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ABSTRACT. Ogil"cs fonn beneath ac tive ice fall s whose heads a re situated near o r bc low the finl line. 
They consist of curved bands of a lternating white, bubbly, less d ense ice a nd darker , denser ice with fewer 
bubb les, extending thro ughout the th ickness of the g lacier. The diffe rence in character is he ld to be due to 
the diffe rent cond itions in the upper ice fall. through wh ich the ice passes in one year at high speed . I n 
summer the th in and shatte red ice is exposed to high temperatures and melt water, whi le in winte r the 
condit ions a re of Arctic-type throughout the thi ckness of the attenuated ice. A lane of ice on the Gornerglet­
scher. o r ig ina ting as co ld , dry snow with no melt wate r present, i ll ustrates th e character and origi n of the white 
bubbly ice. The greater e levation of this cold-snow ice and the waves form ed beneath the ice fall s are 
considered to be th .. result of the lesser therma l conductivity a nd grcater a lbedo of the whi le bubbly ice. 

R Est·ME. Les og il"cS se fo rment en m"al d'unc chute de glact: ac til'c d on t le debut ,·s t situ,' pr"s 0 11 en­
dessous de la ligne de n eve. Elles consistent en b,Plcics courbes d e g lace a lterna ti vement blanche. bulleuse , 
mains d ense, et plus sombre, plus dense. moins bulleusc, s'ctendant it trave rs la mass .. du glacier. La 
d ifference de ca ract ere semble e tre due aux conditions differentes r cgnant clans la partie sup lTicure cl e la 
chute cle g lact: it travers laque lle la glace passe it gran cl e vitesse e ll une annee: durant I' e tc, la g lace mince 
et cl e labrce es t ex posee it de fort es temp eratures e t it I'eau de fonte , a ln rs qu'''n hi ve r les condi ti ons sont du 
type arctiquc pour toute la masse de g lacl" a tt c· nu <'c . Unl" laisse de g lace du Glac ier du Gorner, form ec cle 
neige froide c t s('che sans eau d e fonte. iliustre le ca rac t"re et I'origim' de la g lace bullt-ust: blanche. La pl us 
grande altitude ell' cetle g lace dc ne ige froid c e t les I"agues forml'cs l"n-dessous ell' la chute dt' glace sont 
cons id e r ees commc le r <'sult a t cI ' une Illoi neln ' conel uc til"it c thermiquc l"l d'une plus g rande a lbt' c1o de la 
glace bu li euse b lanclw" 

ZUSAM ~1E!'o:rA SS t ' ''(;. OgilT n entstehen L1 llterha!b van aktivcll GIt-t sc illTbruchen , dcrcn o bere T cilc nahe 
der Firnlinie ode I' unter ihr li egen. Sic bes tehen aus gekrtimmt cn II Ci ndlTn, cli e abwcchse lnel aus wcissen , 
blasenrc ichen. lI"elliger dicht cm E is unci clunklerelll , dichteren Eis Illit wl"lI igcr Lll ftblascn bcs tehcn. Die 
Biinder e rst rt:cken sich auf dit: ga ll ze Dicke dcs Cl ctschers. Die cha raktcristischen Cnterschicdc sincl , wie 
man annilllmt , aLII' di e \"e rsehiedencn ' "nha ltni sse im obcrh a lb ge legell l' n Eisbrllch zur iickzuftihrell, 
c1urch d e ll das Eis im L a Llfe e in es .fahrcs mit grosser Gl'schwincligkcit durchflicssl. 1111 Sommer ist das 
diinne und ze rrtitt ete Ei s hol" 'n Tempera turl' n unci dlT \\ "irk ung von SchmclzwasstT ausgcsclzt. \\',ihrcncl 
im "Vinter tiber die ga nze Di cke des dunllcr gl'lI"o rtll"lH'11 Eist·s arkti schl' " crh ,iltllissc he ITs,ht' lI. ,\111 (; o rne r 
Cletscher iliustricrt c in Eiss tre ifi'n. de.- aus kall l'm, trockcnt'n Sc hll ,"(, l' lIht 3l1llcll ist unci kt ' ill Schm elzwasse r 
a uf\\'e isr, d en C harak tcr unci d ell Lrsprung des lI"t: isst:n blasl"llreicllt"1I Ici,,·,. Die I':ril l' bung die,, " a l" Ka lt­
schnee entsta nelenen Eiscs u ber clas a nclcre Eis ulld di t' untl'r delll Eisbruch gcb ild t't" 1l \\ 'e1 kll \\'t'nk ll ab 
Ergcbnis dc r gc ringeren \\ ',irnll"kitung und des g rijsstTl'n .'Ibedo el l'S II"l' issl"l l IJ last' nrl' ichcll h scs al1 gl'scht: n. 

I NTRODl lCTIO N 

I hope that \\'hoever reads th is \I'ill also read the supe r l) a rti c le on ogi\'c r()rmatilltl I»), Dr. 
' . . -\. ,\1. Kin g a nd :\1r. W. V . L ell" is ( 196 1) , both for its a na lys is, for its illustra tioll s, a nd for 

its references . That artic e on the f\usterdal sbreen ogives appea red a rter I ha d a lready put 
together, for presentation on 2 1 April t C)G t before the Ameri can (;eo ph ys ical U ni o ll . a 
d) mm. movie film of the ogives of th e Mer de G lace, of" the i\rolla a mi o f" th e Trift (;Iaeiers 
in the A lps, with background materia l bea rin g on their ori g ins. This paper is based Ott th e 
points mad e in the movie fi lm. It is m y hope that the inte rl eav ing of my own olJse rva ti o ns of 
a lpine ogives \I"ith th e British party's obsen1a ti ons of ;\Iot"\,"egian ogives , ancl especially th e 
ap plica tion of rel a ted feat ures of th e unique lane of \I'hite ice on the (; o rnerglctsc her a t 
Zermatt, m ay give a sufIi c ientl y ge nera lized understanding of th ese beautiful creations or 
nature, defin ite ly to ex p la in their origin. 

Dt':SC RII'TIO N 

Ogives are strikin g cross-glac ier bands or a ltern ate w hite and dark ice, c unTeI r!O\ I" n­
g lacier. norma ll y spaced some 200 to son ft. (60-t so m. ) a pa rt. They re pea t each o th e r 
indefi nite ly along the g lacier so that an ogived g lac ier remind s th e olJse rve r from a distance "f 
the striped back ofa rattlesnake. O gived glac ie rs are re lat ive ly rare. (Sce Fig ttres 1,2 ,:l and .. j., 
p. 54 a nd 5:)· ) They \\ere first described by Forbes in 18+2 and !r;\\"(' been studied tim e a nd 
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Fig. 2. Mer de Glace ogives, from 
airplane directly above ice fall 
(Fig. 3). Photograph by 
H. Geiger (Sion) 1960 

J OURNAL OF GLAC I OLOGY 

Fig. I . Mer de Glace ogives,from 
airplane over snout. There are 
today 70 ogives on it . Forbes's 
map in 1842 shows 42 ogives 
on it. Photograph by H. Geiger 
(Sion) I960 
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Fig. 3. Mer de Glace ice fall ­
hardened avalanche debris here 
masks the earliest waves. 
Photograph by H. Geiger 
(Sion ) 1959 

Fig. 4. Trift Glacier, showing ice 
fall, waves, and earliest 
ogives. Continuity of crests of 
waves into while bands is 
shown. Hardened avalanche 
debris masks the earliest waves. 
Photograph by H. Geiger 
(Sion ) 1959 
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again since then. A ll classica l explanations have seemed unsatisfac tory to me, a nd I have been 
studying them during the las t 40 years. 

An y expla nat ion must sa tisfy six fea tures o f these bands, na m ely : 
(1) They occur on ly on ce rtain tempera te g laciers and onl y belo\\" ex tremely active 

ice fall s, a nd they repea t continuously from the foot o f the ice fa ll to the ve ry snout of the glac ier. 
(2) Their spacing is substa ntiall y one-yea r 's fl ow of the g lacier. 
(3) The ice in each wh ite band a rea is predominan tl y bubhl y ice, density about o· 89 g. /cm. 3 , 

typical of the Arcti c. The ice in the dark ha nd a rea is predomin antly free of a ir bubbles, 

Fig. :). The. ' rolla (;la(ier . . ,howillg ice fall . ware, alld Ogiz'fS . exlelldillg (ollliIlIlOW/)' 10 ils teI)' SlIoul . PholograjJh ~) ' Feli). 
.l1I/ell (.(alllall ) 19.16 

d ensi ty a bu u t (1 • ~J 1 g ./cm .:I, lypi ca l of rem per a te g laciers. Bu bbly ice, being whi tel' to the eye than 
hubbl e-free ice, ca uses th e char'acteristi c ba nding e fkn to the eye even when th ere is no dirt 
present on the dark bands. H some dirt ex ists on the \\'hi te bubbl y ice, it tends to be hidden 
from oth er th an ve rti ca l observa tion. It is concentrated at the bottom of countl es~, sha Il O\\', 
littl e dust we ll s (Kryokonitloc her) (Fig. 9) , thlt s preserving to the obse rver the apparent wh ite­
ness of the \\. hi te ba nds. 

(4.) The two types of ice, bubbl y and non-bubbl y, continue verti ca ll y down thro ugh the 
structure of the g lacier to its very bed. T he ogive structure is no m ere surfa ce fea ture. 

(5) At the foo t of the ice fi ll , before the ogives deve lop their striking contras ts, there 
a ppears a se l'les of lo\\' cross-g lac ier \\'aves like great ocean swell s (see F igures 4 and 6) . 
As these waves move down -g lac ier, their diminishing cres ts are soon repl aced by the white 
ba nds a nd their troughs by th e da rk bands of the ogives. 

(6) Th e heacl urthe ice fa ll genera ting the waves and og ives is itse lf a lways near or below 
th e firn lin e. 

Care must he taken not to confuse these s triking r orbes ba nds with the outcrop of annua l 
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mIre layering , sedimenta ry in type, a phenomenon w hic h occurs m ore a nd more often a s one 
goes furth er north . 

OnSERVATIO NS IN N O R WAY 

Dr. King a nd Mr. Lewis ( I g 6I ) cite the ex treme a ttenua tion of th e ice of the g lacier 
when in rapid tra nsit through the ice fall proper, as exposing such ice during the summer to 
m o re than norma l sun a nd ra in- factors which wo uld produce la rger crys ta l growth in ice 
traveling down thro ug h the ice fa ll in summer tha n in ice tra veling d own it in winter. 

Fig . ri . . Irulla Clac;er . . ,/tow;lIg ia/all. wm ·e5. all t! ear/if," ogiz ·es . COlllill ll i!)' 0/ ae"I.' of 1NII'e" ill Iv w/tile ballr!., i,' S/tOLL'II . 
/>/lOlograjJh by I-Iellri , 'iul1l1ier (. iI·ulla ) ' 9:i9 

013 SER\'AT I O~S IN T H E . \ I.PS 

W ith this 1 \\'ho lehea rted ly agl'ee- in lac t, Fig lll'es 3, + (p . 5S ) a nd 6 from the A lps 
suggest th a t ex trem e a tt enua tio n. "A fast-sliding sla b of crushed ice" (Dr. King) , is, in m y 
opinion , a considera bl e understa tem ent. 1 \\'ould say tha t ice, in rushing a t speecl down the 
ice ra il , is not o nl y a ttc lltlGltcd as to its actua l thi ckn ess, hut is comple te ly shattered by cracks 
a nd crevasses, sm as hed LI p, and a la rge pa rt is actua ll y pul veri zed thro ug h ava lan ching a nd 
re-ava lanching d o wn hill a nd is even tu rned ove r , like so il in a ga rd e n , so tha t the " ice fa ll " 
ice, throug hou t its entire thickn ess, quickl y fi nds itse lf exposed a lmos t co m pletely to amb ient 
a ir tempera tures, slimm er or \\·int er. This is pa rti c ul a l'l y true of the beg inning area of a n ice 
fa ll , a s wi ll be desc ribed below. 

In summer, the effec t is just as described by King a nd Lewis. But ill winter, it is my clea r 
conclusion tha t this ice fa ll ice, fa r more tha n just being " unex posed to m elt water" , as implied 
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b y King and Lewis, is under the influence of Arctic-type conditions throughout its depth, 
well below 0° C. 

This refrigeration at depth contrasts with the temperate glacier winter cold wave penetra­
tion of barely 10 m. 

I t is of critical importance to note that the time of passage through the active area uf an 
ice fall for all three Swiss ogive-producing ice falls is of the order of one year. The velocity of 
ice in that most active, upper part of these three ice falls is of the order of 10 to 20 times that 
of the flat glacier above or below the ice fall. This, of course, means that the ice thickness in 
this upper area is relatively very thin. I presume that this same difference, referred to as found 
in Austerdalsbreen, applies in the same way, only to the upper "active" area of Austerdals­
breen. 

This "active" portion of the ice fall is by no means the entire region of a highly crevassed 
glacier, all of which ranks as "ice fall" to the mountain climber. This "most active" portion 
of the ice fall is merely the uppermost portion of the drop~the area immediately below the 
first great ice cliff, perhaps onc-third of the total " drop" . 

THE PROCESS 

Thus, while in summer the ice-of-passage deoouches from the ice fall into the outrunning 
flat glacier as completely temperate ice with melt water present and reconsolidates as one would 
expect, into nearly bubble-free temperate ice, density about 0'91 g. /cm.3,~the story is quite 
different in winter. Ice-of-passage debouching in winter into the outrunning flat glacier comes 
out at temperatures well below freezing, and reconsolidates as would a massive accumulation 
of cold snow with no melt water present. It is in fact bubbly ice, density about o· 89 g./cm. 3• 

In both summer and winter, the sudden retardation of velocity of the moving ice fall ice, as 
it levels off into the wider flat glacier, compels immediate consolidation, just as a wet-snow 
spring avalanche, or a powder-snow avalanche in winter, slushing down its run, consolidates 
instantly, when it is halted by the valley floor , into hard snow, snow so hard that a victim is 
caught in it as in a vise. 

RELATION OF GORNER LANE OF WHITE I CE 

This cold snow consolidation process is of peculiar reality to me. On the Gornergletscher 
(Fig. 7) there is a unique central lane of white bubbly ice, density about o' 89 to o· 87 g./cm. 3• 

It is the triangular central lane which wedges out in the foreground. I described it at length in the 
Journal ojGlaciology (1950), but I hasten to repeat a correction (already noted) that the source 
of accumulation of this white lane is not the avalanche deb,is from cliffs of the Nordend of 
Monte Rosa overhanging the Gornergletscher's upper reaches. Actually, this lane of white 
bubbly ice has its source in the cold, sunless north slopes up against the Silbersattel, between 
the Dufourspitze and the Nordend. It is the firnification of that accumulation under cold 
conditions, with almost never any presence of melt water, which produces that perfection of 
white bubbly ice, density o' 87 g. /cm.3, in the Gornergletscher's white lane. Incidentally, this 
white lane rides 10 to 20 m . higher than the level of normal, more solid, darker ice on both 
flanks (see Fig. 8, p. 59). Another feature is the tendency of all the surface dirt on this "white 
lane" to concentrate at the bottom of countless tiny dust wells (Kryokonitlocher) (Fig. 9, 
p. 59) . This is typical of all bubbly ice areas. 

The softness of mid-day summer snow, even at high altitudes in the Alps, everywhere 
except in those rare, exceptionally cold and nearly sunless regions such as the Silbersattel 
area of Monte Rosa, attests to the presence of melt water almost daily in summer in typical 
areas of accumulation which are the source of the much commoner nearly bubble-free ice 
of all temperate glaciers. 

Here then , in the sharp segregation between bubbl y white ice, density 0 ·87 g.fcm.3, and 
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Fig. 7. The lane of white bubbly 
ice, wedging out between the 
flanking darker areas of the 
Gorner Glacier. This white 
lane originates up between the 
two highest summits cutting 
down through the Nordend 
cliffs by a j)oorly discernible 
gorge about 2' 5 cm. from top 
if photo, 3' 7 cm. from lift 
margin ifphotograph ( [952) 

Fig. 9. Dust wells in bubbly 
ice. Boot at right shows 
scale ([952) 

Fig. 8. Close-up of the Gorner 
Glacier lane of white 
bubbly ice, showing how 
it rides high above the 
level of normal ice on 
either flank ([952) 
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normal more bubble-free ice, density 0 '91 g. jcm.3, the white lane and the fl a nking da rker 
ice areas of the Gornergletscher can be seen as clues to the origin of the light and dark bands 
of ogives. 

In both cases, the white bubbly ice, density 0.89-0.87 g.jcm. 3 , traces its origin to the con­
solidation or firnification of cold dry snow or pulverized ice under temperatures cold enough 
to prohibit the presence of melt water. In both cases, the darker , nearly bubble-free ice, 
density about 0'91 g.jcm. 3, traces its origin to areas of consolidation or firnification often 
above the freezin g point with melt water present. 

The occasional narrow bands of darker ice, fo liated into the white ba nds of ogives, obviously 
are the compressed surv ivors of former seracs or b locks of ice in the ice fall which survived , un­
broken , through a ll the shattering m ovement. Similarly, occasional filaments o f white bubbl y 
ice, sometimes found cutting the dark bands, bespeak former crevasses (o pened, however , 
belnw the ice fa ll ) which were fi lled with cold winter snow, after passage through the 
ice fa ll. 

The waves themselves (see particularly Figs . 4 and 6)- whose crests are reconcilable 
down-glacier a short d istance with white bands- attest the close relationship of the whi te 
bands to the white lane of the Gorner. Both the white lane of the Gorner and the white 
band areas ride above the level of the normal darker ice. I have no demonstrable explanation , 
bu t I suspect it is due to the very considerably lesser thermal conductivity of bubbly ice com­
pared with that of normal ice, and with its greater a lbedo (dine rence of specific gravity 
seems total ly insuffi cient) . The extreme example of such resistan ce to a blation appears to be 
the extraordinary white " I ce Ships" of man y Himalaya n g laciers- remna nts after a bla tion 
of the far greater H imalayan white ice lanes. These, as individua l srires of white ice, may 
tower 30 m. or more above the genera l glacier. (I have measured in support the comparat ive 
thermal conduc tivities of the two types of ice , in the fie ld , and fo und that the therma l conduc­
tivity of the bubbly ice, density 0 . 87 g.jcm .3 , was a pproxima tely one-half tha t of nearly bubble­
free ice. See footnote.) 

DescrifJlioll of.field eX/Jer/menls: 
1. Measuring d ensity o f "solid" a nd '" bubbly" ice: 

Take a straight sided pail. partly fu ll of wa ter , as near 39 F. (3 ' 9° C. ) as convenient. 
Measure its d epth , I, . 
Submerge in that water a block o f ice whose density is to b e measured. 
Holding that block submerged w ith a Ih in knife blade, measurc the depth of wate r, 1 2 ' 

AllolV the ice to melt. measure d epth of wa ter, 13, 

Density of ice wi ll be 

'2. l'vleasuring re lative thermal conductivity of bubbly ice, in terms of th e rmal conduct ivity o f no rmal ice 
(Fig. 8) : 
Take 2 identi cal tubes of meta l- sa y I ~ in. diame te r , ,',) in. wall . and 12 in. long (+ cm. X 3 mm. 7' 30 cm. I , 
the ir bottoms sea led like test tubes. 
On a co ld morning ( tempera ture in night 2 or 3 d egrees below freez ing), bo re holes in the bubbl y and normal 
ice areas, to a llow the two tubes to slide down to the ir lips in each hole. 
Fi ll each tube with a strong brine mixture- ice, wate r and sait , and insert thermomete r in each . Dilute 
brine in onc or the o ther to give id entical tempera tures for b oth, say 18° F. (- W C .). 
I nsert tubes fi lled with this brine into the two ho les. one tube in bubbly ice the other in normal ice. R ead 
both thermome te rs at regu lar intervals, not ing tempera tures, and plot tempera tures agains t time e lapsed from 
start. In some h ours the two tempera tures, rising evcr slower, and rising at different ra tes, should level off 
to tha t of the surrounding ice, but the tube in the bubbly ice wi ll be much slolVer in reaching that steady 
state temperatu re than the one in solid ice. 
Plot the two graphs on co-ordinate paper ; the rat io of the areas enclosed by the two graphs will b e a pproxi­
matel y the rati o o f the therma l eonducti\' ities of the two ices. 

(This thermal cond uct ivity experiment loses its a ccuracy if liquid wate r (necessa ril y in varying amount) 
is in contact with o utside of tube- therefore thi s experiment must be performed on a cold morning when 11 0 melt 
water is present- nor can the suggested quicker method of using hot wa ter in the tube, to let it cool to freez ing 
point , be employed ; tha t would prod uce melt wa ter outside the tube. however cold the ice. ) 

R epeating these two <,x periments severa l ti mes will g ive a basis of the a\'ail a ble degree of accuracy-it wi ll be 
found that each se t of experiments can be well within reasonable limits o f varia tion. <,ven on the open glacier. 
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The grea ter a lbedo of b ubbly white ice speaks fo r itself. 
There are, of course, countl ess examples of ice fa ll s whose outflowing glaciers show no 

ogives . I n every case it will be found that either the ice fa ll was less than "extrem ely active", 
or sta rted well a bove ti rn line. See, for instance, Figure 7 (p. 59) w here neither the ice fa ll 
on left (Garner ) nor tha t on right (G renz) deve lops ogives . Neither is acti ve enough a nd also 
both a re a bove firn line. 

At times a few weakl y developed quasi-ogives will be found as d escribed on the A letsch­
g letscher by H. Godwin (1949) and a lso by King a nd Lewis ( 196 I ) . Similar quas i-ogives 
were a lso found once on the Victoria G lacier, Lake L ouise, Alberta . In both cases it is m y clear 
conclusion tha t these were locali zed exam ples of a nnua l neve layering, m ore usua l onl y a t high 
la titudes "vhere long-lived extrem es between long hours of dayligh t summer warmth and 
complete absence of melting d uring t he whole winter exaggera te seasona l sedimenta tion of 
snow. On the Aletschgletscher a nd (formerl y) o n the Victoria G lacier, an nua l steep-slope 
seasonal avalanches above seem to have predisposed them towards localized " layering", 
conditions which would agree w i th reported pollen examina tions. Poll en support for the 
summer origin for dark layers in layering, and the d iagnosed sum m er origin for dark ba nds in 
Forbes type ogives, a re then purely coincidenta l. M oreover, these A le tsch and Victo ria bands, 
h y their non-continuity, indicate very specia l, local nearby origins. 

M y overa ll conclusion, agreeing with the concl usion of Dr. King a nd M r. Lewis, is tha t 
the a ttenua tion of ice in passage in the ice fa ll accen tuates crys ta l growth, to becom e the da rk 
bands (summer process ). 

Amplifying their view, and of very specia l influence, however , I conclude tha t ice in pas­
sage through the ice fa ll is likewise equa ll y broken up in winter ; its thorough aeration m akes it 
so cold in winter as to mimic, on reconsolidation , the ti rnification process of cold Arc tic snow, 
reconsolida ting in winter in to whi te bubbly, less d ense ice and causing it to become the white 
ba nds . Without the dominan t w inter process, bubbly ice of the w hite bands could n ever be 
produced . 

Taking a cue from a lane of simi lar white bubbly ice in the Gornergletscher , I conclude 
that the waves found a t the foo t of a n ice fa ll a re due to the same cause as compels this lane 
of w hite ice on the Gorner to ride higher than its flan king areas of normal ice . Presumably 
its lesser therma l cond uctivity together with its g reater a lbedo are the factors protecting it 
fi'cm surface abla tion . 

MS. received /5 July I g61 
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