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.'\BSTRA CT. A li chen-growth curve h as been d eveloped fo r dating R ecent g lacia l a nd p eriglacia l deposits 
in the India n Peaks a rea of t he Colorad o Front R a nge. Rlzizocarpon geograplzicwn was selec ted for the stud y 
because of its long life spa n a nd consistent size- age rela ti o nship. The species g rows at different rates in 
different micro-environ ments, with moisture, sta bility of substrate and length of snow-free growing season 
having the greates t effect. Growth rates were determined ind irectly, by measuring the maximum diameters 
of circ ular or nea rl y circ ul a r tha lli growing on su rfaces of known exposure age. l\tl easurements were mad e 
on 24 histori ca ll y dated surfaces, ranging in age from 25 to 69 yr.. a nd on three radiocarbon-dated surfaces, 
including ( I) mudflow levees yo unger tha n 180 yr. , (2) a rock wa ll buil t by preh isto ri c I ndians about 970 yr. 
ago, a nd (3) ground m oraine deposited b y a retreating va ll ey g lac ier a bou t 2-460 rad iocarbo n years ago. 
R. geogra/J/zicum grows ver y ra pidl y ( 14 mm. / loo yr. ) during the first 100 yr. of its life. Growth then slows to 
a n average rate of 3'3 mm ./ loo yr. The completed growth curve is bel ieved to be suita ble for dating 
deposits a t least as old as 3,000 yr. 

R ESUME. Hisloire glaciaire recenle d'l/ne zone alpine de Colorado Fron! R ange, U.S .. -1. I. ElabLissemenl d'l/ne cOl/rbe 
de croissance des liclzens. U ne courbe de croissance des li chens a de eta bli e pour dater les d epots g laciaires 
reCents et perigl acia ires d a ns les India n P eaks, Colorad o Front R ange. On a choisi Rlrizocarpoll geograjJhiCllm 
pour celle etude it cause de l' etendue de sa long ue vie e t d e la consistence de la relation entre age et 
d imens ion . Cette espece crolt, it differentes vitesses d a ns diffe rentes cond itions m icro-climatologiques_ 
I' humidi te, la sta bilite du subst ratum , et la dun~e d e la saison de croissance libre de neige ayant le p lus gra ncl 
dfet. L es v itesses d e croissa nce ont ete d e terminees indirec te m enr. en mesurant les di a met res max imum 
de tha lli cil'cula ires ou quasi circul a ires poussant sur des surfaces cl ' age d ' exposition connu . L es mesures. 
on t e te effectuees sur 24 surfaces historiquemem datees. d'un age compris en tre 25 el 69 a nnees, et sur troi s 
surfaces datees a u radioca rbone, comprena nt ( I ) des d ig ues d 'ecoulemen l boueux plus j eu nes qu e 180 a ns , 
(2) un mur d e pierre construi t par d es Indiens prehistor iques en viro n il y a 970 a ns, et (3) un e morain e de 
fond deposee Jors du retra it d ' un g lacier d e va ll ee il ya env iron 2460 a ns d atee a u radioca rbone. R . geo­
graplricum croit tres ra pidement ( 14 mm en 100 a ns) penda nt la p rem iere centa ine d 'annees cl e sa vie. Puis 
la croissa nce se ra lentit en une 1110yenne d e 3 ,3 n1n1 en 100 ans. La courbe c0l11pie te de c l'oissance devrait 
etr e uti lisable pour dater d es depots au plus ages de 3000 a ns. 

ZUSAMMENFASSUNG. Rezenle Glazialgeschiclzle eilles aljJinen Gebieles ill de,- Colorado Front Range, USA. [ . 
AlifsteLLllng einer Flechlen- Wachslumskurve. Zur D a ti erung rezenter und perig laz ia ler Ablagerungen im Gebiet 
del' Indian P eaks in d el' Colorado Front Range w urde eine Flechten-Wachstumskurve a ufgestellt. Fur die 
Untersuch ung wurde a u[ Grund ihrer langen L ebensspa nne und ihrer zuverlass igen Beziehung zwischen 
Grosse unci Alter cli e Flechte Rhi;::ocarpon geographicullI (Landka rtenfl echt e) gewahlt. Diese Gattung wachst 
mit verschiedener Geschwindigkeit in verschi ed enen Mikrobereich en , wobei F euchtigkeit, Fes tigkeit d es 
Un terg rundes und Daucr del' schneefrei en J a hresze it den g rossten Einfluss h a ben. Di e W achstumsgesch­
windigkeit wurde indirekt aLls d el' M essung der lVlax ima lclurchmesser vo n kre isfOrmigen odeI' an na hernd 
kreisformigen Exemplaren best immt, die a u[ OberAachen von bekannter Freilegungszeit wuchsen. Die 
M essungen erstreckten sich a uf 24 historisch datierte Flachen im Alter zwischen 25 und 69 J a hren und 
a uf 3 rad iocarbon-clatierte Flachen, namlic h ( I) Sch lamm stroml ager junger als 180 J a hre, (2) ein cn 
Steinwall , erri chtet von prahistorischen India nern vor ungefa hr 970 J ahren und (3) Gru ndmorii ne , 
abgelagert von e inem zuruckgehenclen T a lgletscher vor e twa 2460 R ad ioca rbo n-Jahren. R. geogra/Jh iC1llll 
w3chst sehr schnell ( 14 mm pro 100 J a hre) wiihrend d er ersten 100 J a hre Ih res Lebens. Das vVachstum 
verl a ngsamt si ch d a nn a uf einen Mittelwert von 3,3 mm pro 100 J a hre. Die vo llstandige W achstumskurve 
dllrfte zur D a tierung von Ablagerungen mindestens bis 3000 J a hre A lter geeignet sein . 

I NTR ODUCTION 

The Front Range rises abruptl y from the high plains of central Colorado to form the 
eas tern boundary of the Colorado R ocky Mountains. Cirque g laciers east of the continen tal 
divide exist in an environment that is only marginally glacial ; because the g laciers are small, 
they respond sensitively to minor changes in climate. Much of the R ecent climatic history of 
the region is recorded in deposits on the floors of Front Range ci rques. Because it has not yet 
been possible to date these deposits, we know very littl e about the timing and relative impor­
tance of " Little I ce Age" climatic fluctuations. This paper presents a li chen -growth curve that 
will make it possible, for the first time, to date the g lacial sequence and to establish a Little 
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Ice Age glacial chronology for the Front Range area. The growth curve was developed for 
the Indian Peaks region , 70 km. north-west of Denver, Colorado (Fig. I), and is not intended 
to be used in other areas. 

The technique of lichen-dating was pioneered by Beschel ( 1950, 1955), who later published 
a comprehensive summa ry of the principles, methods and applica tions of lichenometry 
(Beschel, 196 1) . There have been many objec tions to the m ethod. Some have dealt with the 
princi pIes upon which lichenometry is based , a nd others, with examples of its misapplication. 

The basic premise of Iichenometry is that the dia meter of the largest lichen thallus growing 
on a moraine, rock glacier or other surface is proportional to the length of time that the 
surface has been exposed to colonization a nd growth. This, of course, is not strictly correct. 
Lichen growth is highly individual , even under conditions of relatively uniform climate. 
Growth rates are influenced by differences in micro-environment, as well as by long-term 
fluctuations in regional climate. These factors, and others, influence the diameter of the 
larges t tha llus growing on a moraine or other surface. Fortunately, their effect upon dating 
accuracy can be minimized by a n intelligent choice of species, by careful construction of the 
growth curve and by an awareness of the ecological problems involved in using the growth 
curve for dating. 

Much of the opposition to lichenometry has stemmed from a few unfortunate studies in 
which the method has been badly abused. Where other dating methods fail , the tempta tion to 
make lichenom etry "work" at all costs becomes great. In yielding to this temptation , geologists 
have dated glacial deposits using growth rates determined in far-distant regions and in different 
environments. D eposits many thousands of years old have been dated using growth rates 
established on surfaces exposed for only a few decades. There has also been a tendency to 
claim unrealistic precision for the method. 

C HOICE OF SPEC IES 

Five common crustose species were considered when the present study was begun in 196 1. 
Umbilicaria virgin is Schaer. was eliminated because of its rapid growth and short life span, 

4r G rand 
Junct ion Colorado 

Spr ings 

Fig. I. Outline map of Colorado, U.S.A., showing the Front Range (stippled) and the location of the Indian Peaks region 
(solid black) 
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which make it unsuitable for dating deposits older than a few decades. Caloplaca elegans (Link) 
Th. Fr. was rejected because of its d ependence upon calcium. Lecanora thomsonii H. Magn. and 
L ecidea atrobrunnea (Ram. ) Schaer. were found to be satisfactory for dating sUt·faces younget· 
than 1,500 yr. but they could not be used for dating older d eposits. It soon became apparent 
that m embers of the genus Rhizocarpon, and particularly Rhizocmpon geographicum (L. ) D.C. , 
were the species having greatest potential for dating glacial and periglacial d eposits in the 
Colorado Front Range. 

The taxonomy of the genus is difficult and confused . Runemark (1956) has divided 
European representatives of the yellow Rhizocarpons into four broad groups, each of which is 
subdivided into a number of species and subspecies. Identification to the species level involves 
the examination of spores as well as the use of staining techniques, and it is complicated by the 
lack of a key for North American m embers of the genus. In order to keep the m ethod usable 
on a fi eld basis, I have d ealt with the yellow Rhizocmpons in a very broad sense, without 
attempting to distinguish between them in the fi eld. R. geographicum (L. ) D .C. * is the com­
monest species of Rhizocarpon in the area, and it grows as rapidly, or more rapidl y, than other 
related species. Because on ly the largest thallus g rowing on a moraine or rock g lacier is 
normall y used for dating purposes, sampling will tend to favor the selection of R. geographicum 
or of other species with simi lar growth rates . 

Other species that occur in the area, and tha t were undoubtedl y measured during the 
stud y, include R. superficiale ssp. superficiale (Schaer. ) Vain. and R. riparium R as.t Species 
known to be present in the a rea, but probably not m easured, include R. ejJiguratum (Anzi) Th. 
Fr. , R . sub lucidum R as and R . intermediellum R as. V ouchel' specimens were identified by 
Dr. Roger Anderson , of the University ofDenver, and are on fil e at the University of Colorado 
Museum Herbarium. 

R. geographicum is a bundant at high elevations in th e Front Range. The wide geographic 
distribution of the species, together with its long life span and consisten t size- age relationship, 
make R. geographicum ideal for li chenometric d ating. The species grows very slowly and , in the 
Indian Peaks region, it can be used for dating features at least as old as 3 ,000 yr. Because it 
grows slowly, its growth curve is affected on ly slightl y by short-term climatic fluctuations. 
Distinct circular thalli are common, a lthough "complex" tha lli , consisting of several indi­
vidual lichens that have g rown together, introduce an elemen t of subjectivity into the dating 
of surfaces older than r ,000 or 2,000 yr. 

ECOLOGY OF R. geographicum 

Environmental factors known to affec t th e growth of R. geographicum in a l'ctic regions 
and in the mountains of Scandinavia include ( I) rock type, (2) exposure to abrasion, (3) 
shading, (4) temperature, (5) moisture, (6) stability of substrate, and (7) length of growing 
season. All of these factors must be understood before the specie. can be used for dating. 

R ock type 

Granite, monzonite, quartz-monzonite, quartz-biotite-gneiss, syenite and rhyo lite are the 
most abundant rock types in the India n Peaks region. Differences in the chemical compositions 
of these rocks are minor and it is not surprising that R. geographicum shows no definite chemical 
preferences. Texture generall y seems to have a more important effect upon growth rates than 
chemistry. Coarse-textured granular rocks retain more moisture than fine-textured or g lacially 

• According to R. Santesson (personal communication to W . A. W eber), the orig ina l specimen of' R. 
geographicum, cited by Linnaeus, is equiva lent to Rune mark 's ( 1956) R. tillei (Tornab.) Runem. In W eber 's 
opinion, the name R. geographiclIm is still valid for this taxon . 

t According to Santesson (personal communica tion to V'l. A. W eber), this is the correct name for the species 
trea ted by Runemark (1956) as R. lindsayan1l7ll R as. R. rifJariwn Ras was published ea rlier in the same year. 

https://doi.org/10.3189/S0022143000020128 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000020128


820 JOURNAL OF GLAC TO LOGY 

polished rocks and they are easier for R. geographicum to colonize. Small cracks and caviti es 

provide pro tection for the young thallus. This benefici a l effec t may be reversed during the 

later stages of growth, when granular disintegration of coarse-textured rocks may d estroy pa r t 

or all of the lichen thall us. Moraines in the Indian Peaks region contain a variety of chemically 

similar but textura ll y di verse rock types. By sampling large areas on the moraines, the effects 

of textural differences can be minimized. 

Abrasion 

In ridge-top a nd summit sites above the timber line, R . geographicum thalli se ldom reach 

maximum diameters on exposed west-facing surfaces . Abrasion by wind-blown ice and snow, 

as well as by rock particles, is probably a contributor y fac tor (VVeber, 1962). Winter wind 

ve locities a bove the timber l ine commonly exceed 40- 50 m ./sec., and rock fragments up to 

16 mm. in diam eter have been ob erved in transport acmss the wind-slab bed snow. Paint on 

the windward sides of wooden stakes and weather shelters in the tundra is generally eroded 

away within a ingle winter, and the grain of the wood is deeply etched in two or three winters. 

For an environment of this type, the amount of obvious damage to R. geographicum thalli by 

ab rasion seems surprisingly slight. 

Shading 

Solar radiation is intense in the alpine tundra and dit'ect sunlight does not always seem 

to be essential for the growth of R. geographicum. The moist micro-climate of shaded north­

facing rock walls is often more conducive for rapid growth than the drier micro-climate of 

sunny south-facing surfaces. The absence of la rge thalli on old moraines below the timber line, 

however, may be a result of shading b y krummholz spruce and fir, blueberry and willow. 

Temperature 

Although temperature is known to have an important e ffect upon lichen-growth rates in 

other parts of the world (Beschel, 1965), I have not yet been able to evaluate its importance 

in the Indian Peaks region. M easurements of R. geographicum have been made on historically 

d ated surfaces along an altitudinal g t'adient extending from 3, T 25 to 4,047 m. , which corres­

ponds to a differ'ence in mean air temperature of abou t 6· 6°C . There is no eviden ce of a 

relationship between lichen growth rates and temperatuI'e a long this gradient. 

.Moisture 

The effect of moisture upon the growth of R . geographicum is more pronounced. Lichens can 

absorb moisture fl'om water va por in the air, from direct precipi tation and from several other 

sources. In the Indian Peaks region, anomalously high rates of growth have been m easured 

( I) on surfaces kept moist during the growing season by wind-blown spray fmm lakes, (2) 

amund the edges of d epressions that fill with water during summer rains, (3) along stream 

courses and seepage routes, and (4) on vertical north-facing rock walls where air humidity i 

high. 
V ery low rates of growth have been m easured on south- and wes t-facing rock surfaces, 

where intense sunligh t and dry westerly winds limit the amount of moisture available for 

lichen growth. 

Stability of the substrate 

Because R . geographicum cannot tolerate instability, ice-cored moraines and mck glaciers 

remain lichen-fi'ee until their covering of rock debris has thickened to the point that at least 

a few stones no longer shift and topple. Colonization by R. geographicum begins in two types of 
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sites : ( I) on very large boulders firml y anchored in the ice core and overl ying d ebris, and 
(2) on very small stones g rown together by mosses in rela ti vely sta bl e a reas . 

I do not know how long a thallus can survive when the rock on which it grows is ove r­
turned and the lichen is deprived of direct sunlight. Experiments sugge t tha t R. geograj)hicum 
can survive fOl' a t least 5 yr. on stones that have been overturned in rocky al'eas, but tha t 
thalli are des troyed by a simila r period of burial in contac t with moist so il. 

Length of snow-free growing season 

Lichen-g rowth rates are strong ly influenced by the leng th of th e g rowing season. In a lpine 
tundra regions, the growing season is a lways brief and it vari es within short distances as a 
,·esult of differences in snow cover. In th e Sierra N evada of California, a snow-free pel' iod 
of at least 4- 6 weeks per summer seems to be necessary for li chen survival (personal communi­
ca tion from Robert R. Curry) . The length of the snow-free period needed for lichen survival 
in the Front R a nge is unknown ; observation a re complica ted by the fac t tha t an a rea snow­
free for 10 weeks one summer may rema in snow-covered throughout a ll of the succeeding 
summer. It is difficult to judge whether the lichen-free zones tha t encircle perennia l snow 
ba nks are a result of present snow-accumulation conditions, or date from earlier p eriods of 
exp a nded snow cover, or a re simply the result of disturba nce by freeze- thaw proces es . 

The effects o f la te-lying snow upon li chen-g rowth ra tes have not been a serious problem 
in th e presen t stud y. The tra nsverse ridges of rock g lacier a nd the crests of al most a ll mora ines 
in the Front Range remain essentiall y free of snow throughout the winter. All points on the 
lichen-growth curve have been based upon m easurem ents made in simila r sites. 

CHOICE OF M ETHODS 

In order to date with li chens, it is necessary to learn how rapidl y they grow. Growth 
ra tes can be d etermined either directly, by m easuring the g rowth of individual lich en thalli 
over a period of many years (Hausman, 1948 ; Hale, 1959 ; Beschel, 1963 ), or indirectly, by 
measuring the diameters of the larges t li ch ens growing on surfaces of known age (Pla tt and 
Amsler, '955 ; Beschel, 1958[a] , [b] ; Stork, 1963; Andrews and Webber, 1964 ; R eger, 
unpub lished ) . Attempts to determine the minimum ages of living thalli by radiocal,bon da ting 
have not been successful (EilifDahl, in Nyda l a nd others, 1964) . As sugges ted in the fo llowing 
paragraphs, man y of the problems otherwise invol ved in da ting with li chens can be avoided if 
the growth curve is established indirectl y. 

( I) Lichens grow very slowl y and only the slowes t-g rowing species, such as R. geographicum, 
are useful for dating surfaces o lder tha n a few centuries . Because 5, 10 and even 20 yr. 
may be l'equired befo re thalli of these sp ecies have g rown a measurable am ount, it is 
genera ll y impracti cal to measure the g rowth rates of individua l plants. By m easuring 
the larges t thalli g rowing on dated surfaces, a g rowth curve can be established in a 
sing le fi eld season. 

(2) Crustose lichens do no t g row at a constant rate throughout their li ves . Beschel (I 958[ a] ) 
has shown that many sp ecies begin to g row very slowl y, then accelerate and eventua ll y 
slow to a constant rate that may continue for several thousand yeal's before senescence 
is reached. If growth-ra te studies a r·e to be based upon the a nnua l diameter incr·ease 
of individual lichens, a large number of thalli , both large and small , must be m easured . 
Cha nges in growth rate that occur as a li chen ma tures will be automatica ll y refl ec ted 
in the g rowth curve d etermined by indirect m ethods. 

(3) Thalli of the same species and size, g rowing in what appea l' to be identical environ­
m ents, often grow at different rates. Growth may be intermittent, occurring onl y 
in favorable years. One part of a tha llus may increase in size, while other parts show 
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no appreciable change. These factors combine to make the construction of g rowth 
curves by direct m ethods difficult and unrelia ble. If growth rates are determined 
indirectly, the effec ts of short-term fluctuations in climate are minimized a nd interva ls 
of erratic or intermittent growth are averaged out. 

(4) Lichen-growth rates are a lso influenced by long-term changes in regional climate. 
Because important changes in climate have occurred frequently during the life spans 
of most large lichen thalli, growth rates based upon the behavior of a few individual 
thalli during a relatively short p eriod of yea rs should not be extrapolated very far 
backward into the uncertain past. This problem a lso can be avoided by indil"ect 
m easurement ; the effects of long-term clima tic flu ctuations are automaticall y included 
in the growth curve determined indirectly. 

(5) Direct m ethods give no information about the length of time required for lichens to 
colonize a newly exposed rock surface. Bare surfaces can be cleared and photo­
graphed, but few species will re-colonize during a practical length of t ime. The time 
required for coloniza tion must generally be determined by indirect m ethods. 

Unfortunately, a choice of m ethods is not always offered. Dated surfaces are rare in the 
a reas where lich enometry is most urgently need ed. This is true for the Indian Peaks region, 
where dated surfaces older than 70 yr. are practicall y non-ex istent. In beginning the present 
study, I felt that the advantages of indirect m easurem ent were compelling enough to justify 
a search for older surfaces tha t might lend themselves to radiocarbon dating. The rema inder 
of this pa per is devoted to dated surfaces of historic age and older, and to the lichens that h ave 
colon ized them. 

HISTORICALLY DATED SURFACES 

Twenty-four historicall y da ted surfaces were located within the Indian Peaks region. The 
maximum diameters of circular or nearly circula r R. geographicum thalli growing on these 
surfaces were m easured during the summer of [g66, and the results are listed in Table I. 
Most of the data a re self-explanatory but several of the sites require furth er discussion. 

A ll of the cairns (Fig. 2 ) were constructed in 19 10, using stones gathered locall y. A 
trimline on each stone makes it possible to tell which pa rts were initially buried and which 
were initially exposed and lichen-covered . Lichens were m easured only on surfaces that were 
definitel y bare when the cairns were built. R. geographicum thalli are absent on seven of the 13 
cairns and in a ll cases they are very sma ll , reaching maximum diameters of on ly 2 mm. 
Because the cairns are located on exposed windswept summits, the lichens receive moisture 
onl y from direct precipita tion and condensa tion . Evaporation rates are high and abrasion by 
blowing snow further inhibits lichen growth. At eleva tions above 3,600 m. , R. geographicum is 
restricted to the lee eas t-facing sides of cairns ; at lower eleva tions, the species shows a pre­
ference for shaded north- and north-east-facing surfaces. 

T wo of the surfaces listed in Table I are unusua ll y moist. At Green Lake No. 5, li chens were 
m easured below a prominent tr im line that marks th e level of the lake prior to IgOg, when the 
outlet stream was deepened. R. geographicum thalli 12 mm. in maximum diameter grow on 
rock surfaces below the trimline. Wind-blown spray keeps these thalli saturated throughout 
the growing season and lichen growth is unusually rapid. Very rapid growth was a lso noted 
in the quarry south of Silver Lake. The quarry was excavated during the winter of [ 9 11 - 12. 

By 1966, R. geographicum tha lli had reached m aximum diameters of 14 mm. on the vertical, 
west- a nd north-west-facing quarry walls, which are shaded a lmost continua lly. Air humidity 
is high a nd seepage down the rock face provides the lichens with additional moisture. Both 
of these sites are exceptionall y moist; this type of environment is not generally duplica ted on 
moraines or rock glaciers and the lichen measurements from Silver Lake and Green Lake 
No. 5 have not been included in the final growth curve. 
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TABLE 1. r.1 AX IMUM DIAMET ERS OF R. geographicwn T HAL LI GROWING ON HISTO RI CA LLY DATED SURFACES IN THE 
I NDIAN PEAKS R EGION. M EASUREMENTS FROM Two UNUSUALLY MOIST S ITES ARE STARRED AND HAVE 
:--10T BEEN USED IN CONSTRUCTING THE GROWTH CURVE 

Location Ty pe of swface Elevation E xposure Age D iameter 
m. 111111 . 

G reen La ke :'-io. 3 Riprap facing on rock-fi1l 3,450 South-east 1941 Absen t 
dam 

G reen Lake :'-io . I Ripra p facing on rock-fill 3,4030 North-west c. 1940 4 
d a m 

G reen Lake :'-io. 2 Quarry north of d am 3-4 15 Sou th- west 1938 Absel1l 
Triple La kes R ock fi ll behind concre te 3.220 H ori zonta l 1933 5 

wa ll of flum e a t gauging 
station 

G reen L ake 1'\0 . 3 Ta ilings below tunnel 3,525 South c. 1928 A bsent 
en tran ce 

Lefthan d R esen ·oir F loor of d ra in ed la ke 3,235 H ori zonla l 19 19 6 
La ke Albion Bedrock cu t below dam 3.340 North-west c. 19 13 6 
S il ver La ke Quarry south of ou tlet 3. 125 West 19 12 14' 
Kiowa Pea k Summit ca irn 4,047 19 10 Absent 
Arika ree Peak Summit ca irn 4,008 East 1910 2 
Navajo Pea k Cairn 3,9 14 19 10 Absent 
Mount A lbion SUIll1l1 it ca irn 3,843 19 10 Absent 
East end of " Ba ld y" Cairn 3,752 East 19 10 I 
:'-iiwot Ridge Cairn 3,744 19 10 Absent 
A lbion Sadd le Cairn 3,73 1 1910 Absent 
Albion Saddle Cairn 3,718 1910 A bsent 
Niwot Ridge Cairn 3.62 1 :'-iorth-north-east 19 10 2 
Albion Ridge Cairn 3,122 North 1910 I 
E lk 's R oost Ca irn 3,104 North 1910 2 
La ke A lbion Ca irn 3,39 1 North-east 1910 2 
Albio n town site Cairn 3,3 12 1910 Absent 
Green Lake No. 5 Sho re of la ke, be low o ld 3,6 15 H orizonta l 1909 12' 

trimline 
Goose Lake Quarry north of out let 3,220 North-west 1908 5 
Isla nd Lake Quarry east o f da m 3, 140 North c. 1897 9 

RADIOCARB ON- DATED SURFACES 

No historically dated surfaces older than 69 yr. have been located in the Indian Peaks 
region. In order to extend the growth curve backward in time, three o lder surfaces were 
r·adiocarbon dated. These surfaces included ( I) mudflow levees east of Arapaho Glacier, 
(2) a stone wall built b y prehistoric Indians on Albion Ridge, and (3) ground mora ine in the 
upper Silver Lake valley. Because each point on the lichen-growth curve has involved a 
different approach, each is discussed separately and in d etail. 

j\1udflow levees 

Intense summer thunderstorms often trigger mud and debris flows in the high glacial 
valleys of the Indian Peaks region . The flows begin in couloirs on the valley waIJs and terminate 
on late-lying snow banks, on talus or on the vegetation-covered valley floor. In their upper 
parts the flows erode deep trenches into the tal us, but on lower slopes they cause no erosion, 
and instead deposi t prominent mud flow levees (Sharp, 1942; Curry, 1966) . 

Lichens seldom survive this type of transport. Of ten fresh mud flow d eposits examined in 
the a rea since 1963, on ly two included an occasional lichen-covered boulder. Because of the 
instability of the fresh levees, particularly those that terminate on snow, it is unlikely that 
even these thalli will remain a live 5- IO yr. after the date of the flow. 

In trenching recent mud flow levees I have generally found tha t the plant cover buried 
beneath them remains intact. Leaves may be torn away but stems are rooted and undisturbed. 
The A horizon is unbroken . As a result, where mudflows terminate on the vegetated valley 
floor, a buried A horizon is preserved that ma kes it possible to date the flows by radiocarbon 
a na lysis. 
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A pa ir of mud flow levees on the south wall of the upper Silver Lake valley, r ·4 km. east of 
Arapaho Glacier, was chosen fo r radiocarbon dating a nd lichen measurement (Fig . 3). The 
lower part of the flow lies at an elevation of a bout 3,500 m. , where it ex tends across a lush 
a lpine m eadow. T he levees are composed of cobbles a nd boulders set in a m atrix of sil t and 
sand. Sorting is poor. Precambrian biotite-gneiss, granite-porph yry and migmatite are the 
dominant rock types, with an occasional boulder of pegm atite or aplite. 

A trench dug across the westernmost levee exposed a buried A horizon, 5- 7 cm. thick, 
beneath a m aximum thickness of 85 cm. of unsorted mudflow material (Fig. 4) . Outside the 
levee, 2 ·8 m. wes t of its crest, the buried A horizon merged with the modern turf 

14C dating of buried soils is problem atical (Benedic t, r 966) . The sampling method used in 
this stud y was designed to eliminate the problem o[ correcting [or the unknown radiocarbon 
age of the A horizon at the time of burial. T he upper part o[ the levee was cleared away, until 
abou t I m .l of the surface of the buried humus layer was exposed to view. The surface was then 
carefull y scraped , so that only the top I mm., representing the remains of vegetation actually 
living on the ground surface at the time of the fl ow, was removed . No correction is beli eved 
necessary [or the date o[ < 180 yr. B.P . determined by Iso topes Inc. for thi s sample (1-2425) . 

In order to be certain that no lichens had survived the mudflow, I m easured the diameters 
of J ,500 R. geographicum thalli g rowing on the crests and sides of the levees. Because the size­
frequency distribu tion is continuous and unimoda l (Fig. 5), I believe that the levees were 
en tirely lichen-free after their deposition , and that a ll tha lli now growing at the site a re 
you nger than 180 radiocarbon years. R. geographicum has g rown to a maximum dia meter of 
17 mm. during th is period . 

Fig. 2 . City oJ B Olllder Trial'l!,lIlation Monument No. [3 , east end oJ " B aldy" . Nlany fresh rock surfaces were exjJosed when 
the cairn was built in 1910. Lichens have been slow 10 colonize these surfaces because oJ the exposed and windy environment 
(27 July 1966 ) 
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Fig. 3. View qf the sOllth wall of lhe II/)/)er Silver Lake valle)' . showillg lhe locations of 14C sam/)les used ill establishing a 
growth curue for R . geogra/)hiculIl. A sam/)Ie of buried A-horizon material collected frOIll beneath the IIllldjlow levee at A 
was daled al < 180 ) Ir. B.P. R adiocarbon dales from the (by lake basin at B suggest that drainage from lhe glacier front 
was diverted away from this side of the valley aj)proximale/y 2.460 yr. ago ( 10 August 1966) 

E 

1:'1'1 n O· rrrn ut LJ .... WlJ 
2 3 

o 1 m. 
I 

Fig. 4. CroSJ-sect ion of a lIludflow levee, r · 4 km. east qf Arapaho Glacier. A radiocarbon sample was collected from the top 
J mm. of the buried A horizon, just west of the crest of the levee 
J. Cobbles and boulders. 2. Very dark brown loamy sand A horizon. Rich in organic maller. 3. Poorly sorted mudflow 
debris. S tones and gravel in a matrix of olive-gra)1 loamy sand. 4. Dark yellowish brown gravelly loamy sand C horizon 
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Indian wall 

During the past 4,000 yr. , the Indian Peaks region has frequently been visited by pre­
histori c Indians, who camped in the wooded valleys, hunted deer and mountain sheep in the 
timber-line region, and gathered roo ts and berries on the high rolling uplands along the 
con tinental divide. Complexes of low rock walls and shallow rock-walled pits, similar to the 
caribou "drives" of Alaska, Green land and arctic Canada, occur on many alpine ridge tops. 
in the area. An importa nt group of walls and pits, from which a short series of projectile points 
has been obtained (paper in preparation by Benedict, MUlTay and Murray), lies 700 m. 
north-east of the summit of Mount Albion. The elevation of the site is 3,660 m . A radiocarbon 
date on charcoal from one of the pits sugges ts that the structures were built 970 ± 100 yr. ago 
(M - I542), or in approximately A.D. 980. 

From its junction with the main group of pits, a prominent stone wall, 60- 90 cm . high, 
extends south-westward for a distance of I 10 m. (Fig. 6). For much of this distance the wall is 
built across the surface of a group of sorted nets, a type of frost-patterned ground transitional 
between sorted polygons and stripes (Washburn, 1956) . Soil-profile development suggests 
that the centers of the sorted nets have been inactive for at least several thousand years . 
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Fig. 5 . Size-freque7lCJ histogram for R. geographicum thalli growillg 011 mudjlow levees 1·4 km . east of Arapaho Glacier. 
The largest thallus has a diameter of 17 mm. The population distribution implies continuous reproduction, and rWIle of 
the thalli appear to have been survivors of the mudjlow 
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The Indian wa ll was built with cobbles and sma ll boulders of qua rtz-bio tite-gneiss 
gathered from the borders of the sorted nets. Although many lichens were a ble to continue 
g rowing in their new locations on the wa ll , others were d estroyed , and ma ny ba re rock surfaces 
must have been exposed. Unlike the 19 10 cairns, however , trimlines are no longer visible. 
During the summer of 1965, Mr. K . L. Petersen assisted m e in a program of lichen sampling 
at the M ount Albion site. W e hoped tha t the sudden exposure of m any fresh rock surfaces 
9 7 0 yr. ago would be refl ected in the size structure of the li chen community growing on the 
wa ll today. By comparing this community with the undisturbed community growing on the 
n earby sorted nets, we pla nned to determine th e m aximum diam eters of R . geographicum 
tha lli that have colonized bare rock surfaces exposed in building the wa ll. 

Twenty sampling loca lities were chosen at regular interva ls a long the India n wa ll. Ten 
additiona l sta tions were se lected in the borders of nearby sorted nets, with ca re ta ken ( I) to 
select a reas in which the micro-environment was simila r to tha t of the wa ll , and (2) to avoid 
a reas from which rocks might have been removed by India ns in building the wa ll . 

T he m ax imum diameters of a ll R. geographicum tha lli la rger tha n 10 mm. were measured, 
un til a tota l of 100 had been recorded at each sampling locali ty. In this m anner, 2 ,000 

lich ens were measured on the wa ll a nd 1,000 in the adj acent sorted nets. In order to cance l out 
the effects of poss ib le differences in m easurement technique, each observer m easured li chens 
at ha lf of the wall sta tions a nd at ha lf of the sor ted-net sta tions. Th e data were ana lyzed in two 
differen t ways, each of which gave slightl y different results. 

R ank correlation. T he measurem ents were combined into 5-mm. di ameter classes a nd each 
class was ranked according to the percentage of the total sample tha t fell within it. T he 
d ia meter class containing the la rges t number of tha lli was assigned the rank of I ; the class 
having the sma ll es t number was assigned the rank of 18. The da ta are g ra phed in Figure 7. 

Fig . 6. Indian wall at the MOllnt A/bion site. T he wall is sinuolls and crosses a group of sorted nets and polygons. Charcoal 
f rom a pit associated with this wall has been radiocarbon dated at 970 ± I OOyr. B .P. (lvl-1 5 42) ( 18 AlIgust 1966) 
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Fig. 7. Comparison of two communities of R. geographicum at the MOllnt Albion site. Lichen measurements were grouped ill to 
5 mm. diameter classes and each class was ranked according to the percentage of the total sample that it contained. The 
largest class was given the rank of I , and the smaLLest the rank of 18 (see text ) . Comparison of the two Cl/fveS suggests 
that R. geograjJhicllm thaLLi have grown to maximum diameters of 45- 49 mm. since the Indian waLL was built 

For lichens growing in the sorted n ets, the number of thalli present in each dia meter class 
decreased uniformly as the thalli becam e larger. T his is illustrated by the straight dashed line 
in Figure 7. For the Indian wall, a similar relationship existed among the smaller tha lli ; the 
relationship began to disintegrate in the 45- 49 mm. diameter class, however, and it was 
erratic for a ll larger thalli. 

The data suggest (I) that the lichen community growing in the borders of the sorted nets 
has not been seriously disturbed since its establishment ; (2) that thalli larger than 45- 49 mm. 
on the Indian wall represent the remnants of a lichen communi ty disturbed by construction 
of the wall ; a nd (3) that thalli smaller than 45- 49 mm. have become es tablished since the wall 
was built. The mid-point of the 45-49 mm. dia meter class is equated with a surface exposed 
in approximately A.D. 980. 

Size-frequency analysis. The data were combined into Io-mm. diameter classes and size­
frequency curves were constructed. A marked difference between the two communities becam e 
apparent when frequency was plotted on a logarithmic scale (Fig . 8) . 

For lichens growing in the borders of the sorted nets, a straight-line relationship between 
diameter and the logarithm of frequency suggests tha t disturbance has been absent. No single 
straight line can be fitted to the data for the Indian wall ; instead, two intersecting lines are 
required (Fig. 8) . T he gently sloping solid lin e is beli eved to apply to the survivors of wall 
bu ilding; its position shows that approximately 70 per cent of the original lichen cover was 
d es troyed in building the wall. The steeply sloping solid line is believed to represent the lichen 
community that has become established on surfaces exposed during construction of the wa ll. 
T he intersection of the two solid lin es marks the maximum diameter attained by R. geographi­
cum since the wall was bui lt; according to this interpretation, tha lli at the site have grown to 
maximum diameters of 40 mm. since about A.D. 980. 
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Fig. 8. Size-frequency Cltrves for two po/mlations of R . geogra/Jiziculll at the Nlollnt Albioll site. Regression lilies were jilled 
to the data usillg the method q( least sqllares alld correlatioll coejJicients were computed. Lichens larger than 40 mill. all 
Ihe Indian wall are survivors of wall bllilding. These thalli began their growth ill Ihe borders of sorted ne Is and were able 
to continue growing when the rocks on which thC)' had become established were moved to positions on the wall. Thalli 
smaller than 40 mm. have colonized bare rock sw/aces eX/Josed during constrllction of Ihe wall. a/J/Jroximalely 970 radio­
carbon .years ago 

Ground moraine 

During a late phase of the earliest Littl e I ce Age g laciation recognized in the Indian Pea ks 
region, ice from the Arapaho Cirque advanced I ' 4 km. down the Silver La ke valley. Near the 
terminus of the glacier, a bedrock ridge divided the flow of ice in to two lobes, each of whi ch 
d eposited a small terminal moraine. During the early stages of stagnation a nd retreat, melt 
water from the g lacier front was impounded behind each of the two ice-cored mora ines. As the 
southern lobe of the glacier reced ed up-va lley, however , its drainage shifted to the north , a nd 
the southern lake was cut off from its source of g lacia l m elt water. The change in drainage 
occu rred when the ice front stood o' 5 km. behind its terminal position. 

At presen t, the basin conta ins standing water only during the spring a nd early summer, 
becoming dry as soon as snow ba nks on the south valley wall have m elted away. The floor of 
the o ld lake bed is partiall y bare, partially covered by sedge m eadow and partially overgrown 
by willows (Fig. 3) . 

A pit dug into the floor of the pond revealed a thick sequence of pmg laciallake sedimen ts, 
over lai n by a poorly sorted co lluvia llayel' rich in organic matter. This, in turn , was buried 
beneath I I cm. of sand y debr is der ived from the mud flow d eposits that encmach upon the 
la ke floor at its southern end. 

A sample co ll ected from the base of th e co lluvium , at a depth of 39- 4 1 cm. , was dated a t 
4 J o ± 120 y1'. B.C. (1-2424) a nd 61O ± [00 yr. B. C . (I -2469) . These rad ioca"')on ages app ly to 
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the boundary between lake sedimenta tion and colluvial d eposition , and they da te the shift 
in m elt-water dra inage that occurred when the front of the glacier had retreated o' 5 km. 
up-valley from the mora ine. 

Lichens were measured on bou lders in the a rea occupied by the re treating ice fwnt when 
dra inage suddenly shifted to the north and the lake becam e dry. T he la rges t R. geographicum 
tha ll us growing a t this loca tion has a diameter of 94 mm . This thall us is believed to have 
colon ized the g round m oraine approx ima tely 2,460 radiocarbon years ago, or in a bout 
510 B.C. 

CONCL USIONS 

A completed growth curve for R . geographicum is shown in Figure 9. T he curve is based 
upon (A) th e largest tha ll i measured on historically da ted surfaces in the a rea , excluding two 
sites tha t were unusua lly m oist ; (B) the la rges t tha llus growing on mudflow levees radiocarbon­
dated as being younger tha n r80 yr. ; (C) the maximum diam eters of R . geographicum tha lli 
g rowing on 970-yr. old rock surfaces exposed by India ns at the M ount Albion site, and (D ) the 
la rgest tha llus growing on ground mora ine in an area deglacia ted about 2,460 radiocarbon 
years ago. 

After a n initia l roo-yr. period of rapid growth (14 mm. / roo yr. ), R. geographicum grows 
slowl y and stead il y, with an average di ameter in crease of 3' 3 mm. / lOo yr. , fo r many thou­
sa nds of years. T his value is very low by world-wide standa rds, and it is matched in its slowness 
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Fig. 9 . Growth curve for R . geographic1ml in the Indian Peaks region, Colorado Front Range. L ichen diameters were measured 
011 (A ) 24 historically da ted surfaces, (B ) mudjlow levees, (C) an Indian wall, and (D ) ground moraine deposited at the 
close of the earliest L ittle Ice Age glacial advance in the region. In order to use the Indian wall as a dated suiface, lichen 
population data from the wall and f rom adjacent sorted nets were compared by rank correLation (C ,) and size-.frequency 
analysis (C,) . Vertical lines show the statistical errors of radiocarbon da tes 
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onl y by growth rates measured in the interior of W es t Greenland (Beschel, Ig6 1). Slow growth 
in the Indian Peaks region is probably a resul t of defici ent moisture. 

Changes in growth rate caused by long-term va riations in climate are not apparent in the 
g rowth cUI-ve . As additional dated surfaces become avai lable, it m ay become possible to refi ne 
the curve and to use temporal variations in lichen-growth rates as a measure of long-term 
moisture trends. 

The growth curve is intended to be used only for dating surfaces younger than 3,000 yr. 
I t is tempting, nevertheless, to assume a constan t rate of growth on older surfaces in order to 
estima te the ages of the oldes t living lichens in th e Front Range area. T he largest R. geographi­
cum tha llus m easUl-ed in the Indian Peaks region has a diameter of 220 mm ., and i t must be 
very close to 6 ,000 yr. old. T his compares with an age of approximately 4,goo yr. for the o ldest 
known living bristl econe pine (Currey, 1965) . 

The growth curve was developed so lely for use in the Indian Peaks region. Many surfaces 
in th is part of the Front Range cannot be dated with li chens, and there are many micro­
environments in which growth rates will differ significantly from those shown in Figure g. 
With knowledge of the ecology of the species, problem areas can be avoided. Because of the 
nature of the SUI-faces on which the growth curve was derived, its use should be I-estricted to 
gran itic rock types in sites that becom e snow-free by late spring or earl y summer. Extremely 
moist sites should be avo ided . 
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