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GLACIATION IN THE .ARAPAHOE .AND ALBION VALLEYS 
----"""""'- - - ..... """""' ........ _.... - =-=-- =-=---=-

COLORADO 

PART I . = 

INTRODUQ'l'ION 

This paper is the result of two months of field 

work in the Arapahoe and Aloion valleys, Col~rado. The 
+ 

purpose was to study the glaoiation in the reeion,past 

and present and to determine,if possible.the extent and 

the effects of this glaciation. An attempt wae also made 

to gather evidence with reference to the poasibility of 

two advances of the ice. The de.ta iJ,e.thered a.re of two 

kinds ,nrunely, (1) topographic,and {2) condition of the 

drift. The topographic map was first made and the 

geological data were then gathered . In addition to the 

map the discussion is illustrated by photographs and 

diagramatio drewinge. 

Thanks are due to Dean W.E.McCourt, Frofessor 

A.B.Sperry,and Frofeeeor Russel Gibson for suggestions 

in the field and to Dr.R.D.George for criticism of the 

manuscript. 
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0ONTnmNTAL GLACIERS 

It Cobalt,Ontario,evidence of glaciation has been 

found as fe.r back as Lower Huronian time . 1 In Norw£iY , 

China , and Australia glaoial deposits nave been found as 

far back as Cambrian time . In Pleistocene time the larger 

part of Europe was covered with ice ae well as parts of 

Asia and Africe2 . In North America the ice covered , during 

Pleistocene t1rne , nearly all of Canada , a small part of 

Alaske , and a coneiderable portion of the northoentral parts 

of the United States . There were three separate centers of 

dispersal in North .Ameriofl , namely , t .he C<:irdilleran,covering 

the western coast portion of Canada and a small part of 

Alaska. ; the Keewntin , covering the central portion of Canr..da 

and extending south into the United Statea ; and the 

Labrador ice sheet . coverin~ the eastern portion of Canada , 

e.nd extending southwest into the United States . This 

glacier is known as a continental ~lacier . From examination 

of the drift and from the fossils found in it it is 

possible to divide the glaciation during the Pleistocene 
3 into the following time periods: 

1 

Post-glacial period 
5th. -Wisoonsin glacial period 
4th. -Peorian interglacial period 
4th . -Iowan glacial period 

Coleman,A.P . ,The lower Huronian ice age:Jour . of 
Geol9gy,vol.16,p.149,1908. 

~Chamberlain and Salisbury,College Geology,p.492,1909. 
'Chamberlain and Salisbury,College Geology,p.874,1909. 



3d .-Sangamon i nterglacial period 
3d . -Illinoian glacial period 
2d .-Ye.rmouth interglacial period 
2d . - Ke.nse.n gl ac i al period 
lst .-Aftonia.n interglacial period 
lst . -Sub-Aftonian glacial period 

MOUNTJIN GLACIERS 

Another important type of glacier is that known as 

a valley or Alpine glacier . These glRoiers are very 

numerous in the Alps . In North America they are found on 

the high peaks of the Cascade Re.nge , in the mountf!ina of 

British Columbia, in Alaske , the CRnadian Rookies , and in 

the Rocky Mount ins . ln the Rocky Mountains of Colorado 

glaciers formerly existed in the Northern Front Range 

and Medecine Bow district . the Pike ' s :Feak dietrict , the 

Leadville dietrict , the San Juen re~ion , in the Grand Mesa 

and White River Plate u regions . end in the SanJre De Cristo 

Ran(;e . Topography cheracteristic of glaciated re~ions , such 

as cirquea,roches moutonnees , serrated ridebes , U- valleys , 

rock-basin lakes , and glacial striae may be seen in these 

re5ione as well as lar~e amounts of drift in the form of 

moraines . Some regions of Colorado contain existin6 

glaciers , Chief among these glaciers PJ.'e Arapahoe , Isabel , .nd 

Foir . The so-called Hallet , ~Jndall . e.nd Sprague glaciers are 

probably only n6ve' fields . The lnrge~t of these t::;leciere , 

the Jxapnhoe Glocier ,will be described in a later part of 

this paper . 



Ca.uses 

Processes funde.mental in the formation of a ~lacier 

are (1) accumulation of anow by 
{a) direct snowfall 
(b~ avalenche0 
(01 wind-blown sno¼ 

(2) change of snow to ice 
( 3 ) movement. 

In this region the snow which falls in the winter is not 

all melted during the following summer. Thus,in the course 

of time,a certain a.mount will have aocumul~ted. Small 

avalanches from the peaks above also ndd to the amount 

while some is blown in from the hi(;,h peaks and falls on to 

the accumulating mass of snow below. There a.re mc>..ny theories 

regardint?; the process oy which the anew changes to ice. 

Chamberlain and Saliobury1 believe that moisture in 

freezing cryata.llizea,that the crystals in their subsequent 

passage through different strata of a.ir become somewhet 

altered in shape, end after they have fallen their sha,rper 

points melt more rapidly than their centers. After a time 

the snow thus becomes granular,:passing into n~ve and as 

preesure is increased by additional weight of snow the 

granules gradually pass into aolid ice. 

Several fnctors aid in produving motion inc 

glacier. P.mone these is the thickness of the ice. The 

greater the thickness of ice the gree,ter the weight on 

1chamberlain and Salisbury,College Geology,p~.275-2?8, 
1909. 
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the slope and therefore the easier to overcome the 

.fr1otion . The amount o:f material which A valley glacier 

picks up a.long the bottom also affects ita movement since 

this material tends to hinder motion due to the re sultine 

friction . The angle of slope due to the valley floor is a 

fe.otor in motion as well as the topography of the slope . 

Alternate freezing and thawing may brin6 about movement 

for as a granule or cryetel is subjected to preesure it 

will partially melt end upon rele~se of the pressure the 

melted portion of the cryetal will at once refreeze . Thia 

melted po:r.tion , in order to escape the preasure , fill s eny 

interstitial spe.ce between other granules and at onoe 

freezes there . rrhis process results in a slibht movement 

of the granule . The sum of such movements in different 

granules or crystals of ice results in the slow movement 

of the ice. 

Movement me.y also result from slip1Jin~ along the 

Blidinc:;; planes of the ioe cryatals . A crystal of ice is 

made up of a series of plates et right an4les to the 
l 

principal rue.is of the cryst~l. These plates may slip on 

one another as oards in e pack would slip upon application 

of presf.ure at an ~ngle . Crystals of snow in f~lline do 

not lie in a pare.llel r;osi tion. These plates , therex·ore , 

would not slip unless the individual crystals were all 

1 chamberlain end Salisbury , College GeoloL:,y , p.t:78 , 1909 . 



aligned in the same direction which would be impossible 

since snow orystal a lie in any direction in which they 

happen to fall. However in the lower parts of c glacier 

the crystals appronch a parallel position probably due to 

vertical pressure and shearin6 of the ice . It is possible 

then that the IJlates mP .• y elip or glide upon ea.oh other and 

motion of the mass will result . 

Water may assist in the movement of the ice . In the 

lower parts of a glacier the temperature is near the 

melting point . A~ a result the ice is in contact with 

considerable water . 'fhus the crystal5 are lubricated and 

movement may take place more readily . Water greatly lessens 

the friction between boulders carried at the bottom of 

the ice and the valley floor over which the ioe moves . 

:Pressure ha much to cio with the movement of the 

ioe since the grcetly increased weight of ice a.a it 

aocumule.tea brings about a more or less plastic oomii tion 

in the lower layers and such a condition aids movement . 

~ 

Erosion 

Motion starts and work bet1ins when a pa.rt of the ice 

field breaks airay from the rest leavints a large era.ck or 

bergschrund . Water seeps into this crack . eventually reaches 

the bottom of the ice field , and by alternate freezin& and 

thawine plucks the rook underneath. thus forming a cirque . 

The collecting field of the snow which changes to ice mey 
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be in the form of a large amphitheatre in which there are 

several cirques. Between these cirques the peaks and 

ridgea are jagged and sharp pointed and are known as 

serrate ridges . Continued erosion by a l termate freezing 

end thawin8 in the creva.eses of a blacier may result in 

the valley beini cut in cascade form . This pBocess is 

aided to some extent by ero~ion along the bottom as the 

ice moves . Intern&l drainage . aocompanied by freezinb and 

tha1.'ing , looeens niuch mat erial which is carried off by the 

ice . Som of this ma.teria.l if; very conrae and its pas~age 

over the region under the ice results in much a.briu;ion . 

Scratches or striae ore thus formed , e.nd even rocks rney be 

worn smooth to form roches rnou.tonneef;; . Continued carryint:., 

awaj of material from the sides of a valley results in a 

U- valley , while erosion along the bot"tom often resul.tf3 in 

rock-basins being formed which may fill wi th water and 

are known e.s rock-be.sin lakes . Dreina~e from the area 

around depres:;:ions in the drift often results in small 

lekes which occupy these dc1>ress ion~ . 

In a glaciated valley the ice may deepen the 

valley :more rapidly than the tributary val leys can be 

lowered . Such e. tr ib,1tary valley will then be above the 

main valley and is known as a hangin6 valley . M6ny such 

hanging val leye are formed by gle,ciers . 



Deposition 

While there is some material ccrried within the 

glacier most of it is carried upon or under the ice. 

13 

Much of the deb:ris upon the surface results from dust and 

from rook falls from the cliffs alon& the sides. At the 

same time the ice gathers much ma.te:rial from the sides o:t' 

the valley and from the va.lley floors over whioh it moves. 

At the terminus of the glaoier both rmper&le.cial a.nd 

subglacial material as well as the.t within the ice is 

depoei ted together and in this znanner the terminal 

moraine is formed. Often muoh of the material is deposited 

along the aides of the ice and fo:r.rim a lateral moraine. 

If two glaciers in adjoining valleys, UI)On confluence, 

deposit lateral moraines together a medial moraine is formed. 

Drift deposited in the depressions beneath the ice as it 

advances and that which is deposited on the valley flonr 

as the ice melts back is known as cround moraine. 



COLORJ\DO 

f .RT II ==- =:i: 

LOCATION AND ARF. OF THF ~?GION 

The re£ u e1 consideration is looeted in the 

C lorf o J{ation l For t , Letitude 40° to 40° 5' l' ., 

Lon.itude 105° ' to 10b0 45' ., Township 1 ~orth, 

Range 74 1 eot to Eun ·e ?3 ' est . 

.L.4 

Thie are is routJ'lly Y-shape. The lbion VElley 

and the Ara.pa oe Valley, both of v·hich contr ined t:;lac ier; , 

a~c approxim~tely perallel in their upper parts with 

't . lbion ~nd ?£t . .,. io·1il< bet ~een . Jt the er,at~rn extremity 

of ·t . l bion these valleys e...re joined r, Fi-6 . 1) . 

Albion anu Jrapahoc V lleye . Mt . Albion 
Ut . Kiowa between . ~rom Silver and Gold 

, 



TOPOGRAPHY 

The valley formed ~Y the junction of the .Arapahoe 

and Albion valleys extends due, east for a.bout two mil<s 

from which point it curves tow~rd the south ea.st , 

approximately s . 55°E. At the edge of this valley on the 

north and northeast lies a large lateral moraine . At the 

head of the -6.repahoe Valley {Fig . 2 )rises South Arapahoe 

Fe&k, about 13 , 300 feet , and North .Arapahoe Peak , 13 , 506 

r n elevetion . ,. .t . Albion,12,569 :f'eet1Md 

Arapahoe Valley from Silver Lr.ke , showing 
Arapahoe Glacier and cirque at the left . 
Mt . Al'bion is at the extreme rit;,h1,. 

13 ,101 feet in elevation rise between the valleys . 

Mt . .Arikaree ,1 3 , 147 feet in elevc.tion , on the south sicle , 

end Jt . Navajo , 13 1 406 feet in elcvation, on the north 

side . stand at the heed of the Albion Valley. The ridge 







extending from !.rt . Uave.jo eastward Rnd knoi,vn as Bald 

.rountain , ll, 453 feet in elev'ltion , i;;:; the northern 

16 

boundary of the Albion Valley while the southern boundary 

of the Arapahoe VF..lley is marked by e :ridge , also known as 

Bald Mountain , 12 , 758 feet in elevation, extendin;;; eastward 

from South Arapahoe Peek . 

The only valley glacier existinb in this re~ion 

ic the }.rape.hoe Glecier. Procesoes ir. the formation of 

this glacier hn.ve been active over ec long period of time . 

This is shown by the ver; ler0 e cirque v,hich has been 

formed at the head of the t;>;lac ier . Each eunm.er numerous 

crevesoes open end the bere:,ecrJ.ru..r1d opens tr, a width of 

15 fcf't at times . There is much drift ce.rrie<i by the ice 

which in piled up at the terminus in e. huge terminal 

r:ioraine . . According to Henaercon1 the glacier is blowly 

ohrinking i:.n Y ill in c. compar8tively short time) 

goologically speal"in0) become extinct . 

'rhe altitude of this a:rea borderint. the .ArapPhoe 

Glacier and consequently the cool temperature renulting 

therefrom , especially durin£ Pleistocene time , neceseitate 

the precipitation of rJoisture z:s cnov, . Thia occurs at 

various times thr-oughout the year . not only does the 

snow accumulate by direct snowfall in thie :ret;ion but 

1Hendereon , Junil.w , F .. xtinct rmd existin6 glaciers of 
Colora o:Univ . of Colorado Studies,vol . B, p~ . 62-63 , 1910 . 
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much piles up by small avalanches which slide down the 

valley elopes and much drifts in wind .. blown from the 

peaks whioh are almost olways bare. During the au.mmer 

much of this snow melts but not all of it. In the course 

of time, therefore, a large P..mount e.ocwnulated, left over 

from summer to summer. This accumulated enow gradually 

changed to ice. According; to Hendtr-'ebon1 'who made ce,reful u· 
11./i ;, 

meaauremente of the rate of flow of the relative parts of 

the glaoier,the average distance over which the glacier 

moved during the year 1904 was approxime.tely 2? .feet. At 

the present time,July ll,1S2?,there is a large amount of 

snow covering the ice of the slaoier except in one plaoe. 

Thus no definite data oould be obtained as to the thickness 

of the ice. Only one orevaese was found to be open. This 

crevasse,at the widest place, was not over 15 inches in 

width. Ice,however,oould be seen down to a depth of 

approximately 18 feet. At the east end of thi s crevasse 

the bottom of the 0 lacier bed could be seen. An idea of 

the thickness at this point could thus be had. ,Tudt;;;ing 

from the position of the contours on the ice the thickness 

could not be over 90 :feet at the deepest place. Hencierson 

estimated the thickness in 1904 at not over 100 feet. The 

glecier itself ·is very small,ccvering e.n area of not over 

500,000 s~e feet. Its dimension is greater north e.nd 

south than it ie east and west. The angle of the slope over 

1Henderson.Juniuo,F..xtinot and existing glaciers of 
Colorado;Univ.of Colorado studies,vol.8,p.53,1910. 



hich the ice flows could not 'be determined. It is • hov,ever, 

·re test on the west side of the glecier. On the east ide 

the slope is toward the center due to the Greet ridge of 

termin 1 moraine a ?inst which it lies(Fib.3).This slopine 

towards the center is also partly due to the reater depth ,.. 

It:~ ~ ~ 
~ig.3. Terminal moreine,Arepahoe Glacier. Ice in 

foregrounu.U-velley,rock-basin lakes, nd 
lateral moraine in the distance. 

of the cirque on the west side caused by weatherin~ of tne 

country rock at the 'bottom of the 'ber · schrund. Gre t 

masses of terminal moraine lie in rid6 es alon~ the east 

side of the glacier end more drift is constantly bein~ 

~dded(See sketch,pebe 19). This drift varies from hu~e 

masses of rock over ·hich the ice rode,anu lar~e 'boulders 

30 feet in di meter,to those approximately a foot in 

dio.meter(Fi~.4). ~ith these bouldero ere mixed mP.ny much 

smaller as well s a lar e amount of very fine m teriel. 

Enou~h rock flour to make the water of the small lakes 
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Fig4. Rock r1cges passed 
over by glacial ice. 
From Triple Lakes. 

20 
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milky is ~round up by the ice and c~rried off by the 

under ice streams. On July 11,1927,enough snow had melted 

so that a small area~! ice was uncovered. One crevasse, 

deep,but not large,was seen. Over the ice run many streams 

from the meltin~ sno~ and ice above. So much ~ater ib 

carried off in this manner thP.t a leke of considerable 

size is formed at the foot of the l~cier next to the 

terminal moraine for a distance of about 100 feet(Fi~.5). 

Beneath the surface of the ice but within the blacier 

water could be her.rd running. Much debris of various sizes 

is beint::., carried by the ice,either upon,v..ithin,or beneath. 

In the crevasse,open near the east end,m ny boulders of 

various sizes could be seen lying es en6 lacial drift at 

different depths in the ice. Also much fine material was 

e. ''R. 

c. 'R, -=- <::;>u..""tv-, V-0(.\<. 

s,-,..!::..::: Sh,Ql,,J o.."'-J. L.C..€, 

'i, M • .:: --h.,..y w\-
0
\. ...........J. ,.--ov~"" €. 

i... ~ ll.a..ke. 

Fi&.5, Leke ponded by terminal rnor.aine,Ar~pehoe Glacier. 

seen hioh had fE,llen into the orev~ ce end sunk into 

the ice causin rr.uch discolorc .. tion. This was very 

noticeable alon the lemin tions c used by s~cceo Give 

snowfalls. 
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GLACIERS OF TIY)l FAST 

That there wes a glacier in the J.lbion Valley is 

shown by the very large U-shaped valley containing a series 

of emall rock- basin lakes . Aleo a very large number of 

roche;- moutonnees are to be seen near Lake Albion and an 

even greater number just east of the third Green Lake . 

Great numbers of erratics may be seen around this same 

lake. One large cirque occupies the head of this valley . 
5..,,-..,-\li:. 

Between the ~h elope of Mt . Albion e,nd the ciJJque 

of the Arapahoe Glacier lies a large am1)hi theatre which 

contains many small cirques separeflled by many jagt,ed or 

serrate ridges . Some excellent examples of han~in~ valleys 

may be seen here(Fig . 6) . That the glaciers formerly 

occupying these valleys have only recently retreated is 

the opinion of Henderson . His evidence for this lies in 

the fact that the rocks f ound here a.re of a nature to 

weather easily and in a short time , geologically , the 

~laoial polish and striae ~hich ere found would disappear . 

Two tongues of ice , one in the Ar ape.hoe Valley , and 

one in the Albion Valley , joined at the eastern extremity 

of Mt . Albi~n and extended nearly to Bluebird Mine . The 

only remnant of this ice which remaino is the present 

Arapahoe Glnoier(See map overlay in pocket) . 



Fig.6. North rapohoe 
Valley from Triple 
Lakes. Serrete 

., 

ridges t upper left. 
H nbinb valley in 
fore(:>round 



Work -
Erosion 

In many J)laces glacial strie.e may be found. on the 

rocks over which a glacier paaees . This is one of the best 

evidences for glaciation . In this region very few of 

these scratches or etriae are to be found since weathering 

has removed 'the traces in nearly every case . A few , 

however , may be seen on the north side of the Ara1rnhoe 

Valley near the trail at the beginning of the first ., 

bench at an altitude of about 1 11 000 feet. 

Another. evidence of glaciei action is to be found 

in the roohes moutonnees or rounded knolls of rook . These 

are prominent in the .Arapahoe Valley between Goose and 

Triple lakes. They are especially abundant a.round the 

Green Lakes in the Albion Valley. Here they lie parallel 

to the direction of the ice flow , are much rounded e.no 

weathered , a.re more steeply sloping.and are worn mor;t 

on the west side. They vary in size from those about 500 

square feet in area to those whoee surfaces contain only 

a few square feet(Fig . ?) . Before glaciation both the 

.Arapahoe and Albion valleys were young and consequently 

Y'-ahaped . As the ice accumulated and filled the valleys 

much of the loose dcbrie along the sidEs of the valleys 

was carried a.long . Many rock elidee from the sides of the 

valley resulted. This removal of material,both coarse and 



Fiu.7,Roches moutonnees in the Arapehoe Valley. 
Lookin~ north from Goose Lake. 

?ig.8. Glaaia ed U-v lley.Jxapahoe lookin~ 
east from first bench 

Lateral mor ine in dint nee. 
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fine , from th~ sides of the valleys by the snugly fittine::, 

ice gradually changed their sha:pe to that of U-va.lleys(Fig . 8} . 

:Meny excellent exemples of cirquei~ may be seen in 

the region . especially in the Arapahoe Valley . The largest 

and best developed cirque is that at the head of the 

Arapahoe Glacier . This cirque forms a larLe semicircle 

between North and South Feaks . Late in August or early 

in Se:pteiober . according to Fenneman , 1the bere.:,sohrund is 

opened a.round the cirque , oometimes toe. width of 15 .feet 

and to a depth of over 50 feet . On July 11 , 1~2? , it was 

just beginning to open in four places around the cirque . 

In August,1925 , the bergschrund was open much roorP. and 

several crevasses were seen in the ice . The conditions in 

July , 1926 , were about the same as in July of thie year(l9~?), 

The alternate thawing and freezine;, in this bergechrund hao , 

of course , sa.:p:ped the country rock and as a reeult the 

large cirque was formed . 

The ice , by abrasion , scoo_ped out many depress i ons , 

some of which became filled with wate:r , for minL lake~ of 

various sizes(Fig . S). These are known aa rook- basin lakes . 

CJI . 

Fie .9 . Goose Lake , a rock-basin 
lake sho½in~ rock ridge 
over which the ice rode. 

C.1l.-""""'-"-tv1 vu<-lc.. 
l.-- . = {'.,,_ k.e 
t .'R ." rod'- ..-·c.l.1e 

1Fenneman,N.M.,The Arapahoe Glacier in 1902:Jour.of 
Geology,vol.10,p.84?,1902. 
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By darnmin they hcve been reat}y enlargeo and furnish the 

water for the city of Boulder . In the Albion Vall J 

the chief lakes of this type a.re the Green Lakes i.nd 

Lake Albion,while in the Arape.hoe Valley fhe chief lakes 

ere Island , Goose , a.nd Triple lakes. Goose Lake ie an 

excellent example of a leke almost divided into t,rn .P .rts 

by e hi h rock rid e ove:r v,hich the ice rode but ,.hich it 

wa· unable to cut own to the level of the surroundin 

rocl<s{Figs . 9 , 1 , 11 , 12) . There has been much weathering of 

the country rock over which the leoiers pas ed in the 

region of the rock-basin lakes. Great mas3es of rock are 

split off or exfoliated from the CO\ntry rock in meny 

place . This is ue chiefly to the ork of frost. 

,--

Fig . 10 . Islond Lake. aD hoe Valley. Fr.om the 
ride to the oouth. 

, 



Goose Lake . }.repahoe Valley . From the 
riage to the souti . 

, 

Fic; . 12 . Triple L kes . P.ock-ba.ein lake& in J.repnhoe 
Valley from first bench.looking east . 



J. lon8i tudine.l section of both valleys showa a 

series of steps or cascmies (Fib . 13) . The general belief 

among t,:;eologists,~ccording to Henderson1 , is that these 

29 

"-',., "'£-e.l!. J • ov 

J;"'i ' . 13 . Longitudinal section of .Arapahoe Valley 
showing benches formed by BappinO and abrasion . 

oasoades are formed by continuous sappinc; at the bottom 

of the ice where there is a crevasse . When a. glacier moves 

over an uneven surface from a higher to a lower Lrade the 

ice cracks a.nd a crevasse forme . This crack may extend to 

the bot~om of the ice . The ice ;ill protect the v llcy 

bot :..om ove1· which it flows from weathering by frost but at 

1Henderson , Junius ,Extinct and existing glaciers of 
Colorado :Univ . of ColorEdo Studics , vol . 8 , p . ,5 , lSl0 . 



the crevasse this kind of weetherin~ mey teke place with 

the result that the debris formed. from the rock may be 

csrried of.f by the water flowint, under the ice. In time 

a cliff will be formed as a result and it will slowly 

recede u:pstreflm forming & caeca.de. Due to structural 

inequalities of the underlying bed :rook suoh e. cliff may 

also be due to erosion and abrasion by the ice. The steps 

or cascadea , ther.efore , nre formed by crevasses and by ice 

erosion of the bed )~ook, while the cirque is formed by 

the srune rirocesfJ 2t the berbBchrund. 

Deposition 

Mt . lbion,12,569 !eet in elevation,Mt.Kio~a. 

13,101 feet in elevation , and the Arapahoe l?eaks ,the 

highest, North J?eak , being 13,506 feet in eleva,tion . slope 

very steeply. Since there is evidence of a.n uplifted 

peneplain between Mt .Albion and Mt . Kiowa ,i t is evident 

that there were V-shaped valleys present before the 

gla.ciation began. These were youthful valleys. D\.trin~ the 

Pleistocene the large valley glaciers which were formed 

fitted snugly j;o tr.e slopes. Large amounts of rock debris , 

the:r.efore,fell on the accumulating ice because of the 

alternating freezing and thawinB and because of the 

grinding off of large a.mounts of material by friction 

against the slopes as the ice moved downward . 'l'h1s 

material was carried along by the ice. Some of it was 

carried as superglacia.l material ,some as englacial. M'uch 



that started ee su:perglacial beceme engla.cial as it 

proceeded down with the ice due to melting of tr.e ice 

upon which it was cerried end due to subsequent 

snowfalls upon the ice . Some material , of course , was 

carried as subgla.cial drift . In addition to the abov< ways 

in which the ice gathered material there was a considerable 

amount gathered from rock slides end small eval~nches . 

One of the striking facts which may be observed 6t present 

is the large number of small rock elides which one may see 

at the head of the glacier . On a warm day one may observe 

many times,in the course of a short time spent upon the 

glacie:::--,rocks of vax-ious sizes come rolling down uvon 

the sno\, from higher up on the cirque (.lrig .14). As e result 

of this type of weather1n5 the jagged serrate ridbes ere 

formed . 

. /ioraines deposited in these valleys from thio drift 

include lateral,terminal,media.l,and ground moraines . They 

are composed for the most part of unstr~tified drift 

varying in size from huge boulders 35 feet in diameter 

to fine clay v.nd gravel{Fig . 15,pe.ee 33) . 

The north and south lateral moraines , reapectivelJ , 

of the Arapahoe P..nd ..Albion valleys became medial at the 

junction of the two valleys at the east end of Mt.Albion. 

Here the drift is similar to that of the other moraines , 

beint, composed of various sized boulders mixed with fine 

material , the entire mass unessorted . In some _places lart,e 

outcrops of rock were ridden over by the ice and protrv.de 



__,, ~ -~ .-r 
_.,,,,. -- - . ~.., ~ 

. ~.:,:·jI; •.;~~-\ ;"~z~1<-~~~ ~~ -~ • :·-:-
Fig . 14 Sma.11 rock slides and debris of various 

sizes on the ice . Arapahoe Glacier . 

up throu0h the drift(Fig . 16 , pece 34) . 
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The most significant moraines are lateral . A study 

of the valley shapes and draine.t:,e of the area shows 

considerable evidence for a change in the direction of 

the glaciers as they moved down the vr:.lley . This chant.e 

took :place a.bout four miles from the herd of the y,.:,lleys . 

The original direction is nearly east-west . At the curve 

the direction ohanees to S . 55°E. ~iong the north and 

east sides of the valley le.rge amounts of drift were 

piled up as lutercl moraines . Lil{ewiee on the south and 

west borders of the valley the same condition . though to 

a lesser extent , may be noted(JJ'ie,s . l? , 18 , 19 , 20 , 21) . 



GlaciEl boulder wect 
of University <::amp. 
Silov s Gi~ns of 
weathering since 
der,0eitiun. 
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Fi .16. Medial moraine showin0 neture of drift. 
From Silver and Gold T:r.e.il. 

Fig.1?. est lateral moraine from Arapahoe Trail. 



F16 . 18 . Eaat lateral moraine lookinb east from 
Arapahoe 'frail . The lar~eot lateral . 

Fig . 19. Continuation south. of ?i& . 18 . Shov a 
later~l moraine endinG lobe-fashion 
r>t '!.oX\'iell road . From J.repchoe Treil. 

, 



•• - ' . . -. ' -

36 

, 

':-- -~---,_.~ .. - --. .. 

Fi~.20 . East l~teral moraine lookin~ west from 
Maxwell road near University Ca.mp. 

,.. 

./ig.~l. Co ,t.:i.r.ua.tion north of Fig . 2 . From 
Maxwell ro~d near University Cemp. 

, 
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Upon the north and east sides the moraime has the 

appearance of a hi0 h ridge of drift.steep-aided ,with rock 

slides and talus heaps et variouo points and much coaree 

material ocattered elonb its baoe(Fi~ . 2~ 1 pa6e 38). This 

moraine is nenrly three miles in length and varies from 

50 to nearly 4,00 feet in height. ·:rhe to:p is wide, in some 

places the width exceeding 1500 feet , and consists in 

innumerable small ridgelil , knolls , and kettles . These ride:.es 

ere in no certain order end lie in &ll directions . llr.:.eny of 

the kettles contain water(8ee Figs.23 , 24 , page 39,and 

Fig . 25 , pa6 e 40) . Some of these ridges are of considerable 

size,however , and ere deposited alona the lower inside edoe 

of the lateral morvine . Their position and forrn indic&.te1,;; 

that they are :probe.bly te:rminP-1 in nature. They Rre 

located alon6 th, Silver Leke road neP...r its junction with 

the Maxwell road . . ,:uch terminal drift lies at the end of 

the ~lacier . It is deposited in parallel ridges which are 

very close together . Some of these ridges are de1)osited 

in a. north-south direction while others are deposited in 

a ooutheast-northwest direction . From a distance all of 

these deposits appear to lie in a north- south direction 

across the valley . The separate varallel ridges of 

terminal drift ?..re possibly due to deposition ref.iul tint£, 

from the retreat of the ice . on successive years{See sketch. 

page 19). On the west side of the valley ia a lateral 

moraine very similar to the latercl mo:raine on the east 

side of. the valley. It ie not as hi~h,however,but is 



Fi . ~2 . L&teral drift ri ge 
on east late:re.l 
1oraine ohown in 
~i~ .18. Silver ~nd 
Crold Trail. 

- 38 



Fig.23. Kettle lake in terminal moraine. 
Uaxw0ll road near Silver Lake road. 

Fit.~4. Kettle leke in la.ter2l moraine . 
.Albion !'oad nt timl)erl ine. 

39 
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curved in a similar manner P.nd extends in the same general 

direction . Upon ench of these lateral moraines ie a rid~e 

of drift va.ryin6 from 20 to 50 feethin hei~ht,very evenly 

d0posited , flnd extcndmng the entire length of the lateral. 

Theoe rid~es nre typical "perched" rwraines and Rre 

probably due to a lnter ndvance of the ice. 

)l ,\'n ,:~ ,,_.,,_;,.,...._ 

O .Y't\ .~ cl<d-- ~ Q ..-o.~'n.e 

CC,~~._~",:"1 ....,,.k . 
:t.. ,1" M_, ~t.c£ ,_,.l_ 'rM,,IY-.1.."& 

Fig.2.5. l'Ossible w~.y in which a 
kettle lake is formed. 

One of the results of mornim:,J. deposition is to be 

seen in the area known as Devlin's rs:r.k. Thin ret-ion is 

bounded on the southe'"'et by the ma.in deposits of the 

west lnterel moraine. 'rhe mor"ine r.t this point e;,:ten<1s 

ridee-fashion south until it otrikes the main rock 

outcrops to the south. About 300 feet before it co~es 

into contect ri th theee rockf:i it is cut throuc;h by 

Ceribou Creek ¼hich occupies a deep v~lley at t~is plnce . 

\est of this moreinal deposit is a large level area about 

one square mile in extent,bordC'red on the south by a 

terrcce,and on the notth by: a huge,more or less bar-sha1;ed, 
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ridbe of sand and gravel. On the northwest and west sides 

of this area are small terre..ces. All of the terraces a.re 

approximately at the same level. It is suggested that 

this area was at one time covered with water held in at 

its east boundary by the ice of the glacier. The ice was 

succeeded by drift deposits which continued to hold back 

the waters of the lake thue ponded. The water wae 

:ponded back toward the southwest from which direction the 

drainage froni Caribou Creek entered. Along the border of 

the Jake thus formed deposition of fine material as 

terraces took place . Other stDeama draining into the lake 

from various directions mi0ht leave deposits of fine 

material as delta deposits. Since the moraine ridge which 

held back the water pitches toward the southeast the 

natural outlet for the lake wo\:tld be in that direction. 

Hence in time the moraine was out down by stream erosion. 

Eventually the lake was drained , the terraces remaining as 

stream d~poaits and probably to some extent as wave-built 

terraces. The peculiar ridge at the northeast side of the 

park may be accounted for by deposition as ll small delta 

from streams draining from the moraine to the east . The 

material of this ridge is made up of fine gravel and 

coarse sand. It lies parallel with the main lateral rid~e 

of morainal material and within 20 feet of it for a 

distance of several hundred feet. Streams draining from 

the moraine to the west could have deposited this material 

as a delta in the lake. Later as the lake drained , erosion 
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would cut down between the delta ,:ind the moraine leaving 

the present ravine between them(Fi~.26). 

L, !) . 

- A~l)
4

,t/4 O A 

e.'i?, 
~~'!Z.!:2.~~~~~~~~~~:2221 

& e:to... cl'-'-; L Y\.l f O Y W\.O.. t:.~ Y\. 

Fig.26. Delte formation. Devlin's Park. 

Ground moraine lies in the valley between the 

lateral moraines. The boulders are small for the most part 

although a few large ones are scattered a'bout{FitS.~;7}. 

Some of this material has been transported by the ice as 

much as eight miles. The drift ie much weathered both on 

the ridges and on the east lateral slope. The boulders 

are composed chiefly of gra.nites,gneissea,schists,and 

felsite porphyries,with a few ecattered hornblenddltes 

and diorites. The porphyry.which is found scattered in 

consider.able abundance over the east side of the area, 

comes from porphyry dikes which h~ve been located in 

place only in the Albion Valley. The gneiss comes mainly 

from the upper Green Lakes region. The schist end various 

kinds of granite come from the walls of the Albion Valley. 
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Fi -·. 27. Glnc ial 'boulder. 
Silver Leke Vclley. 
Shows pittinb and 

rounding. 
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The schists and granites , to ether with considerable 

amounts of gneiss which ere found mostly in the Arapahoe 

Valley,come from the .Arapahoe Peaks. 

The thickness of the drift cannot be told with 

any ~reat ecouracy. On the main east lateral ridLe where 

the Maxwell road outs across,and at Devlints Park where 

Caribou Creek cuts throu~ 1 the drift is at least 50 feet 

thick(Fig . 28). On the slope of the east lateral ridge the 

Fig.28. Moraine , Caribou Creek. 
Cross section . 

drift is much thinner as is shown by cuts on the Jlaxwell 

road(Fig.29) , and on the Albion road near Hill's Mill 

where the count:ry rook is no more thnn a foot below the 

surface of the drift. Not only ia the drift scattered over 

C ,1/.. '°~•"-"-LY'\ .-oe.\<. 
0. f'/1 , "'- oe._t y,,,oy,.,~"'-"' 

Fig.29. Country rock exposed at cut,Uaxwell 
road , showinB thin covering of old 
moraine on a small rock ridge spur 
of the east lateral moraine . 
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the area in boulders of varying sizes,but especially in the 

Green Lakea region a.re there great numbers of erratics 

occurring mainly as balanced rocks. Some very lar6e granite 

boulders a.re ba.la.noed on "sheep-be.eke" or roches moutonneea 

made Ul) of aohists. The drift is much more sparsely 

distributed _in the region of Hill's Mill and eest of 

University Camp. The material is washed out or leached. 

weathered and decomposed,e.nd is spread out in many places 

in fan-like lobes. The edge of the drift may be traced a 

short distance east of these places and fu:tther south 

beyond the Maxwell road. The boulders are much rounded, 

the angularity decreasing gradually from the Albion road 

at timberline to the drift east of University CamJ). This 

is due not only to greater distance of transportation of 

the boulders but to exceesive weathering. The degree to 

which these boulders are weathered seems to depend some­

what on their location. On top of the highest ridge of 

the lateral moraine on each side of the valley,and between 

these ridges,the weathering of the drift boulders appears 

to be mucBJ.ess than that on the east slope of the moraine 
!. 

where the University Camp is located. On this east elope 

the granites are oxidized to a considerable extent,some 

of them being very brittle and crumbling easily. Outwash 

is abundant a.round Hill's Mill and ell along the edge of 

the moraine near Bluebird Mine. Its thickness is not 

great but it is spread over much territory. 



PERIOD .QE GLACIATION 

fwo Advances of the Ice 

Evidence 

Henderson1 bel-ieves that glaciation in Colorado 

took place in Pleistocene time.Wisconsin period.but he 

states that there is little evidence from which to 

determine the age. However he recognizes two epochs. 
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2 
:Bastin and Hill date the time of the earlier glaciation 

as pre ... Wisconsin and that of the later as Wisconsin. A 

study of the aree of the ,Arapahoe and Albion valleys 
' 

reveals abundant evidence for two advances of the ice. This 

evidence is of two sorta, namely, (l) topographic, and 

{2} condition of the drift. Ae shown on the map there is 

a distinct lateral moraine extending from high in the 

Albion Valley southeast end curving toward the south and 

which has been called in this paper the east lateral 

moraine. Bordering the eastern edge of thie moraine is a 

distinct e.nd well marked ridge ap1Jroxima:.tely fifty feet 

higher than the top of the main moraine. This ridge can 

be traced eimost continuously from north of the Albion 

1Henderson,Junius,Extinct and existin5 glaciers of 
Colorado:Univ.of Colorado Studies,vol.8,p.52.1910. 

GBa.stin and Hill: U.S.Geol.Survey Prof.Peper 94, 
p.58,191?. 
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road,which crosses it about two miles west of Hill's Mill. 

south and southeast until it ie oro:3sed by the Maxwell 

road about 1,000 feet east of Arapahoe Falls. At this 

point it is much lower and breaks up into eevera.1 ridges, 

continuations of which extend for approxirnately 1500 feet 

southeast of the road,running out lobe-fashion. At one 

point,above the Maxwell road,aoout 800 feet north of the 

road,this ridge curves into a rough he.lf 8-shape. This 

peculiar change in the direction of the ridge ruay be due 

to a larGe block of ice breakinB off from the main mass of 

the ice at this point and depositing ite load an it melted 

while the main mes:, moved on. Far.the:r clown the valley Beyond 

Arapahoe Falls on tn.e east side of North Boulder Creek a 

much lower ridge begins,extending,with some interru1)tions 

and irregularities in direQtion,as far eoutheaet 8S a 

point about 1,000 f .eet from J3luebi:r.d Y.Hne(Plp.te Jtt,rrnt.e 48). 

To the north of this low ridge snd throue:,hout most of its 

distance,and pe.rallel to it,extend similc?.r but hit.her ridges. 

Examination of the drift of these pa.re,llel ridges shows it 

to be weathered to about the same degree as the older drift 

of the east slope of the main lateral ridge near University 

Cemp. It was probably deposited by the ice upon its fmret 

advanoe. On the west side of the valley on top of the 

west lateral moraine is another ridge very similar to the 

ridge on top of the e&st lateral moraine. It starts 

directly ea.st of Bald Mountfl,in tnd runs south for a 

short distance and then southeast ending opposite Devlin's 
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P&rk. There is N very distinct curve in this ride ~ust 

o.t the point where the .Are.pahoe Tr il c:r.osnes it. 

These ridges e.pr,car to be supnrimposed upon the 

me.in lateral moraines. In other \\Ords they Pre •1:pe:rched" 

rnornines(Fig.30). 'they n:r.e very evenly de osit d (4s compared 

Fii:1;.30. "Perched" morainen. ""1.0 nivencea of the ice. 

ith the rest of the drift. Their position is always on 

the highest p&rts of the drift accumulations and they have 

ell the appearance of beint, euperimr;osel u ;on the 

underly ine;, morein~tl material ( Fi e. 31, ;-::. ) . The very 

notice"ble uniformity in height and evenness of deposition 

of the ridges would indicate that the deposition ,as made 

by movin ice since ice which was stationary or recedin~ 

would leave the material in heaps or short irregul r 

ridges. 

Another topographic evidence of considere.ble 

importance is the pre ... ence of what might be called 

"benches" in the u per Arapahoe Valley borderin0 the 

Triple Lakes(Fib.3Z). These benches are very plainly to 

be seen,even from a considerable distance. The hi&hest 



:7it,.3l. 'Perche •• ruor in l r.1.a.t:;;e. ;otice venn 
of de:positiom . . . ock LP.ke Tr~il. 

Fi 1 .~2. ~Perched ' ridge on old moraine. Notice 
ridbe-like orm of ~iQhea~ rif~. 

Silver and Gold Trail. 



bench is a little over 11,000 feet in eltitude 

and from its position ;itn re&erd to the peneplain 

remn nts it is very evidently a pe..rt of it. The next 

Fig.33. u-valley showing 0 benches 0 and old 
pcneplrin level. It Trivle LF...kes . 

lower bench,however,at an altitude of 10,800 feet very 

vidently is not a part of the pene.r,l"in. It sho'rs 

evidence of havin6 been gouged by the ice and a little 

·morainal material of the more anuular variety lliey be 

found upon it . Belo this bench is the valley proper 
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with rough ice-worn sides , rock slides,and talus slopes. 

The floor of the valley is between 200 and 300 feet deep 

from this last bench to the Triple Lakes below. The ice, 

on the first advance , possibly filled the v~lley to 

some~hat above the level of the first bench cbove the 

present valley. The mrucimum depth of ice on this first 

advance was probably not over 600 feet. This depth 

gredually decrease us the ice flov.e ov.n the valley 

but there was ..,till enouLh to travel over the rock ridt,e 
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juet ,vent of Univerr:ity Camp. The ice traveled down the 

valley o.f North Bould.e~ 8re' k eposi tin& the short pr.r~llel 

ridees,.::s ~·.ell as the cn0 lower ridge.rill of ;hich run 

out lobe-feshion ne r the Bluebird t ine nearly eieht miles 

from the heRd of the present elecier. The ice rececied end 

there was a time of erosion though probably not a lon~ 

interval. Again the ve.lley became :f.'illecl with ice though 

this time the depth was not neerly f.O gr.e&t. The present 

deeper r-.nd narrower valley was posf>ibly eroded from the 

youthful V-valley started by erosion during the inter lacial 

inter.val. The depth of this ice es not suffieient to 

cerry it over the rock r idee west of University Camp. 

It di.d, however, carry approximately to the top of the ridtie 

and the materiel ~as deposited in an even laterel ridbe. 

This ridge ends just e~st of Arapahoe Palls. The west 

lateral perched moreine,while not as hitlh vs the one on 

the east side of the ve.lley,mey be seen to follow a 

sjmiler direction 6nd ends at the south side of orth 

Arap,hoe Creek velley opposite Devlin's Far.k{Fi~.34.See 

Fie. l rr , pege 34). The ice on the second advsnce probably 

went no further then this point. F-xemination o~ the 

material collected here bears out this point,as will be 

shown later. That the ice went no further on the second 

~dvance is elso indic .... tcd by the f&ct th2:t the deponits 

at this point occur ns knolls and short rid~es very 

unevenly deuosited(Sce Fiu .:.Z.4). See e.lso Plete ][];]:,pe.ge E4). 
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The secon· type of evidence for two advence of 

t1'1e ice is ti1e necture of ~e~therin of the drift. 1'he east 

the matf;rial is for the most; pa:r.t r;:Ather evenly distributed, 

e.xtendi:ne:, south to the Pa.):well road and in some places 5,)0 

to l,00> feet beyond. At Hill's! ill,north of University 

r , 

Fig.34. Terminus of west late~cl moraine. 
Notice uneven deposits in short 
ridt.,:,ef3 and knoll3. Fro~ l~axwelJ. 
road just beyond Arapahoe Falls. 

Ct=.Jnp, lobe-shaped ridges of the mor""inc extend eastward. 

They are much steeper end ~ore rid6c-like than the main 

east side of the ~oraine. At different pcinta on the east 

side o the moraine steep slopes,iike the side of a riuge 

may be seen. The'e plecee ere covered ¼ith boulders ~nd 

are the result of ~no~-s~ppin~. 

t various ple.cec bet',vecn Hill's Nill and the 
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Uaxi;.ell road there ere outcrops of rock and the mor.inal 

deposit is very thin. Since th se outcrops Rre a psrt of 

the main mor~inRl rid&e they sue;gest t.hP. presence of a 

rid~e which has been covered with mor inal debris 

throughout the entire distance(See Ji'ig.29,page 44) . If 

such a ridge :i.s present an explanation is furnished for 

the turning of the ice from the path straight down the 

valley. In its journ y don the valley upon coming to 

this rock ridge the ice would be :parti lly turned from 

its course and the larGe e.mount of debris present on the 

ice would be deposited as a later?..l moraine(Fig.35. 

/ 
/) 

Fig.35 . Curve in perched moraine on lateral. 
otice decided curve and evenness of 

deposition. Silver and Gold Trail. 

Further evidence to support this idea is found south of 

the ).~-well road, esst of Devlin's Perk. The deposition 

of the moraine at thiri point in her~ps r,nd short ridt,es 



indicates that much of the ice melted at this point. The 

large boulders found in this &rea indicate & thick mass 

of transporting ice and consequently a long time during 

which tr6nsportation and deposition took place. 

Boulders in all of' the drift area outside of the 

perched ridges are decidedly more weathered and pitted 

than a.re the boulders upon these ridges and in the 

valley between. Of the material composing the drift the 

granites show the greatest amount of wea.thering. Material 

on the perched ridges and in the valleys between is more 

subangula.r and less 1;,ounde<l than that outside tr.ese ridges. 

It is also much less :pitted. In order to :procure some sort 

of definite evidence from the material of the moraines 

themselves for two e,dv~u1ces of the ice the followine; data 

were gathered. It is intfnded to 5ho~- the relative amount 

of weatherine of the drift of the perched moraines and 

included valleys and of the drift outside of these valleys. 

Five hundred specimens of boulders of the d:rift were 

gathered and examined. Since the hypothesis states that 

there were probably two advances of the ice and describes 

the relative position of the two deposits of drift and 

since this position is shown on ~he accompanyine map. 

specimens we:re taken accordingly from these two relative 

positions ,namely (1) from the perched moraines and their 

included valley slo:pes,and (2) from the east slope and 

corresponding west slope of the main lateral moraines . 

In other words material from the sugge::cted old drift was 



compE-red vii th thet from the suggested newer drift . From 

ee.ch point at which ~pecimens were gathered they were 
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taken (1) from the surfa.ce , t::>.nd (21 .from beneath the surface. 

The accompe.nying chart (pege 58) indicates the points at 

which the specimen$ were e:ethe:red . Upon exemination of 

these 1:rpecimens it was apparent that the gre.?.test e.1Lo1mt 

of weathering and pitting , kaolinization of feldsr,ars , and 

oxidation of boulders of the drift had te.ken place upon 

those specim~ns g~thered from the ee.st slope of the 

east main lP.ternl ridg: . The wea.thering , _pitting , kaolin­

izetion.and oxidEtion of the boulders on the l)erched ridges 

2nd included valleys . while e.p:r,arent , seemed to be much less . 

Not all the specimens jn either location showed these 

characteristjcs but the predominP-tin~ number did . In order 

to make the examination of the specimens as accurate as 

possible a method of me8surements was next r e sorted to . 

'£-ach of the specimens was meas,ured upon the weat hered r i m 

after breaking . An ordinary pair of divi ders was used and 

the measuremen t s trc=.nsferred to a millimeter r:.cale . The 

number of millimeters of weathered rim for e&ch specimen 

was recorded and the average for each set of spec imens Vias 

computed . Finally the percentage of differenae for each 

set from ea_ch of the two cori:pared locations wes ca.lculsted 

and the faverace percentnge for the entire number was 

obtained . The results shaw the least amount of weatherint;; 

in the d!'ift on the perched :ridgen and their ,included 
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valleys. As lar e ~ Vru'iety a~ possible of the kinds of 

drift boulders was gpthered so that the results VP-ry 

rather widely in some cAses due to the ff¾.ct thrt the 

boulder in the two positions could not alw?.ys be mntched 

in size and texture. The dnta figured in these percentr.e,es 

were gathered from over 400 of tne specimens. In some placeb, 

for instance near Bluebird • ine,no perched ridses occur so 

boulders were gP.thered only from the ridt...es found. 

Weathering measurements on ·these boulders correspond to 

those measurements en the drift boulderl:3 obtained from 

the east side of the main east lateral moraine a~ may be 

seen from the chart. These data are offered as evidence 

thet the drift of the east slope of the main east 

lateral moraine and the west slope of the main west 

lateral moraine is older then that of the perched ridoes 

and included valley alopes,and consequently the e?.rlier 

advence of the ice left the drift on the eest and v.est 

slopes of the main lateral moraines. Drift on the perched 

moraines and included valley slopes was,therefore,left 

by a later invasmon of the ice. See pages 58-60. 

From the previously mentioned statements of Bastin 

and Hill and of Henderson(pP.ge 46)as to the time of 

glaciation in Coloredo,and from the evidence obtAined from 

this region,it would seem that the first edvance might be 

placed at early isconsin time which h8s been estim~ted by 

Chemberlain et from 20,000 to 40,000 years ago. Jf the 

evidence obtained from the meesurement of these specimens 
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mcy be used ae a basis for an estimate , roughly , of the t i me 

between the two advances of the ice then an estimate of 

14 , 000 to 50 , 000 years ago as the ti!..'Je of recession of 

the sec ond advance or about late 'Visconsin t i me would 

perhaps not be too long . 
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