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DISTRIB UT ION OF SURGING GLACIERS I N WESTERN 
N ORTH AMERICA 

By A USTIN POST 

(U .S. Geological Survey, Tacoma, Washington 98402, U.S.A. ) 

ABSTRACT. In western Nor th America 204 surging glac iers have been identified by aerial photographic 
observations. These g laciers exh ibi t either in tense crevass ing and ra pid ice d isplacements during surges or 
dist inctive surface features which have resulted from past surges. Distribution of these unusua l g laciers is not 
ra ndom throughout the g lacierized a reas. as they occur onl y in the Alas ka R a nge, eastern Wra ngell l\10un
ta ins, eastern Chugach l\lloun tains, I cefield R a nges, a nd the St E lias Mountains near Yakutat and Glacier 
Bay. No surg ing glaciers have been id entified in the Brooks R a nge. K enai Mounta ins, west a nd central 
Chugach M ounta ins, west and centra l vVra ngell M oun ta ins, Coast Mountains, Rocky M ounta ins, Cascade 
R a nge, O lympic ]\il ountains, 01' S ierra Nevada. No d efinite reason for this restri cted distribution is a ppa rent. 
Surg ing g lac iers a re round in l11arit inle to contin enta l and te nlperate to subpolar enviro nnlen ts. Practicall y 
a ll p hysical forms of g laciers a re represented . T he restricted di st ribut ion docs n ot re late to topography, 
bedrock type, a lt itude, orientat ion, o r size of glacier. Some su rg ing g laciers a re associated wit h fault-related 
val leys, but n either recent fau lting n or ea rthqua kes have init iated surge act ivity. Poss ib le causes for th e 
li mitecl cli stribution of surges are unusua l bedrock roughness or permeability in certain a reas, anomalously 
high ground-water tempera tures, and /or a bnormal geotherma l heat Aow. 

RESUME . Ripartitioll des glaciers ell cme dallsl'ollesl de I'Amirique du Nord. Dans l'ouest de I' Ameriqu e d u No rd , 
204 g laciers en crue ont ete ident ifi es par observations photogra phiques aeriennes . Ces g laciers presentent 
soit des deplacements fo rtement fi ssures et ra picles d e g lace pendant la crue, so it des traits distinctifs de 
surface qu i ont reslIlte de crue precedente. La repanitio n de ces g lac iers peu COln nlllns n 'est pas duc au 
hasa rd dans les reg io ns g iac ia ires COllllTle cel a arrive seu leln ent cla ns la cha in e de l'A laska. les nlontagnes 
vVra ngell de i'ouest, les monts C hugach d e l'est, les cha in es d e l'I cefi eld et les monts St El ias pr!:s de Ya kuta t 
et le G lacier Ba y. Aucun g lacier en crue n 'a ete icl en t ifie clans la chaine d e Brooks, les monts Kena i, les monts 
C hugach centre et ouest, les monts vVra nge ll cent re et ouest, les montagnes cot ieres, les Rocky, la Cascade 
R a nge, les monts O lympic ou la Sierra Nevada. Pas cl e rai son bien cleterm inee n 'est appara nte pour cette 
repa rt it ion limitee. On trouve les glac iers en crue cl a ns les environments maritimes et continenta lL'<, 
temperes et subpola ires . Prat iquement toutes les fo rmes de g laciers sont representes . La repa rt ition li mitee 
ne s'appa rente p as it la topographie. a u socl e rocheux, it I'a lt itude, it I'or ienta t ion DU it I'epa isseur de g lacier. 
Quelques g laciers en cru c sont associes a ux vall ecs apparcntecs cl d es fa illes nla is ni une recente [ai lle, n i des 
trenlble nlents de terre ont a nlOree line acti vite en crue. Les causes poss iblcs cl e la re pa rtitio n iinl itee des 
crues sont ; la peu commune inegalite du socl e roc heux o u la p ermeabilite cla ns certa ines regions.les tempera
tures irregulierement elevees des eaux souterraines et/ou bien l'ecoulement de cha leur geo thermique anormal. 

ZUSAMM ENFASSUNG. Die Verteilullg schlleli vorstossender Cletscher im wesllichell Nordamerika . Mit Hi lfe von 
Luftaufna hm en wurden im west lichen Norda merika 204 schne ll vorstossencle G letscher festgestellt. Diese 
G letscher zeigen entweder eine sta rke Zerspaltung und schn elle Eisbewegungen wahrend e ines Ausbruches 
odeI' typische E rscheinungen a n del' OberAacbe, di e von frLihcren Ausbruchen stammen . Diese ungewohn
li ch en G letsc her sind nicht zura llig uber die vergletscherten Gebiete vertei lt ; sie treten vielmehr nur in del' 
Alaska Range, in den ostlichen Wrangell und C bugach M ounta ins, den Icefl e ld R a nges lInd den St E lias 
M ounta ins na he bei del' Yakuta t und G lacier Bay a ul'. Hingegen wurclen in der Brooks R ange, den K ena i 
M ounta ins, d en westlicben und zentra len Wrangell lInd Chugach j\;Iountains, den Coast l\i[ountains, clen 
R ocky Mountains, der Cascacle R ange, den O lympic M ounta ins unci del' Sierra Nevada keine schnel l 
vorstossenden G letscher gefund en . Fur diese beschra nkte Verte ilung g ibt es keine e indeutige BegrUnd ung. 
Schnell vorstossende G letscher find en si ch sowohl in maritimen wie kontinen ta len, in gemass igten w ie sub
pola ren Bereichen. Pra ktisch a lle G letscherformen sind vertreten. Die beschrankte Verteilung ha ngt a uch 
nich t von der Topographi e, dem Untergrund , der Hohenlage. del' Expos it ion odeI' cl er G rosse d el' Gletscher 
a b. Einige schn ell vorstossende Gletscher li egen in Talern , d ie Verwerfungen ro lgen ; doch weder junge 
tektonische Bewegungen noch Erdbeben h a ben e ine Ausbruchsta tigkeit einge1eitet. Mogliche Grunde fur 
die beschrankte Verteilung von Ausbruchen sind; a ussergewohnliche R a uheit od er Durchlassigkeit des 
Felsuntergrundes in bestimmten Gebieten, ungewohnlich hohe Grundwasser-Temperaturen und bzw. od eI' 
Unregelmassigkeiten im geothermisch en W a rmeAuss. 

How S URGING GLACIERS ARE I DENTIFIED 

A surging glacier is d efined as one which periodicall y ( 15- 100 + years) discharges an ice 
reservoir by means of a sudden, brief, large-scale ice displacem ent, vvhich moves 10 to 100 or 
more times faster than the glacier's normal fl ow rate between surges. 

Glacier surges are not unique events which might result from exceptiona l conditions such 
as earthquakes, avalanches, or local increases in snow accumulation. These movements 
apparently are due to some remarkable instability which occurs at periodic intervals in 
certain glaciers (Post, 1960, 1966, 1967[b] ) . 
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JO URNAL OF GLACIOLOGY 

During their ac tive, fast-moving p hase, surging glaciers can be recognized by chaoticall y 
broken surfaces, sheared margins, and large vertical and horizontal ice displacements. All 
large and most small surging glaciers in western North America can a lso be identified when 
inactive by distinctive urface features which are a resul t of their periodic changes in flow 
velocity. Most conspicuous of these features are repeated loops or folds in medial moraines or 
ice banding, usually formed by the sudden variations in the flow rate of a glacier relative to its 
tributari es. Longitudina l profiles locally steeper than the p rofi les of trim li n es or lateral 
moraines may indicate vvhen a surging glacier is approaching critical instability. 

A ll of the larger glaciers known to have surged in western North America clearly display 
some of the above characteristics. Validi ty of these indicators is demonstrated by three 
spectacular, recen t surges which were predicted on the basis of such evidence (personal com
munication from Post to W . A. Wood , 20 December 1960; Post, 1967[b] ). T hese move
ments took p lace in the VValsh, Steele, and C hitina G laciers. No major g lacier in the study 
area which does not di splay evidence of surge activity has any record of past surges. T hus 

TABLE r. GENE RAL D ISTR[I3UTION OF SURGING GLAGIERS IN WESTERN NORTH AMER ICA 

Mountain range 
St E lias Mountains 

Wrangell Mounta ins 

Chugach Mountains 

Aleutia n R a nge 
Alaska R ange 

Subdivision 
Fairweather R ange 
G lacier Bay 

Alsek R a nges 

Alsek River 
Yakutat 

Chitina Ri ver 

I cefield R anges 

Eastern pa rt 

Chitina River 

Eastern part 

Chigm it Mountains 
W estern part 
Tordrill o Mountains 

Mt McK inley a rea 

Mt H ayes a rea 

Mt Kimball area 

Basin 
G ulf of Alaska 
North-western part 
J ohns H opkins Inl et 
K lehini River 
Tatshenshin i River 
West side 
Russell Fiord a nd Yakutat Bay 
Ma lasp ina G lac ier 
Walsh G lacier 
Chitina G lacier 
Logan G lacier 
Kaskawalsh, Sli ms River 
Duke River 
Donjek River a bove Steele Creek 
Steele Creek 
Cement Creek 
Wolverine Creek 
St Clare Creek 
Count Creek 
Klutlan Glacier 
White River in Alaska 
Chisana River 
Nabesna River 
C hitistone River 
Skolai Creek 
Barnard G lacier 
H awkins G lacier 
Bering G lacier 
Lowe Ri ver 
Tasnuna River 
IlIiamna Volcano 
Hartman River 
Hayes Ri ver 
Skwentna River 
Nagishlam ina River 
Beluga River 
Kuskokwim River 
Kantishna River 
Yentna River 
Chuli tna River 
Yanert Fork 
Susitna River 
Maclaren River 
Delta River 
Delta River 
Gakona River 
Chistochina River 

Number of 
surging giacirrs 

17 
4 
2 

I1 

8 
9 
4 
6 

16 
6 
:1 

12 
16 

2 

3 
2 

12 

10 

4 

3 
2 
2 

I 

2 

4 
1 

7 

2 

2 

2 

2 

2 

2 
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considerable fa ith can be pl aced in the present data on the limited distribution of surging 
g laciers in western North Am eri ca. New surges, as they develop in the region , can be pre
dicted to be limited to glaciers located in the a reas defin ed below. 

WH E RE S UR G ING GLAC IERS A R E L OCATED 

All glaciers which have been observed surging or show some evidence of former surges a re 
shown in Figure I a nd listed in T a ble I. M ost of these a re concentrated in compac t groups in 
the St Elias M ounlains and eas tern vV l"angell M ountains where a wide vari ety of sizes a nd 
forms of surging glaciel-s have been identified . In the A laska Range, the maj ority of these 
unusua l g laciers a re located in a long structu ral vall ey fo llowing the D ena li faul t (St Ama nd, 
1957) . The H ayes Glacier in the Tordrill o M ountains shows unmista ka ble evidence of 
surging while several nearby glaciers appear to be subjec t to these movemen ts. Only a very 
sma ll number of g lac iers whi ch show evidence of surg ing have been iden tified in o ther a reas . 
T he la rge Bering G lacier in the eastern C hugach M oun tains surged strongly between ' 957 
a nd ' 960, and experi enced a nothel- weaker pulse in 1965. The lVIa rsha ll Glacier, 50 km 
nonh of COl-dova, m ade a shon -lived ad va nce in 1960, a nd (he adjoining Desen ed G lacier 
shows evidence of periodi c changes in Aow velocity. The T uxedni and L a teral Glaciers in the 
C higmit M ounta ins displ ay evidence of urges, and a ma ll glacier in the extreme wes tern 
Al aska Range was advancing anoma lously in 1954. 

In all o ther g lacierized regions in western North Ameri ca no evidence of surg ing g laciers 
has been found . These incl ude extensive g lac ierized a reas of the west a nd central C hugach 
M ountains, west a nd centra l WI-angell M ountains, and mos t vall eys of the Alaska R a nge not 
direc tl y associa ted with the Dena li fault. No evidence of a ny surging g laciers has been found 
in the Brooks R ange, Aleuti a n R ange west ofllliamna V olca no, K ena i or Coast M oun tains in 
Alaska; Coast, R ocky or Selkirk M ountains in Canada ; or the Olympic M ountains, Cascade 
R ange, R ocky M ountains, or Sierra Nevada in the conterminous Uni ted States . 

The p resence of large numbers of surg ing g laciers in severa l well-defin ed areas and the 
complete absen ce of them in other areas where m any thousands of glaciers a re presen t is too 
clear to be a coincidenta l pa ttern in a ra ndom population . Special fea tures must be presen t 
in the favored a reas w hich induce the unusua l Aow cha rac teri sti cs . 

NUMB ER O F S URG ING GLAC IE RS 

All of the la rge glaciers a nd most of the smaller glaciers in western North America have 
been inspec ted by aerial reconnaissance and examina tion of aeri al photogr·aphs. Of the m a ny 
thousands of g laciers present '204 have been identified which show evidence of unusua l Aow. 

A number of small glaciers which surge doubtl ess have not been identified , as small 
glaciers reta in the least evidence of past surge activity. Also, as m ore information becomes 
ava ilable and allows more precise definiti on rega rding the n a ture of these unusual movements, 
some or perhaps m a ny of the sma ller glaciers which have made anoma lous advances m ay be 
omitted from the listing. 

A m ore comple te report, incl uding maps and tables listing detailed information on indivi
dual surging glaciers, is being compiled. 

R EC ENT A CTIVITY 

Since the author began aerial inspection in 1960, thirty-five surges have been observed 
in western North America. At least twenty-six pre-1 960 adva nces in this area which can be 
attributed to surges have been reported in the literature. In addition , an examina tion of 
aerial photographs taken prior to 1960 by various government agencies and private indivi
duals has located forty-four previously unreported surges which were in progress when the 
photographs were taken . 
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DISTRIBUTION OF SURGING GLACIERS I WESTERN NO RTH AMERICA 233 

The frequency of the periodic movements of most surging glaciers is unknown. A few of 
the smaller glaciers have been observed surging more than once, at approximately twenty-year 
intervals. Major surges of some large glaciers occur at intervals of fifty years or more. The 
num ber of glaciers which are active at one time va ries great ly; for instance, eighteen glaciers 
were undergoing surges in 1966, but most of these had stopped fl owing rapidly by August 1967 
and only two new surges were observed that year. Although both years were exceptional for 
the number of active surging glaciers, such year-to-year fluctuations may be coincidental and 
probably not of climatic sign ificance. An average of five new surges each year has been noted 
since 1960. This is consistent with the total number of surging glaciers and the observed 
periodicity of the surges. 

GLAC IE R SIZE AND SHAPE 

In the search for causes of these unusua l movem ents, common characteristics (other than 
their distinctive surface features) have been sought. The Bering Glacier, largest (5 800 km ' ) 
and longest (200 km ) g lacier in North America, a small (4 km ' ) glacier on ly j. 7 km long, and 
glaciers of various other sizes have now been observed surging, so it is evident that no spec ia l 
size is required. Another possibili ty might be some special shape, uch as basins with ve ry 
restr icted outlets (e.g. Lednik M ed vezhi y in the Pamir cited by Dolgushin a nd o thers ( 1963)) 
or glaciers with pronounced subglacia l riegels or o ther obstruct ions. The presentl y identified 
surging glaciers, however, embod y nea rl y cvcry form of g lacier found in wes tern North 
America. The glaciers in Tabl e I incl ude large, branched , low-gradient vall ey g laciers; 
simple, small valley glaciers; branches of larger glaciers surging independently ; and several 
small g laciers of various shapes. The common characteristi c of surging glac iers is that som e 
part of the g laci er ac ts as an ice reservo ir which fill s a nd di scharges periodically. 

T he majority of the surging valley g laciers have moderate, even grad ients which reOecr 
uncomplicated bedrock configurations . On the o ther hand, many smaller surging glaciel-s 
discha rge from ha nging vall eys or flow down steep slopes. It is apparent that no particular 
shape of glacier is required to induce surges . 

EARTHQUAKES AND EARTH QUAK E-I ND UCED AVALANCHI NG 

No direct connection has been found either in time or space be tween g lacier surges and 
earthqua kes recorded since 1900 (Pos t, (965) . The earthqua ke-advance theory of Tarr and 
Martin ( 19 I 4, p. 162- 97) is not supported by recent observations. Even very large rock-slide 
avalanches on glaciers resulting from the 1964 Alaska earthquake have fail ed to induce surges 
(Post, 1967[aJ ) . 

CLIMATIC ENVIRO N MENTS 

Surging glaciers a re not confined to any particular climati c zone in north-western North 
Ameri ca. Figure 2 shows the approximate annual precipitation for various climatic regions in 
south-centra l Alaska and adjacent Canada. Many surging glaciers are found in the humid, 
mild , maritime environment near Yakutat on the Pacific coast (Fig. 3). However, the majority 
are found in the interior where sub-maritime to continental conditions prevail (Fig. 4) . 

Great ex tremes in the activity index (M eier and Post, (962 ) or the exchange (sum of 
accumulation plus ablation ) of surging glaciers in these two dissimilar environments are 
certain. The high-altitude interior glaciers receive light snow accumulation and ablation is 
moderate. In the interior Icefield Ranges, at the Hubbard- Kaskawalsh divide (altitude 
2640 m ), annual accumulation for 1965 was slightly over I 300 mm water equivalent 
(personal communi cation from 1elvin Marcus, 1968) . On the low-altitude icefields near the 
coast accumulation is very heavy; for example, 4 772 mm of precipitation occurred the same 
year at Yakutat. Snow and ice ablation at low a ltitudes is correspondingl y large. It thus 
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JOU R NA L OF GLAC I OLOGY 

°FAIRBA NKS 
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~GlOe.eflLtdOreO$"l'\ere'I"QU OCCu , 

Fig. 2. Map showing precipitation in parts of Alaska and Canada. Because direct measurements of precipitation in most 
mountainous areas are not available, mm!)' of the values shown here have been derived by com/)aring stream flow with 
precipitation records of lowland stations in selected river basins. Values are in millimeters of water. No te the narrow stril) 
of very heavy' preci/)itation ( 4000-5 000 mm) along the coast of the Gulf of Alaska. Precipitation drops 10 only about one 
third of coastal values in a traverse across the St Elias Mountains north of Yakutat (personal communication from Melvin 
MarClls , 1968). Values one half to one third of the coastal precipitation are /)ro bably typical qf most inland glacierized areas. 

3eems unlikely that the activity index or exchange of these glaciers can have any pervasive effect. 
T he firn line on the coast in the Gulf of Alaska is at a bou t 1 000 m ; these low-alti tude 

glaciers a re presumably tempera te (Meier and Post, (962). T he firn-li ne altitude in the 
in terior ranges is as high as 2 500 m; presuma bly many of the surging glaciers in that region 
are sub-polar. O n " Fox" glacier at a ltitude 2 250 m on the in terior side of the Icefi eld 
R anges, ice tem pera tures of - 3.2°C near the surface and - 6.4°C at 20 m dep th have been 
reported (persona l communication from G. P . Rigsby, 1968). Although other da ta on sub
g lacia l and englacial temperatures are lacking, surging glaciers in western North America 
a pparentl y include both sub-polar and temperate types. 

TOPOGRAPH Y 

All glaciers in western North America a re located in rugged , mountaino us terrain. T he 
physical relief where surging glaciers a re located does not differ in any conspicuous way from 
m a ny regIOns where surging glaciers a re not fo und . 0 par ticular orienta tion is favored 
(Fig. [) . 

R OC K TYPES 

T he na ture of the rock type varies greatly from region to region and little information is 
a vailable where most surging glaciers a re located . A generalized geologic map of the east
central part of the Alaska R ange (Fig. 5) demonstra tes that here surging glaciers are not 
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~SURGING 
~GLACIERS 

Fig . 5 . Surging glaciers in the eastern Alaska R ange show ing Iheir reialionsitijJ 10 Ihe D m ali f aull (hem;)' dashed l ine ) and 
various rock /yjJes. as follo ws : A. lower pre-Cambrian lIletamorjJhic rocks: B . Silurian -Devonian marine limeslone; C, 
Permian limestone and marine claslic roc'h , D, Cretaceous (lower /J ari) . }urassic, and T riass ic mariue and nau-lIIari"e 
sedimellta~y rocks ; E , Cretaceolls and J urassic intrusive rocks; F. T ertim)' marine and nOll-marine sedirtlenlm~l! rockJ; G, 
Qjlatemary sedimentary dejJosils (after D lltro and Po) 'ne * ; lvlQ/}il, (955) . 

confined to any particular rock type . M ost other surging g laciers are located in areas where 
detailed geological mapping is incomplete. In somc locali ties surging glaciers occur where the 
bedrock is predom inantly sedimentary, sLlch as the Bering Glacier. Volcanic rocks underlie 
some of the glaciers north of the Icefield Ranges in the vicinity of Steele G lacier. Some 
surging glaciers, su ch as the Peters and :r.,1uldrow, occu r near la rge plutoni c, igneous bod ies 
such as :r.,10unt :r.,1cKinley; small piu tons d oubtless occupy parts of mos t of the large glacier 
basins. Metamorphic rocks underlie some surging glaciers in the I ceficld R a nges and the 
Alaska Range. In most regions, such as the Alaska Range and St E lias Mountains north of 
Yakutat, several rock typ es are present without surging g laciers being limited to any parti cular 
type or combination of types. However, no surging glaciers are located in the predominantly 
granitic Coast Mountains or the little-altered sed imentary formations of the Rocky :r.,1ountains. 

The limited distribution of surging glaciers is evidently not rela ted to the predominance of 
any single type of bedrock. But much more detai led mapping of bedrock under surging and 
non-surging glaciers is necessary before the relationship of rock types to surges is understood. 

BEDROCK ROUGHNESS AND PERMEABILITY 

The degree and nature of the roughness of bedrock under glaciers may be a critical factor 
in determining the rate at which a glacier slips on its b ed (Weertman, 1964) . I t seems som e
what doubtful that som e unique surface roughness is the cause for the lim ited d istribution of 
surging glaciers in western North America. Large numbers of glaciers in some areas surge, 
regard less of size and shape, whi le none do in other areas where bedrock and topography are 

* Dutro, ]. T. , jr., and Payne, T. G. '954. Geologic map of A laska . U.S. Geological Survey. Map MR 8024. 
I : 2500000. 
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apparently quite similar. D etailed studies are needed to d etermine the nature and roughness 
of bedrock before more complete answers to this question are possible. 

The permeabi lity of bedrock or subglacial unconsolidated deposits could also be a factor 
which m ight induce glacier surges if a film of water under the glacier is associated with these 
movements. The nature of the bedrock, as indicated above, has not been studied in sufficient 
deta il to permit analysis of this ques tion . Most surging glaciers appear to be located in areas 
where the bedrock has been subject to severe deformation. The association of surging glaciers 
to some fault-related valleys where the bedrock is probably badly shattered and presumably 
more permeable than in most other areas might suggest that high bedrock permeability is 
necessary for surges . The lack of surging glaciers in the granitic and presumably low permea
bili ty Coast M ountains might a lso support this suggestion . However, there are many areas of 
high permeability sedimentary formations o r highly deformed rock where the glaciers do not 
surge. As with bedrock roughness, d etailed research is necessary before thi s ques tion can be 
answered with certainty. 

P OSSIBLE SUBG LA CIAL T E MPERAT U R E A NOMALIES 

Subglacial temperature anomalies causing glaciers to surge in certain loca li ties may be a 
possible explanation. Unfortunately no subglacial temperatUl-es have been measured under 
surging glaciers up to the present time. H eat transfer by surface heat balance, wa ter con
vec ti on, and ice flow convection presumably would be very nearly the same for contiguous 
glaciers in various environments whether of the surging or nonsurging type. Friction within 
the ice and fri ction on the bed are normally small quantities a lthough these, particularly bed 
friction, may become important sources of heat once the ice flow has gained considerable 
velocity during surges. The two sources of heat remaining which could foreseeably produce 
large-scale anomalous temperatures under a glacier are ground-water convection and the 
conduction of heat through the bedrock itself. High heat flow by these means could be due to 
incipient volcanism, fri ction a long active faults, or recently emplaced piu tons at depth. 

VOLC A NOES 

Although few heat-flow data are available near volcan ic peaks of the North-West it seems 
reasonable to assume that positive anomalies in heat flow may exist at least near those that 
have experienced recent eruptions. Anomalies in some ground-water temperatures are 
indicated by the presence of hot springs near some of the inactive cones. 

Examination of the glaciers of the volcani c peaks of western North America has revealed 
only two glaciers that show evidence of past surges. The most positive of these is the Tuxedni 
G lacier on Illiamna Volcano, Chigmit Mountains (Fig. I). It is unique both in its length 
(24 km ) and low gradient (50 m per km) for glaciers of the volcanic peaks. The absence of 
more surging glaciers on these peaks might be due largely to their physica l form. Typically, 
glaciers on volcanoes are located on steep, un confined , diverging slopes that are least favorab le 
to the formation of the ice reservoirs associated with surges. 

T he absence of surging glaciers on most volcanoes in western North America does not 
preclude the possibility that abnormally high geothermal heat may induce these movements. 
Periodic surges of several of the Vatnajokull outlet g laciers in I celand (Thorarinsson, 1964) 
that are located on active volcanic terrain suggests such effects. 

FAULTS 

Abnormally high heat flow and anomalies in ground-water temperatures along fau lts was 
suggested as a cause of surges by Zane Spiegel (personal communication , 1960) . A few, but by 
no m eans all , structural valleys which follow major faults contain surging glaciers. Typically, 
nearby valleys contain very similar glaciers which show no evidence of surging. The most 
notable example of this relationship is the long, narrow structural d epression following 
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sec tions of the D enali fault in the Alaska R ange (Fig. I) . Prac tically every glacier occupying 
pa rts of this valley shows evidence of periodic, rapid movements, a nd four- the l\1uldrow, 
Susitna, Black R apids, and Gakona- have made spectacula l" surges in recent years. The 
s triking relationship of surging glaciers to this fau lt and the a bsence of su rging glaciers in most 
o th er nearby valleys indicates som e direct association wi th th is feature. 

St Amand (1957) has suggested that su rges may be due to fa ult displacements. No 
recent displacements have taken place a long the D enali fau lt whi ch m igh t be directl y related 
to g lacier surges. Displacements up to 6 m a long th e Fa irweather fau lt accompani ed the 
seve re 1958 eanhquake (T ocher a nd Mi ll er, 1959) . The L a Puouse G lacier crosses th is fau lt 
east of Cr i lion Lake. R a pid , sho rt-li ved ad vances of its term inus into t idewater have occurred 
from time to time. It is not known whethcr the most recent advance, noted in 1966, may be 
related to fault displacements which took p lace during the 1958 earthquakc. Due to the long 
interval separating the earthquake and the advance, a direct connec tion a ppears unlikely. 
Funhermore, the Fairweather fa ul t t rench is a lmost continuously occupied by g laciel"s fmm 
Cri lion Lake to a nd beyond th e A lsek River , a di stance of morc than 150 km (Fig. I ) . Faul t 
displacement during the 1958 earthqua ke under the large Grand Pla teau Gla cier was dramati
cally demonstrated by a fracture visible in the glacier surface th at followed the fa ult trace 
(personal comm uni ca tion from George Pl a fker , (968) . .\fot one of these g laciers surged as a 
resu lt of the 1958 earth movements and there is no evidence indi ca ting th a t any of th ese 
g lac iers have surged in the past. Cont inuing stra in in the vicin ity of thesc ac ti ve fau lts might 
have som e minor effect on subglacia l dra inage, but littl e is kn own about strain pattuns in 
these m ountainous regions a nd it is d iffi cult to see \\·hy stra in would cause many SUl"ges in 
some a reas (e.g. near the D enali fault ), b ut produce no surges in ot her a reas of presumably 
g reater deformation (e.g . Fairwea th er fau lt, western Chugach R ange ) . It thus appears fair ly 
ce rta in the glacier surges are not related to earth d ispl acemen ts a long fa ul ts. The most likely 
association between surging glaciers and fau lt vall eys appears to be either unusua l bedrock 
roughness or permeab ili ty found a long cer"tain faults or a nomalous hea t now in their vicinity. 

As the distribution of surging glac iers in Figure I indi cates, surges are by no means 
limi ted to certa in fault-associated vall eys . Pa rticula rl y in the St E lias Moun tains the genera l 
regions where surging glaciers are located are qui te ex tensive. C learly they cannot be directly 
related to anyone fault and the large percentage of surging g laciers in these regions m akes it 
appear tha t the condition favoring surges is a lmost uni versa l within the a ffcc ted regions . Jf 
a nomalous heat Row is the ca use it m llst be present over broad areas . 

CONCLUSIONS 

The limited d istribution of surg ing g laciers in western :'-Jorth Ameri ca indicates that 
specia l conditions found onl y in cer tain geographical areas favor these unusua l movem ents. 
Their cause canno t be limi ted to in terna l properti es of glacier ice a lonc but must include 
ex terna l forces not universa ll y prescnt. 

Severa l poss ible unique conditi ons h ave been elimi nated. No specia l size or sha pe of 
g lacier is necessary. No specia l m ean air temperature, precipitat ion, a lti tude, or activi ty index 
is favored. No relationship to earthquakes either in time or space is evident. No particul a r 
rock type is indicated . Distinctive differences in permeabili ty or surface roughness of bedrock 
in a reas where surging glaciers are located do no t appear likely bu t requ ire furth er study. 

M any surging glaciers are found in the D enali fault vall ey, b u t some o ther fau lt vall eys d o 
not contain surging glaciers even though recent ea rth movements may have taken p lace. 
Many surging glaciers are found scattered or in groups in other fa.idy well defined areas 
without any clear relationship to faults. 

The two causes that appear m ost likely to explain the limi ted distribu tion of surging 
glaciers in wes tern North America are (a) anomalous subglacial temperatures, and (b) unusual 
bedrock roughness or permeability. Perhaps a special combination of these conditions m ay be 
necessary to produce the unusua l conditions at the bed of a glacier whi ch cause surges. 
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