 15 to 20 feet 
thick, were deposited in valleys. These deposits were 
not as extensive, however, as those of early Placer Creek 
time.

The relative order in which depositional processes be­ 
came inactive during late Placer Creek deglaciation, as 
determined from the stratigraphic relations of the de­ 
posits, was, at any given altitude, glacial deposition, 
solifluction, coarse alluviation, and frost-rubble forma­ 
tion. At high altitudes, talus continued to form well 
after the cirques were empty of ice. At low altitudes, 
eolian deposits, slope-wash mantle, fine-grained allu­ 
vium, and locally derived alluvial-fan gravel continued 
to be deposited well into the subsequent interstadial 
interval.

Tree line and the distribution of vegetation zones 
were probably about the same as during early Placer 
Creek time.

The influence of the Placer Creek glacial environment 
on the profile of the Spring Draw soil appears to have 
been remarkably slight, for relict profiles of any given 
facies show little apparent megascopic difference from 
profiles buried beneath deposits of early Placer Creek 
age. Low ground temperatures during glaciation are 
believed to be responsible.

The question may be raised as to why the Cca horizon 
of Pedocal facies of the Spring Draw soil was not com­ 
pletely leached during the wet climatic conditions of 
Placer Creek and later glacial times. Although a posi­ 
tive answer cannot be given, some suggestive evidence 
is available.

During glaciation certain environmental factors tend 
to increase the rate of solution of carbonate from a 
pedocal soil, whereas others tend to decrease the rate 
and thus to preserve the carbonate. For example, cold 
water passing through-the soil can hold more carbonate 
in solution than warm water, but the decreased rate of 
chemical and bacterial activity in a cold environment 
slows the rate at which carbonate is released into 
solution. The lowering of conifer vegetation into a 
pedocal environment during glaciation increases the 
potential rate at which organic acids are produced in 
that environment, but the length of the season in which 
the ground is frozen decreases the time during which 
such acids may be produced, thus lessening their effec­ 
tiveness in dissolving carbonate. Longer seasons in 
which the ground is frozen also lessen the effectiveness 
of increased precipitation in dissolving carbonate by 
increasing runoff and decreasing recharge through the 
soil. It is therefore inferred that the carbonate horizons 
of pedocal soils are preserved through subsequent 
glacial climates primarily because the colder tempera-
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tures prevailing during glaciation effectively offset any 
potential increase in solution induced by an increase in 
precipitation and organic acids in the humus.

LACKEY CREEK TIME

Lackey Creek time followed recession of the glaciers 
in late Placer Creek time. Eolian activity that prob­ 
ably began in late Placer Creek time appears to have 
continued well into the early part of Lackey Creek time, 
for extensive eolian deposits mantle till and solifluction 
debris of the upp"er Placer Creek formation, which 
must have been stagnant for the eolian deposits to be 
preserved. Slackening of the transporting power of the 
streams caused a change in the texture of alluvial 
deposits from gravel to fine-grained sediments. Ar- 
royos were then cut prior to development of the Lackey 
Creek soil. This succession of events suggests that the 
climate of the early part of the interglacial interval was 
dryer and warmer than during recession of the glaciers 
in late Placer Creek time.

During the Lackey Creek soil-forming optimum most 
slopes were stable and covered with vegetation. The 
presence of the Brown Podzolic facies of the soil on 
many high slopes suggests that the mountains were 
completely forested (table 13). The major vegetation 
zones probably lay somewhat lower than during late 
Spring Draw time, though higher than today. During 
the early part of the soil-forming optimum, an environ­ 
ment favoring accumulation of calcium carbonate in 
the soil extended upslope to an altitude of about 9,000 
feet (fig. 19). During the latter part, an environment 
favoring leaching of carbonate extended downslope to 
about 5,600 feet, inducing the sharply leached boundary 
between the B and Cca horizons of the Brown Forest 
and Brown soil facies.

The climate during the soil-forming optimum is 
believed to have been relatively warmer and wetter 
than now and to have become increasingly wetter, 
and gradually cooler, in the latter part of the interval. 
That temperatures were probably not as warm as 
during formation of the Spring Draw soils is indicated 
by the relatively lower range in altitude of facies of the 
Lackey Creek soil and, in particular, by the lower aver­ 
age altitude of its pedalfer-pedocal boundary (fig. 19).

The relatively strong development of the Lackey 
Creek soil suggests that the duration of the soil- 
forming optimum was relatively long. Though not 
as long as that of the Spring Draw soils, it was probably 
longer than any younger soil-forming optimum.

The effect of the environment of Lackey Creek 
time on relict profiles of the Spring Draw soils appears 
to have been slight. Some pedocal profiles of the Spring 
Draw soils display composite features, such as secondary 
carbonate accumulations along structural openings

in the B-horizon, that are due to superposition of a 
later soil-forming environment. In places, such fea­ 
tures can be related to the Lackey Creek soil.

In contrast, the Lackey Creek soil effectively masked 
the Porcupine Kanch soil, except where that soil was 
buried by the upper member of the Placer Creek 
formation.

The mountains are presumed to have been completely 
forested because the strongly developed Lackey soil 
is now found as high as 11,500 feet and probably 
extended to the summits, and sandy solifluction 
debris, rather than frost rubble which today impedes 
the development of forests, covered the summit uplands. 
Vegetation zone boundaries were probably much the 
same as during Spring Draw time, though possibly 
at slightly lower altitudes.

In the latter part of Lackey Creek time, after the 
soil-forming optimum, the streams became rejuvenated. 
Valley floors were dissected to depths of 30 to 50 feet 
in the lower parts of the region and less at higher 
altitudes. This erosion was probably the result of a 
gradual increase in precipitation under increasingly 
cooler conditions preceding the next glacial interval.

BEAVER BASIN TIME

Beaver Basin time is that in which the Beaver 
Basin formation was deposited. It -comprised two 
advances of the glaciers, separated by a relatively 
minor interstadial interval, and is believed to be of 
late Wisconsin age. At no place in the mountains 
did the glaciers attain the size or extent of those of 
preceding glaciations.

EARLY BEAVER BASIN TIME

Glaciers of early Beaver Basin age failed to reoccupy 
many cirques formed in Placer Creek time, and formed 
in only the more sheltered parts of many others (pi. 6). 
The extent of talus on which the Lackey Creek soil is 
developed in unoccupied cirques suggests that glaciers 
of early Beaver Basin age were heavily laden with rock 
debris in their preliminary phases of development. 
Though most of these eventually became typical 
valley glaciers, a few rock glaciers were formed. The 
ice attained an average lower limit of about 10,270 feet 
and covered approximately 8.7 square miles. It 
probably had a maximum volume of about 0.3 cubic 
mile.

Freezing, thawing, and mass-wasting of periglacial 
slopes resulted in widespread frost-rubble deposits that 
extend from the summit uplands to an average lower 
limit at about 8,500 feet. Formation of frost rubble 
instead of solifluction deposits, which were widespread 
in Placer Creek time, may be due to two factors. In 
summit areas, jointed bedrock was more widely exposed
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than in Placer Creek time, thereby favoring the develop­ 
ment of rubble by frost-riving. In other parts of the 
mountains where slopes were largely covered by till or 
solifluction mantle the relatively small amount of silt 
and clay in these deposits and in the Lackey Creek 
soil on them favored development of rubble through 
segregation of the coarse fragments by frost-heaving, 
thawing, and flushing out of the fines, accompained 
by varying amounts of downslope movement. In 
Placer Creek time, on the other hand, the thick clayey 
B horizon of the Spring Draw soils and the silty char­ 
acter of many deposits of the Harpole Mesa formation 
favored development of solifluction mantle.

The increase in material supplied to the streams from 
glaciers and slopes caused them to deposit gravel fills, 
10 to 30 feet thick. Most of these gravels lie in trenches 
cut during Lackey Creek time. Locally, however, as 
in Castle Valley and Spanish Valley, they overlap 
alluvial deposits of Placer Creek age.

Eolian activity appears to have been widespread, for 
eolian deposits lie on several of the highest peaks.

Tree line was probably at an average altitude of about 
10,000 feet (table 13). In places, it may have extended 
to 11,500, the upper limit to which the Lackey Creek 
soil is preserved, and elsewhere it may have been 
restricted to 8,500 feet, the average lower limit of frost 
rubble deposits of the upper member of the Beaver 
Basin formation. The lower limit of spruce is inferred 
to have ranged between 7,600 feet and .8,400, the 
respective average lower limits of the Brown Forest 
facies of the Lackey Creek and Spring Draw soils, to 
which altitude spruce extends very locally today. Oak 
and ponderosa pine may have extended as low as 5,600 
feet, the average lower limit of the Brown soil facies of 
the Lackey Creek soil, though today oak extends in only 
a few places as low as 6,600 feet and ponderosa to 8,400 
feet on Brown soils.

PACK CREEK TIME

During Pack Creek time, the glaciers formed in early 
Beaver Basin time receded to the cirques and probably 
evacuated most of them, though they may not have 
disappeared entirely from the mountains. A marked 
decrease in transporting power of the streams caused 
an abrupt change in texture of the alluvial deposits from 
coarse to fine. In places, alluviation virtually ceased, 
because the Pack Creek soil is found on alluvial deposits 
of early Beaver Basin age at altitudes as high as 9,500 
feet. The streams did not cease to flow, however, for 
the profile of the soil on flood-plain deposits represents, 
for the most part, a wet local environment at the time 
of soil development.

During the soil-forming optimum, a relatively warm, 
dry, pedocal-forming environment extended upslope to

an average altitude of about 7,800 feet (fig. 19). The 
relatively weakly developed and locally azonal char­ 
acter of the soil suggests, however, that the optimum 
was relatively short.

Probably most slopes were stable, except perhaps in 
the higher mountains. Tree line and vegetation zones 
probably shifted upslope somewhat from their position 
in early Beaver Basin time.

Rejuvenation of the streams, as a result of increased 
precipitation in the latter part of the interval before the 
next glacial advance, induced erosion in the mountains 
on a relatively minor scale. In the lowlands, however, 
many valley floors were not dissected.

LATE BEAVER BASIN TIME

Glaciers of late Beaver Basin Age reoccupied nearly 
all the cirques formed in early Beaver Basin time but 
failed to attain the volume and extent of early Beaver 
Basin glaciers, especially in the large compound cirque 
basins (pi. 6). As a result, a great many relatively 
small individual masses of ice were developed. They 
attained an average lower limit of about 10,630 feet, 
covered approximately 4.4 square miles, and had an 
estimated volume of only about 0.08 cubic mile.

Periglacial mass-wasting was similar to that of early 
Beaver Basin tune but somewhat more restricted in 
extent. Eolian activity also appears to have been simi­ 
lar to that of early Beaver Basin time, as was the dispo­ 
sition of tree line and vegetation zones.

Cessation of depositional processes at the close of 
glaciation was in the same relative order as during the 
closing phase of glaciation during Placer Creek tune.

This succession of events at the close of glaciation 
suggests that the regional climate was probably dry and 
cold during recession of the ice but that it became gradu­ 
ally warmer at the beginning of the next interstadial 
interval.

The effect of the Beaver Basin glacial environment on 
relict profiles of the Lackey Creek and Spring Draw 
soils was slight. Soil-forming processes appear to have 
been practically brought to a standstill by the decrease 
hi temperature during glaciation.

In some parts of the Southern Rocky Mountains, such 
as the Sawatch and Front Ranges of Colorado, deglacia- 
tion during late Beaver Basin time is marked by the 
development of a small moraine in the upper part of 
many canyons. This moraine appears to represent 
either a recessional stand or minor readvance of the ice. 
In the La Sal Mountains, however, no such moraine was 
noted.

CASTLE CREEK TIME

Castle Greek time is equivalent to the "altithermal" 
interval (Antevs, 1948) or "postglacial optimum." It 
followed a gradual recession of the glaciers formed in
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late Beaver Basin time. During this interval the ice 
must have completely disappeared, because the Castle 
Creek soil is widespread both in the cirques and on 
upland deposits that were subjected to intensive frost 
action in late Beaver Basin time.

Eolian silt was deposited on till in the cirques and in 
the interstices of frost rubble deposits which must have 
been inactive for the silt to be preserved. Talus 
cones, on which the Castle Creek soil is formed, lie below 
many cirque headwalls that were occupied by ice in late 
Beaver Basin time. The fact that coarse gravel of the 
upper member of the Beaver Basin formation grades 
upward into fine-grained alluvium shows that deposi­ 
tion continued after the influence of the glacial environ­ 
ment had ceased.

Although an interval of relatively minor arroyo-cut- 
ting locally intervened between deposition of the fine­ 
grained alluvium and development of the Castle Creek 
soil, this erosion did not approach that which followed 
soil development. The widespread and readily iden­ 
tifiable Castle Creek soil is therefore the best defined 
boundary between Pleistocene and Recent deposits in 
this region.

The Castle Creek soil formed under conditions of 
relative slope stability. Its character and range in 
facies suggest a gradual increase in precipitation during 
the soil-forming optimum, with relatively warm tem­ 
peratures in the early part and gradually decreasing 
temperatures in the latter part. During the early part, 
an environment favoring calcium carbonate accumula­ 
tion in the profile extended upslope to an average 
altitude of at least 8,000 feet (fig. 19). During the 
latter part, an environment favoring leaching of carbon­ 
ate extended downslope through the range of the Brown 
Forest and Brown soil facies to an average altitude of 
5,400 feet.

That the Castle Creek soil-forming optimum was not 
as warm as the Lackey Creek or Spring Draw soil- 
forming optima is shown by the relatively lower altitude 
range of all facies of the Castle Creek soil and, in par­ 
ticular, by the lower average altitude of its pedalfer- 
pedocal boundary (fig. 19). From similar reasoning, 
the Castle Creek soil-forming optimum is inferred to 
have been warmer than at any subsequent time.

The relatively moderate development of the Castle 
Creek soil suggests that the soil-forming optimum was 
shorter than either the Lackey Creek or Spring Draw 
soil-forming optimum but that it was longer than either 
the Porcupine Ranch or the Pack Creek soil-forming 
optimum and also longer than any subsequent soil- 
forming optimum.

In general, the effect of the environment of the Castle 
Creek interval on relict profiles of the Spring Draw or 
Lackey Creek soils was negligible, though locally those

older soils are modified by superposition of the Castle 
'Creek soil. In contrast, the effect of the Castle Creek 
environment on the Pack Creek soil was such as to 
mask effectively its original character except where it 
was buried beneath the upper member of the Beaver 
Basin formation.

The presence of the Brown Podzolic facies of the 
Castle Creek soil on many of the highest slopes indicates 
that the mountains were prevented from being com­ 
pletely forested (table 13) only by the widespread 
deposits of block rubble formed in Beaver Basin time. 
The -vegetation zones probably lay somewhat lower 
than during Lackey Creek or late Spring Draw times 
but were probably higher than at any subsequent time 
including the present. The average lower limit of 
spruce is inferred to have been at an altitude of about 
8,000 feet, which is the average lower limit of the Brown 
Podzolic facies of the Castle Creek soil. Oak and 
ponderosa pine may have extended to about the average 
lower limit of the Brown Forest facies at 7,200 feet.

Toward the .end of Castle Creek time, the streams 
were rejuvenated and an episode of erosion took place 
under conditions of gradually increasing precipitation 
and gradually decreasing temperature preceding the 
next glacial advance. Depth of dissection averaged 
15 to 30 feet in the lower valleys and less in the 
mountains.

GOLD BASIN TIME

Gold Basin time is that in which the Gold Basin 
formation was deposited, and is of Recent age. It 
included two minor glacial advances, separated by a 
brief interstadial interval. Together, the two advances 
represent the Little Ice Age of Matthes (1939, 1940).

EARLY GOLD BASIN TIME

Early Gold Basin time is that in which the lower 
member of the Gold Basin formation was deposited. 
Small bodies of ice formed in about three-fourths of the 
cirques that had been occupied in late Beaver Basin 
time (pi. 6). Rock glaciers-formed in about half of 
these cirques; small glaciers were confined within the 
others. The ice attained an average lower limit of 
11,100 feet and covered approximately 1.5 square miles. 
Its volume is estimated to have been about 0.02 cubic 
mile.

The rock glaciers are believed to have formed as the 
result of inseepage and freezing of snow melt water in 
thick talus cones which had formed in the cirques at the 
close of Beaver Basin glaciation. In some places for­ 
ward movement of the talus may have been started by 
solifluction; in others, movement resulted from flow of 
interstitial ice, which differed from glacial ice in having 
formed by freezing of interstitial water rather than 
through recrystallization of snow.
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On periglacial slopes, freezing and thawing of water 
derived largely from melting snow reactivated parts of 
many Beaver Basin frost-rubble deposits, so that new 
forms developed within the old to an average lower 
altitude of about 11,000 feet. All varieties of frost 
rubble are represented.

In the valleys, an increase in stream load from out- 
wash and mass-wasting caused stream regimen to 
change from erosion to deposition. The transporting 
power of the streams, however, even during the glacial 
maximum was insufficient to move coarse debris through­ 
out their length, as during previous glaciations. Coarse 
alluvium was deposited only near the ice or close to 
local sources at the foot of slopes. In contrast, fine 
alluvium was widely distributed, especially in the lower 
valleys where it not only filled channels cut during 
Castle Creek time but overlapped the surface of late 
Beaver Basin terraces. The earliest evidence of inhabi­ 
tation of the region by man is provided by hearth sites 
and artifacts of a prepottery stone culture in these 
deposits. Carbon 14 analysis of charcoal from the 
hearth sites indicates an age of 2,800 ±200 years, or 
about 900 B.C.

In places, the alluvium contains a number of buried 
humus zones. Most of these represent merely brief 
intervals of local nondeposition and associated flood- 
plain vegetation. One zone, however, is extremely 
persistent and suggests that early Gold Basin time may 
include two episodes of alluviation, possibly associated 
with two pulsations of the glaciers, separated by a 
brief but widespread interval of nondeposition. Two 
end moraines are associated with the glaciation corre­ 
lated with the early Gold Basin in some parts of the 
Kocky Mountains, for example, in Rocky Mountain 
National Park.

Extensive eolian activity during early Gold Basin 
time provided an abundance of fine-grained material 
to the streams, choking them in some places. It was 
probably in large measure responsible for the amount 
of alluviation of fine-grained material.

The climate of early Gold Basin time, though cold 
enough for glaciation, was probably only a few degrees 
colder than at present. Precipitation is inferred to 
have been considerably less than during previous gla­ 
ciations but somewhat greater than at present; Tree 
line was probably about 11,000 feet, or only slightly 
lower than at present (table 13). As a whole, this 
glacial episode must have been relatively brief, perhaps 
on the order of 1,000 years.

SPANISH VALLEY TIME

Spanish Valley time followed stagnation and melting 
of the glaciers of early Gold Basin age. It was charac­ 
terized by widespread slope stability and by the forma­

tion of the Spanish Valley soil. The presence of this 
soil in the cirque heads on till and talus of early Gold 
Basin age indicates that the glaciers of early Gold 
Basin age had disappeared entirely. The distribution 
of the soil facies with altitude suggests that an environ­ 
ment favoring carbonate accumulation in the soil 
extended upslope to an average altitude of about 7,000 
feet (fig. 19), or about 600 feet higher than in the soil 
on modern flood plains. From this it may be inferred 
that the climate was slightly warmer than at present. 
Precipitation may also have been somewhat greater. 
The very weak development of the Spanish Valley 
soil suggests that the soil-forming optimum was rela­ 
tively short.

The distribution of dead unburned trees above 
present timberline suggests that tree line may have 
locally extended as high as 11,500 feet (table 13), an 
altitude which coincides approximately with the lower 
limit of widespread inactive frost rubble of Beaver 
Basin and early Gold Basin age.

In the latter part of Spanish Valley time, rejuvenated 
streams cut arroyos between 10 and 20 feet deep along 
most of the valleys in the lower part of the area.

LATE GOLD BASIN TIME

Late Gold Basin time is that in which the upper 
member of the Gold Basin formation was deposited. 
It includes the last major glacial episode for which 
there is widespread stratigraphic evidence. The last 
important pulsation of this episode may have culmi­ 
nated prior to 1860, the approximate date of the last 
glacial maximum in other parts of the Rocky Moun­ 
tains, for no glaciers have been reported in the La Sal 
Mountains since settlement of the region.

The climatic change that brought on glaciation was 
relatively slight, for only 7 of the 32 cirques occupied 
by early Gold Basin glaciers were reoccupied in late 
Gold Basin time (pi. 6). Rock glaciers formed in 6 
of these. The ice extended to an average lower limit 
of about 11,130 feet. It covered only about 0.2 square 
mile and had an estimated volume of only 0.002 cubic 
mile.

Frost action on upland slopes reactivated small 
areas of frost rubble within older deposits of early 
Gold Basin age. Most of those reactivated are stag­ 
nant at present.

A sufficiently increased load was supplied to the 
streams to induce a change in regimen from erosion to 
deposition, especially in the lower parts of the major val­ 
leys. The alluvium is mostly fine grained and represents 
material of local origin blown or washed into the streams 
at low altitudes. Mass-wasting and glaciation at high 
altitudes apparently contributed only small amounts 
of debris, rnost of which was deposited near its source.
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The eolian and slope-wash activity, though influencing 
stream regimen at low altitudes, was greatly restricted 
in extent as compared with that of previous times. 
Both eolian and alluvial deposits contain evidence of 
human occupation exhibiting several stages of pottery 
culture, v

Differences from the present distribution of veg­ 
etation were not great. Tree line may have been at 
about 11,300 feet, or slightly lower than at present 
(table 13).

PRESENT TIME

Since the beginning of the 20th century, geologic 
events in the region have tended to duplicate those at 
the beginning of earlier interglacial intervals. Rock 
glaciers are inactive and movements of the mantle 
related to frost action are negligible. The development 
of talus is waning and is restricted largely to the cirques. 
Eolian activity is restricted to small areas in the major 
vaUeys or on the lower plateaus. Deposition of fine 
alluvium has practically ceased and an interval of 
arroyo-cutting has produced narrow, deep gullies. 
The unusual depth of arroyo-cutting may locally be 
due to the influence of man. This influence, however, 
is of dual character, for, although overgrazing and re­ 
moval of timber may locally have increased the depth 
of gullying, removal of irrigation water from the streams 
has tended to decrease erosion and deposition on the 
flood plains to the extent that very thin azonal soils are 
beginning to make their appearance locally. Tree line 
is at an average altitude of 11,400 feet and appears to 
be advancing upward. The geologic evidence on the 
whole suggests that since the glaciers disappeared the 
climate has tended to become increasingly warm and 
dry, but whether or not this is a long-term trend cannot 
be ascertained.

STRATIGRAPHIC SECTIONS OF SOILS

In the following pages, 46 stratigraphic sections of 
soil profiles, which have been referred to in preceding 
parts of this report, are described in detail. The form 
of these descriptions follows as closely as possible that 
suggested by the U.S. Department of Agriculture Soil 
Survey Manual (1951), though some differences have 
been necessitated in order to adequately describe buried 
soils as they occur stratigraphically between overlying 
and underlying deposits. An effort has been made to 
distinguish clearly between rock units of geologic for­

mations, such as till, gravel, eolian sand, or other de­ 
posit, and the soil profiles formed on these deposits.

Geologic names of soils and rock formations are de­ 
fined in the preceding parts of this report. The de­ 
scriptions are arranged according to the stratigraphic 
succession and geologic age of the soils, beginning with 
the oldest (Spring Draw soils) and progressing toward 
the youngest (Spanish Valley soil). Typical profiles 
of each facies (or great soil group) in which each named 
soil is developed are described.

1. Spring Draw soils, Brown Podzolic facies

[Relict profile on dioritic till of the upper member of the Harpole Mesa formation. 
Measured at altitude of 9,700 feet in wall of irrigation ditch at head of Twomile Creek 
(NWJ<NW)i sec. 29, T. 27 S., R. 26 E.). The vegetation is mainly spruce and 
aspen]

Soil and associated 
rock unit

Superposed soil 
of unknown 
stratigraphic 
affinity.

Depth 
(inches)

Hori­ 
zon

0-4 A

4-12 A,

Upper Spring 
Draw soil on 
till of upper 
member of 
Harpole Mesa 
formation.

12-96 B

96+ C

Description

Leaves and decayed litter. 
Gradual boundary. 
Very dark gray-brown (7.5YR 

3/2) stony sandy loam.
Structure: weak fine

crumb.
Consistence: slightly sticky, 

slightly plastic, friable, 
soft.

Reaction: medium-acid. 
Gradual boundary. 
Reddish-brown (5 YR 5/4) stony 

silty clay loam.
Structure: coarse angular

blocky.
Consistence: sticky, plas­ 

tic, firm, hard. 
Reaction: very strongly

acid.
Kaolinized feldspar flecks 

throughout. Many diorite 
cobbles disintegrated 
throughout or have }{- to 
1-inch weathered rind. Most 
are stained yellowish brown. 
A few are hard and 
unweathered. 

Diffuse boundary. 
Parent till. Yellowish-brown 

(SYR 5/4) stony sandy clay 
loam.

Structureless. 
Consistence: nonplastic,

friable, compact. 
Reaction: strongly acid! 

Rock fragments weathered a's in 
B horizon above.
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2. Spring Draw soils, Brown Podzolic fades

[Buried profile on dioritic till of middle(?) member of Harpole Mesa formation. 
Measured at altitude of 10,500 feet on west side of Geyser Pass (NWMNWM sec. 
1, T. 27 S., R. 24 E.). The vegetation is mainly spruce-fir climax with meadow 
parks. At this locality, till of the upper member of the Harpole Mesa formation, 
on which the upper Spring Draw soil is developed, overlies an older till, possibly 
the middle member of the formation, on which the middle (?) Spring Draw soil is 
preserved in a buried condition. The upper part of the upper Spring Draw soil 
has been considerably truncated and altered by later frost action and other peri- 
glacial processes, with the result that only the lower part of the profile appears 
intact. The underlying profile is, however, almost fully preserved. The thick­ 
ness of its B horizon is more probably representative of the original thickness of the 
Brown Podzolic facies of the lower and middle Spring Draw soils than that of the 
more commonly observed truncated relict profiles]

Soil and associated 
rock unit

Younger soil 
(probably 
the Castle 
Creek soil) 
on eolian sand 
and silt.

Depth 
(inches)

0-0.5 
0.5-2

Hori­ 
zon

A
A,

2-9 B

9-25 C

Younger soil of 
unknown 
stratigraphic 
affinities on 
fine sand and 
silt wash.'

25-27 A

Description

Grass and spruce litter. 
Dark-brown (10 YR 4/3) hu- 

mic eolian fine sand and 
silt.

Structure: very fine gran­ 
ular.

Consistence: nonsticky, 
nonplastic, very friable, 
soft.

Reaction: medium-acid. 
Gradual boundary. 
Pink (7.5 YR 7/4) eolian fine 

sand and silt.
Structure: very fine gran­ 

ular.
Consistence: nonsticky, 

nonplastic, friable, soft. 
Reaction: strongly acid. 

Gradual boundary. 
Light-brown (7.5 YR 6/6) eo­ 

lian fine sand and silt that 
fills interstices between 
closely packed subround to 
subangular fragments of 
diorite in a buried rubble 
sheet. A few fragments 
are rotted throughout; a 
few are crumbly.

Structure: very fine gran­ 
ular.

Consistence: slightly 
sticky, slightly plastic, 
friable, soft. 

Reaction: very strongly
acid.

Clear boundary. 
Dark-brown (7.5 KB 4/2) hu- 

mic fine sand and silt as 
lenticular streaks which 
formed at base of rubble 
sheet prior to accumulation 
of eolian sand and silt. 

Structure: very fine gran­ 
ular.

Consistence: friable, soft. 
Reaction: strongly acid. 

Disconformity.

2. Spring Draw soils, Brown Podzolic facies Continued

Soil and associated 
rock unit

Upper Spring 
Draw soil on 
till of upper 
member of 
Harpole 
Mesa forma­ 
tion.

Depth 
(inches)

27-32 B

Hori­ 
zon

32-41 B2

41-53 B 3

53-71 C

71-96 C

Middle(?) 
Spring Draw 
soil on till of 
middle mem­ 
ber (?) of 
Harpole 
Mesa forma­ 
tion.

96-124 B

Description

Reddish-brown (SYR 5/4) 
sandy clay till with sub- 
angular to angular frag­ 
ments of diorite. Many 
rotted or deeply stained. 

Structure: strong medium-
platy.

Consistence: sticky, plas­ 
tic, firm, hard. 

Reaction: very strongly
acid.

Distinct medium mottling 
(7.5 YR 5/6) represents an 
alteration of original pro­ 
file.

Diffuse boundary. 
Strong-brown (7.5 YR 5/6) 

sandy clay till as above. 
Structure: moderate me-

dium-platy.
Consistence: sticky, plas­ 

tic, firm, hard, compact. 
Reaction: very strongly

acid.
Diffuse boundary. 
Brown (7.5YR 5/4) sandy 

clay till as above.
Structure: moderate me-

dium-platy.
Consistence: sticky, plas­ 

tic, firm, hard, compact. 
Reaction: very strongly

acid.
Diffuse boundary. 
Reddish-brown (SYR 5/4) 

sandy clay till as above. 
Reaction: very strongly

acid.
Color due to material incor­ 

porated from till sheet be­ 
neath.

Diffuse boundary. 
Light reddish-brown (5 YR 

6/4) sandy clay till as 
above.

Reaction: very strongly
acid.

Disconformity.
Yellowish-red (5YR 5/6) mot­ 

tled reddish-brown (5YR 
4/4) clayey till. Contains 
few cobbles of diorite, 
mostly rotted.

Structure: moderate me-
dium-platy.

Consistence: very sticky,
very plastic, firm, very
hard and compact.

Reaction: extremely acid.
Diffuse boundary.
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2. Spring Draw soils, Brown Podzolic fades Continued

Soil and associated 
rock unit

Middle (?) 
Spring Draw 
soil on till of 
middle mem­ 
ber^) of 
Harpole 
Mesa forma­ 
tion Con.

Depth 
(inches)

Hori­ 
zon

124-216 B
Description

Yellowish-red (SYR 4/6) mot­ 
tled reddish-yellow (5 YR 
6/6) clayey till with a few 
fragments of diorite, most­ 
ly rotted or deeply stained. 

Structure: weak medium- 
platy to very coarse 
angular blocky. 

Consistence: very sticky, 
very plastic, firm, very 
hard and compact. 

Reaction: extremely
acid.

Slope covered with landslide 
debris. Contact of till and 
Mancos shale at depth of 
approximately 300 inches. 
No fresh till observed.

3. Spring Draw soils, Brown Podzolic fades
[Relict profile on till of Harpole Mesa formation composed mostly of sandstone. 

Measured at altitude of about 9,400 feet, in wall of irrigation ditch on bench south 
of Warner Ranger Station (SEJiNEJi sec. 28, T. 26 S., R. 24 E.). The vegetation 
is mainly aspen and meadow subclimax]

216-300

Soil and associated 
rock unit

Depth 
(inches)

Hori­ 
zon Description 

Superposed soil 0-4 A Litter
of unknown 4-16 A! Dark-gray (SYR 4/1) stony, 
stratigraphic sandy loam, 
affinity. Structure: weak fine

crumb platy in lower 
part.

Consistence: nonsticky, 
nonplastic, friable, soft. 

Reaction: medium-acid. 
Gradual boundary.

Upper Spring 16-70   B   Weak-red (10# 4/3) stony, 
Draw soil on sandy loam, 
till of upper Structure: medium gran- 
member of ular grading down into 
Harpole Mesa moderate coarse sub- 
formation, angular blocky.

Consistence: sticky, 
slightly plastic, firm, 
hard.

Reaction: strongly acid. 
Rock fragments all of sand­ 

stone. Many are stained 
to depths as much as 1^ 
inches. Some are crumbly ; 
some are fresh. 

Diffuse boundary.
70+ C Pale-red (1QYR 6/2) stony, 

sandy loam. 
Structureless. 
Consistence: nonsticky, 

nonplastic, compact, 
firm, hard.

Reaction: medium-acid. 
Fragments all of sandstone. 

Many stained as above. 
Some are crumbly: some are 
fresh.

4. Spring Draw soils, Brown Podzolic fades

[Relict profile on till of Harpole Mesa formation composed mostly of Mancos shale. 
Measured at altitude of about 9,400 feet on east rim of Bald Mesa, on slope above 
irrigation ditch (SW^SEJi sec. 20, T. 26 S., R. 24 E.). Although the larger rock 
fragments in the till are of diorite and sandstone, the matrix appears to be almost 
wholly derived from the underlying Mancos shale. The vegetation is a sagebrush 
association]

Soil and associated 
rock unit

Superposed soil 
of unknown 
stratigraphic 
affinity.

Depth 
(inches)
0-2 

2-12

Hori­ 
zon

A
A,

Composite 12-72+ B 
Spring Draw 
soil on till 
of middle or

Description

Litter.
Dark-reddish-brown (5 YR 

3/2) stony silt loam. 
Structure: moderate fine

crumb.
Consistence: slightly 

sticky, slightly plastic, 
friable, soft.

Reaction: medium-acid. 
Gradual boundary. 
Yellowish-red (5YR 5/6) 

stony, clay till; locally 
mottled reddish brown 
(SYR 4/4).

upper mem- Structure: strong me- 
ber of Har- dium angular blocky 
pole Mesa in upper part, becomes 

. formation. weaker downward.
Consistence: sticky, 

plastic, firm, very 
hard.

Reaction: medium-acid. 
Fragments of diorite and 

sandstone are not abundant 
and are deeply disinte­ 
grated or stained. Lower 
part of section is poorly 
exposed and fresh till was 
not observed.

5. Spring Draw soils, Brown Podzolic fades
[Poorly drained buried profile on till of upper member of Harpole Mesa formation- 

Measured in pit and auger excavation at altitude of about 9,300 feet in southeast 
part of Boren Mesa (NE^NEJi sec. 4, T. 27 S., R. 24 E.). The Spring Draw soil 
is overlain by silty deposits of possible eolian origin on which the Brown Podzolic 
fades of the Lackey Creek soil is developed. The vegetation is grass]

Soil and associated 
- rock unit

Lackey Creek 
soil devel­ 
oped on 
eolian (?) 
deposits.

Depth 
(inches)
0-2 
2-6

Hori­ 
zon

A
A,

6-14

Description 
Grass litter.
Dark-gray (1QYR 4/1) 

stony sandy silt loam. 
Structure: weak fine

crumb.
Consistence: non- 

sticky, nonplastic, 
very friable, slightly 
hard. 

Reaction: slightly
acid.

Diffuse boundary. 
Light-gray (IOYR 7/2) fine 

sandy silt loam.
Structure: weak fine

angular blocky. 
Consiste-nce: non- 

sticky, nonplastic, 
friable, slightly hard. 

Reaction: medium-acid
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5. Spring Draw soils, Brown Podzolic fades Continued

Soil and associated 
rock unit

Lackey Creek 
soil devel­ 
oped on 
eolian(?) 
deposits  
Continued

Upper Spring 
Draw soil on 
till of upper 
member of 
Harpole 
Mesa forma- 
ation.

Depth 
(inches)

14-38 B

Hori­ 
zon

38-54 A,

54-58 A2

58-78 B2

78-104 B3

104-112+

Description

Yellowish-brown (IQYR 
5/6) fine sandy silt loam. 

Structureless. 
Consistence: non- 

sticky, slightly plas­ 
tic, friable, slightly 
hard.

Very dark gray (7.5 YR 
3/0) muck.

Structure: moderate- 
platy to fine angular 
blocky.

Consistence: sticky,
plastic, friable, hard.

Reaction: very strongly
acid.

Gradual boundary. 
Light-gray (1QYR 7/2) 

stony sandy clay till, 
lenticular. 

Structureless. 
Consistence: non- 

sticky, nonplastic, 
friable, hard. 

Reaction: strongly
acid.

Gradual boundary. 
Brown (7.5 YR 5/4) stony 

sandy clay till.
Structure: weak angu­ 

lar blocky.
Consistence: sticky,

plastic, firm, hard.
Reaction: very

strongly acid. 
Diffuse boundary. 
Yellowish-red (5YR 5/6) 

stony sandy clay till. 
Structure! weak coarse

angular blocky. 
Consistence: sticky, 

plastic, firm, hard. 
Reaction: very

strongly acid. 
Diffuse boundary. 
Olive-gray (5F 5/2) sandy 

clay till.
Structureless. 
Consistence: sticky, 

plastic, firm, very 
hard. 

Reaction: strongly
acid.

Rock fragments are of 
diorite, sandstone, and 
shale. Many are deeply 
stained or disintegrated.

6. Spring Draw soils, Brown Forest fades

[Relict profile developed on outwash gravel of the Harpole Mesa formation composed 
of a mixture of diorite and sandstone. Measured at altitude of 8,400 feet on south 
side of Beaver Creek, half a mile above the crossing of the county road (SE}£S WJi 
sec. 4, T. 26 S., R. 25. E.). The vegetation is sagebrush and grass]
Soil and associated 

lock unit

Superposed 
modern soil.

Depth Hori- 
(inches) zon

0-2
2-8

Ao 
A,

Upper Spring 
Draw soil on 
alluvial grav­ 
el of upper 
member of 
Harpole 
Mesa forma­ 
tion.

8-44 B

44-84 Cca

84-100 +

Description 

Litter.
Dark-gray (SYR 4/1) fine 

sandy loam.
Structure: moderate me­ 

dium crumb. 
Consistence: nonsticky, 

nonplastic, very fri­ 
able, slightly hard. 

Reaction: slightly acid. 
Gradual boundary. 
Reddish-brown (2.5 YR 5/4) 

arkosic sandy gravel. Clay 
concentrated along struc­ 
ture planes and on under­ 
sides of pebbles.

Structure: weak medi-
ium blocky.

Consistence: nonsticky, 
slightly plastic, fri­ 
able, slightly hard. 

Reaction: slightly acid. 
Diffuse boundary. 
Light-reddish-brown (5 YR 

6/4) arkosic sandy gravel. 
A thin film of calcium car­ 
bonate coats pebbles and 
root holes. Coating is 
thickest on undersides of 
pebbles.

Structureless. 
Consistence: nonsticky, 

nonplastic, firm, hard. 
Reaction: moderately

alkaline.
Parent sandy gravel not 

observed.

7. Spring Draw soils, Brown Forest fades
[Relict profile on till of Harpole Mesa formation composed mainly of sandstone. Meas­ 

ured at altitude of 9,000 feet on north side of Bald Mesa along a gully that cuts 
through till of Harpole Mesa formation into underlying Mancos shale (SEJ^NWJi 
sec. 20, T. 26 S., R. 24 E.) (flg.20). The vegetation is sagebrush association]

Hori­ 
zon

Soil and associated 
rock unit

Depth 
(inches) Description 

Younger super- 0-1 A Grass and leaf litter.
posed soil of 1-8 AI Dark reddish-brown (5 YR 3/2) 
unknown pebbly silt loam, 
stratigraphic Structure: moderate fine 
affinity. crumb.

Consistence: nonsticky, non- 
plastic, very friable, 
soft.

Reaction: slightly acid. 
Gradual boundary.
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7. Spring Draw soils, Brown Forest fades Continued

Soil and associated 
rock unit

Composite 
Spring Draw 
soil on till of 
lower or mid­ 
dle member 
of Harpole 
Mesa forma­ 
tion.

Depth 
(inches')

Hori­ 
zon

8-38 B

38-86 Cca

86-180

Description

Red (2.5 YR 5/6) cobbly to 
channery sandy till. 

Structure: moderate medi­ 
um angular blocky be­ 
coming weaker down­ 
ward.

Consistence: slightly 
sticky, slightly plastic, 
friable, hard. 

Reaction: slightly acid. 
Gradual boundary. 
Reddish-brown (2.5 YR 5/4) 

cobbly to channery sandy 
clay till.

Structureless, except for a 
few widely separated 
joints.

Consistence: sticky, plas­ 
tic, firm, hard. 

Reaction: mildly alkaline. 
Films and thin coatings of cal­ 

cium carbonate coat joints 
and undersides of pebbles. 

Sharp unconformity. 
Shattered Mancos shale with 

calcium carbonate films con­ 
centrated along joint planes 
and other permeable zones.

8. Spring Draw soils, Brown soil fades

[Relict profile on till of the Harpole Mesa formation composed of diorite and sana- 
stone. Measured at altitude of 7,800 feet on till of Harpole Mesa formation along 
a ditch leading west across central part of Wilson Mesa (NWJiSWJi sec. 13, T. 26 
S., R. 23 E.) (fig. 21). The vegetation is scrub oak and sagebrush]

Description 

Litter.
Brown (7.5 YR 5/2) stony 

sandy loan.
Structure: moderate fine 

granular thin platy in 
lower part.

Consistence: nonsticky, 
nonplastic, very friable, 
slightly hard. 

Reaction: slightly acid. 
Some rock fragments rotted,

many deeply stained. 
Clear boundary. 
Reddish-brown (2.5 YR 5/4) 

stony sandy clay till, con­ 
taining many grains of 
partly decomposed feldspar. 

Structure: strong fine
columnar.

Consistence: sticky, plas­ 
tic, friable, hard. 

Reaction: slightly acid. 
Numerous krotovinas. 
Abrupt irregular contact.

Soil and associated 
rock unit

Younger 
superposed 
soil of
unknown
strati-
graphic 
affinity.

Depth Hori- 
(inches) zon

0-1 A 
1-7 B

Upper Spring 
Draw soil on 
till of 
lower or 
middle mem­ 
ber of 
Harpole 
Mesa 
formation.

7-33 B

8. Spring Draw soils, Brown soil fades Continued
Soil and associated 

rock unit

Upper Spring 
Draw soil on 
till of 
lower or 
middle mem­ 
ber of 
Harpole 
Mesa
formation  
Continued

Depth 
(inches)

Hori­ 
zon Description

33-100 Cca White (5YR 8/1) stony sandy 
loam.

Structure: medium platy 
grading* down into 
coarsely jointed massive 
till.

Consistence: slightly 
sticky, slightly plastic, 
friable, slightly hard. 

Reaction: strongly alka­ 
line.

Matrix strongly impregnated 
with calcium carbonate. 
Carbonate coats rock frag­ 
ments and is concentrated 
along joint planes. Cores 
of joint blocks are only 
weakly calcified and are 
reddish brown (SYR 5/4), 
especially in lower part. 
Numerous krotovinas of B 
horizon with powdery cal­ 
cium carbonate coating along 
walls, and many root tubules 
and insect borings lined or 
filled with concentric layers 
of calcium carbonate. Some 
rock fragments are deeply 
disintegrated, and others are 
deeply stained. 

Sharp disconformity.
100+ Bedrock: shale member of 

Morrison formation with cal­ 
cium carbonate concen­ 
trations along bedding and 
joint planes.

A section of a buried profile is given in the description 
of the type locality of the Harpole Mesa formation on 
page 26.

9. Spring Draw soils, Sierozem fades
[Relict profile on dioritic outwash gravel of lower member of Harpole Mesa formation. 

Measured at altitude of about 5,600 feet on east flank of Johnsons-Up-On-Top, 
northeast of Spanish Valley (SWJiNEJi sec. 31, T. 26S..R. 23 E.). The vegetation 
is sagebrush and grass]

Soil and associated 
rock unit

Younger 
superposed 
soil of 
unknown 
strati- 
graphic 
affinity.

Depth Hori-
(inches) zon

0-1 A

1-6 Bca

Description

Litter, cobbles coated with 
partly deteriorated desert 
varnish, loose sand, and 
caliche fragments. 

Light reddish-brown (5YR 6/4) 
partly leached gravelly 
sandy loam, mottled pinkish 
white (5YR 8/2). Numer­ 
ous caliche fragments.

Structure: weak subangu-
lar blocky.

Consistence: slightly 
sticky, slightly plastic, 
friable, slightly hard. 

Reaction: moderately
alkaline. 

Abrupt boundary.
5919iftOO «2   8
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9. Spring Draw soils, Sierozem fades Continued

Soil and associated 
rock unit

Composite 
Spring Draw 
soil on 
alluvial 
gravel of 
lower mem­ 
ber of 
Harpole 
Mesa 
formation.

Depth 
(inches)

Hori­ 
zon

6-36 Bca

36-180 Cca

Description

Pink (SYR 7/3) gravelly to 
cobbly sandy loam. Nu­ 
merous caliche fragments 
leached away from gravel 
and broken. 

Structureless. 
Consistence: sticky, plas­ 

tic, firm hard. 
Reaction: strongly alka­ 

line.
Gradual boundary. 
White (SYR 8/1) sand and 

cobble gravel. Gravel heav­ 
ily coated and matrix weakly 
cemented with calcium car­ 
bonate.

Structureless. 
Consistence: nonsticky,

nonplastic, firm, hard. 
Reaction: very strongly

alkaline.
Calcareous coating and ce­ 

mentation less concentrated 
in lower part. 

Diffuse boundary. 
Very pale brown (10 KB 7/3) 

sand and cobble gravel; 
calcareous concentrations 
along streaks and lenses. 
Crudely bedded. Gravel 
composed of diorite and 
sandstone. Deposit rests 
disconformably on sandstone 
bedrock.

10. Porcupine Ranch soil, Brown soil fades

[Buried profile on dioritic alluvial gravel of lower member of Placer Creek formation. 
Measured at altitude of about 6,100 feet at type locality of soil near Porcupine Kanch 
on Placer Creek (SWKSW& sec. 36, T. 25 S., K. 23 E.). Porcupine Ranch soil is 
overlain disconformably by outwash of upper member of Placer Creek formation 
on which Lackey Creek soil is developed (fig. 25). The vegetation is a sagebrush 
association] 
Soil and associated Depth Hori-

180+ C

rock unit

Lackey Creek 
soil on 
alluvial 
gravel of 
upper
member of 
Placer 
Creek 
formation.

(inches) zon Description

0-2 A Dark-brown (7.5YR 4/2)
humic fine sand and silt. 

Structure: weak fine
platy.

Consistence: nonsticky 
nonplastic, very fri­ 
able, soft. 

Reaction: neutral. 
Clear boundary.

2-32 B Reddish-brown (5YR 4/3)
gravelly fine sandy loam.

Structure: moderate
medium subangular
blocky.

Consistence: slightly 
sticky, slightly plas­ 
tic, friable, hard. 

Reaction: slightly acid. 
Clear boundary.

10. Porcupine Ranch soil, Brown soil fades Continued
Soil and associated 

rock unit

Lackey Creek 
soil on 
alluvial 
gravel of 
upper 
member of 
Placer
Creek forma­ 
tion Continued

Depth 
(inches)

32-96

96-134

Porcupine 
Ranch soil 
on alluvial 
gravel of 
lower 
member of 
Placer Greek 
formation.

134-148

148-154

154-164

Hori­ 
zon Description

Cca Very pale brown (1QYR 
7/4) sand and gravel, 
crudely bedded.

Structure: strong thin
platy.

Consistence: non- 
sticky, nonplastic, 
friable, hard. 

Reaction: moderately 
to strongly alkaline. 

Gravel coated with car­ 
bonate. Weakly cement­ 
ed in upper part. 

Diffuse boundry.
C Light - yellowish - brown 

(10 YR 6/4) sand and 
gravel, crudely bedded, 
friable.

Reaction: mildly alka­ 
line to neutral. 

Disconformity.
B Reddish-brown (5YR 5/4) 

leached sandy clay loam. 
Structure: weak angu­ 

lar blocky.
Consistence: slightly 

sticky, slightly plas­ 
tic, friable, hard. 

Reaction: slightly acid. 
Small clots of unleached 

calcareous material in 
lower part.

Abrupt irregular boundary. 
Cca Pink (7.5 YR 7/4) calcare­ 

ous sandy loam. 
Structureless. 
Consistence: non- 

sticky, nonplastic, 
very friable, soft. 

Reaction: moderately
alkaline.

Contains partly leached 
root casts and krotovinas 
derived from B horizon. 

Gradual boundary. 
Cca Light-brown (7.5 YR 6/4) 

bouldery gravel com­ 
posed of diorite and sand­ 
stone in calcareous sandy 
to silty matrix.

Structure: crudely bed­ 
ded, poorly sorted. 

Consistence: non- 
sticky, nonplastic, 
very friable, soft. 

Rea ction: moderately
alkaline.

Calcareous streaks and thin 
coatings on bottoms of 
cobbles extend to depth 
of 2 to 3 feet. 

Diffuse boundary.
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10. Porcupine Ranch soil, Brown soil fades Continued

Soil and associated 
rock unit

Porcupine 
Ranch soil 
on alluvial 
gravel of 
lower 
member 
Placer Creek 
formation  
Continued

Depth 
(inches)

Hori­ 
zon

164-274+ C
Description

Sand and boulder gravel* 
crudely bedded, friable, 
soft.

Reaction: mildly alka­ 
line.

Some secondary carbonate 
coatings in certain lenses.

11. Porcupine Ranch soil, Sierozem fades

[Buried profile on eolian sand of lower member of Placer Creek formation. Measured 
at altitude of about 4,500 feet, in wall of one of the larger draws dissecting a large 
alluvial fan about 2 miles south of Moab in Spanish Valley (NEMSWJ4 sec. 17, 
T. 26 S., R. 22 E.). It represents the most nearly complete profile that was found in 
the area of the fan. Others are similar but truncated to varying degrees. The 
Porcupine Ranch soil is overlain by alluvial-fan gravel and eolian sand of the upper 
member of the Placer Creek formation on which the Sierozem fades of the Lackey 
Creek soil is developed. Vegetation is sagebrush]

Soil and associated 
rock unit

Eolian sand, 
upper mem­ 
ber of Gold 
Basin for­ 
mation.

Lackey Creek 
soil on eolian 
sand of up­ 
per member 
of Placer 
Creek forma­ 
tion.

Depth 
(inches)
0-12

Hori­ 
zon

12-14 

14-36 Bca

36-84 Cca

84-110 Cca

110-230 C

Description

Sand, loose, crossbedded, ac­ 
tive.

Abrupt boundary. 
Angular gravel veneer. 
Reddish-brown (2.5 YR 5/4) 

fine sand and silt. 
Structureless. 
Consistence: very friable,

soft. 
Reaction: Moderately

alkaline.
Abrupt boundary. 
Pink (2.5 YR 6/4 mottled 7/4) 

fine sand and silt.
Structure: moderate

coarse columnar. 
Consistence: nonplastic,

friable, hard. 
Reaction: strongly alka­ 

line.
Gradual contact.
Light-reddish-brown (2.5 YR

6/4) fine sand and subangu-
lar gravel, composed of
sandstone, crudely bedded.

Consistence: friable,
slightly hard. 

Reaction: mildly alkaline. 
Fragments thinly coated with 

carbonate along streaks. 
Diffuse boundary. 
Reddish-brown (2.5 YR 5/4) 

sand and angular gravel as 
above. Neutral to mildly 
alkaline. 

Sharp disconformity.

11. Porcupine Ranch soil, Sierozem fades Continued

Soil and associated 
rock unit

Porcupine 
Ranch soil 
on eolian 
sand of 
lower mem­ 
ber of Placer 
Creek forma­ 
tion.

Depth 
(inches)

230-236 Bca

Hori­ 
zon

236-266 Cca

Description

Red (2.5 YR 4/6) sand and silt 
with a few small pebbles. 

Structureless. 
Consistence: very friable,

hard.
Reaction: moderately al­ 

kaline. 
Secondary carbonate along

fractures.
Gradual boundary. 
Pink (2.5YR 6/4 mottled 7/4) 

fine sand and silt.
Structure: weak coarse

columnar.
Consistence: friable, hard. 
Reaction: moderately al­ 

kaline.
Diffuse boundary. 
Reddish-brown (2.5YR 5/4) 

fine sand and silt. 
Structureless. 
Consistence: very friable,

slightly hard. 
Reaction: mildly alkaline

to neutral. 
Gradual contact. 
Reddish-brown (2.5 YR 5/4) 

sand and angular gravel, 
composed of sandstone. 
Crudely bedded, very fri­ 
able, slightly hard.

12. Lackey Creek soil, Brown Podzolic fades

[Buried profile on dioritic till of lower member of Placer Creek formation. Measured 
at altitude of about 10,700 feet on lateral moraine on north side of canyon of Beaver 
Creek below hanging valley just east of Beaver Basin (NE^SEJ^ sec. 13, T. 26 S., 
R. 24 E.). The Lackey Creek soil is overlain by frost rubble whose interstices are 
filled by eolian sand and silt of the Beaver Basin formation on which the Castle 
Creek soil is developed. Vegetation is spruce and meadow]

266-314 C

314-350 C

Soil and associated 
rock unit

Castle Creek soil 
on eolian silt 
that fills inter­ 
stices of frost 
rubble of Bea­ 
ver Basin for­ 
mation.

Depth 
(inches)

Hori­ 
zon

0-4 A

4-8 B

Description

Dark-brown (7.5YR 4/2) humic 
  fine sandy silt loam filling in­ 
terstices between large rock 
fragments.

Structure: very fine gran­ 
ular.

Consistence: nonsticky, non- 
plastic, very friable, soft. 

Reaction: medium-acid. 
Clear boundary. 
Light-brown (7.5 YR 6/4) fine 

sandy silt loam filling inter­ 
stices between closely spaced, 
large rock fragments.

Structure: very fine gran­ 
ular.

Consistence: nonsticky, 
nonpla'stic, friable, soft. 

Reaction: medium-acid. 
Diffuse boundary.
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12. Lackey Creek soil, Brown Podzolic fades Continued
Soil and associated 

rock unit

Castle Creek soil 
on eolian silt 
that fills inter­ 
stices of frost 
rubble of Bea­ 
ver Basin for­ 
mation Con.

Depth 
(inches)

Hori­ 
zon Description

8-17 C Pinkish-gray (7.5YR 7/2) fine 
sand and silt filling inter­ 
stices between closely spaced, 
large rock fragments.

Structure: massive to ver­ 
micular with many small 
root holes. 

Consistence: nonsticky, 
nonplastic, friable, 
slightly hard. 

Reaction: strongly acid. 
Diffuse boundary.

17-26 C Large, closely spaced, angular 
to subangular rock frag­ 
ments, with many open voids 
forming a "permeable zone." 
Some light-brown (7.5 YR 
6/4) silt filling.

Reaction: strongly acid. 
Clear boundary.

Lackey Creek 26-48 B Strong-brown (7.5 YR 5/6) very 
soil on till of stony sandy till, with closely 
lower member spaced, large, angular to sub- 
of Placer angular rock fragments. 
Creek forma- Structureless, 
tion. Consistence: nonsticky,

nonplastic, friable, hard. 
Reaction: very strongly

acid.
Diffuse boundary.

48-60 C Pink (7.5 YR 7/4) very stony 
sandy till, with closely 
spaced, angular to subangu­ 
lar rock fragments. 

Structureless. 
Consistence: friable, slightly

hard.
Reaction: very strongly 

acid.

Compare this profile with that on a genetically dif­ 
ferent deposit in section 13 and with that on a similar 
deposit at lower altitude in section 14.

13. Lackey Creek soil, Brown Podzolic fades

[Buried profile on dioritic solifluction mantle of Placer Creek formation. Measured 
at altitude of about 10,800 feet about half a mile southeast of head of Schuman Gulch 
on ridge between Miners Basin and Wet Fork (SEJ^NE^ sec, 22, T. 26 8., B. 
24 E.). The Lackey Creek soil is overlain by frost rubble of Beaver Basin forma­ 
tion, whose interstices are filled with eolain silt on which Castle Creek soil is devel­ 
oped. The vegetation is grass]
Soil and associated 

rock unit

Castle Creek 
soil on 
eolian silt 
that fills 
interstices of 
frost rubble 
of Beaver 
Basin for­ 
mation.

Depth 
(inches)

Hori­ 
zon

0-1 A

Description

Light-brownish-gray (IOYR 
6/2) humic stony silty sandy 
loam.

Structure: weak fine
crumb.

Consistence: nonsticky, 
nonplastic, very friable, 
soft.

Reaction: medium-acid. 
Clear boundary.

13. Lackey Creek soil, Brown Podzolic fades Continued
Soil and associated 

rock unit

Castle Creek 
soil on 
eolian silt 
that fills 
interstices of 
frost rubble 
of Beaver 
Basin for­ 
mation  
Continued

Lackey Creek 
soil on 
solifluction 
mantle of 
Placer Creek 
formation.

Depth 
(inches)

Hori­ 
zon

1-8 B

8-14

14-30 B,

30-46 B3

46-60 C

Description

Brown (7.5YR 5/4) sandy silt 
loam filling interstices be­ 
tween large rock fragments. 

Structure: weak fine
crumb.

Consistence: nonsticky, 
nonplastic, very friable, 
soft.

Reaction: medium-acid. 
Clear boundary. 
Zone of rock fragments with 

very little fine material in 
voids.

Clear boundary. 
Yellowish-red (SYR 4/6) coarse 

to medium sand, silt, and 
angular gravel, composed 
of disintegrated feldspar, 
filling interstices between 
large, stained, angular rock 
fragments. 

Structureless: 
Consistence: friable,

slightly hard. 
Reaction: strongly acid. 

Diffuse boundary. 
Brownish-yellow (IOYR 6/6) 

coarse to medium sand, 
silt, and small rock frag­ 
ments, in interstices between 
large, stained, closely spaced 
rock fragments. 

Structureless. 
Consistence: friable,

slightly hard. 
Reaction: strongly acid. 

Diffuse boundary. 
Very pale brown (IOYR 7/4) 

coarse to medium sand, silt, 
and small rock fragments, 
in interstices between large, 
very closely spaced, tightly 
wedged rock fragments that 
grade downward into frac­ 
tured bedrock. 

Structureless. 
Consistence: friable 
Reaction: medium-acid.
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14. Lackey Creek soil, Brown Podzolic fades

[Buried profile on dioritic till of upper member of the Placer Creek formation. 
Measured at altitude of about 9, 500 feet, in a road cut in the terminal moraine at 
type locality of upper member of Placer Creek formation in the canyon of Placer 
Creek (NWJiSEH sec. 15, T. 26 S., R. 24 E.). The Lackey Creek soil is overlain 
by eolian sand and colluvium of the Beaver Basin formation on which the Castle 
Creek soil is developed." The vegetation is aspen and meadow]

Soil and associated 
rock unit

Castle Creek 
soil on 
eolian silt 
of Beaver 
Basin for­ 
mation.

Depth 
(inches)

Hori­ 
zon

0-9 A

9-36 B, 
C

Description

Very dark brown (10YR 2/2) 
humic silty sandy -loam 
with angular to subangular 
rock fragments.

Structure: very fine
crumb.

Consistence: nonsticky, 
nonplastic, very fri­ 
able, soft. 

Reaction: slightly acid.

Gradual boundary.

Very pale brown (1QYR 7/4) 
fine sand and silt filling 
interstices between angular 
to subangular rock frag­ 
ments.

Structure: permeated by
small root holes. 

Consistence: nonsticky, 
nonplastic, very fri­ 
able, soft. 

Reaction: slightly acid.

Gradual boundary.

Light-yellowish-brown (10 YR 
6/4) very stony sandy till; 
fragments angular to sub- 
angular.

Structureless. 
Consistence: nonsticky, 

nonplastic, firm, soft. 
Reaction: medium-acid.

Diffuse boundary.

Yellowish-brown (1QYR 5/4) 
very stony sandy till; frag­ 
ments, angular to subangu­ 
lar.

Structureless.
Consistence: friable.
Reaction: medium-acid.

Compare this profile with that at higher altitudes, 
in section 12. At lower altitudes the Brown Podzolic 
facies becomes progressively less acid until, at about 
8,800 feet, a faint horizon of calcium carbonate 
accumulation inarms its change to the Brown Forest 
facies.

Lackey Creek 
soil on 
till of upper 
member of 
Placer Creek 
formation.

36-80 B

80-94+ C

.15. Lackey Creek soil, Brown Podzolic facies

[Relict profile on till of lower member of Placer Creek formation composed mostly 
of sandstone. Measured .at altitude of about 9,700 feet on terminal moraine on 
Horse Creek at crossing of Forest Service road leading to Geyser Pass (SWJ£SWJ£ 
sec. 3, T. 27 S., R. 24 E.). The vegetation is spruce-fir forest]

Depth 
(inches)

Hori­ 
zon

-Lackey Creek 
soil on till 
of lower

- -member of 
Placer Creek 
formation.

0-10 A

10-13

13-50 B2

Description

Dark-reddish-gray (5YR 4/2) 
stony sandy loam.

Structure: weak very fine
crumb. 

Consistence: nonsticky,
nonplastic, loose. 

Reaction: slightly acid. 
Clear boundary. 
Light-reddish-brown (5YR 6/4) 

stony sandy loam. 
Structureless. 
Consistence: nonsticky,

nonplastic, loose. 
Reaction: medium-acid. 

Gradual boundary. 
Reddish-brown (5 YR 5/4) stony 

sandy till. Rock fragments 
are of sandstone. They are 
angular to subangular and 
stained.

Structureless. 
Consistence: slightly 

sticky, slightly plastic, 
firm, hard, compact. 

Reaction: strongly acid. 
Diffuse boundary. 
Light-reddish-brown (5YR 6/4) 

stony sandy till. 
Structureless. 
Consistence: nonsticky, 

nonplastic, firm, hard, 
compact. 

Reaction: medium-acid.

16. Lackey Creek soil, Brown Podzolic facies

[Relict profile on till of lower member of Placer Creek formation composed mostly o' 
Mancos shale. Measured at altitude of about 10,100 feet on terminal moraine at 
Blue Lake (SEJiNWJi sec. 7, T. 27 S., R. 25 E.). The vegetation is sagebrush and 
grass]
Soil and associated Depth

rock unit (inches) Horizon Description

Lackey Creek 0-8 A0 Dark-gray (7.5 YR 4/1) humic 
soil on till stony sandy silt loam con- 
of lower taining large fragments of 
member of diorite. 
Placer Creek Structure: weak medium 
formation. crumb.

Consistence: slightl y 
sticky, nonplastic, very 
friable, soft. 

Reaction: slightly acid. 
Clear boundary. l

50-75+ C
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16. Lackey Creek soil, Brown Podzolic fades Continued

Soil and associated 
rock unit

Lackey Creek 
soil on till 
of lower 
member of 
Placer Creek 
formation  
Continued

Depth 
(inches)
8-18

Hori­ 
zon

18-36 B

Description

Light-gray (IQYR 7/2) stony 
sandy clay loam. Large 
rock fragments are mostly 
of diorite; small fragments 
are mostly of Mancos shale. 

Structure: weak medium- 
to-coarse granular. 

Consistence: sticky, 
slightly plastic, firm, 
hard.

Reaction: strongly acid. 
Diffuse boundary. 
Pale-brown (10 YR 6/3) stony 

sandy clay till. Large rock 
fragments are mostly of 
diorite; small fragments are 
mostly of Mancos shale. 

Structure: moderate fine 
subangular blocky clay 
concentrations along 
structure planes. 

Consistence: sticky, 
plastic, firm, very hard. 

Reaction: medium-acid. 
Diffuse boundary. 
Gray-brown (2.5 YR 5/2) stony 

sandy clay till. Large rock 
fragments are of diorite, 
small fragments are mostly 
of Mancos shale. 

Structureless. 
Consistence: sticky, 

plastic, firm, very hard. 
Reaction: medium-acid.

17. Lackey Creek soil, Brown Podzolic fades

IKelict profile of poorly drained phase on dlorltlc till of the upper member of the Placer 
Creek formation. The poorly drained phase occurs beneath many swamps and 
marshy areas that lie within the altitude range of the Brown Podzolic fades. It 
can be traced laterally Into the well-drained phase. Measured at altitude of about 
9,800 feet, In a swamp along road to South Pass just below its sharp bend at Beaver 
Lake (NWJiSW^ sec. 25, T. 27 S., R. 24 E.) The vegetation willow and aspen]

36-48+ C

Soil and associated 
rock unit

Lackey Creek 
soil on till 
of upper 
member of 
Placer Creek 
formation.

Depth 
(inches)

Hori­ 
zon

0-6 An

Description

Very dark brown (10 YR 2/2) 
humic silt loam containing 
abundant roots.

Structure: weak fine
crumb.

Consistence: nonsiicky, 
nonplastic, very friable 
soft.

Reaction: slightly acid. 
Clear boundary.

17. Lackey Creek soil, Brown Podzolic fades Continued

Soil and associated 
rock unit

Lackey Creek 
soil on till 
of upper 
member of 
Placer Creek 
formation  
Continued

Depth Hori-
(incnes) zon

6-12 Ai

Description

Brown (7.5 YR 5/2) stony fine 
sandy loam.

Structure: moderate fine
granular.

Consistence: nonsticky, 
nonplastic, friable, 
slightly hard. 

Reaction: medium-acid. 
Clear boundary.

12-30 A2 Light-gray (10 YR 7/2) to very 
pale brown (10 YR 8/3) stony 
silty clay loam.

Structure: moderate fine
angular blocky. 

Consistence: sticky, plas­ 
tic, firm, hard. 

Reaction: very strongly
acid.

Structural surfaces locally 
mottled yellowish brown 
(IQYR 5/6). 

Diffuse boundary.
30-44 B Light-brown (7.SYR 6/4), 

mottled strong-brown 
(7.5 YR 5/8), stony sandy 
clay till. Grades down in 
upper few inches to strong 
brown mottled light brown. 
Sand is mostly rotted feld­ 
spar granules.

Structure: moderate fine 
columnar to fine angular 
blocky. Some dark 
manganese staining 
along structural planes. 

Consistence: sticky, plas­ 
tic, firm, hard. 

Reaction: very strongly
acid.

Diffuse boundary.
44-52 C '- Yellowish-brown (IQYR 5/6) 

stony sandy till. 
Structureless. 
Consistence: slightly 

sticky, slightly plastic, 
firm, hard.

Reaction: very strongly 
acid.

Evidence that this profile is not primarily the product 
of its modern swamp environment was found in several 
places where auger borings showed buried profiles like 
that above lying beneath several feet of colluvial or 
eolian silt on which a younger, poorly drained profile,
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associated with the Castle Creek soil, is developed. 
The strong brown color of the B horizon is similar to 
that of well-drained profiles of the Brown Podzolic facies 
of the Lackey Creek soil and unlike the more reddish 
or more yellow hues common to bog iron precipitates. 
This, together with the fact that the light-gray or white 
A2 horizon represents a subsequent mottling along 
structural surfaces surrounding residual strong brown 
cores, suggests that the profile may first have formed in 
a well-drained environment in the early part of the 
Lackey Creek soil-forming interval. The profile be­ 
came poorly drained during development of the A2 
horizon in the latter part of the interval before being 
covered at a later time by colluvial or eolian silts of the 
Beaver Basin formation at a still later time.

18. Lackey Creek soil, Brown Forest facies

[Buried profile on till of the lower member of the Placer Creek formation composed 
mostly of diorite. Measured on a lateral moraine at altitude of about 8,600 feet 
along the road to Miners Basin at a point about 100 feet from a sharp bend where 
the road crosses from inner flank of moraine to outer flank (SE^NEJi sec. 16, T. 
26 S., E. 24 E.). A thin layer of eolian silt of Beaver Basin formation, on which 
Castle Creek soil is developed, overlies Lackey Creek soil. The vegetation is 
aspen.l

Soil and associated 
rock unit

Castle Creek 
soil on eolian 
silt of 
Beaver 
Basin 
formation 
that fills 
interstices 
between 
rock frag­ 
ments on 
surface of 
underlying 
till.

Depth 
(inches)

0-12 A

Hori­ 
zon

12-18 B, C(?)

Lackey Creek 
soil on till 
of lower 
member of 
Placer Creek 
formation.

18-36 B2

Description

Very dark brown (WYR 
2/2) humic stony sandy 
silt loam. 

Structure: weak fine
crumb.

Consistence: non- 
sticky, non plastic, 
very friable, soft. 

Reaction: slightly
acid.

Gradual contact. 
Very pale brown (10YR 

7/4) stony fine sand 
and silt. Rock frag­ 
ments are stained. 

Structure: moderate
fine crumb. 

Consistence: non- 
sticky, nonplastic, 
friable, slightly- 
hard. 

Reaction: slightly
acid.

Abrupt contact. 
Yellowish-red (5YR 5/6) 

stony sandy till. Rock 
fragments are stained. 

Structure: moderate 
fine subangular 
blocky.

Consistence: slightly 
sticky, plastic, 
firm, hard. 

Reaction: slightly
acid. 

Diffuse boundary.

18. Lackey Creek soil, Brown Forest facies Continued
Soil and associated 

rock unit

Lackey Creek 
soil on till 
of lower 
member of 
Placer Creek 
formation  
Continued

Depth Hori-
(inches) zon

36-54 B3
Description

Strong-brown (7.5 YR 5/6) 
stony sandy till. Rock 
fragments are stained. 

Structureless. 
Consistence: non- 

sticky, nonplastic, 
friable, slightly 
hard. 

Reaction: slightly
acid.

Gradual boundary.
54-67 Cca Strong-brown (7.5 YR 

5/6) stony sandy till. 
Rock fragments are 
partly stained. 

Structureless. 
Consistence: friable. 
Reaction: neutral to

mildly alkaline. 
Thin calcareous coatings 

on undersides of some 
rock fragments. 

Diffuse boundary.
67-70+ C Strong-brown (7.5 YR 

5/6) stony sandy till. 
Rock fragments are 
partly stained. 

Structureless. 
Consistence: friable. 
Reaction: slightly 

acid.

In above profile the color of the upper part of the B 
horizon is more reddish than that of the B horizon of 
the Brown Podzolic facies developed on dioritic till. A 
very weak Cca horizon is marked only by slight encrus­ 
tations of calcium carbonate on the undersides of some 
rock fragments. No calcium carbonate accumulated 
in the matrix.

Compare this section with section 19 of the Brown 
Forest facies at a lower altitude.

19. Lackey Greek soil, Brown Forest facies
[Buried profile on till of lower member of Placer Creek formation composed mostly of 

diorite. Measured at altitude of about 8,400 feet on a lateral moraine along road to 
Miners Basin, about 100 yards north of crossing of Placer Creek (NW^NWJ^ sec. 
16, T. 26 S., R. 24 E.). A layer of eolian silt of Beaver Basin formation, on which 
Castle Creek soil is developed, overlies Lackey Creek soil. Compare this section 
with section 18 of the Brown Forest facies at a higher altitude. The vegetation is 
aspen and oak]
Soil and associated 

rock unit

Castle Creek 
soil on eolian 
silt of Beaver 
Basin forma­ 
tion.

Depth Hori- 
(inches) zon

0-12 A
Description

Very dark gray-brown (1QYR 
3/2) humic stony fine sandy 
silt loam.

Structure: weak very fine
crumb.

Consistence: nonsticky, 
nonplastic, very friable, 
soft.

Reaction: slightly acid. 
Clear boundary.
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19. Lackey Creek soil, Brown Forest fades Continued
Soil and associated 

rock unit

Castle Creek 
soil on eolian 
silt of Beaver 
Basin forma­ 
tion Con.

Lackey Creek 
soil on till of 
Placer Creek 
formation.

Depth 
(inches)

Hori­ 
zon

12-39 B, C

39-69 B2

69-87 B3

Description

Light-brown (7.5 YR 6/4) stony 
fine sandy silt loam. 

Structure: moderate fine
crumb.

Consistence: nonsticky, 
. nonplastic, very friable, 
soft.

Reaction: slightly- acid. 
Abrupt contact. 
Reddish-yellow (7.5 YR 6/6) 

stony sandy till. Rock frag­ 
ments are stained.

Structure : weak fine
crumb.

Consistence: nonsticky, 
nonplastic, friable, hard. 

Reaction: slightly acid. 
Diffuse boundary. 
Yellow (WYR 7/6) stony sandy 

till with bedded gravel 
streaks.

Structureless. 
Consistence: nonsticky, 

nonplastic, friable, hard. 
Reaction: neutral. 

Diffuse boundary. 
Very pale brown (10 WE 7/3) 

stony sandy, till with bedded 
gravel streaks. 

Structureless. 
Consistence: friable, 

slightly hard. Calcium 
carbonate forms thin 
coating on cobbles and 
weakly cements matrix 
in streaks.

Reaction: moderately al­ 
kaline.

Diffuse boundary. 
Very pale brown (10Y72 7/4) 

stony sandy till with bedded 
gravel streaks.

Consisten ce : friable,
slightly hard. 

Reaction : neutral to 
mildly alkaline.

20. Lackey Creek soil, Brown Forest fades
I Relict profile on eolian sand and silt of the Placer Creek formation. Measured at 

altitude of about 7,800 feet along irrigation ditch near old road to South Pass, where 
it crosses edge of terrace on south side of La Sal Creek (NTW^SEJ^ sec. 17, T. 28 S., 
R. 25 E.). The vegetation is sagebrush and oak]

87-130 Cca

ISO- 
230 +

Soil and associated 
rock unit

Lackey Creek 
soil on eolian 
sand and silt 
of Placer 
Creek, for- 
mation.

Depth 
(inches)

Hori­ 
zon

0-5 A

Description
Dark-brown (10 YR 4/2) humic 

fine sandy silt loam.
Structure: moderate medi­ 

um crumb.
Consistence: nonsticky, 

nonplastic, very friable, 
slightly hard 

Reaction: neutral. 
Clear boundary.

20. Lackey Creek soil, Brown Forest fades Continued
Soil and associated

rock unit- 
Lackey Creek 

soil on eolian 
sand and silt 
of Placer 
Creek f or- 
tion Con.

Depth Horl-
(inches) zon

5-20 Bj

20-38 B,

38-40 Cca

40-60 Cca

Description

Reddish-brown (2.5 YR 5/4) 
fine sandy silt loam. 
-Structure: weak fine sub- 

angular blocky. 
Consistence: slightly 

sticky, slightly plastic, 
friable, slightly hard. 

Reaction: slightly acid. 
Gradual boundary. 
Yellowish-red (SYR 5/6) fine 

sandy silt loam.
Structure: weak medium

subangular blocky. 
Consistence: sticky, plas­ 

tic, firm, hard. 
Reaction: slightly acid to

neutral.
Abrupt boundary. 
Light-reddish-brown (SYR 5/4) 

fine sandy silt loam. 
Structureless. 
Consistence: slightly 

sticky, slightly plastic, 
firm, hard.

Reaction: mildly alkaline. 
Some calcareous concentrations

along root casts. 
Abrupt contact. 
Light-reddish-brown (5YR 6/4) 

sandy gravel. Gravel com­ 
posed mostly of diorite, 
crudely bedded. Thin calcare­ 
ous coatings on undersides of 
some pebbles.

21. Lackey Creek soil, Brown soil fades

'Relict profile on alluvial gravel of lower member of Placer Creek formation composed 
mostly of diorite. Measured along State Highway 46 in valley of La Sal Creek in 
borrow pit at altitude of about 7,500 feet (NW^SW^ sec. 10, T. 28 S., R. 25 E.). 
The vegetation is sagebrush]

Soil and associated 
rock unit

Lackey Creek 
soil on
alluvial gravel 
of lower 
member of 
Placer Creek 
formation.

Depth Hori- 
(inches) zon

0-4 A
Description

Very dark brown (7.5 YR 3/4)
humic gravelly sandy loam.

Structure: weak fine
crumb.

Consistence: nonsticky, 
nonplastic, very fri­ 
able, soft.

Reaction: mildly alkaline. 
Gradual boundary.
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21. Lackey Creek soil, Brown soil fades Continued
Soil and associated 

rock unit

Lackey Creek 
soil on
alluvial gravel 
of lower 
member of 
Placer Creek 
formation  
Continued

Depth Hori- 
(inches) zon

4-22 B

22-80 Cca

Description

Brown . (7.5 YR 4/4) sandy 
gravel.

Structure: weak suban- 
gular blocky with 
spherical and cylin­ 
drical masses 10 to 20 
millimeters in diameter 
that have concentric 
structure and which 
are probably insect 
nests.

Consistence: slightly 
sticky, slightly plastic, 
friable, hard.

Reaction: mildly alkaline. 
Clear boundary. 
Very pale brown (IQYR 8/3) to 

white (IQYR 8/2) sandy 
gravel.

Structure: moderate to 
strong medium platy. 

Consistence: nonsticky, 
nonplastic, firm, hard. 

Reaction: strongly alka­ 
line.

Diffuse boundary. 
Brownish-yellow (IQYR 6/4) 

sandy gravel with sand 
lenses, crudely bedded. 

Consistence: nonsticky, 
nonplastic, firm, hard. 

Reaction: mildly alka­ 
line.

22. Lackey Creek soil, Brown soil fades
[Buried profile on alluvial sand and silt of Placer Creek formation. Measured at type 

locality of Lackey Creek soil at altitude of about 6,700 feet, in wall of Lackey Creek 
just downstream from crossing of State Highway 46, 2>£ miles west of La Sal 

sec. 4, T. 29 S., R., 24 E.)(fig. 28). The vegetation Is sagebrush]

80-96+ C

Soil and associated 
rock unit

Younger 
superposed 
soil of un­ 
known 
stratigraphic 
affinity.

Castle Creek 
soil on 
alluvial sand 
and silt of 
Beaver Basin' 
formation.

Depth Hori-
(inches) zon

0-10 A

10-22 A

Description

Brown (7.5 YR 5/4) slightly 
humic fine sand and silt. 

Structureless. 
Consistence: loose. 
Reaction: mildly alka­ 

line.
Abrupt boundary. 
Dark-brown (7.5 YR 4/2) 

humic sandy loam, dark­ 
er in top inch.

Structure: weak fine
crumb.

Consistence: nonsticky 
nonplastic, very fri­ 
able, slightly hard. 

Reaction: midly alka­ 
line. 

Diffuse boundary.

22. Lackey Creek soil, Brown soil fades Continued

Soil and associated 
rock unit

Castle Creek 
soil on
alluvial sand 
and silt of 
Beaver Basin 
formation  
Continued

Depth 
(inches)

Hori­ 
zon

Lackey Creek 
soil on 
alluvial sand 
and silt of 
Placer Creek 
formation.

Description

22-76 B, Brown (7.SYR 5/4) sandy 
Cca loam.

Structure: moderate 
subangular blocky to 
fine columnar, with 
spherical and cylin- 
rical insect nests 10 
to 20 millimeters in 
diameter that have 
a concentric struc­ 
ture; numerous small 
root holes and a few 
large krotovinas. 
Weakly bedded lo­ 
cally.

Consistence: nonsticky 
nonplastic, friable, 
hard; calcareous films 
along roots and 
structural openings.

Reaction: mildly alka­ 
line.

Abrupt disconformity.

76-86 B, Reddish-brown (5YR 4/3)
humic sandy silt loam.

Structure: locally platy
at top, weak medium
columnar.

Consistence: sticky, 
nonplastic, firm, very 
hard.

Reaction: mildly alka­ 
line.

Lime concentrated as thin 
films along root holes. 
This horizon is locally 
cut out by disconformity.

Gradual boundary.

86-110 B2 Reddish-brown (5YR 5/4) 
sandy silt with local 
interbedded gravel in 
lower part.

Structure: weak coarse
angular blocky. 

Consistence: nonsticky, 
-nonplastic, firm ,very 
hard.

Reaction: mildly alka­ 
line.

This horizon is locally cut 
out by disconformity.

Gradual boundary.
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22. Lackey Creek soil, Brown soil fades Continued

Soil ond associated 
rock unit

Lackey Creek 
soil on allu­ 
vial sand 
and silt of 
Placer 
Creek for­ 
mation  
Con.

Depth 
(inches)

Hori­ 
zon Description

110-160 Cca Light-reddish-brown (SYR 
6/4) fine sandy silt and 
interbedded cobble gravel, 
with pink (SYR 8/3) 
streaks and concentra­ 
tions along root holes. 

Structure: weak fine col­ 
umnar locally platy. 

Consistence: nonsticky, 
nonplastic, firm, very 
hard, weakly to 
strongly cemented 
with carbonate. 

Reaction: strongly alka­ 
line.

Cobbles and matrix are 
both heavily coated with 
lime.

Diffuse boundary.
160-180+ C Grayish dioritic cobble 

gravel and reddish-yellow 
(10 YR 5/6) silty sand. 
Bedded, firm, hard; 
mostly free of calcareous 
coatings.

Reaction: moderately 
alkaline.

At this locality, the Lackey Creek soil can be traced 
from a relict position, in the vicinity of the road crossing, 
to a point where it is overlapped by alluvial sand and 
silt of the Beaver Basin formation on which the Castle 
Creek soil is developed. Farther downstream it passes 
from sight beneath the stream bed.

23. Lackey Creek soil, Sierozem fades

[Relict profile on alluvial gravel of the Placer Creek formation composed mostly of 
diorite. Measured at altitude of about 4,200 feet in Spanish Valley, on a terrace half 
a mile southeast of Moab near water tank where U.S. Highway 450 crosses Pack 
Creek (SE^SEJ^ sec. 6, T. 26 S., R. 22 E.). The vegetation is sagebrush]

Soil and associated 
rock unit

Lackey Creek 
soil on allu­ 
vial gravel 
of Placer 
Creek for­ 
mation.

Depth
(inches)
0-8

Hori­ 
zon Description

Reddish-brown (SYR 5/4) 
fine sand and silt.

Structure: weak me­ 
dium crumb. 

Consistence: non- 
sticky, nonplastic, 
friable, soft. 

Reaction: moderately
alkaline. 

Clear contact.

23. Lackey Creek soil, Sierozem fades Continued
Soil and associated 

rock unit

Lackey Creek 
soil on allu­ 
vial gravel 
of Placer 
Creek for­ 
mation ­ 
Con.

Depth 
(inches)

8-14

Hori­ 
zon

Bca

14-100+ Cca

100-300+ C

Description

Reddish-brown (2.5 YR 5/4) 
mottled light reddish- 
brown (2.5YR 6/4), fine 
sandy silt loam.

Structure: moderate 
medium subangular 
blocky.

Consistence: slightly 
sticky, slightly plas­ 
tic, friable, slightly 
hard. 

Reaction: strongly
alkaline.

This unit is locally missing, 
and the A horizon rests 
directly on the Cca hori­ 
zon.

Gradual boundary.

Light-reddish-brown 
(2.5YR 6/4) cobble grav­ 
el and sand, crudely 
bedded.

Consistence: firm, hard,
weakly cemented 

Reaction: strongly
alkaline.

Where overlain directly by 
A horizon, contact is a 
very sharp line of 
leaching on the cobbles. 
Upper sides of cobbles are 
free of coating; lower 
sides are thickly coated, 
with calcareous projec­ 
tions 2 to 3 inches long 
extending down into 
interstitial voids.

Diffuse contact.

Reddish-brown (SYR 5/4)
cobble gravel and sand,
with some sand layers,
crudely bedded.

Consistence: friable,
slightly hard. 

Reaction: moderately
alkaline.

Local streaks in which grav­ 
el is thinly coated with 
lime.
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24. Pack Creek soil, Brown Podzolic fades

[Burled profile on alluvial gravel of lower member of Beaver Basin formation composed 
of dlorlte. Measured at altitude of about 8,100 feet, in bluff bordering Pack Creek 
(SWJiNEJi sec. 32, T. 27 S., B. 24 E.). Pack Creek soil is overlain by alluvial 
gravel of upper member of Beaver Basin formation on which Brown Podzolic facies 
of Castle Creek soil is developed. This in turn is overlain by gravelly alluvium of 
lower member of Gold Basin formation on which Pedalfer facies of Spanish Valley 
soil is developed. The vegetation is aspen]

Soil and associated 
rock unit

Spanish Valley 
soil on alluv­ 
ium of lower 
member of 
Gold Basin 
formation.

Depth 
(inches)

Hori­ 
zon

0-6 A

6-48 C

Castle Creek 
soil on alluv­ 
ium of upper 
member of 
Beaver Basin 
formation.

48-66 A

66-76 B

76-132 C

Pack Creek 
soil on alluv­ 
ium of lower 
member of 
Beaver Basin 
formation.

132-150 A

Description

Very dark gray (10 YR 3/1) 
humic gravelly sandy silt 
loam.

Structure: very fine
crumb.

Consistence: nonsticky, 
nonplastic, very fri­ 
able, soft.

Reaction: slightly acid. 
Gradual boundary. 
Brown (107/2 5/3) gravelly 

sandy alluvium, locally 
humic.

Structureless. 
Consistence: nonsticky. 

nonplastic, very fri­ 
able, soft.

Reaction: slightly acid. 
Abrupt disconformity. 
Very dark gray (107/2 3/1) 

humic gravelly sandy silt 
loam.

Structure: very fine granu­ 
lar.

Consistence: nonsticky. 
nonplastic, very fri­ 
able, soft.

Reaction: slightly acid. 
Gradual boundary. 
Brown (7.5 YR 5/4) gravelly 

sand and silt.
Structure: very fine

crumb.
Consistence: nonsticky. 

nonplastic, friable, firm. 
Reaction: slightly acid. 

Gradual boundary. 
Brown (107/2 5/3) sandy 

gravel.
Structureless. 
Consistence: nonsticky. 

nonplastic, friable, 
slightly hard. 

Reaction: slightly acid. 
Abrupt disconformity. 
Dark-gray (107/2 4/1) humic 

gravelly sandy silt loam. 
Structure: very fine angu­ 

lar blocky.
Consistence: slightly, 

sticky, slightly plastic, 
firm, hard.

Reaction: slightly acid. 
Gradual boundary.

24. Pack Creek soil, Brown Podzolic facies Continued

Soil and associated 
rock unit

Pack Creek 
soil on alluv­ 
ium of lower 
member of 
Beaver Basin 
formation  
Con.

Depth Hori-
(inches) zon

150-154 B

154-300 C

Description

Brown (10 YR 5/4) gravelly 
sand and silt. 

Structureless. 
Consistence: slightly 

sticky, slightly plas­ 
tic, firm, hard. 

Reaction: slightly acid. 
Diffuse boundary. 
Brown (107/2 5/3) sandy 

gravel.
Structureless. 
Consistence: nonsticky, 

nonplastic, firm, hard. 
Reaction: slightly acid.

25. Pack Creek soil, Brown Forest facies

[Buried profile on alluvial sandy gravel of the lower member of the Beaver Basin 
formation composed mainly of diorlte. Section is stratigrapbic type locality of 
Pack Creek soil and was measured at altitude of about 7,500 feet, in the bluff border­ 
ing Pack Creek just above the national forest boundary (SWHNEH sec. 31, T. 27 
S., R. 24 E.) (flg. 40). The Pack Creek soil Is overlain by gravelly sand and silt of 
upper member of Beaver Basin formation on which Brown Forest facies of Castle 
Creek soil Is developed. This, In turn, is overlain by modern natural levee material 
deposited during dissection of the arroyo that contains Pack Creek. The vegetation 
Is oak brush]

Soil and associated 
rock unit

Modern natural 
levee deposit.

Depth 
(inches)

0-30

Hori­ 
zon

Castle Creek 
soil on 
alluvium of 
upper mem­ 
ber of Bea­ 
ver Basin 
formation.

30-42 A

42-60 B

Description

Gray-brown (107/2 5/2) grav­ 
elly sandy loam. 

Structureless: 
Consistence: very friable,

soft. 
Reaction: slightly acid.

Abrupt disconformity. 
Very dark gray (107/2 3/1) 

humic gravelly, sandy silt 
loam.

Structure: very fine gran­ 
ular to weak very fine 
angular blocky thin 
platy in upper 6 inches. 

Consistence: nonsticky, 
nonplastic, friable, 
hard.

Reaction: slightly acid. 
Gradual boundary.
Brown (7.57/2 5/4) gravelly 

sandy silt loam.
Structure: weak fine pris­ 

matic to very fine 
angular blocky per­ 
meated by small root 
holes; some krotovinas. 

Consistence: nonsticky, 
slightly plastic, firm, 
hard. 

Reaction: slightly acid to
neutral. 

Gradual boundary.
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25. Pack Creek soil, Brown Forest fades Continued

Soil and associated 
rock unit

Castle Creek 
soil on 
alluvium of 
upper mem­ 
ber of Bea­ 
ver Basin 
formation  
Con.

Depth 
(inches)

60-86 Cca

Hori­ 
zon

86-130 C

Pack Creek 
soil on 
alluvium of 
lower mem­ 
ber of Bea­ 
ver Basin 
formation.

130-142 A

142-152 Cca

152-160 Cca

Description

Brown (IQYR 5/3) sandy 
silty boulder gravel.

Structure of matrix: very
fine angular blocky. 

Consistence: nonsticky, 
slightly plastic, firm, 
hard.

Reaction: mildly alkaline. 
Calcareous films on fragments. 
Gradual boundary. 
Gray-brown (IQYR 5/2), with 

local rusty streaks, sandy 
silty boulder gravel. 

Structureless. 
Consistence: nonsticky, 

nonplastic, friable, 
hard.

Reaction: mildly alkaline. 
Some secondary carbonate. 
Disconformity. 
Gray (IQYR 5/1) humic sandy 

silt loam. 
Structureless. 
Consistence: nonsticky, 

nonplastic, firm, hard. 
Reaction: slightly acid 

but with secondary 
carbonate films along 
bedding planes and 
root casts.

Local rusty streaks. Thin 
horizon of oxide accumu­ 
lation at base may be a B 
horizon.

Clear boundary. 
Very pale brown (IQYR 7/4) 

sandy silt loam. 
Structure: massive. 
Consistence: nonsticky, 

nonplastic, firm, hard. 
Reaction: mildly alka­ 

line; spangled with lime 
along many small root 
casts. Some lime may 
be of secondary origin, 
as are local rusty 
streaks.

Clear boundary. 
Light-brown (7.5 YR 6/4) sub- 

angular boulder gravel and 
sand.

Structure: crudely bedded;
no soil structure. 

Consistence of matrix: 
nonsticky, nonplastic, 
friable, slightly hard. 

Reaction: mildly alka­ 
line; thin films of lime 
on pebbles and cobbles.

25. Pack Creek soil, Brown Forest fades Continued

Depth 
(inches)

160-242 C

Hori­ 
zon Description

Light-brown (7.5 YR 6/4) 
boulder gravel as above. 
Calcareous films rare and 
probably of secondary 
origin.

Soil and associated 
rock unit

Pack Creek 
soil on 
alluvium of 
lower mem­ 
ber of Bea­ 
ver Basin 
formation  
Con.

26. Pack Creek soil, Brown soil fades

[Buried profile on alluvial gravel of the lower member of the Beaver Basin formation 
composed mainly of diorite. Measured at altitude of about 6,600 feet in scarp of a 
terrace about 20 feet above Pack Creek near a ranch on its north bank, half a mile 
west of Hell Canyon (NW^NW^ sec. 30, T. 27 S., R. 24 E.). The Pack Creek 
soil is overlain by alluvial sand and gravel of upper member of Beaver Basin forma­ 
tion on which Brown soil facies of Castle Creek soil is formed. The vegetation is 
sagebrush]

Soil and associated 
rock unit

Castle Creek 
soil on alluvi­ 
um of upper 
member of 
Beaver Basin 
formation.

Depth 
(inches)

Hori­ 
zon Description

0-12 A Very dark gray (IQYR 3/1) 
humic sandy silt loam. 

Structure: weak fine 
granular to weak angu­ 
lar blocky.

Consisten ce: nonsticky, 
nonplastic, friable, soft. 

Reaction: slightly acid to 
neutral.

Gradual boundary.

12-22 B Brown (7.5YR 5/4) sandy silt 
loam.

Structureless. 
Consistence: nonsticky, 

nonplastic, friable, soft. 
Reaction: neutral to mild­ 

ly alkaline.

Gradual boundary.

22-50 Cca Brown (7.5 YR 5/3) sandy silt. 
Structureless. 
Consistence: nonsticky, 

nonplastic, friable, soft. 
Reaction: moderately al­ 

kaline. 

Gradual boundary.

50-72 C Gray-brown (10 YR 5/2) sandy 
gravel.

Structure: crudely bedded. 
Consistence: nonsticky, 

nonplastic, friable, slightly 
hard.

Reaction: moderately al­ 
kaline.

Abrupt disconformity.
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26. Pack Creek soil, Brown soil fades Continued

Soil cmd associated 
rock unit

Pack Creek 
soil on alluvi­ 
um of lower 
member of 
Beaver Basin 
formation.

Hori­ 
zon

Depth 
(inches) zon Description

72-78 A Gray (10YR 5/1) sandy silt 
loam.

Structure: weak fine sub- 
angular blocky. 

Consistence: nonsticky, 
slightly, plastic, firm, 
hard.

Reaction: slightly acid exr 
cept for secondary car­ 
bonate accumulations 
along root casts and 
structural openings. 

Clear boundary.
78-83 B Brown (7.5YR 5/4) silty sand. 

Structureless. 
Consistence: nonsticky, 

slightly plastic, firm, 
hard.

Reaction: mildly alka­ 
line.

Gradual boundary.
83-90 Cca Light-brown (7.5 YR 6/4) 

silty sand. 
Structureless. 
Consistence: nonsticky, 

slightly plastic, firm, 
hard. 

Reaction: moderately
alkaline. 

Clear boundary.
90-110 Cca Light-brown (7.5YR 6/4) 

sandy gravel.
Structure: crudely bedded. 
Consistence: friable,

slightly hard. 
Reaction: moderately

alkaline. 
Thin films of carbonate on

rock fragments. 
Diffuse boundary.

110-240 C Light-brown sandy gravel, 
as above, but mildly al­ 
kaline to neutral. 

No carbonate films.

27. Pack Creek soil, Brown soil fades

[Burled profile on eolian sand and silt of the lower member of the Beaver Basin forma­ 
tion. Measured at altitude of about 7,200 feet in wall of deeply eroded irrigation 
ditch on the south side of Burkholder Draw northeast of North Mesa (NEJ^SEJ^ 
sec. 11, T. 26 S., R. 23 E.). The vegetation is sagebrush]
Soil and associated 

rock unit

Castle Creek 
soil on eolian 
sand and silt 
of upper 
member of 
Beaver Basin 
formation.

Depth Hori- 
(inches) zon

0-3 A
Description

Dark-reddish-gray (SYR 4/2) 
humic silt.

Structure: moderate very
thin platy.

Consistence: slightly 
sticky, nonplastic, very 
friable, slightly hard. 

Reaction: neutral. 
Clear boundary.

27. Pack Creek soil, Brown soil fades Continued

Sot'2 and associated 
rock unit

Castle Creek 
soil on eolian 
sand and silt 
of upper 
member of 
Beaver Basin 
formation  
Con.

Depth 
(inches)

Hori­ 
zon

3-7 B

7-42 Cca

Pack Creek soil 
on eolian 
sand and silt 
of upper 
member of 
Beaver Basin 
formation.

42-54 A

54-62 B

62-74 Cca

Description

Reddish-brown (5YR 4/2) 
silt.

Structure: moderate thin 
platy to angular blocky. 

Consistence: slightly 
sticky, slightly plastic, 
friable, hard. 

Reaction: neutral. 
Gradual boundary.

Light-reddish-brown (5 YR 
6/3) silt, interlaced with 
white lime concentrations 
along structure planes and 
root casts.

Structure: strong fine co­ 
lumnar.

Consistence: sticky, 
slightly plastic, firm, 
hard.

Reaction: moderately al­ 
kaline. 

Abrupt disconformity.

Reddish-gray (5YR 5/2) silt, 
interlaced with white sec­ 
ondary carbonate along 
structure planes and small 
root casts.

Structure: moderate fine
columnar.

Consistence: slightly 
sticky, slightly plastic, 
friable, hard. 

Reaction: slightly acid, 
except mildly alkaline 
along root casts and 
structural openings. 

Clear boundary.

Reddish-brown (5YR 5/4) 
silt.

Structure: massive to 
weak fine columnar; a 
few small root casts. 

Consistence: slightly
sticky, slightly hard. 

Reaction: mildly alkaline 
to slightly acid; sec­ 
ondary carbonate along 
root casts. 

Gradual boundary.

Light-reddish-brown (5 YR 
6/4) silt. 

Structureless to weak thin
platy.

Consistence: nonsticky 
nonplastic, friable, 
slightly hard. 

Reaction: moderately al­ 
kaline. 

Abrupt disconformity.
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27. Pack Creek soil, Brown soil fades Continued

Soil and associated 
rock unit

Lackey Creek 
soil on eolian 
sand and silt 
of Placer 
Creek forma­ 
tion.

Depth Hori.
(inches) zon

74-100 B

100-160 Cca

Description

Reddish-brown (SYR 5/4) 
silt.

Structure: strong fine co­ 
lumnar permeated by 
small root casts. 

Consistence: sticky, 
plastic, friable, hard. 

Reaction: slightly acid to 
mildly alkaline, weak 
carbonate concentra­ 
tions along roots in a 
few places.

Gradual boundary.

Reddish-brown (SYR 5/3) 
silt, spangled with white 
lime concentrations along 
root casts. 

Structureless. 
Consistence: slightly 

sticky, slightly plastic, 
very friable, hard. 

Reaction: moderately al­ 
kaline.

Diffuse boundary.

Pink (SYR 7/3) silt.
Structure: strong thick

platy.
Consistence: slightly 

sticky, slightly plastic, 
friable, hard. 

Reaction: strongly alka­ 
line.

Carbonate probably concen­ 
trated by water moving along 
contact beneath. Sharp 
contact against sandstone 
bedrock permeated with 
lime.

At this locality three generations of eolian sand and 
silt are exposed (fig. 39). The oldest deposits have the 
Lackey Creek soil developed on them and belong to the 
Placer Creek formation. These are overlain by deposits 
of the lower member of the Beaver Basin formation on 
which the Pack Creek soil is developed, and these, in 
turn, are overlain by deposits of the upper member on 
which the Castle Creek soil is developed.

160-200 C

28. Pack Creek soil, Sierozem fades

[Buried profile on alluvial sand and silt of the lower member of the Beaver Basin 
formation. Measured at altitude of about 4,100 feet on south side of Pack Creek at 
bridge on county road southeast of Moab (SW}£ NWJ£ sec. 7, T. 26 S., R. 22 E.). 
The Pack Creek soil is overlain by upper member on which Castle Creek soil is de­ 
veloped. This soil, in turn, is overlain by alluvium of lower member of Gold Basin 
formation on which the very weakly developed Spanish Valley soil is formed (flg.42).' 
The vegetation is sagebrush.]

Soil and associated 
rock unit

Spanish Valley 
soil on al­ 
luvium of 
lower mem­ 
ber of Gold 
Basin forma­ 
tion.

Castle Creek 
soil on al­ 
luvium of 
upper mem­ 
ber of Bea­ 
ver Basin 
formation.

Pack Creek 
soil on 
alluvium of 
lower mem­ 
ber of 
Beaver 
Basin forma­ 
tion.

Depth Hori- 
(inches) zon

0-2 A

2-12 Cca

12-22 A

22-34 Cca

34-42 A

Description

Reddish-gray (SYR 4/2) humic 
fine sand and silt.

Structure: moderate very
thin platy.

Consistence: nonsticky, 
nonplastic, very friable, 
soft.

Reaction: moderately al­ 
kaline.

Clear boundary. 
Reddish-brown (2.5 YR 5/4) 

fine sand and silt. 
Structureless. 
Consistence: loose. 
Reaction: moderately al­ 

kaline.
Abrupt disconformity. 
Weak-red (2.5 YR 5/2) humic, 

fine sand and silt.
Structure: weak coarse 
blocky.

Consistence: nonsticky, 
nonplastic., friable, 
slightly hard. 

Reaction: moderately al­ 
kaline.

Clear boundary. 
Light-reddish-brown (SYR 6/4) 

fine sand and silt.
Structure: weakly bedded. 
Consistence: friable,

slightly hard. 
Reaction: moderately al­ 

kaline.
Abrupt disconformity. 
Reddish-gray (SYR 5/2) humic 

fine sand and silt.
Structure: weak coarse

blocky. 
Consistence: friable,

slightly hard. 
Reaction: moderately al­ 

kaline. 
Clear boundary.
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28. Pack Creek soil, Sierozem fades Continued

Soil and associated 
rock unit

Pack Creek 
soil on 
alluvium of 
lower mem­ 
ber of 
Beaver 
Basin forma­ 
tion Con.

Depth Hori-
(inches) zon

42-66 Cca
Description

Light-reddish-brown (57/2 6/4) 
fine sand and silt. 

Structure: massive. 
Consistence: friable, soft. 
Reaction: moderately al­ 

kaline. 
Diffuse boundary.

66-210 C Light-reddish-brown (57/26/3) 
fine sand and silt with inter- 
layered fine gravel and local 
humic lenses. Weak chan­ 
nelled bedding.

Consistence: soft.
Reaction: mildly alka^ne.

Another profile of the Sierozem facies of the Pack 
Creek soil developed on alluvial sand and silt of the 
lower member of the Beaver Basin formation is de­ 
scribed in section 40.

29. Castle Creek soil, Brown Podzolic facies

[ Relict profile on till of upper member of Beaver Basin formation conposed mostly of 
diorite. Measured at altitude of about 11,000 feet on crest of terminal moraine of 
upper member of Beaver Basin formation on north side of Beaver Basin (NWJ£- 
NEJi sec. 24, T. 26 S., R. 24 E.). The upper foot or so of the till contains a consid­ 
erable proportion of eollan quartz sand and silt, a condition typical of most moraines 
of the Beaver Basin formation. The vegetation is spruce and grass]

Soil and associated 
rock unit

Castle Creek 
soil on till 
of upper 
member of 
Beaver 
Basin 
formation.

Depth 
(inches)
0-4

Hori­ 
zon

A

4-10

10-18 B2

Description

Very dark brown (107/2 2/2) 
humic sandy silt loam with 
a few rock fragments. 

Structure: fine crumb. 
Consistence: nonsticky, 

nonplastic, very fri­ 
able, soft.

Reaction: medium-acid. 

Clear boundary. 

Pale-brown (107/2 6/3) stony 
sandy silt loam. 
Structure: weak very fine 

subangular blocky to 
fine crumb.

Consistence: nonsticky, 
nonplastic to slightly 
plastic, friable, slightly 
hard.

Reaction: strongly acid. 
Gradual boundary. 

Yellowish-brown (107/2 5/4) 
very stony sandy till.

Structure: weak very fine
subangular blocky. 

Consistence: nonsticky, 
nonplastic, friable, 
slightly hard. 

Reaction: strongly acid.

Diffuse boundary.

29. Castle Creek soil, Brown Podzolic facies Continued

Soil and associated 
rock unit

Castle Creek 
soil on till 
of upper 
member of 
Beaver 
Basin
formation  
Continued

Depth Hori-
(incnes) zon

18-26 B3

26-48+

Description

Light-yellowish-brown (107/2 
6/4) very stony sandy till. 

Structureless. 
Consistence: friable,

slightly hard. 
Reaction: strongly acid. 

Diffuse boundary.

Pale-brown (107/2 7/4) very 
stony sandy till. 

Structureless. 
Consistence: friable,

slightly hard. 
Reaction: strongly acid.

30. Castle Creek soil, Brown Podzolic facies
[Relict profile on solifluction mantle of the Beaver Basin formation composed of 

diorite. Measured at altitude of about 12,000 feet on south slope of Manns Peak 
(NWJ<NWJ< sec. 25, T. 26 S., R. 24 E.). Eolian quartz sand snd silt is mixed with 
upper few inches of solifluction mantle. The vegetation is alpine tundra]

Soil and associated 
rock unit

Castle Creek 
soil on 
solifluction 
mantle of 
Beaver 
Basin 
formation.

Depth 
(inches')
0-2

Hori­ 
zon Description

Very dark brown (107/2 2/2) 
humic stony silt loam. 

Structure: very fine
crumb.

Consistence: nonsticky, 
nonplastic, very fri­ 
able, soft. 

Reaction: medium-acid. 
Clear boundary.

2-8 BI Light-brown (7.57/2 6/3) 
stony sandy silt loam. 

Structure: fine crumb. 
Consistence: nonsticky, 

very slightly plastic, 
friable, soft.

Reaction: strongly acid. 
Gradual boundary.

8-16 B2 Brown (7.57/2 5/4) stony 
sandy solifluction mantle. 

Structureless. 
Consistence: slightly

plastic, friable, soft. 
Reaction: strongly acid. 

Diffuse boundary.
16-24 B3 Light-yellowish-brown (107/2 

6/4) stony sandy solifluc­ 
tion mantle. 

Structureless. 
Consistence: friable,

slightly hard. 
Reaction: strongly acid. 

Diffuse boundary.
24-36+ C Pale-brown (107/2 6/3) stony 

sandy solifluction mantle. 
Structureless. 
Consistence: friable,

slightly hard. 
Reaction: strongly acid.

Note similarity between this profile on solifluction 
mantle and that developed on till in section 29.



122 QUATERNARY STRATIGRAPHY OF THE LA SAL MOUNTAINS, UTAH

31. Castle Creek soil, Brown Podzolic fades

[Relict profile developed on till of the lower member of the Beaver Basin formation 
composed mostly of sandstone. Measured at altitude of about 10,000 feet in the 
valley of Mill Creek at a point where lateral moraine of lower member is crossed by 
the road to Geyser Pass (SWJiNWJtf sec. 2, T. 27 S., R. 24 E.). Fine sand and silt 
of eolian origin is mixed with upper 12 inches of till. The vegetation is spruce forest]

Soft and associated 
rock unit

Castle Creek 
soil on till of 
lower mem­ 
ber of Beaver 
Basin 
formation.

Depth 
(inches)
0-2

2-6

Hori­ 
zon

6-12 B2

12-20 B3

20-28 B3

28-44+ C

Description 
Very dark gray (10 YR 4/1)

duff.
Gray-brown (WYR 5/2) hu- 

mic light silt loam.
Structure: very fine

crumb.
Consistence: nonsticky, 

slightly plastic, very 
friable, soft.

Reaction: medium-acid. 
Gradual boundary. 
Brown (7.5 YR 5/2) slightly 

humic stony silt.
Structureless to very fine

crumb.
Consistence: nonsticky, 

slightly plastic, very 
friable, soft.

Reaction: medium-acid. 
Gradual boundary. 
Pinkish-gray (7.5 YR 6/2) 

stony sandy silt. 
Structureless. 
Consistence: nonsticky, 

nonplastic, very fri­ 
able, soft.

Reaction: strongly acid. 
Gradual boundary. 
Light-brown (7.5 YR 6/4) sto­ 

ny sandy till.
Structure: weak fine sub- 

angular blocky. 
Consistence: nonsticky, 

nonplastic, friable, 
slightly hard. 

Reaction: strongly acid. 
Diffuse boundary. 
Pinkish-gray (7.5 YR 7/2) sto­ 

ny sandy till. 
Structureless. 
Consistence: nonsticky, 

nonplastic, friable, 
hard, moderately com­ 
pact. 

Reaction: strongly acid.

32. Castle Creek soil, Brown Podzolic fades

[Relict profile on till of the upper member of the Beaver Basin formation composed 
mostly of clay derived from the Mancos shale. Measured at altitude of about 11,200 
feet on end moraine of upper member below north cirque at head of Dark Canyon 

c. 13, T. 27 S., R. 24 E.). The vegetation is grass]
Soil and associated 

rock unit
Castle Creek 

soil on till of 
upper mem­ 
ber of 
Beaver 
Basin 
formation.

Depth Hori-
(inches) zon

0-4 A

4-10 B

Description
Gray-brown (10 YR 5/2) hu­ 

mic silty loam and rock 
fragments.

Structure: weak fine
crumb.

Consistence: nonsticky, 
slightly plastic, very 
friable, soft.

Reaction: medium-acid. 
Gradual boundary. 
Brown (1QYR 5/3) silty clay 

loam and rock fragments. 
Structure: weak fine sub- 

angular blocky. 
Consistence: sticky, 

plastic, firm, slightly 
hard.

Reaction: medium-acid. 
Diffuse boundary. 
Dark-gray-brown (2.5 YR 4/2) 

stony clay till. 
Structureless. 
Consistence: sticky, 

plastic, firm, slightly 
hard. 

Reaction: medium-acid.

33. Castle Creek soil, Brown Podzolic fades

[Relict profile on eolian sand and silt of the Beaver Basin formation. Measured at 
altitude of about 10,800 feet near top of north-facing slope of Miners Basin along 
trail to Dry Fork (NWMNEJi sec. 22, T. 26 S., R. 24 E.). At this locality, the 
eolian deposits, on which the Brown Podzolic facies is developed, rest conformably 
on solifluction mantle of Beaver Basin formation. The vegetation is spruce forest]

10-24+ C

Soil and associated 
rock unit

Castle Creek 
soil on 
eolian silt of 
Beaver 
Basin 
formation..

Depth 
(inches)
0-1

1-2

Hori. 
zon

A,
Description 

Forest litter. 
Abrupt boundary. 
Brown (7.SYR 5/3) humic 

silt.
Structure: weak very

thin platy.
Consistence: light, non- 

sticky, nonplastic, 
very friable, soft. 

Reaction: medium-acid. 
Clear boundary.
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33. Castle Creek soil, Brown Podzolic fades Continued

Soil and associated 
rock unit

Castle Creek 
soil on 
eolian silt of 
Beaver 
Basin
formation  
Con.

Depth 
(inches)
2-6

Hori­ 
zon Description

B2 Light-brown (7.5 YR 6/3) silt. 
Structure: weak very

fine crumb.
Consistence: light, non- 

sticky, nonplastic, 
very friable, soft. 

Reaction: strongly acid. 

Gradual boundary. 

6-16 B3 Brown (7.5YR 5/2) silt.
Structure: weak very

fine crumb.
Consistence: nonsticky, 

slightly plastic, friable, 
soft.

Reaction: slightly acid. 
Diffuse boundary.

16-26 C Pinkish-gray (7.5 YR 6/3) silt. 
Structureless. 
Consistence: nonsticky, 

nonplastic, very fri­ 
able, soft.

 Reaction: slightly acid. 
Disconformity.

Solifluction 26-28 C Light-brown (7.5 YR 6/4) 
mantle stony sandy solifluction 
of Beaver mantle. 
Basin Structureless, 
formation. Consistence: friable,

slightly hard. 
Reaction: slightly acid.

Gradual boundary.
28-40+ C Brown (7.5YR 5/2) stony 

sandy solifluction mantle. 
Structureless. 
Consistence: friable,

slightly hard. 
Reaction: slightly acid.

Where eolian mantle of the Beaver Basin formation 
rests on stony deposits of the Placer Creek or Harpole 
Mesa formations, a zone of rock fragments and voids 
is commonly present at the contact above a truncated 
profile of the Lackey Creek or Spring Draw soil. Such 
a profile is given in the description of the Brown 
Podzolic facies of the Lackey Creek soil (section 12).

34. Castle Creek soil, Brown Podzolic facies

[Profile on eolian quartz sand and silt in interstices of frost rubble at depth below 
surface. Measured at altitude of about 10,800 feet in a rubble sheet on south ridge 
of Miners Basin at head of Schuman Gulch (NEMNWJ< sec. 22>, T. 26 S., R. 24 E.). 
The vegetation is sparse lichen on boulders. Grass and spruce are around borders 
of deposit]

Soil and associated 
rock unit

Rubble sheet 
of Beaver 
Basin 
formation.

Depth 
(inches)

0-24

Hori­ 
zon Description

Blocks of diorite, 6 inches 
to 2 feet in diameter, with 
interstitial voids.

Abrupt boundary.

34. Castle Creek soil, Brown Podzolic facies Continued.
Soil and associated 

rock unit

Castle Creek 
soil on eolian 
silt in in­ 
terstices of 
rubble sheet.

Depth Hori-
(inches) zon

24-27 A
Description

Dark-gray-brown (10YR 4/2) 
humic silt in interstices 
between blocks.

Structure : weak fine
crumb. 

Consistence : slightly 
sticky, slightly plastic, 
very friable, soft. 

Reaction: slightly acid. 
Gradual boundary.

27-47 B2 Very pale brown (1QYR 7/4) 
light fluffy silt in voids 
between blocks.

Structure : weak fine 
crumb permeated by 
very small holes. 

Consistence : slightly 
sticky, plastic, friable, 
slightly hard. 

Reaction: slightly acid. 
Diffuse boundary.

47-57 B3 Pink (7.5 YR 7/4) sandy silt 
and small rock fragments 
partly filling interstices be­ 
tween blocks.

Structure : weak fine sub-
angular blocky. 

Consistence: nonsticky, 
slightly plastic, friable, 
slightly hard. 

Reaction: medium-acid. 
Diffuse boundary.

57-70+ C Pinkish-gray (7.5 YR 7/2) 
silty sand and small rock 
fragments in interstices of 
closely spaced rock frag­ 
ments that become increas-

/ ingly tightly fitted down­ 
ward until they merge with 
fractured but undisplaced 
bedrock.

Structureless. 
Consistence : nonsticky,

nonplastic, loose. 
Reaction : medium-acid.

Obviously, the eolian material was emplaced after 
formation of the rubble sheet. Restriction of organic 
matter to the relatively thin A horizon of the soil further 
suggests that eolian activity ceased before soil develop­ 
ment began. Compare with section 35.

35. Castle Creek soil, Brown Podzolic facies
[Profile on eolian quartz sand silt in interstices of rubble sheet at depth below surface. 

Measured at altitude of 9,600 feet at drift fence along road to Miners Basin (SEJ< 
. 16, T. 26 S., R. 24 E.). Vegetation is sparse lichen on boulders. Aspen

is on slopes bordering deposit]
Soil and associated 

rock unit

Rubble stream 
of Beaver 
Basin for­ 
mation.

Depth 
(inches)
0-40

Hori­ 
zon Description

Subangular boulders and 
cobbles, 6 inches to 3 feet 
in diameter, with inter­ 
stitial voids.

Abrupt contact.
591960 O !62   9
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35. Castle Creek soil, Brown Podzolic fades Continued
Soil and associated 

rock unit
Castle Creek 

soil on 
eolian silt in 
interstices of 
rubble 
stream.

Depth 
(inches)
40-52

Hori­ 
zon

52-94 B, C

Till of lower 
member of 
Placer Creek 
formation.

94-104

Description

Very dark gray-brown 
(10YR 3/2) humic fine 
sandy silt loam in inter­ 
stices between rock frag­ 
ments ; contains some 
roots.

Structure: weak very
fine crumb.

Consistence: non- 
sticky, slightly plas­ 
tic, very friable, soft. 

Reaction: slightly acid. 
Gradual boundary. 
Dark-gray-brown (WYR 

4/2) humic fine sandy 
silt filling interstices be­ 
tween rock fragments. 

Structure: weak fine 
> subangular blocky. 
Consistence: slightly 

sticky, slightly plas­ 
tic, friable, slightly 
hard. 

Reaction: slightly acid.
Abrupt disconformity. 
Yellowish - brown (10 YR 

5/4) water stain on bould- 
ery sandy till. 

Structureless. 
Consistence: non- 

sticky," nonplastic, 
friable, slightly hard. 

Reaction: slightly acid. 
Diffuse boundary. 
Light - yellowish - brown 

(10YR 6/4) bouldery 
sandy till. 

Structureless. 
Consistence: non- 

sticky, nonplastic, 
firm, hard. 

Reaction: slightly acid.

The yellowish-brown zone of oxide accumulation at 
the top of the till was probably precipitated from water 
moving along the base of the silt on the till. This zone 
is not related to the Lackey Creek soil which is devel­ 
oped on the till on either side of the block stream but 
which has been truncated by the development of the 
block stream as shown in figure 34.

Eolian silt fills the interstices of a rubble stream of 
the Beaver Basin formation that is developed on a 
lateral moraine of the Placer Creek formation (fig. 34). 
Distribution of organic matter throughout the profile 
and the lack of clear distinction between the B and 
C horizons suggests that eolian deposition and soil 

.development may have been, at least in part, con­ 
temporaneous.

104-115 +

36. Castle Creek soil, calcareous phase in the range of the Brown 
Podzolic fades

[Profile on eolian quartz sand and silt in interstices of rubble sheet of Beaver Basin 
formation. Measured at altitude of about 11,050 feet on Gold Knob 
sec. 21, T. 26 S., R. 24 E.). The vegetation is grass]
Soil and associated 

rock unit

Castle Creek 
soil on 
rubble sheet 
of Beaver 
Basin 
formation.

Depth 
(inches)

Hori­ 
zon

0-1 A

1-10 B

10-18 Bca

18-42 Cca

42-54+ C

Description

Dark-gray-brown (1QYR 4/2) 
humic silt loam filling inter­ 
stices between rock frag­ 
ments.

Structure: weak fine
crumb.

Consistence: nonsticky, 
nonplastic, very friable, 
soft.

Reaction: neutral. 
Clear boundary. 
Dark-brown (7.5 7/24/3) humic 

sandy silt loam filling inter­ 
stices between rock frag­ 
ments.

Structure: weak fine
crumb.

Consistence: nonsticky, 
nonplastic, very friable, 
soft.

Reaction: neutral. 
Gradual boundary. 
Brown (7.57^ 5/4) eolian 

quartz sandy silt partly 
filling interstices between 
rock fragments. 

Structureless. 
Consistence: nonsticky, 

nonplastic, very friable, 
soft.

Reaction: neutral. 
Thin calcareous coatings on 

undersides of some rock 
fragments. 

Diffuse boundary. 
Brown (7.5YR 5/4) eolian 

quartz sandy silt and small 
angular rock fragments 
partly filling interstices 
between rock fragments. 

Structureless. 
Consistence: nonplastic,

very friable.
Reaction: mildly alkaline. 

Calcareous coatings on under­ 
sides of most rock frag­ 
ments.

Diffuse boundary. 
Pinkish-gray (7.5 YR 7/2) eol­ 

ian quartz silt and small 
angular rock fragments in 
interstices between closely 
spaced blocks that become 
increasingly tightly fitted 
downward until they merge 
with fractured but undis- 
placed bedrock. 

Structureless. 
Consistence: loose. 
Reaction: neutral.
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37. Castle Creek soil, Brown Forest fades
[Relict profile on alluvial graVel of the Beaver Basin formation composed mainly of 

diorite. Measured at altitude of about 7,500 feet, in wall of Lackey.Creek on south 
side of mountains (S WJiNWJi sec. 27, T. 28 S., R. 24 E.). The vegetation is sage­ 
brush and oak]
Soil and associated 

rock unit

Castle Creek 
soil on allu­ 
vial gravel of 
Beaver Basin 
formation.

Depth Hori- 
(inches) ton

0-8 A

8-16 B

16-28 Cca

Description

Dark-gray-brown (10F/2 5/2) 
humic stony fine sandy loam. 

Structure: moderate fine
crumb.

Consistence: nonsticky, 
nonplastic, very friable, 
slightly hard. 

Reaction: slightly acid. 
Gradual boundary. 
Light-brown (7.57/2 6/4) 

sandy gravel. 
Structureless to crudely

bedded.
Consistence: very friable. 
Reaction: slightly acid to

neutral.
Gradual boundary. 
Light-brown (7.5YR 6/4) 

sandy gravel.
Structureless to crudely

bedded.
Consistence: very friable. 
Reaction: mildly alkaline. 

Filmy calcareous coatings on 
cobbles.

Diffuse boundary. 
Light-brown (7.5 YR 6/4) 

sandy gravel.
Structureless to crudely

bedded.
Consistence: very friable. 
Reaction: neutral to 

slightly acid.

A profile of the Brown Forest facies of the Castle 
Creek soil developed on alluvial sand and silt of the 
upper member of the Beaver Basin formation is de­ 
scribed in section 25.

38. Castle Creek soil, Brown soil facies

[Relict profile on alluvial gravel of the Beaver Basin formation composed mainly 
of diorite. Measured at altitude of about 5,700 feet at edge of a terrace 20 feet above 
Pack Creek near crossing of Forest Service road below Pack Creek Ranch 

c. 22, T. 27 8., R. 23 E.). The vegetation is sagebrush association]

28+ C

Soil and associated 
rock unit

Castle Creek 
soil on 
alluvial 
gravel of 
Beaver 
Basin for­ 
mation.

Depth 
(inches)

Hori­ 
zon

0-6 A
Description

Dark-gray-brown (10 YR 4/2) 
humic sandy silt loam. 

Structure: fine crumb. 
Consistence: nonsticky, 

nonplastic, very fri­ 
able, soft.

Reaction: mildly alka­ 
line. 

Gradual boundary.

38. Castle Creek soil, Brown soil facies Continued
Soil and associated Depth Hori-

rock unit (inches') zon Description

Castle Creek 6-12 Bca Brown (7.5 YR 5/2) weakly 
soil on bedded sandy silt loam, 
gravel of Structure: weak fine sub- 
Beaver angular blocky. 
Basin for- Consistence: nonsticky, 
mation  nonplastic, friable, 
Continued slightly hard.

Reaction: moderately al­ 
kaline.

Calcium carbonate mottling. 
Clear boundary.

12-40 Cca Light-brown (7.5 YR 6/4) sandy 
gravel with local sand lenses. 

Structure: crudely bed­ 
ded.

Consistence: very friable. 
Reaction: moderately al­ 

kaline.
Pebbles and cobbles have 

very thin coating or den­ 
dritic films of calcium car­ 
bonate.

Diffuse boundary.
40-70+ C Light-brown (7.5 YR 6/4) sandy 

gravel with local sand 
lenses.

Structure: crudely
bedded.

Consistence: very friable.
Reaction: neutral. No

carbonate coatings.

A profile of the Brown soil facies developed on 
alluvial sand and silt of the Beaver Basin formation 
is given in section 22. A profile of the Brown soil facies 
developed on eolian sand and silt is given in section 27.

39. Castle Creek soil, Sierozem facies
[Relict profile on alluvial gravel of the upper member of the Beaver Basin formation 

composed mainly of diorite. Measured at altitude of 4,800 feet at edge of terrace 
along a tributary to Pack Creek northeast of Grand County airport in Spanish 
Valley (NWJiSEJi sec. 36, T. 26 S., R. 22 E.). The vegetation Is sagebrush]
Soil and associated 

rock unit

Castle Creek 
soil on 
alluvial 
gravel of 
upper 
member of 
Beaver 
Basin for­ 
mation.

Depth 
(inches)

Hori­ 
zon

0-4 A
Description

Weak-red (5YR 5/2) fine sand 
and silt.

Structure: weak fine
crumb. 

Consistence: nonsticky,
nonplastic, loose. 

Reaction: moderately al­ 
kaline.

Clear boundary.
4-10 Bca Reddish-brown (57/25/4) fine 

sand and gravel. 
Structureless. 
Consistence: loose. 
Reaction: moderately al­ 

kaline; partly leached 
calcareous coatings on 
some of the gravel. 

Gradual boundary.
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39. Castle Creek soil, Sierozem fades Continued
Soil and associated 

rock unit

Castle Creek 
soil oh 
alluvial 
gravel of 
upper 
member of 
Beaver 
Basin
formation  
'Continued

Depth 
(inches')

Hori­ 
zon

10-50 Cca

50-70+ C

Description

Pink (7.5 YR 7/4) sand and 
gravel.

Structure: crudely bed­ 
ded.

Consistence: friable. 
Reaction: strongly al­ 

kaline.
Gravel moderately coated with 

calcium carbonate; matrix 
of sand locally weakly ce­ 
mented.

Diffuse boundary. 
Light reddish-brown (5 YR 

6/4) sand and gray gravel. 
Structure: crudely bed­ 

ded. 
Consistence: loose to

very friable.
: ' ' Reaction: neutral.

No calcareous coatings.

40. Castle Creek soil, Sierozem fades

[Buried' profile on alluvial sand and silt of the upper member of the Beaver Basin 
formation. Measured at altitude of 4,600 feet at type locality of Castle Creek soil

- in Castle Valley at the confluence of Castle Creek and Placer Creek (NW^SWJ^ 
sec. 8, T. 25 S., R. 23 E.). The alluvium of upper member of Beaver Basin forma­ 
tion overlies Pack Creek soil on alluvium of lower member and is overlain by alluv­ 
ium of lower member of Gold Basin formation on which the Spanish Valley soil is 
developed (fig. 42). The vegetation is sagebrush]

' Soil and associated 
rock unit

Spanish Valley 
soil on alluvi­ 
um of lower 
member of 
Gold Basin 
formation.

Depth 
(inches)

0^4

Hori­ 
zon

4-120 C

Castle Creek 
soil on alluvi­ 
um of upper 
member 
of Beaver 
Basin forma­ 
tion.

120-130 A

Description

Reddish-gray (SYR 5/2) hu-
mic fine sandy silt loam.

Structure: weak thin
platy.

Consistence: nonsticky, 
nonplastic, very friable, 
soft.

Reaction: moderately al­ 
kaline.

Clear boundary. 
Light-reddish-brown (5 YR 

6/4) fine sand and silt with 
lenses of gravel.

Structure: thin-bedded
and crossbedded. 

Consistence: friable, soft. 
Reaction: moderately al­ 

kaline.
Disconformity.
Brown (7.5 YR 5/2) humic 

fine sandy silt loam; darker 
in top 2 inches. 
Structure: moderate thin

platy.
Consistence: nonsticky, 

nonplastic, friable, soft. 
Reaction: moderately al­ 

kaline. 
Gastropods. 
Gradual boundary.

40. Castle Creek soil, Sierozem fades Continued
Soil and associated 

rock unit

Castle Creek 
soil on alluvi- 
member 
of Beaver 
Basin forma­ 
tion Con.

Depth 
(inches)

Hori­ 
zon

130-160 Cca

160-270 C

Description

Light-reddish-brown (5YR 
6/4) fine sand and silt. 

Structure: massive mod­ 
erate coarse angular 
blocky.

Consistence: nonsticky, 
nonplastic, friable, soft. 

Reaction: strongly alka­ 
line; calcareous films 
along root holes and 
structural surfaces. A 
few gastropods.

Clear boundary.

Light-reddish-brown (5YR 
6/4) to light-brown (7.5KB 
6/4) sand and silt with 
local gravel lenses.

Structure: thin-bedded
and channel-bedded.

Consistence: firm, hard.
Reaction: moderately

alkaline.

Thin films of carbonate on 
bottoms of pebbles in grav­ 
el. A few fragments of 
charcoal.

Abrupt disconformity.

Gray-brown (10 YR 5/2) hu­ 
mic sand and silt. 

Structureless. 
Consistence: nonsticky, 

nonplastic, friable, 
slightly hard. 

Reaction: moderately al­ 
kaline.

Gastropods. 

Gradual boundary.

Light-reddish-brown (5 YR 
6/4) to light-brown (7.5 YR 
6/4) sand and gravel. 

Structure: thin-bedded. 
Consistence: firm, slight­ 

ly hard.
Reaction: moderately al­ 

kaline.

Light-brown (7.5YR 6/4) 
sand and gravel.

Structure: thin-bedded. 
Consistence: friable,

slightly hard. 
Reaction: mildly alkaline.

Another profile of the Sierozem facies of the Castle 
Creek soil on alluvial sand and silt of the upper member 
of the Beaver Basin formation is described in section 28.

Pack Creek 
soil on alluvi­ 
um of lower 
member of 
Beaver 
Basin forma­ 
tion.

270-274 A

274-300 Cca

300-330+C
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41. Castle Creek soil, Sierozem fades

Buried profile on eolian sand and silt of the Beaver Basin formation.!, Measured at 
an altitude of 4,500 feet in central part of Spanish Valley in a gully northwest of 
Summerville Ranch along gravel road that traverses length of the valley (SWJ£ 
NWJi sec. 19, T. 26 S., R. 22 E.). The upper 6 inches of section are deposits of 
upper member of Gold Basin formation that are being reworked at present. The 
vegetation is sagebrush]
Soil and associated 

rock unit
Depth 

(inches)
Hori­ 
zon

Upper member 0-6 
Gold Basin 
formation.

Castle Creek 
soil on 
eolian sand 
and silt of 
Beaver 
Basin 
formation.

6-10

10-45 Cca

Description  

Light-reddish-brown (5YR 
6/4) loose eolian fine sand. 

  Reaction: strongly .alka­ 
line.

Abrupt boundary. 
Reddish-gray (5YR 5/2) hu- 

mic fine sand. 
Structureless. 
Consistence: nonsticky, 

nonplastic, friable, 
slightly hard. 

Reaction: strongly alka­ 
line.

Gradual boundary. 
Pink (5 YR 7/4) fine sand.

Structure: eolian cross- 
bedding. 

Consistence: friable,
slightly hard. 

Reaction: strongly alka­ 
line.

Diffuse boundary. 
Light-reddish-brown (5 YR 

6/4) fine sand. 
Structure: eoliar. cross- 

bedding.
Consistence: very fri­ 

able, soft.
Reaction: mildly alka­ 

line.

42. Spanish Valley soil, Pedalfer fades

[Relict profile on till of lower member of Gold Basin formation composed mainly of 
diorite. Measured on a moraine in north cirque of Beaver Basin, at altitude of 
about 11,300 feet (SEHSWH sec. 13, T. 26 S., R. 24 E.). The vegetation is alpine 
tundra]

45-58 C

Soil and associated 
rock unit

Spanish Valley 
soil on till 
of lower 
member of 
Gold Basin 
formation.

Depth 
(inches)

0-1

Hori­ 
zon

1-7

Description

Very dark gray-brown (10 YR 
3/2) decayed tundra and 
stony sand. 

Structureless. 
Consistence: loose, ex­ 

cept as held together 
by vegetation. 

Reaction: slightly acid. 
Gradual boundary. 
Dark-brown (IQYR 4/3) 

sand, silt, and angular rock 
fragments. 

Structureless. 
Consistence: loose. 
Reaction: slightly acid. 

Gradual boundary.

42. Spanish Valley soil, Pedalfer fades Continued

Soil and associated 
rock unit

Spanish Valley 
soil on till 
of lower 
member of 
Gold Basin 
formation  
Continued

Depth 
(inches)

7-16+ C

Hori­ 
zon Description

Yellowish-brown. (10YR 5/4) 
coarse to fine sand, silt, and 
angular rock fragments 
(till).

Structureless. 
Consistence: loose. 
Reaction: medium-acid.

43. Spanish Valley soil, Pedalfer fades

[Relict profile on eolian silt in interstices beneath surface of frost rubble of lower 
member of Gold Basin formation. Measured in a rubble sheet at altitude of about 
10,800 feet on ridge at head of Schuman Gulch (SW JiNEJi sec. 22, T. 26 8., R. 24 E.). 
The vegetation is sparse lichen]

Soil and associated 
rock unit

Rubble sheet 
of lower 
member of 
Gold Basin 
formation.

Spanish Valley 
soil on eolian 
silt in inter­ 
stices of 
rubble sheet.

Depth 
(inches)

0-12

Hori­ 
zon

12-14 A

14-20 B

20-36 C

36-44+

Description

Blocks of diorite from 6 to 12 
inches in diameter, rela­ 
tively unstable.

Abrupt boundary.

Very dark gray-brown (IQYR 
3/2) humic silt containing 
decayed spruce needles, 
roots, and small twigs. 

Reaction: neutral.

Clear boundary.

Brown (1.5YR 5/3) silt in 
interstices of rock frag­ 
ments.

Structure: weak thin
platy.

Consistence: nonsticky, 
nonplastic, very friable, 
soft.

Reaction: slightly acid. 
Gradual boundary

Light-brown (7.5 YR 5/4) 
silt and small rock frag­ 
ments in interstices be­ 
tween large rock fragments. 

Structureless. 
Consistence: loose. 
Reaction: slightly acid. 

Abrupt disconformity; base 
of block field.

Yellowish-brown (10 YR 5/4) 
sand, silt, and rock frag­ 
ments; a solifluction mantle 
of the Beaver Basin forma­ 
tion.

Structureless. 
Consistence: nonplastic, 

friable, slightly hard. 
Reaction: slightly acid.



128 QUATERNARY STRATIGRAPHY OF THE LA SAL MOUNTAINS, UTAH

44. Spanish Valley soil, Pedocal fades

[Relict profile on alluvial gravel of the lower member of the Gold Basin formation 
composed mainly of diorite. Measured at altitude of about 4,900 feet at a point 
due east of Grand County airport in scarp of a terrace about 6 feet above flood plain 
of tributary to Pack Creek that flows along east side of Spanish Valley (NWJ4- 
NW}£ sec. 6, T. 27 S., R. 23 E.). The vegetation is sparse sagebrush and grass]

Soil and associated Depth Hori-
rock unit (inches) zon Description

Spanish Valley 0-2 A Brown (7.5 YR 5/2) humic fine 
soil on sand and silt, 
alluvial gravel Structure: very fine crumb 
of lower locally weak thin platy. 
member of Consistence: nonsticky, 
Gold Basin nonplastic, loose to very 
formation. friable.

Reaction: mildly alkaline. 
Clear boundary.

2-70-f- C Light-brown (7.5 YR 6/4) sandy 
gravel composed mostly of 
diorite.

Structure: crudely bedded. 
Consistence: friable. 
Reaction: mildly alkaline. 

No obvious carbonate coating 
on the gravel.

Similar profiles showing little variation in the thick­ 
ness of the A horizon were observed on gravel of the 
lower member of the Gold Basin formation along Pack 
Creek southeast of Spanish Valley and along Castle 
Creek in the central sector of Castle Valley.

45. Spanish Valley soil, Pedocal fades

[Buried profile on alluvial sand and silt of the lower member of the Gold Basin for­ 
mation. Measured at altitude of about 4,550 feet at type locality of Spanish Valley 
soil in wall of an arroyo tributary to Pack Creek, about three-quarters of a mile 
downstream from dam in Spanish Valley (SE^NEJi sec. 22, T. 26 S., R. 22 E.) 
(fig. 53). The Spanish Valley soil is overlain by alluvial sand and silt of upper 
member of Gold Basin formation. The vegetation is sagebrush]

Soil and associated 
rock unit

Modern soil on 
alluvium of 
upper 
member of 
Gold Basin 
formation.

Depth Hori-
(inches) 2071

0-1 A

1-40 C

Description

Pinkish-gray (SYR 6/2) 
faintly humic sand and 
silt; weakly bedded. 

Structure: weak thin
platy.

Consistence: loose. 
Reaction: moderately

alkaline. 
Clear boundary. 
Light-reddish-brown (5'YR 

6/4) sand and silt.
Structure: massive to

weakly bedded. 
Consistence: very fri­ 

able, soft. 
Reaction: moderauely

alkaline.
No visible carbonate. 
Abrupt disconformity.

45. Spanish Valley soil, Pedocal fades Continued

Soil and associated 
rock unit

Spanish Valley 
soil on 
alluvium of 
lower member 
of Gold Basin 
formation.

Depth 
(inches)
40-56

Hori­ 
zon

56-104

104-130+

Description

Reddish-gray (5YR 5/2)
humic sand and silt.
' Structureless to weak

thin platy in upper
few inches.

Consistence: very fri­ 
able, slightly hard. 

Reaction: moderately
alkaline.

Slight visible carbonate. 
Clear boundary. 
Light-reddish-brown (5YR 

6/4) sand and silt. 
Structure: weakly bed­ 

ded. 
Consistence: friable,

soft. 
Reaction: moderately

alkaline.
Slight visible carbonate. 

Contains charcoal, 
hearths, points, and 
flaked chips. 

Abrupt disconformity. 
Alluvial gravel of Beaver 

Basin formation.

The profile of the Spanish Valley soil on alluvial 
sand and silt is traceable in the wall of Pack Creek 
from the type locality downstream to the Colorado 
River. In this distance it varies only in the thick­ 
ness and darkness of the humus horizon. In a few 
places it contains a little gypsum, suggestive of poor 
drainage at the time of origin. A few small gastro­ 
pods and pelecypods were collected from both the A 
horizon and the underlying sand and silt. Other 
profiles of the Pedocal facies of the Spanish Valley 
soil developed on alluvial sand and silt are described 
in sections 28 and 40.

46. Spanish Valley soil, Pedocal facies

[Burled profile on eollan sand and silt of lower member of Gold Basin formation. 
Measured at altitude of about 5,800 feet at eastern edge of belt of inactive dunes 
along dirt road, known as Sand Flats road, that leads over the plateau east of Moab 
(SW^SWJi sec. 31, T. 25 S., R. 23 E.). These inactive dunes overlie Sierozem 
facies of Castle Creek so 11 on eolian sand of Beaver Basin formation and are enveloped 
by belts of active dunes of upper member of GoldBasin formation. The vegeta- 

" tion is blackbrush and sagebrush]
Soil and associated 

rock unit

Upper member 
Gold Basin 
formation.

Depth 
(inches)

0-6

Hori­ 
zon Description

Light-reddish-brown (SYR 6/4) 
eolian fine sand accumulat­ 
ing around vegetation. 
Loose and active.

Abrupt disconformity.
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46. Spanish Valley soil, Pedocal fades Continued

Soil and associated 
rock unit

Spanish Valley 
soil on
eolian sand of 
lower member 
of Gold Basin 
formation.

Depth 
(inches)

Hori­ 
zon

6-12 A

12-48 C

Castle Creek 
soil on eolian 
sand of 
Beaver Basin 
formation.

48-55 A

55-59 B

Description

Reddish-gray (5YR 5/2) humic 
fine sand.

Structure: faint eolian
crossbedding. 

Consistence: very friable,
soft.

Reaction: mildly alkaline. 
Diffuse boundary. 
Light-reddish-brown (5YR 6/4) 

fine sand.
Structure: eolian cross- 

bedding. 
Consistence: very friable,

soft. 
Reaction: mildly alkaline

to neutral.
Abrupt disconformity. 
Dark-reddish-gray (5YR 4/2) 

humic fine sand. 
Structure: massive. 
Consistence: nonsticky, 

friable, slightly hard. 
Reaction: neutral. 

Gradual boundary. 
Reddish-brown (5YR 4/4) fine 

sand.
Structure: massive. 
Consistence: slightly 

sticky, slightly plastic, 
friable, slightly hard. 

Reaction: neutral. 
Gradual boundary. 
Light-reddish-brown (5F#6/4) 

fine sand.
Structure: weak cross- 

bedding.
Consistence: nonsticky,

nonplastic, friable, hard.
Reaction: moderately

alkaline.
Visible calcium carbonate 

along structural planes and 
root casts.

Reddish-brown (5YR 4/4) fine 
sand. Compact, cross- 
bedded, mildly alkaline. 
No visible calcium 
carbonate.
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Harpole Mesa formation    _   30,31,34 
PackCreeksoil.....-   -- .-- 67,69
Placer Creek formation.    ____.. 47 
Porcupine Ranch soil__...  __. 49,50,109 
Spanish Valley soil__:__________ 83 
Spring Draw soils.....     ....    - 43,44
stratigraphic sections..           109,127 
structural features__.   ---.  ..   6 
topography_______   ___  9,11 
vegetation______           17 
winds...______...            13,14 

Spanish Valley anticline......          . 6
Spanish Valley soil, definition..  ..  ... 82 

facies...._......-.-..-  .-__...... 83
geologic history___..           102 
relation to soil series.__...  __.  93 
stratigraphic column..    --.....    20
summary description..            84 
See also under facies names. 

Spring Canyon_________.....___ 30
Spring Draw. ________     .     29,32 
Spring Draw soils, correlations..... ___   92

definition................................ 35
facies.---.......-.-.....-------....------. 36
geologic history..................... 94-95,96-97
lower member___.______ 26-27,35,94-95 
middle member........__........... 25,35,95
relation to soil series..________ 93 
stratigraphic column......__..__... 20
summary description. _________.. 44 
upper member.....__..:.---.-.... 26,35,96-97
See also under facies names.

Spring Draw time, early.___..._..__ 94-95 
late .. ..._.  ..    ...... 96-97
middle..._________________ 95 

Squawbush (Rhus trilobate) ~ .............. 16,17

Page
7

20
6

..-.: 14
14 

7 
Summerville Ranch._________:I___ 17,75

Stratigraphic units, pre-Quaternary.
Quaternary ____..__._.

Structural features.._________.
Subalpine fir (Abies lasiocarpa)......
Subalpine zone....__....._...
Summerville formation.______.

Tabiona soil series.. _____. 
Talus, Beaver Basin formation.

definition....^_______.
Gold Basin formation......
Harpole Mesa formation....
Placer Creek formation_.. 

Tamarisk (Tamarix gallica).....

......... 93-

......... 61
........ 20
......... 80
.__   -;   32 
......... 47
..- .. 17

Temperatures...._______________ 11,14
Tertiary rocks .. ________________ 6, 7,93 
Till, Beaver Basin formation......__..... 57-59

definition..________________ 19 
Gold Basin formation...._.....____ 76
Harpole Mesa formation...... 27,30,31,33-34,41
Placer Creek formation__________ 46 

Timberline, altitude....................... 14-15,97
Triassic rocks__ . __ _____________ 6,10 
Twomilc Creek........................ 31,32,36,103

U

Unconformity, definition.

Vega soil series... _______________ 93 
Vegetation. _________________ 14

See also plant names.
Volcanic ash__________________ 34-35 
Volcanic vent breccias.._..__..___.. 6

W

Warner Ranger Station...___....___ ' 105
West Coyote Creek............ 10-11,57,66,67,70,82.
Wet Fork......__...................___ 110
Wilcox, R. E., quoted_________.____ 34 
Willow (Salix spp.)..-.......................... 14,17
Wilson Mesa...................._ 32,33,36,41,107
Wind River Mountains, Wyo.________ 90 
Winds....._   ___._.._.______._.__ 13,14
Wingate sandstone.._____________1 7 
Wisconsin glaciation, early....._____.. 97

late._____________.___.___ 99

Yarmouth interglacial interval- 
Yucca (Yucca spp.).....___.

o


