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- X'our inteivals of glacier. cherge lrave dccurred since

1870. A perlod of sh:eiakage draFfs#t to 1905. cxowth

and. Eoralne establishnent fron t9O5 to 1920. l92O to 1946

was characterized. by large scale xecesaion. The yeaxs

si.nce 1946 have witnessed a slight to nod€rate readva.ace.
( All d.ates are approxiroate. )

Clinatic oyclea at Mt. Ralnier, IvaEhiagton allit tbe
SieFa Nevad.a, California generalLy agree with those at
Mt. Shasta. Notable differences existr h.owsver, in the

severity arrd" durati.on of tb.e cyoles.

INTRODUCTION

;.l-:,;.;..:-.,j:,'.presept Climate
.  . ' l l ) :  1, t , l i . ! ' i i  : j i tar; i ra.  : , - . : : t j . t , . :  . . i -  a.

the Moult Shasta regj.on is characterized. by coo1, 1l{et

winters and warro ! d.ry suru0ers. Considerab].e variation in

average a&ua1 teuperature is a result of erbrene relief.

cyelonic systens floE tb.e North pacific to Mt. Shasta, init_
iating tbe wet aeason. Tbis process usualty occura during

Octobe!. Continuea Arctic cooling bri-Dg5 i.ncreas"a f.orrtat.
activity with naxinun precipitaiioa oor:nalJ-y^ gooing in Jan_
uarJr. Ths. sD.olrlevel tends to decline as the-r-€eaBorj,. ;._ . ;.-, _:..: I _ o I 
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Eoutb, aDd southeaat sf.opes--of Mt. Shasta,.nost likeiy be_

tween ?'OOO and I'OOO feet. At Eorse .gaap:(Fl,g. 2) on the

dri.er southr,rest Elope at ZrgOO feet, the sEow_deptb haa

exceed.ed- 22 feet. (CaLifornia nept. of rds.te! Resouxces,

1971,  p .  68)

l4t. Shasta's topographically isolated aature resirlts

i-a it being the f,ocus of unusually stxotg and frequent

winds. Accordingly, there is an extreue red.ietribution of

the snowpack above tinbexline. Sunrqer austEtorna d.irty the
' 

glac!-ers and snowfield s

Storns d.ecliae rapldly in frequency and. int€nsity

. during EprinB. Xstabllshnent of s,table higb preasure over

tbe Pacifj-c Coast ln late Apri1 raises f!eezi-!.g levels. As

a resuLt general wastage of the snowpack b€glas.

, June through Septenbe! are nonotoDouBly rrarD ard. dry.

Precipltatio! durilg these Bontb.s is very Light. When it

, d.oeo happen, it is usua]ly th€ result of an iacursioa of

t noist subtlcopical air bringing afternoon thundershoryers.

llhe saow-level of these d.isturbarce8 iE typically above

IO'OOO feet and sonetines above the suonit. On the rare

occasiolrs a North paciflc cycloae blowe j-a, anow Day .fa11

as Low as 7,OOO feet.

Accord.ing to the xiippen classificatioa (pettereeen,

1969, p. 286), Mt. shasta has a Dsb. clinate but i3 vely near
: . . . '

tb.e bourid.aries of. Csb (aa:irc) and. BSs (!d!A;; ,clidates.
.
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Tbe orographic strowliae of..Mt. Shasta , varies' :froro .

]- lrOOO feet on the HotLuD Glacier to 12,4{0 feet oa the

GeoloFical Eistory

Al-t hough n'ol, as high as Mt. Raitrier, Mt. Shasta (t4rt62

ft) is the largest volcano ol the Cascade Ratge. If, rises

Lo,0o0 feet above its base witb. s! approxL{ate llolune of gO

cubic  B i les (Wi . l l iams,  1 !J4) .  :
Willlsos (1914) states tbat Mt. $basta'is forned. !oe-ia1y

, of pyroxene aadeBites a-ud sndesitic basalts, r,ritb tuff-

brecc,ias aLso being coEnon. Earlier 1avas forloed. a shiekl

volcsJro. Mors rece!,t1y, a steep atrato coa€ rose fron the

ahield., producing th.e uppeflooat 61000 ft of the nountain:. Mt.

Shasta has suffsretl reLatively litt1e diasecti-on by fluvial

o? glacial eroslon so that it is probably post-pleistocene

r-n age. Very recent flows aIId ptuEs, including Shastina,

have nodified. its classic profile. ... ,, .- -..: , : .1 .. "
Rather ]-ittl-e has beell learned about the gLacial geology

. of,"Mt. Sbasta; It ls lrnown fron scatteTeAr ulalifferentiated

noraines on tbe ]-ol{er slopes of Mt. Sb.asta a.uii surround.ing

nou!.taina that an ice cap forqed on an arce6tra]. cone a-Ed

apr€ad outvrard. A lobe extend.ed d.own the SacrameDto River
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atedd. with this glacl&tion exist oa tle !.aate;u just aouthwest
of Eorse Canp(l"iDj-e.ns, L914, p. prf).

The latest eruption of Mt. Shasta probably occurred. in
1786, when the explorer _La perouse saw sDoke from an erupt-
ion in the vicinity of Mt. Shasta while saiti! 'g along the
Califolaia coast. This eruptio!. createil the well known Red.
Banks and sbowered a thin Layer of, pale br.own purnice over
tbe entire Bountain (la'iLtians, I91+, p. 25]).

' 
Ia the eunxoell of I9Z4 t a series of Eud,flows, originating

ai tbe Konwakj.ton cLacier, swept d.owa llud. Creek Canyon .anal
out olto the plaln Dear l,lcoloud. where tbey cauaed conEid.€r_
gble property d.aeage. Sed.ir0ent fron.:the .gl-ows d.lscotoreal
tbe Sacra.neEto Rivete srd eventually Saa t'raDclsco Bay, over
200 Eiles to the aouth.

TiFIT.Y SIFIIrliFA

C t Clarence KiD.g d.j-scovered the Mt. Shasta glacieis ia
rdlu, lr-h:LLe working on the Ulrited. States geo]-ogical erplor_
atio!. of tle f.ortiqt--h para]-1el. Xing prov-id.es aone u6eful



coveretl ice at the lor,rer eDds of tho Wbitqey ard Eotlue
glaciers. He refdrr€d to these featuleB a€ "terEinal 

,

Borainearr, ,rhich suggests that they v.,ere stLll attached

the  body  o f  the  g lac ie rs .

TWENTIETH CINTIJRY WOBK

Tbe najor stud.y of the geology of Ut- 
'Shasta 

is that
of Horel Wil]ians (1914). Ta his brief alnd at tineE r01a_
lead.i!.g diacussion of the hiatory of glaci.atio! he d.escrib€s
essentielly what has been r0ention6d. above.

oliver Kehrleia photographed. arld neasuied Mt. Shasta
glaaiers durirB tbe 1!2Ors and. lgro'8. Ke|lr,].eln cane up
wlth qE@tjittrritiiR€ evid.ence for a rapid sbrinkage of, tbese
glaciers beginnlag about 19Ao,(nstter;L);._,L$-i..!:lc :rJltrbnp1it6:;,i ,

In I955r R. H. l,ratkias lotea legrorrbbtdf the Koawatitoa
Gracie" (Harrison, 195gr p. LaZ). 

"" 
coropaning o].d photo-

Eraphs with ones ta-kea troa L95, to 1962, €.t comparabLe

to



8

nola.irres cones frolo aerial lhotographs. U. g. GeologicaL

Survey and U. S. Forest Service aerial photos taken i!,

1944' 1951, 19rr, !97o, a::'d, L972, were useal to ue.asuxe

fluctuations of the gLaciera. In ed.dition to confirming

l'[r. l^latkins I observatione, ttre authorrs etudisg 1ed. to the

d.iscovery of a coDsiderable increase in the length of the

Whl tney cLac ier . (F ig .  r ) .

EVIDNNCE OT' GI,ACISR !'I,,UCTUATIOI{S

ceoLogical Evid ence

.[11 ol tbe glaciers, !,rith the exception of the

Konwatiton, h.ave proni!.eDt nolaines associated. {itb then.

NoD.e of these noraines extend oore ur e-n 1.5 nilea beyoatt

the present glaci.ers. [he d.iscussion betow vill be con_

fined. to this group of Eorai[es.

Iwo uoraiaes are

. also preseat lrith the Wirtu!. Gracre!, but tbey have a large

ouEer DoraLtre exte!.ds aloua to
'.. . iliffereace iu oagoitud.e. The
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Table l. Sunnary of hi8torical
Mt. Ehasta glaciers.

' I  Rtn / r ' i  - -  r  o4r  \- v f  v  \ I 4 u 6 ,  r u l r /

Whitney Glacier:
Eot1un Glacier:

Three ![ i].es loDE.
4 .5  n i les  long.  

-

1B8J (Russe11, 1e85)

^ __ _Uhitaey: Area; 1'9OO;OOO squ&re yards, terninus:
9 '5OO f t ,  Length:  t .8OO'var 'qs -
-  Eot lun:  Area:  , '2oO,OOO sq.  yd.s . ,  tern:  1O'5OO f t ,leng!  2 ,5OO yds.

_ _ _ _ _ . B o l * i .  A r e a :  _ l , 8 o 0 r o o o  s q .  y a 9 r , . ] e 1 s 1  3 r 2 o o  y d . s . ,
tero:'nug retreated fron uoraine and d,i+ided-into 

'two 
iotei.

.  Wintunr . - -Area:  2roOOrOOO sq._yd.s . ,  fJng:  
- i ra6O 

yas. ,  
-

: . : : I : . .-9,990 -It .  rerminus '  
"  severat- uund rea feel 'aignn,-- '

rurlolrec Dy strea&-cut channels.
Konwal i ton:  Area:  42O,OOO sq. -yda. ,  terns 12TOOO f t .Undiff: Decreased eiow since 

-1g?0. - '

1884 (U.S.c .S.  topo raap)

Wh.itney: Tern: 9r5OO ft.
EotLuu:  lerEr  N}} ' lobe:  9 ,500 f t .  SE 1obe3 q nn^ r+
Bolan:  TerE:  9 .7OO f t .
l,l intul: Tern: 6.tOO ft.
Konwakitoor Terxn: IIrOOO ft.

: 1884 (Di1ler, rB95)

Wbitneyr trengtb 2.2 niLes plus oae lLile 1oag ',noraine,'.
Eotlun: tength 1.62 rni ptu-s na:-f niG-ioil-f;orai.ne.
Wintun:  Length ' ,over  t " i  , i f "J .

'192O 
(Kehrlein)

Ulrd,iff : Glaciers ertend.ed. to norsj!.es,
taken by Army Air tr 'orce.

J.924 (Wiltians, 1914)

[,onuakrtou3 length decreas-d hv 4/F -i.1-

(Matthes,

.A,ir photo8



froe

1915 (Mat(Matthes, 19J4r and KebiLeia)

Konwa.kito!; Shorter ald thinner thsla present.
"I.luil Cxeek clacier" {near Kouwakiton) Receed.ed ]-rlOO

feet si-uce L924 due to undercutting of snout.

t9r4 (Matthe6, f975, sr:d Ketrrlein)

Eotluo: Thinner tb.an pres ent.
Wintun:  Terminus at_10rO00 f t .  V i r tuaLly  sragnent ,

no ice movinB over  icefa l l .

19Jg (Matthes, 1916, and. Kebrlein)

Eotlin3 Much titl corered. ice.
Solan; Tbinner than present.
Mud Creek: SBout undercut 60 ft siuce Ig15-
Uniliff: less snowfields, nore expoaea 166[.

Iprr4 (eir photo )

l,lhitney: _ Terninus ?r?59It; irregular and gently. sl6ping.
Bolan!  [ern inus i l ] -  def inedt  about . lO,O5O f t .

1951 (U.S.G.S. topo. roap and air photo)

Whitn€yi T€minus 9,820 f,t witb Bteep Iobate frolt.
7OO ft advaice since 194-+.

Bolan: Salle as 1944.
Konuakiton: Ter!: 12'OOO ft.

1955 (Eaniso!, 1956, adt a-ir pboto)

Whitney: Sligbt advarce since 1951.
KoD$sl<ito!: fhicker |Lhelf, l9jj.

1959 (Watkins photo)

Eonlrakitons Thicker aad raore crevaased. tha! l-955,
apparent ad.va-nce of terninua.

1962 (watkins photos)

-^ -_"9yl"r:. rhrcker a.nd uore crev€.ssed th8ll I9r4, appear.sro De ad-vajrcLng.
Uintunt VLgorous flow over icefall, appeara to beaclvanc alrg.



3o1q.nr S]-i8ht edvanca sincegotlun: Tereinus IO.'28O ft,
steep linear snout.

..1974 (author)

l{hitney: lio recognizable change in terninus since
1pl2._ Iowest L/-a $ L/2 niLe beconing stagnent.

Folluni ,.A.d.vaac6 Einie ;t962, +g_i"". Ebange since 1922.
Pgfgrr No-rec. change since 1922.

_ , lqairrl Photo surrrey fniEiatea. 
-cfa6iirs 

gnotherecl' 
by heavy anowpack.
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norain'es on Mt. Shasta ale above treeliueJ'. . . ..
.i::i.

{itbin the eoraines of the ljh.itney, EdJa-n, alxd-.Eotlue

glaciers relatj-ve1y large areas of beveled bedJock witb. a
' tbi! venee! of ground. r0oraine in spotE alrd. a few nedial

noraine rid.ges could be seen. l4ush of tb!-s texrain has

oeen covered by advances of the Whitney and Hotlun glaciers

since 1944. one area separati-ag the sucntrt of the Bolan

Glacler froo a nas6 of t i l l  covered stagEa]lt ice, sti l l

exis ts .  .

The geo].oglc evidence infers that at 1east two Mattb.es

advar.ceB oocurred., the Latter being soneubat less vi.gorous.

A rapid., severe resessj.on follot'ed. LeEs tban a ttrird of

the receEsi,on haa been recovereil by tbe X-€.tegt adverce,

whi.cb bas had Little noxaine foreatio! associated with l-t.

Clinatic Data

When stualyLng the variations of aeveraL glacj.ers o!. a

large nountain it Dust be kept in r0j.ait that cLinatlc con_

ditions, i. e. r neteorological parsmeters !.i! ich affect

acsunulatio! al]'d vastage, do not aLways [irror thoBe of the

region in which it exisis. Surprisiag ehaueges oftea occur
yithin d.istarces of a few huld.rxed yard s (paterson, 1969).

Eowever, geDeral trend.s of the tuo nost impottalt conpolents,
' 

ol cliDate; tenperature and precipitatio!-, are al-noat a.lways

lne Eame over aleas Of geveral huBd.I.ed. squa.re niles._ - _ - _ .

:  MaJ:a^n_-- _ -_-ologic record.s fron the National.,Weatber Sersice
. : . '

:  : . .. :  .1 , . . . . , .  
,  i :  . . - . t . : .  i  :  

, l . r . . :  :  
.  . ;  . ,  ' '

'  :  . - .  .  r  " ' :  t  
'  

.  
t  ' l  

: :



ft) , ni-Ee.air Eiles south-
,  l . i ; : , :  . _  ,  :  :

as we1"l .i.s snow survey

- data fron gorse Ca-nlr (?1906 ft), thrcee ni].es southweat of

tbe suDEit, provid-eil ran Eateria1.

lorEa]. preci?ltatioD tetd tq be fo1:Lowed by

The Eorse Camp water content graph (trig. 4, Grapb A),

is based o1]. alu1ual Eeasurenetts of the snoupack on or about
May iirst. this record., continuous siace I9J6, represents
j.nforeation obtained. when the snowpack is near its geasonal

naxirnun. BeiD.g less.than thxee niles floe the n6v6 of the
KoD.wslxiton and Wbitney glaciers, it is tb.e best iDdicatox

of preciplte.tlon trends on tbe glaciers. craph A al-so

servea as a check of the applicability of tb.e l{t. Shasta
City precipitation curve (Fig. 4, Gxaph B).

Precipitation a]1d. tenperature records of }lt. ghasta

Clty ale an excellent aource of cliEatic inforBatio!. track
of urbaD.izatioa or site changes nale this record, iiatilg

baak to 1888 for precipitatioa, one of th.e nore relj,able

record.s of Nolthel!. CaLifom.ia. Graph C (Iig. 4) was con_
piled. by averaging atai].y EaxiEuns for the period April to

, . October of each year. This results ia a nuch better repre,_*

serEEitio! of ablation cond,itions ttra! the arrqua]. averages
used. by naay ,iroikers. Seaeonal precipitatio! (July to June)
wag the basig for grapb B. Daia was plotted. on the year of
Erle sprt-ng of the precipitatio! seaeon. (l,or example, the
plecipitation .ior 1889-1890 was plotted. on 1890.)e !  L e  7 w .  ,

.A p]coblen alose whe! it was noted that aeaBoas of

33.r Of

above

extrene



' l.:i "'
.  

' , ; -  . l .
t J

. t '
varnth alxd. vise-versa. This nade ib Aifficult to d.eternine

.. a net chelge in.cli8ate. If o!'e knev tb.e relative effect
' of a cbange ia precipitation versus a chatxge in teoperature

fol| a glacj-er the problen would be aolved. Unfortunately,
. this relatio!.ahip is tlot knowt for the g].aciers of !1t. Shasta

re , ,  t r  q r ,  o the r  g lac ie ra .

To construct graph D (Fig. 4), achange of one average

. ileviati-on of teDpeteeture or precipitatioa ryas coDsidered. to
. have an equal effect o!1 the clinate. Above noxnal precip-

Itation a.nd below norloal Aprj-1_October tenperature8 were
glven positive values lrhile tbeir opposj-tes recbived. neg_
ative notatlons. By add.ing the values, .a clinatic ildex
cou1d. be conpiled for eacb year. (To ll lustrate: A value

. of +120 percent of.tbe average devtation for presipj-tation

plus a value of -ZO percent of the average deviation fo3
tenperature equal-E a cliEatic ind.ex of +A5O percent.)

clapb E (Fig. 5) fron .antevs (l9JB) correLates vrell
with. graph B. @h*-- ceeuGh tc ir

*ir€. : .,

.,. Cau-tion is necessary

particuLally rrxxnirlg Eea]os

and, uitriua, [akiug a check

tiDe lag between a clinat:_

terEiaus varies froro glacj.
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l lhen the above is taLen into consideratior, the curveB

ca!. be u6ed. to eEtinate the direction ard d.uratio4 of
glacier fluctuations when historicaL or geological infor-

nation is lacking.

GTACIER FIUCTUATIONS SINCE 1870

Evid.ence ln tbis r€;port BuggeEts four naJo? period.s of
gLacier charge since :.82O.

.tircFc|rr+t-+8+ek, reces sion doEinated until- about 1905.

Ar. ad.vance of ten to

Moraiaes uere fornea

of the perl.od..

ftrfteen yeara duration fo11owed.

at the end

Beginaing about L92O, rapid rrastage of tbe Blaciers
begaa. I short period of c]-inatic inprovenent arouad 1922
was not enough to halt the recession. Betuee! 1920 and l94O
the Bl-aciers nay bave lost nore than ha].f their corobj-!.ed.

InaEtg.

Circa 1946 to preaent has beea characterized by advalce

or stability of the teroini. Relati.\rely speaking, Wj,!.tur

uracler nas grown the nost a_D.d- Bola_o Glacier the 1east. The
greatgat aalvance, 1r5OO feet, was aade by tb,e WhitD.ey Glacier.

1 . . . ]

7O0 feet of this aavancg was acconplished betryeen 1944 8nd.



reEreat or atranding of the lowest ice could. haDDen
'

^^--* . *;^UU}TRIiLATION WITH OTHEI AREAS

Recent glacier variations in the Sier.ra Nevad.a (Flg.
were stud.ied by R. R. Cur"y (1969). He il iseerneil six epi:
sod.es of net g].acial accumulation i-n the period I8ZO.t'o 1966.
These are noted on graph F (tig. 5; whlcb ie based oD Donner
Pa6s snowfall and. photographs. The longest :.s.d.vsnce lasted.
fron 1890 to 189?, and end.ed witb the Sierra glaciers having
reacbed the oolaines of the previou8 neogl6.ci.al (Matthes)
ad.vance. In I9OZ or I9Og, recession began. AppereDtly the
Sierra ad.vsnce, thougb of similar duratior to that on 1.1t.
Sh,asta, was centered. about t€n years earlier.

Tbe Sieua flaE not affected by dlought in tbe lgAOrE
anil 19rors to tbe Ea-ne al€gree aa Mt. Sha8ta, Dor b.aa there
be€n recovexy since that tin6. Net slrli "'krge has E].owoal
Ea:lk€dLy in the ]-ast forty yaars, possib]-y because there is

r ' \

less glacier to supply,

Glaciers of Mourxt Rainier (Fig. 1)

Iy stuatied. VariatLons of the Nisqually

r particu].arly lre].]- docunented.

aave beeD. extensive_

Gle'cier are
, . : : : . '
. : j ]  1:

suggest a vigoro:us advaace
.1.

tura of the cealurJr, with
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:
nqrinuD position beiDg reached about ]9OZ- A 56 year

lett'eat followed. IIr 1946 a thickeqiag of.:ice i.a the

accr.ulut-atron zone lras loted. Eventually ttds and. otber
'

kiaenatis r,raves loved ilowll Nisqually Glacier snd. initiated,

Eo advance i\ I96t. The 56 year retreat uas by no neana

coafioed to the Niequally clacier. MoBt itt. RaLuiex gLac_

iers 'reced.ed considexabLy and sone are continuing to tio
eo. Duriag tb.e last tr'e!.ty year6, bowevel,! increased.

Eno{fall bas reduced. the lunber of retreating glac].era.

Ma.rk Meier pred-j.cted. that nsny Rainier glacleres will begin

advancing ia a few years (Cbronicle, I9?4).

As iD. the Sierra we have a history of glacier ttuct_
uatl-ona sinilar to tbat of Mt. Shasta except for sone

variation i.n leugth sJ3d intensity of the cyclea. If it is
kept in Dind that even ou a single Bourtaia there Eqy be
tliff€rencda of aevEral years j-tl the ad.va[ce and. retreau

tirBeE of Ule gLaciers thereon, it Ls not aurprising that
v;rietions occur over d.iata!.ces of aevera]. bundred. uiles.

. CONCIIISIoNS i;

Statlstical analyais of clinatic d.ata and. h:lstoxical
researcb were fou.nd. useful j,D. obtaining itfornatioa Decea8ary

to coDpiL€ tbis report. Theae nethods are n6 substitute for
a1311ual photograpl.a allit Eeasu-renBents of glaciers. jEtfects of
cliEatic chaage on ind.ivid.ual glaciers was o-tteD. get

o ].ack of i!.forma iorx. This -r.p

Dera].ized.,



l l\aeta. It nust

tha!. an end prod.uct.
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