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abstract 

TM« study i* a detailed description and ccaparisoo of the physical 
characteristic«—climate, terrain, soils, and Tejetatioo—of C«p Bale 
and the Pikes Peak upland,two high-uountaln military training and test¬ 
ing site« in the Colorado Rockies. Comparisons aru also side, in »or* 
general teres, with mountain rangea elaetAaro. The Rockies are found 
to differ aaÄedly fro» such faadliar cootain environa«st» as the 
fttropeea Alps, and to resemble in cany respect* the *Diz±«iaa cf 
inrrrr Aula, scch as the Riaviu Suih and Tien Shan. Bowmr, the great 
hei£'-t end cist cace fresa the s-a of tas ïdd-Asi&tic raaj« causa cor* 
extrcsie cold" and dryness in particular regions than occur in the 
Rockies. 

Tne C&i-p Kale Military P.e serration includes »oderately ru^ed 
Mountains in «îdLch ovaren-r operation* can be carried on with relative 
convenience find safety in-midwinter. The reaervotion la esrrounded ty 
higiiar and steeper ranges, foaverer, which my ciso he used for tr&inirg 
and testing. Sha Pikes Peak upland lacks reliable winter anew cover 
but is conveniently cloae to Fort Carson, Colorado. 

Both areas are covered meetly with rocky soil. Other surface 
types'pres «.it are scJl-frea rocky rubble, cliffs, hogs, «d valley 
ilf; «• Glaciers are not prca «it in either area, although there are 
many evidence* of past glaciiitioo. 

?«g«tation of the alpin» coico (tha area above tiÄevüa*) consiste 
mostly of dry sedyo mcatiCT, tsv-.oially on Pikes Peak. In the eub- 
al*in-> *cra (free»'ticberlin* <l;\n to about 9,000 feet), there are 
forests cf epruie, fir, and tsp- n, and scattered ucadow*. Sunny slopes 
in tha lot ■ ? part of the ri‘tirina eons have sagabruch neer Ce-p Eale 
and «hart c --56 steppe in th*j‘Pikes Pc?k area. Below the subaipine »eve, 
montano fere.t of Doj.las fir mi icndexotta pine is widespread on the 
rugged flanks of the Pikes Peak upland. 

Sinriers are mili and winters severe both at Camp P^lt and oc the 
Pik-e Pi -,k upland. Snow cover during winter is usually oetper in the 
Camp Eßl* ares, but the Pikes Peak crea is subject to heavy snowfall* 
in spring. 



ENVIRONMENTAL HANDBOOK FQrt THS CAMP HALE Aí© PIKES PEAK AREAS, COiADRADO 

1. Introduction 

Camp Hal«, cl oso to tho contlnontal dlrld# In tho control Colorodo 
Rockies, has been used Intermittently as tho U. S. Arsgr center for mountain 
warfare training and testing. During the warmer part of tho year, con¬ 
siderable training and testing have also been conducted in tho nearby PU»* 
Peak region. Though tho Anry has ueod mountain and winter warfare experi¬ 
ence acquired by individuals and military units in many parts of tho world 
in developing its capability to operate in mountains, experience gained at 
Camp Hale hau had opccial importance. Acceptance or rejection of tactical 
doctrine and material for mountain warfare have been based to a consider¬ 
able extent on periomar.io in tents and training there. Also, training at 
Csnp Hals is an experience shared by c-ry Any personnel who originate or 
utilise such concepts and iteaa. This handbook discasses the environment 
of Camp Bale first, then relates the onviroraent of tha Pikes Peale region 
to it, and finally, broadly comparas the environment of the two areas with 
mountain envlronawate elsewhere in the world, 

2. The Ca.-p E-le HUlt'ry Reservation 

Camp Hale, at 39025' H latitude, is at an altitud* of 9,250 foet on 
the heedwators of tho Eagle River, a tributary of the Colorado, which 
rises on the nearby continental divide. The camp occupies Ee.gle Park, 
a level, ij-sq-nrc-r.Uo valley floor, 1/2 elle wide in its wider parta 
(Pig. 1). It Is 5 miles north of Tennessee F&ae (elevation 10,400 feet) 

Fig. 1. Camp Hale in February 1915, looking acroee Eagle Park to the moutli 
of Resolution Creek. 

1 



on the continental divide, and 12 miles north of the town of Lea drille 

in the upper Arkansas River Valley. U. 5. Highway 24 and the Denver 

end Rio Grande Western Railroad approach Tennessee Pass from the eastern 

slope of the Rockies toy way of the Upper Arkansae. They descend the 

western slope of the range by way of the Eagle River Valley, passing 

along the western edge of Eagle Park. The railroad station serving 
(>i>p Hale is Pando, at the northern (downstream) end of the park (Fig.2). 

The outstanding advantages of Camp Hale as a mountain warfare 

training and testing center are: (a) the proximity of extensive higî» 

altitude mountain areas (Fig. 3); (¾) reliable winter snow cover; (c) 

a large area of slopes of considerable height and extent, most of which 

are free of difficult defiles, avalanche hazards, and barriers to 
casualty evacuation; and (d) relative lack of interference with civilian 

use of the training areas. About 250 square miles of mountainous land 

in the Whive River, San Isabel, and Arapahoe National Foresta have bam 

designated as the Camp Hale Military Reservation (Fig. 2). National 

Forest land outside the reservation is also available for training and 

has often been used; much of it is more rugged than any part of th« 

reservation. 

Access to the various parts of the reservation is possible by 

means of a fairly dense net of roads and trails. 0. S. Route 24 
bisects the reservation from north to south through Tennessee Pass 

and the Eagle River Valley. The eastern boundary of the reservation 

follows State Route 91 in Tcnmile Valley, and U. S. P.oute 6 forma it* 
northern boundary in the valley of the West Fork cf Tensile Creek. 

Truck and Jeep trails follow many other valleys and ascend some of 

the lower slopes. Some foot and wagon trails built during the 

Leadville mining boom near the turn of the century have been restored 

t" full use, and others ai s still passable. There are also many use¬ 

ful, though discontinuous, sheep trails near timberline. 

High mountains adjacent to or easily accessible from the Camp 

Hale reservation are also used for training (Fig. 4). These include 

the inner Sawatch, Tenmile, Gore, and Mosquito Earytes. Routes that 

cross or give access to these ranges are shewn in the overlay of 

Figure 3. Jeep trails and good foot trails reach certain parts of 

these ranges but other parts are not accessible by ary improved route. 

The Mountain and Cold Weather Training Command made less use of the 

high ranges near Camp Hale than it otherwise might because there are 

no glaciers and little perennial snow in the area. In recent years, 

troops of the Command have gone to the Wind River Range in Wyoming 

for summer training because it has large glaciers as well as high 
and rugged peaks. Scae notes on that area are Included in a 1955 

research stucy report of the U. 3. Army Quartermaster Research k 
Development (otrrand. Three Hour,tain Areas in SoutWestern Wyoming. 

With a Tew exceptions, main highways are kept open all winter throu^i 

out the region. Snow-covered truck and Jeep trails are usable by oversnow 



Figur« 2 
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▼«hielas which can aIaq war* crooa-country in winter on mm of tho 
opland slope«. 

Arwy Aircraft on observation and courier mission* ose an improvised 
light-plane landing strip wiüün Camp Hale. The usefvilnea* of light air¬ 
craft is somewhat liaited, however, by altitude and by periods of turbu¬ 
lent air. Because cf the altitude, helicopters thus far have been unable 
to operate well eroegh to participate regularly in training and testing 
at Camp Hale. 

Since mevaaent cn foot Is a very important element of training 
and testing operations in the Cawp Rale area, it should be noted that 
the altitude there is cot great enough to affect the ordinary movsaenta 
of acclinatitod troop», though it does reduce their ability to maintain 
extrece activity. 

*• Issssm&z, 
The Ca;-p Hale Military Reservation is an area of mountains of 

modevate relief alnost rorrounded by higher, more rugged ranges. Though 
there are no glaciers in the region today, the ruggednesa of its higher 
suaaits and the form of the broader valleys are due to lea Ago glacia¬ 
tion. 

The Eagla River valley divides the Camp Hale reservation into 
nearly equal parts (Fig. 2). The western half is in the Sa watch 

Range and Is a région of durable granitic and E»taæorphic recks thinly 
capped near Eagle Park by a re-\n*nt of the sediraentary rocks which 
cr.ce overlaid then. Tie eastern half is alnost entirely carved out 
cf sedlsantary reck. C-eias appears on that side of the reservation 
coly as low cliffs at the base of the »c -ntaincide east of Carp Hale, 
where it is used for rock clirbing practice. Elsewhere In the eastern 
half of the reciTvatica, conspicuous outcrops are generally igneous 
intrusive rocks that weather senewhat less than the sadirentary rock, 
though they are brittle and urablo to fora high, steep cliffs. 

The westeni edge of the reservation lies close to the Crest¬ 
line of the nortkenrscst part of the Sawatch Range. Juct outside the 
réservation is the Kcur.t of the Holy Cross, 13,995 fest above sea level, 
which marks the northern end of the range. A less rugged apar of the 
Sawatch, the Hero stake upland, extends north into the reaervation bs- 
tsreen Tennessee Pass and the deep glacial trough of Ec-t*stake Creek. 
Its highest rvrsit is Her:-stake Peak, 13,211 feet. The «astern half 
cf tie reserva tica reaches almost equal altitude (Jacqu« Peak, 13,201 
feet) tut has less relief than the Hoeostake upland, the Home stak* 
Valley being about 1,000 feet deeper than the upper Tensile Valley. 

5 
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Fig. U. Casy Hale (Eagle Park) fron Chicago Ridgej Tiew norttaard. 
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Fig. 5. Avalanche acara on the vest face of the Teradle Rang«, 
February 1955; * glacially steepened scarp which face« 
the snow-bearing winds in winter. 



(!) âlBlcaJÊSES!* 

Though th« rock» of the Hcreeotake upland and the eastern part 
of the reservation are unequally- resistant to weathering and erosion, 
the crestllnes of the two areas have similar topographic characteristics 
because snow drifts off their windward (western) faces and accumulates 
to leeward. The windward slopes, unable to accumulate much snow, have 
no glacial cirques and have developed rather smooth slopes similar to 
those common on the east flank of the Sa watch and Tejmile Hanges. The 
north and northeast faces of the ridges, lying to leewaid .do have cirques. 
The relative position of glaciated and non-glaclated areas on these 
ridges is thus the reverse of that on the east and west flanks of the 
Savatch and Tenails Rangos (Fig. 5). Because Ice Age glaciation was 
weaker on the lower ridges near Carp Hale than on the susadts of the 
high ranges, the cirques are only 50O to 1,500 feet deep compared to 
depths of 2,000 to 3.000 feet in the high ranges. Except alcng the 
main crest of the northern Savatch, none of the cirques near c?Mp 
Hale have especially steep headwalls. However, the bead-all cliffs 
of the Bomestake upland do have considerable outcrop (Fig. 6). In the 
sedimentary terrain east of the installation, except for the north face 
of Jacqua Peak, cirque headwalls are almost completely rubble-mantled 
and are only slightly steeper than the windward faces of the ridges in 
which they have bem carved (Fig. 7). The north face of Jacque Peak is 
a long rubble slope interrupted by a few rather low outcrops. 

Rubble soils and rubble masses at high levels in the Colorado 
Rockies are subject to creep which, though imperceptible, has a 
definite effect on their fora, distribution, and surface stability. 
Creep may stabilize an alpine rubble slope, as it seems to do 
ccraoniy in areas of resistant rock such as the Homestake upland, 
or it may bring excessive material down from above and thus over¬ 
load certain slopss. The headwalls of cirques in the eastern part 
of the reservation thus have sees areas of unstable surface where 
troops will have to be care l'ai not to start rocks rolling. 

* In this report reference is made to certain altitudinal senes 
cocraonly recognised as existing in the Colorado Rockies. The zones 
differ topogra’-lically and climatically as well as in vegetation, but 
vegetation is used to define then because it gives the sharpest 
boundaries. Two of the zones, the alpine and subalpine, occur both 
at Camp Hale and on Pikes Peak. A third, the montane zone, is found 
on one lower flanks of the Pikes Peak upland. The alpine zone is the 
region above timberline. The subalpine zone extends fren tiœberllne 
down to the lower limit of spruce-fir forest, usually at 8.000 to 
9,000 feet. 

7 



Pis. 6. H-twüslsfe* Peak (13,211 f=ct) and SUd* Uk« (11,725 fwt). 
Th» la«» li«a in a clrqua davoloped in r»»istant rock a 
few edle» couthweat of Caap Hale. 
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Pig. 7. The Eagle Hirer cirque on Chicago Ridge, near Tenneasee 
Paaa. The shadowed slope la a rubble-covered portion of 
the hcadwall, typical of cirque headwalla cut into aedi- 
■witary rocka in the Canp Hale reservation. 
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Avalanchas *?* * wrious problem only locally and occasionally in 
the alpine tone of the Carp Hale reservation. As has already been noted, 
headwalls and toper basin floors on the east and northeast side of ridge 
creste in the Baa**tale upland and in the eastern part of the reserva¬ 
tion accumulate a greet deal of snow blown over from the adjacent wind¬ 
ward slopes. of unstable masses of such snow during winter or 
early spring is the crJy serious source of avalanche danger In the 
reservation. Sach basard is far less persistent and widespread here 
than in nearby higher ranges. Where it exists, however, it cannot be 
reduced much by orcirary care except by avoiding the slopes in question, 
and it thus feras definite barriers to travel. 

There are cely a few other serious barriers to foot movement in 
the alpine xcoe. Tee mountainous character of tha terrain affecte 
troop movements mostly by (a) channeling them along convenient p-ades 
unless dispersal is deliberately sought; (b) reducing the efficiency 
and carrying capacity cf■ aechaniicd transport and drastically reduc¬ 
ing the nuaber of peints which it can reach; and (c) increasing the 
tim« aixi energy roçtirsd, especially for moveeant uphill, 

(2) Hishstasmits 

The Ctsp Tale reservation is almost enclosed by the ^re, 
(Fig. 8,9) Textile, ard northern Savstch Ranges (Fig. h). Altliough 
outside* the reserva lien proper, these rangos are frequently used by 
the M&CWTC and are, therefore, briefly considered in this report. 
These high ard rasssd Kr-anUins are ccrposcd of durable granitio ana 
mataaiorphic roc'rs which are covered locally on the range fianics ty 
less resistant rocks. The Sauatch and Tenriile Ranges rise to the 
southwest and mast cf the reservation, respectively, and tr*«i 
north and south, trar-sverse to tbs Eoisturo-b^aring westerly winds. 
In passing over ticca ranges in winter the westerlies drop a great 
deal of snow, merely cn their windward flanks. The height, width, 
and complexity cf th» topography of the high rangos is such that 
relatively little- cf this snow drifts from their windward to their 
leewurd flanks. Tbs west©,* flanks of the high ranges were thus 
more heavily glaciated and are acre rugged than their «a31«™ 
flanks, a situs tire contrasting with that on the suanits within 
the Cr-rp Hale rersmtipn described above. Glaciers originating 
in the central Savaich Range, west of its highest, peaks, extended 
tongues dovm severvl. valleys that cross the crestlins of tha range 
eastward and drain into the upper Arkansas Valley. The inner 
Savatch is Urns pitted with steep walled cirques, and the gorges 
connecting tfcsm with ths Arkansas Valley have been «larged and 
deepened into Lew-gradient troughs. 

Where the v* rh peaks on the east flank of the Savatch face the 
Arkansas Valley, thaAr slopes are rather smooth and regular though 
they rise 5,000 feet in a relatively short distance. These slopes 
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Fl*. 8. Th« Gor« Rans« ln winter, kn ««rial riew fro* over the 
Booth Creok-I’iney Creek divida. The smcdt* shown «re 
store than 13,000 feet high. 

«re centred with roclcy soil and, near their crests, with gradually 
ererpinj nasses of enrular rubble. Over largo areas this sell exd 
rubble ran tie is interrupt ;d only by snail, scattered outcrops and 
troces can cove about freely. Road ca-rtruction is not difficult, 
tad "it is possible for Jeeps and orersrew vtí-icles to «ove crass 
country in the less steep areas above tiabcrline. 

Similar slopes occur on the eastern side of the Tensile Ranp> 
(Fig. 10). Tlie highest peaks of ths Terrdle Range are situated along 
the crest of its western scarp. The de-pp Terr lie Valley, a glacial 
trough, parallels the western side of the range very closely and the 
»carp Is steepest near the north end of the range where tho valley 
is deepest. Because it faces the westerly winds, this scarp was 
berrlly glaciated during the Ice Ages, being carved Into a series of 
deep cirques which open directly into the Tensile glacial trough. 
There are also nary cirques east of the range crest tut they are 
shallower and drain eastward through steep and relatively shallow 
glacial troughs. 
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Fig. 9« Oop# Rang* in •ubbwp. Sprw:-flr forest at about 11.500 
f«t In the cigh-Tra Valley. Subalpine neadow appear* la ths 
fcnground* 

The Ocre Runge, %*leh He* Jest north of the reservation, i* an 
area of esjpeeially difficult novsneRt, even on foot, because stroo* 
glaciation tr.s steepened both of its flanks. The axis of the Gora 
E.*xgv runs aorthwest-southeast, rore nearly in line with the «fintea* 
westsrliee than the Tenclle and Sawatch Ranges. Its shaded north¬ 
eastern flank shews at least as heavy glaciation as the sewtfcvestem 
flank, and deep, cliff-walled cirques on both sides of the divide 
sharp« «oat of It* crest to knife edges of almost sheer rock. 

The Savatch Range has a »aber of passes. Independence Pas* 
(12,100 feet) is ocst used because It Is crossed by Route 82. Bcwever, 
It Is open only In miíiaer. The Ssvatch passes lie In the aone of heavy 
snow vest of the high peaks of the range, and are approached throuÿi 
the low-gradient glacial gorges described above. The Tenaile Rang* 
has no vehicular passes but is crossed by a number of trail* that 
sight b* suitable for pack animals. East of teadville a Jeep trail 





uplands are mch 1«m usual on tt» sasUra aids. Stoop slop««, of 

pí?f03íBat®37 P®*™4- eradlosit, are fon*ed on olthor sido of Eaglo 
Fark wheroTor gneiss is capped by a bsd of iiand ^uartilto. To the east 
bovever, this steep ground, partly cliffed, occtn-s only aloEg part of 
the ▼alley wall, and rises above Cijp Halo only 500 feet at aost. Tho ' 
rest of the eastern side of the valley sweeps up either fron the quart» 
lite rin or froa the floor to the nocctaia crest 2,000 feet above, at 
a gradient which is only Moderately steep (approxlnately 30 percent) 
and is fcreed on sedinentaiy rocks (Tig. 1). 

con 60-percect slopes forned on gneiss rise 
500 to 1,000 feet to a steep, rlnrock cliff of quart site. Slopes are 
gentle above the crest of the rlmrocV, tad the upland surfaces rim 
only gradually fron that point to the Ecnestake suaait area. 

(4) Strewa courses and valley floors 

Although there are scute peracsi al acun ta inside torrents in the 
Casp Halvt area, they are nuch less ccietwq there than in «tor« Moun¬ 
tain regions such as the Alps and ti» Cascades. Even internittent tor¬ 
rent courses are scarce in the Cam Hale area; broad slopes are often 
without distinguishable drsinaga lines. Such perennial streams as do 
exist are normally the aain streams of well-defined valleys. 

Perennial streams in this reglen are generally flanked by bog, 
eithar as a narrow ribbon 10 to 100 yards wide in ungía elated valleys 
or as a broad irregular sons in glaciated troughs. 

In tha lower alpire and upper subalpine senes the principal drain¬ 
age lines descending to the min axis cf a valley are oft« boggy. Only 
along short, steep reaches of the paremlal streams are their bonks 
likely to be free of bog. Crossing tbs begs can scaetisas be More diffi¬ 
cult than crossing the stream itself. Eren in winter many of the stream- 
side bogs are obstacles. Snow accumlatas ca thea unevenly, piT tng high 
on well-drained bars, frost knolls, willew cluaps, beaver dans and lodges, 
but leaving deep pits where snow has been thawed by running water. Over¬ 
snow vehicles and even skiers often fini such areas bard to traverse un¬ 
less a trail is built. The boggy areas whiah formerly existed in gagl+ 
Park had to be filled to render that area usable. 

In addition to such bogs, the broad floors of the Eagle Park, 
noeestake, and Tensdla glacial troughs bare wide areas of alluvial fan 
and stream terrace along their flanks. Such well-drained, gently sloping 
surfaces are absent IVosi unglaciated valleys such as that of Resolution 
Creek, tributary to the Eagle River fre* the east. In that Und 0f 
narrow unglaciated valley, bogs generally extend to the foot of the 
slope on each side. 
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JOlwl*! fans and terrae« In the ^der walleye 
etU. for «ln routes and buildings. 

other civilian property-occupy ärlchrü^,,,fl^Tn f .^J3 ^rgaly 
Temile valleys, and military use of soch terrain la thus largejy 

limited to Eagle Park, 

b. Surface typgÆ 

The distribution of surface typ« in the Caap 
in Pig. U. The principal types present are c^fa« r0^* * 
(including rock glaciers, felsennears. Ujis. and rock » 
no^al nibble soils, terraced alpine scU. «ll-dralned ailuvial 
mirfacos and bogs. Such glacial aoraines as are present in this 
^ Ze teen greatly modtSel ty fn«t action and no longer exirt 

as a distinctive surface type. 

(D cuff" 
As a rule the rocks of the eastern P«-tof 

reservation do not fon* high cliffs. Tte most 
alones in that area are tho north face of -acque Peak ard. the nanu« 
fCT- Eoj,!* Valle» near tho bead of Eagla Park, to cirque bead- 
«113 o?the Homestake upland, cliffs are hi^h though not very steep. 
SSrt^ing a considerable part of the «stem flank of the upland. 

(2) Rubble Masses 

Rubble masses are deep accuwilatims of rook ru**^*» 
without soil between the fragments. at least near the «u^«* Í" ^ 
alpine ard wutelpine i"U'S in the Colorado Rocrf.es ^ 

like nass« of various dimensions, which orer-ride soil lying dewn-^ 
nlr«« Tne notion of the rubble is very slcr. a few inches per year 
S Æt. In «^ places the «Uon mtytev ceased in rocent decades, 
though ite effect on tho landscape skkeís fresh. Rockfall* »f« •‘Tf* 
cl ally Irequttnt where creeping rubble Kisses eccupy slopes 
create ofcliffs, and individual teulders ca rubble slopes are often 

unstable because of creep. 

Kany such rubble «sses above tinterlire are considered by 
Patser (1950) to contain penaafrost (perenrl^l ©round [roste, ms 
mechanic of accurulatAon and conservationof is not 
carolotely kneam. Extensive Ice was observed within telus Camp 
Hals during July 1955. 1" » north-facing slcpe near the north end 

* These and other technical terras are defined in the glossary 

(appendix D). 
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Pa-*, It 'a* at an altitud* of 9.250 f*«t, vtdch la 2.500 f**t 
balo« tinberlino and far below any known occurrence of permanent lc* 
In finely divided soil in Colorado. The ica was uncovered during 
excavation of quarttite talus to feed a rock crushor, and lay approxi- 
■etely 5 feet below the original surface of the slope. 

Rubble nasses in the Csmp Hal* area fall into several classes. 
Reck glaciers are large rubble casses ranging in thickness froa 10 to 
10O or n»re feet. They are glacier-like in fora and location, occurs 
ring aost frequently in north-facing cirques and in other shedoved 
places at the baca of glacially steepened alpine and upper subalpin* 
slopes. Ibair upper surfaces are oftea thrown into a series of curved 
or chevron-shaped transverse waves of rubble, the end* of which are 
retarded by friction along the flanks of the mass. 

Felsenneers are bix>adly convex nibble surfaces on or near ridge 
erestTTí’iil 21). They are produced by deep riving of bedrock. Deep 
felseruoeers socio tiros show ridge patterns s billar to those found on 
rock glaciers, though less well developed (Fig. 12). The action of 
felsensaeers is likoly to be divergent, however, whereas rock glacier* 
converge to fora tciigu«d and often follow definite channels. Kost 
high ridge crests in the Canp Hale reservation are covered by felsen- 
*eer. The lower margins of the felsem&eera extend down the slopes of 
the ridges in many places to timber line and beyond, especially on west- 
arsd southwest-facing slopes. They often assume the tongue-like form 
char-act eristic of rock ¿Lacies before reaching such low level*. 

Talus is rubble which has fallen down cliffs and aceunulated at 
their base. Large talus masses in the Colorado Rockies consistently 
shew evidence of slow creep by their fora and extent (Fig. 13). Rock 
gtrer.gs are ribbons of rubble extending down subalpine slopes- or 
following the teds of atoep subalpine valleys (Fig. 14). They ar* 
gross forms of the trail reck stripes often noted on arctic and alpin* 
slopes (Fig, 15). The surfaces of the rock streams of the Colorado 
Rockies ara usually fluth with the surface of the adt*cent soil, th* 
rocks occupying the space which would otherwise contain a brock and 
its boggy margins. Ths brock, which filters among the boulders of 
the rock stressa, presumably tfcr.vs any Ice prosent beneath it in 
srar.er but prccptly freeze9 up again in the fall, giving the rock 
stream a mobility sir liar to that associated with permafrost in 
other types of rabble macs. 

(3) Kcrrnl rubble eoll 

Soil developed on motaitalnsidea in the Caap Hale are* 
generally contains enough rubble t-o held it in place during spring 
thaws. In spring, freezing and thawing while the rubble soil ia 
saturated with melt water often render its fine-earth compenent 
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Kl¡£. 12. Alpina topography b«tween Elk Kcœtain and oticqua Ridgs. 
Tí*# light M's a in the ei Adle leit Ls an incipient rock 
gl'cier developed froa feloers*«. 

i 
i 
t 

Fig. 13. Talus slopes in the Maroon Valley, EUc Mountains, near Canp 
Eile. Slope in foreground illustrates formation of lobst« 
tongues by creeping talus masses ccctaining ice. 

» 
* 
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Fi*. 14. A «sil dcrülopsd reck »twca la tii# SvVl^’a« *.ws» of tho 
S«a Jean Lmio, Celerado. Tîjoîo ia o&a xr-nr C; j> Kalo I» 
a d'olch a r*li® aoatbwast of Píselo ra-ilrasd «tatdon. 

t'-'d.n.’aid. At o’chor icaacrs It 1» an «atlroly aUhlo, «msímt 
fee' c víc:5. Sn t!n>j eljina it cftan ccr.t&ina psraaiTost, t¿.9afr 
COt ê;-" 'l tO T^.ÍT it ir -'..:3fâsilo owr cocrlderatla aioaa cr to pr»- 
va.it iét *liyir2 out ia axaaor. 

C.r,—1 stsip&s or poljec&a of rubM* («»ally ratbar 
Itr ’■ V" ich í-o3lo®o pw« of flea toll, ia puticalarly »oft 
tt‘: '. 'st ¿r.y.lr.ij c :,¾ itd early Reatar er.i ia C'-iwrUd isto daap 
lati er Bad flcui iï c\¿>jtctvl to hw.ty foot trafilo. 

g;*ch («*Ma are prc-rrlly ¿cm slope froa latoJyiat «newärifta 
aaih «-a the9® juct lowurd of th® hi¿4 rietst in tha ««tarn part of 
t¿® Cesp líala ressmti-oa. 

(O SírrrJL^l-.^-'XJ^l 
C*rt»5ji arras ln boaSna coar tlrSrlira elo®* to th* hl# 

riíf 7® of tho CsBp iMa r*«*rr&tloa bar® ecaro® allavial aoll ftwadag 
BÉxioratolj stoop «lop*a which support atasda of low willows. &Mh 
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?i&. 15. Boot a trips* in u*'"? turf »t 12,000 fwt tleratica oa 
S12 K^atals, 5 nil®* aist of Caap Balo, 

J 

i 

*Îjr~Ti,f tATO a c.1m«9 patton of ooanro troetroroo vrirJdeo or t«r.raeos 
S-T i !• ( LI, ftjîy fr :.ort wlllowa b??tc20 ti -7 ar* ocjfcijraiLbr gira* 
PwSÍ tlv’i V8Î-3T «it..-/ ty eotml drsirsni fras iho slopss abevo o?, 
tó;ea tbi.4 «iKM, ty f 3 uoltirs of «ri.rlyirj pamfrest, Pomfrosl 
Is also fc*AA*v«a waps-asiUe-for tts trsarl-^ to tica «bicJi throws tho 
fcîl into f Sath £pot3Í ia soft srsdorlcct in sjrlaj tnt drlos 
oct to a ©Citcu,M» 4rpth bslov th* turfaco in mnesr, Vh'sra tho 

i» rot tea etoiy, ¿otra easily timrel orar eu"*a arsas bscaovs 
th*? rr^'.-.s 1*:’:3 ccr.ra* bcralfiera, Th® basin ®acloe«d by J&cquo 
*'*'-2 1 '* a hl¿*T F^rsrticn of ouch sreu-.i than &-y ofcar basin in 
taa C«2 Bala r®r«.mtlon. 

(5) tWM"T-i*"ol rlltrv1.sl rerfawo 

lliv.ri ?1 fan» trà Urracos, thich inclado tho groator 
jïvrt cf flco:;3 of th® lâTpir T&Uors Li tfc# C#rp Hal# area# ar# 
fîiBtralljr oerrmrl of bouláera or grarel, of Un coverM idth fin® oilt. 
r«7 wo Hem #5107 trawntod ly nhicloo than ary othar unproparod 
s«r¿s.os in th* r#jioa and aro particularly i#«U ouitod to oconooical 
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construction of roads and buildings. 

(6) Poorly-*drained bottom land 

In hlRh, steep valleys, bogs have been formed among 
•. «vtXnírfAr* Which rive them stability. Erosion of 

coarse stream-laid boulder fubaloine valleys by numerous 
bogs i» andIWnsw or abandoned 

evenly drained# 

c. Vapetation 

. i » ,V. uni* reservation and most of the adjoining 

ÄKTÄ S”: deacplbod lu th. o„ th. v.8ot.tlo» 

of the Pikes Peak area rather than here. 

Timbarline, the boundary between the subalpine and alpin* 

conifers0" Sc'S^^rfitoïoU^occ^up ^1^ 11,750 fert 
.tl Sior of «thin »I noar th. r...pvatl.n (Pi!, t), hut 
are seldom found above that altitude. 

The distribution of vegetation types in the Camp Hals ares is 

shown on Figur« 16. 

(1) Sagebrush 

Usually associated with lower, drier, “d &re&# 
and considered . fom of C»P 
nortul habit of front UP o '™^rg onlJ. m the’steeper south-facinj 
Hale area. At that ^evel l , ,3 thaw when air tempera- 80ll-cover.d npunt«nsld... Such olop^th. ^ ^ ^ 

rh’inTf «ÂÏ'S ordinory '-hen 

^•.^.‘S^r.'èSln0, Äcult b.««,. of th. 1«!. nu.b.r of 



low buahas of aag« scattered trrtgúj orer ihm. Mowt ar* too ato«p for 
▼ehlclaa. 

(2) *gp<m forost 

In tha f^gjp Hala araa only sagabruah slqpes ara sunnlar than 
thoaa occupied by aspan forest. Aspan so consistently occupies slopes 
intermediate between those supporting sagebrush and coniferous forest 
that one usually must pass through the« in nearing fro» one to the other* 
Aspen is a deciduous tree with pale green bar» and «aall» vibrant green 
and silver leaves. In dense stands aspens are tall and straight. Their 
slin trunks are generally rather unifora in slxe in any one stand and 
usually are rather saaU but occasionally reach 8 to 12 inches in diameter* 
Aspen forests accuailate much more snow and retain it longer than sage¬ 
brush slopes. 

Stands of aspen which are dense or which have considerable dwn 
timber are serious barriers to skiers and say «vea imped# foot travel 
considerably.. Stands near stream aie often opened up or even cleared 
off cosspletely by beavers. Aspens have been cat to a considerable eon* 
tent by engineers and other troops training at Camp Bale, for use in 
field construction. 

(3) Wil-lCT gtyds on bogs and lcs-l»den._egU 

Scrub willoa thickets occur on consistently moist sitae froa 
tlmberline down through the subalpine zone in the Carp Bale area. At 
tiiaberlina the willows fora low mats, while farther down in the sub¬ 
alpin» zone willows 6 or 8 feet high grow in boggy ground along stream 
margina. 

(4) gfigifferma 

There are two types of subalpin» ccniferors forest in the 
Gasp Bale area. Ey far the »»re extensive type b* spruce-fir forest, 
the urual subalpine forest of the Colorado Bockies. Bear Canp Hale it 
consists costly of E-j.elxur.n spruce with a few subalpino firs. Both 
spruce sad-fir are tall, spirc-like trees i&ieh in c? n stands have 
branches fron the ground up. In dense stands the trves retain a high 
tapering crown but lose their lower branches. It is usually easy to 
now* about on tha forest floor, which nonsally has only a low under¬ 
growth of blueberries. The only spruce stands in the area which are 
difficult to rove through are those in which young trees occupy areas 
that have been opened up by avalanches or windfall (Fig. 17). 

Stands of lodgepde pine, the other type of coniferous forest, 
occur practically to tisberline in old barns und logged-off areas in 
tha southeastern part of the Gasp Hale reservation. They do not form 
dense stands at that elevation, however. Cpem-grown lodgapole pines 
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Fi«. 17. Avalanche ¿*mí* in subalpine for<st (Engelsvann spruce) 
at about ll.COÛ feet elevation; Korih Hock Creek Vtlley 
in the Gore £j¡tc¿e. Avalanche snow regained unsaalted under 
this debris in early August 1955. 

are nuCh shorter tad broader trees then the spruces and fire. In 
dense stands such as those of the lower subalpina zone in bjs Caap 
Hale area, on the other hand, lodpiepole beccrsas very tall, sljs, ana 
atrai&ht, ü.ough ü)0 crcv.:s are broad or ewn flattish. To®« stands 
of lodgepole are ofteo so diese as to be nearly iapassable. 

Less snow reaches the grrend in dense sibalpine foreste than in 
open forests because it is intercepted by the canopj of branch«*. 
Although dense forest rstai;.» its snow well because of its «bade, 
open forest may have srev cover longer because of greater initiai 
accumulation. Conifers are abaos t entirely absent fro« the somier 
slopes of the lower subalpine tone in the Cas? Hale area, occapyin* 
only those relatively shady slopes where snow lies throu^out the 
winter. 

(5) Kroarhols 

In «ary piaos« at tidberlin* in the Caiep Hale ere* low ants of 



stunt*d anrttc« «id othor conifer* (kruwivili) *r» »e»tt«r*d 
«sx4ifl of the forest, often Barking tre highest points reached ty 

occur » 
STotber teav ily-glaciated uplanis on resistant rock.Itiw^M^«* 
U» kratócl* grows on the crests of beirocc knolls. 
iäleT^ve aloir.e or bog vegeUticn. Kr^la i* ocoasionaUj «ten- 
S7e Inccgh to'be a serious cb-Ucle: its «ts are «ich too deep and 
dense tswalk through but not quite dense «cc.£n to <» 
Sí u^STdrStToff the krueaholx sats during winter until their 
^S^ches are just exposed. Ibe l^Ureening swales hare 

deeper drifts of anew. 

(6) Urine TPRg^tLQS_aQlj£b^plre «eadai 

La in nountains throughout the world. Tegetation above td*bw- 
llne near Caxp Eale is low and consists «Mtly of sedges, 
»ore or Tes-e flat-lying heaths and willows, and lichens. At hi^i alpin 
eleva tices, raje Utica is thin, scatUr^, ani in mry places aWit, 
but it beccsos ocre dense and widespread at uo«r levels ""J. 
slopes rear tinberline it can be described as 
arek. «s in aost parts of the Colorado Foe*i*s, tae 

of alpine sawdow is a dense, tough, and vrll^rainedj^d dominated 
w a seiga'. Xcbrecia (Fig. 15 and 2t). Better drained slcpra^are 
TL^-'t roc'.<r, with scant soU. lioister eites bare a goaewhat rLtíotr 
ÎP*ïir=a than typical Kobrecia sod, though seizes ganerally «nain 
dcainant. Even iobresla meadow is seldoa crlf .ra enrer 
“rr v^a.. .6 0f Kany local diffem^es in altitude, exposure, slope. 
™ oST aS particularly soil texture ani drainage which occur on 
alrine'sl^s. Alpine meadow in general ani Kofcresia 80(1 
c-ori'e excellent footing on modérate slop-as. Troops vearing 
sVi "-i'n with rubber olea tad sole and heel, nave no diiticulty ef 
SrâjãSÍ« hit -*« th. t«rf i. «t ^ .lop.. «. dim- 
cult for saco th-shod troops. 

Thîre are also considerable areas of meadow below tiwberline. 
AralanchîS, wind, excessive dcptlis of drifted snow, poor 
. .•,.. f^Tv* aud overvraaing hold the forest back frew its maximum 
Íiuá; œ ri^ilopes near C-.rp Eale. As ere moves ^ alpine 
to rdbalnine sssadewa, bare rock bcecees less ccespicuous arei grass 
begins to crowd out the sedges. Except atiere the trunks of bunA 
forest« still litter them, the subalpine m^dews are towaik 
.c^o-s then alTt’ne nccdows, both because the? are less rocky and 
£££. they are generally less steep than the alpine .eadows. 

Subalpine meadows are particularly extensire in the eastern and 
«»thaas^ern parts of the Camp Hale reservation where much of the 
forest ws destroyed by fires and logging daring 
Sa around the turn of the centmy. Kany burr* in that part of the 

are near tiaberline. At that level, lodgepole pin. doe. 
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not swd In aft^r densa naaiov sod bacon»» eatabllshed: IT a good lodga- 
pola seed year does not occur shortly after a fire, regañara tien avait» 
the slow spread -of spruce forest. Purns of the sane age near the nine» 
at Gilman and Redcliff, cc the northaest edge of the reeerraticn. are at 
a nuch lover elevation ani hare been coerpletely overgrow» ty lodgepole 
pine. 

d. aiast 
(1) P^TSO, 

The Caap Bale training area has lower tanperatures and 
greater precipitation than adjacent lovlands. In cooparlsce with clisa tea 
of nariy nountain ranges in sixilar latitudes, however, the Caap Eale area 
is dry aid van, particularly in suasaer. Summers are pleasant, with nost 
of the rain occarring in brief thundershowers. Winters are cold and 
snowy but are tespered by lew huaidity and strong radiation. At all 
seasons sunburn protection nay be necessary. 

Tbs expected decrease in temperature with increasing elevation is 
evident frea an enmiiutioo of weather records of 71 stations in the 
Colorado Rockies. In sumer the average decrease in temperature with 
increa ling height is 3.7 ? degrees per 1,000 feet, and in winter the 
ccsparable but less consistent figure is 2.6 F degrees. Locally this 
relationship is often revarsei at night when cold air, being heavier, 
settles in the valleys. The valleys near Camp Hale are thus often 
colder than any higher part of the nearby area except perhaps the 
highest ridges. When such ccnditicns exist, winds are usually light 
in the valleys, and an Individual on The windier uplands *»y feel 
colder even though the testera ture is higher. 

Topography has important effects on the amount and areal distri¬ 
bution of precipitation in ary ncuntain ^rea. In the Camp Hale area 
most winter precipitation ceres fren the west, with the result that 
range flanks facing the westerlies receive the heaviest precipitation. 
The winds associated with sanier rains often coma from the Gulf of 
Mexico; consequently such rains are heaviest on the eastern flanks of 
the mountains. la general, cr ary given range flank, precipitation 
increases with altitude. Vinter precipitation in the form cf snow tends 
to be greatest high on the western slopes, while summer rains are great¬ 
est at high elevations oriented towards the east or southeast. 

Other aspects of cliaate also are affected by terrain. Cloud 
cover is at a maximal near the high sennits and at a minina» to the lee 
of the big?» points. Windiness generally increases with elevation tut is 
subject to other terrain effects. Ko wind data are available for the 
Carp Hale area. It Is generally true in mountains, however, that the 
higher a ridge or serrait stands above adjacent ridges, the windier it 
is likely to be daring unsettled weather. In fair weather, on th» 
other hand, sondta are often less windy than adjacent slopes. 



Clij&atlc data fro* okaarvationa at four waathor atatlona la or amr 
Caap Hala ara in Table» I to Vi. The uòat pertinent of the »a data war» 

racorded at tha iBiprotiaed airstrip at Caap Hala (9,250 feet) dçrinf 

aach winter from 1952 to 1955* Weather data fro« Climax, Ju*t bejaod 
the »astern margin of tha Caap Hale reservation at an elevation of 

11,300 feet, are also utilised in this study. Tha climatic records 

at Camp Hale and Climax cover short periods of record and hare baaa 

supplemented by longer records from Dillon (8,900 feet), in a vallsy 
20 miles northeast of tha Gasp Hale station, and Leadville (10,230 feet), 

across tha continental divide 12 miles south of Camp Hale. Location of 
these weather stations is shown in Figure >. Climatic data for station* 

in the Camp Hale area are presented graphically in Appendix A, as well 
as in Tables 1 and 11. 

(2) Wil’d.er cHsate (December. January. February, and Karch) 

The winter temperature and snowfall record at Camp Sala 

is summarised in Table I. 

TABLE I 

VINTER TíKFEãÂzüSE AND oNOWr ALL AT CÁMP HALE, COU&JÚO 

TenpcrPturw (°F) 
Jan. Feb. Mar. 

1952-55 1932-55 1952-51 

Absolute moditroa 45 

Mean daily maxLeeai 28 

Mean 13 
Mean daily minina 0 

Absolute minimum -39 

Sroi’fall (inches) 

43 

30 

15 
1 

-34 

49 

34 
19 

5 
-29 

Average snowfall * 17 

Average snow depth 15 
Maximum snow depth* 21 

Minima» snow depth* 10 

«During 1954 aai 1955 only 

Comparing the data frm stations in the vicinity of Camp Bale, It 

is evident that minima temperatures at the four stations show the effect 

of cold air drainage Into the lew spots (Table II). Dillon, the lowest 

station, has a ine«n daily rdrimzn temperature in January of -4°F; Csap 

Hale has a corresponding figure of CTF; Lo&drville has y?; and Clirxx, 
the highest station, ó“?. Other winter months have minixa only slightly 

less severe. The effect of cold air settling at Dillon and Caap Esie ia 

particularly evident fros a study of values for the lowest temperature» 

22 23 

14 19 
22 
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recordad «ich »nth. frai Figura 26 (Appendix A) It can be seen that 
t-P—tura. uauallj- go below -20°F and often below -30°F in January at 
Dillonj-^o has be« roconded there in December. During ita short period 
of observation« Cup Hale has recorded -39°? in January. -3^in Februarr- 
and -29 in March (Table I). The fact that aean and extrem« 
teaperatvres are higher at leadville than at Dillon is clearly evident la 
Figure 29. In it« short record (3 years), Cllaax never has experimeed 
teaperatures below -25tF. 

TABLE n 

i 
I», • 

, •« 

(fil 

MEAM AND EUCTS TEMPERATOHES NEAR CAMP HALE TRAINING AREA (Of) 

Jan Feb Mar Aor May Jun Jul Aug Sep Oct Nov Dee ir^ 

Dyioa, 8,900 feet, 40-year record 

Absolute «ax. 57 60 61 ?6 79 8? 89 8? 83 77 65 Si 89 
Mean daily max. 31 34 38 48 60 69 74 73 6? 55 41 32 52 
Kean I3 16 21 32 42 49 55 53 4? 37 24 16 34 
Mean daily «in. - 4-1416 25 2936342718 7-116 
Absolute Bin. -44 -4-5 -38 -25 8 11 22 20 4 -1? -30 -46 -46 

Leidvjlle. 10,200 feet, 47-year record 

Absolute max. 59 59 60 71 76 84 86 83 79 ?4 66 64 86 
Mean daily sax. 30 33 37 45 55 66 72 70 64 53 40 32 50 
Moan IS 20 24 32 41 50 56 55 48 38 27 20 36 
Mean daily «in. 5 6 11 19 28 35 40 40 33 24 14 7 22 
Absolute «in. -29 -31 -20 -14 6 14 28 25 9-5 -I? -27 -31 

Sfeas. 11,300 foot, 3-year record 

Absolute «ax. 46 46 49 55 60 75 74 69 69 58 56 49 75 
Mean daily «ax. 26 25 28 38 46 58 65 62 57 4? 34 25 43 
Mean 16 14 18 26 35 46 52 50 45 35 23 14 31 
Mean daily min. 6 2 7 14 24 33 39 33 33 23 12 3 19 
Absolute nin. -IS -25 -13 -11 0 I3 30 30 21 3 -23 -1? -25 

Maxima teopera tores are lower at the higher elevations. la 
January the highest station, Clinax, has a cean daily maxiaiun temperature 
of 26^ vhlle the lr.-5st station, Dillon, has 31°F. In the three winters 
of record the temperature never rose above 50°? at Carp Hale or Cli*uu 
Temperatures aberre 60~Ÿ have occurred each winter at Dillon and the 
average monthly Baxtmm* is between 50°F and 55°F in the winter nenths 
(Fig. 26). 

•The average highest teeperatare of the month during the period of record. 
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TABU m 
KBAI AMD BXTSEMS PRECIPITATION NEAR CAMP HAIS TRAIN IRQ AREA (INCHES) 

Max. 
Maan 
Min. 

Max. 
Maan 
Min. 

Max. 
Mmui 
Min. 

Jan Feb Kar Apr for Jw ^ 3^p Oc* Myr Pac *nn 

U.O 
1.3 
0.1 

3.7 
1.2 
0.1 

5.1 
3.0 
1.0 

Dill on. 8,000 faat, 45-y**ar raoord 

7.0 4.8 6.0 4.1 3.1 5.6 4.4 5.8 5.0 3.5 4.8 
1.6 2.0 2.1 1.6 1.1 2.0 1.8 1.3 1.3 1.2 1.5 18.8 
0.1 0.1 0.3 0.3 0.0 0.5 0.2 T 0.1 T 0.1 

Leadvilla. 10,200 fvat, 57-yaor racorni 

4.8 4.8 4.9 M 4.1 8.7 6.0 4.1 3.3 2.9 4.0 
1.5 1.7 1.8 1.3 1.2 2.9 2.2 1.3 1.2 1.0 1:? 18.5 
0.2 0.6 0.2 0.2 0.1 T 0.4 0.1 0.0 T 0.1 

Cllr-x. 11,300 feet, 4-to 6-year record 

3.9 4.2 6.6 2.6 1.7 4.2 4.9 3.1 2.9 3.8 7.2 
2.0 2,4 2.9 2.0 1.0 2.9 2.0 1.4 l.l 1.9 3.1 25.? 
1.1 1.6 1.0 1.5 0.4 1.4 0.9 0.6 0.3 0.7 1.1 

T*traca 
Maattasinit 

TABLE IV 

MEAN AMD EXTRSS SNOWFALL NEAR CAMP HALE TRAINING AREA (INCHES) 

Jan Feb Mar Apr Mw Jun Jal A’-'-g SgR Oct Hot Dec Ann 

Dlllm. 8,900 fact, 15-to 22-year record 

Max. 43 42 
Maan 24 24 
Min. 7 10 

59 46 14 14 0 0 
29 24 8 1 0 0 
19 5 T 0 0 0 

7 20 38 67 
1 6 16 19 152 
0 T 2 6 

Max. 
Maan 
Min. 

Le&dvilla. 10,200 feet, 10-to Iß-year record 

2? 32 32 34 13 10 T 
18 20 20 19 6 2 T 
11 2 6 4 T 0 0 

T 10 17 34 30 
T 2 9 14 15 125 
0 0 0 2 6 

Clittax. 11,300 faet, 5-yaar record 

Max. 60 57 49 
Mean 40 32 35 
Än. 17 18 26 

fvtraca 

81 34 9 .5 1.0 
36 16 7 .1 .2 
15 10 5 0 0 

6 22 46 104 
3 9 31 57 266 
T 1 15 23 
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?rcctlr«JJjr all of the winter precipitation in the Camp Hale area 
!* In the for« of anow (tablee III and IY). In the k years of climatic 
obeerratlcne at Camp Hale the average amounts of snowfall for January, 
February, and March were 1?, 22, and 2} Inches respectively (Table l). 
This volase of enow was reduced, mostly by compaction and sublimation, 
to average depths ou the ground of 15, 14, and 19 Inches in those 
months. Cllsax, 2,CCC feet higher, averaged more than 30 Inches of 
snowfall In each month fras Koveaber through April In a 5-year record 
(Fi<N 32 and Table 17). The average depth of enow on the ground In a 
3-year record was 2 feet In December, 3 f«t in January and February, 
and 4 feet In Kerch. Depth of enow on the ground usually but not 
necessarily Increases with altitude. 

In February 1955, Cllaax had no more than its normal 3 feet. 
Shrine Pass (Fig. 13) at th# northern end of the Camp Hale reservation, 
500 feet lowsr then Clincx, had approxi¿¡atciy 5 feet of soft enow, 
«nouÿi to render moweect by mule or overt now vehicle difficult. This 
difference ln «mew cover is probably the result of heavier snowfall 
where the Core Eange and Ten Kile Range Intercept the prevailing west- 
erliea. Another contributing factor is the drifting of enow off the 
broad ridges just southwest of Shrine Pass. 

Fig. 18. The Shrine Pass bivouac at about 11,000 feat elevation, 
February 1955, showing ths deep winter enow and gentle 
terrain of the subalpine area 9 miles northeast of Camp 
Hale. The massive enow cornice on the divide in the 
background is the principal barrier to movewnt on ekle. 



Precipitation in «meas of 0,01 inch (i.a., a definita layer of 
enow) falla at Dillon 8 or 9 days in each winter month, on tha average. 
Lead ville get a such falla an average of 10 or 11 days per month in 
Decenber and January, and 12 days per month in February and March. 

Tha frequency of cloudy days increases during the winter season. 
In December Dillon has an average of 10 cloudy days and in March, 14. 
Leadvilla haa an average of 8 cloudy days in December increasing to 
12 in March, As would be eatpected, the number of clear days decreases 
over the earae period; Dillon reports only 6 clear days in an average 
March. Cloudiness varies greatly from year to year. Dillon has had 
as few as 31 and as many as 6? cloudy days in the 4-month winter period. 

(3) Spring Climate (April. May, and June) 

During this period of rising temperatures both the highest 
and lowest readings at the four et at ions near Camp Hale are observed at 
Dillon. Morning temperatures at Dillon are usually below freesing as 
late as Kay and frost is common as late as June, Few afternoons in April 
and no afternoons in June have freezing temperatures. On an average June 
day, Dillon has a temperature range of 40 F degrees. In Juna, tempera¬ 
tures as high as 87°F and as lew as 11°? have been recordad. Clisax and 
LeadviMe have considerably less variation in temperature. 

In April, rain or snow »ay occur at any level in the Camp Kale area, 
although most of the precipitation at Climax is snow. The heaviest total 
April snowfall at Climax in a period of 5 years was 81 inches; the aver¬ 
age for that month was 36 inches. Dillon and Leadville, with longer re¬ 
cords, have had 46 and 34 inches respectively of snowfall in April. Their 
average falls in that month were 24 and 19 inches. The greatest depth on 
the ground in April ranges from about 5 feet at Climax to 2 feet at Lead¬ 
ville. Even in June, Climax may have 2 feet of snow cover. Snow cover 
is uncertain at Leadville and Dillon in Hay and unusual in Juno. 

During the spring period the number of days a month on which measura¬ 
ble precipitation is recorded gradually decreases. At Leadville there is 
an average of 13 days in April, 11 days in Kay, and 8 days in June with 
precipitation. In extreme years at Leadville as many as 20 days in April 
and as few as 2 days in Juno have precipitation. Dillon averages fewer 
days with precipitation than Leadville, wHh 11 in April end 6 in June. 

March, April, and Kay are the cloudiest months in the Camp Hale area. 
Dillon averages 4 clear days and 13 cloudy days in April with as many as 
20 cloudy days in some years. Cloudiness is reduced in Juna, with an 
average of 7 cloudy days per month at Dillon, but in some years as many 
as 11 cloudy days. 

Thunderstorms are a regular feature of the spring climate of Camp 
Hale. Ho data are available on their frequency but they are less fre¬ 
quent than on the east slope of the Colorado Rockies. 
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(â) Scwoar Cliwat« (July and Auguat) 

Froat occa «iorally occurs during suraner nights in ths C&mp 
Hale »roa, »ost frequantly at the lower levels. The mean daily miniwa 
temperature in August at Dillon, a relatively low station, is 34°F 
(Table II), while at Climax, 2,40C feet high«*, the mean daily minimum is 
3S°F. The highest afternoon temperatures in the area also occur at low 
elevations. In August, Dillon has a mean daily maximum of 73°F and 
temperatures abcra 80°F occur in sas» years. Leadville, 1,300 feet 
higher, has an August mean maximua cf 70°F and temperaturer above 80°F 
have occurred. At Climax, the August mean naximaa temperature is 62°F 
and the absolute maximum is only 69°?. A higher absolute maximum would 
be expected in a record longer than 3 years. 

leadville. Just east of the continental divide, has a well-marked 
summer maximum of precipitation, similar to but less strong than the 
suircsor maxima characteristic of nest stations on the east slope of the 
Colorado Rockies. Kean rainfall in July at Leadville is 2.9 inches and 
in August, 2.2 inches (Table III). The maximum monthly precipitation 
record«! in July, the greatest of ary nenth at Leadville, is 8.7 inches. 
At the other extreme, Leadville was almost rainless during one July. 
Dillon, though west of the divide, also has a summer maximum of 
precipitation. Its July average is 2.0 inches and its maximum for that 
month is 5*6 inches. Sncw ha? never occurred at Dillon in July or August 
during Its 22 years of record, and cnly a trace has been reported for July 
at Leadville in a 19-year record (Table IV). Climax, being higher, has 
had one July and one August snowfall in a 5-year period. Summer snowfall 
is more common at elevations above that of Climax (11,300 feet), 

Leadville had an average of 13 days a month with precipitation in 
July and August during a 13-year period of record. During this relatively 
short period there war'd as many as 21 days and as few as 7 days in August 
with measurable precipitation. During the same period Dillon averaged 8 
days a month in July and August with precipitation. At Dillon there were 
as many as 17 days and as few as 1 day in August with measurable precipi¬ 
tation. 

Because surcer precipitation is mainly in the form of showers, in¬ 
cluding many thundershowers, periods cf rain in summer are usually not 
long. Partly cloudy days are much more conmon tiran entirely cloudy days. 
Dillon and Leadville have an average of 17 partly cloudy days per month 
in July and August. 

(5Í Fall Climate(September. October, and November) 

The transition from mild sumar to cold winter is under way 
in the Carp) Hale area by late August or early September. In September 
freezing temperatures can be expected on most nights at Dillon (mem daily 
minimum 27°F) and about half the nights at Climax and Leadville (mean daily 
minimum 33°F). Daytime temperatures are still mild. At Leadville, after- 
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^ U*nt'}T*9r*™ ofUn ln th« 6o». during S«pt«Nir and In th. SO', 
-01110^ 18 »lightly van»r during th, day and Cll*ax 1, 

sZt¡fh!^b^*0íler* ^ daUjr at Wile« 1, i*OF degrw» la 
¿ept<mber, 16F degrees greater than the range at Cli*uu 

out thï *°an tenperaturea are below freezing through- 
outthe Casp Hale area. Sob« nights are very cold with below terT^ 
temperatures J sors days are quite nild with afternoon temperatures above 

as ^ m 6507 ^ »8 ^ « -3ü°F^r^ri: 

v-t>, ÜÎLi8 dîl®f than maaaer throughout the area. Leadrille and Dillí» 
both average about one Inch of precipitation In each fall eontfa (Table 133) 
Snow occurs occasionally in Septeabcr (Table IV) but only In rnLLw«*™ 

^ C0Vfcr ljl that Pcnth. By October a consS^a- 
ÍÍn^it.tf*Ífcdv?r^Clpiíaticn for ^ la «OW. and enow cover 1« 
(StSîi lQ^harT^n'Sr»,eí^t,1C'ri3 ^ tnteniittent at low levels. During 
of ^ inches of snowfall but not more than 5 

at any on® Snw co/ur reram cc^int 
^ ^ 18 D““aU^ c^red. Total falls during the 

^^nÍHCUT'~ohar ^ i5 to h6 Inches during Its shortperlod 
o record (5 years). Maxima depth on the ground thsre during the *»t 

ZIl.JSL? “• Ua<,Tm• DU1“ l»™ sCMwbat 1.J 

«Mmrahl. precipltatlm In th. fora of tali, or «10. ooeura U 
w an fr,sraSa of 7 drys at Leadville and 4 days at Dillon. Dr 
Ncnre.ber the nuaber of days with precipitation has increased to 10 at 

7J1 ? * ^-yaar period of reconi Loadville had 
as many as 15 and as lew as 3 days with precipitation in Kovetber. 



3. The Flícea Peak mountain trilnlnt: area 

As a rocrtAln warfare training area the Pikes Peak upland has both 

advantages a--*i disadvantages when compared with Carp Hale. The relief of 

the Pikes Peak area is 2,500 feet greater than that of the Camp Hale area, 

fhe high points of both regions are slightly above 14,000 feet but 've 

mountainsides of the Pikes Peak region rise fron approxir-ately 6,0Go feet 

whereas those near Camp Hale generally start from 8,5CO feet or more. Be¬ 

low the alpine and subalpine vegetation zone (Fig. 19), which are also 

present at Camp Hale, the Pikes Peak region has first a contane forest 

rone, then a narrow belt of either scrub oak chaparral or pinion-juniper 

woodland, and finally the short-grass steppe vegetation of the western 

margin of ths Great Plains. 

In one important respect Pikes Peak compares unfavorably with Caap 

Hale: the lack of reliability of its winter snow cover. Like much of 

the eastern slope of the Colorado Rockies, it is usually almost bare of 

snow above tirberline through much of the winter and may have too little 

snow for skiing even in the upper subalpine zone. 

There is no land reserved especially for military use on the Pikss 

Peak upland. Kuch of the high country around Pikes Peak, including the 

part which has the most precipitation, is utilized as watershed by . 

Colorado Springs and other towns around the base of the upland, thus 

limiting its availability for military training. There are also a 

considerable number of guest ranches and other tourist facilities along 

the roads through the upland, and the residential areas of the nearby 

towns extend well up the mountain flanks from the plains to the east. 

However, for mil itary activities such as rock climbing classes and 

marches In which the location of troops can be closely controlled, 

the Pikes Peak area has been very convenient. 

The road net in the vicinity of Pikes Peak is as good as that in 

the Camp Hale area. Roads give access to considerable areas usable 

for training in the montane and lower subalpine zones. The Pikes Peak 

tell road and cog railway climb the mountain fren Cascade and Manitou, 
respectively, on Route 24, providing easy access to the high alpine 

zone. Jeep trails reach upper subalpine and low alpine points along 

the eastern margin of the highland from Route 336 and the Kanitou area. 

There are cany foot trails throughout the area. Off-trail foot travel 

is reasonably easy on much of the upland and its flanks. 

Military ebservation flights in the Pikes Peak area have been made 

from the Fcrt Carson light aircraft field. Light plane landings are 

possible at cany points in the 9,000— to 10,000 —foot zone of the 

upland. Much of the upland is within the altitude limits of practical 

operation of helicopters, including all of the very ruggel peak-and- 
canyon topogriphy below 9,000 feet around the margins of the upland. 
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*. Topccrmahr and aurfaca typa» 

Th® Pikes Peak upland is a roughly circular plateau which is abodt 
17 miles in diaaeter and 9,000 to 11,000 feet high over much of its at®a 
(Pig. 19). Xxzept to the northwest, where it falls away as A gradually 
descending hilly plateau surface, it is surrounded by 2,000— to 3,030— 
foot scarps which are carved into peaks and canyons. From the platea« 
surface. Pikes Peak rises to 14,10? feet in the northeastern part of the 
upland. Errerai of the spurt and outliers have euBcdts between 12,000 
and 13,000 feet high. 

Except for the Cripple Creek mineralized area and a small southern 
peninsula of metaaorphic rock, all of the Pikes Peak upland is granite. 
Sedimentary rocks occur only around its margins well below the plateau, 
is is often true in the mountains of subhumid regions, the granite here 
tends to decay, becoming a sandy or gravelly material (grus) which is 
the characteristic residual subsoil of the upland. The grus is diy 
and seams to be a poor source of plant nutrients. Much of it is bare 
cf soil and vegetation, especially in the Almagre Mountain area south* 
east of Pikes Peak (Fig. 19). 

fl) Cliffs 

Eirh, steep cliffs of ice-carved granite, suitable for 
rigorous teets of rock-climbing techniques and equipment, are present 
on the beadvalls of the great glacial cirques which form the northwest 
face of Pikes Peak. Examples of such cirques are the Crater, the 
Bottomless Pit, and GLen Cove (Fig. 20). Their heudwalls are 1,000-2,000 
feet high and scza of the sheer cliffs are several hundred feet high. 
Scalier cliffs beve been carved on the flanks of two glacial troughs 
which descend scuthvestvard fron the summit ridge of Pikes Peak to ths 
upper flats cf Vest Heaver Creek near the upland village of Gillett 
(elevation 10,CCC feet). Many other cliffs throughout the upland and 
on its flanks hare been produced by the resistance to weathering of 
parts of the granite which are core massive and durable than the rode 
which surrounds them. Cliffs of this sort are usually not more than 
100 or 200 feet high. They are excellent sites for training in mili¬ 
tary rock-cliriirg and are not so extensive as to require long detours 
by troops marchirg cross-country. Granite cliffs and towers at 
approximately 7,CCO feet in North and South Cheyenne Canyons are fre¬ 
quently us-ed for rock-climbing classes because they are steep, fir* 
rock and are easily reached from Fort Carson. 
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Fig. 20. Olea Cot» he tóall on Pike a Peni, one of a number of 
glacially eteepaned cliff a along the northveat flank 
of tho peak. 

Special care should be used when clicbing on the headwalls of 
the cirques of Pikes Peak to avoid sones cf rockfall which exist 
Where the cliffs lie below extensive creeping rubble masses near 
the sunait. 

(2) Eubble Basses 

The suEcit rubble field of Pikes Peak is a classic 
exarple of a felaerratr (Fig. 21). It is a broad dons of 
angular granita blocks having no soil in ihelr interstices and 



Fi«, a. Th« sumi! felsemwer on Pik«s Peak. A yí« «*ith«rd 
along the route of th« cog railway. 

only a few visible pock®t* of gras. The nrtfcle sheet covers not 
only the sttsmit but also a consiáerable part of the 
„SL of the mountain. In places its lower «argins are tongue-like 
rubble aassss which are or have recently been very 
ridin^ the coil-covered slop®« below. In other places the rubtu* 
has gracvnlly aca-únted soil as it has merged 
no doi inite downhill «argin. Kost ofthe otherhigr^s on the 
Pikes Peak upland ars siMlarly capped and partly flajoei qf 

felseracaer. 

Talus slopes at aM above the plateau level in the ar^alao 
creep actively just as they do near Caí? Hs-a. As 
«roa, deep accmolations of talus below cliffs give f 
glaciers in so«» instances. In the cirques on the northeast faoeof 
Pikes Peak, active rock glaciers are absent, apparently Jf**1 
glaciers have occupied the cirques too recently to allow 
accuEulation. Glacial «oraines have given rise to irocs J*n 
down-valley fix« the cirques, however. These «oraiiw-derived rock 
glaciers ars now overgrown with forest. 
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Fig. 22. Llaber pin« on a droughty south-facing slop« mantled with 
disintegrating granite rubble, Aleagre Mountain. In the 
valley is a sedge bog ringed by subalpine eeadow growing 
on Eíall alluvial fans, surrounded by spruce-fir forest. 

As in the Camp Rale area, rubble irasses which creep downward onto 
increasingly steep slopes tend to create unstable situations in which 
care must be used to avoid setting in notion boulders which night in¬ 
jure persons below. As already noted, felaennsers above cliffs ara 
likely co c use occasional rockfslls spontaneously. The downhill 
(snout) end of any active rock glacier is also likely to be an area of 
unstable boulders and should be traversed cautiously If at »n. 

(3) 9alla_and_ other_stcci> «oll gurfaceg 

Mountainside soils on Pikes Peale are gen orally thin ««I 
droughty because they are formed from grua (Fig. 22). In most parta . • • 
of the region they have nevertheless become normal rubble.soils 
similar in many ways to those described In the Carp Hale section. : , c1 
Sear Almagre Mountain, however, there are maixy slopes on which the 
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granita has decayed so heavily that there la very little rubble at tha 
surface of the grus. Practically rubble-free grus also accumulates as 
cones at the base of many such slopes. Even on rubble-free slopes the 
grus is so well drained that the mantle, considered as a whole, is quite 
stable at all seasons. The surface of the barren grus slopes is loose, 
however, its texture being that of coarse sand or fine gravel. Move¬ 
ment across steep slopes of such material is soss^st laborious. Frost 
has a strong effect on grus slopes even though it does not disturb then 
deeply. Needle ice forming .Just below their surface dislodges the 
uppermost particles at such a rate that road cuts and other artificial 
depressions fill up rapidly. Grus is easily worked by road-building 
equipment and makes a reasonably good surface for Jeep trails. 

(4> Alluvial faja 

A considerable part of the surface of the Pikes Peak 
upland at the plateau level (9.000 to 11,000 feet) Is mads up of 
ücdsrately steep to gently sloping alluvial fans formed of material 
washed .down from the slopes of the hills and lower mountainsides. 
The fans have a fairly smooth, rock-free surface of fine soil over 
gravel and rubble. A good deal of hay is greva »*■€ hx-veslod cr. 
the33 fans near lhe 9,0o0-ioot level (Pig. 23). 

Fig. 23. The Pikes Peak upland. A view southeastward toward the 
sumit of Pikes Peak (elevation 14,107 feet) from near the 
upland village of Divide (9,000 feet). 
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Th« belt of chaparral along th« low«- «dg« of th« montan« f<>r«-»t n«ar 
fort Carson grows on remnants of another ton« of alluvial fans which wer« 
one« part of the margin of the Great Plains. Th« fans now stand some¬ 
what above th« plains level and are muta eroded, but considerable areas 
of their upper surfaces remain locally. Like the plains to the east 
ard the alluvial fans of the upland to the west they have fine soil 
without much surface rubble. 

At the bese of the upland south of Fort Carson and partly within 
it is a foothill tone formed of alluvial fans higher than those d. *«- 
cussed above, now so deeply eroded that little of their old upper 
surface remains* 

(5) Holst soll» andjjgga 

Poorly drained ground is much less extensive in the 
Pikas Peak area than near Camp ^1«• Q* Pikes Peak there are no poorly 
drained steep slopes such as those which occur in some high basins 
neer Cam Hal- ."‘.'iui î^glus which in tes Car? flale «Tea would be 
bosy are usually firm, though often moist. Except where precipitation 
Is exceptional, the few bogs near Pikes Peak are sedge begs, found in 
certain subalpine valleys which have unusually low gradients. Holst 
areas near the Seven lakes basin and Lake Moraine have willow bogs 
similar to those which are widespread near Camp Hale. 

Willow bogs are a barrier to foot and vehicle moveswmt Just as 
they are at Carp Hale. Th« scarcity of stream-bank bogs elsewher« in 
th« Pikes Peak upland means that strean crossings are generally 
easier than near Carp Kale. The sedge bogs described above ar« 
cccsistonily surrounded by a rla of alluvial deposits over which 
■cveaent is possible either on foot or by vehicle, permitting easy 
detours around the bogs. 

b. Vegetatlaa 

(1) Alpine gubelalng moAdow. and short-grass steppa 

Three types of low vegetation occupy well-drained, soil-covered Kroy^ 
in the Pikes Peak region at different altitudes, each type passing Into th« 
next by gradual transition. 

(a) The open-ground vegetation which dominates the 
nearest lowlands also occurs on sunny slopes up to the middle of the_ 
subalpine zone. On the Pikes Peak upland this vegetation is short-gras, 
st-x-i. dominant on the adjacent Great Plains. The equivalent vegetation 
at Q-f-p Hale is sagebrush, which is dominant downstream in the Eagle 
River and Colorado River valleys. 

33 



.1 „ 9k X view of Pikes Peak across the southeastern part =f th* 
lE- 2 • m'rPik »ol»nd. Uk.n fro. Atocr. 

foregi-ound is a sedge meadow. Felsenmeer is òer*-coone 
from a shattered outcrop at the right. 

(b) Moisture becomes more abundant in the wiidle and 
apoer subalpine zone of the Pikes Peak region arri 
land gives way to meadow similar to the subalpine meadows c. to« 

Camp Hale area. 

(c) As the meadows continue upward into _s 
zone the dense. too«l. KokresU sedE. tort (dry sedee 
in the section on Csnn «el. becce.es the d”f 
patches of this sedge meadow are found on Pikes Peak as as 
13,000 feet (Fig. 24). 

Because less snow falls in winter on the slopes of ?i>M ?«£ ««*» 
at similar elevations near Camp Kale and because n»st sot* toat falls 
above timberline is blown off. the alpine slopes of the 
late less soil moisture and have less water from melting 
than the alpine slopes above Camp Hale. This arvl th* . 
of the granitic soil are presumably the reasons why mo-srire-icvinc 
£nes Älne vegeUtioS are much less aixuviant on 
near Camo Hale. Such vegeUtion is found only 
drainage lines on Pikes Peak. Dry sedge raef 
apparently being adequately watered by precipitation in -*-« spring 
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and suaaer. 

Pikas Paalc and tha rest of the «astern flank of the Colorado Rockies 
ha-re short-grass steppe vegetation in sunny, open areas bei« the middle 
of the subalpine zone. The presence of this vegetation typ® rather than 
sagebrush is apparently related to the veil-defined summer saximu« of 
precipitation. The western flank of the range, where sagebrush grows in 
a ini lar situations, has little ©r no more precipitation in suasw than 
at other seasons. Besides requiring more soi sture during the summer, 
grasa is isore closely confined to fine soils than sagebrush. In addition 
to ita occurrence on the high plateau, chort-graes steppe reappears as 
the dominant vegetation type on the lower slopes of the uplard and on 
the plains to the east. 

Military vehicles can nove freely over most of the slopes occupied 
by steppe grasses as woll as over Híwy subalpine meadows. Soe# subalpine 
meadows and r-ucy alpine meadows are too steep and rocky for vehicles but 
othars are traversable. Troops will require c lea ted soles or their 
equivalent on steep meadow slopes in loist weather. Otherwise no diffi¬ 
culties may be expected In crossing such slopes on foot. 

(2) Asren forest 

As at Camp Hale, aspen on the Pikes Peak upland normally 
occupies positions intermediate between shady slopes which support 
ccclfers and sunny slopes covered by steppe or meadow. locally it may 
occupy shady slopes in a subalpine area, usually where such slopes are 
gentle and have been logged off in the past, as Is the case near Cripple 
Creek. In other subalpine areas aspen may occupy eoruy slopes, usually 
where such slopes are too rocky to be dominated by steppe grasses. 

In tha upper nontane zone, aspen is often found in pure stands on 
surry slopos which would otherwise have steppe grass or open conifers. 
Vaara surny slopes are particularly rocky, aspen my be mimed with 
ponderosa pine; open areas of steppe grasses taay than be entirely absent, 
fchfire part of a slope is in aspen and tha rest grass, the aspen is often 
in circular clumps 50 yards or more in diameter. 

(3) Coniferous forest 

Subalpine forest of Engelœann epnice and subalpine fir 
is important on .the Pikes Peak uplard between about 9,000 and 12,000 
feet, but is reach less commonly dominant than in the same zone at 
Carp Hale. Steppe grasses, subalpin© n?adow, and aspen are each 
alnost as extensive as spruce-fir in this zone, and stands of limber 
and foxtail pine are also coracon (Fig. 22). Limber and foxtail pines 
are trees of especially windy, sunny, or well-drained sites. They are 
ccmaon on ridges, though not in extensive mountainside stands as ca 
Fixes Peak, throughout the eastern flank of the Colorado Rockies. 

V> 
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Ftg. 25. Kontsno forest of ponderosa pine and Douglas fir, on the oiler 
scarp of the Pikes Peak upland near Colorado Springs, Cak 
scrub in the foreground is part of the narro* belt growing 
between the coniferous vegetation and the grassland of the 
Great Plains near Fort Carson. 

Thev are nsuch less connon on the western flank of the range, including 
Carp Kale, Stands of Douglas fir and Icdgepole pine also occur in the 
lower subalpine soné, mostly on old burns. 

The transition fron subalpine to montane forest in the Pikes Peak 
upland nearly coincides with the Irregular but fairly well defined 
boundary which exists near the 9.000-foot level between the lower edge 
of the plateau tone of the upland and the rugged plateau Kargins below 
that elevation. Below 9,000 foot, forest is nuch noro abundant than 00 
the plateau because the slopes are too steep and rocky for well-developed 
grassland. The dominant trees of the montane we are ponderosa pine 
and Douglas fir (Pig. 25). In the upper part of that sone Douglas fir 
is dominant on most shady slopes. Sunny slopes have nixed growths of 
ponderosa pine, Douglas fir, aspen, and steppe grasses. The conifers 
ara usually in open stands on such slopes. Lodgepole pine is common 
on old bums. Dense stands of small lodgepole pine and aspen are 
barriers to troop movement. 
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Sprue« and sufealpln« fir folla sir«« banks well down Into the 
«tanTwne because by their »letnes». ani because of the cold air 
afcich draina dowi thee, partlcularlj at night, auch »ite» resemble a 
tóalplne eanrironoent* 

At lower altltwñe» in the «octane tore, ponderosa pin» Is comonlx 
«is»d with Douglas fir on shady slopes bat ccrapletely dominâtes sunny 
slopes, usually in open stands. Steppe grasóos are the normal regeta- 
tlcss unler stands of ponderosa pire bat are often merely scatter«! 
the rocks of the steep slopes rather than forming real grassland. Cottco- 

comply occupy stream barks In this icce. 

Scatterjd mats of dwarf conifers (tammhcl») similar to those found • 
at »’wbnriA-u» above Cocp Hale grew esn felseaaeers at tiraberllne on Pikes 
Peak asd adjacent smalts. The description given in the Caap Hals 
secticn applies equally well to the Pikes Peak krumhols. 

c. Cllrata . 

(1) Osteal 

The clísate of the Pikes Peak «oonUin training area is even «ore 
Tar*!«! than that of the Carp Hale area because of the greater range la 
«leîntlcn. It also has distinctive regional characteristics which to 
sosa extent contrast with these of the Car? Hale area. In part these 
special characteristics are duo to the pcsition of Pikes Peak on the 
•astern flank of the Colorado Rockies, compared with Camp Hale s 
pciiticn on the western slope. Lu part they are due to the ^isolated 
position of the Mountain and its surrewnding upland, cut off fro« the 
»¿in range by South Park. 

Tour weather stations are us«! as a basis for describing the 
diaite of the Pikes Peak area (Fig. 19). Colorado Springs is at the 
eastern base of the upland, not far fres« Fort Carson, the climate of 
vr'ch it rearo sent» well. Lake Korsine is a station at 10,265 feet in 
a basin on tabs east slope of Pikes Perk. The Pikes Peak surid.t station 
is at an elevation of 14,111 feet. Crióle Creek is at 9,5^3 ^ in » 
Tilley near the western margin of the upland. Data for Colorado Springs, 
lake Komin», and Pikes Peak are presented in Tables V to VII, and in 
graphs in Appendix B. 

Spring and sttmeer come earlier at Colorado Springs and Fort Carson 
than on the upland. Since our attention is primarily on the upland, 
bewerer, the months will be grouped into seasons as they were in the 
discussion of Car? Hale c liante. That is, winter is deecribed as 
lasting four months, and suamer Is correspondingly reduced to a 
2-acnth period. 



TABLE V 

MEAN AKD SCTF3ÍS TEMPERATURE DJ FIKES PEAK TRAKHW AREA (°r) 

Ja.n Feb H.ir Apr Hay Jun Jul Aug Sep Oct. Kgv_Dec_AQa 

Colorado Sprinr.a. 6,098 fe«t, 5>to v »r record 

Absolute max. 
Mean dally max. 
Mean 
Mean daily min. 
Absolute min. 

73 74 78 82 
*0 44 51 58 
29 31 38 46 
17 16 25 33 

-32 -26 -16 1 

92 101 97 98 
66 77 82 80 
54 64 68 67 
41 50 54 54 
15 30 37 34 

95 87 78 72 
74 63 52 44 
60 49 38 31 
46 36 25 18 
20-6-16-27 

101 
61 
48 
35 

-32 

Absolute max. 
Mean dally max. 
Mean 
Mean daily min. 
Absolute min. 

LaVe Moraine. 10,265 feet, 57-year record 

56 56 61 65 
31 31 34 41 
20 21 24 31 
9 10 13 21 

.34 -37 -30 -12 

70 85 82 82 
50 61 66 64 
40 50 54 53 
29 38 42 41 

- 3 14 27 24 

75 71 60 62 
59 50 40 33 
47 38 28 22 
36 26 17 U 
8 -10 -19 -24 

85 
4? 
36 
24 

-37 

Absolute max. 
Mean daily max. 
Mean 
Mean daily min. 
Absolute min. 

Pikes Peak. 14,111 feet, 13-to 15-year record 

30 29 43 39 
8 10 14 21 
2 4 8 13 

-4-3 1 7 
-33 -37 -29 -a 

47 63 64 62 
30 40 48 46 
22 33 40 38 
16 26 34 33 

- 8 2 18 15 

55 4? 33 30 
39 28 16 12 
31 22 11 6 
26 15 5 0 
6 -17 -36 -37 

64 
26 
19 
13 

-37 

Crinóle Creek. 9.5^8 feet, 12-year record 

Absolute max. 
Mean daily max. 
Mean 
Mean daily min. 
Absolute s't. 

57 60 61 69 75 
34 36 40 48 57 
22 23 27 36 44 

9 10 14 23 31 
-25 -27 -22 -11 11 

79 83 83 79 73 65 64 
66 72 70 66 56 43 38 
52 59 57 51 42 30 25 
39 45 44 37 29 17 12 
19 27 28 15 -1 -14 -16 

83 
52 
39 
26 
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MEAH AMD EXTROtS PREdPHATlC* U PIKES PEAK TRAIKD« AREA (INCHES) 

Jan M Myr Apr K-j Jnn Jul Au< S«> Oct Roy TW. 

£^ig.lS49 %rV~¿l» 6,096 feet, 70-year record 

5*1 6.6 7.1 4.6 3.4 2.3 2.5 
Max. 
Mean 
Min. 

Max. 
Mean 
Min. 

Max. 
Mean 
Min. 

Max. 
Mean 
Min. 

Max. 
Mean 
Min. 

Max. 
Mean 
Min. 

Max. 
Mean 
Min. 

0.2 
0 

1.8 
0.7 
T 

0.4 
0 

m 

0.7 1.6 
I 0.1 o.l 0.3 

X 

6.6 
2.2 1.8 2.8 2.4 1.1 0.6 0.4 

0 0.3 0.5 0 0.0 0.0 

10,265 feet, 58-year record 

A „ if*® 7.0 7.5 8.2 9.0 6.2 5.1 3.4 6.5 
S'? 1‘7 3,1 2,9 2*5 4*2 3.9 1.6 1.4 0.8 
0.1 0.2 0.7 0.5 0.1 1.3 0.9 0.1 o.l I 

Pilcea Pe-~k. 14,111 feet, 15-yeor record 

?*! H 13^ 3.5 8.1 11.3 3.8 4.6 7.8 
1.5 2.1 3.6 3.8 1.6 4.2 3.8 1.7 1.7 1.0 
0.4 0.4 0.4 0.4 0.6 0.4 0.2 0.4 0.2 0.1 

Cripple CreeV. 9,508 feet, 12-year record 

n*c 4,7 6*3 4*6 9.1 5*9 3.8 2.7 2.5 
°;5 °;5 3.1 1.5 1.9 1.5 3.7 3.0 1.3 0.8 0.5 

T X o.l 0.2 0.1 X X 0 0 I 0 

14.5 

4.3 . . 
1.6 1.5 
0.1 

0.7 24.4 
I 

4.6 
2.6 30.1 
0.2 

2.7 
0.5 36.8 

XASLS ¥H 
MEAN AND EXTREME SNCWFAU. Di BIGS PEAK TRAININQ AREA (INCHES) 

Jgn Feb Far Apy J\g Aug Sep Pet Nov Dec Ara; 

6,098 feet, 6-year record 
8 
4 
+ 

9 
3 

34 29 
13 17 
2 6 

21 32 
10 12 
* 2 

X 
X 
0 

I 
0 

1 
e 
0 

6 
2 
X 

6 
3 
I 

4 
2 
1 

25 

ï, 10,265 feet, 14-to 21-year record 

46 101 75 U 2 X 13 33 20 24 
25 36 22 2 • I 2 9 u 10 i47 

3J5T000020 
Í» 9.508 feet, 9~to 11-year record 

22 30 6 
11 16 3 
1 I 0 

0 0 4 12 12 10 
0 0 1 4 6 5 
0 0 0 0 2 0 
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(2) Winter Cl'.r-rtc (DocfimVr. January. February and March) 

Vinters are conpanlively mild at Colorado Springs and Fort Carson. 
Drvytljna tetnporatures at Colorado Springs are above freezing on about 5 out 
6 days and temperatures above 70°F have occurred in each of the winter 
aontns. High temperatures occur during strong west-to-east (downslope) air 
movements, known as Chinook winds or "snoweaters". Durir^ such winds rela¬ 
tive humidities have been as low as 2 percent, and temperatures may rise so 
fast that they wipe out the normal diurnal changes, causing the highest 
temperature for some days to bo recorded at night. Low temperatures 
occasionally occur at Colorado Springs. The absolute minimum temperature 
there is -32°F (January) and tenperatures below zero must be expected most 
winters. 

Snowfall at Colorado Springs is normally light, averaging 2 to 4 
inches per month during the winter months (Table VI and Fig. 41). March 
averages 6 inches, and as much as 15 inches have been recorded. Some rain 
also occurs in winter. 

At higher elevations, winters are progressively more severe and the 
amelioration of the Chinook is less effective. Kot only are temperatures 
lower but precipitation is heavier and snow is a ¡regular feature of the 
winter environment. Lake Moraine at 10,265 feet normally has a snow 
cover all winter and snow depths up to 20 inches were reported in a 6- 
year period of record. Average winter snowfall at Lake Moraine is almost 
as great as at Leadville (at about the same elevation in the Camp Hale 
area), ' at minimum monthly snowfalls are considerably lighter. This 
indicates that snow cover is less reliable ai Lake Moraine, where there 
has been a December without snow and as little as 2 inches of snowfall 
in January. 

Vinter snow cover is even less reliable at Cripple Creek than at 
Lake Moraine because snowfall is lighter and temperatures are higher. 
Most winter days at Cripple Creek have maximum temperatures above 
freezing and several days a month can be expected to have temperatures 
in the 40's. 

Pikes Peak is one of the highest points in the United States at 
which regular weather observations have been taken. In the 15 years of 
record Its temperature was never above freezing in December, January, 
and February. Daily minima are generally below zero but the absolute 
extreme of (February) is no lower than the value for lake Moraine, 
and Dillon in the Camp Kale area has recorded lower temperatures in 
four different months. As important as the low temperatures are the 
chilling winds. The average wind speed In winter is greater than 20 
miles per hour. Although records are not available, there is no doubt 
that frequent periods of gale force winds occur. 

! • • • • 
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Precipitation is bearier oo Pikes Peak than at the lower oler» at ions. 
For the entire year, twice as *eeh precipitation can be expected as at 
Colorado Springs, and during the four winter norths the awerage precipita¬ 
tion ie five times as great. Snowfall is heavy bet most of it is blown off 
the mountain into the glacial cirques. 

(3) Spring Cl lasts (April,, Kay. June) 

At Colorado Springs cold snaps are infrequent and of short duration in 
April. An average of one day a month has temperatures that remain below 
freezing. Some snow can be expected0but appreciable accumulation is un¬ 
usual. By June temperatures near 60 F can be expected on most afternoons 
(Table V). Precipitation is then mostly in the form of afternoon showers 
associated with thunderstorms. 

At elevations higher than Colorado Springs precipitation is heavier 
and is more often in the form of snow. The hoariest snowfalls in the tw 
study areas occurred at Lake Ko raine. In April 15-2, Id inches of snow 
fell there, and over 50 inches of snow fell in 3 other Aprils between 19iA 
and 1955 (Table VII). Temperature» in April at Lake Moraine are often above 
freezing and the snow melts rapidly. Snow depths of over 2 feet are unusual 
but they have occurred as late as Kay. In a freak anew storm on May 18 and 
19, 1955, Lake Moraine had 7.76 (melted) inches of precipitation. The maxi¬ 
mum snow depth on the ground from this storm was ¿5 inches. Most of the 
state had no snow on the ground at the time this depth was reported at Lake 
Moraine. Despite the heavy snows at Lake Moraine, it should be stressed 
that in some years it has had no snow cover because of lack of snowfall or 
because of rapdd malting. 

At Cripple Creek, spring snow is net as heavy as at Lake Moraine. An 
average of 16 inches falls in April and 3 in Kay. The snow does not last 
long; temperatures average above freeting in April and even average daily 
minima are above freezing by Kay (Table V). 

On Pikes Peak the April mean mirimua is 7°F and the mean maximal is 
Z10F. Temperatures above freezing axe unusual until late May and tempera¬ 
tures as low as 2°F have occurred in June. Snowfall and snow depth records 
ore not available from Pikes Peak, but the records at Lake Moraine indicate 
that snowfall In the vicinity of the p»ak Is heavy in the spring. Average 
wind speeds in the spring are less than in the winter. Gale force winds 
still can be expected and will cause discomfort when associated with low 
temperatures. 

(O Summer Climate (July. August) 

Actually, one cannot limit toe summer at Colorado Springs to two 
months or say that there Is ary sumar at all on Pikes Peak. Summer 
conditions are at their maximal in July and August at Colorado Springs. 
Temperatures above 80°F occur on mors than half the days during thess 
months, and an average of 12 days in this 2-Month period have tempera¬ 
tures above 90°F. Nights are cool with temperatures usually below 60°P. 
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rriPitfl0n at a ®axi£Tua bocause of a hlrfi rat* of occurrence of 
dUrtne Sunders tonos owur « Z^^Zlf L 

days in nest Suitiers, a mte of occurrence which is «rnassed onlî in 
Florida and on the Gulf Coast. Kail can be expeSJTTLSr WaSv 
a^aost every month from June through Seoteraber. Anprotim.Ttelv 60 ^ 
percent of the annual precipitation falls during 00 

frí°LS ?! rripit3tlcn 3re but the ^vncht a™ chara« 
eri.od by intense radiation and clear or partly cloudy skies. 

At Pikes Peak, July and August are tho only ftmtfcs in which the 
^r?tur° [s above -re often than àíTtiSs ^ lifter 

, is ,th® when tourists can motor to tbs top with a eLd rW 

wet months. Some surener snow occurs on Pikes Peak lat «.n«+ 
p.-eclpUaUon Is of short dursttoo” ‘íL'íf«, 
thuhierstenns. P^olpltstloo is siso ^ 

-001^ Plies Poak ^ ^'se horaire have n »erare of 

has fewer thunderstorms and slightly less'raSfSí ^ apparent3^ 

Fan Climate (Senterher. October, Ko—#*».) 

At Colorado Springs, the season of transitloo Trm summer 

pÍSinitatS^^A^r117 Cl6ar day3* Ko3eratö t^aperatwes. ard^ight ■ 
inc^c1 U 1' / sea3on progresses, the likeliîwod of cold weather 

ir« et these stetiees. œd tenperptures 

S to feêt'T ^ u,3n,raí" - ^ »f^TuS Tä; 10.300 feet, seo» is r.orralljr less hee^r than la the to,, Hal, area. 

end däa^ 

so5»'!” Se^ SehT^ieTuS -S* 
at Uh, HorSne. aa 
apf^ter eonth hot considerabl, les, thaa 



4, • Ssaeailagaa asssMa irai 
Physical sLailaritiea aai differences between the Caop Hala and Pikas 

Peak regions and nountain areas in other parts cf the world ara a satter of 
considerable concern to the C.5. Amy because the purpose of testing and 
training in the Rockies vas to increase the Aray's ability to operate in 
mountains throughout the world« The »curtain regions of the world dr# 
extrecrely diverse plysically, and thcxiÿi some of them resemble the Colorado 
Rockies in many respects, there are also great differences. 

As this secticm will be devoted to comparing thm with other mountains 
of the world, we shculd note that the Colorado Rockies are a midlatitude 
range rising fresa seaiarid high plains and plateaus in the Interior of the 
western United States. The region is characterised by clear skies, vide 
temperature ranges* low precipitation, and considerable areas of scant 
vegetation. Many ranges at shallar latitudes in interior Asia resemble 
the Rockies in these and other respects even though the greater »*«-» of 
Asia, the greater height of «any of its ranges, and the different orien¬ 
tation of its ranges from those of !k>rth America, cause great drydess in 
much of inner Asia and reduce the north-south flow of air masses across 
it. 

The midlatitude position of both the Colorado Rockies and the 
comparable ranges in Central Asia results in isarkai sea serai changes in 
the amount of solar radia tien. Tbs Arctic has even stronger seasonality of 
solar radiation. The tropics have little seascrality of radiatico even 
where mountains are high enoegh to have cold or coal climates. The interior 
position of the Colorado Rockies »wans that air masses reach then only after 
moving considerable distances .arerland, often losing much moisture cn the 
way. (The dryness of the Kunlun Bange in aid-Aaia is an even sore extreme 
example of such a situation). Winds frea the Pacific reach Colorado only 
after crossing a succession cf rugged ranges cn which Euch of their moisture 
is droppíd. Like old-Asia, though to a lesser extent because its rangas aro 
not as high, Colorado gets jt-ixL«ua precipitation on its highest mountains. 
Figures given in the section cn precipitation shew, however, that the 
annual fall recorded among the Colorado sundta is much less than has been 
observed in sera other mountains. 

The north-south orienta tico of the Rocky Hour tains allows frequent 
alternation in Colorado between air masses fras north and south which have 
highly contrasting tempera tures. Strong diurnal torpe rature fluctuation 
accentuates the** extrsve. producing temperature ranges which are probably 
about as great as those of mid-Asia. 

The climatic characteristics of the mountain region of Colorado and 
those of comparable ranges in Asia affect not only their vegetation bat 
also the processes of weathering and erosion which determine many of 
their topographic characteristics. On the other hand, there are striking 
topographic characteristics cf the Rockies related to climate, which 
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dlfferentiata then fro» such »iritlmo mldlatitude mountain regions as the 

Swiss Alps or the Cascades. The' mountains of desert regions or of the 

humid tropics have even more distinctive climate-controlled topographic 
characteristics. 

a. lç2£íZV?\SL 

(1) Altltade and relief 

Many peaks in the Colorado Rockies reach 14,000 feet. The highest, 

Mt. Elbert, 23 miles south of Camp Hale, rises to 14,431 feet or within 

65 feet of the highest peak in the United States. Nevertheless its 

altitude is less than half that of Mr. Everest, falls 6,000 feet short 

of Mt. Aconcagua in the Andes, 3,000 feet short of Mt. Logan in Canada 

and Mt. McKinley in Alaska, and 1,330 feet short of Mont Blanc in the 
Alps. 

The greatest relief which can he assigned to the Colorado Rockies is 

9,000 feet because they rise from a 5,000 to 6,000-foot plateau. The 

Himalayas, Andes, Alaskan ranges, and the Alps, on the other hand, all 

rise on at leapt one flank from plains not far from sea level, so prac¬ 

tically all of their height must be considered relief. The Apennines in 

Italy, the mountains of central Japan, and the San Bernardino Mountains 

east cf Los Angeles all have relief equal to that of the Colorado Rockies 

yet do not reach altitudes much higher than 10,000 feet. On the other 

hand, the Olympic Mountains of northwest Washington may be cited as a 

range known far its ruggedness but having slightly less total relief and 
much less actual altitude than the Colorado Rockies. 

(2) Glaciation 

Glaciers were fairly extensive in the higher parts of the Colorado 
Rockies during the Ice Ages. They occupied most of the high valley- 

heads in each of the higher ranges of the state. Many high ridges were 

left bare at that time, however, their snow blown by wind into the 

valleys where it contributed to the feeding of glaciers. In :he northern 

half of the state, glaciers pushed beyond the mountain fronts onto the 

floors of soce of the interraontane basins, as In the upper Arkansas valley 

and Middle Park. A number of lake basins were left behind when the glaciers 

shrank. Since the last Ice Age> the glaciers have been reduced to insignifi¬ 

cant remannts La the northern part of the east front of the range, and have 

disappeared entirely frota the Camp Hale and Pikes Peak areas. 

A very high proportion of the mountains of the world retain more 

glaciers today than the Colorado Rockies. Such ranges also characteris¬ 

tically shew stronger and more extensive evidence of Ice Age glaciation. 

Because of their great height, even the driest ranges of mid-Asia have 

extensive ice. The very dry Kunlun Range seems to accumulate ice only 
above 20,000 feet, however. 
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Ti» Burean Alp* have rougher ae auch Ice on their sumit areas today 
as the Colorado Rockies had during the Ice Ages. During the Ice Agee the 
Alpe were almost buried in ice. They had at least as much ice cover as th~ 
St. ELUs Range in Alaska and the Yukon has today airi in some parts oust 
rfl® as “uch ^ PArt5 ot Groenland or Antarctica now have. Rai^s 
Si ff"16™ -ce As° Glacial systems cooparable with those of the 
Alps, and thus more extensive than those of the Colorado Rockies, include 
Sde^^K f3\ m =0'antAln8 of Sritish Columbia, the northern Cas¬ 
cades, the hew Zealand Alps, and parts of the Chilean Andes. Even the 
tropical Andes and the equatorial noun ta ins of Africa have bigger ice¬ 
fields than the Colorado Rockies, 

Gi the other hand, many r. '«es have no ice or as little ice as the 
*°st euch ranges are cf less height, except those in the tropics 

v TTv .piC3\ » Brook3 of northern Alaska is about 9,000 feet 
high with about 8,000 feet of relief at 68° H. latitude but has only about 
as rany glaciers as the Colorado Hockles« 

* 

(3) Fluvial eroslnp 

., section on Carp Hale, many broad alpine and subalpine 
slopes in Colorado are almost unmarked by torrent channels, though similar 
slcpes in more humid mountains have many such channels. This condition is 

t0 rf1tt*V8JlaCk °f PraclPitati«i but partly due to vigorous 
rost 3=.*on which tends to fill in such channels with coarse nibble. 

Hock stress and rock stripes are examples of the filling of drainage 
lines by frost action. 6 

the cSS^?/r^lpit?íi0? 83 Wen as fr03t diminishes at low levels in 
loW8r 8loP8S silov increased effects of fluvial 

rílw '° fr08t actlon ajid developed a landscape of the 
8nd,^enchland tyP* familiar in the sraiarid West. 

Frost «v.-lon still lias ccnsidci-able effect even at the lowest levels in 
Colorado, however. Cnly in the tropics arri subtropics are the lower 
flanks of mountain rangas free of frost, 

(4) Mass wasting 

^ as Cascades, the British Columbia 
* an^th® Smíss A1PS. at least mi their Bolster flanks lack the 

rock glaciers and other conspicuous effect of rubble creep which are so 

affÍSÍ^0^^0!61*13^ th® ^1^13103 of Colorado. Brause such 
affects are closely related to climate (Troll 1941. 1943-44 19Ij8) thnic 

of — iJitereat. 
oart^^ ¿Tsf101111 thA S0lltl10rn ^ central Rockies but aleo In the drier 
S^L tLÍ^m\v*r'ya Pfrt3 cf Alarlo. aM in the Vfhite Mountains 
of «Hii Earpshire. They have also been described in the Tien Slum ranae of 
a«tS-î2hl*Wnere ®l03®^ resesable those of Colorado. Similar forís 
are prenaably present, though undescribed. In other mid-Asiatic ranges. 
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to ho^ JTT3 “lth * (Lotonudlato 

oc=»rrtO£ posUyXii; of soUs "~r tloborlln.“ 

:ssä:.- * 
b* 

^ lís^ílaa aryl higher 

f_t th^r tiaberllne Is at an elevation of II.500 to 12 000 
£eet. the Colorado Rockies have less than a non <•„„+ ,, , ,000 

tSänS: Ätl -1“ - - - isloco roÄ ^000 

„>1_,^.A?JrK3^Ca10f precipitation nakes a considerable ^iffsranc- ti» 

than li'ihXSe“ S «rfSa "ÍT ^ " tb' “P5 ^ ^L, 
apprcbn.uoy 175 inchf, oï Slí JnSf,¾ «-*>». ««h 
which is often bog-like or to use th^ii, ^ ^ level. alpine vegetation 
arnlnrf tlopo, (T*onp»n ijji). ^ lUs^n ^ ~sk^- <« «U- 

(2) Matloashl^of forest to t,-r«h ani aw« vggtatla 

Ä° rp“-“ - 
to a considerable extent in the Aios ÍT baen0clearÄ^ 33 they have 
condition intemediaS b^tweS ^dorado Rockies represent a 
south slopes arelnUreS ornarav r"10^^3* ^ which ^ 
steppe grassland or sem2rid 
north and south slooes «eist, in Similar contrast between 
Altai and other Kon^li^™« S ï Eu£h* Tien ^ 
(K«) a, far south „ «„ to Jor'o^üïïu “5t*” ^ 

i3) ^ate and type of forest. 

one o^l^TolZlVoZ 

SSe^oTS t:; ^ ^ S'SSL“* 
similar to the subarctic forest (üaigaTof nlZy\ZZTS.%^l ^ 
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fir aro usually daiiiAnt In North American subarctic and subalpine forests. 

Including those of Colorado, Just as they are In the Canadian taiga. In 

Asia, larch is very abariant both in the taiga and in subalpine forest». 

Most non tañe ferrets in eastern North America and Eurasia are partly 

or entirely deciduous. Throughout western North America including Colorado, 

the montane tone is strongly dominated by conifers. Ponderosa pine, 

characteristic of this tone in the Colorado Rockies, is widely distributed 

in the montane tone of the less humid ranges of the West and is often ac¬ 

companied, as in Colorado, by Douglas fir. Such forest, containing tree» 

of only moderately larga site, is found from the east slope of Um Cascades 
northward into interior British Columbia as well as throughout the Rockies 

from Montana southward. Coastal montana forest on the Pacific coast of 

North America contains huge conifers such as western hemlock, western red 

cedar, and Sitka spruce, usually growing from sea level up to an elevation 

of 1,000 to 5.000 feet. 

c. Cl l*sa ta 

X ^ * -ii.i—i . vi/ ¿¿sSga&saB* 

The lowest' tore-era tures on record outside of Antarctica are fren the 
vicinity of the Verkbcyansi* Mountains of northeastern Siberia, where on 

official teteperature of -90°F has been recorded at a piedmont station and 
an unofficial temperature of -103°F was recorded at a station in rn inter- 

montane basin. This can be compared with an absolute low temperature of 

_6o°P at Taylor Park (about 9,^00 feet) in a valley tributary to the 
Gunnison Basin, Colorado. Extreme high temperatures do not occur in 

mountains, though they do occur in low intermontane basins such as Death 

Valley. 

Because teaperatares normally decline with altitude it is not 

possible to compare the characteristic temperatures of two ranges in 

simple terms. However, the foraulae given in Appendix C will permit 

comparison of any static« in the world with normal conditions at the 

same elevation in the Colorado Rockies. Persona making corpa rise«» 

should note carefully whether inversions, if any, affect the temperature 

gradient of the range as a whole, as is often believed, or whether they 

are associated with particular basins as in the Colorado Rockies. In 

Colorado the higher stations within any small area may bo warmest at 

times, as is often true near Caap Hale, tut since inversions in high 
basins are comparable to those in low basins,»the effect is to increase 

the thermal differe-oce between stations at any one level rather than to 

wipe out the normal gradient for the range. 

(2) Precipita tico 

The heaviest ¡precipitation recorded in the Colorado Rockies (about 

50 inches per year} is at Wolf Creek Pass in the San Juan Mountains, 
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150 «il«3 south of Caiqp Eale. Deep valleys on the flanks of the range get 
as little as 30 or IJ inches. Though 50 inches cannot he considered light 
precipitation, other mountain regions get much more. To cite extreme cases! 
the northeast slope of Kauai Island, one of the mountainous Hawaiian Islands, 
averages U76 inches per year, and Cherrapun^i, India, in the Khasi Hills 
south of the Himalayas, averages 418 inches per year and has had 1,042 inches 
in a year. Mountain stations at higher latitudes get less extreme precipi¬ 
tation, hut Little Port Walter on the mountainous coast of southeastern 
Alaska averages 231 inches per year. The Santis, a summit sUtion in 
Switzerland, averages 132 inches per year, and Crkvice, in the Diñarle 
Alps of Yugoslavia averages 183 inches per year. In general, the European 
Alps are intermediate in precipitation between the extreme examples cited 
above and the relatively dry mountains of Celerado. 

Tamarack, California, at an elevation cf 8,000 feet In the Sierra 
levada, has an average of 400 inches of snowfall per year and has had as 
auch as 884 inches. It has often had as much as 30 or 40 feet of snow on 
the ground. 

Although it is difficult to cotipare the characteristic precipitation 
of one cc un ta in region vith that of another, it is possible to coepare 
stations elsewhere in the world with the calculated normal for the same 
elevation in the Colorado Hockies. For this the reader is again referred 
to the fcrnulae in Appendix C. The formulae for precipitation were 
calculated by the same method and are based on the same stations as those 
for temperature, but the distributions from which the precipitation 
formulae were calculated are less linear and the formulae are correspond¬ 
ingly less reliable. 

(3) Wind 

Data are not available for world comparisons of windiness in mountain 
regions. A comparison can be made, however, between Pikes Peak (mean 
velocity I9.2 mph; altitude 14,109 feet) and Mount Washington, Key Hampshire 
(mean velocity 37.1 nph; altitude 6,288 feet). As an isolated sumit which 
is one of the highest in the range. Pikes Peak might be expected to have a 
higher mean wind speed than this; it may be concluded that the Colorado 
Rockies are not a particularly windy range. 
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APPENDII A: CLIKATIC GRAPHS POR THE CAMP HALE AREA 

Temperature regimes 

Dillon (Fig. 26) 
Loadville (Fig. 27) 
Climax (Fig. 28) 

Mean and Extreme temperatures *t Leadville 
and Dillon (Fig. 29) 

Snowfall regime: 

Dillon (Fig. 30) 
Leadville (Fig. 31) 
Climax (Fig. 32) 

Precipitation regimes 

Dillon (Fig. 33) 
Leadville (Fig. 34) 
Climax (Fig. 35) 

Sky Covers 

Dillon (Fig. 36) 
Leadville (Fig. 37) 
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Appraron b« climatic gsaf«s por the pikes peak area 
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APPENDIX D: GLÛSSAHÏ 

Absolute maxima» (or mlrisrum) temperature: Highest (or Icwest) air tempér¬ 

ature recorded at a meteorological station over the period of record. 

Alluvial: Deposited by running water. 

Alluvial fan: A fan-shaped or cone-shaped deposit of detritus at the mouth 

of a gorge or canyon. 

Alp: A mountain meadow of a type common in the Europear. -*-ps. Most alps 
are less steep thin either the glacially oversteepened forested slopes 

below or the cliffs, if any, that rise above them. 

Alpine: (1) Reminiscent of the European Alps. (2) Pertaining to the 

region above timberline in mountains. 

Avalanche: Intermittent snow drdnage from mountain slopes, cften dangerous. 

Buttress: A short ridge exterding at an angle from the main ridge of a 
mountain. Its height is considerably less than that cf the main ridge. 

Chaparral: Dense, woody, broadleaf evergreen brush or low trees, common 

in summer-diy regions such as western United States. 

Chinook: A wind wanted adiabatic ally by descending a slope cr mountain 
range. A foehn wind. 

Cirque: A valley-head basin formed by glaciation. 

Cliff: A slope exceeding the angle of repose; i.e., so steep that detritus 

falls freely to the base. 

Coniferous: Cone-bearing. Kost coniferous trees, such as pine, spruce, 

and fir, are evergreen. 

Deciduous: Sheddiig all the leaves annually. All deciduous trees native 

to Colorado are broadleaved, as the birch, aspen, and alder. 

Detritus: Any loose raterial resulting from the weathering of rock. 

Divide: A ridge-crest between two watersheds. 

Erosion: The process of detritus renoval by natural agencies snch as 

running water ice, or wind. 
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«t 

r«lsenB«er:* k field of enguUr boulder« derived from underlying bedrock 
by Intensive fro«t action, usually occurring at high altitudes or 
latitude«. 

Glaciation: Modification of the landscape by glacial erosion. 

Glacier:* k body of ice originating on land by the recrystallitation 
of enow or other fonrs cf solid precipitation and showing evidence 
of past or present flow. 

Gneis«: A fora of aetaaorphosed granite having parallel dark and light 
bands. 

Grus: Loose granular aaterial produced by the weathering of granite. 

Igneous rock: Rock which solidified from a molten magna. 

Intrusive rock: Igneous rock, which solidified before reaching the 
eurface of the earth. 

lobresia: A genus of sedge, forming dense eod at high elevation*. 

Inanshols: Stunted, gnarled treee, usually coniferous, forming low mats 
at timberline. 

Mean daily maximum temperature: The average of the highest air tempera¬ 
ture recorded each day in a given-period at a meteorological station. 

Mean dally mi Hm« temperature: The average of the lowest air tempera¬ 
tures recorded each day in a given period at a meteorological station. 

Mean temperature: The average of dally maximum and minimum temperatures, 
or, when available, of hourly or bi-hourly temperatures, during a 
given period at a meteorological station. 

Montane: Pertaining to the altitudinal tone isnediately below that occu¬ 
pied by subalpine vegetation. In the Pikes Peak area the montans 
tone extends fron approximately 7,000 to 9,000 feet elevation. 

* Irrt(*rprctaticns of vany of the terms listed in this glossary vary with 
different author». Its definition« given here are in each cae* the mean¬ 
ings used in the present paper. Definitions larked by an asteriek (*) 
are as given in the Glossary of Arctic and Subarctic Terns. ADTIC pmblics- 
tion A-105, Research Studies Institute, Maxwell Air Force Base, Alabeas, 
September 1955« 
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Moralnei Material carried or laid down directly by glaciers without the 

intervention of running water or other geologic agencies. 

Outcrop: Bedrock exposed at the surface. 

Perennial: Existing continuously for nore than one year. 

Permafrost:« A thickness of soil, superficial ¿«posit, or bedrock of 

variable depth beneath the surface of ti* earth in which below- 

freezing temperature has existed for a long time. Also called 

"perennially frozen ground." 

. Precipitation: Moisture falling from the air to the earth’s surface. 

It may be in the form of rain, snow, bail, cr some modification 

of them. 

Rock glacier: A mass of angular rock fragns^s In a cirque, valley, 

or valley head, whoso form may resemble that of a glacier. 

Rock stream: A ribbon of rubble extending ¿no a subalpine slope or 

following the bed of a steep subalpine valley. 

Scarp: An oversteepened slope of considerable linear extent, usually 

without gaps pennitting level passage. 

Spur: A ridge extending at an angle from the main ridge of a mountain, 

often moderately long but not connecting at a high level with 

another mountain. 

Steppe: Temperate grassland comparable to that of southern Rússia. 

Subalpine: Pertaining to the first altitudinal zone below timberline, 

with its characteristic vegetation. 

Subalpine fir: A species of fir (Abies lasincarpa) common in the sub¬ 

alpine zone in Colorado. 

Subarctic:* (1) Pertaining to the region between the midlatitudes and 

the Arctic. (2) The region covered by ti* bereal forest, bounded 

on the north by the tree line and on the srith by a zone in which 

the coniferous forest is gradually replaced by a midlatitude type 

of vegetation such as steppe or mixed fcrest. 
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5.01-.1100= Th. P—»*• -oirtir* dlr.ctly tr» th. tr..«. to tb. 
rapor ateta aod vice raraa. 

Talua: Rubbla acciamlatad at tha basa of a cUff by fr« fall To« 

ita faca. 

ti«barlln.: Tha uppanaoat lilt of traa grorth in a «Iran area. 

Watershed: Tha catchaant area of a rirar or lake. 

Veatbortng: Th. proc... b, ^hlch =-k l. brok.. to« Into d«rlt« 
by atnospheric and biotic agencia» and grarity. 
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