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ABSTRACT

ufGBOlOQlC, hlstorlc, and meteorologlc ev1dence were 43
;fuéed to determlne Elgnzflcanb”glacler;fluctﬂationsfof
the 1ast century at Mount Shasta, Callfornla._

Four intervals of glacier change have-ogcﬁrred'since
1870, "A pariod of shrinkage émem:82% to 1905. Growth
and moraine establishment from 1905 to 1920. 1920 to 1946
was characterized by 1arge scale reCession.' The years
since 1946 have w1tnessed a slight to moderate readvance.
( All dates are approximate. ) .

Climatic cycles at Mt, Rainier, Washiﬁgton and the.
Sierra Névada, California generally agree with thﬁse at
Mt. Shasta, Notable.differences exist, however, in the

severity and duration of the cycles.,
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' The Mount Shasta region is char&cterizeﬁ by ébdi' wet
winters and warm, dry summers., Con51derable variation in
average annual temperature is a result of extreme rellef

Expan51on of the cErcumpolar vortex in the fall carries
cyclonlc systems from the North Pacific to Mt. Shasta, 1n1t-
-iatlng the wet season. Thls process usually occurs during
October. Contlnued Arctic coollng brings 1ncreased frontal

‘activity with maxlmum pre01pltat10n normallylcnmlng in Jan= _1

uary The snowlevel tends to. decllne as. ihe;
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progresses, a0aehtng-a—m;namum—&n—ﬂes-hu Most pr901p1tat10n
above 5 OOO feet falls as snow.  Maximum . snowfall 1s on the
south and southeast 510pes of Mt. Shasta, mnst 11kely be-
tween 7,000 and 8,000 feet, At Horse C_amp- (Fig. 2) on the
drier southwest slopé at 7;900'feet, the snow-depth has
exceeded 22 feet; (California Dept. of Water Resources,
1971, p. €8) _

Mt. Shasta‘s topographically isolated nature results
in it being the focus of unusually strong-and”frequent
winds. Accordlngly, there is an extreme redlstrlbutlon of
the snowpack above tlmberllne. Summer duststorms dlrty the
glaciers and snowfields.,

Storms decline rapidly in frequency and intensity
' during spring. Establishment of stable high pressure over
the Pacific Coasf in late April raises freezing levels. As
a résult general wastage of_the snowpack begins,

June through September are monotonously warm and dry.
Precipitation during these months is very light. When it
- does happen, it is usually the result of an incursion of
moist subtropical air bringing afternooﬁ thundershowers.
The snow-level of these disturbances is typicélly above
10 000 feet and sometimes above the summlt : On_ﬁhe_rére
; occ351ons a North Pacific cyclone blows in, snoﬁlmay fall.
as low as 7 000 feet. ey -

Accordlng to the Koppen cla551flcat10n (Petterasen, i
1969, p._286), Mt Shasta has a Dsb. cllmate but :ds: very near.
the boundarles of. CSb émarznaé and BSs ésﬁ-gpgéécllmates.:;; *ff




The orographic- snowllne of :Mt. Shasta varles from

.11 000 feet on the Hotlum Gla01er to 12, 400 feet ‘on. the

:f'Konwaklton Glacler. Mt. Shasta 8- cllmatlc snowllne 15 estl- ggif

; mnted‘txn be at 15, 400 feet (Flint 1957, p. 47).;  .:“

Geological History

Although not as high as Mt. Rainier, Mt. Shasta (14,162
ft) is the largest volcano of the Cascade Range. Iﬁ'rises
10,000 feet above its base with'én approximate”vqlﬁﬁe of 80
cubic mlles (W1lllams, 1934),  “ | '

Wllliams (1934) states that Mt. Shasta is formed mainly
of pyroxene andesites and andesitic basalts, with tuff-
breccias also being common. Earlier lavas formed a shield
_volcand. More recently, a steep strato come rose from the
shield, producing the uppermost 6,000 ft of the mountain. . Mt.
Shasta has suffered relatively little dlssectlon by fluvial
or glacial erosion so that it is probably post-Pleistocene
in age. Very recent flows and plugs, 1nclud1ng Shastina,

. have modified its classic profile, . .° Sowniining |
Rather little has been learned about the glaclal geology
f  of .Mt. Shasta. It is known from scattered, ﬁndifferentiated

moraines on the lower slopes of Mt. Shasta and surroundlng

“'mountalns that an 1ce cap formed on an ancestral cone and -

- CI‘EBS (Aune, 1970)' 2

_apread outward A lobe extended down the Sacramento Rlver
Ganyon at least as far as Dunsmulr, p0351b1y1w1th the ‘help

"-of trlbutary 1ce from hlghlands around Mte Eddy and Castle




'from the shallow c1rques and glaclal'valleyﬁ4on the southern

f_.half of the cone. A serles of end moralnes pfobablyfassocé—
ateda W1th this gla01at10n exist on the plateau Just"southwest.
of Horse Camp(Williams, 1934, p. 251).

The latest eruptiop of Mt. Shasta pfnbably 6cqﬁffed in
1786, when the explorer La Perouse saw smoke from an erupt—
ion in the vicinity of Mt. Shasta while sailing aloﬁglthé
California coast. Thls eruption created the well known Red
Banks and showered a thin layer of pale brown pumice over
the entire mountain (Williams, 1934, p. 231).

In the summer of 1924, a series of medflows, originating

at the Konwakiton Glacier, swept down Mud Creék Canyon and
-out onto the plain.near McCloud where they caused consider-
able property damage. Sédiment from .the flows discolored
the Sacramehto.River and evehtually'San Francisco Bay, over

200 miles to the south. s g Sy
~ EARLY STUDTES

C C Clarence King discovered the Mt. Shasta glaclers in
1870, whlle working on the United States geologlcal explor—
 ; atlon of the fortleth parallel. King prov1des aome useful _

descrlptlons. Nevertheless, one must keep in mind hls tend-

e .ancy to exaggeaza:e. : MWMW




f bjQéiibéi%“Tﬁbﬁﬁégﬁ;35*1883:"ﬂeariy79ef£ _ s told hlm of a
general decrease in snow on Mt Shasta,aiacﬁlthey arrlved

~ din the 1850 8 (Russell 1885, p. 334). _; |
- dn e Dlller (1895) descrlbed large masses of tlll _
covered ice at the lower ends of the Whltney and Hctlum |
glaciers. Hereférred to these features as#"terminal

moraines", which suggests that they were stlll attached to

'the body of the glaciers.
TWENTIETH CENTURY WORK

The major study of the geology'of Mt;féhasta is that
of Howel Williams (1934). 1In his brief and st times mis-
leading discussion of the history of glaciation he describes
essentially what has been mentioned above, _

Oliver Kehrlein photographed and measured Mt. Shasta
glaciers during the 1920's and 1930's, Kehrlein came up
with.qumctxtatmne ev1dence for a rapid shrlnkage of these
glaciers beginning about 1920. (Eablecl),.;aa~# 2 1anabacmhe?;45

In Z19685 oR-H Watklns noted regrowth.of the Konwaklton
Glacier (Harrison, 1956, p. 667). By comparlng old phote-
graphs w1th ones taken from 1955 to 1962, at comparable
31tee Watklne determlned that . grewth was cccurlng on the :
i 'Hotlum and Wlntun glac1ers as well (personal communlcatlon,

__1974). . 5 ' it
e The author spent a few days in‘the fleld 1n 1972 19?3,.
'fand 19?4. Thls time was epent malnly traveralng the gla01er

bearlng reglon or Mt Shasta with the Intenﬁccf settlng up




-~;the termlnl.. Unfortunately, llttle time w””-

: photographlc survey statlons and reconnalssance mapplng

' the moralne serles assoclated w1th the exlstlng gla01ers,
80 that most of- the 1nformat10n in this report concernlng
moraines comes from aerlal photographs. U. S Geologlcal
Survey and U. S Forest Service aerial photos taken in-
1944, 1951, 1955, 1970, and 1972, were used to measure

_ fluctuations of The glaciers. In addition to conflrmlng

~ Mr. Watklns' observations, the author's studles led to the
discovery of a con31derable increase 1n the lengrh of the

Whitney Glacler(Flg. 5).
EVIDENCE OF GLACIER FLUCTUATIONS

Géological Evidence

All of the glaciers, with the exception of the
Konwakiton, have promineﬁt moraines-associafed'with them,
None of these moraines extend more than s B mileé7beyond
_ the presént glaciers. The diScuséion,beloﬁ*will_be'con_
| fined to this'group of moraines. 1 s |
e 9a&7—pne-meeaéne—eso-w&#h-ama&i—a&aaasional—ma;u*ﬂeu

] Sored rereifhi Claoi Porewtiota S
. me Two mora:.nes are
‘also present w1th the Wintun Glacier, but they have a large
5*-d1fference in magnltude. The outer moraine extends down td

“ 7 900 ft whlle the the inner arc suggests an advance to

"*the S-EDO}fcot 1evel. Mature whltebark-plne 'grow on the _f"

‘é5pent mapplng A
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Table 1. SﬁmmaryvoffhiStofidél informatioﬁ

concerning -
Mt. Shasta glaciers, = , :

—

'Yéér (source)

'1870 (King, 1871)

Whitney Glacier: Three miles long.
Hot}um Glac@er: 4.5 miles long._ %

11883 (Russell, 1885)

; Whitney: Area: 1,900,000 square yards, terminus:
& 9,500 ft, length: 3,800 yards. 2 i A
Hotlum: Area: 3,200,000 sq. yds., term: < 10,5500 £t
leng: 2,500 yds, - oS,
Bolam; Area: 1,800,000 sq. yds., leng: 3,200 yds,,
terminus retreated from moraine and divided into two lobes.
Wintun: Area: 2,000,000 sq. yds., leng: 3,400 yds.,
term: 8,000 ft. Terminus "several hundred feet high",
furrowed by stream-cut channels. e
Konwakiton: Area: 320,000 sq. y4s., term: - 12,000 ft.
Undiff: Decreased snow since 1870 i :

1884 (U.S.G.S. topo map)
Whitney: Term: 9,500 f£t.

Hotlum: Term: NW lobe: 9,500 ft, SE lobe: 9,000 ft.
Bolam: Term: 9,700 ft. ,

Wintun: Term: 8,300 ft.
Konwakiton: Term: 11,000 ft.

1884 (Diller, 1895)
Whitney: Length 2.2 miles plus one miie“long "moraine”,
Hotlum: Length 1,62 mi plus half mile long moraine.
Wintun: Tength "over two miles". . .. .
¢ /1920 (Kehrlein) S i
Undiff: Glaciers extended to moraines, - Air photos .
teken by Army Air Force. S :
: TSR 1924 (Willdams, 1934) 4 E _
Konwakiton: ' Length decreased by 3/8 wileii e

. 1927 (Matthes, 1935)
o o :

nbun: - Tern




: 1 1

L sja‘ple 1. i (Contlnuecl from -pre'vi- c'_ni._s" i:ﬁage) S e

' 1935 (Matthea, 1934, and Kehrleln)
Konwak1t0n° " Shorter and thinner than present

"Mud Creek Glacier" {near Konwakiton) Receeded 1 300
feet since 1924 due to undercuttlng of snout

1924 (Matthes, 1935, and Kehrleln)

Hotlum: Thinner than present.
Wintun: Terminus at 10,000 ft. Virtually stagnent,
no ice moving over icefall :

1935 (Matthes, 1936, and Kehrleln)

Hotlum: Much till covered ice.
Bolam: Thinner than present.:

. Mud Creek: Snout undercut 60 ft since: 1933.
Undiff: TLess snowfields, more exposed rock,

1944 (alr photo)

Whitney: Terminus 9,950ft; irregular and gently sloéping.
Bolam: Terminus 111 defined, about.10,050 ft.

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

. Whitney: Terminus 9,820 ft with steep lobate front
700 £t advance since 1944

Bolam: Same as 1944,

'Konwakiton: Term: 12,000 ft.

1955 (Harrison, 1956, and alr photo)

Whitney: Sllght advance since 1951. : ' Ly
Konwakiton: Thicker than 1933, % : T |

1959 (Watkins photo)

'Konwakiton' Thlcker and more crevassed than 1955,
apparent advance of termlnus.

1962 (Watkins photos)

= Hotlum Thlcker and more crevassed than 1934 appears
" to be advancing. '

5 Wintun: Vlgorous flew over icefall, appeara to be
advancing. :




If f.l2L?ﬂ:

L .T"a'b' le fi’.“ (pag'é'- :thi-'e'é - .;of "i_ab; e)

1972 (alr photo)

‘Whitney: Termlnus 9 640 ft BOOft advance 31nce 1951,
steep linear snout.

Bolam: Slight advance since 1951. %

Hotlum: Terminus 10,280 ft, 600 ft advance since 1951
steep linear snout,

~1974 (author)

Whitney: No recognizable change in termlnus slnce 2
1972. Lowest 1/4 to 1/2 mile becoming stagnent. ;

Hotlum: Advance since 1962, no rec. change since 1972.

Bolam: No rec. change since 1972.

Wintun: Advance since 1962,

Konwakiton: No rec. change since 1959.

Undiff: Photo survey initiated. Glaciers smothered

" by heavy snowpack.




-

.outef ccreine. Almcst all of the cther Hmtthes aged
moraines on Mt Shasta are above treellne. _ :

Within the moraines of the Whitney, Bc;_-eﬁ, and _._Hoti_uml’
glaciers relatively large areas of beveledfbedrock'with'a
thin veneer of ground moraine in spots &nﬁ:elfew mediel“
moraine ridges could be seen. Much of this terrain has
been covered by advances of the Whitney and Hotlum glaclers
since 1944, One area separating the snomt of the Bclam
Glacier from a mass of till covered stagﬁaﬁteice, still |
exists. |

The geologic evidence infers that 4805t tvo Matthes
advances occurred, the latter being somewhat less vigorous.
A rapid, severe recession followed. Less than a third of
the recession has been recovered by the lateet advance,

which has had little moraine formation associated with it.

Climatic Data

When studyicg the variations of severalaglaciere on a
large mountain it must be kept in mind that climatic con~
ditions, i.e.,meteorological parameters Which.effect
accumuieticn and wastage, do nct always mirrcr thcee of the
regicn in which it exie%s. Surprising changes often occur
within dlstances of a few hundred yards (Paterson, 1969)L
However,  general trends of the two most 1mportant components
cf cllmate, temperature and preclpltatlcn, are almost always

”,the same over. areae of several hundred equara;mlles._*

Metecrologlc reccrds from the Nationa ,éether]Sefviceﬁejgfe




.office 4n- Mount Shaata Clty'(5544 ft),-”;_h;f}rﬁhlles south—-_j.
west of the summlt of Mt. Shasta, as well aslsnow survey ‘.
data from Horse Camp (7 900 £t), three mlles southwest of
the summit, prov1ded raw material. _ g .

The Horse Camp water content graph (Flg. 4, Graph A),
is based on annual measurements of the snowpack on or about-
May first. This record, continuous siace 19565 Tepresents
information obtained when the snowpack.is near:its seasonal
maximum, = Being iaaslthan three miiea ffom the névé of the
Konwaklton and Whitney glaclers, 1t is the best 1ndlcator
of preclpitatlon trends on the g1a01ers. Graph A also
serves as a check of the applicability of the Mt. Shasta
City precipitation.curve.(Fig. 4, Gfaph B);

Precipitation and temperature records of Mt. Shasta
City are an.excellent source of climatic informatiop. Lack
of urbanization of'aita changes make this record, dating
Back: to' 1888 for precipitation, one of the mose relisble

records of Northern California. Graph C (Flg. 4) was com-

.~ piled by averaging dally maximums for the period Aprll to

'T:-October of each year. This results in a much" better repre-“

"aemmﬁlon of ablatlon condltlons than the annual averages

s used by many workers._ Seaaonal preclpltatlon (July to June)

waa the basla for graph B Data was plotted on the year of
-the sPrlng of the pr301p1tat10n season. (For example, the
pr901p1tatlon ror 1889-1890 was plotted on 1890 ) '

A problem arose when it was noted that aeasons of above

”"i- normal preclpltatlon tend to be followed by :ummers of extreme S




~A5

; warmth and vise-veréa. ‘This made it ﬁlfflcult to determlne

. a net change in . cllmate. If one knew the relatlve effect

of a change 1n preclpltatlon versus a change in temperature
for a glac1er the problem would be solved. Unfortunately,
'thls relatlonshlp is not known for the glaclers of Mt. Shasta
or few;lf any, other glaciers, _
To construct graph D (Fig. 4), a change of one averagé
deviation of tempefature or precipitation was considered to
ﬁave'an'EQual effect on the climate. Above normal precip-
itation and below normal April—October températures were
given positive values while their opposites r9031ved neg-
ative notations. By adding the values,aacllmatlc index
could be COmpiled for each year.  (To illustrate: A value
of +320. percent of. the average deviation for precipitation
plus a value of =70 pércent of the average deviation for
-temperature equals.a climatic index of +250 percent.)

Graph E (Flg. 5) from Antevs (1938) correlates well

with graph B, &t—enbendo—the—1neoord—baoki—tan—onoumirio—don

Cautlon 1s necessary when using the graphs. Smoothlng,

' partlcularly runnlng means, tend to offset cllmatlc maxima

and mlnlma, maklng a check of the raw data adv1sable.- The
time lag between a climatic change and response of the glacler
 term1nus varies from g1a01er to glacier and may be several

_:__-__years(Paterson, 1969)- _
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When the above is taken into consideration, the curves
can be used to estimate the direction and duration of
glacier fluctuations when histofical or geological infor-

mation is lapking.
 GLACIER FLUCTUATIONS SINCE 1870

Evidence in this report suggests four'major periods of

glacier change since 1870. #fter—en—advaneo—euwiminetine—-n
ﬂﬁe—ear&1-&8$6&a, recession dominated until about 1905,

An advance of ten to fifteen years duration followed.

Moraines were formed utth&n—#ho—ﬂa#bhes-&epeesﬁo at the end
of the perlod.

Beginning about 1920, rapid wastage of the glaéiers
began. A short period of climatic improvement around 1927
was not enough to halt the recession. Between 1920 and 1940
the-glaciers_may.have lost more than half their combined

mass,

Girca'1é4énto p£;sént hés been charactéfized by advance
".of stability 6f the'termini; Relatively speaking, Wlntun
.Glacler has. grown the most and Bolam Glacier the 1east 'Thé
greatest advance, 15500 feet was made by the Whltney Gla01er.

_ 700 feet of thls advance was accomplished between 1944 and *””




g’t o L i

i 1951 probably as the result of a.klnemat_ ave;- In the_
last few years ice’ has stagnated near the termlnus S0 that'

retreat or strandlng of the lowest ice could happen soon.,
 CORRELATION WITH OTHER AREAS

Recent glacier.variations in the.Sierra_Nevadé (Fig.id) -
_wefe studied by R. R. Curry (1969).- He discerned 51x epl—
'sodes of net glac1a1 accumulation in the period 1870 to 1966,
These are noted on graph F (fig. 5) which 15 based on Donner
Pass snowfall and photogr&phs.' The longestladvance lasted
from 1890 to 1897, and ended with the Sierré glaciers having
reached the mofaines.of the previous neoglacial (Matthes)
advance. In 1907 or 1908, recession began. Apparently the
Sierra advance, though 6f similar duration to that on Mt.
Shasta, was centered about ten years earlief.
The Sierra was not affected by drought 1n the 1920's
and 1930'3 to the same degree as Mt Shasta, nor has there
been recovery since that time. Net shrlnkage has slowed
markedly in the last forty years, possibly‘becanse there is |
less glacier to supply. '
i Glaclers of Mount Ralnler (Fig. 1) have been exten51ve-

1y studled Varlationa of the Nisqually Glacler are

i particularly well documented

Photographs 1n Veatch (1969) suggest a v1gcrous advance of

u:_'Nisqually Glacler around the turn of the centufy' w1th a i“*' G
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-maglmum p031t10n being reached about 190?. .A 56 year
'retreet followed In 1946 a thlckenlng of ice 1n the : |
accumulatlcn zone waa noted Eventually thls and ather" '
klnemetlc waves moved down Nisqually Glacler and initiated
-an advance in 1965. The 56 year retreat wae by no means
confined to the Niequally Glacier. Most Mt. Rainier glac-
iers 'receded cen51derably and some are ccntlnulng to do
S0, Durlng the 1ast twenty years, however, - 1ncreased
snowfall has reduced the number of retreatlng glaciers.
Mark Meier predicted that many Rainier glaclere will begln
advanclng in a few years (Chronicle, 1974).

As in the Sierra we have a history of glacier fluct-
uations similar to that of Mt. Shasta except for'scme
variation in length and'intensify of the cycles. ALt ia
kept in mind that even on a single mountaln there may be
differencee of: several years in the advance and retreat
'times of the glaciers thereon, it is not surprising that

variations occur over distances of several hundred miles,
" CONCLUSIONS

Statistlcal analyele of climatic data and historlcal
research were fcund useful in obtalnlng 1nformat10n necessary
to ccmplle this report. Theae methods are o substltute for
annual photographs and measurements of glaclera. Jﬁrects of
cllmatlc change on 1nd1v1dual glaciers was" eften generallzed

'due prlmarllv tc 1ack of 1nfcrmat10n. Thls paper barely

'ﬁthe eurface cf the Holocene- glac1a 'hlstcry cf
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Mt9§Shasta. It must be considered an initial effort rather

than an end producﬁ.
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