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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 II consists of descriptions of the vari
ous kinds of soils in the Area and a discussion of how they were 
formed. Part III 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,c all statements in the report refer to conditions at 
that time. 

Cover pieture.-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 

UNITED STATES DEPARTMENT OF AGRICULTURE IN COOPERATION WITH COLORADO AGRICULTURAL 
EXPERIMENT STATtON 

Part I: The Landscape 
The Fraser Alpine Area is located ~m top of the Rocky 

Mountains, some 50 miles we~t of Denyer, Colo., and c~n
tains parts of Grand, SummIt, and Clear Creek Cou~tIes 
(fig. 1). It is at 39° 55' north latitude and 105° 55' west 

*SlliteAgrieulturafExperimcntStation 

Figure I.-Location of Fraser Alpine 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. Louis Creek is the· boundary 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 alpine 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 boundary of the alpine area has the follow
ing: 

Miles Percent 
Solid rock __ ~ ______ ~__________________ 15 6 
Rock slides ___________________________ 53 24 
Burned·. timber .: ______ -_________________ 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 bf the landscapes and 

the soils can be attributed to composition of the rock 
formations. Metamorphic rocks~schist and gneiss 4e
rived from granite-are most common. Unaltere~ gramte 
is not extensive .. Pegmatites are common. SedImentary 
rocks are not extensive, though they may be remnants of 
a once ex;tensive mantle. The sedimentary rocks are Dac 

kota sandstone and the Morrison shale .. A few thin beds 
of limestone are on Bottle Mountain· and southward on 
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 tuff 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 ~asin. ~lon8" ~t~ 
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).1 

The geologic map of Colorado (11) shows a relatively 
simple pattern of rocks, but Tweto's study (9) does not 
bear this out. Tweto worked on.a portion o,f 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 distinct 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 ar:eas, all the. rocks ar:e ha~d and .strongly 
resist weathermg and erOSIOn. T.hmr reSIstance IS .one of 
the important reasons for the· hIgh, rugged terram 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-

1 Italic numbers in parentheses refer to Literature Cited, 
page 47. 
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f ' igure Z.- I.andscape or Fraser Alpine ,\ rea: ,,\Ipine grassland in foreground abo"c spruce.co\'ered s IOII('S; [he three high valleys 
in Ihe background hal'c been glacia t ed , 

wloped fl'om rocks of these kimls call be cx pect ed to llll\'e 
lOll" inherc])1 fertility ll nd coat'SC, gnn 'elly texture. 

Faulting :lnd glaciation accoullt 1'01' the major, and 
pe rhi~ ps lIlost of the minor, ehaillnge channels ill the St, 
Loui s C reek watershed. T he main bl"allch of St . L oui s 
C reek occu pies :t major fault tha t PAS$CS sou!lll\"llrd out. 
of the b:l sin th rough S I. Loui s Pass. '1'0 appreciate the 
com pl(lx ity of the faulti ng, re fer to '1'\\"eto's map (9), 
Behin ·iOt, of gl'olmd watel' ma." be st rongl," in fluenced in 
places b.\' ihe preni1ence of these f:lull s. 

Landforms 
Steep , high moun!ain slo pes are the most notable topo

gmphic iCllt ure of the Fraser .\lpine .\re:L E xcepL fOl ' 
BatTOW, small flood plains in the Fraser Experimental 
F oresL, !he l"c is 110 level hllld . Ridget,ops :Ire narrol\" but 
rounding in most places. Yi,lleys :It't) V-shaped except 
where ~"idened by glaciers nl lower ele":l tioll s. T he topog
rnphy IS IIlllturc. 

Ya sql1ez Hidge, east of Y:lsqlleZ C reek, has some of the 
fClliul"c~ of a peneplnin . It Inny be H relllllan t of the Hocky 
J\[Ollntnin peneplnin. I f pcncpiunution at some earlier 
geologi c period was once morc ext\lnsin} in Ihis area, ;he 
eddence Im 5 la rgely been dest ro,nld by glacia l action. 

Gla cillfioll has had the greatest illflllcllce in modif .vin~ 
the iopog l"aphy in recent g:oologic times. Cirques 011 1he 
cast. and north s ides of high rid,l.,"Cs and peaks ( fig. 2) 
have caused appreciable ret rcat of ihe ('I'cst of the di"ide 
to oolh the west llnd south, bUl mostly io the west. ] n 
lll11ny areas the present Ct"ests of ridges lll'e in posit ions 
that wcre once on ','eSt- facing' slopes. l; laciat ion has al so 
Cl1Used gene ral 10werill,1! of the mOllntaintops. 

T ho glaci ation haS produced t\\"o contJ"ast ing li\nd · 
scapCS above timberline, T he cast sides o f north -south 
l'allging mountaills have IlUIlH)rOll S, :tnd in mun)" plilces 
conlilltlous, cirques. These cirques have vertical \'ock 
faces, lakes (fig, 4-). valleys filled \\"ith I"o<;k glncie rs, find 
gl acier-scoured rock domes thaI ma," be bare 01' ncal'1y 
hal'e of ,·egeta ti on . Below the rock g lacie rs find below 



 

 

FRASER ALPINE' AREA, COLORADO 3 

WEST 

8/fJI Terminal moroin'e 

{
Valley outwash 

(2) Lateral. m~raines 
-..,... Survey boun'dary 

BERTHOUD PASS 

11,315 

CREEK 

CREEK 

L--__ ------,------"--"-~--~~---------- ,----___ ---

figlfre 3.-0riginand distribution of glaciers in the Fraser Alpine Area. 

:timbedine,the valleys .. are filled withcoarse till,outWash, 
a:~d material left in terminal, lat~ral, and recessional 
moraines. C 

In . :association' with sofue. m0raines, therea,re,. kettles 
marked, by small bogs or lakes containing, wate~ part 'Of 

'the year. These landforms and the. till regulateruno.ff 
and yield large amounts of water la,te in summer. 

On the west sides of· north-south ranging mountains, 

above timberline, there are long, g~ntle, relatively uni
form slopes (see foreground in fig. 2) that .are rarely 
severely dissected by drainageways. The soils of these 
areas support alpine sedges, grasses, and dwaTf willows; 
These are.the more important grazing lands of the alpine 
country. 

.. East-west ranging mountains tend to ha,ve normal topo
graphic development-sloping land o~ both sides of the 
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Figure ,I.-Small " ll1c ini lakes often provide good fi s hi ng when 
t hey have been s tocked. 

ridgcncsl find fell" glacial ei r(jI!es. On the nOl'lll !Slopes 
of these mOllntains, glaciers \\"cre aClin:~ 0111\· behind the 
hig!lCr, n,lorc prominent peaks... . 

Ehw:lll0ns of I;~ PI'Ollllllcnt POllltS 1lI the .\ I'C:1 :1I'C ap
pl'Oximately as rollows : 

XO!"lh \)(lum1<lr)' \If Fraser 1';xl)('rim('nIHi F(JI'c,;t __ i'. 7:::.~ 
Fra.-;er E~pe]"illl{'lIhll FOI' .. ~1 h"atlqu1\I'teI'S __ _____ n.().;1 
B"llie l.'ns,; _____ * __ _ ~ __________ _ ______________ 111.iJl lt) 
:-:1. i.ouis Pal'S _____ _ __ __________ 11.~,:;1 

.June>; \ ' .'lSS ________ _____ __ .___ ___ __________ 12.-110 
r.oI'elHn(\ l'(\ S.~ ______ _ _________ ____ _______ _ Il.~r.)2 

lWl'1lwnd l'a ~lS ________ ______ .__ ____ ________ _ 1 ],~I;; 
H,"(>I'>s \ '('ak _____________________ ___________ I:!,~(I , \ 

\'a ,~q ul:7, l'e1\k ______ __ ______________________ __ I:!,!HO 
l(n;:er .\IOlllllllili ____ __________________________ 1:1.:.!40 
.1/"IUlL l':lmnAAIlS ______ • _____________________ \:\"i;o 
1'1:mni;:ll.n PCllk ____ __ ________________________ l:!,ISO 
nt' Pcnk ___________ __ _____ • _____ _____________ 1:!,:!Ht/ 

,Y itllin the alpine area, there iS H ",ide nll'jety of micro
IHndfol'Hls. T he hummocks, or mounds, in bo!;>'S are el,i· 
denee that frost hns slo wly e hlll'lled the soil allO nxk I n 
many places on the b:ll'e 'floor of t he ho~ areas, het ween 
lHlmrnocks, there are rock lines tliat indica te ellum ing, 
:'\ewly opened pit s rel'eal, bencHtlt the sm faee of these 
ho)!!", soil layers coniainillg- I('nses of organic matter. 
These or,!.!anie lavers art' of IlIHIlY th i(,kllesses. but Ihe 
normal range is fi'om ,I irate 10:1 oi' oJ in('hes. The~e I,n'el's 
are twistrd a nd tortuous b('neaih the b()<r floor. ' 

T he downslope si des of the hogs :Ire i~1 \)\aces fronted 
by a sh arpl," peaked narrow rid,!.!e. Thi$ ri( gc appe,u'8 to 
ha,'e been fOl'llled by expan!iion of ice " 'hen open lI':ltel'8 
of Ihe hOI! froze. T he r idge ahl'ays has a d('n.';e ('on:~ r of 
sedges and d"-ad lI'illo l\', T his l'idginl! on ihe downh ill 
~ide of bogs tllil,V explHin why there are numerous fInd . 
'" 1)1a('e.o:, quitc large "1(> I'I'lIce;;" on presen lly well·dmined 
soi s on sleep slopes, These ielTHCCS in many areas run 
anoss I he slope tor con si de l'1lble d istall(,(,s, alltl in some 
pLH'es oceur in gl'Oups. If thcse ic rl'HCCS were OIH'C bous, 
they are Ircl! drained now, ~ 

.'~ol~d ~l~asses o f soil mOl'e down slopes in SOIll~ \)lll('es 
(hg. ,")). l he front of a lobe may be:2 Or 3 feel hl,!.!I1HHl 
of \'a r iable latend dimension. T he unsol'/ed m il t erial 
rang<'s f!'Olil silt to liuge stoncs and ('ould be mistaken fot, 
gladal ,I ill. T he (ront of the lobe ol'C!Tides the downslope 
soils, Buried p l'ofiles al'C common benca th the lobes. ~\t 
presen t. these mi\"Ses apP('at' to be lllo l'i ng. Imi "Ny 

Fig/Ire 5.-Lubed mass ur mMeriat has moved down the s lU IJe and 
covered soi ls, Such movement is common in a lpi ne areas, 

slol\,I\" .\ 11 am dCIH:iely cO\'et-ed wilh scdl!es, and wiih 
\\"i!1o~,'s in some pl aces. J l uge t'o<.:[.;- glacie rs arC! present 
beneath the splllling t'ock \\" I.ll s of some of ihe Inore 
prolil inent ('inlue basins. L ichen on these rocks suggeSls 
('on sidel";lbl e s\;lbilil r no\\'. 

T hl'Oughour Ihe 'alpine area ihere a t-e long, nalTOII' 
lines of r()('['; t'llllning dOll'n the r-:lopes. 'I hesc am called 
I"o('k st ~'ealllS (fig. Gj, T he)' appcar to ori,!!i ll1lte thl'Oll!!h 
tIle '1lcllon of nillofi . J)Ul'ltlg sllol\'meh , water probably 
g,lins a foothold 011 the soil Ihrough SOllll' bt1'ak ill Ihe 
I'egetatioll : pos.'i ibl,\' throllgh II r()(len l run . T he fine grains 
of ooil are tarried 1I\I'a\' by waier lind the Int'ger stolle!'! 
are lefl. 'The soil ntaterlll1 remOl'ed is deposited in a !'!llIall 
fan at Ihe base of the bre'lk. II"h~t'e the rat e of flolI" is 
("hecked by dense \'cgetation. Lal e l' (lo,,'s ('Ht dO\\'llslope 
thl'OHgh ihe fan ,Iud extend Ihe ro(:k stl1'a])] further down 
the stcep slope. T he pl'Ocess apl)ears to he c,relic, T he 
s ides of the st reams are corcrcd I,V denS(' I'egetation, buL 
as the pnx:ess continues, the \"egetaiion i!'! Hndel'Cli1. the 
SHsl)(lllded \)!iUlI S die. and the st ream \I-idem;. E \'enilial 
lI"i( th and ength of the rock slre,un depcnd on the IO(":l1 
si tuat ion . T he pro('ess is (,lItTcntl ,I' ;[('tl l'e bllt pl'OuaIJ1,1' 
I'el'\' sl O\l' , 

" 'intI is res ponsi ble for dewl opmcnt of some miero
landforms, Ii is mosi aCli\'e where \'egelatioll has heen 
damaged 01' remol'cd by grazing, and ill pliwcs \\,het'C 
topography seems to cnuse eO]}('t'ut \'H i ion of wi nd CU ITClll S. 

Figll re 6,-Rock s treams on steep stOIIC!!. WhC!l snow melt S- l hese 
streams carry apll recinble wate r , 
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:Drainage of the Area 
'(Numbers of stream channe1s ~re an index to 'the be
.', havior of water during storms and periods of snowmelt 

and heavy runoff. Also, their present condition is an 
index to past land use. Stream channels have formed 
during a long )?eriod and are the combined result of the 
geology and' clImate, with some modifications by vege
tation. 
,Increased interest in hydrology, erosion, and, water

shed, management .on mountain lands makes necessary 
more precise methogs of comparing watershe~s. Study ~f 
drainage systems is one of the means by whlCp. comparI.:
son of watersheds can be achieved. For this reason, the 
drainage systems of the· Fraser Alpine ~rea were ?are
fully studied. The data derIved permIt c?mparIs(.ms 
among watersheds in the Area and. comparIsons WIth 
watersheds beyond the boundaries of this survey. 

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 thetnain chan
nel or (b) that, a 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 
channels, and only a few of the regular, carry perennial 
flow. 

Gullies or raw channels are. rare. Most of these are on 
the steep faces o£cirquesand in p.asseswheresh:epitrail
ing has been destructIve. The resIstant underlymg rocks 
give gullies little opportunity to ,become. deeply en
trenched. Where gullies form, they ~re usually in straight 
lines down steep slopes. , ' , 

There are 27 lakes within the alpine area, most of them 
at or near the Jower boundary. They are all small. ~o~t 
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. 

Some characteristics of stream 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. dll;ta on 
stream channels for several small watersheds wlthm the 
larger St. Louis Creek watershed. 

The data in tables 1 and 2 show that all areas meas~ Climate 
ured, except the St. Louis Creek basin, have a maximum The consistent pattern of climate is one of long, cold 
of four streamordefs. The St. Louis Creek basin has one winters and short, cool summers. Eleva,tion ranges from 
stream with a fifth order,channel. An appreciable num- . A 
ber of channels that develop and disappear before they about 8,700 foot to 13,500 feet WIthin the rea; conse
join the main system are referred to in tables 1 and 2 as queIitly,' climate differs according to altitude. In alpine 
irregular channels. These irregular channels seldom. have grassland areas the effect of elevation is-not modified by 
more than two orders, in contrast to four orders common trees as it is at lower elev'ations. 
to most regular channel systems. Fragmental weather records are available for the sur-

TABLE I.-Some characteristics oj streams 'in the Fraser Alpine Area 1 

Regu~ar s.treams 2 Irregular streams 

Item Stream orders S Stream orders 

Alpine lands (68,561 acres): 4 
Number of streams __ .--- __ _ _ _ _ _ _ _ _ __ __ _____ 575 
Total length (miles) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 117. 11-
Average stream length (miles) _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 20 

·~~~~~:t:ng~~tI~~i~_~ ~~ = = = = = = == = = = = = == = = = = = = == = = = = = Physiographic index 7 _____________ 
7 

_______________ _ 

St. Louis Creek watershed (22,120 acres): 
Number of streams ______________________ ~ _ 54 
Total.1ength (miles) ------------------7---- 13.60 
Average stream length (miles) _ _ _ _ _ _ __ _ _ _ _ _ . 25 
Stream-length ratio 5 _____________________________ _ 

Bifurcation ratio 6 _______________________________ _ 

Physiographic index 7 _ c ______________ , ____________ ~_ 

I All perennial and ephemeral streams. 

2 

178 
68.27 

.38 

.53 
3.2 
. 16 

20 
16.10 

.50 

.50 
2.7 
.18 

2 Regullfr streams are those that join other streams to form part 
of the regular system, as contrasted to irregular streams, which run 
for some distallce and then fade out or disappear in, a rqck field. 

S Stream" orders according to 'the, system developed by R. E. 
HORTON (5). . 

4 Includes 5,166 acres of 'alpine hmd in, the St. Louis Creek water-
shed: ' 

3 4 5 2 4 
---------------

46 5 389 51 7 
28.97 5.74 67.75 16.13 3; 32 

.63 1. 15 . 17 .32 .47 

.60 .55 - - - - - - -- -------- .53 .68 
3.9 9.1 -------- -------- 1.6 7.3 
.15 .06 -------- -------- .07 .09 

8 3 1 153 37 12 1 
5.18 6.72 ; 63 34.65 19.49 10.78 .66 
.65 2.24 .63 .23 .53 .~90 .66 
.77 .29 3.55 .43 .59 1.36 

2.50 2.67 3.0 4.13 3.08 12:0 
.31 .11 1.8 .10 . 19 .11 

5 Stream.length ratio (Horton's rl) is the ratio between average 
str.eam length of a given order and average stream length of the 

. order 1 
next lower order; that IS, order 2. , 

6 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 
lower order; that IS, order 2. 

7 Physiographic index is ratio of rl/rb. 
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TABLE '2:-}3asic stream data .jO'l' s(3veralsrnall 'UYa;iersheds withi'1!,the St.Louis' Creek watershed 

Regularstreains Irregular Watershed-
streams 

Small watersheds 
Channel orders' Channel orders' Elevations Approx-

imate Length 

2 
>J,creage in:miles 

1 2 3 4 Top Bottom 
-------,-----

Deadhorse: 
'No. of channelsc ________ c __ ~ __________ - __ 27 7 1 1 4 1 11.588, 9,.200 925 2.27 
Total miles _______ c _~ ___ c ______________ ~ __ 3.88 3.07 1. 02 1. 72 .44 .16 s 
Averl1gemiletl _________ "_,, ________ c _____ .14 .44 1. 02 1. 72 .41 .16 

West St: Louis: 
No. of channels ____ ' _____________ - __ ' ______ 19 4 1 1 12 2 11,600 900 2,070 3.79 
Total miles ____ "_" _________ ~ _____________ 4.36 1. 79 1.0 2.38 2.70 .48 
Avera!!:e tffiles_ ~ ~ __________ " _____________ .23 .4.5 1.0 ,2.38 .23 ,.24 

Byers: ""~ 
No. of channels __________________________ 13 3 1 1 7 12,400 9,300 846 2.65 
Total tni1es~ ________ ~ ____________________ _2.51 1.11 .78 2.31 1. 51 
Average miles ____________________________ . 19 .37 .78 2.31 .22 

Iron: 
No. of channels_ Coo _______________________ 32 11 1 1 31 6 12,690 9,460 1,848 3.32 
Total miles _______________ c ______________ 6.83 5.06 .64 3.30 4.45 1. 70 
Average miles_~ __________________________ .21 .46 .64 3.30 14 '.28 

Lunch: , 
No . ..of channels' ____ Coo ____________________ 8 1 1 27 1 12,700 9,560 808 2.' 46 
Total miles _________________________ ~ ____ 2.27 .38 2. 13 3.83 .08 
Average miles ____________________________ .28 .38 2.13 .14 ,.08 

Gordon: 
No. of channels _' _________________________ 10 4 
Total miles ________________ ~ ___ c _________ 2.05 1..70 
Average milesc _,_ c __ ~ ____________________ .21 .43 

Mine: 
No. of channels __ " _________ ~'~ ____________ 17 1 
Total miles ______________________________ 3.23 .\44 

-Average miles ____________________________ 19 .44 

Fool: 
-No. of channels __________ c _ ~ c _____ ' _______ 9 3 
Tota,l miles _____ .. ________________________ 1.90 2.03 
Average .miles ________________ ~ ___________ .21 .67 

vey area, but no continuous long-term records. The dis
cqssion of climate is therefore based largely on data from 
adjacent 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. 

1 
1.84 
1. 84 

1 
.80 
.80 

1 
1. 67 
1. 67 

, 

19 3 12,700 9,880 738 1. 99 
2.79 .72 

15 .24 

1 13 12,440 10,040 666 161 
1. 59 1. 99 
1. 59 15 

5 11,440 9,600 714 2.18 
1. 42 
.28 

Temperatures recorded at the U.S. Weather Bureau 
station in Fraser are usually 5 to 71? F. below tempera
tures at the Fraser Experimental Forest headquarters, 
which is. 5 miles from Fraser and 600 feet higher. The -

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 west,erly, with 
a strong southwesterly trend. Elsewhere, winds strqnger 
than this were measured recently. During winter con
siderable areas of soil on the windward side of ridges and 
peaks are bare. , . 

Alexander and Buell (J)have shown that the domi
nant winds are westerly in the sUbalpine areas; Wind in 
subalpine areas is responsible for many windthrown 
trees. 

'''lower temperatures at Fraser result from a temperature 
inversion. Average ajmual precipitation at Fraser 
averages 18.7 inches, as compared to an annual average 
-·of 24 inches at the headquarters of t4e Fraser Experi
mental Forest. The range in annual precipitation at the 
headquarters is from 15 to 30 inches. 

Corona,3l,t Rollins Pass and about 6 miles from the 
Area, is at an elevation of 11,660 feet. Data from the 
weather station at CQrona should berepresenta,tive of the 
climat~ in the ~lpineJands 0+ this Area. _ . 
-··StrQngwinds are characteristic of this Area •. The best 
continuouS'recoms on wind (1873~88). are for Pikes Peak, 
at an elevat\on of 14,136 ,foot and approximately 80 miles 

Appreciable quantities of dust from the deserts to, the 
west are deposited when westerly winds. are strong. It 

. is not kll(/wn whether the dust accumulates; on the surface 
of the .soil or is removed with waters from the melting 
snow. 

Snow ,patterns are varied because of differences in 
elevation, vegetation, and topography. Thealpine lands 
re0eive asmuch,snow, and probably more; than the areas 
at lower 'elevations that are ,covered with trees .. Wind, 
however, removes snow from ridges and exposed areas 
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T AIlLt; 3.- A remf/l:' monthly and annuall)1'ecipitation (111.(1 
temperature!) at CorOlla and FraiJer stations 

Corona station ' Vraser ~tation t 

1\lonth 

Preeipi- Teml>er- Precipi- Teml>er-
tat ion ature tation nturo 

In<h .. /nu .. " F. /II,ht. l)turtU ~'. 
,Jnnullry __ 3. 93 II. [, I. 00 12. (; 
Febrl1ar~' 5.10 13. 3 I. 53 15.0 
1\'larch --- 4. 78 1&8 1.72 21 I 
Arril. -- --_ .. --- --- 5.36 23. 2 2.05 31. 2 
1\ ny , ----- - - 4. 78 30. I) I. 85 41. 2 
,June _ --- I. 63 42. 2 I. 30 4\).0 
.July -- -- 2. 64 4&8 I. 95 54. 2 
August -- 2. 24 4&4 I. 08 52. 3 
Sel)teml>er ------ 2.20 40.0 I. 15 45. " 
October ._ ._- 2.92 30.2 I. ]0 35.0 
November --- 2. 60 1&0 l. 23 22.\) 
December '42 9. 4 I. 32 13.\) 

AI'crage al111ult! __ __ 41. 60 27.9 1& 65 32. !) 

I Niue yelirs of rceord; clevation 11,600 feet; precipitation lI"as 
about eight-tenths snOIl". 

t Fifty ~'enrs (1908--58) of record; clcl'ation 8,560 feet; I)r('ci r~
itntion WitS IIbout two-thirds snow. 

and dcp~ils it ill cil"(llle basins, 0.' 1ll0\'es considerablc 
amounts to the 11"f'iH'0\'cred ilrcas belo,\" limbel"linc, .\Iso, 
il eonsidcrable MnOllllt or SIIOW accumuLlles a1:i ("omites 
nnd snowbanks on the lee side or cil111lCS and hi:.:-h ridgc
lOpS . .::inowslidcs, 01' nnla ll('hcs, oncil originate ill Ihcse 
(\el";p dl";posils (fig. 7). Snol\'slides usually run the Slime 
("ourse mally iilllc.';. On Ihe acrial phowl!l"il phs Hr;cd liS a 
lmse fOI' the soil lllHP, Ihe co ut·ses of SIIOIH;lides arc 
lIIarked by thin, white, strni :.:-ht lines e:d endin g fr011l thl"; 
nlpillc throu/!h the timbercd zone helow . 

I II timbered :\l'ellS SllOII' stays wllel'e ;T f,\l l,; I,prnllsr 
wi lids ('nn lllOl'e only the portion thaL lod/!cs in thc 
brnl l("hcs of the il·ccs. 

Slope lisped, OJ" ciircction in \\'hi("h n slope fa("cs, 
markedly :dreds pail !!rllS of SllO\\' :H'ellllllllatioJ\ al low 
el('I·:ttion".. South-fatin/! slopcs normally al'e f"cl"; of 
SIlOW !)O days Ot· morc befOI'e north-facing slope.';, 1)]1(1 
011 sout h-faeiltl! slopcs some melt ing or Sllblinl<lt iOll S('('tnS 
to ()('("UI' tlll"ou:.:-hout tlIC wintCI'. T he di.';tribulion of snow 
in thl"; SL Loui s CI'eel;: basin has been studied bl' BrO\\"ll 
(2) . . 

TI)(! ()('currcn("e of frozcn soil is intcresiinl!. \r ithin 
thc iimbet·, where the surf,lCC is pl'otceled by a Thiek 
layel' of liltcr, thc soils oftcn do nOI frceze Hlltil sp ring. 
FI'CqttCll th- these soils ,lI"C dn' \\,hen \I,intCI' $t,t1"l s, nne! 
!loi infrc()ltcntl.\', nrc eO"cl"Cd wiTh a hlankCI or SIlO\\' 
c:tl"ly in fall. "'hcll The SIlOW melts ill s prill/!. Ihc soil 
Illay freeze to a depth of a fel\' inchcs. 

The pntterll of frei:!zing abo,'e limberlinc is not wcll 
known. t'mlouhtedly those :trcas swept frec of SIlOW 
:H'e frozen 10 a consid~I'Hble depth. Til \\'illo\\' ficlds and 
deprcssions, howcl"c]". SIlO\\' aeculllul,tics lind soil freez 
illl! probably is noi so SCl"e!"e, Pel"lnllfrost O('CUI"$ ill nlpill(, 
111"(':[S, but nor f'llou::rh is knoll'n about it s O('Cll l't'Cll('e to 
be able to prcdi<:t its p rescwe hy kind of soi l 01 ' hI' 
wpo:.:-mplli(· featurcs. l'C1"mafrost' does secm to o(,(,llr 
lllo re oft ell beneath the Pt:11"llligan than the \':lSlj1t(,Z 
so !l ~. 

figllre 7.-Snowstides are common in the alpi ne, T hey ca use some 
erosion, destroy li mber, and sometimes take human lives. These 
s lides normll lly sl art where s now accn mul:ltes Ol'er rock on ,'e ry 

s teep slopes, 

Vegetation 
Tn alpine nre:.ls. ,het'e is gnli;Slnnd abon~ Ih(' heaten, 

:;(":lI"I"cll "bent IIIllUer" zone Thal marks Ihe 11·;ttJ~ition 
frOlll gmss to thc spl"llce forcst ;11 lo\\'c ,' cIC\'alions (SC(! 
fig. :2) . T he grassland abo\"c Timbt1'line is 1Il!lrkl'd with 
lOll". shrubbv paTchcs of alpille I\'illow$, whi(·1t g"I'OW in 
deprcssionai and Illoist :11"e:1 S. . 

Below timherline. 1111"; forcst eovcr is a 11IixlltJ"(' o[ 
1·:ng-elmHllll SPl"ll(·c . · subalpinc fir, and f)unking lu,petL 
(hd inar il.\', nt Illl elel'atioll of nbout to,1I00 feel. lod/!epole 
pine illlcl"lningles lI"ilh this mixcd fOI·esl. On f.;1 ('Cp soulh 
I" ucilll! sl opcs, ho\\"e\'cr, lodfrcpole pine exlends ((I lllu("h 
hi!!Il(~I' elenltions and in a fell' pine!!!) grow;; !lear tindlcl"
linc. On steep north-facing slopes, spl"llec and fir /!1'OII" 
li S fal" dO\\'ll ns D,OOO fcct) !.Jill bc'o w this c!e\"Hti oll 011 
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north slopes, young stands of lodgepole pine are pre-
dominant. , .~ 

The scientific and common names ot the principal 
indigenous plants in the Fraser Alpine Area ate given 
in'thefollowing list, which was compiled by O. H. Was
ser, Deap., Oollege of Forestry, Oolorado State University. 

ALPINE VEGETATION 

SHRUJ;lS 
, Scientific name .common name 

'~~1f:i:c~o:ztJ~~~='==~==:===2~==~==~o~Uk!l~i:hington dryad. 
P~t~ntill~ frJl:ti~Qsa~ ~.~ ______ ~ ~_ -:~" Shr1J.bbycinquefoil. 
SaHxl.lla'!1c~3;nd v.ars----~~-~CC:~7 Grayleaf WIllow.' 
.Saltx,petraphzla ___ ~_'- ~-.~ ____ . __ L _ SkylaniHvill9w. 
$aliX planifoliiPand yarn _ ~ C --_ ~ _ PlaneleaJ willow. 
Sal~x, 'PS.eu~C!I~ppon'UrrL _ c'- ~-'''.~ ~ ,-C ,Jl'alseLapland-wJllow: 
Saltxn1Va1~1$ ___ -. _L ______ ,C_ -7 ___ , Snow willow. 

GRASSESA,NDSEDGES 

AgropyrQnscril]err#_ '- C ______ ~_ c -.~' ScribnerWl\ea,tgrass. 
,Agrostis humilis-. __ L~~ __ .. -._~._c_~,~ Alpine bentgrass. 
H elictotricho.n, tnortoniana ____ c __ c" Alpine oatgrl!;ss. -
Deschampsi«eaes1!itosa __ -"- __ " -: ___ , _ Tufted hairgrass, 
.Festuca,.ovina~ __ ~c -- ____ ~-7- ~- ~- - Sheep fescue. 
Festuca br:achY]Jhylla ___ ;_~" ______ Alpine fescue: 
PoaaJpin«c ____ c~ _______ -.;~ __ ~'-_ Alpine blue~rlts!S, 
R<J« arc(ic(1_ -c _'-. ______ ~ _ ~_ ~ __ ' ___ Arctic bluegrass. 
Poq, lettermanic;"" -7C~" ________ '- _ Letterman bluegrass. 
1'oa rupi~olaC'_~"- ___ , ____ ~ _______ Timberline bluegrass: 
Triset'UmllpicatjJ;.m _ c _ - - - " 7 - - - - - - - Spike trisetum. 
CuJirexarapahoensis7" ___ __ ~ ___ ; ___ Arapaho sedge. 
(far.er: ckiilcrolepis ____ : ___________ (sedge; no common name.),' 
Catex dr#mm(Jndiana"~_ _ _ _ _ _ _ _ _ _ _ Drummonci sedge. 
Carex·~iynOide8~----------------- (Kobresia-like sedge; no com-

I monname.)· 
Care-x nigricans ____ ___ ~ _ _ _ _ _ _ _ _ _ _ I3lac;k:alpinesedge. 
Ca;r:exscopUlorum _______ ~ _____ ~-- (sedge; no common name.)' 
Er.iophorumangustiofolium ________ Narrowleaf cottonsedge. 
Junausqrummonrii _______ , ________ Drummond rush. 
Kobresia'bellardi ____ __ " ____ 0 -' - _ L C K0bresia. 
Luzula.spicata __________ c _ ~ __ ; _ _ Spike woodrush. 

FOltBS, 

Actineagraiuliflora ____ _ .c._"': _~ _; ~--
Ag'Osel'isaurantiqca ~c ',-.' - - _.- - ~- -' - c 
Ante,nnari(,! microphylla * ~ _______ _ 
Arenaria . saj(1ninsis * _ ~ ___ .~ _____ _ 
'Artemisia' scopulorum ___ ~ _______ _ 
Caltha leptosepala ___ ____________ _ 
Castilleja occidentalis ____________ _ 
Cerastium alpinum* _______ c ____ _ 

Cirsi1.!m dr:t,immondii acaulescens __ _ 
Cirsium scopulorum _____________ _ 
Claytonia megarrhiza ____ .. __ ~. ____ _ 
Draba, crassifolia var. typica * ____ _ 
Draba fladnizensis * _____________ _ 
Erigeron melanocephalus _________ _ 

~~~~~~~~:"fl~~~r: *===== == == == = = = 
Eritrichum elongatum var. argen-

teum *" ___ ~ __________ -' ______ _ 
Gentiana romanzovii _____ _ L _ , ___ " __ 

Geum rossi ____ .- ________________ _ 
Lloydia serrotina __ . ___ ________ '- __ _ 
Mertensia alpina _______________ _ 
Oreoxisalpina ____ ______________ _ 
Oxyria digyna ______ ; ___________ _ 
Qxytropis s pp __________________ _ 
Paronychia pulvinata * __________ _ 
Pedicularis scopulorum __________ _ 
Pen,stemon harb.ouri_~ ___________ _ 
Phacelia sericea _____ ____________ _ 
PhldX caespitosa ahd vars. * ____ ; c_ 

Polemoniumconfertum_. ____ _ -' ____ _ 
Polygonum bistortoides ____ " '- _____ _ 

• These are cushion plants. 

Grayl~ck~ actihea. 
Orap.~e . agoseris. 
Lit'tleleaf. pussy toes. 
Siberian sandwort. 
Alpine sagebrush. 
Elkslip marshmarigold. 
Western painted-cup. 
Alpine cerastium. 
Birdsnest thiRtle. 
Lions-head thistle. 
Alpine springbeauty. 
Draba. 
Arctic draba. 
Black-headed fleab~ne. 
One-flower fleabane. 
Yellow eriogonum. 

Alpine forget-me-not. 
Romanzotf g~ntian. 
Golden avens. 
Alplily. 
Alpine bluebells. 
Alpine oreoxis. 
Alpine mountain-sorrel. 
Crazyweed!'l. , 
Rocky Mountain nail wort: 
Rocky Mauntainpedicularis. 
Harbours penstemon. 
Silky phacelia. 
Tufted phlox. 
Skypilot polemonium. 
American bistort. 

Scientiji~ name ~ Common name 
Polygonumviviparum_ _ _ _ _ _ _ _ _ _ _ _ Viviparous bistort. 
Potentilla quin;quefolia * _ _ _ _ _ _ _ _ _ _ Cinquefoil. 
Primula. angustifolta __ -. _______ -. __ Colora.do primrose .. 
Priniulaparryi _______ ___________ Parry primrose. 
Ranunculus adoneus _______ ~_L_~ __ Alpine buttercup. 
Saxifraga caespitosa * _ _ _ _ _ _ _ _ _ _ _ _ Mat saxifrage. 
Sedumintegrifolium_ .. _ _ _ _ _ _ _ _ _ _ _ _ Kings-crown stonecrop. 
Senecio <loldi:mella _______ C __ _ _ _ _ _ _ Alpenglock groundsel. 
Sibbaldia procumbens ____ _________ False-strawberry. 
Silene .acaulis * _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Moss silene, (campion). 
Thalictrum alpinum ___ c ______ L ___ Alpine meadowrue. 
Thlaspi alpestris ___ c -c ___ L ____ ~ __ Mountain penny cress. 
Trifolium nanum * _____ 2 ______ '-_ Dwarf clover. 
Trifolium parryi ____ ______ c _____ ~ Parry clover. 

SUBALPINE. VEGETATION 

TREES 

Picea engelmanni _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Engelmann spruce. 
Abies lasiocarpa_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Subalpine fir. 
?inus flexilis ___ _______________ J Limber pine. 
?inus contorta ___ ~ ______________ Lodgepole pine. 
P,o.p1~lus tremuloides ___________ L_ Quaking aspen. 

SHRUBS 

Arctostaphylos uva-ursi_ _ _ _ _ _ _ _ _ _ IHnnikinnick. 
Artemisia tridentata_ _ _ _ _ _ _ _ _ _ _ _ _ Big sagebrush .. 
Betula glandulosa ______ c _ L_ _ _ _ _ _ Bog birch. 
Potentilla fruticosa ______________ Shrubby cinquefoil. 

Salix glauca a
1 

nd vars - - - - - - - - - - - ~lraalel~eaaff ~Ufo~. Salix planifoia and vars _______ _ 
Shepherdiq, ca.nadensis_ ~ _ _ _ _ _ _ _ __ Canada buffalo berry . 
Vaccini.um myrtillus _______ 

7 
__ '- __ Myrtle whortleberry. 

Vaccinium scopanium ___________ Grouseberry. 

• GRASSES AND SEDGES 

Agropyron subsecundjJ;m ___ -7-- ___ Bearded wheatgrass. 
AgropYl Or],trachycaulurn_ _ _ __ _ _ _ _ _ Slender wheatgrass. 
Bromus anomalus ________________ Nodding brame. 
Bromws marginatus ___ ~ _______ ~ _ _ Mountain brome. 
Calamagrostis p'!1rpurascens _ __ _ _ _ _ Purple reedgrass. 
Danthonia interm,edia" _____ +._ _ _ _ _ _ Timber danthonia. 
Deschamp~ia caespitosa _____ ~: ____ 'Tufted hairgrass. 
Elymus glaucusc ____ . _____________ Blue wildrye. 
Festuca ovina_'" ____ _ ~ ______ -' _____ Sheep fescue. 
Festuca thurberi _________ ~ _______ Thurber's fescue. 
Phleum alpinum ________________ c Alpine tiinothy. 
PQa pratensis . ~ehtucky bluegrass. 

~~~{~:Oi~;;bi~~~~ ~ = = = = = = = =~; == == ~b~~~!~a~:~dlegra~s. 
Stipa lettermani ..' Letterman needlegrass. 
Triset'Um wolji..:_~=============== Wolf trisetum. 
Carex aquatalis ____ ______________ Water sedge. 
Carex festivella_ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ Ovalhead sedge. 
Carex geyeri _____________________ Elk sedge. 
Carex nebraskensis _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Nebraska sedge. 
Juncus baltiC'Us __ ________________ Baltic rush. 
Luzula parviflora_ _ _ _ _ _ _ _ _ _ _ _ __ _ _ Millet 'woodrush. 

FORBS 

Achellea lanulosa ____ ~ _ _ _ _ _ _ _ _ _ _ _ Western yarrow. 
Anemone zephyra __ ______ c _______ Narcissus-anemone. 
Ante1inaria rosea ________________ Rose pussy toes. 
Arenaria congesta ________________ Ballhead sandwort. 
Arnica cordifolia ______ ___________ Heartleaf arnica. 
Artemisia borealis ____ ~ ___________ Boreal sagebrUSh. 
Campanula rotundifolia_ c ____ " _ _ _ _ Harebell. 
Castilleja brachyantha~------------ Paintcup. 
Dplphinium /Jarbeyi ______ -c _____ - Barbey larkspur. 
Epilobiumangustifolium ________ ~ _ Fireweed. 
Erigeron machran,thus _ ~ _______ ~ _ _ Rocky Mountain wild /daisy. 
Eriogonum .subalpinum_ _ _ _ _ _ _ _ _ _ _ Subalpine eriogonum, 
Prag.aria ovalis_, ~ ______ , ________ Wild strawberry. 
Iris missouriensis ________________ Rocky Mountain iris. 
Gentiana parryi ___________ ~ _ _ _ _ _ Parry gentian. 
Geranium' richardsoni_~___ _ _ _ __ _ _ _ Richardson,geranium. 
Lathyrui/leucanthus ____________ . __ Aspen peavine. 
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Scientific name Common name 
Leo,ntodon taraxacum_ _ _ _ _ _ _ _ _ _ _ _ _ Dandelion. 
MertiJnsia ciliata _____ c ___________ Mountain bluebell. 
Oxy~ropis .sericeac ________________ Silky crazyweed (locoweed). 
Pedtculans groenlandica __________ Elephanthead. 
Penste,,!!o~ whippleanus_ _ _ _ _ _ _ _ _ _ _ Whipple penstemon. 
Po~enttlla glc.u~ophylla"- _ _ _ _ _ _ _ _ _ _ _ Herbaceous cinquefoil. 
Pn'fl!ula parrYL _ ~ __ _ _ _ _ _ _ _ _ _ _ _ _ _ Parry primrose. 
Saxifraga rhomboidea __ ___________ Saxifrage. 
Sedu,"!, rho.danthum ____ _____ ~ ~ ___ ~ Queenscrown stonecrop. 
Senecw trwngulari8~ ________ ~ ____ Arrowleaf butterweed. 
Thalictrumfendleri _____ __________ ,Fendler meadowrue. 
1):ifolium r!ldbergi _______________ Rydberg clover. 
1 tCW amencana _______ , _ _ __ _ _ _ _ _ American vetch. 

The ~istrib~tion of most of the' major plant species 
below tlmberlme appears to result from a combination 
of factors;. among them are slope, exposure, elevation, 
and the sOlIs. SOlIs seem to exert a dominant influence 
on plant species only where they are moist and wet. 
. Here are some observed rel~tion'ships 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 
t~e understory of most stands of lodgepole 
pme. 

(2) 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 t~ 
40 inche~, and a very few, to a depth greater 
than 60 mches. 

(3) Canada buffaloberry does not grow on Bottle 
fine sand, and the line between this soil and I 
others is frequently sharply defined by presence 
or absence of this shrub. 

(4) Grouseberry, the most extensive shrub below 
timberline, is most vigorous and dense at high 
elevations on the Darling soils and least dense 
on the Bobtail soils at low elevations. 

(5) <,Jharcoal 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 300 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. 

(6) Recovery from burns is extremely slow in the 
vicinity of timberline. 

(7) Judging by the, presence of' old "wolf" trees 
timberline is slowly advancing into the alpine: 

(8) ~ogged areas have .a good stand of regrowth 
tImber. 

Wildlife 2 

Big game animals, smaller mammals, and birds occur 
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 a,r'e elk (0 ervus canadensis), 
mule deer (Odocoileus hemionus) , and black bear (Euar
octas americanus). 

Elk favor the alpine grasslanqs 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 

,2 By DR. LEE E.YEAGER, Colorado Wildlife Research UIiit Colo-
,rado State University. ' 

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 
ha~lt.s .of ~he elk are being changed by increased research 
a.ctIVltles m the St. Louis Creek area, new logging opera
tIonson Keyser Creek, and activities related to new 
~iversions of water on Vasquez Creek. Elk do not winter 
m any part of the survey area. 

Mule deer, which are inore common than elk adjust 
more readily to changes in environment. In summ'er deer 
are seen throughout the timbered areas,' and in ~inter 
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. 
~arvest. of spru,ce and lodgepole pine for timber may 
mduce mcrease m browse plants and thus improve the 
su,mm.er range. for. deer. The trend would be progressive 
WIth mcrease m tImber harvest., Winter 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 
t~eir sign along streams and trails, there are compara.
tlVely 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 
bobcat are the small fur-bearing mammals. Rutherford 
(8) investigated the relation of habitat and wil'dlife for 
a 2-year period on the 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 aloI\g streams, particularly sites near multiple 
beaver dams and ponds. Weasels preferred open meadow 
~nd open coniferous timber. Martens were concentrated 
'm dense stands of Engelmann spruce. Coyotes and" red 
fo.xes ranged through all the habitat areas under con
sideration. 

Rutherford found that the snowshoe hare (Lepus 
bairdi) preferred the edge zone, or, border, between 

c meadows and stands of lodgepole pine, and that its 
preference was for high ground rather than low, moist 
areas. " 

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 (Oastor canadensis) are common in all streams, 
lakes, and mountainside, seeps. Their primary require
ments are water, a food supply consisting largely of 
,yillQws 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 d,raining 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 certainly are in the Fraser 
Alpin~ Area, ~ndthey u,ndoubtedly moV'e 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 froUl waterfowl, ptarmigan (Lagopus leucurus) 
and dusky grouse (])endragapus ObSCUTUS) are the only 
gam.e 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 to 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 roads touched it until the U.S. High
way No.6 over Loveland Pass was constructed and the 
Jones Pass Toad 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 ill these places, the Area is accessible only by horse 
and foot trails. 

Early hunters and trappers left· no recognizable scars 
on the land. Early mining was concentrated along Mine, 
Iron, and Bobtail Creeks and disturbed the land ~elatively 
little. Four cabins marked the focal points of ~arly min
ing activities on the St. LO\1.is 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 
OIL.Fool Creek was a herdsman's cabin. All these cabins 
were reached by trails. 

Eastrom (3) /reports that clear-cut logging started 
about 190201' 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. . .... 

Logged areai3 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 witll young lodgepole pine. 

The Arapaho National 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 remote 
parts of the St. Louis Creek basin, particularly Foole 

/ 
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~ClearCut 
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Figure B.-Sketch showing early logging in the St. Louis Creek 
. watershed. . 

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 vVest, East, 
and main St. Louis Creeks were added. The disturbance 
created by this activity was the most severe that ever 
occurred in the St. LouisCreek 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 grazed for 21;2 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 
9~ -

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 
,Tim 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. Floro 
4. Lovelohd 
5. Sf. Louis 

6. Jones 
7. ptarmigan 
8. South Fork 
9. Pass Creek 

10. Straight Creek 

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

ce~us cover and had some 10 to 12 alpine bogs. The bogs 
were, largely destroyed by,' wind erosion after sheep had 
made trails ac:r:.oss them that gullied {mt and drained the 
water. Wind erosion has likewise been severe on well
drained areas where the turfe was broken by grazing and 
trailing. 

Cattle first grazed under national forest permit in the
St. Louis Creek basin in 1916. This permit is still active. 

TABLE 4.-Grazing allotments and permitted number oj 
sheep in the alpine part oj the Area 

Number of sheep reported in-
Greatest num-Allotment 

1918
1 

ber grazed in 
1928 1938 1948 1958 a year 

Jones __________ 16,260 12,520 360 1,000 500 17,920, in 1920. 
Ptarmigan _____ - -- - -- - - - --- 950 1,100 930 
Flora __ ~ _______ - - ---- 4,000 1,820 900 21,200 5,000, in 1923. 
Vasquez _______ 1,625 1,500 2,390, in 1936. 
Lincoln ________ 1,500 1,500 900 900 ,3, 100, in: 1927. 
Loveland ______ 2,000 1,500 1,000 900 900 2,000, in 1912. 
St. Louis ______ - 6,260 6,000. 1,460 1,000 500 9,600, in 1916. 
Straight Creek~ - - - - -- 1,870 885 900 850 2,460, in 1925. 

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

Only limited recreational use has been'made of the 
Area. Campgrounds have been established along main 
St. Louis Creek. The alpine areas have limited use for 
summer hiking, but all game animals 'have migrated to 

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 pqints for winter 
reGreation. Roth 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 II of this report provides general and detailed in

formation about the soils of the Fraser Alpine Area. The , 
soils in the Area are described in detail, and their relation 
to climate, v\,\getation, and other factors .of the environ
ment is mentioned. The current uses of each soil are re
ported, along with some, suggested modifications' that 
would improve management. 

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
tflnsive areas where the soils have not yet been surveyed. 

The land manager can gain the most from. this soil 
survey by using Part II with Part III.' Part III discusses 
management "by 'soil management areas and provides 
separate subsections on management for grazing, 
forestry~ water production, and other uses. 

Natu:re 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 
shelt~ring adjacent slopes and protruding landmasses. 
The soils of the two landscapes contrast sharply. 

,V"ith few exceptions the parent material of the soils 
,throughout the FraseI' Alpine Area was derived from a 
mixture. of gneiss and schist rocks. These rocks disinte
grate slowly and produce a zoneof 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
tiQns' in climate, vegetation, and exposure (or aspect) 
than -from differences in parent rock.' . 

In' general, the soilsof 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 thic~mess, texture, and consistence 
of horizons. Sharp differences within short distances 
are the rule ra,ther than the exception. Generally, how
ever,genetic characteristics, such as color, reaction 
(acidity), and structure, ate 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.-Gf!neralinjormation.about soils oj the Fraser Alpine Area 

Soils Parent rocks or material 'Type of vegetation Landforms Internal drainage 

Bobtail_ _ _ _ _ _ _ _ Gneiss-schist___ _ _ _ _ _ _ _ Lodgepole_ __ __ __ _ _ _ __ _ _ Steep mountain slopes ______ _ Somewhat excessively drained. 
Well drained. Bottle _ :. _ _ _ _ _ _ _ Sandstone _ _ _ _ _ _ _ _ _ _ _ _ Lodgepole-spruce_ _ _ _ _ _ _ _ Steep mountain slopes ______ _ 

Darling_ _ __ _ _ _ _ Gneiss-schisk___ _ _ _ _ _ _ Spruce-fir_____ __ _ __ __ _ _ _ Steep mountain slopes ______ _ 
,LeaL __________ Glacial till ____________ Spruce-lodgepole.: _______ Steep mountain slopes ______ _ 

Somewhat excessively drained. 
Somewhat excessively drained. 
Very poorly drained. 
Somewhat excessively drained. 
Very poorly drained. 
Somewhat excessively drained. 
Well drained. 

Lunch _________ Organic materiaL" ____ Sedge-woody shrubs _____ Hanging bogs ______________ _ 
Mine_ _ __ _ _ _ __ _ Glacial outwash ____ :_ _ _ Lodgepole_·__ _ _ _ _ _ _ _ _ _ _ _ Level plains _______________ _ 
Nystrom_ __ _ _ _ _ Organic materiaL ___ -'~ Sedge_ __ _ _ _ _ __ _ _ _ _ __ __ _ Depressions ________________ _ 
Ptarmigan ______ ·Gneiss-schist _________ ~ Sedge and weeds_ __ _ _ _ _ _ Mountain ridgetops _______ c __ 
Tabernash____ _ _ Lakeshore deposits_ c _ _ Lodgepolec ______ ~ _____ .: Level plains _____ - _________ _ 
Vasquez ________ Gneiss-schisk _________ Grass-sedge-willows ______ Depressions in mountain Moderately well drained. 

. thrown trees; and (5) lodging of soil material behind 
logs as it moves down the steep slopes. 

Generally, speaking, the soils have low inherent fer
tility, somewhat excessive internal drainage, and coarse 
textures throughout, and range from medium acid to 
very strongly acid in all horizons. The peaty soils and 
bogs are notable exceptions, but they are not extensive. 

In comparison -with soils of agricultural areas, the soils 
of the Fraser Alpine Area might be considered to have 
limited use. Nevertheless, for wild, high, mountainous 
lands, the uses in this Area compare favorably with all 
other areas of similar nature. The major products of the 
soils in high mountain areas are timber, water, and for
age. The indirect products-recreation and wildlife
sometimes exceed the value of timber and forage. Al
though comparisons are difficult to make, this is probably 
true of the Fraser Alpine Area, where hunting, fishing, 
summer recreation, and winter sports are important ac
tivities. The information gathered about soils and given 
in this 81lrvey can be used to develop these different 
activities harmoniously. 

The main factors that limit growth of ordinary eco
nomic plants-soils, high elevations, steep topography, 
and climate-,--are about equally effective. Some of the 
nl0re common information about the soils of this Area is 
summarized in table 5. 

Soil S~ries and Mapping Units 

In this subsection the soil series and mapping ul1itsof 
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. 

Alluvialland IAal.-In this mapping unit are alluvial 
soils I that consist of coarse-textured, cobbly, stratified 
alluvium. In places these soils are flooded 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 

ridges . 

TABLE 6.-Approximate acreage and proportionate extent oj 
the soils 

Map Soil name Acres Percent 
symbol 

Aa Alluvial land _____________________ 1,407 1.6 
Ab Alpine rimland ____________________ 8,264 9.6 
Ac Alpine will-d-eroded land ____________ 2,089 2.4 
Ba Bobtail griwelly sandy loam ________ 3,791 4.4 
Bb Bottle fine sand ___________________ 236 .3 
Da Darling gravelly sandy loam ________ 7,739 9.0 
L.a Leal sandy loam __________________ 2,731 3.2 
Lb Leal sandy loam, terminal moraine __ 305 .4 
Lc Leal sandY-loam and Alluvialland __ 1,881 2.2 
Ld Lunch peat _______________________ 284 .3 
Na Nystrom peat ____________________ 1,070 1.3 
Pa Ptarmigan loam ___________________ 1,432 1.6 
Pb Ptarmigan loam, slightly bare ______ 4,359 5. 1 
Pc Ptarmigan loam, moderately bare ___ 4,973 5.8 
Pd Ptarmigan loam, largely bare _______ 5,518 6.4 
Pe Ptarmigan loam-Rock outcrop ______ 3,866 4.5 
Ra Rock outcrop_.: ___________________ 6,323 7.4 
Rb Rock slides _______________________ 11,802 13.8 
Ta Tabernash loam and Mine gravelly 

loam __________________________ 1,385 1.6 
Va Vasquez loam ___ -- ________________ 699 .8 
Vb Vasquez loam, slightly bare ________ 3,252 3.8 
Vc Vasquez loam, moderatelybare _____ 9,501 11.1 
VCI Vasquez loam, largely bare _________ 2,749 3.2 

Water ________________________ 59 .2 

TotaL ______ c - - - - - _________ - 85, 715 100.0 

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 soils 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
eluded 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, 
especially at higher elevations. They owe their origin to 
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suiJSlldace 1Il0VCltH!ltt of \ratcl" dowlI the s lopes from the 
Lenl and Dariin!!wil s. 

eke (lnt! /juitabilil.'l.- },Iost gruzing of calile in this 
watel-shed is COlltell tnlled on thci>C alludal flQil" . Ln wet. 
opell are:!s ami neal' bea,"er ponds :md pocket s of LUl1ch 
peat, sedge :UI(\ \reeds J,!"rO\r luxuriantly and Idrorci COI1-
sidcrahle fomge, Spt'U('e tends to cncroach on thcse al'eas. 
and as time goes 011, the area S\litnble for grazing' ,,-ill be 
I"cduted in size. 

"-illows, whi{'h I!l"OW in hogs and inh~rJllediatel'y 
dl'ained areas, arc important in 1)II1<:e5 . .\lost of thc heaver 
in this \\':llel'shed sul)sist Oil wil OI"S nnd bog bit'('h. 

~OIne of the :ll'ea has a den se co,'er of "iq!ill spruce. 
T he t l-ees gro\r on t he slight Iy elenlted area s, blli whel'e 
the roots t-eadil,\' tllil the ,!!l'Oulld "·IItCI". ('on~qllellt',r. 
these soils procill('e I lC hll'gest trees and dcnRCst Stand III 
the .\ ren .. \lth ollJ,!"h most of the prcscnt st and is dcendcnt, 
these soils han~ n relati\'ely h igh potential for Spruce PI'O
due/ion. 

T hese soils are impol'iantlo ihe h.rdt'Ologic fllllctionillg 
of t he basin. Their cO:lrse. cobhly matcrinl pI'events mpid 
dO\l'Il("llllin,!! :lnd I'educes challllel ero,;ion, J lI fnd. chan
nel ct'o"ioll dol'S 1101 OCCllr if the adj:lcent ,·chr(>tation hns 
not I)(>ell distlll,ued. TIl(> thidmess of these nllu,-inl de-

posi ts is II Ot know ll , uut no doubt a hll'~e ' "OIUllle of ,,·:der 
mo,'es through I he open, cobbl.\' material below the Sll'cnrn 
cll:lllllel. 

T he l)el'cllnial streams on these soils are llIodemtel), 
\I'ell SUIted to tl'Ollt, but they al'e not the best trout habi 
lat, uccnuse the watc!'s a!'e ('o ld. I\~atunt1 reproduction is 
lOll", Hnd most of the lishing result s fl"Om siocking of the 
Stl"(!nlllS. 

Bccnuse the soils :\I'C loll' alld wet. they ~11'nel'l\lly Ill'e 
not well suited fOl' ('alllj)gl'ouIHls, For sueh IHII'pOSCS, the 
higher lying Lcnl lind' ·abel'll:lsh soils IIrC ul'Uer. S(',"er
titeless, titese alluvi,tl soils play an impot'i:lnt rol e ill the 
l"(!cre:HiOllal acti\'ities o f thi s uasin, 

Alpille rim/lind 

.\ cOlllplex of soi ls Hnd mis('('llllneous l/lllcl types, ('O\'('t'
ing auout 8,200 H('res of '-N.V stceply sloping laml, \VHS 
plac(>d in one tllapping llnit.. ~[ost. of it is just. ueiOIl" the 
ridgctops on cHstedy C'l:I)OSut'cs (fi~. 10) , 

Alpine rim land (Ab).- The soi ls llnd lund typcs of this 
m!\pping unit 1\1'(' uSlInllv, but not 11I1I"1IY5, Ilsso('i,l tC(] wilh 
cirqlle basins. Snow blown from IIdjll('cnt. ridgetop!> nt
tumuhltN; 115 lliUTOW, clotl~iltcd brlt\(l s l'Hl'cl~' more tllHl1 J' to }~ lIlilr wido bUL, ill somc pblces, sevc ral mil(,s long. 

Figure 10. Land scapes in the Fraser Alpine Area: 
A, Alpine rimtand makes up about t o percent of the Area. The widcly distributed areas are nearly devoid of s oil. but Ihe d cep 

accumulations of s now yield Illuch wat er. 
II, Rock oui crop and Hock slides toget her cover about 21 percent of the Area, 
C, Alpine wind-eroded land covers only 2.5 percent of the Area but accou nts for II perce nt of all the s eriou sly eroded land. This 

wind-eroded land seems to be enlarging throu ghout the Aren. 
ll. T hree al pine soi ls make up about 26 percent of Ihe Area. T hey have a mod erate plant co" cr in some plnccs. und in Olhers are 

almost bare. Vegetation rceo"ers "cry slowly on alpine lan ds, 
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In more sheltered places these bands of snow remain until 
late in summer, and in some years do nQt completely melt. 

These lands do not have a soil profile. They are areas 
of loose, sandy, gravelly,and .. rocky materials that in 
Tllany places contain enough silt and clay to. produce 
vegetation adapted to such environment. Snow remain
ing on these areas prevents the growth of most kinds of 
plants.. ..' 

Surface erosion and slides are common, as slopes ordi-
narily range from 60 to 80 percent. Water from melting 
snowbanks causes much of the erosion. The debris that 
accumulates at the bas.e 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 is 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
ing snowbanks: Sheep not closely herded nearly always 
go to these steep, unstable areas in preference to the less 
steep Ptarmigim or Vasquez soils. 

Alpin,e. rimland Serves as catchme!l~ areas for wind: 
blown snow and produces large quantItIes of 'Yater ~sthe 
snow;; melt. It has no other use, and, consldermg the 
severeenvironinent, there is no known way to vegetate it. 
Since most of the material eroded froTll steep banks tends 
to accumulate in the cirque basins:and along the toe 
slopes, it appears that erosion of this land does little 
damage to 'water and streams below. 

Alpine wind-eroded land 
'Wind-eroded lands, concentrated along ridgetops at 

the heads of major valleys and in. high, exposed ar~as, 
cover about 2,000 acres. These were mapped as one 
miscellaneops lalld type. . . . 

Alpine wind-erodell land (Ac).~reas of this mapping 
. unit 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 It}yer thickens, it 
appears to act as a mulch that retards.orsto:JYs further 
removal. of Tllaterial by. the wind. But before ithis occurs,. 
all the original sl!-rfacesoil.has been removed and the 
subsoir, in some places, also has been eroded .. Thus; only 
sterile' gravel and rock; is ieft tabe revegetated. 

The eroding belts appear to widen downslope by under
cutting the sod: Once the wind tunnels beneath the tough 
sod, it is very effective in enlarging the eroded areas. A 
number of· areas are actively deteriorating 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 othm 
lplacesof concentration.~~here is good evidence that these 
wind-eroded areas were once Ptarmigan soil. The ma
terial beneath the pavement of stone and gravel is the 
yenowish-brown;;ubsoil of the Ptarmigan soils, and 
within this material the stones are frequently coated on 

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

Alpine wind-eroded land is rehabilitated 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 grazing. 

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; they are too 
weakly podzolized to be classified as Podzols. They have 
developed from mixed gne,iss and schist, which were meta-~ 
morphosed from granitic rock. Weathering of rock has 
been slow, alid 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 timbe,r~ 
line. They also ocellI' 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 t08feet. 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 melting 
rapidly. 
. Nontechnical description of a/profile. of Bobtail grav

elly sandy loam, midway on a slope of 30 percent, under a 
mature virgin stand of lodgepole pine (fig. 11, pp. 16-17): 

Litter-
2 inches toO, mat of undecomposed and partly decomposed 

pine needles, b.ark, and twigs. . 
Surface soil-

o to 3inclles; light brownish-gray to grayish-brown gravelly 
sandy loam; weak blocky and granular stru.cture; very 
strongly acid; soft when dry and very friable when 
moist. 

Subsoil-
\ 3 to 42 inches, dark-brown to light yellowish-brown 

gravelly coarse sandy loam; some stones; weak gran
ular ol;'subangular blocky structure; strongly acid· to 
medium acid. 

SUDstratum-'-
4~' to 54 inches . +, light' yellowish-brown,· structur~less, 

gravelly coarse sandy loam; some stones; illightly acid; 
grades to partially weathered bedrQck. 

Technical description of a profile' of Bobtail gravelly 
loam, under forl;\st of lodgepole pine : 

Ao'""Aoo 2 inches to 0, organic mat.of partially decomposed or 
decomposed .forest. litter, mainly pine needles, 

. b!trk,. and twigs; very strongly acid, pH approxi-
mately 5.0. ' '. .. .' , \ 

Az 0 to 3 inches, grayish-brown or light brQwnish~gray 
, pOYR 5.5/2, dry) to dark grayish-brown or gray-

. Ish-br.own (lOY.R. 4.5/2, mOIst) i gravelly sandy 
loam; very weak, medium, platy structure break
ing to weak to moderate, medium granular; soft 
when dry, very friable when moist; very strongly 
acid, pH approximately 4.7:; lower boundary clear 
and smooth. . 

Bz 3 to 18 inches, brown (H)YR 5/3/ dry) to dark-brown 
(lOYR ' 4/3, moist). gravelly sandy loam; weak, 
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medium, subangularblocky structure; slightly 
hard when dry, very friable when moist; very 
stronglyacid, pH approximately 4~;8; lower bound
ary gradual and smooth. 

B3 18 to 42 inches; light yellowish-brown (lOYR 6/4, dry) 
to yellowish-brown (10YR 5/4, moist) gravelly 
IQamy sand; massive; .slightly hard when dry, fri
able when moist; medium acid, pH approximately 
5.5; lower boundary diffuse and smooth. 

C 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 contains 
large amount of partially weathered fragments 
from the bedrock. 

D 54 to 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 stones. 

Range in ohar(wteristios.,-The surface soil ranges from 
3 to 6 inches in thickness, is everywhere of coarse texture, 
and contains 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 decrease with depth, but clays 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. 

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 Arelt than to accumula
tion of water in Bobtail soils. 

Vegetation.-Lodgepole pine; with a few aspen trees, 
is the dominant vegetation. The understory is an open 
stand'of huckleberry and buffaloberry. The canopy pro
videdby all plants is barely enough to cover the ground. 

Distribution.-In this Area, B6btail soils are mainly 
at elevations above 9,000 feet and below timberline. At 
higher elevations they. Occur only on south-facing slopes, 
and at lower elevations they tend to be in the more gently 
sloping areas. Soils of this series proba~ly are widely 
distributed throughout the Rocky Mountam area. 

Type looation.-Bobtail soils were first recognized in 
the Fraser 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 (Bal.-This soil has the 
profile described .as typical of the Bobtail series. As 

599803-6'2-2 

mapped, it includes a fraCtion of 1 percent of protruding 
bedrock and a similar acr((age 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 suitability.-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 commercial 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. . . 

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. 

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-facing slopes of the 
/ Bobtail 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 foot. 

Bottle series 
Soils of the Bottle series are represented in the Area by 

one soil type, Bottleftne sand. Bottle soils are Podzols. 
They have a strongly developedleached 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 o{a deposit that was once 
more extensive inthe 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. 



 

 

J6 

. ~ .' .... 

SOIL SURYEY SERIES 1 fl56 , ).'0. 20 

, ' Profile and landscape of Bobtail soil 
~\ .'" '\ 

~, :~'. ,\ .:,' 

Profile and landscape of Darling soil 

Figure 11._~'our imllortHn1. soils and their landSC~lpes in wooded areas below 
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Profile and landscape of Leal soil 

Prafile and landscape af Lunch soil 

timberlin e: AB, Bobtail soil; CD. Darling so il; 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 thm and discon
tinuous. The subsoil is distinguished from the overlying 
layers only by a browner color in those places where 
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 a virgin, mature stand of lodgepole pine on a north 
slope of35 percent: 

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

gray, partially decomposed organic matter. 
Surface soil-

o to 6 inches, light-gray to light brownish-gray fine sand; 
weak, coarse, platy structure; loose, soft consistence;' 
very strongly acid; many stones. 

Subsoil-
6 to'l1 ihches, light yellowish-brown to yellowish-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 stains 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 
forested with lodgepole pine: 

Aoo 2 to 17f inches, undecomposed mat of needles. 
Ao 1% inches to 0, very dark gray to very dark grayish-

brown (10YR 3/1.5,dry) to black or very dark brown 
(lOYR'2/1.5, moist) partially decomposed organic 
material ranging from 3 to 6 . inches in thickness; 
lower boundary clear and smooth. 

A2 0 to 6 inches, light-gray (lOYR 7/1.5, dry) to light brown-
ish-gray (lOYR 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. 

B2ir ' 6 to 11 inches, light yellowish-brown (10YR 6/4, dry) I 
to yellowish-brown (lOYR· 5/4, moist) loamy fine 
sand; weak, fine and medium, subangular blocky 
structure breaking to weak, medium or coarse granu
lar; soft when dry, very friable when moist; hori~on 
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 clear 
and wavy. 

C1 11 to 33 inGhes, very.pale brown (10YR 7/3, dry) to pale 
brown (10YR 6/3,moist) partially weathered sand
stone base rock; about 85 percent of horizon, by 
volume, ,is unweathered rock fragments; pH 4.9. 

Range in characteristics.-The surface soil and subsoil 
vary considerably, in thickness. The sul'face soil is 2 to 
7 inches thick; whereas the subsoil is as little as 6 inches 
to as much as 30 inches thick. The content of rock and 
stone is characteristically very high within the r>rofile, 
and on the surface. Textures are exceptionally umform; 
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 iIi the deeper hori
zons. AU-the profiles studied are very strongly acid in 
all horizons. The most acid layer is at the surface, and 
the profile is less acid with depth; 

Ch~mical data: show,' that·Bottlesoils. ar~ ,very low in 
inherent fertility, in c011lparison with Bobtail and Dar
ling soils. Bottle soils.are·strikingly<leficient in .caJciunr, 
magnesium, and potassium.' 

Topography.-Bottle soils have developed on uniform, 
moderately sloping areas undissected by drainageways or 
streams. 

Drainage and permeabilitYo-'---Bottlesoils are somewhat 
excessively drained; permeability is moderately rapid to 
rapid. 

Vegetation.-Bottle soils formed under a poor to 
medium stand of lodgepole pine and a very thin under" 
story of vaccinium. The absence of buffalo berry 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. 

Type location.-Bottle soils were first mapped in this 
Area. The.site location is in the lower end of the Fool 
Creek watershed in approximately the SElA,SWlA, sec. 3, 
T. 2 S., R. 76 W., O:rand County, Colo. 

Series establi8hed.~The Bottle series was established 
in 1955. 

Bottle fine sand (Bbl.-The profile of this soil is that 
described for the Bottle series. < As mapped, the soil in
cludes a high percentage of rock outcrops. 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 ridges. 

All of this soil is covered with a mature, virgin stand 
of lodgepole pine. At higher elevations in the. West 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 poor 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 habitat for ,,:ildlife. 

Darling series 

The Darling series consists of somewhat excessively 
drained, deep, coarse-textured soils. In this Area they 
are represented by one soil type, Darling gravelly sandy 
loam. 

These soils are Podzols occurring at elevations between 
9;5QO feet and timberline in this Area. At low elevations 
they are only on the steep,north-facingslopes where the 
direct rays of the sun reach themonly in midsummer. 
,At higher ~levations they tend to occupy a greater pro
portion of the landscape, reg;1rdless of iexposure. 

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 thickness, 
but their: parent material extends downward an addi
tional 5 to 8 feet,. as determined. by observing deep j roa,d 
cuts. Because the soils are porous, surface runoff occurs 
only at peak periods of snowmelt. 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 uridervirgin stands 
of timber. on these soils. A profile and landscape are 
shown in figure 11, 0, D. 

The mineral soil is covered with a dense, thick, spongy 
litter of the mot type. This litter is composed of needles, 
r0tting wood, and moss. The mineral surface soil is a 
very thin, dark-gray to black layer of mixed mineral and 
organic matter over a distinct, light-gra,y or brownish
gray podzolic layer of irregular occurrence and thick
ness. The subsoil, a· distinct brown or dark-brown layer 
of iron accumulation, 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 soils, 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 description 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-
o 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 80 percent of layer, by volume, is stone 
and gravel; medium acid;. gradual transition to less 
decomposed rock. 

Technical description of profile of Darling gravelly 
sandy loam under fore~t cover of spruce and fir. 

Ao-Aoo 4 inches to 0, dark-colored organic mat made up of 
undecomposed and partially decomposed forest 
litter, primarily v!1-ccinium roots, needles, bark, 
and twigs. 

'A2 0 to 3 inches, light brownish-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 strongly acid, pH of approximately 4.7; 
lower boundary abrupt and smooth. 

B2 3 t<,> 23 inches, 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
m!1-tely 75 percent of horizon is gravel; lower 
. boundary gradual and·smooth. 

B2ir 23 to 38 inches, brown (7.5YR 5/4, dry) to dark-
brown' (7.5YR 4/4, moist) gravelly sandy loam; 
massive; very hard when dry, firm when moist; 

strongly acid; pH appr()ximately 5.2; horizon 
weakly cemented in some places but degree of 
cementation. is not great and varies from place 
to place; lower boundary gradual and smooth~ 

C!, 38 to 48 inches, 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. 

C2 48 to 81 inches, light olive-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. 

D 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. 

Range in characteristics.-The surface soil ranges con
siderably in thickness. The gray layer is patchy and 
irregular in many places but is rarely absent. The textu_~e 
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 
decreases 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 and 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 s10wer drainage than moderate
ly rapid to rapid. Surface runoff; therefore, occurs only 
during the peak of snowmelt late in May orin 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 
c 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~ 
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 
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 (NWl;4 sec. 8 T. 2 S., 
R 76, W., Grand County, Colo.) . 

Series established.-The Darling series was established 
in 1955. 
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Darling grayelly sandy loam (Dol.-The profile of this 
soil is like that described for the Darling' series. As 
mapped, this soil includes 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, 0, H). 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 surfac~ runoff during periods of high 
snowmelt. 

Use and suitabiZity.-Darlirig gravelly sandy loam is 
covered· with a virgin stand of overmature spruce that 
includes lesser areas of alpine fir and a few aspen. IIar
vested plots on West St. Louis Creek indicate yields be
tween 18,000 and 25,000 board feet per acre. Because tile 
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 has 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 m?re' 
intensive level of management, the annual production 
might be increased to ?OO board feet per acre. 

This soil yields important amounts of water. Many 
seeps and marshes occ~r on it. .Some .water may be ~eep
ing down from the hIgher alpme SOlIs, 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 .th~s Da~ling soil is co~paratively 
simple because the SOlI 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, ar~ effective buffer 
zones between the steep slopes and the flood plains. 

The spruce forest provides summer food and protec
tion for elk, deer, bear,and other wildlife. Marten, 
weasel, and similar furbearers inhabit these areas. ~ine 
squirrel and snowshoe rabbit, are common. Blue grouse 
inhabit the forest exclusively; they feed on spruce bl1-ds 
and vaccinium in both summer and winter. Grouse in 

\ groups up to 13 have ~een seen frequently on the Fool 
Creek and West St. Loms Creek watersheds. 

Leal series" 
Soils of the'Leal series are Podzols thatde'veloped in 

deep glacial till derived from mixed gneiss and schist. 
This till was deposited in lateral morames 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 

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 s,lope <;>f 4 percent: , 

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

gray, partly decomposed, acid, organic material. 
Surface soil-

o to 2 lh inches, t.hin but distinct horizon of light-gray 
sandy loam; weak granular structure; extremely acid, 

Subsoil~ , 
2 lh 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 +, pale-yellow to light olive-brown coarse 

sandy loam; loose and soft; strongly acid; many 
cobbles. " 

Technical description of a profile of Leal sandv loam 
under lodgepole pine: ' 

Aoo 2X to2 inches, massive, undecomposed mat of pine 
needles and other organic debris. 

Ao 2 inches to 0, very dark gray (lOYR 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. 

A2 0 to2X inches, light-gray (10YR 7/2, dry) to grayish-
brown (lOYR 5/2, moist) sandy loam; weak, verv 
coarse, platy structure breaking to weak to moderate, 
fine, crumb structure; soft when dry, very friable 
when moist; extremely acid, pH 4.4; lower boundary 
clear and wavy. 

B2ir 2X to 11 inches, light yellowish-brown (10YR 6/4, dry) 
to dark yellowish-brown (lOYR 5/4, moist) gravelly 
sandy loam; weak to moderate, fine, subangular 
blocky structure; soft when dry, very friable when 
:~S!;;;~~h~lY acid, pH 5.1; lower boundary gradual 

B3 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 
(10YR 5/4) mottles are common; lower boundary 
gradual and smooth. 

C 16 to 23 inches, pale-yellow (2.5Y 7/3, dry) to light olive-
brown (2.5Y 5/3, moist) gravelly coarse sandy loam; 
massive; soft when dry, very friable when moist; pH 
5.4. 

Range in olwraoteristios.-Leal soils vary widely, pri
marily because of sliding and mixing of material during 
and following the time it was deposited by glaciers. 
Irregularly and unpredictably, concentrations of very 
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 is 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 elevations 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 thrQugh overturning of 
trees. 

Topography.-Leal soils have slopes ranging from 5 
to 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 containwat~r. 

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

V egetation.-In most places Leal soi~s have a ?over 
of virgin, overmature spruc~ and subalpme fir .at hIgher 
elevations, and lodgepole pme at lower elev~tI.ons. ~he 
ground cover is a dense to open stand of vaccmmm, wIth 
lesser 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 elevatio:r:s above 8,000 feet: . 

Type location.-The type locatIOn for the Leal ~Olls IS 
in the main St. Louis Creek watershed, a short dIstance ' 
upstream from the Fraser. Experimental Station head
quarters (center of sec. 9, T. 2 S., R 76 W., Grand 
County, Colo.). .. .. 

Series established.---,-These sorls were first recogmzed m 
1955. 

Remarks.-As mapped in this Area, an ~stimated 2 to 
lO percent of the acreage of Leal soils consIsts. of cobbl~
stones protruding to the surface. The ~eal sOlIs c<;mtam 
no important areas of Lunch peat, as IS common m ~he 
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 
rido-e east of King Creek. The soils in these two places 
appear to have a more developed subsoil. Appa~ently the 
rhyolitic rock in these areas weathers more rapIdly than 
the other rocks. 

Leal sandy loam (Lal.-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. 

[1se and suitability.-At lower elevations, this soil has 
been logged and th8' cover 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. Beca,use 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 mo]mtain slopes. Water passes through I.Jeal 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 draihage and contains a high per
centage of coarse rock and cobbles that would resist 
deterioration under use. 

Leal sandy loam, terminal moraine (Lbl.-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. Tn 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. 

In some pl~ces channel.s have. eat~n far downJnto the 
moraine, but m others thIS erOSIOn IS less extenSIve. The 
valley above a moraine usuall:y is ger;ttly sloping for some 
distance but below the morame 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. 

Leal 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 (Lcl.-Th~s maJ?
ping unit consists of Leal sandy loam and allUVIal SOlIs 
that were not separated on the map. These soils occur 
along main St. Louis Creek and its triJ:mta:ries on, the west 
side of the basin. The parent materIal IS a mIXture of 
o-lacial till, glacial outwash, and recent valley fill. The 
topography is 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 su:tface 
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soil. T he subsoil find Sli bstratum 10ea11,'- flrc extreme!.), 
\';niable, depend ing UpOIl the ki nd of pa rent materia l. 

The mIt .. !" tab le is Il('al' 1he sm'face ill Illany p laces. 
IntCI'1l:d drai nage is good to ;:;omcwhat c.'I:cessil"f:l because 
of the CO;lI':se, sHndy ;lnd rocky nmtCl'iak Dry Sj)ots DC· 
cm' loc idl y on the higher ;Hons of the glnci:d till (cposits. 
T here is no surface erosion. Some 10CH I cutti ng occurs 
along sncambanks, but thi s is not. serious. 

Use and 8/{il{/bility.~Thcse soils am cOYel'cd with fI 

Yirgin stand of spruce-fir !Inc! an occasionn] Jodw'pole 
p i nf'. '1'111' Ilndpl"S101'), is :1 df'llS;>. gl'O\\"l11 of Y:l('(·jn i lllli. 
Obsernltions inciicflw that the flllllHfll vield of t imber on 
these soils might ('x,~ecd lh(' .rich! 011' Darl ing soils by 
2,000 to G,OOO board re(>t per acre, 

These soils arc crit icnl in management of mder in the 
basins 1\ here the,l" occur, The large qWllliity of bou lders, 
toget her wilh tlln open pomas nature o[ the soil mate ri al, 
reduces dla nnel crosion and ]Hxn-ides Jo r ready seepnge 
throu)!h underl,l"ing layers. \'e)!elalion on streambnnks 
pla,I'S a major mle in retailling stability oC the present 
chn nnel s. _~ny openltion Illai 1I"01l1d se ri ously interfere 
"'it h proiect ion o[ stl'CHlIlhnnks sholi id he considered cn re, 
full,\' hdo rC' it is beg1ln . 

Lunch sel'ies 
L unch peats consist. of highly orgnni(· ma t eril'~s ol'er

Id!w mixed mineral materials. TJwy del"eloped III bogs 
l{nd""poorly drH illwl areas, ~11 the p'nl~er .\I [1ine" . \ ren . 
tll('\" are neiHh' nll\-ays a",so("mt('d \nth ])nrllllZ sods and 
rarch OCCIlI' iii Ilr(':!s'of Bohtnil or Leal soils, ;1'Ile L unch 
peats in this .\rC'n arc s!lo\\'n as one unit Oil the IlI:lP, and 
onlv the l:i r«er nreas coult! bf> shown. l\Jnll y slll :dl aren s 
01' LlIl ch pe7lh nre! included wit h the Darliilg soils, 

The Lunch pca lS fi re in Log", tlnl t OWe! their Ol'il!i n (0 
seeps and sprillg-s. which emel'ge on sieep l11?IlJl tni n 
slopes, frequen t ly at higher eleqliions of tlie ])arling 
soils. "Tate..,; moye (lolI"ll the s lopc, boih nbO\'e and he
neath tlie surface of the Ilr("IS of Darl ing soils, and thus 
prodm·('s long. 1Ial'1'm" areH", of Lunch pents, 

L unch peats hl\" c 1 or 2 feet of !'HII' prat eon sist ill~ of 
a mixture of \wlOd, rOOts, \\'illol1" lell\'f>s. pine lleedles: and 
the decomposed remains of sedges (lml some sllcculent 
'weeds (see fig, 11, G, 1.1), . 1!nder ,tl!i? organie ma.terinl 
are SlIhsudace la,vers COllSlstlng- of Il1lllpra l matpI 'liI ls
silt amI clay ,,'it l! 11 high proport ion of I!ra,"el : 11~c1 stones, 
T hesn Illineral soil1ayers nrp t;trongl y mottled Illth lIIany 
colors rallO"inO" frOln browns to grilYS and hh ICs. 

The follol;:;llg de~:l"ibe,,; a t,\"p;cal profile of L lllwh 
peilt: 

0/,021 ine1l1's, byel" of hlack, ral\" peat ('omposed of 
a mixture 0,' 1I"00d, leHI'es. and needle,,;, pillS de, 
caying pnris of I\-eeds 11iHI s('c\ge;: !:I,\'el' is salu , 
nlled IllOSt of the year ;I lid con tains some stones. 

2-1- inche,,; +, 1:1:.-('rs aild mi xiures of dell~e silt. :ll1d 
clay I\"itll SOIllC' slone ali(I I!t·ale); bhll Sh , Illghl.\' 
mottlpd , and ahnlYs \"ct; muc h w:lt el' 1II00"e". :I t 
tlte interfll ee on this b yer and the on~ r l y tng 
pen t. 

Because o f steep slopes and tllP stOlt.\" IllHlerlyinl! m:! 
terial there are mally \'ariations ill Ln tH'h peats as they 
are n~(lpped ill this ,\ ren . T he slldl\(·n layer is l1el"C!' of 
constant thickness, en'!n loca lly, .It ralll!es from a few 
inches to as m\lch :ls:3 fnet th ick. It is t hi('kCt;t I\"liere it 

dm"cloped 011 re.!atil'ely le\'el belldws perclir(\ 011 the 
moun tai nsides. It is thinnest where it OC("lIrs in the 
Itarro,,' st rCl\1ll ch :lI lneb thnt extelltl dOll'n the stcep 
slopes. T he mnterinl in the sui'fnce Inypr nlries it great 
dea ), depending on "'hether the peat formed in one of the 
larger bogs where sedges pI'edomiltn!e, or in a Sll1 ill l Log 
slllTollnded by spntce :lnd ulpine fi r, The J:lyers of bl\le 
clay and si lt Y:ll"y in thickness and itt loe:ltion in lhe pro
file, I n some places lhese ln~'el"s are absent. lind in 01 hers 
they are only poorly del'eloped. Stones in Lundl peats 
>1m of >Ill "i /,p" :Illd df'!! )"(,(,"- of li:ll'dll(,"" Bf'c:lllsC' of the 
steep slopes, tonsidel'able mixing- o[ material ha s oc
ClllTN1. .\s a result, there arc ",tones ill the peat,\· surfn ee 
I:t.\'e r , thollj!h the,\' are Itlorf' rOJllmOIl ill the minentl sllb, 
sudnce layer. 

Lunch IJeats are acid. The nn-rag-e pI I 1'01' t; ix profiles 
\ras G.ti2 for the stlt 'face la .wr, ,).:;6 fOI' Ihe st't·ont! Inyer, 
and G.3.) for I he t hil'd, 

Lunch peat (ldl,-T ht) profik of ', his ll1uJlping unit is 
thld dpS(.T ibed as iypical of L lltwll IWIII . The \'HrintlOlls 
ill the p rofile 11m ilst!eserilwd ill th(' series. 

J .. ullch peat is \'aluab le Illaillly fOI' it", ptl'ert on yield. ot' 
"ater. It ads as SpOtlge that Ilhso rhs water emel'glllj:!; 
fl'Otll sprinj!s and seeps, Tlms_ it I'('lluc(',.; 11](> \"elocity of 
f101l- do ,,- n the steep slopes. ,Yithollt the reslr:l illillg in
flllence of LllllCh pea t, drainage (·l lI \llIIels no donbt would 
he ll11!eh 1110]"(' dreply ('lit rpllchrc1 in Il1l\ny plnce;;. 

Spruce grows \'cry \rell adjacent (0 this pCilt. and 
within the sllla ll er :\l'eas, 110 doubt bcc~lllse water is ahulI
dim/". T he irees, hOlye\·el', do not j:!;t"Ol\- in ihe larger area". 

Deer and elk frC(juentl .\" \lse ,hcf<e arC'at; for broll-se amI 
\ya ter. BI\le gronse 1':1\-or SOllie of thelll, possibly becnusc 
of ihe water. 

LUlIch ]Wld is in s\lc h sllla ll ar('a;; it e:lll hn managed 
only \\'ith the adjnc(>lIi nlrlillg or Bohtail ,.,oils. It. pre
SCl ltS spec inl prol)It'llls ill locatioll, eonstntdioll, and 
mnintennllce of tJ'nils nml forest rond;.;. 

Mille series 
Soi ls of the ':\l ine series lire t imbe :'ed Hel!0:-iols that de

\"eloped on deep, cobbly J!l:tcinl ol\!wa",h nwtf'rinl. III tillS 
.\.re;l Ihey are represented by one m:lppillg unit, Taber
n:lsh loam :md MIne gr,I\'e lly lonlll, 

I II the Fraser Alpine .\.rea , along St. Loui s Creek, the 
g lacinl olltwHsh in IYhidl t h e~(' soils formed was dcposited 
on old flood pIn in;; thnt nOli" oceup,v ',Ie ll -drained termces. 
Tn ihe northel'll (~IHI of the (,xperimenta l forest, howCl"er, 
the deposits sprelHI ont as all outwash plain that co\'ers 
all appreeiilble p:\rt o f the F r,lser Yalley in ihis ricinity . 
On this plain, there nre sr,"(>ral lerels or terraces. 

_\. hll'ge proportion oC the oul"'l1 sh cOII",ists of I\"ell 
rounded eoLblps, some of them "err lnrge, hut the IIW 
.i orily, -2 to 12 inches in diameter, St]'nt ification alld 
noss,beddi liZ HI13 commOIl, Th e thickness of the Ollt I\"ash 
deposit is lIot knowll, bllt in pl:lCPS the prrsC'llt ehaltllel 
ha s ent l'ellched itselJ as much as 20 feet in the original 
deposit. 

T lwsc soils a re \\"ithollt st ron/! profile de\'elopmeIlL 
The\' hnyr a l iiter of needles OHI' a surfnee soil r:lnging 
frOlil ~ to 8 inches ill thicklless, They hale no H horiZOIl, 
,\. large pnrt of the sllbstratum is c~hh les . The C!lIantil y 
of silt and cl :l.\' is greatest ill the Sltrface soil and tends 
to decrease with increasing depth, 
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Profile descriptiol;oI Mine gravelly loam under a re
growth of lodgeP91e pine on a glacial outwash terrace with 
a slope of 3 percent: 

Litter-
1 inch to 0, thin layer of needles. and twigs resting on very 

dark gray partially decomposed organic material. 
Surface soil- . 

o 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 c~bbles; strongly acid to medium acid. 

The following is a technical description of Mine gravelly 
loam under a forest of lodgepole pine: 

Ao 1 inch to 0, very dark gray (lOYR 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. 

Al 0 to 3 inches, dark grayish-brown (10YR 4/2, dry) to very 
dark brown (lOYR 2/2, moist) gravelly loam; mod
erate, medium and fine, crumb structure; soft when 
dry, very friable when moist; slightly acid, pH 6.1; 
horizon contains many plant roots; lower boundary 
gradual and wavy. 

As 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. 

CI 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. ' 

C2 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. 

Range in characteristics.-Mine soils vary mainly be
caus~ 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
yelopment 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 
glacial 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. 

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 o:f1odgepole pine. The under
story in most places is a sparse growth of vaccinium, 
buffaloberry, and other herbaceous plants. Weeds and 
some grasses gro,y in openings within the young stands 
of pine. 

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 30° east of the Fraser Experimental 
Forest headquarters, or the NE%NE% 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 the 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
ti ve 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 Kmly 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 deposits are shallow or thick, 
depending on location. The mineral material below the 
peat is always saturated and highly mottled. The profile 
lacks uniformity.' 

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

Surface layer-
o 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 34 inches +, layers of soil material, som~ 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 peat: 
1. 0 to 3 inches, very dark gray (lOYR 3/1, dry) to bl~ck 

(lOYR 2/1, moist) fibrous peat from grass and sedge; 
outlines of individual plant remains are cleatlyvisible; 
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 clearly visible; 
very strongly acid, pH 4.5; lower boundary clear and 
wavy. 

Dl 14 to 17 inches, light brownish-gray (lOYR 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. 

D2 17 to 23 inches, very pale brown (lOYR. 7/4, dry) to 
yellowish-brown (10YR 5/4, moist) gravelly sandy 
clay loam; very weak, medium, subangular blocky 
structure; hard when dry, friable when moist; very 
strongly acid, pH 4.7; medium-sized, distinct dark 
yellowish-brown (lOYR 3.5/4 to 5/6) mottles and 
stains are common; lower boundary clean and wavy. 

D3 23 to 29 inches, very pale brown (lOYR 7/3, . dry) to' 
yellowish-brown (lOYR 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. 

D4 29 to 34 inches, very pale brown (lOYR 7/5, dry) to 
yellowish-brown (10YR 5/5, moist) gravelly sandy 
loam; massive; slightly hard when dry, very friable 
when moist; very strongly acid, pH 4.9. 

Range in characteristics.-Nystrom soils vary a great 
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 because 
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 being destroyed by wind 
erosion. In others, such as those on Vasquez Ridge, sheep 
have cut trails that have allowed drainage and lowering 
of the water table. Peats deteriorate rapidly when they 
are drained. 

Topography.-Nystrom peats occupy basins, most of 
which are small and of mixed microrelief. Frost boils 
and rock polygons are present in places. Small hum
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 ridge~ 
froze. 

Vegetation.-Nystrom sDils are densely covered with 
sedges, herbaceous plants, and in many places, dense 
growths of alpine willows. 

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

su,rfac~ waters accumulate. . Probably these soils are 
widely distributed throughout the' alpine areas: of 
Colorado and Wyoming. . 

Type location.-The type . location is approximately 1 
mile east of Jones Pass along; the J ones Pass . road. The 
appro~imate location is NW%NW%sec.'22,T.3,S., R. 
76W., Clear Creek County, Colo. 

Series established.-Thisseries was establishedih 1955. 
Nystrom peat (Nol.-Most of this soil is in small, irteg

ular areas. 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 soil than in any of 
the. others on the alpine landscape of the. Colorado 
Rockies. 

U 8e 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 p~oduction 
of forage of the bog type. Grazing should be carefully' 
managed to insure that willows and sedges are not dam
aged Qr destroyed, and. to promote their recovery where 

'damage has occurred. 
It is not known that artificial restoration of vegeta~ 

tionis 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 isno stand
ing water, this soil Inay contain permafrost. Where water 
is flowing through or over the soil, permafrost is rarely 
found. The permafrost contributes to water yield when 
it melts in summer. . , 

Nystrom peat has considerable value 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 sumvalof 
beaver precarious. This soil is most valuable for its 
ability to store water. 

Ptarmigan series 
The Ptarmigan soils are members of the Alpine 

Meadowgroup.3 They developed in -material weathered 
from gneiss and schist, under herbaceous cover, in steeply 
sloping well-drained· areas above timberline. Because 
they are in exposed positions on' higher lyingridgetops, 
these-soils are subject to' wind and water erosion ·where 
the protecting mat of vegetation is broken. , 

Ptarmigan soils have a dark-gray or blackloamsurface 
soil that has a high content of organic matter and is 
thickly ;matted with roots. Commonly, this layer is p to 7 
inches thick and of distinctive appearance (fig. 12). The 
sub,soil is yellowish-brown to dark yellowish-brown,loose, 
gravelly loam of weak subangular blocky structure;. The 
Rroportion 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 soi}. The 
substratum is light yellowish-brown, gravelly, coarse 
sandy loam, which, is very loose and open and contains a 
large proportion of rock. 

-·These sOils differ somewhat from the more typical Alpine Mea
dow soils, however, in that they have developed under conditions 
of good d.rainage. The name "Alpine Turf soils" hils. beell pro
posed for' these well-drained· members Of the Alpine MeadOW 
group (?'). 
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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 decrl:lases 
with depth. Permafrost, or ground ice, occurs in the 
substratum in many places. 

The following' describes a profile of Ptarmigan loam, 
under virgin sod, near a ridgetop, on a slope of 8 percent: 

Surface soil-
((to 6 inches, very dark gray to black loam; medium granu

lar structure; 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, yellowish-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 +, fractured and slightly weathered gneiss and 

schist rocks. 

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

Au 0 to 1Yz inches, very dark gray (10YR 3/1, moist or dry) 
to black (10YR 2/1, moist) loam; moderate to strong, 
fine and medium, crumb structure; soft when dry, 
very friable when moist; medium aci~, pH 6.0; 
layer thickly matted with grass and sedge roots; 
lower boundary clear and smooth. 

Al2 1Yz to 6 inches, very dark gray (10YR 3/1; dry) to black 
or very dark brown (lOYR 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. 

Bl 6 to 10 inches, yellowish-brown (10YR 5.5/4, dry) to 
dark yellowish~brown (10YR 4.5/4, moist) gravelly 
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. 

B2ir 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 smoo.th. 

C 23 to 35 inches +, fractured and weakly weathered 
gneiss and schist rocks; pH 5.5. 

Range in characteri8tic8.-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 ~oil contains l~ss organic matter. 
The gravel a~d st~nes m the B horIzon are ~oated' on 
their under SIde WIth a black layer of orgamc matter. 
The black coating was ~ dl:lrived from decaying roots, 
which in many places are matted on the under side of 
t\\.~ ~t{)l\~~. 

Topography . ..,--In.thif', Area Ptarmigan soils are on the 
very top of those mountains that reach above timberline; 

therefore, they ~ave exposures to all points of the COl 

pass. Slopes range from nearly level up to 70 and i 
percent, or in a few .places are much steeper. On tl 
steeper slopes the soils are held only by the dense, touf 
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 301' 4 leet thick. Their for 
indicates that they move only during periods of satur: 
tion. The nlOvingmaterial 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. Sine 
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 0 

weeds tolerant of alpine climate are dominant. Grasse 
are present, but in considerably lesser amounts than othe 
plants. Willows growing on these ;soils are rarely mor 
than 2 inches high. Where the vegetation is healthy, i 
forms a dense sward of immense ,value in preventing 0 

reducing wind and water erosion on this high landscapE 
Di8tribution.-Ptarmigan soils are widely distribute( 

in all well-drained places throughout the Area. 
Type location.~ The type location is near the south 

western corner of sec. 2, T. 3, S" 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. 

Serie8 e8tabli8hed.-The Ptarmigan series was estab· 
lished in 1955. 

Ptarmigan loam (Pal.-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 ~tarmi~an soils 
include perhaps 5 percent of Vasquez SOlIs, whICh occur 
in such small areas they cannot be shown separately on 
a map of the scale used. Ro~k and stone. f!1ake up. an 
additional 5 percent, though m some localItIes the per
centage of the surface. occupied by expose~ stone is much 
higher. A few rock slI.des and areas of solId r~k outcr?p 
are included with thIS and the other PtarmIgan SOlIs 
because of their small size and the complex pattern in 
which they occur. 

Ptarmigan loam, like the other Ptarmigan soils 
mapped, is used. for grazi~g of. sheep. In. so~e places, 
overgrazing. has resulted m. serlO~s deterlO~atlO~. Re
peated trailing over the same drIveways lIkeWIse has 
produced unstable soil conditions in some places. 

Elk graze frequently at the higher elevat~ons but ar:e 
more often seen in basins where Vasquez SOlIs predomI
nate. Deer are rarely seen on this or the other Ptarmigan 
\;oil\;~ bu.t th~e \;oih ar~ tl~~ f.a\Torit~ hab\tat 01. th~ hl~b. 
alpine grouse, or ptarl!ugan .. These bIrds app~ar to 
thrive and a.re present lIT conslderabl~ numbers m cer
tain localities, such as on Vasquez RIdge. Other game 
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birds l),a ve 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. 

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 &s 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 i,mpossible, 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,slightlybare (Pb}.-This is an exten
sive soil in the alpine areas. It is like Ptarmigan loam,' 
already described, but differs in tha,t 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 '!}reas nor
mally have more gravel and stone than those nearby, and 
this IS evidence that erosion is taking place. 

Use andsuitability.-This soil is used along with adja
cent area-s 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. 

Ptarmigan 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 tha,n 
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. 

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 
on the way to becoming a major problem in erosion and 

t ,sediment control, and if the trend continues, will per~ 
~'manently lose most of its productivity. 
~.,'. Ptarmigan loam,largely bare (Pd}.-This soil is bare 
i'to such extent that it is a major problem in management 

(see fig. 12, A, 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 suitability.-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, whicn will, require a great 
number of years. 

Ptarmigan loam-Rock outcrop (Pe}.-This soil is inti
mately associated with other Ptarmigan soi!s. 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 requ,ired 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 
recei ve 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 en<)ugh to be delineated separately 
on the map. 

Rock outcrop (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 outcrop 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 occupy 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 outcrop. 

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
ly 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 f,aces are relatively 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 (RbJ.-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 equi!ibrium, 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 i,s 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. 

Small mammals and a few birds live on rock slides. 
These slides require no attention whatever from theJand 
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 
glacial outwash deposited along the shores of an extinct 
lake 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 01' 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 blocky to prismatic struc
ture and its distinct color. The substratum is a mixture 
of gravel and cobbles with sand, silt, and clay. Enough 
of the fine material is pr:esent 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_ 

fine-textured layers were deposited along the ancient lake
shore, and that theyha ve since been altered to some de-
gree by the processes of' soil development. ' 

The following describes a profile of Tabernash loarr 
under a regrowth of lodgepole pine, on an east-facin~ 
slope of 4 percent, and over lakeshore deposits: 

Litter-
1 inch to 0, thin mat of undecomposed to partially decom

posed pine needles. 
Surface soil-

o 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 
acid. 

Substratum-
27 to 36 inches +, 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: 

Ao-~o 

D 

1 inch to 0, gray (lOYR 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 xear's fall of 
pine needles; horizon rests abruptly l on horizon 
below. 

o to 17f inches, grayish-brown (10YR 5/2, dry) to very 
dark grayish-brown (10YR 3/2, moist) loam; weak 
to moderate, mediunland 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 
boundarv clear and smooth. 

17f to 57f inches, very pale brown (lOYR 7/3, dry) to 
brown (lOYR 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 struc-, 
ture; very hard when dry, firm when moist; 
slightly 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 to 23 inches, brown (7.5YR 5/4, dry) to dark-prown 
(7.5YR 4/4, moist) heavy clay loam' or light clay; 
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 5/3, moist) cobbly 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
zQn appears to be weakly cemented; pH 5.7. 

R(J/l~ge in ohar(J;(}teri8tio8.-Based on the small acreage 
ma.pped 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 somewhat 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 signifjcant differences in microrelief ~re 
restricted to the faces of lake terraces, several of whICh 
occur in the Area. 

Drainage andpermeability.-Tabernash soils appear to 
be well drained, a~though if excessive moisture were 
present, drainage might be somewhat more restricted. 
Because the subsoil 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 
fro.in 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. 

Di8tribution.-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 oid lake terraces outside the survey area. 

. Type location.-The Tabernash site location iS'in the 
northernmost part of the Area, approximately fs miles 
north and 30° east of the Fraser, Experimental Forest 
headquarters, or NE~SEl;4, sec. 27, T. 1 S., R. 76 W. 

Serie8 e8tabli8hed.-The Tabernash series was estab
lished in 1955. 

Remark8.-In the Fraser Alpine Area, Tabernash soils 
were mapped with the Mine soi.1s as ~a?ernas~ loam and 
Mine gravelly loam. The mappmg unrt IS descrIbed un~er 
the Mine series. An estimated 20 percent of this mappmg 
unit· consists of Tabernash soil. Some small areas of 
Tabernash soil may be included with other soils at lower 
levels outside the survey area. 

Vasquez series 
Soils of the Vasquez series are in depressed areas and 

basins above timberline (see fig. 12 E, 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 soils. 

Vasquez soils were derived trom highly stratified mixed 
materials of alluvial-colluvial origin. These materials 
have been washed or have fallen into basins from the 
adjacent Ptarmigan soils and Alpinerimland.· Depend-

, iJ?g on locality, the various lenses or strata in the pa,rent 
material range from coarse sand and rock to fine sandy 
loam and silt. These soils are wet or moist most of the 
year. 

The following describes a profile of Vasquez loam 
under willows and tufted hairgrass on a slope of 20 
percent: 

Surface soil-
o to 11 inches, grayish-brown to dark-gray clay to fine 

sandy loam; weak, coarse, granular structure; soft to 
very friable; very 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: 
Au 0 to 17'2 inches, dark-gray (10YR 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. 

A12 1~ to 4 inches, gray (10YR 5/1, dry) to very dark grayi~h
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 (lOYR 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 .horizon, by volume, is stone; lower boundary 
abrupt and wavy. 

C1 11 to 21 inches, very pale brown (10YR 7/3, dry) to brown 
(10YR 5/3, moist) cobbly sandy clay loam; massive; 
slightly hard when dry, friable 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. 

C2 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 (10YR5/4) 
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 oharaoteri8tio8.-Vasquez soils vary cO'nside~-
-ably in thickness, color, and texture of their surface SOlI 
because of their mode of origin and their position on the 
landsQape. 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 ~atter an~ tends to 
be somewhat peaty. Under destructIv~ grazmg, th~se 
highly organic layers tend to bec?me thmner 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 th~re is 
little difference in the acidity of the dIfferent hOrIzons. 

Mottling and degree of ~aturation are extremely 
variable. In some places motthJ?g of the .so~um an~ sub
stratum is faint or absent, and m others It IS promment. 

Topography.-Vasquez soils are in moist to wet are~s 
in the alpine landscape. In some places they are m 
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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 some 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 
deepe~ layers are kept wet by seepage. Possibly this 
seepage comes from permafrost melting beneath the ad
jacent Ptarmigan soils .. Because of their location, Vas
quez 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. . 

Type location.-The type location is in the SW1,4 
NW1A, 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 Vasque:z; soils' join the Alpine rimland. 

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

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

Vasquez loam (Vol.-This soil has a profile like that 
described for the Vasquez series. It varies in the manner 

described for the V asquez series, and it includes areas of 
other soils as mentioned for the series. . 

This soil, like the other Vasquez soils mapped, is used 
entirely for grazing of sheep. Deer occa~ionally 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 h1gh on this and other Vasquez soils, but 
there is 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 eover 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 
other plants requiring less moisture. The result, there
fore, is decrease in value of the soil for both grazing 
and storage of water. 

Control of erosion on areas of Vasquez loam that have 
deteriorated is not 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 (Vbl.-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 
thftt 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 moie numerous than on Vasquez loam, slightly 
bare. 

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

Vasquez loam, largely bare (Vdl.-Except for areas 
bare of vegetation, 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 Tills ' 
and gullies are common. In order to obtain vegetative 
recovery and to protect the water values of the soil, it 
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appears necessary that it be given complete protection 
from' grazing until revegetation occurs. 

Genesis and Morphology of Soils 
Soils are the product of their environment, just as are 

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 influeRcing 
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 is, 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 
and markedly affect SOlI development. 

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 materials.-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-

sive and complex system of faults~!?Sociated 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 IIl.echanical weather
ing occurred during the Pleistocene, when local glaciers 
were active. , 

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. . 

Tlie 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 8"eneral lack of uniformity in thickness of soil 
horizons III the Darling and Bobtail soils. 

Chemical weathering is slow, partly because of low 
temperatures. The rate of weathering can be appraised 
partly by studying analyses of the ground waters (table 
7); Samples were collected from flowing springs and Fool 
Creek between approximate elevations of 9,600 and 11,200 
feet. r:r:he 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 lay~r above the permafrost 

TABLE 7.-Chemical analyses oj waters jrom springs and the main channel oj Fool Creek, Fraser Experimental Forest, 
in 1953 1 

Item Spring 
No. 23 

Spring 
No. 33 

Spring 
No. 41 

Spring 
No.3 

Lower 
weir 2 

Upper 
weir 

Conductivity (ECX106 at 25° C.)c--------------------------- 39.2 43.1 36.9 42.2 63.1 37.0 
Soluble sodium ____________________________________ percenL_ 42 33 33 33 .27 38 
Boron (B)------------------------------------------p.p.m-- .02 .01 .01 .02 .02 .02 
Sum of cations ____________ ~ _ -- - - - -- -- _ -- - - - -- --- ___ meq.(L - . 48 .46 . 42 . 46 . 71 . 40 

Calcium (Ca)-----------------------~------------meq./L- .14 .17 .15 .15 .35 .15 

~~f~:i(Na)(~~~=================================::~:H== : ~~ : ~~ : ~~ : ~t : ~g : r~ 
Potassium (K)---------------------------~c------meq./L- .02 .02 .03 .02 .02 .02 

Sum of anions ______________________________________ meq./L- .49 .49 .44 .45 .71 .43 
Carbonate (Cos)----------------------------------meq.(L- .00 .00 .00 .00 .00 .00 
Bicarbonate (HCos)------------------c------------meq./L- .30 .34 .28 .28 .55 .28 

Th~I;j~~(l~i~;-~~====================='=============~:~:;t= ______ ~~~ _______ ~~~ _______ ~~~ _____ ~_~~~ _______ ~~~ ________ ~~~ 
1 Analyzed by J. T. HATCHER, MARY G. KEYES, and G. W. AKIN, 2 Elevation of lower weir in Fool Creek is 9,600 feet; elevation of 

U.S. Salinity Laboratory, Rabidoux Unit, Riverside, Calif. upper weir is 10,5QO feet. ' 
599803-62-3 
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appears t6 be· continuously saturated with seep water 
when,it is not frozen. Above this layer the stones retain 
a high degree of hardness. 

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 
mineral 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 
a 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 y~ar 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 clay 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 is discussed here. A general discussion of topography 
is given in Part I. 

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 in 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 organism.-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 gra:ssland soils. At any rate, the organic 
matter in Ptarmigan' and other alpine soils appears 
da;rker in color ~nd more grainy than in the grassland 
SOlIs of the Brulllzem 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. Sedgellke 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 timberlil).e, 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 0;1' 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 I. Here, the)ocal 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 
ar~ never saturated again during the year. 

Thi$ single wet-dry cycle strongly contrasts with the 
periods of wetness and dryness that may be repeated sev-
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era! times in a year in humid areas at lower elevations. 
Beca·use 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 th~ 
year. The quantity of heat available to speed the chemi~ 
cal and physical soil-forming processes is very low. 

Repeated freezing and thawing of the soils is not com~ 
mono Below timberline, snow falls early and frequently 
remains until spring. Because snow accumulates to a 
depth of several feet, the soils may not.£reeze 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. 

Another'cllrious 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. 

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 conclusive. 
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. . 

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 
late in the fall of 1956. Previous readings deviated little 
from the values shown in table 8. 

The Bobtail ~nd Darling soils at the site,S 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. 
J;t is suspected that temperatures early in spring would 
be appreciably different from thos~ in fall, but spring 
readings were not made. 

When 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 <J.uan
tity of solar radiation it receives. The contrast is mdi
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 slope with a gradient of 40 perc~nt 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 distinctly 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 in8 months of the year. Most of the 
precipitation falls as snow, which melts rapidly in a short 
period. Consequently, there is a deficiency of 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 ate sites for the poorly developed, shallower Bobtail 
soils. 

TABLE 8-Temperature oj six soil profiles as measure4 by permanently installed thermistors 

Darling soil 

Temperature 
Meter Meter 
depth depth 

Site 11 Site 22 

Inches OF. OF. Inche. 
4 51. 8 47.1 4 

, 24 53.0 48.1 24 
54 55.6 46.9 54 
84 50.6 47.8 84 

120 51. 8 45.6 120 

l 
1 Profile on north exposure near steep ridgetop. 
2 Profile on north exposure, in mid-slope position. 
S Profile on south exposure near steep ridgetop. 

Bobtail soil Ptarmigan soil 
I 

Vasquez soil 

I 

I 
Temperature 

Temper- Meter Temuer-Meter 
depth ature depth attire 

Site 1 3 Site 24 

OF. OF; Inches OF. Inches OF. 
49.5 48.2 4 47.4 4 49.1 
48.3 47.1 12 47.5 18 47.9 
47.9 48.6 24 47.3 30 48.7 
47.2 45.9 40 45,8 60 48.7 
45.6 50.5 55 45.8 90 48.3 

570 44.1 120 48.5 
100 42.9 

4 Profile on .south exposure, in mid-slope position. 
5 Permafrost at depth ot 67 inches when pit was dug. 
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TABLE 9. ~aalculated daily values oJ'maximum direct solar radiation on north and south exposures at latitude 38° N., at 
. . 12:00 o'dock noon 1 • 

Dl}te· 

June 2L ___________________ 
July 24 ___ ~ _______ ' _________ 
Aug. 22 ________ " ___ ~ _______ 
Sept.' 21 ___________ " ___ ' ____ c 
Oct. 20 ____________________ 
Nov. 23 ____ " _______________ 
Dec.2L ___________________ 

Level 
(0 pct.) 

0.9703 
: 9511 
.8988 
.7880 
.6691 
.5299 
.4695 

10 pct. 

North South' 

0.9414 0.9896 
.9156 .9771 
.8507 .9379 
.7228 .8454 
.5919 .7397 
.4429 .6li7 
.3797 .5550 

1 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 oi. heat and evaluation of its influence are not sim
pIe; they are discussed for the Fraser Experimental 
Forest by Garstka et al (4). 

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 Alpine Area. Table 10 shows the 
percentage of gravel, by weight, in four soils. There are 
no significant· differences among the soils sampled ; all 
contam 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 soil 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 v~lume, that 
they tend to be much more droughty than theIr textures, 
as conventionally reported, would indicate. The pores a.re 
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, isthe major soil-formingprocess in the 
Fraser Alpine Area. Limited moi~ture, heat, and a very 
short gro~ing, season are controllmg. factors related to 
climate. 

Percentage and exposure of slope 

40 pct. 70 pct. 100pct. 

North South North SOuth North South 

0.8111 0.9907 0.6567 0.9336 0.5151 0.8572 
.7683 .9978 .6019 .9563 .4540 .8910 
.6717 .9973 .4849 .9877 .3256 .9455 
.5030 .9603 .2925 .9986 .1219 .9926 
.3453 .8973 .1220 .9743 _ ... _------- .9986 
.1771 .8070 ---------- .9205 ---------- .9744 
.1080 .7648 ---------- .8909 ._-------- .9563 

TABLE 1O.-Percentage oj gravel, by weight, in the profiles 
of Jour soils 

Soil 

Darling (4)1 ______________ _ 
Bobtail (6) _______________ _ 
Leal (3) __________________ _ 
Lunch (1) ________________ _ 

Average _____________ , ___ _ 

Surface 
soil 

Percent 
29 
30 
43 
50 
38 

Subsoil 

Percent 
40 
48 
56 
66 
53 

Substratum 

Percent 
61 
46 
55 
21 
46 

1 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 i~ 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: 

Podzols: 
Darling _____________ _ 
Bottle _______________ _ 
LeaL _______________ _ 

Sols. Bruns Acides: 
BobtaiL ____________ _ 

Gray Wooded soils: 
Tabernash ___________ _ 

Alpine Meadow soil",; 
Ptarmigan ___________ _ 

Vasquez _____________ _ 
Bog soils: 

-Nystrom ____________ _ 
Lunch ____ • _________ _ 

Regosols: 
Mine 

Remarks 
Strongly developed. 
Strongly developed. 
Moderately developed. 

Very weak podzolization. 

Strongly developed. 

Well-drained; comparable to "Al-
pine Turf" soils. (7) 

Imperfectly drained. 

Alpine bog with permafrost. 
Subalpine bog. 
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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 we:r:e correlated in this 
Area for the first time. Most of them can be expected to 
OCCUl' throughout the Rocky Mountain region. 

Below the alpine, podzolization is strongly expressed 
in the Darling and Bottle soils by a prominent A2 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 soil~, 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 fact, 
analyses show that iron has accumulated in the subsoil 
to greater or less extent in all the soils in the Area. 

Except 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 formed under the influence of excess water, 
and the Vasquez, under moist conditions and occasional 
saturation. ~ 

Part III: Soil Use and Management 
Part III is desi~ned 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; competi~ive 
demands for the same piece of land; amoun~ of capItal 
available.; the system of management or rotatIOn; pres~nt 
and expected improvements in technology;. man.agerlal 
ability; and, perhaps most of all, t.he potentIal abIlIty of 
soils to respond and produce the deSIred product. 

Thus, successful planning and managem~nt ~equire i~
formation from many sources, one of .WhICh IS the SOlI 

/survey., A soil survey i.ncreases the efficiency: of pl!l;nning, 
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 Management Areas 
The soils of· this Area, like those of others, could be 

grouped in many ways, depending on ~he. pres~nt and 
probable use. The present use of the SOlIs III thIS Area, 
as well as the proba91e future use, is' not inten~ive. The 
soils, .therefore,have 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 thes~ 

599803-6~ 

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 
management ina 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 managemento£ small areas. 
These management areas, however, are useful for ranger 
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 land 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 covel' of plants. These land types are 
not stable and continue .to lose fine soil material. Rock 
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 IJ,nd ridges, where snow accumulates deeply; it is 
a prime source of water during summer. 

The large areas of Rock slides are prime watershed 
lands beeause 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 
is' wasteland, and little can be accomplished by conven
tiona,} methods o£land management. 

Ptarmigan-Vasquez soil area 
This soil managemEmt area consists of steep, rocky, 

shallow, gravelly sandy loam s.oils 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 ~ake up a small propor
tion of, the total ~creage. Also mcluded are small areas 
of rock and loose stones and ~mall alpine lakes. The total 
extent of this soil management area is 37,500 acres. 
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TABLE H.-Mechanical and 
[Absence of an entry in a column 

Particle size distribution (in mm.) pH 

Soil name and depths of Horizon Very Medi- Fine Very Satu-
sampling, in inches coarse Coarse um sand fine Silt Clay 0.2- 0.02- rated 

sand sand sand 0.25- sand 0.05- <0.002 0.02 0.002 >2 paste 1: 5 
2-1 1-0.5 O. s:- 0.10 O. 1O~ 0.002 1: 1 

0.25 0.05 
----------------~. ----------

Bobtl!-il gravelly sandy loam: Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. 
2 to O __ ~ __________________ Ao-Aoo - -- - --- -------- -------- ------ ------ ------ -------- ------ ------ ------ ------ ------o to 3 ____________________ ·_ A2 12.0 14.7 7 .. 6 13.2 8 . .4 35.'4 8.7 30.2 20.6 4.9 
3 to 18_' __________________ • B2 1-2.4 16.3. 8.2 14.9 9.6 31. 5 7.1 30.8 18.2 5.1 
18 to 42 ___________ • ~ ~ _____ Bs 46.7 20.6 5.8 8.3 4.4 11.0 3.2 13.0 6,6 5.9 
42 to 54 ___________________ C 19.5 19.0 10.0 15.8 9.2 ,17.7 8.8 26.4 9.4 6.1 
54 to 118 ___ ~ ______________ D 24.0 19.7 8.4 12.7 8.4 19.6 7.2 23.2 11.9 6.3 

Bottle fine sand: 
1H t.o 0 ____________________ Ao ------ -------- -------- ------ - -- - -- ------ -------- - - - --- ------ ------ ------ ------o to 6 _____________________ A2 1. 1 4.3 13.7 42.8 9,3 25.1 3.7 43.1 12.8 5.7 4.8 
6 to 1L ___________ · ________ B2ir 2.4 4.4 10. 1 54.8 11.8 12.7 3.8 50.7 6.6 13.2 4.8 
11 to3L _______________ - __ C 3.1 3.6 10.1 67.7 9.1 4; 6 1.8 51. 0 2.4 16.1 4.9 -,- - ---. 

Darling gravelly sandy loam: 
4 to 0 _____________________ Ao-Aoo - ----- - - - - - - -- - - -- - -- -- - -- --- ------ ------ ---:----- ------ ------ - - - ---- ------ ------o to 3 _________________ c ___ A2 8.8 7.9 4.0 6.7 5.3 52.1 15.2 30.6 30.2 4.7 

,3 to 23 _________ ,. ____ - _____ B2 12.2 14.5 7.6 13.7 8.8 30 .. 0 13.2 29.1 16.7 4.8 
23 to 38 ____ ~ ~ ______ - -- _ - - - B2ir 3,3.7 19.7 6.6 9.4 5.0 n4 8.2 17.0 10,0. 5.2 
38 to.48- __ - -_ - _ - - -- - - - -- -- OJ 39.6 21. 2 6.5 8.4 4.3 15.9 4.1 14.6 9.6 5.5 
48 to 8L ___ - _____ -- ~- - -- -- C2 14.8 16.7 10,1 20.2 11.7 22.4 4.1 33.8 11. 1 5.8 
81 to 116+_, ______________ D 24.9 21. 7 9.0 14 .. 3 7.2 16.4 6.5 21.5 9.1 5.9 

Leal sandy loa:t;n: 
2 toO _____ c~ ______________ .Ao ------ -------- -------- - - - -,-- -,----- ------ -------- - - - - -- ------ ------ ------ato 2}L ________ ~ ______ c ___ A2 18. 0 10: 7 6.8 11. 5 10.0 34.7 8.3 33.9 17.2 15.7 4.4 
2~ to 11 ______ ~ _____ c ______ Bilr 17.7 13. a ·7.3 11. 4 10.2 30.9 9.5 31. 5 16.0 18.3 5.1 
11 to 16 ___________________ Bs 24.7 15.5 7.8 11. 5 10.0 23.9 6.6 28.4 11. 9 25.0 5,3 
16 to 23+ ______ - - - - - - _ - - -- C 21.6' 16.6 9.4 13.7 10.9 23.2 4.6 30.2 11. 5 15.9 5.4 

Min!) gravelly loam: o to 3 ______________ , ______ AJ 8.4 9.4 7.1 13.7 11. 6 40.4 9.4 40.2 19.7 5.8 6; 1 
3 to 6 _____________________ As 8.5 9.7 6.8 14.4 13.9 39.1 7.6 44.0 17.6 7.6 5.8 
6to 13 _____ ~ ______________ CJ 7.8 10.9 1O~ 1 19.5 15.7 30.6 5.4 43.9 13.8 12.5 5.9 
13 to 20+ _________________ C2 9.8 14.4 10.0 17: 2 14.2 28.6 5.8 39.9 12.9 16~ 5 5.8 

Nystrom peat: o to 3 ________________ ~ ___ • 1 247.1 13.1 2.6 2.7 1.5 12.9 20.1 1.0 14. 8 5.3 4.3 
3 to 14_c_7 ____ , __ ~_.~--~--- 2 212.9 8.6 2.9 4.2 2.8 40.5 28.1 23.7 22.0 5.1 4.5 
14 to 17 ___________________ DJ 43.5 18.6 4.6 )5.3 3.1 11.8 13.1 10.3 7 .. 4 8.5 4.6 
17 to 23. ____ - _ - - - - - - - - - -- - - D2 51. 0 10.2 3.9 6.5 2.0 11. 7 1'1.7 8.8 8.1 24.7 4.7 
23 to 29 ________ - __ ~ -- __ --- Ds 69.7 9.2 1,3 1.5 1.0 8.1 9.2 3.8 6.1 52. 1 4.9 
29. t,03L - -- --- --- -- --- ,--- D4 40.1 14.2 5.2 7.2 5.2 17.9 10.2 15.7 11. 5 32.9 4.9 

Ptarmigan loam: 
6.4 Oto l}L---- ______________ All 13.3 2.9 5.4 6.0 47.8 18.2 29.8 27.2 6.6 6.0 

1~ to 6 ___ c_c _______ c ______ AJ2 15.4 9.2 4.0 6.6 7.1 38. 7 19.0 27.9 21. 8 19.4 5.8 
6 to 10 ____________________ BJ 36.2 11. 9 3.9 5.1 6. :3 25.0 11.9 20.3 14.1 28.6 5.6 
10 to 23 ___________________ B2ir 26.1 11. 5 4.3 8.1 9.9 27.4 12.7 25.9 16.5 18.2 5.4 
23 to 35+ _________________ C 76.9 8.2 .7 .8 1.0 7.4 5.0 3.9 5.0 71.3 5.5 

Tabernash loam: 

~~Ot~~~~ ~= = === == ========= 
AJ 7.2 7.2 3.6 6.3 11. 3 54. 2 10.2 42.5 26.8 3.4 6.2 
A2 7.3 7:8 3.9 6.8 11.8 50.6 11.8 40.9 25.5 4.4 5.9 

5;el to 8 _____ ~ ____________ ._ ~l 7.9 7.6 3.,7 6.5 9.2 35.6 29.5 30.1 18.5 2.5 6.0 
8 to 15 ____________________ B2J 5.9 4.7 3.0 6.4 9.5 37.1 33.4 31. 2 19.2 1.9 6.1 
15 to 23 __________________ ~ B22 3.0 3.9 2.9 6.4 9.4 39.4 35.0 32.0 20.6 .9 6.2 
23 to 21- __________________ Bs 16 . .1 10.6 6.0 8.9 9.1 28.9 20.4 28.7 14. 2 9.6 5.9 
27 to 36 ____ - _____ --- - _____ D 22.9 14.6 8.2 12.9 9 1 18.0 14. 3 24.9 9.1 30.5 5.7 

Vasquez loam: 
All 210.6 37.8 31. 6 2.7 o to 1;el _______ c ____________ 8.0 3.8 5.2 3.0 18.2 25.4 4.8 

l~ to 4 _______________ c ____ AJ2 23.0 14. 0 5.7 7.9 4.1 26.3 19.0 . 17. 7 16.8 11. 4 4.6 
4 to lL.-..:---------------c- As 36.4 14.4 4.6 6.1 3.7 18.5 16.3 1.4.6 10.9 17.8 4.8 
11 to 2L ________ c ___ - _____ CJ 19.0 15. 1 7.9 13.6 9.9 20.9 13.6 26.6 12.0 29 .. 3 4.9 
21to 31+ -----~-~7;'_------~ C2 24.9 17.,6 7.2 11. 2 8.9 21. 4 8.8 23.5 13.2 18.6 5.5 

1 Deter~inationma.de but amoun~ was below minimum reportable: 
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'; ch£rnical analyses oj several soils 
:incIicates determ~nation was not made] 

Organic matter Moisture tensions 
Cation 

::.' Free ex-
, ~ . iron change 

Extractable cations 
(meq./100 gm.) 

I--'---r--_-__ -~--I Base 
sat. 

. .' Or- Fe20g capac-
!i: :ganic Nitro- C/N 1/10 1/3 15 ity Ca Mg H 

car- gen Atmos. Atmos. Atmos. NH4Ac 
Na K 

NH4 
Ac 

Base 
sat. 
on 

sum 
+H 

Sum 
-H 

Sum 
+H 

37 

Cal 
Mg 

; bon 
;1 _____ ~-_---~--------_________ _ 

Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. 

1. 78 0.056 ,31. 8 ====== ======= ======= ======= ---i5.-0- --4.-3- -i.-i- --6.-9- -o.-i- -0.-5- ----40- ---46- --6.-0- -i2.-g- ---3.-9 
.. 84 .037 23 ______ _______ _______ _______ 13.0 4 .. 4 1. 0 7.9 .1 .4 45 43 5.9 13.8 4.4 
.09 .006 15 ______ _______ _______ _______ 6.9 4.7 .6 2.1 .1 .2 81 73 5.6 7.7 7.8 
.10 _________________________________ --_____ 19.5 12.0 1. 6 2.2 .1 .3 72 86 14.0 16.2 7.5 
.18 _______ ______ ______ _______ _______ _______ 11. 5 10.3 1. 3 2.6 .2 .2 100 82 12.0 14.6 7.9 

3.83 
1. 35 
1. 00 

.154 24.9 _____________ -- _____ -- ____ _ 
· 062 21. 8 ___________________ - -" __ - __ 
.043 23.2 ______ - ______ - ______ -- ____ _ 

.' 

c· 
~'. 

.47 

.31 

.27 

2.52 
.66 
.17 
.09 

Fi 1. 82 
~: .70 

.33 
~ . ~O 

~···27. 80 
23,53 

1. 54 
.73 

.•.... .51 
.32 

.076 33.2 

.031 21. 3 
· 012 14. 2 
.009 10.0 

.088 20.7 

.044 15.9 

.018 18.3 

.012 16.7 

1. 662 16.7 
1. 104 21. 3 
.097 15.9 
.048 15.2 
.02!'i 19.6 
.018 17.8 

16. 53 1. 187 13.9 
13.2 
11. 4' 
12.1 
15.6 

:' 12. 96 . 978 
3.41 '.300 
.58 .048 
.25 .016 

.' 

2.25 
.47 
.51 
.34 
.27 

J' ': t~ 
',' 

, 15.83 
5.94 
3.02 

I .56 
.20 

.108 

.029 

.029 

.024 

.017 

.013 

.010 

20.8 
16.2 
17.6 
14. 2 
15.9 
14.6 
19.0 

· 971 16. 3 
.365 16.3 
· .238 1,2.7 
.. 05011. 2 
.015 13.3 

1.0 
1.2 
.8 
.7 

1.4 
1.4 
1.3 
1.2 

1.8 
3.1 
2.2 
2.5 

1.6 
2.0 
3.1 
1.3 

1.4 
1.3 
1.6 
1.8 
1.6 
1.4 
f 1 

2.0 
2.2 
2.4 
1.8 

21. 6 14. 7 5. 7 
15. 6 10. 5 3. 9 
14.3 9.2 3.0 

29.7 
24.0 
19.8 
18.6 

126.4 
99. 1 
20.4 
17.5 
13.9 
16.9 

85.7 
72.1 
36,4 
22.9 
9.9 

34.1 
23.8 
23.7 
32.0 
37.5 
22.3 
20.5 

76.0 
39.5 
32.8 
20 .. 6 
15.3 

23.6 
18.3 
15.0 
13.0 

118.9 
62.8 
17.9 
14.6 
12. 1 
13.7 

62.8 
48.6 
25.7 
18.2 
8.2 

23.5 
18.3 
19.6 
25.7 
30.0 
18.0 
15.8 

59.8 
30.2 
24.5 
15.8 
12.4 

6.8 
5.2 I 

4.3 
4.1 

50.9 
26.0 

7.0 
6.6 
4.8 
4.5 

39.7 
29.4 
10.7 
7.7 
3.9 

6.3 
4.6 

10.5 
13.4 
14.8 
8.2 
7.3 

37.6 
15.7 
11. 5 
6.4 
3.0 

2 Not dried prior to dispersing. 

28.9 
20.6 
13. 1 
10.3 
14.4 
13.9 

5.2 
6.9 
5.0 
4.3 

10.0 
10.6 

2.6 
1.2 
.6 
.6 

1.4 
1.3 

19.3 
14.1 
10.6 
6.8 
3.7 
3.'9 

· 1 
· 1 
· 1 
· 1 
· 1 
· 1 

.9 

.4 

.3 

.2 

.3 

.3 

12.7 
10.9 
7.3 
5.7 

2.6 
2.7 
2.5 
2.2 

.8 

.8 
: 6 
.6 

10.8 .1 
8.8 .1 
4.4 .1 

.6 

.3 

.2 
· 1 3. 1 . 1 

18. 1 
11.9 
9.4 
8.2 

48.7 
40.8 
14.0 
7.5 
7.9 
6.8 

Ii. 2 2. 0 
5.6 2.0 
4.1 1. 6 
4.4 1. 3 

12.1 L 7 
6.3 .2 
1. 4 .4 
.9 .4 

1. 0 .4 
1. 0 .1 

9.2 
5.8 
3.5 
2.9 

44.7 
54.6 
16.9 
14.9 
8.5 
6.9 

58. 0 39. 1 6. 9 22. 5 
42; 0 30.6 5.4 22 .. 6 
22. 6 12. 4 2. 8 13. 7 
18. 6 7. 4 1. 6 7. 2 

4. 3 2. 7 . 7 2. 0 

15.8 
8.7 

20.1 
24.6 
27.4 
15.9 
15.9 

10.3 
5.0 

13.4 
18. 1 
22.1 
10.9 
11. 4 

1.7 
1.3 
4.3 
5.7 
6.5 
3.1 
3: 1 

7.5 
4.2 
5.3 
5.1 
5.6 
3.8 
4.0 

37.6 12.'1 2.4 35.2 
23. 2 4. 0 . 2 21. 7 
16. 6 2. 4 . 2 19. 3 
10. 6 2. 2 .1 8. 7 
3.31.2.21.6 

· 1 
· 1 
· 1 
· 1 

.2 
· 1 
· 1 
· 1 
· 1 
· 1 

.3 

.3 
· 1 
.2 
.2 

· 1 
· 1 
· 1 
.1 
.2 
· 1 
.1 

.7 

.5 

.4 
;4 

.6 
· 1 
· 1 
.1, 
.2 
· 1 

1.0 
1.0 
.4 
.2 
· 1 

1.0 
.4 
.5 
.4 
.3 
_ 2 

· 1 

.3 1. 0 

.2 .3, 

.1 .2 
· 1 . 1 
· 1 . 1 

30 
42 
46 
50 
82 
88 

32 
36 
46 
53 

77 
69 
66 
76 

30 
16 
14 
20 
22 
19 

82 
89 
69 
50 
86 

83 
78 
91 
99 

100 
90 
92 

42 
20 
17 
24 
48 

31 
38 
36 
43 
76 
76 

28 
31 
44 
49 

60 
58 
64 
68 

25 
11 
10 
9 

17 
16 

8.8 
8.6 
6.0 
5.2 

11.8 
12.3 

4.1 
3.9 
3.4 
3.0 

28.1 
22.7 
16.6 
12.0 
15.5 
16.2 

14.9 
12.7 
7.8 
6.1 

14.0 23.2 
8.2 14.0 
6.2 9.7 
6.2 9.1 

14.6 59.3 
6.7 61. 3 
2.0 18.9 
1. 5 16.4 
1. 71m2 
1. 3 8.2 

68 47.3 69.8 
62 37.3 59: 9 
53 15.7 29: 4 
57 9.4 16.6 
65 3.7 5.7 

64 13.1 20.6 
62 6.8 11. 0 
78 18. 3. 23. 6 
83 24.3 29.4 
84 29.1 34: 7 
79 14. 3 18. 1 
79 14.7 18.7 

31 15.8 51. 0 
18 4.7 26.4 
13 2.9 22.2 
22 2.5 11. 2 
50 1. 6 3.2 

2.0 
5.8 
8.3 

.7.2 
7.1 
8.2 

3.2 
3.4 
4.2 
3.7 

5.6 
2.8 
2.6 
3.4 

7. 1 
32.0 
3.5 
2.2 
2.5 

10.0 

5.7 
5.7 
4.4 
4.6 
3.8 

6.0 
3.8 
3.1 
3.2 
3.4 
3.5 
3.7 

5.0 
20.0 
12.0 
22.0 
6.0 
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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 2% months in midsummer. Extensive 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 a,s 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. 

Bobtail-Darling soil area 

The Bobtail-Darling soil management arefuis composed 
of shallow, stony, gravelly soils on steep slopes, bel<?w 
timberline, in the St. Louis Creek watershed. The SOlIs 
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 protected 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 ~o abso~b 
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 numerous, 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, lodg~pole pine, and aspen .. At ~he 
lower elevations, and partlcularly on the BobtaIl SOlIs, 

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 management now foreseeable, 
soils of this management area will be used "Primarily for 
growing timber and pr9duction of water. Recreational 
opportunities appear limited. In terms of erosion, the 
soils of this management area are very stable. 

Leal soilarfJa 

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 important features. ' 

'J,'here 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 placesw~ere 
the till is thin or patchy, there are some spots of Darlmg 
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 
drainageways, 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 t~ practically no surface r~noff or 
erosion. Because the SOlIs are so permeable, sprmgs or 
seeps emerge only where these soils join the present flood 
plains. Under ~ny manageme~t now ~oreseeable, these' 
soils are best sUIted to productIOn of tlmber and water. 

\ 

Alluvial soils-Tabernash-Mine 'area 

This soil management area is ma:de up. of relatively 
stable soils of the Tabernash and Mme serIes and of al
luvial 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 capaci~y. Their productivity 
for native plants is moderately hIgh. 'These are deep 
soils with textures ranging from loams to gravelly loa,ms. 
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The Tabernash and Mine soils have a finer textured sub
soil and contain less stone than cthe alluvial soi.1s. 

The soils are mostly level to nearly level.. There are 
more irreg,ularities in the alluvial soils than in the others. 
The hazard of sudace 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 
is establishing it~e1f in these places. Under any future 
mana~ement now .foreseeable, these soils probably .will 
remain in. timber.. :N evertheless, there are good oppor~ 
tu~ties . for developillg recreation sites in . some places. 

. Some cattle graze the open areas, but these areas may 
get smaller as the young stand of timber. continues to 

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. Some of 
the more important current uses are listed in table 12, 
together with ra,tings that indicate the relatIve suitability 
of each soil for' the specified use. Leal sandy loam and 
Alluvial land (Lc) is not listed in table 12; its suitability 
for specified uses can be determined by referring to its 
components. 'I,'he ratings in table 12 are based on the ex
tensive management now. practiced. Data are. notade
quate to. permit more precise ratings. The response of 
several of the soils under current uses is discussed in the 
following pages. l-

grow. '. . . 
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 
lin this area during summer. 

Range use and management 

Suitability Classification of Soils 

The majo~ grazing in this Area is in the alpine part, 
where sheep are brought for abou,t 21;2 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 floodplains at lower 
elevations in the St. Louis Creek watershed. 

,The soils of the Fraser Alpine Area are not suitable 
for eultivatjon: According to the system of capability 

As mentioned in Part· I, many kinds' of plants grow 
above timberline. A' large part of the usable forage 

'FABLE 12.~Estimated relative suitability of the soils for production of water, timber, and range Mrbage, their inherent 
erodibility, and hydrologic groups 

Map 
symbol 

Aa 
Ab 
Ac 
Sa 

Bb 
Da 

La 
Lb 

Ld 
(2) 

Na 
Pa 
Pb 

Pc 

Pd 

Pe 

Ra 
Rb 
Ta 
Va 
Vb 

Ve 
Vd 

Soil, land tYl,le 

Alluvialland _______ - __ 
Alpine rimland _______ _ 

Inherent 
erodi
bility Infil

tration 

Water 

Percola
tion 

Storage Englemann 
space spruce-sub

alpine fir 

Timber l 

Lodge
pole 
pine 

Aspen 

Range 
herbage 

Hydro
logic 

groups 

Medium __ HIgh _____ High _____ High ___ High _______________ High _____ High _____ B 
High___ _ _ Medium__ Low _ _ _ _ _ Low _" _ __ _ _ _ _ ___ _ ___ __ _____ ___ _ _ __ __ _ Low _ _ _ _ _ B 
High___ _ _ High___ _ _ Medium __ High___ _ _ _ __ ____ _ _ __ __ __ __ _ ____ __ _ __ _ Low _ _ _ _ _ B Alpine wind-eroded land_ 

Bobtail gravelly sandy 
loam_ ______ __ _ _ _ ___ Low _ _ _ _ _ High____ _ High____ _ High___ Low ___ ~_ Medium__ Low -' _ _ __ Low _ _ _ _ _ B 

Bottle fine sand ________ High _____ High _____ High __ .! __ High ___ Medium __ Medium __ Low _____ Low _____ B 
Darling gravelly sandy 

loam_ _______ __ __ ___ Low _ _ _ _ _ High___ __ High___ _ _ High___ High __ '_ _ _ Low _ _ _ _ _ Medium__ Low _ _ _ __ B 
Leal sandy loam _______ Low _____ High _____ High _____ High ___ High _____ High _____ Medium __ Low _____ B 
Leal sandy loam, ter-

minal moraine ______ _ 
Lunch peat __________ _ 
Mine gravelly loam ___ _ 
Nystrom peat ________ _ 
Ptarmigan loam ______ _ 
Ptarmigan loam, slight-

ly bare __ , __________ _ 

Low _____ High _____ High ____ - High ___ .High _____ High _____ Medium __ Low_.! ___ B 
High _____ High _____ High _____ High ___ Medium~_ Medium __ Medium __ D 
Low _____ High _____ High _____ High ___ Medium __ High _____ Medium __ Medium __ B 
High ____ " High _____ High _____ High __________________________ ,------ Medium __ D 
High _____ High _____ High _____ High~ ________________________________ Medium __ B 

High _____ High _____ High _____ High_, ________________________________ Low _____ B 
Ptarmigan loam, mod-

erately bare ________ _ 
Very 

High _____ High _____ High _____ High___ __________ __________ __________ low. B 
Ptarmigan loam, largely 

bare _______________ _ 
Very 

High _____ .High ____ ~ High _____ High ______________ ,-------- __________ low. B 
Ptarmigan· loam-Rock 

outcr6p _____________ , Medium __ High _____ High _____ High _________________________________ Low _____ B 
Rock outcrop - - - - - - - .. - - - - - - - - - -" - - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - c - - - - - - - - - _________ _ 
Rock slides _____________________ High~ ____ High _____ High ___________________________________________ A 
Tabernash loam 3 _______ Medium __ Medium __ High_---- High ___ Low _____ High _____ Medium __ Medium __ C 
Vasquez loam _________ Medium __ High _____ High _____ High _________________________________ Medium __ B 
Vasquez loam, slightly 

bare ________________ High _____ High _____ High ____ ~ High _________________________________ c _________ B 
Vasquez loam, moder~ 

at ely bare.! ____ ------ High _____ High~ ____ High _____ High ___________________________________________ B 
Vasquez loam, largely 

bare ______ ~ _________ High _____ High _____ High _____ High ___________________________________________ B 

1 Absence of rating indicates tree does not grow on the soil specified. 
2 Mapped with Tabernash loam. 
3 Mapped as Tabernash loam and Mine gravelly loam. 



 

 

40 SOIL SURVEY SEIUES 1956, NO. 20 

Figure 13.-Shccp g raz ing on Pt a rm iglm and Vasquez soi ls. 

COlllCS 110m sedges, ],lthCl tha n g],\SSCS T he ki nd of 
herbage, and I t S ,)wld. dJiJ'ClS on the different. soils. 

T he P1rlrlll1gnll sods, most extenSive of those in the 
alpine. IIrc well-drained, shallow soils ihai hnye H bb('k 
surface soil lind :~ POl'OlIS, gral-c ll.r subsoil. The most 
('ommon plnnt. Oil Ptarmigan soils is kobresin (liobresia 
bellardi) , :~ sedgelikc plant. gl'Owillg on le"el nrc;!.s and 
1101'111 "lopes. C'arex (Ca!'ex elynQidefl and O. dl'lImmon
dial/a) grow in e1 I'ict, arC:lS. _\.. Jpillc blucgrasses, such ,IS 

l'oa a{phw. and forUs, sueh as lllountni n bluebells (.lIt 1" 

tensia al7)intt) and alpine c]O\'Ct' ('l'rifolhan dasyphyl· 
l!tln) , at-o irnpol-janL 

T he llliHlngCIIl(>llt of P t:\l"lniglltl soils is best d irect ed 
(ow1u,d es~ablishing a tu rf th at contains appreciable 
quantities of the plants just named , .\ t this ~ime thet'e 
is no known way to impro\'e the com position of the plant 
em'et', other than to control gl'Hzin/-!" EI'en \\'ith such 
cOnlt'ol, irnp ro\'eltlent in range likely ,,'ould be slOI\', 

,\ good stand of kobresia should 'produce about 600 to 
800 pounds of lIi r·dl'Y forage per ll(,re, annually, T he 
sedges on slightly drier a reas will pl'odtl('e an estimated 
400 to 500 pounds of herbage, P aulsen (C) reported that 
annllal production of fomgo on soils similar to the 
P tnrmi l-!'an a\'craf!ed 36:3 pOlIll(ls I)CI' ac re, air·dry weight, 
nnd that yields of 5!:15 pounds pel' a('re, ail' dry, were ob· 
tained \\'here the plant ('ol'er exceeded 60 percent of the 
surface 1) l'e:I , 

The Yasquez soils lU'e in 10\\' places and arc moist 
longer than the Ptarmigan soi ls, T hey hll\'e a fine-tex-

tured Sll r f:H;C soi l and are deep in man)' places. T he 1Il0~t. 
('ommon plants on these soils al'O tufted hairgl'ilss (Dcs
clwm])~ia ('aespito.'w), Parr), c\o\'e l' ( rose c\OI'el') (1'l'i
lolhan l)arl'yi), and .,\nl('I'iCllll bistor/ (P01Y(fOllllm 
biSlol'toidefl). ~el'el':11 scd:rcs «('m-e,l' spp.) make up :l 
la r~e proportion of til(' forage. Sc\'eml kinds of alpiHt, 
lI"il loll's (So/i;r' spp,) ~row '2 to:') feet tall and occupy ap
preciable :lI'e:1S of rhl' \' as(pli'Z soils, 

( ; razi ll g management of \'aSf)ucz soils ('ould bn best 
directed to\\'nrcl estnblishiBg a good lllixtul'e of rhe platH>; 
jllSt, named, " 'hen usc is so hell I')" th at the "'illo\\'s (11'(' 

relllol'ed, most of tile othcr dcsimule herbaceous pl ants 
a rc also rClllo l'ed . T he :I\'cmge lltcadow, ill excellent COIt
dit ion, should produee 800 to 1,200 pounds o f air-dry 
forar"o per HCI'e on \'as(]llel, soils. 'r ile H\'eI'H:re annual 
yie\( should be in excess of J,OOO pounds pel' acre. P aul
sen (C) reponed a rnn;re of J~:2 to 1.108 pounds per ac re 
lind an tlyerage of 626 pounds per acre, :Iir dr,I!, Irom 
soils simiifll' to the ' -asquez . 

Below iimlx'll'line, the soils generally hn\-e low poten
til11 to produce hed,mge. ,\ mon:r the soils 11m the Hottle, 
Lenl , D:u'1ing, and Boutail. T hey l)t'Cxluce limited forage 
beelluse ihcy arc COH rse and gnwel'y, lOll" in fertility, and 
highly acid . The T abernash lind i\l itH~ soils at the north 
end of the F ra ser Experimental Forest will produce n 
1l10dcnlto amount of herbllge where cle:u 'ed, bllt these 
soils 1':l pi<lly rc\'el-t to lodgepole pine, T he allu\'i:I1 soils 
(Alh\\'ial land ) a lollg St1'011111 rhanllels produce the most 
herbnge. L unch peat, in the vicinity of seeps on moun-
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t tainsides, produces some herbage, most of it consjsting of the growth of spruce is noncommercial on the shallow t sedges (Carew spp.) , with a few weeds and some brome rocky soils and in a narrow band fringing the alpine area. 
/<' and bluegrass. In· most places, the stand of spruce is about 300 to' 350 

The Nystrom soils are dominantly organic or peat soils years old, is over-mature, and is becO'ming decadent. 
l· that are permanently wet. Open water iscommO'n. Al- Subalpine fir grows in intimate association with Engel
" .though these soils occupy less than 2 percent of the Area, mann spruce. It appears to resPO'nd. to different SO'ils in 
" they are a distinctive feature O'f the landscape. The vege- about the same way as the spruce. It cO'mmonly occurs 
~. tatiO'tl is dominated by the small alpine willO'WS (Saliw as an understO'ry beneath the spruce. Young fir trees alsO' 
\ spp.) and sedge, chiefly Oarew scopulorum. Marsh mari- grow under lodgep()le pine at -the higher elevations~ 
f gold (Oaltha leptosepala) is also a common vIant. Man- LodgepO'le pine grows best below the general elevatiO'n 

a~ement could be -best directed to maintaining these of 10,000 feet. AbO've that elevation it ordinarily grows 
! plants. Excessive grazing has done much harm to these O'nly O'n the BO'btail soils, which are on south-facing 

soils in places. Where bogs have been O'vergrazed and slopes. Within the area mapped, lodgepole pine definitely 
drained, the area reverts to dryland plants with a much prefers well-drained soils; that is, SO'ils of .the Bobtail, 
lO'wer prO'ductive capacity. This has happened on Vas- Leal, Tabernash, Mine, and Bottle series. Wet and moist 

/ quez ridge west of Berthoud Pass. The Nystrom soils in places, even at these lower elevations, supPO'rt spruce 
excellent herbage cO'ndition should produce in excess O'f rather than lodgepole pine. 
1,000 pounds of air-dry herbage per acre. Aspen does not grow well O'n any soils in the Area, 

Other soils and land types in the alpine part O'f the cO'nsidering their growth O'n SO'ils elsewhere in CO'lorado. 
Area produce no vegetation or an amount SO' small that Aspen trees need moist, fertile soils and abundant-sun
it is better used to protect the surface SO'il than fO'r graz- light. On the dense spruce-pine forests of this Area, 
ing. Among the land types are Alpine rimland, Alpine aspen is generally absent. 
wind-erO'ded land, Rock outcrop, and Rock slides. Few accurate measurements of timber yields have.been 

Everywhere except in the true peat bogs, trees tend to made in the Area, but 243 acres, or haH of the mer
take ()ver on the soils below timberline. As the trees chantable timber on Fool Creek, was clear cut. All trees 
grO'w, they continue to fill in areas that have been logged down to 4 inches in diameter at breast height (d.b.h.) 
0'1' burned. Eventually, the areas,now producing herbage were harvested. The average acre yield was 14,650 bO'ard 
will be eliminated if the present trend cO'ntinues. feet, of which 12,000 board feet had a d.b.h. of 10 inches 

The soils of the Frlser Alpine Area have been rated 0'1' more. This stand, 250 to' 300 years old, consisted of 55 
according to their estimated inherent ability to produce percent lodgepole pine and 45 percent spruce-fir. The 
herbage (see table 12) . The estimates are based largely dominant soils in the area harvested were the Darling 
O'n field observations, plus a few measurements, and and Bobtail, though there were very minor areas o'f 
should be accepted only as relative comparisons. The rat- Lunch peat and O'f alluvial soils (Alluvial land). 
ings do nO't cO'nsider possible competition between plants, The older trees in the stands of spruce on the Darling 
for a particular area. The general relationships~between soils in the West St. Louis Creek watershed are 350 to' 
ratings and yields of herbage are as follows: A SO'il with 400 years of age. The cO'mmO'n range for these uneven
a rating of high will produce inore than 1,000 pounds per age stands, hO'wever, is 250 to 275 years. Yields on har
acre annually; one with a medium rating will prO'duce vested areas were about 18,000 board feet per acre. About 
400 to' 1,000 pounds; and Qne with a rating of lMO or very 25 percent of the stand is affected by rot .. The annual net 
low will produce less than 400 pounds per acre annually. increment is about 120 bO'ard feet per acre, but it is esti-

Summary.-Range management in this Area cO'ncerns mated that the net increment could be brought to 300 
the lands above timberline, as these are the ones grazed. board feet per acre annually if more intensive manage
The only means of checking deterioration of these lands inent were applied. At higher elevations on the Darling 
appears to be to remove grazing in severely affected areas SO'ils, the aimual growth rate is reduced, and at timber
and to reduce grazing in thO'se areas so far not sO' seri- line, it is 50 bO'ard feet or less per acre. 
O'usly affected. It is not known how rapidly natural re- Mature stands of lodgepole pine on the Bobtail SO'ils in 
vegetation will take place,but much more time will be the 'West St. Louis Creek watershed range from 250 to 
required than in landscapes where climate is less severe. 300 years old. Yields frO'm pure stands in the areas har
Artificial revegetatiO'n or fertilization has not been tried vested were about 9,000 bO'ard feet per acre. Rot affects 
O'n these soils. an estimated 35 percent of the stand. The annual growth 

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 h~s less commercial value 
tlian either spruce or lodgepO'le pine. The aspen trees 
have no commercial value, and their growth is sparse. 

Engelmann spruce grO'ws best in this Area at elevatiO'ns 
between 10,000 and 11,000 feet on well-drained Darling 
soils. At lower elevatiO'ns it grows well only on the al
luvial soils (Alluvial land), in the moist areas on Lunch 
peat,and ,on north-facing slopes. By present standards, 

rate is near 20 to 30board feet per acre. Under more 
intensive management, this annual rate might be in-
creased to 100 to 150 bO'ard feet per acre. . 

Yields of lodgepole pine Qn the Bottle SO'ils appear to 
be sO'mewhat IO'wer than on the BO'btail soils. On the 
Tabernash, Mine, and Leal SO'ils, yields can be expected 
to be equal to' or somewhat greater than those O'n the 
Bobtail soils. . 

Shown in table 12 are ratings indicating the estimated 
relative suitability of the 'several soils for Engelmann 
spruce, 10dgepO'le pine, and aspen. The ratings are- for 
only those soils in the St. LO'uis Creek watershed. The 
ratings are based on observations and are not supported 
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IJ.\' measurements. III making lhew I'Hlings .lhe follo\\'ing 
I"oll~h guide!; we re Hscd: 

Huti"i!"" 
High 
!'.fcdium 
'-'m 

Site index class 

8","«-/0. 
1&. 2 
3&4 

_ ;) &. 6 

Loog"I<JI. 
1&2 
3&4 
5&6 

Thollsand hoard (Pl't 
per acre 

,""", ,,<t-/i. 1.<>IIg./,I<)/. 
25~40 2-25 
15-25 10 20 
5- 15 5 ]0 

?lIUel.l expcl'iml'utal work on t!tinnin/!. har\'cstinl!! and 
lll:llHl!!lllg of SPI'Il('C and lodgepole pine has been (lone in 
the ' \ "cn .. \ [OS1, of the 1I"0rk has been 011 the D ill'lin" [Ule! 
J ~Obl II i 1 soi Is. .... 

Waler behcwior lI1Id management 

""ai('1' is one of ihe impOl'wlll products of the FI":I !ieI" 
.\Ipine .\rea. II is discussed here as II pr()(luC'1 thaI ('nn 
IJe meas~I1'ed and 1 ranspol'ted. \ra/(~ I' used by plants is 
not. cOllsl(iercd . 

Behavior of \\':lIer if; a/leded b.I' ihe geologic makeup 
Of. the _\ 1'('a, by ,draina!!e pa1!el'll";, by topog1'Hphy, and h,r 
f;ods, fn "tnd,\'IIl).! walf'l' sllpply. dIe entire l'('!!olilh, 01' 
the weathered pal't of the earth'" "urface, must be (,Oll
side rcd , T he soils also Heed to be taken inlo :W('ounL 
They ,1m a thin "urrace \ayet' on the regolith. but they 
('onl1'ol the I'Hte ai which \nller mores into the l"<'golidl, 
and the amount of waTer that ll\on:~s, 

T he ,!reolog-ie composition of the .\rea has been dis
('\I"se(1 ill P ad I. 1n this .-\ rell the {'xtensirc frllcturing 
and fa\lhin~. atld the int!'llsioll of pegmatitp dikrs. lin· 
doubtedh' ntl'l'('/ subsur racc Illon~ment of w,lter. but data 
indicatiTlg their ([llaniita!lI'e elreds :lI'£' lacking, 

'''eaihering or 1'o('k is c(>l'Tilinly significant in l)(>hlwiOl' 
of walel'$ in this .hen, ,\i Ihis altitude llnd clilllll1(" rock 
weatherillg is btl'gel.r mechani('Hl. Thus , nn abundan('c of 
('oal'se sand, gral'eJ, and rock is produced, but tittle silt 
nnd clay, B('('nllf;{> tllf' materials nr(> ('oarse, thel'e Hre 
large pores in the regolith through II-hich mtiC'1' mores 
readil,I-. T I](> £'Il'e<,til'e ihickl](>ss of the r'e,!!oli!h v:'tries 
from zero, II'ltC'r'c bedrock PI'Oll'll<l(>;;, to 20 or' :10 f(>ei as 
seen in some road tilts, P ossihly the aWrHge depnr is 
aboui 10 feet ( fig,I-l), 

figure N.-T he lI\'e r aj,l:C de ll t h of soil omlcrial lIvai lable (or stor
age of water is about 10 feet ill the Fraser AIlline Area. 

The n~::olith is deeper at th(> base of Sleep slopes, where 
loose material has aceumulated, T his deeper' regolith at 
tIle base of slopes elfeeti\'el,r retards what would other
wise be r'llpid dischal'ge of f:;\l dace and SUIJSlll'fllce Ira teI' 
into str 'eaHl eha llllels, Pos."ihl" even more elfec1i'-e in 
s lowing riisdrargc at'C tlte till'and coarse outwash thal 
glaciers hal'(~ plastered on the sides of the I'allers or 
dropped Oil the floor'S of ihe \'nlleys (see fig, 3), Tij'1 alHl 
coar'S(} allll\'ial deposits fill all !he major \'alleys to nn 
unknown dept It. {'nquest iOTwul,I', large quani i! ies of waTer' 
ltlOl'e oui thl'Ough these materials, in addition to the 
amount that mOI'e$ in Stld:l('C ('hnnnels, 

By studying drainnge patt(>r'ns, mll('h ('all he leanred 
al?Ollt hoI\' wate r, mOl'es from a Inndseape. Under:r gil-en 
('ltmat(>, the dralllage patiern Il' ill be dense if water' is 
disposed of Mel' the Slll'f:l('e, llnd sparse ir most of the 
water mo\'es away through the regolith, . Detailed data 
~m ~Irain:'tgc patterns gi\'en in tables 1 :lnd 2, ill Part 1. 
mdl('ate that hoth IlUmher nnd density of st renms al'e loll' , 
en~n though slopes are steep. This il~dicates that most of 
the \\'l1t(>r is dis posed of throllg-h the reJroliih. T his is 
I'easonabl(' to expel'/. sin('i' all fioil s in til(> _\,'e:1, illcilldinrr 
those in the alpine, :U'C ('oal'Se-i(· .... tur·ed :1I1d exc-eptionall\' 
I~T'OUS. ,T hey absorb surface water Yery l'llpidl," and pe,:
mil rapid (\oll'llwalxl pel'col:ltiOll, T he only illterfcrt'llec 
to I'Hptd percolation is fiolid rock, or permafrost, or in 
some of ihe hOI-'S, a hij!h II'at('1' table, E\'C'n the T abe r 
nash soil, which has a fin e-text urcd $ubsoil, shows no 
el'id(~IH'e of restricted drainage, F or these r('af;ons, Sltl'
face I'ltnolJ' if; rare, el-en when SIlO\\' is melting l':lpidly 
in spr'illg, 

'Yaiel' entel'S the soil and is detained hy it, bUi it musl 
el-eniually emeq:e and enter II stream, Ti may elJJerge on 
tlw slime 1\':l1el'she(1 where i! ('n(ered, Ot· may elller~ 
elsewhere, TIll' ll111tlh,'1' of sprillgs emerJring on i\ wate r 
shed in(j;('Htes II-ha t ue('ollH'S of walpr that (,llter'S til(> 
soils, For this reason, til{' IlHlnbcl' lind chal'lleterisli('s of 
springs in tlH' Fool CI'('t,k wate rshed were shldied, T his 
w,liershcd (,OI'el'8 il+ :l('l'l'S and lies entir'('h' belol\' tilll
IJel'lilw het ween elel'ai iom; of !),!)88 :Jnd 11,:iO;) f('(lt. Tile 
SI)l'in~"S IO<'llted wel"<, plotted 011 a map (fil!, In). 

The sludy WilS lllnde 1:\1(' ill fall, and :111 pllH'('s where 
watp ,' C'IJlCl'g(>c\ lit the slIrfa('(' II-pre talled a Sp rill!!, el-en 
if watl'l' II'Il" not lIowing. Then. on bnsis of Pfit illlnted 
flo\\', the springs \\'er(' p\:wed in fin' classes, (/1'.1', /'eJ',II 

.,tou', "loll' . mpid, nlld . l'('I 'Y rapid. The !lUlllber of 
s ]Jl'inj..."S in ea('h e\ass and tIl{' tC'tllpel'atur'C of th(' \I-aiel' 
al'C shown in table 1:1. 

The datn in !nble 1:1 indi('aie one sprillg for e\'el',I" ,") $ ,-) 

a('l'es in til(' Fool Creek \\'Ilte r'shed. Comparison of this 
watershed wilh \I-aler'Slwd" ill other landseapes indi(':l1e;'; 
thai this is nn (' xep pl ionalh' IIHge number' of spl·in.'S, 
Fool C['('C'k "eelllS to be a reasonahle salllpl(' of the pnUe";'n 
of Slwitll-"S ill the St. LOlli s CT'('('k walel'8lwd. T he excep
tions llIi;:,drt be sieep souih-flu,ill:! slopes , whi"11 appeal' 
io hal'e f('1\' s iwin/-.>"S . Fool \n.·pk Aows !lor-th and tlte 
waiershed tlwr'f'fore h,lS eU$t- and west-fucin:,r s lOIWS, ,\1 
any mte. this sllt(ly sugj!esif; that H l'efT Inlxe proporTion 
of lhe altllual pr('cipitation dud passes thl'Ollgh the rego
lith ellH'T'gps later as Sp t'illj!~, alld t!tat this is pl'Ohably 
the sitnatioll in nil o f tlw RI. LOlli s Cl'eek II'Hhwshed. 

SHlllples of waiel' \I'CI'e ('ol1(·(·tl'd from fOllr- spl'in:,.rs in 
the Fool ('T'eek "-nter'Sh(>(L rr-om the main channel nt the 
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Figure 15.- Location of springs in the Fool Creek watershed, Fraser 
Experim ental Forest. 
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IO\WlI' weir, llnd hom the main channel ni. the uppe r weir. 
.\ .lli,lrses indicate high purit y of these waterS (ta ble 7). 

Water tem\)cnl(urcs HYel'flhred 37.:30 F. f or all sprin;:,rs 
sampled (t nh e 13 ) . 'l'hese are remarkably low tem pera 
tures, compared with those of sp]'in~'S at lower cJenltions. 
Olhel' studies ilt higher elc\"allolls in the alpine showed 
lcm pend ul'cs io be ahol1l 1" toolel' than (01' rapidly flow 
i!l~ s prin,!!S in the F ool ('reck wllicrsli cd. 

T ,\llu: 13.-('lass oJ ~prings. amI number and temperature 
of .~prinfls ill rach cla ..• i< I 

Dr\' 
Very "low 
Slol\" 
Rapid. __ 
Very rapid 

Spring C[1I1I.'j 

I i\!easurcrtlcnls ill October 1953. 

Numher Temperatu re J 

or. 
20 (I) 
38 38. 0 
2!) :37. " 
21 37. 1 
14 36. 8 

I Aw~rage tempera ture for all ~prin!tli in ellch class, 
I Not 8!1mpled, 

::;print,>'"ii are easi ly local ed ill Ihis landscape of dense 
l imber beeam;e distinCli\"(~ kinds of herbaceous vegetal ion 
g rOll' al'OHlld .ll('nl, The lllajor di slilletil'c s pecies are 
as follows : 

Senecio fl';((lIgU/firill (a l'J'owleaf IllItlerweed ) , 
Oalamgro",fi", "",ri&'I(',.i ( :-;c ['ilJuf'[' 1-ee<1f!"1"iI;;s) , 
CaTo' (/qu(lllIli,~ (walt' r f;('tlge), 
,hlllell'" /IIllI'le //.,/(1/)11-' ( rush), 
I~yco,,()dil'lll (llIliOlilil/1ll (:-:t i II" ('Illhillos.s) . 

L.lIe in SlIlllIHel', Iht' Ill'ig h l .wHow f1()II"(>rs of the 1111/
fe n \"eed !U'e f'spel'iall,r etl'el,t i\'(, ind i{ 'alOl'S of s prilll-'"S' 
T ypie1l1 t'lIl t'l"!!elH't' of a SPl'ill!!, 111(' lopo!!!'apll.1". :llld 11", 
I"egetatioll an' sh owli ill liglll't' I(i. 

Dj"'frib/lliOIl I{II(I JI"It(,1"I1 of "'I'riIlY 1>II1('rY("II .... ,- '1'II(> 
d islr'ilnlliotl of sprill ;"''"S, as show II ill fi!!lu'p 1i"1, is i ll1t'n'~ t , 
illg'. ,\1 110 place do Ilwy appl"olll'h dO;';( 'I' illa ll :triO 1'1'1'1 

to the mllel 'i; llt'd hOlllllia l"l", nlld till' ('Olllil ion dist allec is 
gn:alt-I'. TII(> ollter 1-.;- 11 dl-H)it! of s pri ngs eonstit utes 4.1 
pm'('ent of tilt' lI"atcrsh('d nren :llld appan'llll,1" i:-; th e :11"1':1 

III the 1<'001 ('reel, wntel"!ih"d 11\,(·p s~:lry for g:tthrl'ill!! 

Pigllre I6,_ Typical s pring and s u rrounding "egetalion on the 
Fool Creek watershed, 

l\"ater befOl:e s prin;...rs dc\'elop, 'r ilhin thc hounda!'), of 
the wnte r'YJeldJllf!" belt occur SC\'c ml large :It"(~as ihat arc 
devoid of sp]"in~rs . I f these al"eas \\'el'C excluded, the 
gath e ring area would be illc l'en sed to rill 01' GO pel'C'(, llt 01' 
,he water-shed. Some sp l'ill:"''''S tend 10 e lusic l', but "ill gell
c r-althe}' .Hoe fair-h' "'£'II distrihuted \I'i lh in the delin eat ed 
beh, e,,,i'ept on tlH~ ceni nd west si de. Both dusteri !!g and 
the In ek of s prings on the west !iidc suggest geologie ('on , 
tl'Ols ihat aloe not readily appal'en!. ,\lthollg'h 122 sp l'in;...rs 
we]'(~ located, additiouHI ones no douht emel'£!"e lx-neath 
the nllul'illlu of the ma ill eilannf'1 Hnd hcneaih arCHS of 
LUJl ch pcat thllt an' so closely n!;:-;ol'iated with the water 
systcm, 
, T he palt (' rn of s pring (,lllf'r:"',(,IlI'(' nud nlon'ment of Ihe 

walcrs to an d rlown ti lt' 1lll1in I'ilanllel i!i referred to as 
Ihe wnter '"srst('!]I," II' ('onsists o f ill -IlI'lined ('hanneis, 
hroad sce p a;-ea s, a nd :1(Tlltn nlat ions o f pC:1! (see fig-,ll. 
fi . /I ) . T Ilt' sySlelll is a lIanow clonl!ate<l olle bc('lmse of 
the sit'\'P :-; lo]>l.-s and ;...'('ologi(' 1'011l1'OIs, :\ Iost but 1101 al! 
l!l'am'h('s of tht, . ..,:yst!:'lll H!'e fed hy mpirlly or I'e ry mpidl .v 
fl owing s lwillgs a[ 01' 11(>:\1' 'he top, Ii i:-; dlHl':lel(' I'isti(O 
that wate l' mOI'ing dowll these i:ilo pes flo ws Oil th(' slll"faee 
lInd Ihe n slll uncl'ges Oldy to ['eappear farlh e r ,Io\\"n, T Ill' 
s pring S.r stf'BI ()Ct Hpies H percellt of the II":IIBI";.;lwd. 

,\I osi of the sprin:...rs cllle l'~e at the lmsc of shon, steep 
slopes (see fig. I L G, /I ) thai llIay l'atlge (rom :{ [0 :~o 
feet loti!! but llIosi often are 10 to 15 feet IOIl/!, T he 
s prings {'Illt't'!!(' at the I)]\ se of sOllie of lht's(' shod !itopes 
ill a Ilumhe l' of plaees that arc plu 'allel Ill'l'OSS the slopc 
and a f(,II' feet npa!'!. T hen, !iIe ,,'a [el' flows dil'ec'I~' 
dowmilopr ill a 11llIT()1I" ".\'st em, 01' il s])I"(,I1(I;;; onlr n Jel'el 
helle" or te rra"\', I I' it "p l'ead s 011 :l belli'll, a bog fol"tlls, 
:wd gi\'t- ~ riSl' io l.ull('h peat. T Ilt' lJaSl.' of these 1)('I]{'hes 
is slowl," I}('nm-able, hitit' silt alld day: l ilt' slId:I('{' is 
sat Ill"al ,'(l 1l1(lS,"; OJ ' l)(Oat , 

I II IIIIUI.\" plan's a l"i ~i s( 'd rim fOt'llls OJI th,' oll tel' pel'illl
('it'r of the I)()! ~, :tlld ihi :-; ]'Nanls dl'Hinal!C', T he rim ma.I' 
1](- fO l' lIlt'd I", i<-t- that :-;llo\'{'s Ollt whell li lt- wa h' I' ill Ihe 
I)()!! fl'I'('ZI'S, ''1'11(>;.;(> Imlt'sl l.'" :tn'as al'oulld sprill)...'"S Illay ap· 
p recinhiy reiard tlt'lin-ry of II"HI\o]', They ('\'] 'Iailll." ]'(-(11 1('\, 
tim \"t,I'II'itl" of tli)\\" alIt! tll l1S n'tanl lil t' fOl'IllaliOlI of 
!!ulli(',.; :llul tlet-ply ('lit n-lu'll('d tll'aina!!ew:I.,"";, 

In 'J)IWLO(; 1(" ~' IJNCTION Oil Till> SOli ,S 
'I' ll(' hytirolo!!i(' flml"lioll of tilt, soils in this ,\I'(.'a is to 

bc ('Oll:-;idcred ill 1-eIHtillll to pr(>('ipitnli'll i. ' I'he yearly 
pr(>('ipitatioll nUI)...'('s fl'Olll about ~-t ill('lIes al 1011"('1" "It-I'a 
tion s to 11101"(- Ih an :10 inches :I t hi!!llel" e!t'I':lti oll:-;, T his 
a1l101l1\l, hO\\"!:'I'er, IlIH!;! bc studied iu rcinliotl to tht' pat, 
tel'll of delil'cry, ,\ hout tll"o-tllirds of thc prceipitHtioll 
comes as s now, whi eh Illehs in a rather sho r1 pt.' I'ioli l:x~ , 
ginning aboul, mid :\Ia y, peaking aboul mid .JU llG, and 
"ubsiding about mid .Jul.I" Bul ill Illis pt'riod, mcltwater 
l'lIllS neill' the Slu·faee for onl\" II short tillle in the after, 
noon, T he loeSI of ihe time, ii is l)l)Sorbed hy the POI'OUS 

soils, The soils, therefore, HI'C h,nit'Ologi('ally efl't'(' til'e, as 
is shO ll"ll gT:lphically ill figure 17, T he watcrs hed!; of the 
st realllS fOT' \I'hieh the hydt'Ographs are sholl' l\ a re lllllinl,l' 
011 Darling, Hohtail, Hlld Lun(' h soi ls. T he diagram indi 
("llies Ihat. these soil s arc eapable of absorbin ,~ aU the 
\I'ater during pcnk pel'iods of melt. cxcl uding brief 
periods 011 very warm dn}"s, when some su rfnce I'unotl' 
occurs , 

Summer rains a re spomciic and probably cont I' ibute 
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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 bl~ilding of roads· requires drainage of 
some bogs or the dIssectmg 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 1L9 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. 

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

Hydrology of the alpine soils.-The hydrologic func-

tion of the alpine soils is somewhat different from that 
of the subalpine. Tn 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 areas 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
centageof large rocks is greater.' Also, the dominant 
soils in the· alpine, the Ptarmigan and Vasquez, have a 
herbaceous cover that can be destiroyed 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 shaliow, 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 
(c) eliminating all use by livestock on Alpine rimland 
and Alpine wind-eroded land. Mechancial practices for 
restoring the rimlands and wind-eroded land are not 
presently feasible. 
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HYDROLOGIC RATINGS:, In table 12 are ratings sho~ing 
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 r0ck after it has moved through the im
mediate surface; and (c) storage, or space available to 
hold wa;ter 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 
an!;l its emergence in springs. Table 12 also lists 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, independent 
of the kind of vegetation that· may be growing on it. 
This tendency can be neutralized by applying mechanical 
rractices,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 table 12 the inherent relative erodibility of the soils 
of the Fraser Alpine Area is indicated as high, medium. 
or low. Soils on which there is a high erodibility will, of 
course, require the most protection from running waters. 
In'deriving these relative ratings the. following factors 
were. considered: (a). porosity and permeability of the 
soil, or its ability, to absorb large quantities of water 
rapidly; (b) the water-storage cl!-pacity; (c) layers in 
the soil or regolith restricting passage of water; (d) tex
ture, or size of the grains of soil, and the ease with which 
these would be transported in moving water; and (e) 
steepness of slope. ' 

In the alpine part of this Area, few mechanical prac
tices can be used successfully on the soils that have de
teriorated. Also, revegetation is not a promising short
term solution, because the soils are inaccessible, shallow, 
stony, steer', 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 {leterioration. 

On subalpine soils-dominantly the Darling, Leal, and 
Bobtail 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 sh0uld be 
taken in harvesting timber. Reasonable manipulation of 
the vegetation for the purpose of increasing yield of 
water will ,have minimum detrimental effect on the soils. 

The Area as a Wildlife Habitat 
All parts of this Area are excellent summer habitat for 

deer, elk, and bear. None of it is suitable as a winter 

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 more on the winter range, which 
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 I 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 might in-
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 
riding. 

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. 
Conseqn,ently, ther,e is an excellent opportunity to develop 
a system of trails for riding and hiking. Stops 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 picnicking, 
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, winter use 
exceeds 100,000 visits. 

Suitability 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. 1£ roads must cross these soils, there 
are serious difficulties in getting drainage and in stabiliz
ing cut slopes. The problems are most 13evere 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 
smaH size, they could not be delineated on the soil maps, 
but reference 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 Vasquilz, 
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 obtaining a proper mixture 
of material for surfacing roads. This problem will 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 soil 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 soils, 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
erallocations 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 

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. 

H plots for intensive research already have beeh. 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. 
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