This file was created by scanning the printed publication.
Errors identified by the software have been corrected;
however, some errors may remain.

CHAS. A. TRGENDLE

SOIL SURVEY
Fraser Alpine Area

Colorado

SERIES 1956, NO. 20
ISSUED MARCH 1962

UNITED STATES DEPARTMENT OF AGRICULTURE

Forest Service and Soil Conservation Service

in cooperation with

'COLORADO AGRICULTURAL EXPERIMENT STATION



THE FRASER ALPINE AREA is a rough, mountainous area
that lies approximately 50 miles west of Denver, Colo., and
covers approximately 134 square miles. About seven-eighths of it
is above timberline, and all is within the boundaries of Arapaho
National Forest, U.S. Forest Service. The land in the Area is not
suitable for cultivation and has never been farmed.

- The survey of the Fraser Alpine Area was made where the soils
had never before been studied, classified, or mapped. The purpose
was to obtain basic information that would aid in planning multiple-
use management for the Area, and, in a general way, in such plan-
ning for extensive tracts in the high Rockies of Colorado and
adjoining States. Among the objectives of such management are to
stop soil deterioration, to increase sustained yields of water, to
improve yields of timber and herbage, to increase wildlife and
recreational values, and to aid in locating and building roads and
trails.

Part I of this report gives general information about geology,
landforms, drainage, climate, vegetation, wildlife, and past and
current use of the land. Part IT consists of descriptions of the vari-
ous kinds of soils in the Area and a discussion of how they were
formed. Part IIT first describes the general soil management areas,
which are shown on a colored map at the back of the report, and
then discusses general management of soils for production of herb-
age, timber, and water; for control of erosion; and for other major
uses. The colored map is adequate for planning broad uses of large
areas but is not suitable for intensive planning within small areas.

The soil map at the back of the report shows the location and
distribution of the soils. Each soil is identified on the map by a
symbol. An index to map sheets shows what part of the Area is
represented on each of the numbered map sheets.™

Fieldwork for this survey was completed in 1956. Unless other-
wise specified, all statements in the report refer to conditions at
that time.

Cover picture.—Alpine land is useful mainly for the winter
snows that furnish water for summer irrigation and summer
grazing.
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SOIL SURVEY OF FRASER ALPINE AREA, COLORADO

BY J. L. RETZER, FOREST SERVICE, UNITED STATES DEPARTMENT OF AGRICULTURE

‘UNITEI‘) STATES DEPARTMENT OF AGRICULTURE IN COOPERATION WITH COLORADO AGRICULTURAL
: R EXPERIMENT STATION . :

o Part I: The LandScdpe

The Fraser Alpine Area islocated on top of the Rocky

Mountains, some 50 miles west of Denver, Colo., and con-
tains parts of Grand, Summit, and Clear Creek Counties
(fig. 1). It is at:89° 55’ north Jatitude and 105° 55" west

*State Agriculturel Experiment Station

Fiyure 1—Location of Fraser Alpiné Area in' Colorado.

+ longitude. It is bounded on the east by U.S. Highway
“+ No. 6 at Loveland Pass and by U.S. Highway No. 40 at
Berthoud Pass. Timberline marks the boundary for the

- alpine and subalpine parts of the survey, and the water- .

shed of St. Lows Creek is the ‘houndary of the survey
.+ for the part below timberline. The Area lies entirely
within the Arapaho National Forest. The total surveyed
‘area is about 85,700 acres, of which 69,800 acres is above
timberline. )
_ The Area is representative of a much larger territory
~in the high Rockies of Colorado and Wyoming. It con-
~trasts sharply with all other landscapes in the United
-~ States that are at lower elevations. This is a high-altitude
land of short, cool summers and long, cold winters. The
- boundary between the alpirie and subalpine parts is tim-
¢ berline. Wherever slopes are long and uniform, timber-
line is relatively even at an -elevation of about 11,500

", feet. More commonly, however, the timberline is irregu- -

lar, with local differences of several hundred feet in ele-
vation (fig. 2). ‘

The lower boundafy of the alpine area has the follow-

Cing: :
g R : o Miles Percent
© Solid rock . . 15 -6
Rock slides 53 24
Burned' timber. - e 25 11
Live timber . 128 59

Within: the survey-area, only the lower part of the St.
Louis Creek drainage supports trees. ‘

- Geology

Many of the distinctive features of the landscapes and

" the soils: can be attributed to composition of the rock

formations, Metamorphic - rocks—schist and gneiss de-

rived from granite—are most common. Unaltered granite

is not extensive. Pegmatites are common. ~Sedimentary

.rocks-are not extensive, though they may be remnants of
a-once extensive mantle. The sedimentary roeks are Da-

kota sandstone and. the Morrison shale.- A few thin beds
of "limestone are on- Bottle Mountain and southward ‘ah

- the divide between Iron and Lunch Creeks. This lime-

stone may be a lens in the Morrison formation, or it may
be of considerably older geologic age. .

Volcanic tufl outcrops in a small area east of the Fraser
Experimental Forest headquarters. It is part of a once
extensive deposit-of tuff in the Fraser basin. Along St.
Louis Creek the tuff has-been covered with glacial till in
some places and in others has been incorporated: with the
till. - Old lake-bed - deposits occur in .the northernmost
part of the forest according to Tweto (9).2
- The geologic map of Colorado (77) shows a relatively
simple pattern of rocks, but Tweto’s study (9) does not
bear this out. Tweto worked on.a portion of the north-
western part of the USGS Fraser Quadrangle, Colo. He
found the rock patterns complex and very faulted.

Glaciation has been extensive and, beyond doubt, has
played a major role in shaping the landscape as it is
today. - Generally, glaciers carved cirques only on north-
and east-facing ridges. No distinet cirque basins are be-
low the present timberline. Till deposits are extensive
and are composed of a mixture of rocks. The occurrence
of glacial deposits in the St. Louis Creek basin is shown
in figure 3. .

Except for the sandstone, shale, and tuff, which occupy
only small areas, all the rocks are hard and strongly
resist weathering and erosion. Their resistance is one of
the important reasons for the high, rugged terrain and
the shallow, stony soils.. Although a wide assortment of
minerals is present, the dominant ones are quartz and
feldspars, with assorted metamorphic minerals. Soils de-

*Ttalic numbers in .parentheses refer to Literature Cited,
page 47. .
1
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Figure 2.—Landscape of Fraser Alpine Area: Alpine grassland
in the background

veloped from rocks of these kinds can be expected to have
low inherent fertility and coarse, gravelly texture.

Faulting and glaciation account for the major, and
perhaps most of the minor, drainage channels in the St.
Louis Creek watershed. The main branch of St. Louis
Creek occupies a major fault that passes southward out
of the basin through St. Louis Pass. To appreciate the
complexity of the faulting, refer to Tweto’s map (9).
Behavior of ground water may be strongly influenced in
places by the prevalence of these faults.

Landforms

Steep, high mountain slopes are the most notable topo-
graphic feature of the Fraser Alpine Arvea. Except for
narrow, small flood plains in the Fraser Experimental
Forest, there is no level land. Ridgetops are narrow but
rounding in most places. Valleys are V-shaped except
where widened by glaciers at lower elevations. The topog-
raphy is mature. F

have been glaciated.

Vasquez Ridge, east of Vasquez Creek, has some of the
features of a peneplain. It may be a remmnant of the Rocky
Mountain peneplain. If peneplanation at some earlier
weologic period was once more extensive in this avea, the
evidence Lus Targely been destroyed by glacial action.

(ilaciation has had the greatest influence in modifying
the topography in recent geologic times. Cirques on the
east and north sides of high ridges and peaks (fig. 2)
have caused appreciable retreat of the crest of the divide
to both the west and south, but mostly to the west. In
many areas the present crests of ridges are in positions
that were once on west-facing slopes. (ilaciation has also
caused general lowering of the mountaintops.

The glaciation has produced two contrasting land-
seapes above timberline. The east sides of north-south
ranging mountains have numerouns, and in many places
continuous, cirques. These cirques have vertical rock
faces, lukes (fig. 4). valleys ﬁl]o.(f with rock glaciers, and
glacier-scoured rock domes that may be bare or nearly
bare of vegetation. Below the rock glaciers and below
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-t mburhne, the valleys are ﬁlled Wlth coarse tlll ou ash
‘and material . left n terrmnal, lateral and recesm
“anorgines. i

" Tn ‘association with - some morzunes, there are, ket
marked by smiall bogs or lakes. containing w
‘the year.” These landforms and the. till ‘regulate.
and yield large amounts of water late in summer.

“On. the west sides of north-south, rangmg moun'talns,\

‘Lbove tlmberhne, there are long; gentle, relatlvely uni-
form' slopes- (see-foreground in fig. 2) -that .are rarély
‘severely dissected by %lra,mageways The soils of these
areas support alpine sedges, grasses, and dwarf willows:

“These-are the more: 1mporta,nt grazing lands of the alpme

country.
“East-west ranging mountains tend to have normal topo-
graphlc development—sloping land on both: sides of the
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Figure 4—Small glacial lakes often provide good fishing when
they have been stocked.

ridgecrest and few glacial cirques. On the north slopes
of these mountains, glaciers were active only behind the
higher, more prominent peaks.

Elevations of 13 promment points in the Area are ap-
proximately as follows:

North boun
Fraser Exyp
Bottle I'ass
St. Loui
Jones a
Loveland Pa
Berthoud Pass
3 Peak ..
Vasquez Peak
Hager Mountain _
Mount Parnassus
Ptarmigan Peak
Ute Peak __

ry of Fraser Experimental Fores
mental Forest headgnarters -

Pa

Within the alpine area, theve is a wide variety of micro-
landforms. The hummocks, or mounds, in bogs are evi-
dence that frost has slowly churned the soil and rock. In
many places on the bare floor of the bog areas, hetween
hummocks, there are rock lines that indicate churning.
Newly opened pits reveal, beneath the surface of these
bogs, soil layers containing lenses of organic matter.
These organic layers are of many thickn . but the
normal range is from a trace to 3 or 4 inches, These layers
are (wisted and tortuous beneath the bog floor.

The downslope sides of the bogs are in places fronted
by a sharply peaked narrow ridge. This t'i(&ge appears to
have been formed by expansion of ice when open waters
of the hog froze. The ridge always has a dense cover of
sedges and dwarf willow. This videing on the downhill
side of bogs may explain why there are numerons and,
in places, quite lnrge “terraces™ on presently well-drained
smi’ on steep slopes. These terraces in many areas run
across the slope Em' considerable distances, and in some
places oceur in groups. If these terraces were once bogs,
they are well drained now.

Lobed masses of soil move down slopes in some places
(fig. 5). The front of a lobe may be 2 or 3 feet Ilig[ll and
of variable lateral dimension. ~ The unsorted material
ranges from silt to large stones and could be mistaken for
glacial till. The front of the lobe overrides the downslope
soils. Buried profiles ave common beneath the lobes. At
present, these masses appear to be moving, buf very

SERIES
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Figure 5.—Lobed mass of material has moved down the slope and
covered soils. Such movement is common in alpine areas.

slowly. All are densely covered with sedges, and with
willows in some places. Tuge rock glaciers are present
beneath the spalling rock walls of some of the more
prominent cirque basins. Lichen on these rocks suggests
considerable stability now.

Throughout the alpine area there are long, narrow
lines of rock running down the slopes. These are called
rock streams (fig. 6). They appear to originate through
the action of runoff. During snowmelt, water probably
gains a foothold on the soil through some break in the
vegetation, possibly through a rodent run. The fine grains
of soil are carried away by water and the larger stones
ave left. The soil material temoved is deposited in a small
fan at the base of the break, where the rate of flow is
checked by dense vegetation. Later flows cut downslope
through the fan and extend the rock stream farther down
the steep slope. The process appears to he eyelic. The
sides of the streams are covered f:y dense vegetation. hut
as the process continues, the vegetation is undercut, the
suspended plants die, and the stream widens. Eventual
\\']‘lth and length of the rock strenm depend on the loeal
situntion. The process is currently active but probably
very slow,

Wind is responsible for development of some micro-
landforms. It is most active where vegetation has been
damaged or removed by grazing, and in places where
topography seems to cause concentration of wind currents,

‘When snow melts, these
streams carry appreciable water.

Figure 6—Rock streams on steep slopes.
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Drainage of the Area . - y

Numbers of stream channels are an index to the be-
" havior of water during storms and periods of snowmelt
“and heavy runoff. 'Also, their present condition is an
i ‘index to past land wuse.” Stream channels have formed
.. during a long period and ‘are the ‘combined result of the-
-~ geology and 'climate, with' some modifications by vege-
~tation. . . o

Increased interest in hydrology, erosion, and water-
shed “management on mountain lands makes necessary
more precise methods of comparing watersheds. 'Study of
drainage systems is one of the means by which compari-
son of watersheds can be achieved. For this reason, the
drainage systems of the Fraser Alpine Area were care-
-fully studied. The data derived permit ‘comparisons
among watersheds in the Area ang) comparisons with
watersheds beyond the boundaries of this survey. .

- Some characteristics of stréeam channels are given in
table 1 for the alpine areas and for the St. Louis Creek
watershed. The data are presented according to the sys-
tem developed by Horton (5). In table 2 are data on

stream. channels for several small watersheds within the”

larger St. Louis Creek watershed. : :

* The: data in tables T and 2 show that all areas meas-
ured, except the St. Louis Creek basin, have a maximum
of four stream orders.. The St. Louis Creek basin has one
stream with a fifth order.channel.. An appreciable num-

"ber-of channels that develop and disappear before they

" join the main system are referred to in tables 1 and 2 as
irregular channels. These irregular channels seldom have

. more-than two orders, in contrast to four orders common
to most regular channel systems. :

5

< The irregular channels suggest that (a) the soils and
" -rocks-are so porous that water carried in the channels is
absorbed by the regolith before it reaches the main chan-
nel.or (b) thatia.number of channels are mere relics that,
carried more water during the Pleistocene and that have
subsequently become . relatively inactive. ‘In fact, many
channels in the area are of such size as to suggest that
they are relics of the Pleistocene. None of the irregular
%hannels, and only a few of the regular, carry perennial
ow. o ' ~ s
Gullies or raw channels are rare.. Most of these are on
the steep faces of cirques-and in passes where sheep trail-
ing has been’ destructive. The resistant underlying rocks
give : gullies little' opportunity - to. ‘become ‘deeply -en-
- trenched. Where. gullies form, they are usually in straight
~ lines down steep slopes. ot ST
- There are 27 lakes within the alpine area; most of them
‘at or near the lower boundary. They ave all small.” Most
are shallow, but a few are deep. All appear-to have.origi-
nated through glacial action, ‘aided perhaps by local
~ slides in some places, and by construction of beaver dams
in others.These small lakes cover a total of 59 acres.

‘AREA,  COLORADO

‘Climate

The -consistent pattern of climate is one of long, cold
winters and short, cool summers.- Elevation ranges from
about 8,700 feet to 13,500 feet within the Area; conse-
queritly; climate differs aceording to altitude. In’alpine
‘grassland areas the effect of elevation is-not modified by
trees as it is at lower elevations. L s

- Fragmental weather records are available for the sur-

Tasre 1.—Some characteristics of streams in, the Fraser Alpine Area*

Regulyﬁstreams LA " ‘Irregular streams
Item Stream orders 3 : Stream orders
1 2 3 4 5 1 2 3 4
Alpﬁne lands (68,561 acres):* ; .
. Number of streams..________._________.__.__ 575 178 46 51 . 7
- Total length (miles)____. clal S117.17 | 68,27 28, 97 16..13 3.32
Average stream length (miles) .20 . 38 .63 .32 .47
Stream-length ratio 8. . - . oo Lio|liio_ o . 53 .60 . 53 . 68
Bifurcation ratio®____ 482 3.9 76 7.3
. Physiographic index 7 ... ioooLill ool .16 .15 .07 . 09
St: Louis Creek watershed (22,120 acres): ’ o . :

2 Numberof streams__-_ il 54 20 8 -3 1 153 37 12 1
Total length (miles) . __________ X 16. 10 5,18 6. 72 B . 19..49 10. 78 . 66
Average stream length (miles) " .80 . .65 2. 24 .53 90 .66
Stream-length ratio 5= - _Z____ . 50 LT .29 .43 . 59 136

- Bifurcation ratio 6. _. 2.7 2:50 .} 2,67 4.13 3.08 1 1270
.- Physiographicindex 7_:.._ .. .o il A8 31 S11 .10 ‘ 19 11

UAll perennial and ephemeral streams. A
-2 Regular streams are those -that join other streams to form part
of the regular system, as contrasted to irfegular streams, which-run
for some distance and then fade out or disappear in a rock field.
8 Stream  orders according to the system developed by R. E.
- HorTON (5): : fout .
h‘;ncludes 5,166 acres of alpine land in t
shed: . . o

he St. Lotis Creek water-

5 Stream-length ratio (Horton’s rl) is the ratio between average
stream length.of a given-order and average stream length of the
order 1 ’ . E
E . 7 order 2. ) : .
¢ Bifurcation ratio (Horton’s rb) is the ratio between the number
- of streams of a‘given order to the number of streams of the next
| order 1 . .
order 2.
7 Physiographic index is ratio of rl/rb.

next lower-order; that is,

’ ldwei‘ order; that is,




" “Regular streams. Irregular Watershed—
& : e ERR : streams
" Small watersheds .- - ; s L T }
G Channel orders— .~ Channel: orders Elevations Approx-| . .
R : -~ : imate | Length
. ey : sereage | infmiles
1 2 3 oA 1 2 Top Bottom .
Deadhors‘e i S SR : : : :
Tl o1 4 1 11,.588 .| 9,200 925 2.27
3.07.) 1.02{ 172 44 .16 0 § " ' [
o 44 102 172 o4 16
West 8t Louss: S : SRR S : : o
No. of ehannels il e ‘. 19 1’ R ] 2 11 600 900 | 2,070 3:79
Total miles__-__ . -4.36 | L79} L0 2.38 { 270 .48
Average miles : o3| Tas| Lo | 238| Tos| oa| Wy ‘ o
. Byers: ) : o . - ’
-No. of channels 13 3 R T S S 12, 400 9, 300 846 2.65
Total miles. _ 2:514 1411 .78 2.3t .
' Average miles 197 .37 .78 231
Iron: .o ' o . N
“No. of channels,,‘ ,,,,,,,,,,,,,,,,,,,,,,,, 32 11 1 1 3L.. -] 6 12, 690 9, 460 1, 848 3.32
Total miles_. __. 6. 83 | . 5.06 .64 330 | 4.45 1.70
Averagemiles 2. ______._ .. __________ .21 146 643,30 14 28
Lunch : i E . / ’ . ’ ‘
" No. of channels____.._._____________ ..} 8 1. 1 1 12, 700 9, 560 808 246
Total ‘miles 2.27 .38 2 ;08 . :
A\feragelmles ,,,,,,,,,,,, i lLell o .28 .38 | 2 .08
Gordon: = i . i
"No.of channels___-________-___ . ___ .. _ 10 4 1 il 19 3 112,700 | 9, 880 738 1.99
" Total miles. ) 2.05 | 1.70 ] 1 . S g
Average, miles: .21, .43 1.
Mine: .
No. of channels._. 17 1 12,440 .| 10,-040 666 | 161
Total miles.. 3.23 144 | . B
Average Imles .19 .44
Fool: =~ . . .
No. of” channels_,_____;____i; _____ N leond 9 3 11, 440 9, 600 714 2,18
Total miles_.___:: : 1. 90 2 03
. -Average miles.______.__ .21 . 67

¢
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: 'tTVAELEf 9%~ Basic stream; data for several -small-watersheds within-the St. Louis Creek watershed - " .

vey area, but no continuous long-term records. The-dis-
cussion of ¢limate is therefore based largely on data from
ad]acent stations, which provide a good picture of the
“climate in this Area. In table 3.are data from the village
of Fraser, and from Corona, at Rollins Pass.
Temperatures recorded at the T.S. Weather Bureau
~station in Fraser are usually 5 to-7° F. below tempera-
tures at the Fraser Experimental Forest headquarters,

which is 5 miles from Fraser and 600 feet higher. The -

“lower temperaturés at Fraser result from a temperature
HlVeI‘SlOIl

Average annual precipitation at Fraser.

-averages 18.7 inches, as compared to an annual average

-of 24 inches at the headquarters of the Fraser Experi-
mental Forest. The range in annual preclpltatlon at the
- headquarters is from 15 to-30 inches,

Corona, ‘at. Rollins- Pass:and about 6 miles from the
‘Avea, is ‘at-an elevation of 11,660 feet. Data from the
‘weather station a4t Corona shonid be representatwe of the
selimat he alpine lands of this Area.

Stronig winds are characteristic of this Area The best
continuous records on wind |(1873-88) are for P
“atan elevatl\on of 14,136 feet and a,pproxmmtely 80 mlles

. at lower elevations, t

southeast of the Area. These data, summarized by Retzer
(7), show that winds in excess of 100'miles per hour were
recorded; and that very strong winds occur every month .
of the year' These winds are dominantly. westerly, ‘with
a strong southwesterly trend. Elsewhere, winds stronger
than this were measured recently. During winter con-
siderable areas of 5011 on the wmdward side of ridges and
peaks are bare.

Alexander and Buell (1) ‘have: shown - that the: domi- -
nant winds are westerly in the subalpine areas: Wind in

ksubalpme areas: 1s _responsible for many: wmdthrown

trees.
- Apprecmble qua,ntltles of dust from ‘the deserts to, the
west are deposited when westerly winds are strong. It
is not known whether the-dust accumulates on the surface
of. the soil or 1s Iemoved w1th syaters from the meltmg
SNOW.:

Snow pa/cterns are varled becaiise “of différences in
'elev ‘ion, vegetation, and topography. The alpine lands
‘receive as mich snow, and probably more; than the areas

hat are covered. 'with trees. Wind,
however, removes SnowW from rldges and exposed areas
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TasLe 3.—Average menthly and annual preeipitation and
temperatures af Corona and Fraser slations

Corona station ! Fraser station #
Month -
|
Precipi- = Temper- | Precipi- | Temper-
tation ature tation ature
Inches Degrees F. Tuches Degreen F,
January - 393 1. 5 1, 05 12, 6
February y 510 133 1. 58 15. 6
Mireh oo o] 4. 78 18 8 1, 72 211
April . e as -==| 536 23.2 2. 05 81,2
May e 478 30.9 1. 85 41, 2
June 2 &% 1. 63 42 2 1. 36 49. 0
July SR 2. 64 48 8 1. 95 54, 2
August == 224 48 4 1. 68 52, ¢
September. | 220 40.0 1. 15 5.4
October_ _ . D 2e2 30. 2 1. 16 35. 6
November A | 2. 60 18. 0 1. 23 22.9
December. .. 3. 42 9. 4 1. 32 13. 9
Average annual____| 41. 60 27.9 18. 65 32.9

! Nine vears of record; elevation 11,660 feet; precipitation was
about eight-tenths snow.

? Fifty ars (1908-58) of record; elevation 8,560 feet; preeip-
itation was about two-thirds snow.

and deposits it in cirque basins, or moves considerable
amounts to the tree-covered areas below timberline. Also,
a considerable amount of snow accumulates as cornices
and snowbanks on the lee side of cirques and high ridge-
tops. Snowslides, or avalanches, often originate in these
deep deposits (fig. 7). Snowslides usu.\”\ run the same
course many times. On the aerial plmmgx.lplh used as a

ase for the soil mup, the courses of snowslides are
marked by thin, white, straight lines extending from the
alpine through the timbered zone below.

In timbered aveas snow stavs where it falls hecanse
winds ean move only the portion that lodges in the
branches of the trees,

Slope aspect, or direction in which a slope faces,
markedly aflects patterns of snow aceumulation at low
elevations.  South-facing slopes normally are free of
snow 30 days or more before north-facing slopes, and
on south-facing slopes some melting or sublimation seems
to occur throughout the winter. The distribution of snow
in the St. Louis Creek basin has been studied by Brown
(2).

The ocenrrence of frozen soil is inferesting. Within
the timber, where the surface is protected by a thick
layer of litter, the soils often do not freeze until spring.
Frequently these soils are dry when winter starts, and
not infrequently, are covered with a blanket of snow
early in fall. When the snow melts in spring, the soil
may freeze to a depth of a few inches.

The pattern of freezing above timberline is not well
known. Undoubtedly those areas swept free of snow
are frozen to a considerable depth.  Tn willow fields and
depressions, however, snow acenmulates and soil freez-
ing probably is not so severe. Permafrost ocenrs in alpine
aveas, but not enougl is known about its occurrence to
be able to predict its presence by kind of soil or by
topographic features, Permafrost does seem to occur
more often beneath the Ptarmigan than the Vasquez
S0118.

AREA,

COLORADO i

Figure 7.—Snowslides are common in the alpine. They cause some

erosion, destroy timber, and sometimes take human lives, These

slides normally start where snow accumulates over rock on very
steep slopes.

Vegetation

In alpine areas, there is grassland above the beaten,
searred “bent timber™ zone that marks the transition
from grass to the spruce forest at lower elevations (see
fig. 2). The grassland above timberline is marked with
low, shrubby patches of alpine willows, which grow in
depressional and moist areas.

Below timberline, the forest cover is a mixture of
Engelmann spruce, subalpine fir, and quaking aspen.
Unlm.nll\.m an elevation of about 10,000 feet, lodgepole
pine inter mingles with this mixed forest. On steep south-
facing slopes, however, lodgepole pine extends to much
Iil,l_ihi’l' le‘,lfl(nh and in a few places grows near timber-
liilv On steep north-facing slopes. spruce and fir grow
as down as 9.000 feet, but below this elevation on

far
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north slopes, young stands . of lodgepole pme are pre-
- dominant.

The' scientific and common names of the- prlnclpal,
mdlgenous plants in the Fraser Alpine’ Area are ‘given

in’the following list, which was compiled by-C. H. Was-

" ser, Dean, Col]ege of Forestry, Colorado State University.
ALPINE VEGETATION o
SHBUBS SR

L Scientific name L Common name s
Dryas octopetalar

“Alpine bentgra,ss g
Alpine oatgrass. .
- Tufted halrgrass
“Sheep fese ,e A
Alping f
Alpine bIUeg 458,
~Arctic bluegrass
Letterman bluegras
Timberline blui
Spike trisetum.
Arapaho sedge. :
(sedge; no common name.
. Drummond sedge. "
‘ (Kobresm,—hke sedge, ho com—
S . S - Mon name.,)
Cares nigricans_c il ioL ~Black alpine’sedge,
Carex scopulorum (sedge no common name)
Eriophorum’ angust ofo Narrowleaf cottonsedge
“Junous: dmmmandz ; . -Drummond rush. ;
d; “Kobresia. .
Spike woodrush. . -

Orange agoseris. - 7
Littleleaf pussytoes
Siberian sandwort.
Alpine sagebrush.
Elkslip-marshmarigold.”
Western painted-cup.

Antenna micraphylla *
‘Areénaria sajanensis.*.

Caltha lepiosepala
Clastilleja occidenta

 Cerastium alpinum ¥ ... -~ _Alpine cerastium. - oo
Clirsium; drummondit acaulescens._ Birdsnest thistle. LA
- Cirsiwm.scopulorume .= oo Lions-head thistle.
Claytonia megarrhizt. - - -z Alpine springbeauty. .
Drabqg crassifolia var. typica *_ Draba.
Draba fladnizensis *:.____._ . Aretic draba..

Black-headed fleabane.
One-flower fleabane.

Erigeron melanocephalus_
Erigeron simplex ¥_____

" Eriogonum flavum *¥____________.. Yellow eriogonum.
Entmchum elongatum var argen- p Lt
“teum * Alpine forget-me-not. -.
Gennana rOMANZOVIL - __. Romanzoff gentian.
- Gewm rosst- ..o Golden avens.
“Lloydia serrotina Alplily.
“ Mertensia alpina._ Alpme bluebells
© Oreoxis-alpina_ . oo . . _..__.: Alpine oreoxis.
Oxyria digyna_ - ool = Alpine mountain-gorrel.
Qyjtropis 8PP - = - Crazyweeds.

Paroniyehia pulvmata ¥ .
Pedicularis scopulorum.
Penstemon harbouri--.

Rocky Mountain nailwort. -
Rocky:Mountain pedicularis:
Harbours penstemon. .

Phacelia sericed.......______ -Bilky. phacelia.
. "Phloz ‘caespitosa and vars Tufted phlox.
. Polemonium confertum.._ . Skypilot polemonium.
Polygonum: bistortoides_ ... SRR Ameriean bistort. .

- *These are cushion plants. . e A s ‘

Pinus flexilis. -
-.- Pinus contorta

. Festuca thurbe

 Carex aquatalis_

Luzula pqwiﬂqm_ a

» Achellea ltmulosa_,

" Antennaria rosea_

« Artemisia borealss: .
Campanula ratundzfolm
Castilleja brachyantha. .
Delphinsum barbeyi_ _
Epilobium angustifolium.

" Brigeron machranthus -
Eriogonum. subalpinum:

Smmtzﬁc naime .
Pol'ygonum VIVCPATUIN L S

" Potentille: qumquefoha *
Primula, omgusnfolm_, a
Primula. parryi. 2.
Ranunculus adoneus._

Saxifraga caespitosa
Sedum 'mtegnfolzum

Senecio soldanella.. - -
Sibbaldia procumbens_
Silene.acaulis *.__ - --

Thalictrum. alpinum
Thlaspi alpestris. .

Trifolium nanum *_
Trifolivm parrys.

*

# C’ammm name_
V1v1parous blstort .
Cingquefoil:
Colorado-primrose. "
‘Parry primrose.

- Alpine buttercup.

Mat saxifrage.

_ Kings-crown stonecrop.
. Alpenglock groundsel:

False-strawberry.
Moss silene (campion).
Alpine meadowrue.
“Mountain pennycress.
Dwarf clover.

- Parry clover.

B SUBALPINE- VEGETATION
_TREES

" Picea engelmanni: .

Abies lasiocarpa.

Populus tremuloi

Artemasia tridentata_

" Betula glandulosa_ _ .

Potentilla fruticosa..

Saliz glouca and vars___ __

Saliz planifolia and

. Shepherdia canadensis .
Vaceonium myrtillus._. .
B Vaccmzum SCOPATAUM = -

Bromus.anomialus_ _

-t

Engelmann, spruce.
Subalpine fir.
Limber pine.
Lodgepole pine.
Quaking aspen.

SHRUBs

Arctasta,phylos uva—urszA Sl e e

vars._

[ T I

Kmmkmmck
Big sagebrush.
Bog birch.

_Shrubby cinquefoil.
‘Grayleaf willow.

Planeleaf willow.
Canada buffaloberry.
Myrtle whortleberry.
Grouseberry.

GRASSES AND SEDGES

;Agmpyron mbsecundum __________
“Agropyron trachycaulum :

Bromus ma,rgznatus_ SRy

0SlLS PUrpur
Dcmthama intermedia. ..
Deschampsia. caespitosa..

Elymus gloucus:
Festuca ovina.

Phleum alpinum. -
Poo pratensis - -

Care festivello
Carex geyert-....-

Carex nebraskensis__

Juncus balticus_ - _

Anemone. zephyra

Arenario congesta
Arnica cordifolia_

Fragarw ovalis._ s
Iris missouriensis
Gentiana parryt: - -

“Qeranium rwha,rclsom

Lathyrus leuc«:mthus

‘Bearded wheatgrass.
Slender wheatgrass.
Nodding brome. .
Mountain’brome.
Purple reedgrass:
Timber danthonia.
Tufted hairgrass.

_ ‘Blue wildrye.

‘Sheep fescue:
Thurber’s fescue.
Alpine timothy.
Kentucky bluegrass.”
Muttongrass: e
-Subalpine needlegrass.

.- Letterman needlegrass.

Wolf ‘trisetum.
Water sedge.

_~-Ovalhead sedge.

Elk sedge.
Nebraska sedge.
Baltic rush.
Mlllet Woodrush

Forgs

[T

Western yarrow
Narecissus-anemone.
Rose pussirtoes.
Ballhead sandwort

_ Heartleaf arnica.

Boreal sagebrush.

Harebell.

Paintcup.

Barbey larkspur.

Fireweed.

Rocky. Mountain wild dmsy
Subalpine -eriogonum.

Wild strawberry.

_"Rocky Mountain iris. =

Parry gentian.

- Richardson geranium.

Aspen peavine.
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. Scientific name
Leontodon tararacum___-____
. Merténsia ciliata____ .-

. Common name
Dandelion. :
- Mountain bluebell. .

Silky crazyweed (locoweed).
Elephanthead. : Lk
Whipple penstemon.
Herbaceous cinquefoil.
Parry primrose.
Saxifrage.

. ‘Queenscrown stonecrop.
Arrowleaf butterweed.

_ Fendler meadowrue.
Rydberg clover.
American vetch.

- Penstemon whippleanus__
Potentilla glaucophylla..-
Primula porrys__ ..~ _
Sazifrage rhomboidea. .
‘Sedum rhodanthum.
Senecio triangularis -
Thalictrum fendleri__
Trifolium rydberyi_ .
Vicia amertcana_ - .2 __l____

The distribution of most of the major plant species
below timberline appears to result from' a combination
of factors; among them are slope, exposure, elevation,
and the soils, Soils seem to exert a dominant influence
on plant species only where they are moist and wet.

- Here are some observed relationships between vegeta-
tion and factors of the environment:

© (1) Subalpine fir occurs in the overstory of old,
mature stands of spruce, and it also occurs in
the understory of most stands of lodgepole
pine. . ;

The roots of spruce and lodgepole pine are
shallow. Most are in the top 10 inches of soil,
though some feeder roots go as deep as 30 to
40 inches, and a very few, to a depth greater
than 60 inches. .

Canada buffaloberry does not grow on Bottle
fine sand, and the line between this soil and/

(2)

3

others is frequently sharply defined by presence

-or absence of this shrub.
Grouseberry, the most extensive shrub -below

elevations on the Darling soils and least dense
on the Bobtail soils-at low elevations. .

Charcoal in the upper layers of soils leave
little- doubt that the entire forest was burned
over at times in the past, but this was more
than 800 years ago, as some of the present-trees
are that old. The most recent- important. fire,
which occurred before 1900, affected 5 or 10

acres at the head of Fool Creek. :

Recovery from burns is extremely slow in-the
vicinity of timberline. : .
Judging by the: presence of ‘old “wolf” trees,
timberline 1s slowly :advancing into the. alpine.

(8)

(6)
(M

(8) - Logged areas have a good stand of regrowth
timber. - .
Wildlife *

- Big game animals, smaller mammals, and birds eccur
in the Fraser Alpine Area, but no one species in great
-abundance. - Trout .are common in some of the ‘streams,
beaver ponds, and lakes. - .

‘The big-game. animals are: elk (Cervus canadensis),
mule deer (Odocoileus hemionus), and. black bear (Ewar-
octas americanus). . : S

Elk favor the alpine grasslands and high cirque basins
as summer range.. A small number of elk have been: seen

~from time to time in the higher reaches of the:St. Louis

"# By Dr. Lee B. YeAerr, Colorado’ Wildlife Researeh Unit, Colo-
rado State University. B X .

timberline, is most vigorous and dense at high

- sideration.

Creek ‘watershed, ‘in the Keyser Creek basin, in .the
vicinity of Byers Peak; on the west fork of Vasquez
Creek, and. elsewhere in the high country. Late in the
summer of 1954, a herd of at least 100 elk was. seen in
the upper basin of Darling Creek. The.summer grazing

~habits of the elk are being changed by increased research

activities in the St. Louis Creek area, new logging opera--
tions ‘on Keyser Creek, and activities related to new
diversions of water on Vasquez Creek. Elk do not winter
in any part of the survey area. .

Mule deer, which are more common- than elk, adjust
more readily to changes in environment. In summer, deer
are seen: throughout the timbered areas, and-in winter
they move to lower country outside the survey area.
Woody shrubs. are-the primary- food: for deer through
most of the year, so they are rarely seen on alpine lands.
Harvest of spruce and lodgepole pine for timber may
induce increase in browse plants and thus improve the
summer range for deer. The trend would be progressive
with increase in' timber harvest. Wintér range for deer
remains-critical, but such range is not within the bound-
ary of this survey area.

Black' bear are shy and rarely seen. "Judging from
their sign along streams and trails, there are compara-
tively few bear in the Area.  The evidence indicates that
they migrate through the alpine areas during summer
and fall and den up for winter at lower elevations.

Marten; weasel, mink, muskrat, red fox, coyote, and
bobeat are the small fur-bedring mammals. Rutherford
(8) investigated the relation of habitat and wildlife for
a 2-year period onthe north and south courses of the
Williams -Fork River. He found very few mink, and

" comparatively few muskrat, apparently because the eleva-

tion of 10,000 feet imposed living conditions that were
too ‘severe. ‘The mink and muskrat in this area preferred
habitats along streams, particularly sites near multiple
beaver damis and ponds. Weasels preferred open meadow
and open’ coniferous timber. Martens were concentrated

‘in ‘dense stands of Engelmann spruce.” Coyotes and red

foxes ranged through all the habitat areas under con-

Rutherford found‘th'at,‘ﬂ\ie snowshoe hare (Lepus
bairdi) preferred ‘the edge zone, or . border, between

.meadows -and stands of lodgepole pine, and that its

preference was for high ground rather than low, moist
areas. . s
Pine  squirrel, or Fremont’s chickaree (Sciurus fre-
monti), are numerous; they feed .on the seeds of the
coniferous trees that normally grow in upland areas.
Beaver (Castor canadensis) are common in all streams,
lakes, and mountainside seeps. Their primary require-
ments are water, a food supply consisting largely of
willows and  similar- shrubs, and streams having low
gradients. ‘They are active in nearly all places that pro-
vide these. Beaver are found in alpine lakes and in
streams draining these, but are much less common than
at lower elevations. The ponds behind beaver dams are
some of the better sites for trout fishing in this region.
Mountain - lions almost. ceftainly. are in' the Fraser

“Alpine :Area; and -they. undoubtedly move up to alpine
elevations at times.. Their preference, of course, is for
rimrock and broken country in forested areas where deer
“are-abundant. : : -
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Aside from waterfowl, ptarmigan (Lagopus leucurus)
and dusky grouse (Dendragapus obscurus) are the only
game  birds on alpine lands and areas adjacent. The
ptarmigan is on-alpine land, and the dusky grouse is
always in or near timber stands at lower elevations; that
is, in stands of spruce and down te the stands of aspen-
lodgepole pine. Rutherford found a significantly greater
number of ‘ducks, mostly mallards, on beaver ponds than
on other bodies of water. He did not find that other birds
or animals had any particular preference for the beaver

ponds. Waterfowl nest mainly on: the beaver ponds and .

the natural lakes having. shallow water and shoreline
. vegetation. . .

' People and Their Use of the Land

The Fraser Alpine Area, in comparison with cultivated
lands, has been little disturbed. No part of it has ever
been cultivated. No roadstouched it until the U.S. High-

way No. 6 over Loveland Pass was constructed and the -

Jones: Pass road was located to aid in carrying out de-
velopments planned by the Denver Water Board. Roads
are now-being built in the St. Louis Creek watershed to
facilitate -activities in the Fraser Experimental Forest
and in areas of the Denver Water Board diversion. Ex-

cept in these places, the Area is accessible only by horse

and foot: trails. : i

_ Early hunters and trappers left no recognizable scars
-on the land. Karly mining was concentrated along Mine,
Iron, and Bobtail Creeks and disturbed the land relatively
little.. Four cabins marked the focal points of early min-

‘ing activities.on the St. Louis Creek watershed. Two were -

up Iron Creek, one up Mine Creek below St. Louis Lake,
and one at the head of Fool Creek. -Apparently the cabin
onFool Creek was a herdsman’s cabin. All these cabins
~were reachied by trails... . T
Eastrom () reports that clear-cut logging started
about 1902 or 1904 on the north end of the Fraser Ex-
perimental Forest, on what was then private land. Other
reports date this operation in 1906. The logs were: re-
moved by a standard-gage railroad and milled at Fraser.
In 1907, a 500-acre fire resulted from this operation and
covered a portion of the area now in the northern part
of the Fraser Experimental Forest.
Some logging was done in the lower reaches of 'St.
Louis Creek between 1910 and 1926. The logs were trans-
ported about 8 miles to the mills at Fraser through flume

constructed along St. Louis Creek in 1911-12. Remains .

of this flume are still present. i .

Logged areas now have a good stand of regrowth tim-
ber, and apparently the logging has had no severe detri-
mental effect on the land. -Likewise, the area burned over
is now covered with young lodgepole pine. - :

The Arapaho Natlonal Forest was established in 1908,
and the Byers Ranger station was built in 1910 to super-
vise logging on national forest lands in that vicinity (fig.
8). The station stood at the junction between West St.
Louis and main St. Louis Creeks. It was closed as a sta-
tion in 1917 and was demolished in 1950. .

The Fraser Experimental Forest was established in
1937, with headquarters just south of the old Byers
Ranger station. With expansion of forest and water re-
search, roads and. trails began.to' penetrate more Temote

parts ‘of .the St. Louis Creek basin, particularly Fool
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Clear Cut
Not Cut

Selection Cut

Figure 8—Sketch. showing early logging

in the St. Louis Creek
watershed. N

Creek and West St. Louis Creek. The access road up
main St. Louis Creek was completed in 1956.

The Denver Water Board began developments within
the watershed in 1935. These were essentially completed
in 1956, when diversions from Fool, Elk; and West, East,
and main St. Louis Creeks were added. The disturbance
created by this activity was the most severe that ever
-oceurred in the St: Louis Creek watershed.

All the alpine area has been heavily grazed by sheep:
since about 1912. At the peak of this grazing, an esti-
mated 27,300 sheep grazedp for 214 to 3 months during
summer.

When the Area was made a national forest, the alpine
grazing lands were divided into grazing allotments (fig.
“9) and the permitted number of sheep was specified ‘for
each. = :

- Because of the need to protect the resource, the number -
permitted on the range was consistently adjusted down-
- ward ‘to give the range a chance to recover. The record

~ of ‘use; together with the greatest permitted number of

_sheep for each allotment in any given year, is shown in
table 4. . - ) : :
Originally, sheep entered and left the Area through the
Jim  Creek - driveway. Sheep entering from the Winter
Park driveway were held for long periods on Vasquez
Ridge. - This ridge originally supported a dense, herba-
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I. Vasquez
2. Lincoln
3. Flora

Jones
Plarmigan
South Fork
Pass Greek
Straight Creek

. 4. Loveland
5. S Louis

cee~N®

- Figure 9-~Grazing allotments in the alpine part of the Area.

~ceous cover and had some 10 to 12 alpine bogs. The bogs
were largely destroyed by wind erosion after sheep had
made trails across them that gullied out and drained the
water. Wind erosion has likewise been severe on well-
drained areas where the turf-was broken by grazing and
trailing. . k : .

Cattle first grazed under national forest permit in the
St. Louis Cree%{‘basin in 1916. This permit 1s still active.

TasLe 4. —Grazing allotments and permitted number of
: sheep in the alpine part of the Area

Number of gsheep:reported in— .
= Allotment : Greatest num-
e : ) - ber grazed in
| 1918 | 1928 | 1938|1948 | 1958 | ' a year
16, 260]t 2, 520/ - 360(1, 000| - 500| 17, 920,in 1920.
___________ =| " 950|1;, 100|930
4, 000(1,.820|  900[>1,200] 5, 000, in 1923.
_____ 1, 625(1,:500{____._[ 2,390, in 1936.
,,,,,, 1, 500(1, 500! 900, 900| 3, 100, in 1927.
- 1,-500(1, 000/ - 900[ .- 900! 2,.000, in1912.
St. Louis._-_, X 6,:000]1, 460|1, 000| - '500{ ‘9, 600, in'1916.
Straight. Creek.|-_ __ 1,870} 885/ 900| - 850 2, 460, in 1925.

1 Joneé and Ptarmigan combined. 2 Flora and Vasquez combined.

Only limited recreatiorial use has been’ made of the -

Area. Campgrounds have been established along main

St. Louis Creek. The alpine areas have limited use for .’

summier hiking, but all game animals have migrated ‘to

_separate-- subsections ~ on -management: for

lower elevations by ‘the time hunting season opens in fall.

Some-of the larger lakes near timberline are well stocked
with trout, but there are no trout in the alpine streams.
Waters at these high elevations have temperatures below
optimum for spawning trout, and the streams also may be
lacking in food: Two ski lifts; one at Winter Park, and
the' other at-Berthoud Pass, are focal points for winter
recreation. Both are outside the survey area. There ap-
pear to be a number of opportunities to develop summer
recreation, particularly hiking and riding. - :

Part II: Soils of the Fraser Alpine Area

Part IT of this report provides general and detailed in-
formation about the soils of the Fraser Alpine Area. The .
soils in the Area are deseribed in detail, and their relation
to climate, vegetation, and other facters of the environ-
ment is ‘mentioned. The current uses of each soil are re-
ported, along: with some suggested modificationsthat
would improve management. . i

Since the soils of the Fraser Alpine Area are represen-
tative of those-in a large section in the highest part of
the southern:Rocky ‘Mountains, the information In this
Area can be applied in a'general way to much more ex-
tensive areas where the soils have not yet been surveyed.

The land manager can gain the most from' this soil

“survey by using Part 1T with Part IT1.- Part 11T discusses

management “by ‘soil management areas. and. provides
3 ¢ grazing,
forestry, water production, and other uses:

Nature of the Soils

The soils of the Fraser Alpine Area have developed in
two strongly ‘contrasting landscapes, the alpine and the
subalpine.” ‘The alpine area is a steep, windswept, rocky
grassland above timberline. The subalpine area is below
timberline in the St. Louis Creek watershed; it is pro-
tected from strong winds and rapid changes in tempera-

“ture by the dense  cover of virgin timber and- the

sheltering adjacent slopes and protruding landmasses.
The soils of the two landscapes contrast sharply.

With' few-exceptions the parent material of the soils
throughout the Fraser Alpine Area was derived from a
mixture of gneiss and schist rocks. These rocks disinte-
grate slowly and produce a zone of coarse, angular gravel .
and stone above the bedrock, The soils are low.in silt and

- clay-in all layers of the profile. ‘The important differ-

ences in development of the soils result more from varia-
tions in climate, vegetation, and exposure -(or -aspect)
than from differences in parent rock. - A

In general, the soils of these mountain lands have much
less uniform profiles than soils of more nearly level and
cultivated lands: This irregularity most often takes the
form of variation in thickness, texture, and consistence

.of “horizons. -Sharp  differences within short-distances

are the rule rather than: the. exception. Generally, how-
ever, ‘gemetic characteristics, such as color, reaction
(acidity), and structure, are more consistent. Variations
in’ soil profiles result from (1) surface and mass move-
ments of material down steep slopes by gravity or gla-
ciers; (2) protruding bedrock; (3) variations in parent
rock dueto faulting, metamorphosis, and so on; (4) wind-
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TABLE 5.—@eneral information.about soils of the Fraser Alpine Area

Soils Parent rocks or material | ~ Type of vegetation

Landforms ‘ Internal drainage

Gneiss-schist. i .__
Sandstone .. Lodgepole—sprucei

Spruce-fir

Organic material_
Glacial outwash.__
Organic material -
‘Gneiss-schist.._____ Z
Lakeshore deposits. - - _

. -
Sedge and weeds._ _.
Lodgepolex_____.'_ ____:

Lodgepole _____ '_ i-------| Steep mountain slopes_. __ , -

Spruce-lodgepole .o ...__
Sedge-woody shrubs._ ...

Somewhat excessively drained.
Well drained.

__| Somewhat excessively drained.
| Somewhat excessively drained.
--| Very poorly drained.
Somewhat excessively drained.
--.-| Very poorly drained.

_-| -Somewhat excessively drained.
Well drained.

‘Steep mountain slopes_ -
Steep mountain slopes_ .
Steep mountain slopes_ _
Hanging bogs..._.._____
Level plains_ _
Depressions._.-____
Mountain ridgetops.
Level plains_ _..___.______:_

In this subsection the soil series and ma,ppmg wnits of
the Fraser Alpine Area are described in detail. The use
and suitability of each mapping unit are briefly discussed.
The approximate acreage and proportionate - extent of
the-mapping units are shown in table 6. :

Alluvial land

Some 1,400 acres in the St. Louis Creek basin consists
of soils in narrow belts on the present. flood plains of the
main stream. These soils are 10 to 20 feet below the Mine
soils of the adjacent higher terraces.

Alluvial land (Aa).—In this mapping unit are alluvial
soils “that consist of. coarse-textured, .cobbly,- stratified

“alluvium. In places these soils are ﬂoodul frequently.
During peak floods when snow melts in spring, the water
tables are at or near.the surface most of the time. Because
the soils, are extremely . porous, the water tables. drop
rapidly with subsidence of streamflow.

The soils. on these . erratic alluvial deposits. are -as

Gneiss-schist______.:__ Grass-sedge-willows, ..___ Depressions in  mountain | Moderately well drained.
) d
" ridges. .
"thrown trees; and (5) lodgmg of soil matetla,l behind TaBLE 6.—Approximate acreage and proportionate extent of
logs as it moves.down the steep slopes. g the sotls
(renerally speaking, the soils have low inherent fer- ‘
tility, somewhat excessive internal drainage, and coarse Map Soil name | Acres | Percent
textures throughout, and range from medium acid to  symbol I :
- very strongly acid in all horizons. The peaty soils.and
bogs are notable excéptions, but they are not extensive. A Allwital land 1, 407 L6
In comparison with soils of agricultural areas, the soils = 45 R ok -
Ab Alpine rimland._...____.._ - 8, 264 9.6
of the Fraser Alpine Avea might be donsidered to have - ac Alpine wind-eroded land_._ ~| 2 089 2.4
limited use, Nevertheless, for wild, high, mountainous Ba Bobtail gravelly sandy loam__ [ 8,791 4.4
lands, the uses in_this Area compare favorably with all ‘Bb %Ot?e fine S&Iﬁ(l_""d"f —————— . ggg 9'8
other aréas of similar nature. The major products of the - |- Teal sandy loam. oo _‘i&m"' o 39
soils in high mountain areas are timber, water, and for- b Leal sandy loam, terminal moraine__| 305 .4
age. The “indirect ploducts*recreatlon and wﬂdhfeg Le Leal sandy-loam and- Alluvial Iand—-} 1,881 2.2
sometimes exceed the value of timber and forage. Al- k‘i k‘l‘;gﬁ)ﬁfa?{ »»»»»»»»»» 1‘?5,
though comparisons are difficult to make, this is probably = p, Pt};rmlgallm) . 16
trie of the Fraser Alpine Area, where hunting, fishing, ~Pb Ptarmigan loam, 51
summer recreation, and winter sports are important ac- - ‘Pc Ptarmigan loam, moderately bare__.| 4, 973 5.8
tivities. The information gathered about soils and given ~Ed Plarmigan loam, largely bare. ... 5, 518 6: 4
hi be used to develop these’ different e armigan loam-Rock outerop. 3, 866 4.5
in: this hllrvey can P Ra Rock outerop_ oo oo _i..o_ - - 7.4
activities harmoniously. . Rb. Rockslides___ ... _______ 13.8
The main factors that:limit growth of ordinary eco-. Ta Tabernash loam and Mine gravelly
nomic plants—soils, high elevations, steep topography, Va Vasoion loam T TITTTiTim e 1'2
d climate-—are about equally effective. Some of the e o i are ;
and ¢ qually Vb Vasquez loam, slightly bare 3.8
more common information about the soils of this Area 18 Ve Vasquez loam, moderately bare_ 9, 501 11. 1
summarized in table 5. Vd Vasquez Ioam, largely bare.________ 2, 749 3.2
ater_ ____ . ... _______ 59 .2
Soil Series and Mapping’ Units Total. .t 85,715 | 1000

heterogeneous as the deposits themselves. The surface soil
ranges from silts to cobbles and from a few inches to
perhaps a foot in thickness. - The substratum is stratified
sands, gravel, and cobbles. In some places these soils have
a thick surface litter of needles, leaves, wood, and moss.
All these soils are noted for their variations rather than
their similarities.

Included with these alluvial soﬂs are small areas of
bog and Lunch peat. Some of these areas occur where
seeps enter the side of the flood plain from higher lying
slopes. Others-owe their origin'to old beaver dams, which
are in a number of places along the flood plain. Also in-
cluded are small areas of bare rock and cobbles that have
been dumped by streams during a flood, and which have
not. been covered by a layer of fine material in which

soils could develop.

Seeps and springs are ¢common along these flood plains,
especmlly at_higher elevations. They-owe their orlgm to
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subsurface movement of water down the slopes from the
Leal and Darling soils.

Use and suitability.—Most grazing of cattle in this
watershed is concentrated on these alluvial soils. In wet
open areas and near beaver ponds and pockets of Lunch
peat, sedge and weeds grow luxuriantly and afford con-
siderable forage. Spruce tends to encroach on these areas,
and as time goes on, the area suitable for grazing will be
reduced in size.

Willows, which grow in bogs and intermediately
drained areas, are important in places. Most of the beaver
in this watershed subsist on willows and bog birch.

Some of the area has a dense cover of virgin spruce.
The trees grow on the slightly elevated areas, but where
the roots readily tap the ground water. Consequently,
these soils produce the largest trees and densest stand
the Area. Although most of the present stand is decadent,
these soils have u relatively high potential for spruce pro-
duetion.

These soils are important to the hydrologic functioning
of the basin. Their coarse, cobbly material prevents rapid
downentting and reduces channel erosion. In fact, chan-
nel erosion does not ocenr if the adjacent vegetation has
not been disturbed. The thickness of these alluvial de-

posits is not knowi, but no doubt a large volume of water
moves through the open, cobbly material below the stream
channel.

The perennial streams on these soils are moderately
well suited to trout, but they are not the best trout habi-
tat, because the waters are cold. Natural reproduction is
low, and most of the fishing results from stocking of the
streams,

Because the soils are low and wet, they generally are
not well suited for campgrounds. For such purposes, the
higher lying Leal and Tabernash soils are better. Never-
theless, these alluvial soils play an important vole in the
recreational activities of this basin.

Alpine rimland

A complex of soils and miscellaneous land types, cover-
ing about 8,200 acres of very steeply sloping land, was
placed in one mapping unit. Most of it is just below the
ridgetops on easterly exposures (fig. 10).

Alpine rimland (Ab).—The soils and land types of this
mapping unit are usually, but not always, associated with
cirque basins. Snow blown from adjacent ridgetops ac-
cumulates as narrow, elongated bands rarely more than
% to % mile wide but, in some places, several miles long.

Figure 10. Landscapes in the Fraser Alpine Area:
A, Alpine rimland makes up about 10 percent of the Area.
accumulations of snow yield much water.
B, PRock outerop and Rock slides together cover about 21 percent of the Area.
C, Alpine wind-eroded land covers only 2.5 percent of the Area but accounts for 11 percent of all the seriously eroded land. This
wind-eroded land seems to be enlarging throughout the Area.

), Three alpine soils make up about 26 percent of the Area.
almost bare.

The widely distributed areas are nearly devoid of soil, but the deep

They have a moderate plant cover in some places, and in others are
Vegetation recovers very slowly on alpine lands.
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In more shdtered places these bands of snow remain untll
latein summer, and in some years do not completely melt.
These lands do not have a soil profile. They are areas
‘of loose, sandy, gravelly, and rocky materials that in
many : places contain enough silt. and: clay to.produce
vegetation adapted- to such. environtent. Snow remain-
Hig on these areas. prevents the growth of most kmds of
ants.
P Surface erosion and slides are common, as slopes ordl—
~ narily range froin 60 to 80 percent. Water from melting
snowbanks. causes much of the erosion. The debris that
accuinulates at the base of the Alpine rimland builds up
large fans and fills cirque lakes and depressions. A small
amount is carried away in stream channels. Generally,
the fans develop some semblance of soils and support
some herbaceous cover because they are less sloping.
-Alpine rimland is the source of perhaps 45 percent of
all the serious erosion in the alpine lands.. It 1s geologi-
cally unstable, and the snowbanks increase this insta-
bility. - Under total protection’ from'use, erosion would
still be active but somewhat less than at present. These
are favorite concentration areas for sheep. They seem to
prefer the few succulent plants growing below the melt-

ng snowbanks. - Sheep not closely herded nearly always-

g0 to these steep, unstable areas m preference to the less
steep Ptarmigan or Vasquez soils.

ﬁ) ine rimland -serves -as catchment areas for. wind:
blown snow and proditces large quantities of water as-the
snows melt. It has no-other use, and, considering' the
severe environinent, there is no known way to vegetate:it.
Sirice most of the matenal eroded from steép banks tends
to accumulate in. the: cirque basins -and along: the toe
slopes, ‘it -appears that erosion of thls land  does httle
damage to water and: streams below

Alpine wmd-eroded land

“Wind-eroded lands, Loncentrated along. udgeiops at
the heads of major: valleys and in high, exposed areas,
cover about 2,000 acres.. These were. mapped as-one
1niscellaneous land type.

‘Alpine wind- erodeﬂ land (Ac)—Areas of this ma pping

Aunit “are usually several hundred feet wide and are

- elongated parallel to- the ridgetops. The wind sweeps
away the fine soil particles and leaves only:the coarsest
sand, gravel, and rock. “As this sterile layer thickens, it
appears to act as a mulch that retards or stops further
removal of material by the wind. But before this occurs,
all the Ongmal ‘surface soil ‘has been removed and ‘the
subsoil,’in some places, also has been ‘eroded.  Thus, only
sterile’ gravel and rock is left to-be revegetated.

. The erading belts appear to.widen downslope b under-
cittting the sod. Once théwind tunnels beneath-the tough
sod, it is very effective in enlarging the eroded areas. A
number of ‘areas are’ actively deter'loratlng at present
Few appear to be recovering.

Some of these eroded areas are. undoubtedly a natural
phenomenon of the alpine region. Others appear to result
from’ removal of turf by grazing and by the animals
cutting trails in the turf along .driveways and othe:
placesof concentration.-There is good evidence that these

wind-eroded areas were once Ptarmigan soil. The ma- . ‘
avement of ‘stone and gravel is the

terial beneath: the
yellovvlsh-brown ‘subsoil of the Ptarmigan soils, and

within thls materlal the stones are frequently coated on .

.
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the under side with black organic stalns, which is also
typical of Ptarmigan soils. -

Alpine ‘wind-eroded “land is rehablhtated extremely
slowly. The plant cycle begins with lichens and: proceeds

through the several stages of plant succession in;the

alpine region.- Many of the rocks and cobbles are not cov-
ered with lichens at the present time., For all practical
purposes, these wind-eroded areas have been lost to graz-
ing for all time. The task now is to prevent their en- -
largement by continued @mzmg

Bobtail series

Soils of the Bobtail series are represented in this Area
by one soil type, Bobtail gravelly sandy loam. The Bob-
tail soils are classified as Sols Bruns Acides; the are too
weakly podzolized to be classified as Podzols. They have
developed from mixed gneiss and schist, which were meta-—
morphosed from granitic rock. V\Teathermg of rock has
been slow, and as a result, the profile of these soils contains
unusually large amounts of sand, gravel, and stone. These
soils are mainly on steep, south-facing slopes below timber-
line. They also oceur at lower elevations, however, and at
those elevations tend to be on slopes of a lower gradient
and a wider range of exposure.

- Bobtail soils are moderately shallow, but there is a
thick-layer of weathered rock before bedrock is reached
at a depth of 5 to 8 feet. The steep slopes are studded
with stones and a few extrusions of bedrock. Because
the soils are coarse textured and have a relatively large
amount of large pores, they are rarely saturated. with
water. Periods of saturation are limited to a few hours

- during those few days in spring when snow is Ineltlng

rapidly.
“Nontechnical descrlptlon of a-profile of Bobtail grav-
elly sandy-loam, midway on a slope of 30 percent, under a

mature virgin sta.nd of lodgepole pine. (fig. 11, pp- 16 17 )

Litter— :
2-inches to 0 mat of undecomposed and partly decomposed
i pine needles, bark and twigs:
. @urfaee soil—

.0 to- 3 inches; Ilght browmsh-grav to grayish- brown gravelly
sandy loam; weak blocky and granular structure; very
strongly aeid; soft when dry and very friable when

.. -moist. '
Subsml— R :

3 . to 42 inches, dark-brown to light yellowish-brown
gravelly coarse sandy loam; some stones; weak gran-
“ular or .subangular blocky etmcture, strongly acid ‘to

S0 medium aad :
o~ Substratum-—

- 42 to 54 mches +,r11ght vellowush brown, - structureless
grawlly coarse sandy loam; some stones; ghghtly acui

grades to partially weathered bedrock. :

Technical description .of a proﬁle of Bobtml glavelly
loam;, under forest of lodgepole pine:
" AgrAc. 2 inches to 0, organic mat of partlally decomposed or
. decomposed forest litter, mainly .pine needles,
-bark, and twigs; very: strong]y acid, pH approxi-
Lo mately 5,00
Ay 0 to:.3 inches, graylsh ~brown  of hght brownish-gray
. (10YR 5.5/2, dry) to dark grayish-brown ‘or gray-
“ish-brown: (10YR | 4.5/2, moist) ; gravelly. sandy
loam, very weak, medium, platy ‘'structure break-
ing to weak to modera.te, medium granular; soft
- -when dry, very friable when moist; very strongly
: acid, pH approximately 4.7; lower boundary clear
. ~and smooth
B; -3 to 18 inches, brown (10YR 5/3, dry) to ‘dark-brown
: (10YR 4/3, moist) -gravelly sandy loam; weak,
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‘medium, subangular blocky structure; slightly
hard when- dry, very friable when ‘moist; very

. strongly acid, pH approximately 4:8; lower bound-
-ary-gradual and smooth. -

18 to 42 inches; light yellowish-brown (10YR 6/4, dry)
to yellowish-brown (10YR 5/4, moist) gravelly
loamy sand; massive; slightly hard when dry, fri-
able when moist; medium acid, pH approximately
5.5; lower boundary diffuse and smooth.

42:to 54 inches, light yellowish-brown (10YR 6/4, dry)
to yellowish-brown (10YR 5/4, moist) gravelly
sandy loam; slightly hard when dry; friable when

" moist; medium acid, pH approximately 5.7; lower
boundary. diffuse and smooth; horizon containg
large -amount of partially weathered fragments
from the bedrock. -

54 t0 118 inches, light yellowish-brown (10YR 6/4, dry)
to yellowish-brown (10YR 5/4, moist) gravelly
loamy sand; horizon is only partially weathered
bedrock (gneiss and schist) with some finer tex-
tured material in cracks between the stonés. -

& BS}

c

‘D

Range in characteristics—The surface soil ranges from
3 to 6 1nches in thickness, is everywhere of coarse texture,
and containg-stones. It is normally brownish gray, but
in a few places it is grayish brown. The surface layer
contains the largest quantities of silt-and clay and is the
-most acid part of the profile. The subsoil is distinguished
from the surface soil primarily by its darker brown color.
It is a zone of slight iron accumulation. .
. The organic-matter content is highest in the surface
layer and sharply decreases in the subsoil. “Acidity con-
sistently decreases from very strongly acid in the surface
layer to. medium acid or slightly acid in the deeper layers.
Textures are coarse throughout, but the greatest quanti-
ties of silt and clay are in the surface soil. Silts con-
sistently décrease with depth, but ¢lays show no. con-
sistent pattern of distribution. :

Topography.—In the Fraser Area, Bobtail soils are on’

relatively smooth, steep, south-facing slopes at elevations
above 9,000 feet. Slopes range from 10 percent to more
than 60 percent in some places. = : S

Drainage - and permeability—Bobtail soils. are well
drained to -somewhat excessively drained. :All horizons
have - moderately rapid to rapid. permeability. Within
the mapped. area, seeps and areas of Lunch peat are
present-only as traces, and these ‘seemingly owe their
presence more to geology of the Area than to accumula-
tion of water in Bobtail soils. :
- Vegetation—TLodgepole pine, with a few aspentrees,

is the dominant vegetation.  The understory is an open-

stand’of huckleberry and buffaloberry. The canopy pro-
vided by all plants 1s barely énough: to cover the ground.
" Distribution—In this Area, Bobtail soils -are mainly
at elevationis above 9,000 feet and below timberline. ‘At
higher elevations they:cceur only on south-facing slopes,
and at lower elevations they tend to be in the more gently
sloping. areas. Soils of this series })robably are widely
distributed throughout the Rocky Mountain area.

Type location—DBobtail soils were first recognized in
the ‘Kraser Experimental Forest. The type location is
midway on a south-facing slope, on West St. Louis Creek,
in approximately the NW14 sec. 8, T. 2 S,, R. 76 W.,
Grand County, Colo, - -~

Series established—The Bobtail series was established
in'1955. .- ‘ :

Bobtail gravelly sandy loam (Ba).—This soil has the
profile -described as typical of the Bobtail series. As

599803—62——2

-
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mf:,ipped, it includes a fraetion of 1 percent of protruding
bedrock and & similar acreage of loose surface stones:
- Narrow bands of alluvial-colluvial.deposits along the toe
slopes were also included in mapping because of their
" limited acreage and:their ‘occurrence -in narrow, inter-
mittent bands. These included soils on toe slopes differ
from the Bobtail soil and generally are more productive
of timber.. : : ' .
Use and switability—All of this soil is under lodgepole
‘pine. Most of the stand is over-mature, virgin timber, but
some regrowth has occurred in those places where logging
was done in the early days.  An occasional “wolf” tree in
the virgin stands has withstood fire that occurred as much
as 200 years ago. A. few subalpine firs grow in the under-
story, especially ‘at higher elevations. At present, lodge-
pole pine seems to be the only ecommercial species suit-
able. Natural regeneration appears to be adequate. Clear-
cut experimental plots on the West St. Louis Creek water-
shed produced yields of 8,000 board feet per acre from
pure stands. i : -
Possibly yields could be increased by a shorter cutting
cycle,- but studies of the present stands have shown an
extremely slow rate of growth. When logging opens a
stand, the area -is occupied by a thin to moderate stand
of young trees or shrubs and by some weeds, grasses, and
sedges. . This new growth is good summer forage for deer,
but deer leave the area in winter. i
Observations made on the West St. Louis Creek water-
shed indicate that snow does not accumulate so deep on
the Bobtail soil as on the Darling soil. This can be
explained by the intermittent melting and evaporation
that takes place-during winter when the rays of the sun
hit the steep southerly slopes occupied by the Bobtail soil
at an angle nearly perpendicular. Likewise, it has been
observed that snow melts about 30" days earlier on the
Bobtail soil than on the Darling: ,
_ When snow melts on the south-facirig slopes of the
- sBobtail soil, there.is no appreciable increase in stream-
flow. ‘The same general relationship appears to be true
“for the east-west facing slopes along Fool Creek, which
are below elevations of about 10,000 feet: .

Bottle series

Soils of the Bottle series are represented in the Area by
one soil type, Bottle fine sand. Bottle soils are Podzols.
They have a strongly developed leached layer and a zone
of iron accumulation in: the B horizon. They developed
in material weathered from sandstones. These sand-
stones are only small remnants of a-deposit that was once
more éxtensive in the survey area.

Bottle soils are shallow over sandstone bedrock, have
a large amount of stone in’ their profile, and have fine
sand or sand textures. They are at elevations below
10,000 feet and are generally on uniform slopes not ex-
ceeding 35 or 40 percent. :

The Bottle soils are strongly influenced by the nature
of the sandstone parent materials. Apparently these
sandstones were strongly reworked and leached of nutri-
ents when they were ‘deposited in Cretaceous seas. The
sand grains themselves are almost entirely well-rounded
quartz. “In this area, the strong cross-bedding of the
sandstone layers suggests that the rock originated from
dune sand.
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Profile and landscape of Darling soil

Figure 11.—Four important soils and their landscapes in wooded areas below
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Profile and landscape of Lunch soil

timberline: AR, Bobtail soil; €D, Darling soil; EF, Leal soil ; and GH, Lunch soil.
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Bottle soils developed under a poor to medium stand

of lodgepole pine. The layer of litter is thin and patchy
in some places but is‘as‘much as 4 inches thick in others.

In most places the gray, leached layer lies immediately ,

~beneath the needles, without an intervening darker layer.
Where the darker layer is present, it is thin and discon-
tinuous. The subsoil is dlstmgulbhed from the overlying
layers only by a browner color in. those places wheré
iron. that leached from the surface soil has accumulated.
Bottle soils are everywhere shallow and stony.- They are
droughty and low in inherent fertility.
.. Nontechnical description of a profile of Bottle fine sand

under & virgin, mature stand of lodgepole pine on & north
slope of 35 percent:

" Litter—

2 inches to 0, undecomposed mat of needles over a thin, dark-'

gray, par’mally decomposed organic matter.
Sux‘face soil—

0 to 6 inches, light-gray to Ilght brownish-gray fine sand;

weak, coarse, platy structure; loose, soft consxstence,

very strongly acid; many stones :
'Subsoil—

7 6 to ‘11 inches, light yellowish-brown to yellomsh brown
~loamy fine sand; weak, fine, subangular blocky structure;
soft,. friable consistence; very strongly acid but less so
than surface soil; this is a layer of iron accumulation, as
evidenced by stams on the grains of sand; many stones.

Substratum—

11 .to 33 inches, very pale brown fine sand weathered from
sandstone, which makes up 85 percent of the layer, by
volume; very strongly acid but less so than the surface
soil or subsoil.

Technical description of Bottle fine sand in an area
foresbed with lodgepole pine:

Ag 2 to 1% inches, undecomposed mat of needles.

Ao 1% inches to 0, very ‘dark gray to very dark grayish-
brown (IOYR 3/1.5, dry) to black or very dark brown
(10YR 2/1.5, ‘moist) partially decomposed organie
material ranging from 3 to 6 .inches m thickness;

: - lower boundary clear and smooth:

A, 0 to 6 inches, light-gray (10YR 7/1.5, dry) to light brown-

’ -ish-gray (10YR 6/1.5, moist) ﬁne sand; weak, very
coarse; platy: structure breaking to weak to mod-
erate, fine and medium, crumb structure; soft: when
dry, very friable when moist; very strongly acid,
pH 4.8; lower boundary abrupt and wavy.

6 to 11 mches light yellowish-brown (10YR 6/4, dry)!
to yellowxsh -brown_ (10YR - 5/4, moist) loamy fine
sand; weak, fine and medium, subangular blocky
structure breaklng to weak, medium or eoarse granu-
lar; soft when dry, very friable when moist; horizon
. contains many medium-sized,  distinct mottles of
brown (7.5YR 4/4); horizon ranges from 5 to 8
inches in thickness; pH. 4:8; lower ‘boundary clem‘
and wavy..

C;- 11 to 33 inches, very pale brown (IOYR 7/3, dry) to pale
brown (10YR 6/3, moist) partially weathered sand-
stone base rock; "about 85 percent of horizon, by
volume, .ig unweathered rock fragments; pH 4.9.

Byir

Rcmge n ahamctemhcs ~—The surface soil and. subsoil
vary considerably in thickness. The surface soil is 2 to
7 inches thick; whereas the subsoil is as little as 6 inches
to as much as 30 inches thick.
stone is characteristically very high within the profile,
and on the surface. Textures are exceptionally uniform;
they follow the usual pattern in this area; that is, the
- greatest amounts of silt and clay are in the surface soil,
and decreasing amounts of each are in'the deeper hori-
zons. All the profiles studied: are very strongly acid in
all herizons.
the profile is less acid with depth:

.inherent fertility, in

The content of rock and-

The most acid layer is at the surface, and

SOIL SURVEY SERIES 1956, NO. 20

Chemlcal data sho'
~compa ha
ling soils. :Bottle. soils are.stril m«ly deﬁment in calcmm,
magnesium, and potassium.

Topography—Bottle soils have developed on u.mform,

“moderately sloping areas undlssected by dramageways or

streams.

Drainage and, pemneabzlztg/ ~Bottle soils are somewhat
éxcessively drained; permeability is moderately rapid to
rapid.

Vegemtum —Bottle soils formed ‘under poor_ to
medium stand of lodgepole pine and a very thin under-
story of vaccinium. The absence of buffaloberr'y is par-
ticularly noticeable on these soils.

. Distribution—In the Fraser Alpine Area, Bottle soils
are only at lower elevations in the St. Louis Creek water-:
shed. It is believed that they are widely distributed in
nearby areas outside the limits of this survey.

T'ype location—Bottle soils were first mapped in this
Area. The site location is in_the Iower end of the Fool
Creek watershed in-approximately the SE14SW1/ sec. 8,
T.2 S, R. 76 W., Grand County, Colo.

Series established.—The Bottle series was established
in 1955.

Bottle fine sand (Bb) —The profile of this soil is that
described for the Bottle series. < As mapped, the soil in-
cludes a high percentage of rock outerops. The amount
of outcrop varies from place to place but is most abun-
dant on the immediate tops of ridges and, to somewhat
lesser extent, on the sloping sides of the me‘es

All of this soil is covered with a mature, virgin stand
of lodgepole pine. At hlgher elevations in the. est St.
Louis Creek watershed,” some ‘spruce. is present. The
growth of lodgepole pine is open and of poor appearance.

This soil is apparently suitable only for lodgepole pine,
which ‘will be of peor quality and:grow slowly. The
chemical and physical limitations of this soil prevent its
improvement by reasonable management practices.

This soil ‘does not cover much acreage; it: is not im-
portant as a source.of water or a habltat for Wlldhfe

Darling series

The Darling series cons1sts of somewhat excessively
drained, deep, coarse-textured soils. In' this Area they
i;mre represented by one soﬂ type; Darhno gravelly sandy
oam,

These soils are Podzols occulmng at elevations between
9,500 feet and timberline in this Area. At low elevations
they are only on the steep; north-facing slopes where the
direct rays of the sun reach them only in midsummer.
1At higher elevations they tend to occupy a greater pro-
portlon of the landscape, regardless of exposure.

The Darling soils have formed' in - coarse-textured
materials weathered from mixed gneiss and schist. An
appreciable percentage of bedrock protrudes through the
soils in many places, For the entire area mapped, how-
ever, these rocks probably account for'no more than 2 to

5 percent of the acreage.

Darling soils range from 30 to 40 inches in thlcknesq,

- but their-parent material extends downward an addi-

tional 5 to 8 feet, as determined by observing deep,road
cuts. Because the soils are porous, surface runoff occurs
only at peak periods of snownielt. Then runoff lasts for
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only 2 or 3 hours in the afternoon of warm days Sur-
face erosion has not been observed under-virgin stands
of timber. on-these soils. ‘A profile and landscape -are
shown in figure 11, ¢, D. ) )

The mineral soil is covered with a dense, thick, spongy
litter of the mor type. This litter is composed of needles,
- rotting wood, and moss.
very thin, dark- gray to black layer of mixed mineral and
organic matter.over a distinct, light-gray or brownish-
gray podzolic layer of uregular occurrence and - thick-
ness. The subsoil, a-distinet brown or dark-brown layer
of iron accumulatlon, is in many places as much as 20 to
30 inches thick. In the weathered material of the sub-

stratum, the color changes gradually to-light grayish - »

brown or brownish gray.

Compared with the Bobtail soﬂs, the Darling soils are
slightly more acid, contain more silt and clay, have a
more. uniform and thicker layer of litter at the surface,
and have a more distinct and thicker subsoil. Because
Darling soils are at higher elevations and on north ex-
posures, they appear to hold more moisture for longer
periods than do the Bobtail soils. Darling soils are less
consistent, than -the Bobtail soils in thickness of horizons
and in texture. Important factors in the mixing of
- materials in Darling soils are the many seeps and
springs, the steep slopes, the -slides, and the churning
evidenced by overturned trees.

Nontechnical descuptlon of Darling gravelly sandy
loam under mature, virgin spruce. forest, midway on a
slope of 35 percent that has northerly exposure:

Litter—
4 inches ‘to 0, dark-brown layer of undecomposed and de-
composed organic material made up of needles, twigs,
vaccinium roots, and bark,

Surface soil—
0 to 3 inches, light brownish-gray to light- gray loam or

‘gravelly sandy loam; weak, fine, platy to weak, fine, -

granular structure; very friable; very strongly acid.
Subsoil— .
3 to 38 inches, brown to dark-brown gravelly, coarse sandy
‘loam; very weak subangular blocky structure; friable
when moist but-weakly cemented in” some places in
lower part; very strongly to strongly acid.
Substratum-— :
38 to 80 inches -}, light yellowish-brown to light olive-
brown in deeper part, gravelly coarse sandy loam; an

estimated 70 to &0 percent of layer, by volume, is stone -
medium - acid ;. gradual transition to less.

and gravel;
~decomposed rock.

Technical ‘deseription of profile -of Darling. gravelly
sandy loam under forest cover of spruce and fir. .

Ao—~Agp 4 inches to 0, dark-colored or%amc mat made up of

undecomposed and partially decomposed forest

litter, primarily vaccinium roots, needles, bark,
and twigs.

0 to 3 inches, light browmsh-gray (10YR 6/2,
dry) to grayish-brown (10YR 5/2, moist) gravelly
sandy. loam; weak to moderate, medium, platy
structure; soft when dry, very friable when' moist;
very stronglv acid, pH of approximately . 47
lower boundary abrupt and smooth.

3 to023 mches, brown (7.5YR 5/4, dry) to dark-brown
(7.5YR 4/4, moist) very gravelly sandy loam;
_single grained; loose when dry and moist; very
strongly acid, pH approximately 4.8; approxi—
-mately 75 pcrcent of horizon is gravel lower
Dboundary gradual and smooth.

A,

B,

Buif
brown (7. 5YR 4/4, moist) gravelly sandy loam;
massive; very hard when dry, firm when moist;

The mineral surface soil is a

23 to 38 inches, brown (7.5YR 5/4, dry) to dark-
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strongly .acid; pH approximately 5.2; horizon
weakly eemented in some places but degree of
cementatlon is net great and varies from place

place; lower boundary gradual and smooth,

38 to 48 1nches, light yellowish-brown (10YR 6/4, dry)
to yellowish-brown (10YR 5/4, moist) very. grav-
elly sandy loam; massive; slightly hard when dry,
very friable when moist; strongly acid, pH ap-
proximately 5.5; lower boundary diffuse and
smooth,

48 to 81 mrhes, light ohve-brown (2.5Y 5/3, dry)

- to -olive-brown (2.5Y  4/3, moist)  partially

weathered gneiss and schist bedrock; approxi-
mately 70 percent of horizon, by volume, is
coarse stones and boulders; much of remainder is
very ‘gravelly sandy loam between boulders; pH
5.8; lower boundary diffuse and smooth."

81 to 116 inches +, light olive-brown (2.5Y 5/3, dry)
to olive-brown (2.5Y 4/3, moist) unweathered
gneiss and schist bedrock; pH 5.9.

Ramge in characteristics.—The surface soil ranges con-
siderably in thickness. The: gray layer is patehy and
irregular in many places but is rarely absent. The texture
of the surface layer ranges from loam to gravelly coarse-
sandy loam, - but' the soils are dominantly coarse and
gravelly, and the content of stone increases in the deeper
layers. The content of silt and clay is greatest in the
surface soil and decreases irregularly with depth. Acidity
decreasés consistently with depth.

Topography.—Darling soils are on relatively smooth
but steep slopes of 10 to 80 percent. The slopes are
dissected by a relatively few, shallow drainageways. At
higher- elevations some slopes have. been steepened by
passage of glaciers down the small side valleys and the
main valley of St. Louis Creek.

Drainage ond permeability—Darling soils are well
drained to somewhat excessively drained. Nothing in
their profile restricts permeability to the extent that the
soils are in any class with slower drainage than moderate-
ly rapid to rapid. Surface runoff, therefore, occurs only
during the peak of snowmelt late in May or'in June. The
moisture regime is favored somewhat by the generally
northerly: exposure of -these soils. Exposure no doubt
accounts’ for'the main differences between the Darling
and Bobtail soils, as the Bobtail soils are closely asso-
ciated with the Darling, but are on southerly exposures.

Vegetation—The Darling soils have a dense cover of
Engelmann spruce and minor inclusions of alpine fir and
aspen. The dense, low growing understory consists of_
vaccinium and a few minor shrubs. Thick layers of moss
are common in most places. Under natural conditions,

Cr

G,

D

“the canopy and ground cover of the Darling soils are

much denser and provide appreciably more protection
than the cover on the adjacent Bobtail soils.
Distribution.—Darling soils are widely distributed

k throughout the St. Louis Creek watershed. They tend to

be more prevalent at higher elevations, and. at lower.
elevations occur only on north-facing slopes. These soils
probably - are widely distributed at high elevations
throughout the Rocky Mountains in Colorado.

Type location.—~The type location is midway on a
north-facing slope on West St. Louis Creek, about 200
yards above the diversion structure (NW14 sec. 8 T. 2 8.,
R 76, W., Grand County, Colo.).

Semes establwhed —The Darling series was estabhshed
in 1955.
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Darling grayelly sandy loam (Da)—The profilé of this
soil is ‘like that described for the Darling-series. As
mapped; this soil irncludes less than 5 percent of protrud-
ing stones and about 2 percent of small bogs (Lunch
peat) and seepy marshy areas. The small bog and seeps
occur in elongated patterns that normally parallel the
slope (see fig. 11, G, ). Also, on toe slopes, adjacent to
drainageways, there are narrow, irregular bands of allu-
vial-colluvial deposits too small and irregular to be
shown on a map of the scale used. The soils of these de-
posits are generally deeper than Darling gravelly sandy
loam, and they receive additional moisture that seeps
down_from slopes above. These deeper soils are on milder
slopes and serve to protect the flood plain and stream
channel from rapid surface runoff during periods of high
snowmelt. L ‘

Use and suitability—Darling gravelly sandy loam is
covered with a virgin stand of overmature spruce that
includes lesser areas of alpine fir and a few aspen. Har-
vested plots on West St. Eouis Creek indicate yields be-
tween 18,000 and 25,000 board feet per acre. Because the
stand is overmature, the percentage of cull trees in many
places is large. Within a few hundred yards of timber-
line, the trees are not merchantable by present logging
standards.

Where cleared or burned over, Darling gravelly sandy

loam hds not been known to produce large quantities of
herbage - suitable .for grazing. Buffaloberry, vaccinium,
and other shrubs occupy areas that have been logged over.

Production of spruce timber appears to be the highest use .
for this soil, but an unmanaged stand grows at a rate not.

exceeding 200 board feet per acre, per year, and at high
elevations, yields and growth are much. less. At a more

intensive. level of management, the annual production -

might be increased to 300 board feet per acre..
This soil yields important amounts of water. Many

- seeps and marshes occur on it. Some water may be seep-

ing down from the higher alpine soils, but appreciable
quantities originate in this soil. -A system of - timber
management that would increase the snowpack -on this
soil would result in an appreciable increase in water (3).
Water management on this Darling soil is comparatively

“simple because. the. soil is resistant to erosion. . Areas

cleared by logging or fire are soon revegetated except near

timberline. The toe slopes, with their decreased grade
and increased depth for storing water, are effective buffer.

zones between the steep slopes and the flood plains.

The spruce forest provis
tion for elk, deer, bear, .and other “wildlife. Marten,
weasel, and similar furbearers inhabit these areas. Pine
squirrel -and snowshoe rabbit-are common. Blue grouse

“inhabit the forest exclusively; they feed on spruce buds

and vaccinium in’ both. summer and winter. Grouse in
groups up to 13 have been seen frequently on the Fool
Creek and West St. Louis Creek watersheds.
Leal series - .

Soils of the Leal series are Podzols. that developed in

deep glacial till derived from mixed gneiss and schist. -
~This till was deposited in lateral moraines on both sides

of main St. Louis Creek and on the main tributaries
south of West St. Louis Creek. In some of the valleys of

~the smaller tributaries to main St. Louis Creek, the till

was deposited on the floors, or valley bottoms. “The till

es summer food and protec- -
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has not been transported far, and a very large percentage
of ‘it consists of intimately mixed boulders, cobbles, and
sand. . 'Many of the boulders are very large (see fig.
11, E, F). -.

The surface is characteristically irregular in areas of
Leal soils. 'There are many. small mounds and ridges
interspersed with' kettles or depressions. Because the soil
material is extremely porous, few of the kettles contain
water, ' -

The Leal soils are like other soils of the Area in having
the highest content of silt and clay in the surface layer
and decreasing amounts in layers deeper in the profile.
Their reaction is also characteristic. The surface soil is
extremely acid, but the subsoil and substratum are only
strongly acid. :

Three units of the Leal series are shown on the map of

- this Area. They are Leal sandy loam (a soil type), Leal
sandy loam, terminal moraine (a soil phase), and Leal
sandy loam and Alluvial land (a soil complex).

Nontechnical profile description of Leal sandy loam on
a convex, east-facing slope of 4 percent:

Litter—

2 inches to 0, mat of undecomposed needles over very dark .

- gray, partly decomposed, acid, organic material.

Surface soil— .

0 to 2 %5 inches, thin but distinet horizon of light-gray
sandy loam; weak granular structure; extremely acid.

Subsoil— . ’

2 Y% to 16 inches, light yellowish-brown to dark yellowish-
brown gravelly sandy loam; weak subangular blocky
structure; soft to friable; strongly acid; many cobbles.

Substratum—

16 to 23 inches 4, pale-yellow to-light olive-brown coarse
sandy loam;. loose and: soft; strongly -acid; many
cobbles. ! )

Technical description of a profile of Leal sandy loam -
under lodgepole pine:

Aw
Ao

2% to 2 inches, massive, undecomposed mat of pine
needles and. other organic debris. -

2 inches to 0, very dark gray (10YR 3/1, dry) to black
(10YR 2/1, moist) partly decomposed organic.mate-
rials; massive; very strongly acid; horizon rests
abruptly on the one below.

0 to-2% inches, light-gray (10YR 7/2, dry) to grayish-
brown (10YR 5/2, moist) sandy loam; weak, very
coarse, platy structure breaking to weak to moderate,
fine, -erumb. structure; soft when dry, very friable
when moist; extremely acid, pH 4.4; lower boundary
clear and wavy. ) ;

21 to 11 inches, light yellowish-brown (10YR 6/4, dry)
to dark yellowish-brown (10YR 5/4, moist) gravelly
sandy loam; weak to moderate, fine, subangular
blocky structure; soft when dry, very friable’ when
moist; strongly acid, pH 5.1; lower boundary gradual
‘and smooth. ) L

11 to 16 inches, light yeliowish-brown (2.5Y 6/4, dry) to
olive-brown (2.5Y 4/4, moist) gravelly. sandy loam;
very weak, medium, subangular blocky structure;-
soft when dry, very friable when moist; strongly
-acid, pH 5.3; medium-sized, distinct yellowish-brown

~ (I0YR 5/4) mottles are common; lower -boundary

) gradual and smooth. o

16 to 23 inches, pale-yellow (2.5Y 7/3, dry) to light olive-

. brown (2.5Y 5/3, moist) gravelly coarse sandy loam;

! gnissive; soft-when dry, very friable when moist; pH

C
Boir

B

(o]

Range in characteristics—Leal soils vary widely, pri-
marily because of sliding and mixing of material during
and following the ‘time ‘it was deposited by glaciers.
Trregularly -and unpredictably, concentrations of: ve:
coarse material alternate with finer sand and silt.
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“The soils normally have a layer of litter 2 to 4 inches
thick.  Beneath this 1s a thin, gray, mineral surface layer.
Commonly this gray layer is 2 to 4 inches thick, but in
many places it is broken and discontinuous, and in some

_ places ‘it is absent or nearly so. The yellowish-brown
subsoil likewise varies a great deal in thickness within
short ‘distances. The range is from 5 or 6 inches up to as
much as 15 or 20 inches. At elévations above 10,500 feet,
the subsoil,. or B horizon, has developed color and iron
accumulation “approaching those of the corresponding
layer in the Darling soils. : :

Leal soils are consistent in the respect that their con-
tent of silt and clay is greatest in the surface soil and
decreases with depth. “Likewise, the Leal soils are con-
sistently . coarse textured, contain large quantities of
cobbles, and have been mixed through overturning of’
trees.

Topography —Leal soils have slopes ranging from 5
t0 60 percent, but slopes of 10:-to 20 percent are the most
common. The soils formed in glacial deposits, which were

left as lateral moraines on the sides of mountains, or
which were spread over the general landscape at lower
elevations and buried the original topography. The re-
lief is very irregular—small mounds, ridges, and kettles,
or depressions, are numerous and without consistent pat-
tern of any kind. Rarely do the kettles contain water.

Drainage ond permeability —Leal soils are well drained
to somewhat excessively drained. They lack restricting
lenses of fine material and, consequently, percolation of
water is moderately rapid to rapid. Practically no runoff
oceurs. :

Vegetation—In most places Leal soils have a cover
of virgin, overmature spruce and subalpine fir at higher
elevations, and lodgepole pine at lower elevations. . The

round cover is a dense to open stand of vaccinium, with
%esser amounts of other shrubs. The ground cover of moss
common on Darling soils, for the most part, is absent
from Leal soils.

Distribution—Leal soils are distributed throughout the
glaciated parts of the St. Louis Creek watershed.
Characteristically, they are on lower parts of the local
landscapes. Leal soils are widely distributed throughout
the Rocky Mountains at elevations above 8,000 feet.

Type location—The type location for the Leal soils is

in the main St. Louis Creek watershed, a short distance *
upstream from the Fraser Experimental Station head-

uarters (center. of sec. 9, T. 2 S., R 76 W., Grand
%ounty, Colo.). :

Series established —These soils were first recognized in
1955. .

Remarks—As mapped in this Area, an estimated 2 to
10 percent of the acreage of Leal soils consists of cobble-
stones protruding to the surface. The Leal soils contain
no important areas of Lunch peat, as is common in the
Darling soils. There are many kettles, few of which
contain water. ) :

In two small areas the Leal soils formed in somewhat
older till that contains a high percentage of rhyolitic
rock. One of these areas lies along the ridgetop west of
the main lower weir on Fool Creek; the other is on a
ridge east of King Creek. The soils in these two places
appear to have a more developed subsoil. Apparently the
rhyolitic rock in these areas weathers-more rapidly than
the other rocks. :
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Leal sandy loam (Lo).—This soil has a profile like that
described as typical of the series. The inclusions of rock
or other kinds of soil are as described for the series.

Use and suitability~—At lower elevations, this soil has
been logged and thecover now is a young stand of lodge-
pole pine. ‘At higher elevations it supports virgin stands
of spruce, alpine fir, lodgepole pine, and a few aspens.
Lodgepole pine and spruce probably will remain domi-
nant in the overstory. Where stands have been opened,
sedges and -herbaceous plants come in only as a thin
cover, generally not in quantities sufficient for grazing.

Leal sandy loam has an important effect on storage of
water and regulation of streamflow. The loose porous de-
posits are ideal for absorbing and storing water. Surface
runoff and erosion have never been observed under a -
natural cover of trees. No streams originate within areas
of Leal sandy loam. Springs and seeps are rare except
at the base of the slopes. Because the deposits in which
this soil formed were plastered against the valley sides,
often as high as several hundred feet above the valley
floors, they act as a barrier against rapid runoff from the
higher mountain slopes. Water passes through Leal soil,

“not over it.

Leal sandy loam has no special features that make it
a more favorable habitat for wildlife than the adjacent
Darling and Bobtail soils. Generally, it is not topo-
graphically suitable for campgrounds or other concen-
trated recreational uses. The open, porous soil, however,
has excellent internal drainage and contains a high per-
centage of coarse rock and cobbles that would resist
deterioration under use. o .

Leal sandy leam, terminal moraine (tb)—In this
mapping unit is Leal sandy loam that developed on termi-
nal moraines left by glaciers as they advanced down the
valley and then retreated. These moraine areas are shown
separately. on the map because of their landform and
their significance in managing water. 'In many places.
they form dams across the main valley, and in places the

.present channels drop precipitously on their lower sides.

The profile of this soil is like that described for the Leal
series. i

In some places channels have eaten far down into the
moraine, but in others this erosion is less extensive. The
valley above-a moraine usually is gently sloping for some
distance, but below the moraine it is-commonly narrow
and steep. Two major terminal moraines are on main St.
Louis Creek, and in both places the present channel has
bypassed along one side of the moraine. . :

Teal sandy loam, terminal moraine, is for the most part
covered with dense stands of spruce and fir. It appears
that yields of timber would be high. )

Leal sandy loam and Alluvial land (Lc)—This map-
ping unit consists of Leal sandy loam and alluvial soils
that were not separated on the map. These soils occur
along main St. Louis Creek and its tributaries on the west
side of the basin. The parent material is & mixture of
glacial till, glacial outwash, and recent valley fill.. The
topography 1s extremely irregular; slopes commonly
range from 3 to 10 percent. Steep places in the valley
floor are in many places preceded and followed by more
nearly level areas upstream and .downstream.

The' soil profile varies, but commonly there is 3 to 4
inches of litter over the gray, coarse sandy loam surface
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soil. The subsoil and substratum locally arve extremely
iable, depending upon the kind of parent material.

The water table is near the surface in many places.
Tnternal drainage is good to somewhat excessive because
of the coarse, sandy and rocky materials. Dry spots oe-
cur locally on the higher arveas of the glacial till deposits.
There is no surface erosion, Some Joeal ecutting occurs
along streambanks, but this is not serious.

Use and suitability—These soils are covered with a
virgin stand of spruece-fir and an oeceasional lodgepole
pine. The wndersiory is a dense growth of vacemium.
Observations indieate that the annual yield of timber on
these soils might exeeed the yield on Darling soils by
2,000 to 6.000 board feet per acre.

These soils ave critical in management of water in the
basins where they ocenr. The large quantity of boulders,
together with the open porous nature of the soil material,
reduces channel erosion aud provides for ready scepage
through underlying layers. Vegetation on streambanks
plavs a major role in retaining stability of the present
channels. Any operation that would seriously interfe
with protection of streambanks shonld be considered care-
fully before it is begun.

Lunch series

Tameh peats consist of highly organic materials over-
lying mixed mineral materials. They developed in bogs
and poorly drained areas. In the Fraser Alpine Arvea,
they are nearly always associated with Darling soils and
rarely oceur in areas of Bobtail or Leal soils, The Lamch
peats in this Area ave shown as one unit on the map, and
only the larger areas could be shown, Many small areas
of Lameh peats are inclnded with the Darling soils.

The Lunch peats ave in bogs that owe their origin fo
seeps and springs, which emerge on steep mountain
slopes, frequently at higher elevations of the Darling
soils. Waters move down the slope, hoth above and be-
neath the surface of the areas of Darling soils, and thus
produces long, narrow areas of Lunch peats. i

Lunch peats have 1 or 2 feet of raw peat consisting of
a mixture of wood, roots, willow leaves, pine needles, and
the decomposed remains of sedges and some suceulent
weeds (see fig. 11, &, /7). Under this organic material
are subsurface layers consisting of mineral materials
silt and elay with a high proportion of gravel and stones.
These mineral soil layers ave strongly mottled with many
colors ranging from browns to grays and blues.

The following deseribes a typieal profile of Lumeh
peat :

0 to 24 inches, luyer of black, raw peal composed of
a mixture of wood, lenves, and needles, plus de-
caying parts of weeds and sedge: layer is satu-
rated most of the year and contains some stones.

24 inches +, layers and mixtures of dense sili and
clay with some stone and gravel; bluish, highly
mottled, and always wet; much water moves at
the interface on this layer and the overlying
peat.

Because of steep slopes and the stony underlying ma-
terial, there are many variations in Lunch peats as they
are mapped in this Aven. The surface layer is never of
constant thickness, even locally, It ranges from a few
inches to as much as 3 feet thick. It is thickest where it
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developed on rvelatively level benches perched on the
mountainsides. It is thinnest where it ocenrs in the
narrow stream channels that extend down the steep
slopes. The material in the surface layer varvies a great
deal, depending on whether the peat formed in one of the
larger bogs where sedges predominate, or in a small bog
surrounded by spruce and alpine fiv, The layers of blue
clay and silt vary in thickness and in location in the pro-
file. In some places these lavers ave absent, and in others
they are only poorly developed. Stones in Lunch peats
are of all s and degrees of hardness. Becanse of the
steep slopes, considerable mixing of material has oc-
curred. As a resull, there ave stones in the peaty surface
layer, though they ave more common in the mineral sub-
surface layer.

Lumch peats arve acid. The average pll for six profiles
was 5.52 for the surface layer, 5.56 for the second layer,
and 5.3 tor the thivd.

Lunch peat (Ld)—The profile of ‘his mapping unit is
that deseribed as typical of Lunch peat. The variations
in the profile ave as deseribed in the series.

Lunch peat iz valuable mainly for its effect on yield of
water. It ¢ as sponge that abserbs waler emerging
from springs and seeps. Thus, it reduces the velocity of
flow down the steep slopes. Without the restraining in-
fluence of Lunch peat, drainage channels no doubt would
be much morve deeply entrenched in many places.

Spruoce grows very well adjacent to this peat, and
within the smaller areas, no doubt because water is abun-
dant. The trees, however, do not grow in the larger areas.

Deer and elk frequently use these areas lor hrowse and
water. Blue grouse favor some of them, possibly because
ol the water.

Lunch peat is in such small arveas it can be managed
only with the adjacent Darling or Bobtail soils. It pre-
sents special problems in location, construction, and
maintenance of trails and lorest roads,

7

Mine series

Soils of the Mine series arve timbered Regosols that de-
veloped on deep, cobbly glacial outwash material. In this
. hey ave represented by one mapping unif, Taber-
nash loam and Mine gravelly Toam.

In the Fraser Alpine Avea, along St. Louis Creek, the
alacial outwash in which these soils formed was deposited
on old flood plains that now occupy well-drained terraces.
Tn the northern end of the experimental forest, however,
the deposits spread ont ag an outwash plain that covers
an appreciable part of the Fraser Valley in this vieinity.
On this plain, there arve several levels of terraces.

A lavge proportion of the ontwash consists of well-
rounded cobbles, some of them very large, but the ma-
jority, 2 fo 12 inches in diameter, Stratification and
crose-hedding are common. The thickness of the outwash
deposit s not known, but in places the present channel
las entrenched itself ag much ag 20 feet in the original
deposit.

These soils arve without strong prolile development.
They have a litter of needles over a surface soil ranging
from 3 to 8 inches in thickness. They have no B horizon.
A large part of the substratum is cobbles. The quantity
of sill and elay is greatest in the surface =oil and tends
to decrease with inereasing depth.
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~ Profile description of Mine gravelly loam under a re-
- growth of lodgepole pine on a glacial outwash terrace with
a slope of 3 percent: s
Litter— BRI . i :
. 1.inchte 0, thin layer of needles and twigs resting on very
dark gray partially decomposed organic material.
Surface soil— : ;
0 to 6 inches, grayish-brown, granular, soft loam; strongly
: acid to medium acid; considerable stone. .
Substratum— . ‘
6 to 20 inches +, light yellowish-brown gravelly sandy.loam
containing cobbles; strongly acid to medium acid.
The following is 4 technical description of Mine gravelly
loam under a forest of lodgepole pine: -~
Ao 1inch to 0, very dark gray (10YR 3/1, dry) to black (10YR
2/1, moist) partially decomposed organic material;
thin cover of last year’s needles on this horizon; abrupt
transition to horizon below. L
0 to 3 inches, dark grayish-brown (10YR 4/2, dry) to very
dark brown (10YR.2/2, moist) gravelly loam; mod-

A

erate, medium and fine, erumb structure; soft when

dry, very friable when moist; slightly acid, pH 6.1;
horizon contains many plant roots; lower boundary
gradual and wavy.

3 to 6 inches, grayish-brown (10YR 5/2, dry) to very dark
grayish-brown (10YR 3/2, moist) gravelly loam; very
weak, medium subangular blocky structure breaking
to weak to moderate, fine, granular slightly hard when
dry; very friable when moist; medium acid, pH 5.8;
lower boundary gradual and wavy.

6 to 13 inches, light yellowish-brown (2.5Y 6/3, dry) . to
light olive-brown (2.5Y 5/4, moist). gravelly sandy
‘loam; very weak, -coarse and medium, subangular
blocky structure; soft when dry, very friable when
moist; medium acid, pH 5.9; lower boundary gradual
and wavy.

13 to 20 inches. +, light yellowish-brown (2.5Y 6/3, dry)
to light olive-brown (2.5Y .5/4, moist) gravelly sandy
loam; massive; loose when dry, very friable when
moist; medium acid; pH 5.8.

As

ey
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Range in characteristics—Mine soils vary mainly be-
cause the glacial outwash was stratified when it was de-
posited.. The quantity of stones on the surface varies

“from place to place. There are a few finer textured layers
below the surface soil, which -appear to result from
stratification. - Nevertheless, in some deposits on older
and higher terraces, faint subsoil development may be
under- way. The color and texture seem to indicate de-
velopment of subsoil, but these likewise may result from
original stratification. The pH ranges from 5.0 to 6.0,

without important differences from one horizon to the -

next, : : ;
Topography—Mine soils developed on a relatively
smooth outwash plain consisting of cobbly and gravelly
lacial material. Originally, they were deposits on old
flood plains; now, they are in well-drained positions at
several levels. -Slopes do not exceed 5 percent on the
terraces, but on the faces between terraces the slopes are
considerably steeper. o :
Drainage and - permeability—Mine soils - are well
drained; they are moderately: permeable to moderately
rapidly permeable in all horizons.
Vegetation—Practically all areas were logged, and
some areas burned, in the early part of the century. They
now support a young stand of lodgepole pine. The under-
story in most places is a sparse growth of vaccinium,
~ ‘buffaloberry, and other herbaceous plants. Weeds and
"_some grasses grow in openings within the young stands
of pine. -
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Distribution~Mine soils occur only in the extreme
northern edge of the Area. Undoubtedly, they occupy a
much larger acreage outside the surveyed area.
~Type - location~—The type location is about a tenth of
a mile north and 80° east of the Fraser Experimental
Forest headquarters, or the NE14NE14 sec. 4 T, 2 S,
R. 76 W., Grand County, Colo.
Series established.—This series was established in 1955.
Remarks—In this Area, Mine soils were mapped only
with thie Tabernash.” About 80 percent of the mapping
unit consists of Mine soils, and 20 percent of Tabernash.
- Tabernash loam and Mine gravelly loam (Ta).—About
20 percent. ' of this mapping unit consists of Tabernash
- loam, and 80 percent, of Mine gravelly loam. The profiles
of these soils are described under the names of the respec-
tive series.
Use and suitability—The two soils of this mapping
unit are somewhat different in the suitability for use.
The Tabernash soil is not extensive. It occurs ionly in
the area north of the last major turn of St. Louis Creek
around the moraine that is near the Fraser Experimental
Forest headquarters. The most intensive practical use of
this soil seems to be for lodgepole pine.- If water were
available, and there were need for short-season pasture,
the Tabernash soil would be the most suitable soil in the
Area for such use. It is level, smooth, and not subject to
erosion.. Because . of the fine-textured surface soil and
restricted internal drainage, the Tabernash soil would
not be particularly suitable for development of camp-
_grounds or other recreational uses. It is not especially
valuable as a source of water, in comparison with the
Leal and Darling soils. ' ‘
Mine 'soil occurs in rather narrow strips on stream
terraces, - below the Bobtail, Darling, or Leal soils.
Normally, it is used with other more extensive soils. Mine
soil is suitable mainly for lodgepole pine. It produces
little forage because it is droughty. This soil is excellent
as locations for campgrounds and other recreational uses.
‘It is highly porous, so it does not remain muddy long
after storms, and the cobbles prevent rapid deterioration
of campgrounds under excessive use.

Nystrom series

Nystrom peats.are organic soils occurring in alpine
landscapes where water is ponded. They are represented
in this-Area by one mapping unit, Nystrom peat.

In ‘this Area, Nystrom peats are usually associated
with the Vasquez soils or are just within the topmost
extension of the spruce forest zone. In many places they
are near alpine lakes. : .

Nystrom peats developed mainly from sedges, but in
places they contain an abundance of woody materials
from willows. The peat depdsits are shallow or thick,
depending on location. The mineral material below the
peat is always saturated and highly mottled. The profile
Jacks uniformity. o

The following describes a profile as it occurs under-
sedges, tufted hairgrass, and willows in a cirque basin:

Surface layer— )
0 to 14 inches, very dark gray, fibrous peat; plant remains

clearly visible; extremely acid; some small inclusions
of mineral soil material.
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14 to 84 inches +, layers of soil material, some of them
showing strong, pale-brown to yellowish-brown mottles;
very strongly acid; roots in all layers; saturated. °

The following is a technical description of Nystrom péét‘

1. 0to3 mches, very dark gray (10YR 3/1, dry)-to black
(10YR 2/1, moist) fibrous peat from grass. and sedge;
outlines of individual plant remains are clearly visible;
extremely acid, pH 4.3; lower boundary gradual and
smooth.

2. 3 to 14 inches, very dark gray (10YR 3/1 5, dry) to black
(10YR 2/1 moist) fibrous peat from grass and sedge;
outlines of individual plant remains are elearly visible;
verv strongly acid, pH 4.5; lower boundarv clear and

14 to 17 1nches, light brownish-gray (IOYR 6/2, dry) to
dark grayish-brown (10YR 4/2, moist) gravelly fine
sandy loam; weak, coarse, granular structure; slightly
hard when dry very friable when moist; very strongly
acid, pH 4.6; lower boundary clear and wavy.

17 to 23 mchcs, very pale brown (10YR,7/4, dry) to
yellowish-brown (10YR 5/4, moist) gmvelly sandy
clay loam; very weak, medium, subangular ‘blocky
structure; "hard when dryy friable when ‘moist; very
strongly amd pH 4.7; medium-sized, distinet dark
yellowish-| brown (lOYR 3.5/4 to 5/6) mottles. and
stains are common; lower boundarv clear and wavy.

D

D,

D;
vellowish-brown (10YR 5/4, moist) gravelly loam;
massive; slightly hard when dry, very friable when
moist; very strongly acid, pH 4.9; lower boundary
clear and smooth.

29 to 34 inches, very pale brown: (10YR 7/5, dry) to
yellowish-brown (10YR 5/5, moist) -gravelly sandy
loam; massive; slightly hard when dry, very fnable
when moist; very strongly acid, pH 4.9:

Fange in characteristics—Nystrom soils vary a great;

Dy

deal in thickness of the peat layer. The mineral soil’

material beneath the peat is stratified because it was
deposited by water. It varies widely because there has
been mass movement of saturated material, and becanse
of freezing and thawing. The variation in the mineral
layers is particularly evident in cirque basins.

Bodies of water too small to map as lakes are present.

Where freezing and thawing are now active, some of the

areas do not have peat at the surface. Instead there is
mineral material, chiefly gravel and silt.
The content of stones is large and variable; as in most

alpine soils. Some areas are belng destroyed by wind

erosion. In others, such as those on Vasquez Ridge, sheep

“have cut trails that have allowed drainage and Jowering

of the water table. Peats deteriorate rapidly when they'

are drained.

Topography.—Nystrom peats occupy basms, most. of
which are small and of mixed microrelief.  Frost boils
and rock polygons are present in places.
mocks of peat occur where there has been frost heaving.
Many areas are behind steep-sided, low ridges of peat
that parallel slopes. Small bodies of water are behind
these ridges in many areas. In some places. there is a

series of these low ridges, one above the other, on the:

mountainside. Behind the ridges are these peat Soils and
some small lakes. The ridges may have been formed by
pressure of ice created when water behind the ndges‘
froze. )

Vegetation—Nystrom soils are densely covered with .
sedges, herbaceous plants, and in many plawes, dense
growths of alpine willows.

Distribution.—Nystrom peats occur throughout the
alpine area, and as small areas in most depressions where
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--ular” areas.

23 to 29 inches, very pale brown (10YR 7/3, _dry) .to-

Small hum-

No. 20 ,
‘surface” deers accumulate Probably ‘these - sm]s are
widely . distributed = throughout the alpme areas ef
Colorado and Wyoming. i

Type location—The type Tocation 1s apprommately 1
mile east of Jones Pass along the Jones Pass road. The
approximate location is NW14NWij,: sec."22, T 3,8, R
76 W., Clear Creek County, Colo.

‘Series established—This series was estabhshed in 1955,

- Nystrom peat (Na} ~Most of this'soil is in small;irteg-
The profile is like that described for the
Nystrom series. As mapped, it includes small areas of
the ‘Vasquez and the Ptarmigan soils. The. action of
permafrost is more evident in this seil- than in any:of
the -others on . the alpine landscape of the- Colorado
Rockies.

Use -and. suitability—The primary uses of Nystrom
peat are for storage of water and for forage. The two.
uses conflict. Some areas have been overgrazed and have
lost. their value for storage of water and for production
of forage of the bog type. Grazing should be carefully
managed to insure that willows and sedges are not dam--
-aged.or destroyed, and to promote thelr recovery Where

‘damage has occurred. :

It is: not known that artificial restoration of vegeta—
tion is justified on the basis of the amount of water that
would be gained. If restoration can be-justified, a number
of bogs should receive attention. -

‘Where the layer.of peat is thick and ‘there is no stand-
ing water, this soil mnay contain permafrost. Where water
is flowing through or over the soil, permafrost is rarely
‘found.. The permafrost contrlbutes to water yleld when
it melts in summer.

Nystrom peat has cons1derable valué as a summer
habitat for deer and elk. Beaver have been seen in willow
fields, but the high elevation, with long cold winters and
the deep freezing of impounded water, makes survival.of
beaver precarious. This soil is most valuable for. 1ts‘
“ability to store water. :

Ptarmigan series

“The- Ptanmtran soils “are members of the Alpine
Meadowgroup.® They developed in material weathered .
~from gneiss.and schist, under herbaceous cover; in steeply
sloplng well-drained - areas - above timberline. Because
they are in exposed positions on-higher lying ridgetops,
these-soils are subject to wind and water erosion Where
the protecting mat of vegetation is broken. :

¢ Ptarmigan soils have a dark-gray or black: lom surface
soil ‘that has a high content of organic matter :and:is
thickly matted with roots. (Jommonly, this layer is 5 to 7
inches thick and of distinctive appearance (fig.12). The
subsoil is yellowish-brown to dark yellowish- brown, loose;
gravelly loam of weak subangular blocky: structure. ‘The
proportion of stone, coarse gravel, and sand is high in
this layer. Relatively few roots grow in.the subsoil, in
comparison with the number in the surface’soil. The
substratum:is light yellowish-brown,- gravelly, coarse
sandy:loam, which is very loose and open and contains a
large proportion of rock.

- Mhese soils differ somewhat from the more typmal Alpine Mea-
dow soils, however, in that. they have developed under: cond.rtlons s
of good drainage. The name “Alpine Turf soils” has been . pro-:
posed for ' these - well-drained members of the Alpine Meadow
group- (7). i :
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Profile and landscape of Vasquez soil

Figure 12.—Profiles and landseapes of three important soils of the Fraser Alpine Area: AR,
Ptarmigan; CD, Nystrom; and EF, Vasquez.
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Ptarmigan soils are. normally- acid in the surface soil
and throughout the rest of the profile. The content of
silt and clay is highest in the surface soil and decreases
with depth.. Permafrost, or ground ice, occurs in the
substratum in many places: i :

The following ‘describes a. profile of Ptarmigan loam,

under virgin sod, neara ridgetop, on a slope of 8 percent

Surface soil— -

07to 6 inches, very dark gray to black loam ; medium granu-
lar strueture;. friable; medium acid; most  obvious
features of layer are dark color, high content of or-
ganic matter, and dense mat of roots.

Subsoil— - )

6 to 23 inches, yelowish-brown -or light yellowish-brown
coarse  sandy - loam; weak, fine," subangular - blocky
structure; soft and friable; strongly acid; very porous;
content of gravel and rock is high.

Substratum— ‘ .

23 inches 4, fractured and slightly weathered gneiss and

schist rocks.

Following is a’ technical description of a profile of
Ptarmigan loam under grass vegetation:

Ay Oto
. to black (10YR 2/1, moist) loam; moderate to strong,
fine and medium, crumb structure; soft when dry,
very friable when moist; medium acid,” pH 6.0;
layer thickly matted with grass and sedge roots;
lower boundary elear and smooth. ’

1% to 6°inches, very dark gray (10YR 3/1, dry) to black
or very dark brown (IOYR 2/1.5, moist) loam;
moderate to strong, medium and coarse crumb and
granular structure; soft when dry, very friable when
moist; medium acid, pH 5.8; horizon thickly matted
with grass roots; lower boundary clear and wavy.

6 to 10 inches, yellowish-brown (10YR 5.5/4, dry) to

Al?.

B,

loam; moderate to strong, fine and very fine, sub-

angular- blocky structure breaking to fine and -

medium granular; soft when dry, very friable when
moist; medium acid, pH 5.6; horizon contains a very
- few, 'very thin, patchy clay films on both horizontal
and vertical faces of peds; lower boundary clear and

wavy. .
Byie 10 to 23 inches, light yellowish-brown and yellowish-
brown (10YR 6/4 and 5/4, dry) to yellowish-brown
. (10YR 5/4, moist) gravelly sandy clay loam; moder-
ate to strong, very fine, subangular blocky structure;

slightly hard when dry, friable when moist; strongly .

acid, pH ' 5.4; horizon contains a few, thin, patchy
clay films on both horizontal and vertical faces of
: peds; lower'boundary gradual and smooth.
C 23 to 35 inches +, fractured and weakly weathered
. gneiss and schist rocks; pH 5.5. g S
Range in characteristics—A uniform, persistent feature .
of the Ptarmigan soils is their black, highly organic sur:
face soil. Another feature is the tendency of silt and clay
to decrease with depth in the soil. The horizons in.the
subsoil vary considerably in.thickness and content of
rock. A high content of gravel is characteristic:of these
soils, but in some places the proportion of rock and gravel
is appreciably greater than in others. = .- .
On steep, south-facing slopes the Ptarmigan soils are
somewhat shallower than on the less strong north-facing"
slopes, and the surface soil contains less organic matter.
The gravel and stones in the B horizon are coated on
their under side with a black layer of organic matter.
The black coating was derived from decaying roots,
which in many places are matted on the under side of
© {ho stones. :
Topography—TIn this Area Ptarmigan soils are on the
very top of those mountains that reach above timberline;

1% inches, very dark gray (10YR 3/1, moist or dry) -

dark yellowish-brown '(10YR 4.5/4, moist) gravelly -
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therefore, they have exposures.to all points of the cor
pass. Slopes range from nearly level up to 70 and !
percent, or in a few places are much steeper. On tl
steeper slopes the soils are held only by the dense, toug
sod.: Slides and other complex microrelief are commo
The slides range from small to large, but in only a fe
places are they more than 8 or 4 feet thick. Their for:

1indicates that they move only during periods of satur:

tion. - The moving ‘material overrides and buries soil
so there are buried profiles in places.

- Drainage ~and - permeability—These soils are we
drained to somewhat excessively drained. The layer ¢
the surface restricts movement of water the most. Sinc
this layer is of coarse texture in most places, Ptarmiga
soils are moderately permeable to rapidly permeable t
water. The very coarse textures beneath the immediat
surface layer in many places account for these soils bein
droughty in summer.

Vegetation—Short-growing sedges and many kinds o
weeds tolerant of alpine climate are dominant. Grasse
are present, but in considerably lesser amounts than othe
plants. Willows growing on these jsoils are rarely mor
than 2 inches high. Where the vegetation is healthy, i
forms a dense sward of immense value in preventing o
reducing wind and water erosion on this high landscape

Distribution—Ptarmigan soils are widely distributec
in all well-drained places throughout the Area.

"~ Type location=—The type location is near the south
western corner of sec. 2, T. 3,8, R. 77, W.; Grand County
Colo, The elevation at this point is approximately 12,40(
feet. The sampling area is west and slightly north of St
Louis Lake. . )

~Series established—The Ptarmigan series was estab-
lished in'1955. - :

Ptarmigan loam (Po).—This is one of the five mapping
units in the Ptarmigan series  mapped in the Fraser
Alpine Area. Since the other four are soil phases sep-
arated on-the basis of degree of plant cover, statements
about this mapping unit generally apply to the other
four. ' The essential differences are explained in the
descriptions of the other units:

As mapped; this soil and the other Ptarmigan soils
include perhaps 5 percent of Vasquez soils, which occur
in sueh small areas they cannot be shown separately on
a map ‘of the scale used. Rock and stone make up.an

-"additional 5 percent, though in some. localities the per-

centage of the surface occupied by exposed stone is much
higher. A few rock slides and areas of solid rock outcro

are included  with this and ‘the other Ptarmigan soils
because of their small size and the complex pattern in

~which they occur.

Ptarmigan loam, like the. other Ptarmigan soils
mapped, is used. for:grazing of sheep. In some places,

* oyergrazing has' resulted ‘in serious deterioration. Re-

peated trailing over the samé driveways likewise has

produced unstable soil conditions in some places.

Elk graze frequently at the higher elevations but are
more often seen in basins where Vasquez soils predomi-
nate.. Deer are rarely seen on this or the other Ptarmigan
soils, but these soils are the favorite habitat of the high
alpine grouse, or ptarmigan. - These birds appear to
thrive and are present in considerable numbers in. cer-
tain localities, such as on Vasquez Ridge. Other game
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birds have never been observed on the Ptarmigan soils.
Mountain sheep have used the high- ridgetops in the
vicinity of Jones Pass; but if they are present now, their
numbers are not known. L

Use and- suitability—Ptarmigan loam is valuable in
terms of water yield. The porous, open profile permits
rapid -infiltration wherever there is a protective cover of
dense turf. Many seeps and springs emerge at lower
elevations, especially in the general vicinity of timber-
line. In exposed positions, winter winds sweep much of
the snow away, but in more protected places snow ac-
cumulates to a depth of several feet and melts in spring
and- early in summer. This soil, as-well as the other
Ptarmigan soils mapped, is known to contain perma-
frost, the surface of which melts late in-summer and
contributes to the supply of ground water. The distribu-

tion and general characteristics of this permafrost are

relatively little known.

Ptarmigan loam, like the other Ptarmigan soils
mapped, is of- considerable importance as a source of
forage for grazing, as catchment areas for water, and as
recreational sites of unsurpassed scenic beauty. The three
purposes are best served by maintaining a cover of herba-
ceous ‘plants adequate to prevent deterioration and ero-
sion, Once the top 6-inches is lost, these areas are barren
-fields of coarse gravel and rock. It is currently impracti-
cal, and in most places impossible, to revegetate deterior-
ated areas at this elevation. Therefore, the only practical
management’ is to -control practices that would destroy
the present cover.

Ptarmigan loam, slightly bare (Pb).—This is an exten-
sive soil in the alpine areas. It is like Ptarmigan loam,
already described, but differs in that 10 to 25 percent
of its total acreage has a surface bare of vegetation. The
individual bare areas are normally small and isolated;
that is, not touching one another.  The bare areas nor-
mally have more gravel and stone than those nearby, and
this 1s evidence that erosion is taking place.

Use and switability—This soil is used along with adja-
cent areas for grazing. The estimated yield of herbage is
only slightly below that on Ptarmigan loam. It is im-
-portant that grazing be managed to permit recovery of
vegetation on the bare areas. ;

tarmigan loam, moderately bare (Pc).—This is an
extensive soil with the characteristics of Ptarmigan loam.
It differs in having bare areas that total 25 to 50 percent
of the acreage. Normally, the bare areas are larger than
.- those on Ptarmigan loam, slightly bare. The bare areas
also are slightly more elongated up and down slope, and

" this tends to reduce the vegetated areas between the bare-

areas. In many places surface erosion is more severe than
on Ptarmigan loam, slightly bare. This erosion has some-
what reduced the thickness of the surface soil in a few
spots, but considering all of the bare spots, reduction in

thickness of the surface layer is not general or uniform.
o Use and suitability—This soil occurs in an intricate
- pattern with soils used for grazing. Wherever possible,
. grazing should be suspended or reduced temporarily to
- allow natural recovery of the bare spots. This soil is well
i on the way to becoming a major problem in erosion and
v sediment control, and if the trend continues, will per-
“manently lose most of its productivity.

o'such extent that it is a major problem in management

Ptarmigan loam, largely bare (Pd).—This soil is bare’
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(see fig. 12, 4, B). "The separate bare areas have enlarged,
elongated, and grown together to such extent that more
than 50 percent of the acreage is estimated to be no longer
covered with vegetation. Many of the bare places have
lost all of their surface soil and now consist of little other
than gravel and stone. The productivity of the bare areas
has been largely lost and cannot be restored under present
systems of management.

Use and ~suitebility—This is a problem soil in the
alpine region. -Its value for grazing has been greatly re-
duced, and so has water yield. Rapid surface runoff and
accumulation of coarse -gravelly debris on the lower
slopes are problems that appear to be growing more
severe. Since artificial revegetation is impractical, the
only feasible course appears to be to stop use entirely and
allow natural revegetation, which will require a great
number of years. i

Ptarmigan loam-Rock outerop (Pe).—This soil is inti-
mately associated with other Ptarmigan soils. An esti-
mated 50 percent or more of its surface is occupied by
rock and stone. Otherwise, this soil does not differ from
Ptarmigan loam in characteristics or in required use and
management. ‘

Use and suitability—This soil is grazed along with ad-
jacent soils. The stones undoubtedly reduce yields of
herbage in some degree. It was observed, however, that
herbage grew more vigorously in the immediate vicinity
of protruding stones. Probably plants in this position
receive more moisture, as some moisture-runs off the
stones and there is also less evaporation of soil moisture.
In computing carrying capacity for this soil, however,
considerable reduction should be made for the stones.

Rock outcrop

Mapped as one miscellaneous land type are those areas
of rock outcrop large enough to be delineated separately
on the map. ‘

. Rock outerop (Ra).—This is a miscellaneous land type
consisting of great masses of rock, such as those at moun-
tain peaks, and those forming the nearly vertical walls of
cirques. It also includes individual rocks, some of mam-
moth size and others small, that lie on the surface of the
soil-or thrust to the surface through it (see fig. 10, B).

Rock outerop accounts for about, 6,300 acres in the Fraser
Alpine Area. This mapping unit, however, does not in-
clude all the rock and stone, for these océupy a high
proportion of the alpine land. Individual masses of rock
and stone, too small to map separately, probably occupy
an acreage just ‘as large, or larger, than the acreage
mapped as Rock outerop.

Rocks that protrude from a soil undoubtedly tend to
stabilize soil and to retard landslides, soil creep, and soil
erosion. Large masses of rock outcrop, however, are like-

Ty places for the many snowslides that carry down large

quantities of stone that bury the lower lands.

Melting snow and summer rains quickly run from rock
faces. Much of the water, however, is caught in rock
fields, or rock slides, at the base of the steep slopes and,
in most places, does little damage. These slides are
mapped in another miscellaneous land type, called Rock
slides. - ‘ .

Rock outcrop is:almost useless except for the water and
scenery it provides. -Much of the majesty of the alpine
landscape depends on these great masses of rock. The
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rock: faces are re]ati;ve]3§ stable and do not present. the
problems of-erosion encountered in areas of Alpine rim-
land or Alpine wind-eroded land.

Rock slides -

On this miscellaneous land type are the slides men-
tioned in the description of Rock outcrop.

Rock slides (Rb)—This mapping unit consists of accu-
mulations of loose rock ranging from immense single
stones to coarse gravel. The slides take the form of fans
or aprons, depending on how the rocks fall from cliffs or
are carried down in snowslides, in rock glaciers, or in
other ways. Some of the slides appear to be stable; others
are not.The rocks in a stabilized slide normally have dull
surfaces and a cover of lichens. The slides not stabilized
are moved by snowslides or by gravity when a down-
.cutting  channel - undermines their base.  Some of the
slides, especially those near the face of cliffs, are in pre-
carious equilibrium, at the angle of repose or steeper, and
are therefore dangerous to walk across.

Rock slides may be thick or thin. In falling and in
subsequent movement, they override the original surface
soil. Where the rock layer is thin, weeds may . grow up
through the rocks. At timberline, scattered stands of
spruce and alpine fir may grow through openings between
the rocks: Also, rock slides may pass around small areas
of soil and thus leave islands that continue to support -
their original cover. For the most part, however, rock
slides are barren.

Areas-of rock slide are exceptionally good catchment
areas for water. They absorb all the rain or snow that
falls, and there is no runoff or erosion. The waters
emerge downslope as seeps and springs, either at the base
of the slide or farther down. Runoff from heavy rains
or rapidly melting snow is seldom so rapid as on adjacent
lands. The slides absorb the shock of the rapid runoff
that courses down the faces of the solid masses of rock
above. These slides therefore protect’ the less erosion
resistant soils at lower elevations. L

Small mammals and a few birds live on rock slides.
These slides: require no attention whatever from the land
manager.

Tabernash series

The Tabernash are Gray Wooded soils, represented in
this Area by one mapping unit, Tabernash loam -and
Mine gravelly loam. The Tabernash soils developed from
f;lacial outwash deposited along the shores of an extinct
ake along the north side of the survey area. This out-
wash was sorted and reworked, and as a result, there are
fine-textured layers between layers of coarse gravel. The
soils are smooth and nearly level.

Tabernash soils are overlain by a:thin litter of pine
needles. The light-gray or light-brown surface soil is of
loam or silt loam texture and is rarely more than 6 or 7
inches. thick.. The clay or clay loam subsoil is in most
places easily identified by its ﬁloeky to prismatic struc-
ture and its distinet color. The substratum is a mixture
of gravel and cobbles with sand, silt, and clay. Enough
of the fine material is present to make the substratum
hard when dry. . :

It is questionable that the subsoil, though distinctive in
color ‘and structure, indicates the ultimate soil develop-
ment in this Area. Rather, it appears more likely that the.
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fine-textured layers were deposited along the ancient lake-
shore, and ‘that they have since been altered to some de-
gree by the processes of soil development. ’

The following ‘describes a profile of Tabernash loan
under a regrowth of lodgepole piné, on an east-facing
slope of 4 percent, and-over lakeshore deposits:

Litter— : .
1 inch to 0, thin mat of undecomposed to partially decom-
" posed pine needles. .
Surfgee soil— -+

0 to 6 inches, brown loam; weak platy and granular struc

ture ; friable to soft; medium acid.
Subsoil— .

6 to 27 inches, brown to dark-brown clay loam; -blocky
structure; very hard when dry; medium acid to slightly
aecid.

Substratum—

27 to 36 inches 4, brown, gravelly or cobbly sandy clay

loam ; hard when dry; medium acid. .

The following is a technical description of a profile of
Tabernash loam under. a forest of lodgepole pine:

A¢—Ago * 1 ineh to 0, gray (10YR 5/1, dry) to black (10YR 2/1,
moist) thin mat of decomposed and partially de-
composed organic. materials; surface one-fourth
inch consists almost entirely of last year’s fall of
pine’ needles; horizon rests abruptly ‘on horizon
below. -

0 to 1) inches, grayish-brown (10YR 5/2, dry) to very
dark grayish-brown (10YR 3/2, moist) loam; weak
to moderate, medium and coarse, crumb structure;
soft when dry; very friable when moist; slightly
acid, pH 6. 2; horizon not of uniform color and con-
tains streaks and mottles of black and dark gray-
ish-brown (10YR 2/1.and 4/2) materials; lower
boundary clear and smooth. :

1% to 5% inches, very pale brown (10YR 7/8, dry) to
brown (10YR 5/3, moist) loam; weak, coarse, platy
structure breaking to weak to moderate, coarse
and medium, crumb structure; soft when dry,
very friable when moist; medium acid, pH 5.9;
lower boundary. gradual and wavy.

5% to 8 inches, pale-brown (10YR 6/3, dry) to brown
(10YR 5/3, moist) clay loam, weak to moderate,

“fine, subangular blocky structure; slightly hard
when dry, friable when moist; medium acid, pH
6.0; thin, nearly continuous clay films;-surfaces of
aggregates coated with light-gray (10YR 7/2) ma-
terials probably from the horizon above; lower
boundary clear and wavy. .

8 to 15 inches, light-brown (7.5YR 6/3, dry) to brown

(7.5YR 4/4, moist) heavy clay loam or light clay;

-moderate to strong; fine subangular blocky struec-.

ture; very hard when dry, firm when moist;
glightly acid, pH 6.1; moderate, continuous clay
films; surfaces of aggregates thinly coated with
light-gray (10YR 7/2) materials; lower boundary
gradual and smooth.

15 t0 23 inches, brown (7.5YR: 5/4, dry) to dark-brown
(7.5YR 4/4, moist) heavy clay loam or light elay;
moderate, coarse, prismatic structure breaking to
strong, medium, angular blocky; very hard when
dry, firm when moist; slightly acid, pH 6.2;
strong, continuous clay films; surfaces of aggre-
gates coated with light-gray (10YR 7/2) materials;
coatings principally on vertical faces; lower bound-
ary gradual and smooth.

23 to 27.inches, brown (7.5YR 5/4, dry) to dark-brown

. (7.5YR 4/4, moist) gravelly clay loam; weak,
coarse and medium, subangular blocky: structure;
hard when dry, friable when moist; medium acid,
pH 5.9; horizon contains thin, patchy films; about
30 percent of horizon, by volume,. is cobbles and

. gravel; lower boundary gradual and smooth.

27 to 36 inches, pale-brown (10YR 6/3, dry) to brown
(10YR: 5/8;.moist) eobbly sandy loam; massive;
hard when dry, firm when moist; about 70 percent

> .
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of horizon, by volume, is cobbles and gravel; hori-
zon appears to be weakly cemented; pH 5.7,
Range in_characteristics—Based on the small acreage
mapped in the Fraser Alpine Area, Tabernash soils are
much as described’in the foregoing profile. Considering
- the source of the parent material and manner of forma-
“tion, however, variations in.texture and in distinctness
of the subsoil can be expected when larger areas are
studied. -In the area studied, the degree of subsoil de-
velopment appears to. decrease syomew%lat at_successively
“lower levels of the old lakeshore deposits. Possibly two
other levels of the old lakeshore exist, in addition to the
one studied in this Area. :
Topography.—Tabernash soils are on relatively. level,
old, lakeshore deposits. They are not dissected by drain-
ageways, and significant differences .in' microrelief. are
restricted to the faces of lake terraces, several of which
occur in the Area. =
Drainage and permeability—Tabernash soils appear to
be well drained, although if excessive moisture were
%resent, drainage might be somewhat more :restricted.
ecause the subseil is fine textured, the permeability of
the Tabernash soils is not greater than moderate.

Vegetation—The present cover is a young growth of
. -lodgepole pine.- All of the original timber was removed

- by logging and fire in the early part of the century. The
open parklike places on these soils may have resulted
froin logging. Although these open areas now support a
. mixed stand of weeds and grasses, it seems certain that
they eventually will be covered by lodgepole pine.

Distribution.—In -this Area, Tabernash soils. cover
limited -acreage, and only in the extreme northern part.
< 'These same soils likely occupy appreciably greater acreage
- along the old lake terraces outside the survey area.

Type location—The Tabernash site location is in the
northernmost part of the Area, approximately 1.8 miles
north. and 30° east of the Fraser Experimental Forest
headquarters; or NE14SE1j sec. 27, T. 1.S., R. 76 W.

Series established—The Tabernash series was estab-
lished in 1955. *

Remarks~—In the Fraser Alpine Area, Tabernash soils
were mapped with the Mine soils as Tabernash loam and
Mine gravelly loam. The mapping unit is deseribed under
the Mine sertes. An estimated 20 percent of this mapping
unit - consists - of Tabernash soil. Some small areas of
Tabernash soil may be included with other soils at lower
levels outside the survey area.

. YVasquez series

Soils of the Vasquez series are in depressed. areas and
basins above timberline (see fig. 12 Z, F).  They belong
to the Alpine Meadow group. These soils are well dis-

- tributed throughout the alpine area but are dominantly
in the large cirque basins and are usually below the
Ptarmigan: seils. . i
Vasquez soils were derived from highly stratified mixed
materials of alluvial-colluvial origin. These materials
_have been-‘washed or have fallen into basins from the
adjacent Ptarmigan soils and Alpine rimland. Depend-
ing on locality, the various lenses or strata in the parent
material range from coarse sand and rock to fine sandy
loam and silt. - These soils are wet or moist most of the
year. - ' : T
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The following ‘describes a profile of Vasquez loam
under willows and tufted hairgrass on a slope of 20
percent : o

Surface soil— : .

0 to 11 inches, grayish-brown to dark-gray clay to fine
sandy loam; weak, coarse, granular structure; soft to
very friable; véry strongly acid.

Substratum— ) . :

11 to 31 inches +, pale brown to very pale brown coarse
‘sandy loam; weak granular structure or structureless;
very strongly acid to. strongly acid; highly stratified;
contains appreciable quantity of large rocks; mottled.

The following is a technical description of Vasquez loam:

Ay 0to 1% inches, dark-gray (L0YR 4/1, dry) to very dark-
brown- (10YR ' 2/2, moist) loam; weak to moderate,
coarse, granular structure; soft when dry, very friable
when moist; pH 4.8; lower boundary clear and
smooth.

1} to 4 inches, gray (10YR 5/1, dry) to very dark grayish-
brown. (10YR 3/2, moist) stony loam; weak, coarse,
granular structure; soft when dry, very friable when
moist; pH 4.6; lower boundary: clear and smooth.

AC ' 4 to 11 inches, grayish-brown (10YR 5/2, dry) to dark
brown (10YR 3/3, moist) stony sandy loam; weak,
fine and medium, subangular blocky structure break-
ing to weak, coarse, granular; slightly hard when dry,
friable when moist; pH 4.8; approximately 15 percent
of -this horizen, by volume, is stone; lower boundary
abrupt and wavy.

.11 to 21 inches, very pale brown (10YR 7/8, dry) to brown
(10YR 5/3, moist) cobbly sandy clay loam; massive;
slightly hard-when' dry, friablé when moist; pH 4.9;
a few medium-sized, distinct, yellowish-brown (10YR
5/6). mottles; approximately 20 percent of horizon,
by volume, is stone; lower boundary gradual and
smooth.

21 to 31 inches -, very pale brown (10YR 7/4, dry) to
light yellowish-brown (10YR 6/4, moist) very fine
sandy loam. in which there are strata and lenses of
coarse sand; massive; slightly hard when dry, very

“friable when moist; pH 5.5; horizon contains a few

medium-sized, distinct, yellowish-brown (10YR. 5/4)

mottles; approximately 50 percent of horizon, by

volume, is rock and stone; at time of sampling,
ground water. was at a depth of 24 inches.

Range in characteristics—Vasquez soils vary consider-
~ably in thickness, color, and texture of their surface soil
because of their mode of origin and their position on the
landscape. The substratum is variable because sediments
were deposited in strata in the basins.

In many places the microrelief of these soils suggests
that slides and local soil creep have overridden some of
the original surface soil.

The cover of vegetation varies a great deal, primarily
because heavy grazing has largely eliminated the once
extensive willow fields.

In some places the loam surface soil contains an ex-
ceptionally large amount of organic matter and tends to
be somewhat peaty. Under destructive grazing, these
highly organic layers tend to become thinner and to dis-
appear. In many areas, the quantity of gravel and coarse
gravel varies widely within short distances.

Mottling and degree of saturation are extremely
variable. There is evidence of frost action in some places.
The soils are extremely acid to strongly acid, but there s
little - difference in the acidity of the different horizons.

Mottling and degree of saturation are extremely
variable. In some places mottling of the solum and sub-
stratum is faint or absent, and in others it is prominent.

Topography.—Vasquez soils are in moist to wet areas
in the alpine landscape. In some places they are in

Agg

C

C,



30

relatively level or basin-shaped areas that have slow sur-
face drainage. In other areas they are adjacent to drain-
ageways within larger acreages of Ptarmigan soils, and
in these places they have. appreciable slope. The micro-
relief of the Vasquez soils is very irregular in somie places
because “of frost action and accumulation of materials
brought down from higher elevations.

 Drainage and permeability—These soils range from
imperfectly drained to moderately well drained. Where
they .are closely associated with Nystrom soils, they tend
to be poorly drained. Permeability of the solum and
underlying material varies according to the nature of the
material in the local layers. The range in permeability
is from slow to moderately rapid, but In most places it is
moderately slow.

Differences in permeability account for the wide range
of mottling in the deeper soil layers but cannot be pre-
dicted by examining the surface soil. In many areas the
deeper layers are kept wet by seepage. Possibly this
seepage comes from permafrost melting beneath the ad-
jacent Ptarmigan soils. Because of their location, Vas-

uez soils are usually saturated during spring runoff, but
‘they contain much less moisture the rest of the year.

Vegetation~—~The normal cover is a dense growth of
shoulder-high willows, coarse sedges, and- tufted hair-
grass, plus many kinds of lesser herbaceous plants. Be-
cause this dense vegetation catches sediments from higher
“areas, it-has been largely. responsible for deposits that in
* many places are 10 feet or more-in depth. In addition
to’ the plants already named, there are many kinds of
weeds, grasses, and herbaceous plants on these soils.

Distribution—Vasquez soils are widely distributed
throughout the alpine:area, but the greater part of the
acreage is at lower elevations than the Ptarmigan soils.
Vasquez soils probably occur throughout the Rocky
Mountains wherever there is restricted drainage above
timberline. ) L

Type location~The type location is in the SWij, -

NW1j sec. 22, T. 3 S.,; R. 76 W., Clear Creek County,_
Colo., on the Jones Pass road, about one-half mile above
timberline. ’ :

Series established.—The Vasquez series was established
in 1955. )

Remarks—Four units of the Vasquez series are shown
on the soil map. An estimated 2 percent of the acreage
of these soils is covered by stones. In some places stones
are concentrated .and cover more than 2 percent of an
area. Included small areas of Ptarmigan soils cover an
estimated 5 percent of the total area. These Ptarmigan
soils always are on slightly elevated, better drained areas,
and nearly always can be distinguished by a different kind
of vegetation. :

Where Vasquez soils are in cirque basins, there may be
included piles of loose stones and raw soil material at
the places where Vasquez soils'join the Alpine rimland.

Where large willow fields have not been damaged by
grazing, there is a coarse, peaty layer composed largely
of willow leaves and twigs. This layer is often 7 .to 10
inches thick, but the areas having it are small and few.

Tncluded with the Vasquez soils are areas of Nystrom
peat that. cover less than 1 percent of the total acreage.

Vasquez loam (Va).—This soil has a profile like that
described for the Vasquez series. It varies in the manner
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described for the Vasquez series, and it includes areas of
other soils as mentioned for the series. g :

This soil, like the other Vasquez soils mapped, is used
entirely for grazing of sheep. Deer occasionally browse
the willow fields, and elk frequent this soil during sum-
mer.,

The vegetation is a luxuriant growth made up of many
kinds of grasses and weeds. Tufted hairgrass is the most
common and most noticeable of the grasses. Yields of
herbage are high on this and other Vasquez soils, but
there 1s  considerable variation from place to place. The
average yield on this soil is estimated to be 2,000 pounds
per- acre. Less than 10 percent of this soil is bare of
vegetation. '

Vasquez-loam is in critical topographic position-so far
as yield of water is concerned. Most of the water that
leaves the alpine land passes over or through this soil
and the other Vasquez soils. Normally, the small -drain-
age -channels work :their tortuous way down slopes
through willow fields and dense growths of sedge. ‘When

‘the ¢over is removed by grazing, the drainage channels

tend to straighten and to become gullies.  The depth of’
the gullies, ‘and -their destructiveness, depends on the
thickness of the soil and the number of boulders present.

The -gullies. induced by grazing lower the water table,
reduce ‘the- original plant: cover, and allow growth of

othér -plants requiring lessmoisture. The result, there-

fore, is decrease in value of the soil for both grazing

and storage of water. i . .

Control of erosion on areas of Vasquez loam that have
deteriorated is mnot practical at present. This soil, like
the ‘other Vasquez soils mapped, is: rocky,-steep, and
irregular; furthermore, the growing season is short. The
only feasible method of rehabilitation appears to be that
of reducing present use and permitting native vegetation
to grow back. :

Vasquez loam, slightly bare {Vb)—This soil is like
Vasquez loam in all respects except extent of plant cover.
From 10 to 25 percent of this soil is bare of vegetation,
as contrasted to 10 percent or less for Vasquez loam.' This
soil is still used for grazing-but it needs management
that will assure recovery. of the vegetation.

Vasquez loam, moderately bare (Vc).—This soil is like
Vasquez loam but covers a larger acreage, of which 25 to
50 percent is bare of vegetation, The bare areas are
larger and more numerous than on Vasquez loam, slightly
bare. s

This soil is on the verge of becoming a severe problem
in management. If the present trend continues, loss of
soil material will-be great and recovery of natural vegéta-
tion will be very difficult. Grazing management will need
to consider carefully these factors in developing manage-
nient plans. ‘In order to obtain vegetative recovery in -
some areas, it may be necessary to provide complete pro-
tection from grazing for several years. Because eleva-
tions are high, vegetation will recover slowly. -

Vasquez loam, largely bare (Vd).—Except for areas
bare-of vegetatior, which account for more than-50.per-.
cent, of the total acreage, this soil is like Vasquez loam.

Many of the bare areas are quite large, and they tend
to become much larger by growing together. Small rills
and ‘gullies are common. In order to obtain vegetative
recovery and to protect the water values of the soil, it



appears necessary . that it be given complete protéction
from ‘grazing until revegetation occurs.

e Genesis and Morphology of Soils

plants, animals, and people. All the factors of environ-
¢ ment act on a kind of rock or parent material and eventu-
* ally produce a kind of soil. The major factors influencing
*formation of soils are (a) climate and (b) living organ-
isms, which act on (c) parent material to form a kind of
. soil over (d) a period of time. Topography, or relief, is
~also a soil-forming factor. In_reality, topography,
. through "aspect and position, modify the local climate;
that 1s, cause more or less water and heat to gather in a
.~ certain area. Thus, on very steep slopes, topography may
% account for formation of shallow, stony soils. Similarly,
. high elevations and high latitudes modify local climate
v and markedly affect soil development. )
i+ . Fundamentally, soils are formed through physical,
* chemical, and biological .action on a kind of rock or
© parent material. The climatic factor supplies heat, and
water, and the’ living plants and organisms contribute
/ -compounds essential to the reaction. Eventually, the soils
we work with are produced by these interacting processes.
A small variation in one of the factors will produce a
different kind of soil. ) )
In the Fraser Alpine Area there are extremes in cli-
mate, topography, elevation, and kinds and numbers of
living organisms. - Consequently, there are great differ-
ences among the soils. This Area is probably representa-
tive of several million acres at higher elevations in the
Rocky Mountains. ‘ )
Parent materiols—A high percentage of the soils in
‘this Area have developed from parent materials derived
from gneiss and schist. The degree of metamorphism
varies from place to place, but probably the greater pro-
. portion of the rock tends to be gneissic. The common
minerals are-quartz, biotite, and feldspars, with lesser
amounts of muscovite and other minerals.
" The rock formations have been fractured by an exten-
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Soils are the product of their environment, just as are,
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sive and- complex system of faults. associated with the
elevation of the mountain mass. Prominent intrusive
dikes are the exception. : .

Advanced weathering of the rocks has not taken place,
because the rocks are hard and the climate is not favorable.
Much weathering appears to have been mechanical rather
than chemical. No doubt, much of the mechanical weather-
ing occurred during the Pleistocene, when local glaciers
were active. N

The soils of this Area are considered to be residual, or
to have developed in place from underlying rocks. This
premise, however, is subject to qualification. Most of ma-
terials have been and still are subject to slope creep.
Slopes are very steep; the steepness has been accentuated
by repeated passage of glaciers. The amount and rate of
slope creep no doubt have varied from time to time. The
movement of material down the steep slopes is evident;
however, in a belt, or apron; that has accumulated at the
base of the slopes and above the present flood plain of
the streams. o
- The original rocks were sufficiently different to provide
wide local variation in parent materials, and slope creep
has mixed these materials. Slope creep partly accounts
for the general lack of uniformity in thickness of soil
horizons in the Darling and Bobtail seils.

“Chemical weathering is slow, partly because of low
temperatures. The rate of weathering can be appraised
?artlg by studying analyses of the ground waters (table

): Samples were collected from flowing springs and Fool
Creek between approximate elevations of 9,600 and 11,200
feet. The data in table 7 show that chemical weathering
is considerably less than that generally occurring in
warmer, more humid areas.

Though chemical weathering is slow, it has been im-

portant in some places. In the bogs mapped as Lunch

peat or Nystrom peat, it has produced appreciable quan-
tities of silt and clay. Furthermore, where pits are dug
in Ptarmigan soils, there is in many places a layer 10 to
20 inches thick above the permafrost that contains stones
so much altered by weathering that they are readily
crushed in the fingers. This layer above the permafrost

TaBLE 7.—Chemical analyses of waters. from springs and the main channel of Fool Creek, Fraser Experimental Forest,

in 19631

Ttem Spring Spring Spring Spring Lower Upper

No. 23 No. 33 No. 41 Iso, 3 weir 2 Wé)ir
Conductivity (ECX108at 25° C.) = ..l . ______ 39.2 43.1 36. 9 42. 2 63. 1 37.0
Soluble sodium percent__ 42 33 33 33 27 38
Boron (B) - - - oo oot e p.p.m- - .02 .01 .01 .02 .02 .02
Sum of eations. . .o c oL meq./1. .48 .46 .42 . 46 .71 . 40
Caleium (Ca) .- - oo lli._ . ~-meq./1__ .14 .17 .15 .15 .35 .15
Magnesium (Mg).. __meq./1-_ .12 12 .10 .14 .15 .08
Sodium (Na)__ ~-meq./1__ .20 .15 .14 .15 .19 .15
Potassium (K) _.meq./1._ .02 .02 .03 .02 .02 .02
Sum of anions___ -_-meq./1__ <. 49 . 49 | .44 .45 .71 .43
Carbonate (Cog) -t meq./1__ .00 .00 .00 : 00 . 00 . 00
Bicarbonate (HCos) -« oo ovmoo ool meq./1__ . 30 .34 . 28 .28 . 55 .28
Sulfate (804) oo oo et mm e meq./1__ 04 .05 06 .07 .06 .05
Chioride (CI) - - oo meq./1_ - 15 .10 10 210 - 10 .10
- Nitrate (NOg) il folisaln meq. /1o || i et e S|

- 1 Analyzed by J. T. HarcHER, MaRY G. KEYBs, and G. W. Ax1N,
U.S. Salinity Laboratory, Rabidoux Unit, Riverside, Calif.

599808—62——3

? Elevation of lower weir in. Fool Creek is 9,600 feet; elevation of
upper weir is 10,500 feet. .
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appears’ to be ‘continuously saturated with seep water
when:it is-not frozen.” Above this ldyer the stones retain
a high degree of hardness. i
Extensive areas of glacial till and alluvium are the
" parent. materials of several soils at lower’elevations in
this Area. All of this till and alluvium was derived from
the gneiss-schist country rock and has essentially the same
mineéral and chemical composition as the rock.

Bottle soils developed from material weathered from
fine-grained sandstone at the lower elevations. These
rocks are very low in minerals other than quartz, and the
Bottle soils are therefore excellent examples of the pod-
zolic process. )

A very small area of volcanic tuff is exposed east of
the Fraser Experimental Forest headquarters. It may be
4 lakeshore deposit that was later covered by glacial till
in most places. Though they were not delineated on the
map, a few soils were found in this vicinity that had a
strongly developed, thick clay B horizon. This clay B
‘horizon attests to the fact that the tuff weathers rapidly.

Westerly winds pick up silt as they pass over the
deserts to the west and constantly deposit it in the Fraser
Alpine Area. These deposits are noticeable only during
winter when they are caught on the snow. The deposits
are always thin, and they vary a: great deal in quantity
from year to year. In many years they are hardly notice-
able. It is not known to what degree this dust influences
soil development, or to what extent it is responsible for
the silt and elay measured in the soil profiles. :

In summary, parent materials play a major role in
determining soil characteristics in' this area.

Topography.—The effect of topography on soil forma-
tion 1s discussed here. A general discussion of topography
is given in Part T. :

There is no level land in this Area. In large part, the
slopes are steeper than 25 percent, and many are at or
beyond the angle of repose. These steep slopes affect de-
velopment of soils in two important ways. First, on this
mature terrain, they greatly facilitate downslope move-
ment of soil materials. This movement is more evident
on bare soil areas in the alpine, on alpine rimlands, and
on slopes overly steepened by glaciation. Surface move-
ment is least apparent under a dense stand of timber, but
there must be appreciable movement when these timbered
areas are laid bare by fires, as they have been many
times in the past. The movement of materials downslope
has had appreciable effect in keeping the soils at a rela-
tively early stage of development. '

‘Second, the extreme topography has produced north-
erly and southerly exposures, which are markedly differ-
ent 1in “their effect on soil development. The effect of
differences in exposure is most noticeable below timber-
line, in the St. Louis Creek watershed. Aspect, or direc-
tion of slope, has less effect in the alpine part of the Area
because most of this is on ridgetops.

Living orgamism.—Numbers and kinds of flora and
fauna have significantly influenced soil development in
this Area. The alpine part supports mixed grasses, forbs,
willows, and sedges. Sedges are dominant in both well-
drained and moist areas, but in the moist areas a higher
proportion of the vegetation is grass. Roots rarely pene-
trate more than 20 inches, and in fact, 90 to 95 percent of
thein are in the top 5 to 8 inches. « :

The Ptarmigan soils are typical of the alpine areas.

. The high concentration of organic matter at the surface

of the Ptarmigan soils can be attributed to low tempera-
tures, to a very short and usually dry summer, possibly to
a population of microflora that is little known, and per-
haps to a type of organic residue from the sedges that
resists decay and persists longer than that in most of the
better known grassland soils. At any rate, the organic
matter in Ptarmigan’ and other alpine soils appears
darker in color and more grainy than in the grassland
soils of the Brunizem group. The top 5 to 8 inches of the
alpine soils is tightly held together by a dense mat con-
sisting of living roots and dead but undecayed roots. This
mass of organic material eventually breaks down, Evi-
dence of this is the dark stain on the under side of stones
that lie well below the zone where roots are concentrated.

In the Vasquez soils, which also occur in the alpine
areas, the organic matter is distributed deeper in the
profile than in the Ptarmigan. This organic material is
from willows as well as grasses. Sedgelike plants, how-
ever, are less dominant on Vasquez soils than on the
Ptarmigan, Likewise, sediment from higher areas has
thickened the surface layer on the Vasquez soils.

Below timberline,: the coniferous vegetation and the
understory apparently have much the same effect on soil
development, whether the stand is spruce or lodgepole
pine. The residues are 2 to 4 inches thick under. spruce,
but somewhat less under lodgepole pine. The leachate
from this forest mat is sufficiently acid to remove iron
from the mineral surface soil and to deposit it in the B
horizon. ‘This concentration of iron in the B horizon is
most prominent in the Darling and Bottle soils and least
evident in the Bobtail soils. The accumulation of iron is
evidenced by color of the B horizon, and this color is the
main distinguishing feature of the subsoil in the well-
drained residual soils below timberline.

The scarcity of fauna in the alpine landscape has
caused it to be called a biological desert. The paucity of
burrowing insects, rodents, and similar fauna in the
alpine apparently explains the large concentration of or-
ganic matter in the surface layer of the Ptarmigan soils
and the abrupt termination of this at a depth of about
6 inches. : :

Below - timberline, worms, insect larvae, and the like
are not so scarce as they are in the alpine. There are a
few mice and shrews below timberline that may mix soil
materials, but the mixing is not extensive. Along  the
flood plains, beaver build ponds, which raise the water
table nearby and collect sediments brought down by
streams.

Olimate—The main features of climate are discussed
in Part 1. Here, the local modifications of the gross cli-
mate that affect soil development are mentioned.

Precipitation is least at the lower elevations. It in-
creases about 7 inches for each 1,000 feet increase in ele-
vation. Roughly two-thirds of the precipitation is snow.
At lower elevation and on south slopes, snow melts rap-
idly from April to mid June. During this time the soils
are saturated or nearly saturated most of the time. They -
are never saturated again during the year.

. This single wet-dry cycle strongly contrasts with the
periods of wetness and dryness that may be repeated sev-
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eral:times in a year in humid areas at lower elevations.
Because -of this single wet-dry cycle, soil development
must be appreciably slower in this Area than-in humid
regions at lower elevations. ) ! . ‘

Records on climate show that the average annual tem-
perature is about 33° F. at lower elevations and 28° at
higher elevations. Average monthly temperatures are

below freezing 6 months. of the year at low elevations,

and -below freezing for 8 months at higher elevations.
The growing season at low elevations is about 75 days.
At the high elevations, the season is appreciably shorter.
Freezing temperatures.are recorded in every month of the
year. The quantity of heat available to speed the chemi-
cal and physical soil-forming procésses is very low.

Repeated freezing and thawing of the soils is not com:-.

mon. Below timberline, snow falls early and frequently
-remains until spring. Because snow accumulates to a
depth- of several feet, the soils may not freeze during the
entire winter. As the snow melts in spring, some local
and shallow freezing occurs. -

In the alpine areas, strong winds sweep many -of the
ridges bare. The soils on -these ridges no doubt freeze
deeply, and at these elevations, remain solidly frozen the
entire winter. B .

Another 'curious phenomenon is that the soils are often
¢ quite dry at the time the first snow falls. Then, if no
¢ melting occurs, they remain loose and powdery through-

out the winter, though their temperature may be low.
i - The. temperature of water from springs in the alpine

commonly ranges between 33° .and 36° F. These
temperatures may be influenced by the melting perma-
frost, but tests of water temperature are not conelusive.
On the Fool Creek watershed, well below timberline and
below the permafrost zone, temperature of water from
102 flowing springs ranged from 36° to 38° when meas-
ured in October. : o

As shown in table 8, a number of pits were dug at
representative locations in the Darling, Bobtail, Ptarmi-
gan, and Vasquez soils for the purpose of installing
thermistors to measure temperature. The meters were in-
stalled in 1952, and the data in table 8 were recorded
7 late in the fall of 1956. Previous readings deviated little
from the values shown in table 8. :

33

The Bobtail and Darling soils at the sites where pits
were dug were on steep slopes that .faced each other
across a narrow valley. The Darling soils faced north
and the Bobtail soils faced south. The pits dug in the:
Ptarmigan and Vasquez soils were in the alpine and
within a quarter of a mile of each other. -

The temperatures were remarkably similar, both within
the profile of each soil and between the different soils.
It is suspected that temperatures early in spring would
be appreciably different from those in fall, but spring
readings were not made. )

en the pit was dug in the Ptarmigan soil, perma-
frost was encountered at 67 inches, but 4 years later, the
permafrost had not reinvaded the pit. When the pit was
dug in the Vasquez soil, the temperature was near 32°-F.
in the deeper part of the profile, but 4 years later the tem--
perature at 10 feet was well above freezing. .. .

The exposure .of a slope markedly influences the quan-
tity of solar radiation it receives. The contrast is indi-
cated in table 9, in which are calculated sine A values for
latitude 38° on typical slopes of this Area with either
south or north exposure. The data in table 9 have not
been adjusted for atmospheric conditions, elevation, re-
flection, or vegetative cover. The data indicate that a
slope of 70 percent or more that faces north receives no
direct solar radiation from November on. Even in June,
a north-facing sloge with a gradient of 40 percent or -
more receives considerably less solar energy than a south-
facing slope of comparable gradient. Thus, energy the’
year round is less on north-facing slopes than on south-
facing slopes. This difference in solar energy is great
enough to produce distinetly different soil and vegetation
on the north slopes than on the south slopes. ~~

The total quantity of precipitation in this Area is low,
and it falls mostly in -8 months of the year. Most of the

precipitation falls as snow, which melts rapidly in a short

period. Consequently, there is a deficiency og soil mois-
ture during summer.

The south slopes are much drier than the north slopes
because they receive more heat. They therefore have less
dense stands of timber, support different kinds of plants,
and are sites for the poorly developed, shallower Bobtail
soils. .

TasLe 8—Temperature of six soil profiles as measured by permanently installed thermistors

Darling soil Bobtail soil Ptarmigan soil Vasquez soil
Temperature - ) Temperature N
Meter Meter | Meter Temper- Meter Temper-
depth ' depth ’ depth . - ature ° depth ature
Site 11 Site 2 2 Site 13 Site 24 .
Tnches °F, | °F. Inches °F. °F: Inches °F. Tnches °F.
4 51. 8 47.1 | 4 49. 5 48 2 4 47. 4 4 49 1
24 53.0 48. 1 24 48.3 47.1 12 47.5 18 47.9
54 55. 6 46. 9 54 47.9 48,6 24 47.3 30 48.7
84 50. 6 47.8 84 47.2 45.9 40 45. 8 60 48. 7
120 51. 8 45. 6 120 45.6 50.-5 55 45. 8 90 48.3
s 570 44.1 120 48.5
100 42. 9 .

! Profile on north exposure near steep ridgetbg’.
2 Profile on north exposure, in mid-slope position.
3 Profile on south exposure near steep ridgetop.

4 Profile on sbuth exposure, in mid-slope position.
5 Permafrost at depth ot 67 inches when pit was dug.
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TA_iaLE’ 9.~Calculated daily-values of mazimum direct solar radiation on north and south exposures at latitude 38° N., at

v 012:00 o’clock noon*

‘ ) Percentége and exposure of slope .
Daté Level 10 pet. . 40 pet. 70 pet. 100-pet
o (0 pet.) . .
North South North. South ‘ North South North South
0. 9703 0. 9414 0. 9896 0.8111 0. 9907 0. 6567 0. 8572
9511 . 9156 9771 7683 . 9978 6019 8910
8088 . 8507 9379 6717 ..9973 4849 9455
7880 . 7228 + 8454 5030 9603 [ 2925 9926
6691 ~ 5919 | 7397 3453 8973 1220 9986
5299 . 4429 6117 1771 8070 |_________ 9744
4695 . 3797 5550 1080 7648 |__________ 9563

t Calculated sine A-values, Without atmospheric correction.

The Darling soils, in contrast, are.on north slopes or at
higher elevations than the Bobtail. They receive less heat,
contain more moisture, and support a better. cover of
plants. - Most -of the residual soils at this elevation and
latitude would have characteristics like those of - the
Darling soils, if it were not for the steep southerly slopes.

'Excess heat resulting in dryness seems to be the factor

- dominant in development of the Bobtail soils. Measure-
ment of heat and evaluation of its influence are not sim-
ple; they are. discussed for the Fraser- Experimental
Forest by Garstka et.al (4). =~ - o

" Other factors significant in the genesis of these soils

. are the large quantity of gravel, the bulk density of the
soil material, and the large pores in the gravelly soils.
A number of samples for bulk density taken from the
Leal, Darling, and Bobtail soils revealed no significant

differences. among soil. types. For all soils sampled, the

bulk density of the surface soil was 1.27, and the bulk
density of the subsoil and substratum was 1.60. In the
subsoil and . substratum, however, no difference in bulk
* density was indicated. . . :

Stones.and gravel occupy a large part of the profile of
the soils.in the Fraser A%)pine Area. Table 10 shows the
percentage of gravel, by weight, in four soils. - There are
no significant” differences among the soils sampled; all
contain large amounts of gravel. In addition, all the soils
contain stones; which are not considered in table 10, but
which occupy appreciable volume in the soil profile. The
values for content of gravel and stone indicate the prob-
lem of expressing soi% textures for mountain soils, ac-
cording to conventional practice, which is in terms of
content of sand, silt, and clay. )

The percentage of gravel and stones is so large in these
soils, whether expressed by weight or by volume, that
they tend to be much more droughty than their textures,
as conventionally reported, would indicate. The pores are
of larger size because of the gravel and stones, and this
accounts for rapid absorption but little storage of water.
Thus, stones and moisture affect the moisture regime in a
way that retards development of the soils. -

To sum up, it appears that climate, as influenced by
high ‘elevations, is the major soil-forming process in the
Fraser Alpine Area. Limited moisture, heat, and a very
short growing . season are controlling factors related to
climate. -

TaBLE 10.—Percentage of gravel, by weight, in the profiles

of four soils
Soil Surface Subsoil | Substratum
soil ’
Percent Percent Percent
29 40 61
30 48 46
43 56 55
50 66 21
- 38 53 46

! Number of profiles in sample.

Parent materials are essentially uniform throughout -
the Area and thus have little effect in determining dif-
ferences among the soils. :

Elevation, however, has distinct influence on soil for-
mation. The difference of elevation within the Area is
4,500 feet. The aspect of slopes brings about appreciable
variation of climate locally. Furthermore, many slopes
are so steep that there is mass movement of material
downslope, even in places protected by vegetation. The
downslope movement of soil, either by erosion or slides,
is a factor in maintaining the relative youth of the soils.

Soil series classified by higher categories

The soil series of the Fraser Alpine Area are classified by
great soil groups as follows:

Remarks
Strongly developed.
---- Strongly developed.
. Moderately developed.

Bobtail _ . ___________ Very weak podzolization.
Gray Wooded soils:
Tabernash________.___ Strongly developed.
Alpine Meadow soils: :
Ptarmigan____________ Well-drained; comparable to “Al-
pine Turf’” soils. ()
Vasquez .- ____ Imperfectly drained.
Bog soils:
Alpine bog with permafrost.
Subalpine bog.
Regosols:
Mine



- Profiles of the soil -series in this Area are described
~on pages 14 to. 29, and analytical data are presented in
# table 11. All the soil series listed were correlated in this
i Area for the first time. Most of them can be expected to
i occur throughout the Rocky Mountain region.

< . Below the alpine, podzolization is strongly expressed

*in the Darling and Bottle soils by a prominent, A, horizon -

» and ‘a distinctive accumulation of iron in the B horizon.
" These characteristics are less well developed in the Leal
soils, possibly because of the youth of the glacial deposits.
. ‘In the Bobtail soils, podzolization is weakly expressed
- _because they are on’a southern and dry exposure.
.- Ptarmigan soils, in the alpine, also exhibit an accumu-
- +lation of iron in the B horizon, but the color is normally
much less intense than in the Darling soils. In faet,
~_analyses show that iron has accumulated in the subsoil
to greater or less extent in all the soils'in the Area.
Ixcept for the Tabernash, all the soils contain unusu-
~ ally large amounts of stone and gravel. The greatest
amount of silt and clay is normally concentrated in the
“topmost mineral layer. The amount of silt plus clay is
low for all soils except the Tabernash; and it would be
- lower if computed for the entire profile rather than.for
" some of the sand, silt, and clay fractions.

The soils are most acid in the A horizon and there is a’

consistent tendency for pH to increase with depth.

- All the soils except the Nystrom, Lunch, and Vasquez

have developed under moisture deficits.. The Nystrom
~“and Lunch forined under the influence of excess water,
 and the Vasquez, under moist conditions and occasional
* saturation. . -

Part I11: Soil Use and Management

Part IIT is designed to provide technical information
* about soils that will aid in planning the use and manage-
* “ment of wildlands. ’
.. Planning, public or private, involves consideration of
many factors.  Among the more important to be evalu-
~“ated are the time at which there is demand for products
+and the quantity in which they are needed; competitive
demands for the same piece of land; amount of- capital

~‘available; the system of management or rotation ; present -

and expected improveients in:technology; managerial
‘ability; and, perhaps most of all, the potential ability of
*. soils to respond and produce the desired product.
Thus; successful plahning and management require. in-
formation from many sources, one of which is the soil
_survey. A soil survey increases the efficiency of planning,
since soils are the fabric of the landscape with which the
manager must work'if he is'to do his job effectively and
profitably. .

Soil Managemeﬁt Areas

The soils of this Area, like those of others, could be

- grouped in many ways, depending on the present and
probable use. The present use of the soils.in this Area,
as well as the probable future use, is not intensive. The
soils, therefore, havé been grouped geographically for
broad management and planning. The groups are called
soil management areas, and they are shown on the col-
ored map at the back of this report. In making these

599803——62— 4 : ~
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groupings, those factors were taken into’ account that.
likely would have an important effect on .one or more
kinds of land use in the Area. The boundaries of the
management areas were drawn on the small-scale colored
map with consideration of the kinds of soil, type of rock
or soil parent material, topography, and climate.

The soils of each management area will respond to
mansggement in ‘a generally similar way. Within - each
management area, however, there are included some soils
that are markedly different. These are included because
their acreage is small, or because they are in small, scat-
tered individual areas. In each management area, how-
ever, there is a uniform, distinctive pattern of soils on
the landscape. . ~
. The soil management areas cannot be used effectively
in intensive planning or management of small areas.
These management areas, however, are useful for rariger
district planning, or for county, State, or regional plan-
ning, provided the planning is for broad uses such as
production ‘of water, growing of timber, or managing
range for grazing. Each of the five soil management
areas in the Fraser Alpine Area is shown on the colored
map at the back of this report and is discussed in the
following pages. :

 Alpine rock and wasteland area

This soil management area is made up of Rock out-
crop, Rock: slides, Alpine.rimland, and Alpine wind-
eroded land. Collectively, these land types cover 33 per-
cent of the Area, or 43 percent of its alpine part.. -

The Jand types in this management area are devoid of
soil, or nearly so.. In some places, Alpine wind-eroded
land and Alpine rimland have enough soil material to
support. a scanty cover of plants. These land types are
not stable and continue to lose fine soil material. ‘Reck
outcrop and Rock slides are barren and in many places
are of large size.

Alpine, rimland is. on the leeward side of the high
peaks. and ridges, where snow accumulates deeply; it is
a prime source of water during summer.

The large areas of Rock slides are prime watershed
lands because they collect all incoming moisture, with-
out allowing surface runoff or erosion, and deliver it
slowly and safely to the drainage system below. This is
not true of the large areas of Rock outcrop, which dis-
charge water rapidly. Fortunately, areas of Rock out*
crop are fringed by Rock slides at their base. )

Wind-eroded land commonly has little or no vegeta-
tion: Strong winds keep it swept free of snow, and it
contributes little to the water supply.

Considering this soil management area as a whole, it
ig wasteland, and little can be accomplished by conven-
tional methods of land management. ‘

Ptarmigan-Vasquez soil area

This soil management -area consists of steep, rocky,
shallow, gravelly sandy loam soils of the alpine that have
developed under grass. It is a complex mixture of
Ptarmigan and Vasquez soils, with isolated, small spots

‘of Nystrom peat -that together make up a small propor-

tion of .the total acreage. Also included are small areas
of rock and loose stones and small alpine lakes. The total

‘extent of this soil management area.is 87,500 acres.
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TaBLE ll.—Mecham'cal and -

’ [Absence of an entry in a column

Particle size distribution (in mm.) ol - pH
Soil name and depths of ' Horizon Very | B Medi- | Fine | Very : - Satu-- i
' sampling; in inches  ° .| coarse| - Coarse um sand | fine: [ 8ilt |: Clay  ['0.2—10.02= rated !

sand | sand sand |0, 25—| sand {0. 05—} <0.002{.0.02 |0.002 >2 | paste | 1:5
) g ; o 2-1 1-0. 5 0. 5~ 0. 10 1 0. 10~ 0: 002 . . :
G R & 0.25 ' o

Bobtail gra;
2t 0.
L 0to3
~.3%018.
18to'42:_
. A2t0 54 .

velly sandy loami: .

"Bottle fine
i (1)/14 to 0

Dafiing\ gravelly sandy loam:
4 to

180 10. 7 6.8 | 11.5 01347 3 .
17.7 13.0 7.3111.4110.2 | 30.9 . 3
: 247 | 15,5 7.8111.5110.0 | 23.9 3 X
el 21. 6 16. 6 9.4 1137 10.9 [.23:2 . 11
Mine gravelly loam:: - e N . R s
0t08. .o oo llio.._. A, . 8.4 9.4 7.1 11371116 | 40. 4 9.4 40.2 | 19.7
3t06.- Aq 8.5 9.7 6.8 [14:4] 13.9|39.1 76 44.0 |'17.6
61013 Gy 7.8 10.9 1011 19.5 1 15,71 30: 6 5.4 |43.9|13.8
13 to.20 C, 9.8 144 10.0| 17.2.114.2.1-28.6 580399129
Nystrom pe : i R
08 Lol iloiinesoid 1 247. 1 131 2.6 27) 15 .12.9] '20-1| 10148
3to 14 2 212. 9 8.6 2.9 4.2-| 2.8 140.5 28.1123.71| 220
14 to 17 Dy 43. 5 18.6 |, 46| 537 31| 1L8 13.1.110. 3 7.4
17 to 23 D. 5L 0 10. 2 3.91'6.5 2.0 11.:7 14.7 88 8.1
23 to 29 Ds 69.7 9.2 L3 L5 L0 81} 9.2 3.8 6.1/
29 to'34 .- - Dy 40. 1 14.2°) 5.2 7.2 521179 10.2.115.7 | 115
Ptarmigan loam Sl : :
Qto 1% 2 2 13.3 6. 4 2.9 5.4 6.0 47. 8 18.2129.8 | 27.2
15.4 9.2 401) 6.6). 711387 19.01 27.9 | 21.8
36.-2 119 3.6 5.1] 6.3 (250 119 12037141
Byir 26. 1 11. 5 4.3 81| 9.9 274 12.7.1°25.9116. 5
769 8.2 7 L8 L0 T4 507 8.9 50
7.2 7.2 3.6 6.3 113|542 10.2 | 42.5{ 26,8 | 8.4 { 6.
7.3 7:8 3.9 6.8/118 {506 11.8140.9 | 255 | 44| 5
7.9 7.6 3.7 6.5 9.21356 29.51380.14.18 5 2.5 6.
5.9 4.7 3.0 64| 95371 | 3%4|3..219.2| 1.9} 6.
B 3.0 3.9 |- 2.9 6.41°9.4|39.4 35.0 1 32.0:-20.6 2906
3 16..1 10. 6 6.0 8.9 911289 20.4 (.28.7114 2 9.6 5.
27 10736: 22.9 14. 6 821129 91 |18 0 14.3 (249911305} 5
Vasquez loam: ' s ‘ - ’
0to 1l i oedaiioioo| Age 7106 8.0 3.8 52430 |37.8}] -3L6]|182
1% to4 12 230 14. 0 571 .79 41263 19.0 1 17.7
4 1011 3 36. 4 14.4 46| 6.1 3.7 185 16. 3°( 14. 6
11 to 21_ Cy 19.0 15.1 791136/ 9.9 (209 136 26.6
2110 31+ C, 5124, 9 17.6 7.2 |'11.2 891214 88 | 235

i 1,‘Deférmii1ation ma,dejbut‘amoil'nt\‘ was below minimum Teportable. - g T ) S
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The soils, in most places, are less than 20 inches thick.
They are porous because they contain so much gravel and
stone. They are droughty, are low in fertility status, and
generally have low capacity to produce range herbage.
Because they are porous, they erode excessively only
where swept, by wind or where grazing has reduced the
protective cover. Erosion by wind, however, is extensive
on the Ptarmigan soils. :

The drainage system is poorly developed, and few of
the channels are gullied. The Nystrom soils have re-
stricted internal drainage and are frequently wet for a
considerable part of the year.

The soils of this management area make up the most

extensive grazing lands in the Fraser Alpine Area. Their

anhual production is not, great, and the grazing season
is limited to 214 months in midsummer. Hxtensive areas
have deteriorated because the protective vegetation has
been damaged. These lands are grazed only by sheep
attended by a herder.

The soils of this management area have high value for -

water yield. All of them except the Nystrom soil are
permeable. Most of the water, therefore, moves under-
ground and emerges as springs at or near timberline.

Because of its scenic value and climate, this manage-
ment area is valuable for summer recreation. Elk graze

_on it: during ‘summer, and other forms of wildlife are
‘present.

In summary, the chief problems in this area are re-
vegetation of bare tracts, increasing yield of herbage
through management of -grazing, and increasing yield
'of water by applying practices that will allow deeper ac-
cumulation of snow during winter. PR

Bobtail-Darling soil area

The Bobtail-Darling soil management area, is composed

of shallow, stony, gravelly soils on steep slopes, below -

timberline, in the St. Louis Creek watershed. The soils
generally are low ‘in fertility and in moisture-holding
capacity. They are well drained to somewhat excessively
drained, but because of their depth to bedrock, can store

considerable water during snowmelt. This soil manage-

ment area occupies about 11,800 acres.

The Darling surface soil is protectéd by a dense stand
of vaccinium and moss. Less vegetation grows on the
Bobtail soils. Erosion is limited on soils of this manage-
ment area because most of the precipitation comes as
snow, and because the soils are porous enough to absorb
large amounts of water rapidly. On a comparative basis,
erosion is not severe, even where the steep slopes are not
well protected by vegetation. There are few drainage-
ways, and these are not unstable in the sense of gullying.

Included in this soil management area are a number
of small areas of protruding bedrock and rock slides, as

‘well as nuinerous, small, scattered areas of Lunch peat
and a small acreage of the Bottle soils. :

Because slopes In this soil management area are steep
there tends to be more moisture on the lower than on the
upper reaches of the slopes. The best trees grow on the
toe slopes. . :

Soils of this management area support a mature stand
of Engelmann spruce, in which there are some included
areas of subalpine fir, lodgepole pine, and aspen. At the
lower elevations, and particularly on the Bobtail soils,

SOIL SURVEY SERIES 1956, NO.. 20

the dominant tree is lodgepole pine. The: soils of this
management area are only moderately productive. The
understory of shrubs is browsed by elk and deer during -
summer, but there is little vegetation livestock can use.
Areas logged during the early part of the century (see
fig. 8) now have young stands of spruce and lodgepole
pine.- Under any system of managemient now foreseeable,
soils of this management area will be used primarily for
growing timber and production of water. Recreational
opportunities appear limited. In terms of erosion, the

soils of this management area are very stable.
Leal soil -area '

This soil management area consists of stable soils that
are sandy and gravelly and have a deep, loose, permeable
subsoil. - They are low in fertility and in water-holding
capacity, but because they are deep, they hold consider-
able water. This management area occupies about 4,000
acres. .

The Leal soils, dominant in this management area,
formed in coarse-textured, deep, stony glacial till derived
largely from gneiss and schist rocks. Because of this,
they are somewhat excessively drained. Nevertheless, they
are very stable so far as surface erosion is concerned.

The terrain is made up of lateral and terminal
moraines that are strongly pitted in some places. Kettle
lakes occur in a few places, but most of the pits contain
water only a part of the year. Some of the glacial de-
posits have been locally reworked by streams, but without
significant change in 1mportant features. .

There is a wide range in slope. The lateral moraines
are plastered on steep mountainsides, but these moraines
are much less steep on their tops. Terminal and valley
moraines range widely in slope but are generally less
steep than the lateral moraines.

Included in this soil management area are appreciable
amounts of exposed stones, and some small areas of al-
luvial soils (mapped as Alluvial land). In places where
the till is thin or patchy, there are some spots of Darling
or of Bobtail soils, .

The soils of this management area are timbered with
virgin stands of lodgepole pine and Engelmann spruce.
Engelmann spruce dominates at higher elevations. Wil-
low fields and sedges grow in small openings along the
drainagewsys, but the quantity of these is too small to be
of much significance in forest grazing. =~

The soils of this management area. are significant be-
cause they are subject to practically no surface runoff or
erosion. Because the soils are so permeable, springs or
seeps emerge only where these soils join the present flood
plains. Under any management now -foreseeable,. these:
soils are best suited to production of timber and water.

Alluvial soils-Tabernash-Mine area

This soil management area is made up of relatively’
stable soils of the Tabernash and Mine series and of al-
Iuvial soils (mapped as Alluvial land). This manage-
ment area occupies about 2,800 acres. .

The soils of this management area have moderate fer-
tility and good water-holding capacity. Their productivity
for native plants is moderately high. ‘These are deep .
soils with textures ranging from loams to gravelly loams.’
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The Tabernash and Mine soils have a finer textured sub-
s0il and: contain less stone than the altuvial soils.

The soils are mostly level to nearly level.. There are
more irregularities in the alluvial soils than in the others.
The hazard of surface erosion is low for all of these soils,
and there are no gullies. .

Some of this management area has been logged, and a
part has been burned. A new growth of lodgepole pine
establishing itself in:these places. Under any future
management, now foreseeable, these soils probably will
temain in timber. Nevertheless, there are good oppor-
tunities for developing recreation sites in some places.
Some cattle: graze the open areas, but these areas may
gét-smaller as. the young stand of tlmbpr continues to
TOW. .
5 The soils of this management area are significant in
management of water, as all the water from the water-
shed must pass over or through them. Deer and elk graze
in this area durmg sunumer.

Sultablllty Class1ﬁcatlon of Sonls

.The soils of the Fraser Alplne Area are not suitable
for cultivation: Accordmg to “the system of capablllty

AREA;: COLORADO

following pages..

Range use and management

; above timberline.
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grouping used by the Soil Conservation Service, all of
them are-in classes VII and VIII. Nevertheless, the soils
are valuable for many kinds of wildland use. Somnie of
the more important. current uses are listed in table 12,
together with ratings that indicate the relative smtablhty
of each soil for the specified use. Leal sandy loam and
Alluvial land (Le) is not listed in table 12; its suitability
for specified uses can be determined by referi'mg to its
components. The ratings in table 12 are based on the ex-
tensive management now: practiced.  Data are not ade- -
quate to permit more precise ratings. The response of
several of the soils under current uses is d]SOUSSed in the

=

7

The major: grazing in this Area is in'the alpine part,

_where sheep. are brought for about 214 months in mid-

summer (fig. 13). The subalpine lands are grazed mainly

~while the sheep-are being moved to and from the alpine.

A few cattle graze along the stream flood plains at lower
elevations in the St. Louis Creek watershed:

~As mentiohed in. Part' I, many kinds of plants grow
A large part of the -usable forage

TABLE 12: -»—Estzmated relatwe sugtability of the sozls for productzon of ‘water, tzmber and mnge herbage, thezr inherent

_erodibility, and hydrologzc groups

, . . Water . "~ Timber!
e - - Inherent | X Hydro-
Map ‘Boil, land type erodi-: : R - - Range: logie
symbol | S bility - Infil- © Pereola- | Storage |Englemann| - Lodge- : herbage | groups
R : ) tration tion space  |spruce-sub-{ - -pole Aspen :
3 alplne fir pine
- Aa Alluvialland____-_____ Medium._| High___ High_.___ High___| High_____
Ab Alpine rimland . _-_.___ High.____ Medium__| Low:-___ Low.- | _________
Ac ~ | Alpine wind-eroded land.| High_____| High.__..| Medium__| High.__|.______.__
Ba ‘| Bobtail gravelly sandy .
loam._ ..l _._____ Low.__.__ High . __ High__.__ High.__| Low__..._| Medium._| Low.____ Low._... B
Bh Bottle fine sand_.__.. .2 High__.__ High_____ High__.__| High. | Medium. i Low._.__. Low_____ B
- Da Darling gravelly sandy - | . o
lodm_ ... _.___ Low:-____ High_.___ High_____ High___| High..._ Medium__| Low____._ B
La Leal sandy loam_____ .| Low____. High__.__ High_.___| High___| High____ Medium__| Low._____ B
Lb Leal sandy loam, ter-
) minal moraine_-_..__ Low_____ High____= High_____ High___| High_____ Medium._| Low_-___ B
Ld Lunch peat_____._____ High_..._ High__.__ High._.__ High.._{ Medium__ Medium.-_{ Medium_:{ D
® Mine gravelly Ioam_ _oof Low_o__._ igh ___ igh ____ igh Medium_. -| Medium..| Medium__.| B
- Na Nystrom peat_._... R i Medium__{ D
Pa Ptarmiganloam_______ Medium__| B
Pb . -{ Ptarmigan loam, slight-
lybare_ . . __.___.
Pc Ptarmigan loam, mod--
erately bare________._
Pd Ptarmigan loam, largely
bare i . i _aoo_-
Pe Ptarmigan - loam-Rock
outerop_ - ... __.__.
. Ra Rock outerop___ .
Rb Rock slides. _.___ ) A
Ta - Tabernash loam3_ . ‘Medium-_| C
Va Vasquez.loam_.____.__ Medium__| B
Vb Vasquez loam, slightly
T ATe. ol . High . | High_____{ High____ . High -y .- ______.f |\ |- _______. B
Ve Vasquez loam, moder-- |-
: ately bare“_,v,,, S| High___Z_p Highooo | Highoo. o | Highoo oo || B
- Vd Vasquez loam, largely
are_ . _________ High . __ High_._ VPR NN (RSO [RPUO B

" L'Absence of rating indicates tree does not grow on the soil spemﬁed o

"2 Mapped with Tabernash loam.
a8 Mapped as Tabernash loam and Mine gravelly loam
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Figure 13.—Sheep grazing on Ptarmigan and Vasquez soils.

comes {rom sedges, rather than grasses. The kind of
herbage, and its }le]d differs on the different soils.

The Ptarmigan soils, most extensive of those in the
alpine, are woll- drained, shallow soils that have a black
surface soil and a porous, gravelly subsoil. The most
common plant on Ptarmigan soils is kobresia (A obresia
hellardi), a sedgelike plant growing on level arveas and
north slopes. Carvex (Carver elynoides and C'. drummon-
diana) grow in drier arveas. Alpine bluegrasses, sueh as
Poa alpina, and forbs, such as mountain bluebells (1/es-
tensia alpina) and alpine clover (Trifolium dasyphyl-
fua) , ave important.

The management of Ptarmigan soils is best dirvected
toward ustubhslmlg a turf that contains appreciable
quantities of the plants just named. At this time there
is no known way to improve the composition of the plant
cover, other than to control grazing. Even with such
control, improvement in range likely would be slow.

A good stand of kobresia should produce about 600 to

800 pounds of air-dry forage per acre, annually. The
sedges on slightly drier aveas will produce an estimated
400 to 500 prmm(q of herbage. Paulsen (#) reported that
annual production of funure on soils similar to_the
Ptarmigan averaged 363 pmmds per acre, aiv-dry weight,
and that vields of 595 pounds per acre, air dry, were ob-
tained where the plant cover exceeded 60 pert cent. of the
surface area.

The Vasquez soils are low places and are moist
longer than the Ptarmigan soils. They have a fine-tex-

tured surface soil and are deep in many places. The most
common plants on these soils arve tufted hairgrass (Des-
champsio caespitosa), Parry clover (rose clover) (7'ri-

folivm  parryi), and  American bistort  (Polygonwm
histortoides). Several sedges (Carer spp.) make up a

large proportion of the forage. Several kinds of alpine
willows (Naliz spp.) grow 2 to 5 feet tall and oceupy ap-
preciable areas of the Vasquez soils.

Grazing management of Vasquez soils could be best
directed toward establishing a good mixture of the plants
just named. When nse is so lwn\'_\' that the willows are
removed, most of the other desirable herbaceous plants
are also removed. The average meadow, in excellent con-
dition, should produce 800 to 1,200 pounds of air-dry
forage per acre on Vasquez soils. The average annual
vield should be in excess of 1,000 pounds per acre. Panl-
sen () reported a range of 132 to 1,108 pounds per acre
and an average of 62 3 pounds per acre, air dry, from
soils similar to the V: asquez.

Below timberline, the soils generally have low poten-
tial to produce herbage, .\nmntr the soils are the Bottle,
Leal, Darling, and Bobtail. 'llu'\ Frndur‘e limited ftmw('
becatise thoy are coarse and gravelly, low in fertility, and
highly acid. The Tabernash and Mine soils at the north
end of the Fraser Experimental Forest will produce a
moderate amount of herbage where cleared, but these
soils rapidly revert to ]nd“‘e[mli’ pine. The alluvial soils
(Alluvial land) along stream channels produce the most
herbage. Lunch peat, in the vicinity of seeps on moun-



 tainsides, produces some herbage, most of it consjsting of
~-sedges. (Carex spp.), with a few weeds and some brome
.. and bluegrass.

. that are permanently wet. Open water is.common. Al-
- though these soils occupy less than 2 percent-of the Area,
- they.are a distinctive feature of the landscape. The vege-
- tation is dominated by the small alpine willows (Saliw
* spp.) and sedge, chiefly Carex scopulorum. Marsh mari-
- gold (Caltha leptosepala) is also a common plant. Man-
- agement. could be -best directed to maintaining these
¢ plants. Excessive grazing has done much harm to these
~ soils .in places. Where bogs have been overgrazed and
drained, the area reverts to dryland plants with a much
- lower productive capacity. This has happened on Vas:
quez ridge west of Berthoud Pass. The Nystrom soils in
-~ excellent herbage condition should produce in excess of
- 1,000 pounds of air-dry herbage per acre. :
~Other soils and land types in the alpine part of the
Area produce no vegetation or an amount so small that
it is better used to protect the surface soil than for graz-
ing.- Among the land types are Alpine rimland, Alpine
wind-eroded land, Rock outcrop, and Rock slides. .
Everywhere except in the true peat bogs, trees tend to
take ‘over on the soils' below timberline. As the trees
. grow, they continue to fill in areas that have been logged
or burned. Eventually, the areas now producing herbage
will be eliminated if the present trend continues.
The soils of the Fraser Alpine Area have been rated
_according to. their estimated inherent- ability to produce
- herbage (see table 12). The estimates are based largely
on field observations, plus a few. measurements, and
should be accepted only as relative comparisons. The rat-

ings do not consider- pessible competition between plants,

for a particular area. The general relationships between
ratings and yields of herbage are as follows: A soil with
a rating of hégh will produce more than 1,000 pounds per
acre annually; one with a medéwm rating will produce

400 to 1,000 pounds; and one with a rating of low or very '

low will produce less than 400 pounds per acre annually.
Summary—Range management. in this Area concerns
the lands above timberline, as these are the ones grazed.
The only means of checking deterioration of these lands
appears to be to remove grazing in severely affected areas
and to reduce grazing in those areas so far not so seri-
*ously affected. Tt is not known how rapidly natural re-
vegetation will take place, but much more time will be
required than in landscapes where climate is less severe.
- Artificial revegetation or fertilization has not been tried
on these soils. '

Forest use and management

Lodgepole pine, Engelmann spruce, and subalpine fir

are the three commercial species in the St. Louis Creek

_ watershed. The subalpine fir, a minor species, mixed with

Engelmann spruce, presently has less commercial value

_ than -either spruce or lodgepole pine. The aspen trees
have no commercial value, and their growth is sparse.

Engelmann spruce grows best in this Area at elevations

between 10,000 and 11,000 feet on well-drained Darling

soils. At lower elevations it grows well only on the al-

Juvial soils (Alluvial land), in the moist areas on Lunch

‘peat,-and on north-facing slopes. By present standards, -

_-.'The Nystrom soils are dominantly organic or peat soils
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the growth of spruce is noncommercial on the shallow
rocky soils and in a narrow band fringing the alpine area.
In most places, the stand of spruce is about 300 to 350
years old, is over-mature, and is becoming decadent.

Subalpine fir grows in intimate association with Engel-
mann spruce. It appears to respond.to different soils in
about the same way' as the spruce. It commonly occurs
as an understory beneath the spruce. Young fir trees also
grow under lodgepole pine at-the higher elevations.

 Lodgepole pine grows best below the general elevation
of 10,000 feet. Above that elevation it ordinarily grows
only on the Bobtail soils, which are on south-facing
slopes. ‘' Within the area mapped, lodgepole pine definitely
prefers well-drained soils; -that is, soils of the Bobtail,
Leal, Tabernash, Mine, and Bottle series. Wet and moist
places, even at these lower elevations, support spruce
rather than lodgepole pine.

Aspen does not grow well on any soils in the Area,
considering their growth on soils elsewhere in Colorado.
Aspen trees need moist, fertile soils and abundant-sun-
light. On the dense spruce-pine forests of this Area,
aspen’ is generally absent. ) o

Few accurate measurements of timber yields have been
made in the Area, but 243 acres, or half of the mer-
chantable timber on Fool Creek, was clear cut. All trees
down to 4 inches in diameter at breast height (d.b.h.)
were harvested. The average acre yield was 14,650 board
feet, of which 12,000 board feet had a d.b.h. of 10 inches
or-more.. This stand, 250 to 300 years old, consisted of 55
percent lodgepole pine and 45 percent spruce-fir. The
dominant seils in the area harvested were the Darling
and Bobtail, though there were very minor areas of
Lunch peat and of alluvial soils (Alluvial land).

The older trees in the stands of spruce on the Darling
soils in -the West St. Louis Creek watershed are 350 to
400 years of age. The common range for thesé uneven-
age stands, however, is 250 to 275 years. Yields on har-
vested areas were about 18,000 board feet per acre. About
925 percent of the stand is affected by rot. - The annual net
increment is about 120 board feet. per acre, but it is esti-
mated that the net increment could be brought to 300
board feet per acre annually if more intensive manage-
ment were applied.- At higher elevations on the Darling
soils, the: annual growth rate is reduced, and at timber-
tine, it is-50 board feet or less per-acre. .. o

Mature stands of lodgepole pine on the Bobtail soils in
the West St. Louis Creek watershed range from 250 to
300 years old. Yields from pure stands in the areas har-
vested were about 9,000 board feet- per acre.. Rot affects
an estimated 35 percent of the stand. The annual growth
rate is near 20 to 30 board feet per acre. Under more
intensive management, this annual rate might be in-
creased to 100 to 150 board feet per acre.- . )

Yields of lodgepole pine on the Bottle soils appear to
be somewhat lower than on.the Bobtail soils.  On'the
Tabernash, Mine, and: Leal soils, yields can be expected
to be equal to or:somewhat greater than those on the
Bobtail  soils. P T

 Shown in table 12 ate ratings indicating the estimated
relative suitability of the ‘several soils for Engelmann
spruce, lodgepole pine, and aspen. The ratings are for
only those soils in the St. Louis Creek watershed. The
ratings are based on observations and are not supported
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by measurements, In making these ratings, the following
rough guides were used:

Thousand board feet

Site index class per acre

Rating: Sprice=fir Lodge pole Spruce-fir Lodgepole
High . 1&2 1 &2 25-40 2-25
Medium &4 3 &4 15-25 10-20

oW oo - H &6 H&b 5-15 5-10

Much experimental work on thinning, harvesting, and
managing of spruce and lodgepole pine has been done in
the Arvea. Most of the work has been on the Darling and

Bobtail soils,

Waler behavior and management

Water is one of the important products of the Fraser
Alpine Area. It is discussed here as a product that can
be measured and transported. Water used by plants is
not considered.

Behavior of water is affected by the geologic makeup
of the Area, by drainage patterns, by topography, and by
soils. In studying water supply, the enfive regolith, or
the weathered part of the earth’s surface, must be con-
sidered. The soils also need to be taken into account.
They are a thin surface layer on the regolith, but they
control the rate af which water moves into the regolith,
and the amount of water that moves.

The geologie composition of the Area has been dis-
cussedd in Part 1. In this Aren the extensive fracturing
and faulting, and the intrusion of pegmatite dikes, un-
doubtedly affect subsurface movement of water, but data
indicating their quantitative effects are lacking.

Weathering of rock is certainly significant in behavior
of waters in this Area. At this altitude and climate, rock
weathering is Iargely mechanical. Thus, an abundance of
conrse sand, gravel, and rock is produced, but little silf
and clay. Becanse the materials are coarse, there arve
lnrge pores in the regolith through which water moves
readily. The effective thickness of the regolith varies
from zero, where bedrock protrudes, to 20 or 30 feet as
seen in some road cuts. Possibly the average depth is
about 10 feet (fie. 14).

S

Figure 14.—The average depth of soil material available for stor-
age of water is about 10 feet in the Fraser Alpine Area.

The regolith is deeper at the base of steep slopes, where
loose material has accumulated. This deeper regolith at
the hase of slopes effectively vetards what would other-
wise be rapid discharge of surface and subsurface water
into stremm channels. Possibly even more effective in
slowing discharge are the till and coarse outwash that
glaciers have plastered on the sides of the valleys or
dropped on the floors of the valleys (see fig. 3). Till and
coarse alluvial deposits fill all the major valleys to an
unknown depth. Unquestionably, large quantities of water
move out throngh these materials, in addition to the
amount that moves in surface channels.

By studying drainage patterns, mueh can be learned
about how water moves from a landseape, Under a given
climate, the drainage pattern will be dense if water is
disposed of over the surface, and sparse if most of the
water moves away through the regolith. Detailed data
on drainage patterns given in tables 1 and 2, in Part I,
indicate that both number and density of streams are low,
even though slopes are steep. This indicates that most of
the water is disposed of through the regolith, This is
reasonable to expect, since all soils in the Avea, including
those in the alpine, are conrse-textured and exceptionally
porous. They absorb surface water very rapidly and per-
mit rapid downward percolation. The only interference
to rapid percolation is solid rock, or permafrost, or in
some of the bogs, a high water table. Even the Taber-
nash soil, which has a fine-textured subsoil, shows no
evidence of restricted drainage. For these reasons, sur-
face runofl is rarve, even when snow is melting rapidly
in spring,

Water enters the soil and is detained by it, but it must
eventually emerge and enter a stream. It may emerge on
the same watershed where it entered, or may emerge
elsewhere. ‘The number of springs emerging on a water-
shed indicates what becomes of water that enters the
soils. For this reason, the number and characteristics of
springs in the Fool Creek watershed were studied. This
watershed covers T14 acres and lies entirely below tim-
berline between elevations of 9,588 and 11,505 feet. The
springs located were plotted on a map (fig. 15).

The study was made late in fall, and all places where
water emerged at the surface were called a spring, even
if water was not flowing, Then, on basis of estimated
flow, the springs were placed in five classes, dru. very
slow, slow, rapid, and wvery papid.  The number of
springs in each class and the temperature of the water
are shown in fable 13.

The data in table 13 indicate one spring for every 5.85
acres in the Fool Creek watershed. Comparison of this
watershed with watersheds in other landseapes indieates
that this is an exceptionally large number of springs.
Fool Creek seems to be a reasonable sample of the pattern
of springs in the St. Louis ('reek watershed. The excep-
tions might be steep sonth-facing slopes, which appear
to have few springs. Fool Creek flows north and the
watershed therefore has east- and west-facing slopes. At
any rate, this study suggests that a very large proportion
of the annual precipitation that passes through the rego-
lith emerges later as springs, and that this is probably
the situation in all of the St. Louis C'reek watershed.

Samples of water were collected from four springs in
the Fool Creek watershed, from the main channel at the
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lower weir, and from the main channel at the upper weir.
Analyses indicate high purity of these waters (table 7).

Water teln‘)u-raturvs averaged 37.3° K. for all springs
sampled (table 13). These are remarkably low tempern-
tures, compared with those of springs at lower elevations.
Other studies af higher elevations in the alpine showed
temperatures to be about 17 cooler than for rapidly flow-
ing springs in the Fool Creek watershed,

TawLe 13.—Class of springs, and number and temperatiure
of springs in cach elass

Spring class Number | Temperature ?
(55 ey ik | —— e

| o 'lq"
Bry.. - | 20 | M
Very slow 38 1 380
Slow e = 20 37. 4
Rapid_____ 2= | 21 37.1
Very rapid - E i 14 | 368

! Measurements in Qctober 1953.
? Average temperature for all springs in each elass.
¥ Not sampled.

Springs are easily located in this landscape of dense
timber becanse distinetive kinds of herbaceous vegetation
grow around them. The major distinetive species are
as follows:

Senecio trienguluris (avrowleal butterweed).
Calamgrostis sevibneri (Scribmer reedgrass).
Carex aguatalis (water sedge).

duncus martenstonus (rush).

Lycopodivm annotinum (stiff elubmoss).

Late in summer, the bright yellow flowers of the bui-
terweed are especially effective indicators of springs.
Typical emergence of u spring, the topography, and the
vegetation are shown in figure 16.

Distribution and pattern of spring emergence—The
distribution of springs, as shown i figure 15, is interest-
ing. At no place do they approach closer than 260 feel
to the watershed boundary, and the common distance is
greater. The outer belt devoid of springs constitutes 41
percent of the watershed area and apparently is the ar
in the Fool Creek watershed necessary for gathering

Figure 16.—Typical spring and surrounding vegetation on the
Fool Creek watershed.

vater before springs develop. Within the boundary of

the water-yielding belt occur several large aveas that arve
devoid of springs. If these areas were excluded, the
gathering area would be inereased to 50 or 60 percent of
the watershed. Some springs tend to cluster, but in gen-
eral they are fairly well distributed within the delineated
belt, except on the central west side. Both clustering and
the lack of springs on the west side suggest geologic con-
trols that are not readily apparent. Although 122 springs
were located, additional ones no doubt emerge beneath
the alluvium of the main channel and beneath areas of
Lameh peat that ave so closely associated with the water
systent.

The pattern of spring emergence and movement of the
waters to and down the main chamnel is referred to as
the water “system.” It consists of ill-defined channels,
broad seep areas, and accumulations of peat (see fig. 11,
¢/, [T). The system is a narrow elongated one becanse of
the steep slopes and geologic controls. Most but not all
branches of the system are fed by rapidly or very mpidly
flowing springs at or near the top. It is characteristic
that water moving down these slopes flows on the surface
and then submerges only to reappear farther down. The
spring system occupies 8 percent of the watershed.

Most of the springs emerge at the base of short, steep
slopes (see fig. 11, &, /7) that may range from 3 to 30
feet. long but most often are 10 to 15 feet long. The
springs emerge at the base of some of these short slopes
in a number of places that are parallel across the slope
and a few feet apart. Then, the water flows directly
downslope in a narrow systeny, or it spreads over a level
bench or terrace. If it spreads on a bench, a bog forms,
and gives rise to Lunch peat. The base of these benches
is slowly permeable, blue silt and clay: the surface is
saturated moss or peat.

In many places a raised vim forms on the outer perim-
eter of the bog, and this retards drainage. The rim may
be formed by ice that shoves out when the water in the
hog freezes. These marshy arveas around springs may ap-
preciably retard delivery of water, They certainly reduce
the velocity of How and thus retard the formation of
gullies and deeply entrenched drainageways.

HYDROLOGIC FUNCTION OF THE SOILS

The hydrologic function of the soils in this Arvea is to
be considered in relation to precipitation. e yearly
precipitation ranges from about 24 mches at lower ele
tions to more than 30 inches at higher elevations. This
amount, however, must be studied in relation to the pat-
tern of delivery. About two-thirds of the precipitation
comes as snow, which melts in a rather short period be-
einning about mid May, peaking about mid June, and
subsiding about mid July. But in this period, meltwater
runs near the surface for only a short time in the after-
noon. The rest of the time, it is absorbed by the porous
soils. The soils, therefore, are hydrologically effective, as
is shown graphically in figure 17. The watersheds of the
streams for which the hydrographs are shown are mainly
on Darling, Bobtail, and Lunch soils. The diagram indi-
sates that these soils are capable of absorbing all the
water during peak periods of melt, exeluding brief
periods on very warm days, when some surface runoff
oceurs.

Summer rains are sporadic and probably contribute
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Figure 17—Hydrographs of three streams in the Fraser Experimental Forest that flow mainly on Darling nad Bobtail soils.

little water. Usually they moisten the soil to a depth of
a_few inches, but most of this water is-used by plants.
Rather often, these soils are: dry to the depth of root
penetration; or 30 to 45 inches, when snow begins to fall,
When this happens, they stay dry until the snow melts
in spring.

Hydrology of the subalpine soils~—The soils in the
subalpine ]part of this Area have physical properties that
are hydrologically ideal under the present climate. The
coarse textures, high percentage of large pores, and the

" large storage space in the regolith result in rapid infil-
tration and percolation, and consequently, in large storage

of water. On the Darling and Leal soils, erosion: does

not occur under native timber stands, and only minimum
erosion occurs on the Bobtail soils.” There are no known
soil-management practices that would increase-the hy-
drologic effectiveness of these soils. :

The hydrologic effect of roads on a watershed has been
a question, since building of roads requires drainage of
some bogs or the dissecting of some streams.

On the Fool Creek watershed, a system of roads was
built that is much more extensive than ordinary logging
operations might require. A total of 11:9 miles of road
was built, of which 3.3 miles was main access road, and
8.6 miles was the total for 10 spur roads. The spur roads
were built on the contour at intervals about 600 feet

~-apart. In places these contour roads cut the stream sys-
tem three or four times and interrupted and diverted the
natural flow.~ , i )

These roads gave access to 35 acres, or 5 percent of the
total watershed. So far as could be determined, however,
the roads did not affect stream hydrographs either by

increasing water from the larger snowpack on the roads, .

or.by ‘causing ground water to drain out earlier through

the numerous cuts through the water system. The éffect

of flow on the springs will need to be determined by a
" later field study.

Hydrology of the alpine soils.—The hydrologie func-

tion of the alpine soils is somewhat different from that
of the subalpine. In the alpine; the precipitation comes
mainly in the form of snow. and is stored as snow and ice
on the lee side of the numerous alpine rims (Alpine rim-
land), or in the soil as water and ice, or as ice in-the
extensive ateas of Rock slides. The deep banks of ice
and snow often do not melt until August or September,
and in some years they do not completely melt. =~ -
Like the soils in the subalpine part of the Area, the
soils in the alpine are coarse-textured and porous. The
underlying regolith is shallower, however, and the per-
centage ‘of large rocks is greater.” Also, the dominant
soils in the alpine, the Ptarmigan and Vasquez, have a
herbaceous cover that can be destroyed by excessive graz-
ing. Further, they are steeply sloping, and destructive
erosion is therefore a problem in water management.,
Deterioration of soils due to excessive grazing is at an
advanced stage in many places. The soils of the alpine

-are normally very shallow, so loss of surface soil creates

damage not practical to repair. Lost with the surface
soil is the potential. to produce vegetation, and.vegeta-
tion is needed to hold water on the very steep slopes long
enough to permit its entry into the soils. - )

The removal of the surface soil by wind on the exposed
ridgetops also appears to-have occurred because over-
grazing by sheep has destroyed the willows and left trails
where in some places erosion could start on Nystrom peat..

The management that might achieve the maximum hy-
drologic values from the soils of the alpine might well
consist of (a) restoration of deteriorated bogs by me-
chanical means  and by. restricting: use by livestock;
(b)- installing stone dams and checks in the gullies form-
ing ‘along driveways and in trails through “passes, and
then restricting use of such areas by livestock; and
(¢) eliminating all use by livestock on. Alpine rimland
and Alpine wind-eroded. land. Mechancial practices for
restoring the rimlands and wind-eroded land are mnot
presently feasible: )
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Hyprovoarc Rarives: In table 12 are ratings showmg
the relative abilities of the soils of the Fraser Alpine
Area to function hydrologically. The ratings do not take
vegetation into account. They are based on ‘three factors:
(a), infiltration, or ability of the'soils to permit passage

. of water through their immediate surface; (b) percola-
tion, or the rate-at which water moves down through the
soil and fractured rock after it has moved through the im-
mediate surface; and (c¢) storage, or space available to
hold water that enters the soil. The space-available in a
soil (item c¢) depends largely on the. thickness of the
regolith and the size of the pores, for we are concerned

* primarily with downward movement of water by gravity

angd its emergence in springs. Table 12 also- hists the

. hydrologic classes used by the Soil Conservation Serv-

ice (10).

Susceptibility of Soils to Erosion

To manage land efficiently, it is necessary to know how
susceptible the soils are to erosion. Tendency to erode
is inherent in the physical makeup of a soil, mdependent
of the kind .of vegetation that may be Wrowmg on it.
This tendency can be neutralized by applying mechanical
practlces, by growing a vegetative cover, or by a com-
bination of the two. Whatever the method, the intensity

- of the practices applied will be dictated by the degree to
which the soil is susceptible to erosion.

In tablei12 the inherent relative erodibility of the soils
of the Fraser Alpme Area is indicated as hzgh, medium.
or low. Soils on which there is a high erodlblhty will, of
course, requlre the most protecuon from runnlng waterq

In” derlvmg these relative ratings the following factors
were considered: - (a). porosity and permeabihty of ‘the
soil, -or its ability to absorb large quantities of water
rapidly; (b) the water-storage capacity; (c) layers-in
the soil or regolith I'eStllCtlIIU’ passage of water; (d) tex-

ture, or size of the grains of soﬂ and the ease with which .
these would be transported in moving Water and (e)

steepness of slope.

Tni the alpine part of this Area, few mechanlcal prac-
tices can be used successfully on the soils that have de-
teriorated.. Also, revegetation is not a promlsmg short-
term “solution, because the soils are inaccessible, shallow,
stony, steep, and in a rigorous climate. The corrective
practices that seem most feasible are to establish willows
in some ‘of the deteriorated bogs (Nystrom peat) and to
hand-construct rock dams or barriers in gullies and trails.
The most feasible corrective measure ‘would be to prevent
livestock use in the eroded areas and to reduce use on
other areas to prevent future deterloration
Leal, and
Bobtall soils—erosion control will-be needed mostly where
there is logging and road building, At this time, meas-
ures for control' of erosion are largely preventative,
rather than corrective. Normal precautions should. be
taken in harvesting timber. Reasonable manipulation. of
the vegetation for the purpose of “increasing yield of
water will havg mmlmum detrimental effect on the soils.

F‘The Area as a Wildhfe ‘Habitat

ATl parts of this Area are excellent summer habi mt for

deer, elk, and bear.” None of it is suitable as a winter
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habitat for these animals. Probably the ‘value of the
Area as-a summer habitat will increase as logging con-
tinues to open timbered areas and thus creates more fringe
areas where there will be more food and a denser ground
cover- to provide protection. Any increase in big game,
however, will depend moré on the winter range, whick
lies at lower elevations outside of the Area. The summer
range within the Area is now abundant for the big game
population. Other animals in the Area are mentioned in
Part T of this report.

Advances in. fish management could -make this Area
very attractive to sportsmen, because there are many
small lakes and streams in the watershed of St. Louis
Creek and immediately below all of the alpine lands.

Ptarmigan and blue grouse live in the Area the year
round. During winter they inhabit the wooded areas.
The number of grouse is limited, but management based
on increased knowledge of their requirements mlght n-
crease their number.

Opportunities for Recreation

Most of the Fraser Alpine Area is isolated, wild, and
rugged. Except for the road system built to facilitate

‘work :in the Fraser Experimental Forest, and the road

over Jones Pass, the area is accessible only by hiking or
ridmg

These alpine lands afford one of the grandest vistas in
Colorado, but few people visit them. They will doubtless
remain -wild and free of developments for a long time.
Consequently, there is an excellent opportunity to develop
a_system of trails for riding and hiking. gtops below.
timberline could be provided at places where water and’

- fishing are available.

This Area could well be used by people wishing to
avoid more congested recreation areas. It is close to
Denver, and can be reached from Berthoud, Loveland,
and Jones Passes. Limited opportunity for plcmckmg, B
camping, and fishing is now offered in the Fraser Ex-
perimental Forest. Expansion.of these facilities will
depend on whether they prove compatible with use of the’
watershed for experimental purposes.: Two ski lifts are
located near the survey area, and at these, Wlnter use
exceeds 100,000 visits.

Sultablllty of Soils for Engineering

Practically all engineering in this Area is concerned
with location, construction, and maintenance of roads.

The Nystrom and Lunch peats are the problem soils in
road construction. Tf roads must cross these soils, there
are serious difficulties in getting drainage and in stabiliz-
ing cut slopes. The problems are most severe in spring,
when snow melts, because most of the total annual pre-
cipitation must be disposed of in a short period. A
greater number of culverts are usually needed than first
appraisals indicate:

Because slopes are :steep, many of the cut banks are
high. Banks in the vicinity of seeps do not stabilize for
several years, and they require considerable maintenance.

Roads should be located carefully to avoid as many
seep and peat areas as possible. Because these are of
small size, they could not be delineated on the soil maps,
but teference to figure 15 will show the problem.
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Small areas of bedrock, though important in road con-
struction, could not be shown on the soil map. Where it
is difficult to determine whether an exposed rock is part
of the bedrock, or merely a boulder, reference to the soil
map may be of some value. In areas of the Ptarmigan,
Darling, Bobtail, and Bottle soils, it is safest to assume
that an exposed rock is bedrock. In areas of Vasquez,
Leal, Mine, and Tabernash soils, and Alluvial land, an
exposed rock is more likely a boulder.

In most places on the well-drained soils' throughout
this Area, road grades safely can be raised 10 or 12 per-
cent for short distances where necessary. The lack of
silts and clays makes the soils unusually stable against
erosion in most places. This general lack of fines, how-
ever, may be a problem in obtamlng a proper mixture
of material for surfacing roads. This problem WIH be
most acute on the Leal soils.

Roads will require relatively little maintenance if they
are properly located and if adequate drainage is pro-
vided at the time of construction. In mountain areas, it
would be difficult to find conditions for building and
maintaining roads more satisfactory than those in the
Fraser Alpine Area.

Research Value of the Survey

This soil survey is detailed enough to be of value in
general research. For example, if stream gaging stations
are to be placed on similar watersheds for the purpose
of comparing treated and untreated areas, the informa-
tion in this survey is sufficient to locate the similar
watersheds. The s0il map and accompanying report are
reliable sources of information on acreage of trees and
grassland in each watershed, and also the acreages of
rock, rock slides, eroded smls, and the like. The map and
report are also adequate if the purpose is to select graz-
ing units in the alpine; for example, grazing units that
would have relatively the same acreages of Ptarmigan,
Vasquez, and Nystrom soils.

In the study of water production, this soil survey can
be of considerable value because it gives acreage, size,
slope, and location of those land types in the alpine where
snow accumulates and where erosion by water, wind, and
.gravity is prevalent.

The survey is adequate if the purpose is to select gen-
eral locations for small plots on which intensive research
is to be conducted. The final location of such plots, how-
ever, will require additional intensive investigation of
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the soils. By use of this survey, the researcher can save
considerable part of the effort in assuring that plots for
proposed research are on important, extensive soils, and
that the plots are on the same kinds of soils.

If plots for intensive research already have been. lo-
cated and used, and the purpose is to. discover the kind
of soil they are on, this survey is not adequate. More
intensive investigation of the soil at the site of these plots

- will be necessary.

Literature Cited

(1) ALFXA\IDER, R. R, and BugLy, J. N. E
1935. . DETERMINING THE DIRECTION OF DESTRUCTIVE WINDS.
IN'A ROCKY MOUNTAIN TIMBER STAND. Jour. Forest-
: ry 53 (1): 19-23, illus.
(2) Brown, H. E,, and DUNFORD E. C.
1956, STREAMFLOW IN RELATION T0 EXTEN’I‘ OF SNOW COVER
IN CENTRAL COLORADO. Rocky . Mt. Forest and
Range Expt. Sta. Paper No. 24, 9 pp., illus.

(3) ‘EasTrOM, FRANK A

1954. ENTERPRISE AT FRASER. The Westerner’s Brand Bk.,
Denver, Colo. v. 10: 117-128. Boulder, Colo.
Garstra, W. U, and OTHERS. .
1958. FACTORS AFFECTING SNOWMELT AND STREAMFLOW; ‘A
REPORT ON THE 1946—53 COOPERATIVE SNOW INVES-
TIGATIONS AT THE FRASER EXPERIMENTAL FOREST,
FRASER, coro. U.S. Bur. of Reclamation, 189 pp.,

illus.

Horron, R. E.

(4

fus?

(5

194‘3 FROSIONAL DEVELOPMENT OF STREAMS AND THEIR -

HYDROPHYSICAL APPROACH TO

DRAINAGE BASINS;
Geol. Soc, of Amer.

QUANTITIVE MORPHOLOGY.
Bul. 56: 275-370.
(6) Paunsen, H. A.
1960. PLANT COVER AND FORAGE USE OF. ALPINE, SHEEP
RANGES IN THE CENTRAL ROCKY MOUNTAINS. Towa
State Jour. Sci. 34 (4): 731-748. ’
(7) ReTZER, J. L.
1956. SOILS OF THE ROCKY MOUNTAINS.
(1): 22-32, illus.
(8) ‘RuTHERFORD, W. H.
1954. INTERRELATIONSHIPS OF BEAVERS AND- OTHER WILD-
LIFE ON A HIGH-ALTITUDE. STREAM. IN COLORADO.
MS thesis, Colo. State Univ.
(9) Twrro, OGDEN. |
1947, PRE-CAMBRIAN AND LARAMIDE GEOLQGY OF THE
VASQUEZ MOUNTAINS, coLo. PhD dlssertatlon,
TUniv. of Mich. :
UNITED STATES DEPARTMENT OF AGRICULTURE.
1957. ENGINEERING HANDBOOK; HYDROLOGY.
4, chapters 1 through 5, illus.
UnITED STATES GEOLOGICAL SURVEY. .
1935. GEOLOGIC MAP OF COLORADO. U.S. Geol. Survey in
‘cooperation with Colo. State Geol. Survey Bd. and
Colo. Metal and Mining Fund. 2 map sheets.

Towa Soil Sei. 7

(10) )
Sup. A, Sect.



	Contents
	Part I: The Landscape
	Geology
	Landforms
	Drainage of the Area
	Climate
	Vegetation
	Wildlife
	People and Their Use of the Land

	Part II: Soils of the Fraser Alpine Area
	Natutre of the Soils
	Soil Series and Mapping Units
	Genesis and Morphology of Soils

	Part III: Soil Use and Management
	Soil Management Areas
	Suitability Classification of Soils
	Susceptibility of Soils to Erosion
	The Area as a Wildlife Habitat
	Opportunities for Recreation
	Suitability of Soils for Engineering
	Research Value of the Survey

	Literature Cited



