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FOREWORD TO ~RANSLATIONS 

The material given herein ·has been. translated from the 

Russ fan in the Stefansson _IJib.rary. 

To a considerable· d·egree the· translations have b.een ,made 

in fairly literal, in :preference to, idiomatic 1 ·English. This 

is- more true in some· of the translations than in others. In 

ed'i ting, clartfying words and r'emarks have· as a rule been.' addea. 

parenthetically and in footnot~s, in preference to alterd.ng the 

translator's version. 

" ,. 
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I. .Formation of Ice at Sea = _: _ .. .......,_,........., 

~.The· .process of fo:rmat:i.on of ice. ·i; sea water d.iffers from 
: ~ . . 

thattaking.place :tn.fresh water mainiy OwinS to the presence 
. . I . . . . 

:6rr· salt in the 's~a ~ater. While fresh water has a maximtun 
:~'"- •. ·. . - ' 3~,-1.. 

d.ensity at· a· temperature o~ 4°c, and . fre.~ze s a,~: 0° '· the temper?--

. ture 9f maximum ·a·ensi ty of sea water ('0°), ~~d. t~~·:· te~per~ture'\ 

of its freezing point ( 0 ) di~f~r consid~rably; d.ep~nd.:l.I"lg, on. the 
•.. , . i [ .. 

salinity or· 'sea wa te~ ( s0 /o~) ~ 

.. This' dependence is made clear :J.n the table given ·bel?wi _and 
' ' ' . ' / :· ' 

taken from "Oceanography" by Y. M. Sholcalski. 

! 

I 
I-
I 
! 
I· 

l 
, I 

' ! ' 

! 

I . • 

i . . ' .. 
. rra·ble T. 

• • ., .. ;. 'ii' 

Depend.ence ·of the freeztng point and of. the .. •· 
maximum densi·ty on salinity. 

S~lintty ·~n .0 /oo 

. .. 
O: 
5 

10 
i5 : 
20 
24.695 . .. 
~5 : ' 

·30 
35 ~ 

' .. 
40 

Freezing 

0 (00.) 
-0.3 
.-0.5 

·-6.8 
-1,1 
-1.332' 
-1.3'5 
-1.6 
-1.9 

. -2-.2 

Point 

-· . ' 

Temperature of 
l-1aximum .dens.i.ty · 

. . 'o ··:~ .. 
3.98 ( -,c·~·):: 
2~9 

.1··9 .. ' .. 
·o ~8 

-0.-3 .. · . . . : ~ 

-1.332 
. ( -1 • 4 ) ;:~, 

(-2.5) 
(-3_.5) ,· 
(-4.5) 

(It is: the custom: to express the salinity of sea water in 
"pro mille", n~t in "-pe~ ceh,t~',. i.~. · irtd.icating how many'-~' , 
parts of. salt . are : c'oritained. in a thousand such parts of - ,' 
water. The "pro· mille" is. ~ndica ted ~Y the .. sign ° /oo • ) · ··::.:·.:' .. '·F ·', ·. · 

On examining this table_,. w~ . . _no:~e .. that the. temp~rature· of·\ .... 

the freezing point =:falls in.pro,P.ort.ion to. the increase of· 
·.·.: . .......... 

·_,. 1 

l 



.-··· .... .-ii·~·o . . ,. . ... 
. sal.~ni.ty •. · Thu·a, it reaches ·-1.9 . when ·salinity is _35°/oo ,' .-

. ~n~ . ~ .. 2 ~2~ ._"!h~:ri ~·salinity is 40° /6o ~ · With ·.:incr~ase :in salinity, 

th~,. ~empeTa.ture· of the· max·~mum denslty of water alf?o falls,, but 

Jn,UCh _faster 1 and With·. ealini ty ~e_achi~ 24 ·~695 1 · or 1 to put in 
_ ...... •. ,;. ' • \'1'.. - '. . . 

round figures, 24.~ 0 /oo, -ft. i'~ fd.enticai tcirthe ~eezing ~>oint: 

... .- In :Table I, ~stress . is~ laid on this 'salinity, in the mise of 

which oo an~ 06 ~re 'identical, pameiy -i;332. To mB.k~ it • 

cleare:r., Table I· i.e· represented· in a graph '(Fig. 1) •. It is·. 

apparent f'r.~: this gr~ph·-· that the lin·e ·or· temperatures of ~axi

~~ d,ensi t; ( ~0 ) inciinee w~ th- regard to· the horizont~l axis· 

m~re Shli.r;ly than doe:_s the line' of free2:ing points ('0
) j both 

'~ .. ' ' . 
• ,... ...·.,. •• -;. l' .. 

li?-es _intersect at· a point which qprresp6nds to a salinity _of . 

. ·24·. 7. 0 /oo. 
< Temp~eratln-:es· of' .. _ina~:tmum ·aensi ty. of wat~~-; th~ salint.ty .of. which 
e._xceed.f!J .. 2.4o7 o/oo are shown.· in ·parehtheae·s ·on Table t,- and· by a 

:dotted. line· on 'Fig.· ·1 -because, in nature, ·water canp.ot cool d.own. 
to sue!{ temperature, ·as 1 t would :t;~ach :the freezing poin~ b.e• · 
forehand and ·oh.ange ·into i~~.). · 

. . 

~he derisi.ty of water plays an important part when it is on. 

· the· :P·c):rnt of. ·rr'eezing. To make the ent·ire proc.ess :6f freezing 

:cl$~er~. we~ shall ··examine. the. qu~s~ion ln d.etail •. We shall first 

· examin~ th~- ·.format.iort: of ice in fresh water· • 

. : .. ··.In_ .. evsr~--~at~;_.b.as~n.,_··. the. _coolill_g· clown t'akes place· mairily .· 

from. the • .' SUrface; when COOli_ng· down, the Upper pa~ticlea of ·water 

acquire 'more·· dertsity .~nd consequ?;ntly ~or~ ~eight;·'~d-: start 

_sinking ·down,' ~hereby allo~ing ·warmer,:.aiJ.d-: lighter-'j)articl~a:::of · · · 
'' r • ' ' 0' 

. . .. • .· . . . . I 

There thus1t~kss plac~.a 

basin, c·ov_ec.tion continues only \~ntil ·the entire depth of water, 

I ' 

. ' 

,. -

) ' ... 



.·; \ 

,, 

:-·} 

from the surface to the b'ottom, has cooled d.own to a .teJ.Ilperature · 

~f 4~1 aft~r .which the· .d.t~pla·cement ~·f 'water par.tioles ~tops. In 
... ..... . . . .. ·' .. . ,z . . ..... ·. . .. ··c/· . .. . . .· . 

case of ~-further. drpp:· in. temperature. below 4: G, density- I?-O ·mor(:} 

incr{3ases; on -the contrary~ it- d.ecreas .. ~s:;· >there.fore, -~th~-. 1:1Pper 

layers grow ligh~er i.n·w~ight. tMn the-·1o~~l:'. o~e~' ·and. I ten~··-:t~ 

· remain on the silrface • -
•. - _. .·. - ...... _>.· ·- .-:;. 6 · ... 

-When the te.mper~ture of the ~urface drops. below 0 C, ice 
. . . ~ 

begins· to form on the s:qrface .• On the surface of· fresh water 

ice. ~tarts forming in the· sha~e of .sharp, -~hin need.les, spreading· 
.·, ,'.· .. 

. mainly ~om the s'horali!le. 'toward <the J cente~ of i?h~. wate~ basin. 
i ... • ~ : . ' :, ' . 

··'After· the- appearance 6i thE3· :f·~~at n·e.ed.i~s. -of ice cry~tals, there . 

fo~tns ~ thin _ice· c~st; which ·is first transparen~, .lind then .a:c-
, .. ,r.) \ . -• . J • ....;. • 

·quires various shades:'as its· thickness increases •. Fro~ .. t.he ve_ry 
t • • • • 

· beginning ,.o~ its formation_ as a ~hitl fi~, f:t"es!l-w~t~~~~·- __ Jce· i~ ... 

cox:tside'~abl.y hard~ 'it resembles gia_E!·s·: and ha~_ mostly Sm06~h .. _l'evel 
. 1:.· • . ~- ; •• 

; surfaces·. 

·In sea ice, the f<;?rmatj,.on of tee .:pro<?.~ed_s _d.i~!~.~~~tlY,~:· We 
'• .. , *"·. ····. ,, ' 

. :sha:if first examine waters, the salin.+ty o~. wh:~ch 1:8 below_ 24_.7: 0 /oo 

· i'.e. so~called.' brackish waters._ The format._ion of ice in ·suQh waters 

may have been ~xpected. to occur as it -doe-~ fn ·:rrea~ water_, .·because . . . .' .. : .. "'""(··· . 

. . , 
in the 'co~se of·cooling of_ brackish water§3,_the temperature 'of 

maximum density occ~s before the freezing point. 
. :.·.: ·, 

,In_. r~ali ty,·. 
' • ~I • • • .- • 

howeyer·, j~~e simi~ari ~- is incomplete-~ The o~ly. ~imil~i ty be

tween ~r6.s1i_ ancl'b!a'C~kiah ;,ater lie.s .. _in, the_ fa9t .. ~hat,, .. in both, 
\ • ' I • ' ' • • ' I • • • ' ' ' • ~ ·•. ·:· ·~ ,• ,' ' • • •. • ' • 

·coveotion :_stops. before the moment -when fo!-niat~on_ of :ib-e .!set's in;' 
,· . .· .. . . .. . . ' . 

: :. ~ . 

but the· ·aimilari ty stops _.the moment. the ~irst ·~-tgp-c~yst~ls ,appe_ar 
'' ••• L • • ' .•. • .. ', • '" 'l ""; ' 

., ~n water ~itli th~ l~est __ . poss.i~,le· aal~ni_ty .\ ~~~. ejcplan~~ion is-,. 
J . . 

that .oris.tals-of ice fo~ing i~_,.salt water contain no salts, be~ 
3 --.. · 

. ; 



. ·. \ .'. 

·. · cat~,se 1 ~ .:t.n tJ;m· :~p;r0ce s~t. ·O~· ~;ce..; fo~t'ion; t~e salts 1'-emaln :iri. the 

·e~round.>ing' W:~-t·er·;·: th~r:eby" :i.ncreas~hg ita s'alini ty, .. and donee.:. 

· . quei1t1y~ .:ftet' d:ensi ty-'-. toO'.; : rrhe'.' .. ii.ew: ·ooi:rv:ect~ort thus ·~&ki.ng :P.i~ce 

.·'·:.·.Owing, .to incre~s:e:::.ir{ ~atinity delays:. the .:freez.ing in .. c:ona·~~u~nce 

. of t·}!le. ~epl~cem~nt 'of· atiperfid·i_al 'p~r'tic_les of water by .:Pa~ti~les ·. 

of a h:l:gher ~em:pera ture,,. and 6rJginating. fi~om: :,lower lay~rs. 

:-:If sh6'll~d :b_e .. :furthe~ hoted.,. ·that'/ at the ·beginning .~:f' their 

f:orma_tioh,. s'at~~wate.r'·ice ·cr:ysta;t.s' fl6at.on the surface .. separately 
' . ' 

arid: d.<;>'.}ibt-~ra::Pidly. form int_o .an_ i_ce-crust as it occurs in fresh 

• ·water·. The. :f'~eez:i.ng togethe.r or' ice-e~ystal.s i~· · s.6me~hat dC?layed . 

. ·.:_by' the ~lncrea:~.ed sal:t.ri:i. ty,,. as a __ .iow~:r. ~t~mperature.: is 'necessary 

·.·for the :freezing or't]lis ~~lt,ier water. thEn1 ~as': .. r-equired:.for. ~he 
. •; ·.··· ' 

·appe~ar~rice_ pf.~ the fi.rst. ice cr,ysta~s. · Therefore, a~~-· if' coql~_~g 

d.oea· n9-~ .. :proc·~~-~· to~. i~~ensely, a ~ertatn :time :is 11ecessary 'i:qr. 
• - ,.J 

·,. 

re~~nin~ .B:··.:temp.erat~e allo1v~ng ·the' next :series of i~e-cr;stals _ 
I , ~ • 

to form in t,his ... more. salty Fater •. This second appearance of >ice 
. ····\ 

· ~r'ystals iri .tjlrn i,nc;rease s the. salinfty of .the surrourtd.ing _water, 
:-. ... 

. I • .• ' •. • '• • 

,'af?.d. th~s nece·ssitat~s 'a fur~h!?!'. drop in t'emperature until .the new 
. . 

. "-.freezing. po~nt .is .:reach~·d •. A cer-tain laps~· ·.~f ti~e <i.s :ther~fore 

. ' :··~;gain .. req~ired. IJ:iher.~ fore; the 'appearance. of -ice .... iri sea. wa te':t~ 

· proceed~ :1)-y;··stages·.~· · 

(It· should .. pe· 'take~ i~to ·consid.eration th~·:t,. the delay' .in the. 
freezing together. of crystals ·describe:d.abov.e will be··notice'abl:e 

. 'only in ca:s'es. wh.en a .".lea:p .. in, .. f1alin:Lty" 'is' located close 'below ' 
the su.r.fe.ce; t .~. when in9rease .in: ~E).ltnity takes. ·place ·i'ri a ·thin 
layer pf w~ter. :·Editor's n~te .• ) : . .. : · . ·- ·· 

.-~he~ ba~ic: d.iff~~~·tice betwee~ the. proc.ess 9f. vo~_ling and. of 
.·ice forina.tioii ·t·ak~ng pla:;~. in·:·S~lt water .at: sea: • i ·~.·, .... in 'W~:ters 

·.characterized ;.b~· :~: i:uili.nit.y of:_ 6~.'cir 24 ;7 o/O'o .~ . and that ·OCCUrring 
: ... :· . . : .· .. ·. ·. . : .·. · .... :· . . . ·, ·.. . r· ·, 

... 'in t free~\\ water' or b~ackish w:a tE;)r, lie~ 'in. the fact. that the tempera· 

\\ . - - -!~ 
\\ 
\1 

·, i 

• 



;·. 

ture of maximum density of ·salt water~ is lower than-i-ts 

free.zing ·point· temperature. ·For· this reason; the 'eo<?ling of, 

surfac~ :Particles df.: _water( d.own to··freezin~ temp.~rature,-;will ·· 

: ~·;pr·ovoke': cohvect;ton artd:,·i'aS)3.:'-'ge·neral.rtile ,·_the· ·ror~tion of .·:ice 
. . 

. w1ll.be ·able to. start OL.;;_f· after the entire -~layer of:water. ·ac.ces-
/ 

.Sible to conv.~ction··wll~· h~Ve .: l"·E?'ac(.led~ ·the temperiit-iu-~· of ~reezing 

of water of .. : given salinity~·.,. Upori fi;trthar· co·tilirlg; : c6nvect:ton wj_ll 

· · cont1.nu~;. ··Therefore, the .~forma·tio~ '·of 'ice· cry~t6:is-':'-wfll·, continue 

. not only qn the Surface, but -t~olighout. the· 'e'ritire·''.iayer'; affe'cted 

·by convec·tiorr.·· ·Similar· t-o .. ·the .preceding -c~s:e·, 'the ·format:f:'on ·of 

; -'·. 
•' ·'- --

. . . . . . . 

· ~e ice: crystals· ·which· h~ve:.:fo~ed ·l¥1 thin· ·tlie, layer .··affec-ted 

. ·by ·convection- wiLL emerge to' the ··surface ·owing tc> :t:h~t~ ·'ie:s.se~ . 

·epf3c1f:ic gravity,· and "Will remain: ·afloat/ with approxirriately: 8-/9 

·of th~ir·. :volume· below the ·-water :lirle,~ ' .As· t:qe cooifng' :proce't:fds, 
·, 

.. ·~ t~e layt3r of crystcl;ls afloat on ·the surface' ·of the "Writer:- wfl:l· .,. 

gr~dU1i,lly ·t~ickeri and grow· in bulk•' and 'free·z·e over·~ 
I 

.... As ·tbE3· crysta.ls freeze·· 'together and form· a co~t·, of 'ic$ ,-··--:the 

-partiClf3S· of wa t~;r filling the· ·space ·-betWe.en ·crystaJ~a;··a~~ . separated 

. fr'om 'the ·gene'J:~at mass of water and ·thus remairi'· so: to:- s~eB:k e'n'cl6sed 

in· the ... ic.e_. · .. As the crystals grow :in si-ze, t~ey: release ·sa:it, and' the 

s13,lint~Y of :t?e water remaining in the ice is ·ther'eby .. sfulrpfy' in-
creased. ·to. that. of~ a concentrated. bri'ne. . . There. after, part of . the 

. " .. ' 

brine is squeezed- ou~~ onto the surfa.ce, pa.rt remains iri_·cavi tf~s in 

the ice, ·and. :part flows down into· 'the lawer layers of 'ice. . This 
' ' ' \ I ' ' I ' • • • 

:phenome·nori wi-ll be examined· in more d.etail 'fn the': secti~Ii- devoted to 

.the properties of ·aea-~ce. · · 

. In connection 'with the abov~· ,described process of formation of 

: -5;;. 



··. . ' ' ·.• 

: ·~ ; ·.: ~ . 

\ ' . 

..... -:.:: .• ' j•~ ••. , ·.- •• • •••• -: --::' 
. - ..... - ·- ~ ' 

SE3~- i.ct?J~· lt ehou;Ld: be not_ed. tha:t1,.,- .. ~U- tts initial stages·:, 'it 
. . •' . . .~· ':. '· . ~ ' . . ' .. . 

_may.b.e .. di§!til)gui,she? from, y9ung· fresh-~at'er :t.c.e by ·the ·following 
. ,, ' ... ' ... ... . . ' . 

( .. 

. ,peic.1J+~·~:r;i.~te.s: · 

.'·. 1)~ . .-.~n.·:_·th,e 'first·· etageeL of ·i~s .formation:, "the ·tee consists 

. 'Of aQC.WnUla tiona Of.· separately· 'floa t1.ng- ic·e· . crystaJ.:s:; _ ... · 

., 2)_. ,,t~e sec?nd _stage is characterized' by :tne eimergerice<6:r 

a~·newl=y;::fornred·-cru·a:t:.of-·--:tce. · .-Tht~- c):!Ust is· no-t'hard; gla:sa-·like 
: • < .- • • .- ' 

. ice,;'. ·but' iS a ·friable;. elasttc., .ice-'like mass, -,·Thioh erJlllbles 

eaf;!fly :a11:d be.nd.s w:l,_tho¥-t' )?rE3ak~ng·_.-,wl{ep r9cked ·by .-a 'hiild swel~; 
• ' ~ ~ • • • ':, ; : • I, I r • • • '~ • 

'., . . •• -· f .. -'·: 
:'- . ; : ~ -~ .. .:' ' .: . ' 

>' · · < ·• ·Th~·~~bove.:: de·scribed. proCess of :r:ree~ing ·of. ·sea ·water..'· takes 

·· _· -<t>la:c~··. ~n .. opn,q.±-tton·s of---~. c~·1m ·ae·a ,.: . :i-n· a· ato:rnly sea however ,:-··or 
' . 'i- • .. • 

1
-'· :tn!•:tl:l,e j;~~e~~ne.e.:.:9f~· s·~rong'~Curre.nts 1 ·the process _of freezi'ilg under• 

goe·s; cer.tai-n., ~variat'i<:>ns :.·_ the:r:e. OCCUrS -in .:iriter:rilixin€f of ~-ier, 

·-.. ~nd .this ':may. -first;d~lay the appeara:nce of· ice; but: ~h·later' stag-es 

. ;~:t;t:contribV.tE.1·a to ·a. great!3r growth-of-ice_ owine· to· a wid.e'--sca;le 

cooling _-qf -very thick ~ayers of water. 

': '·-:'.' Wbe.nf a '~snowfall ·occur·a· during ~he. _fr.eszi-ng-up' of w~ter ,- the 

· salinity~_:of,i 1 ts upp·er· ],.ayers d.ecreases -·~nd freezing is acc~lerated .• 

·.' ,1...' 

\.' 

. ~ . ' ·-,, -··· 

.J - •• 
_., I 

. . . 

. . ':~~ . 

,. .. ~ : .... 

- 6 -

,., .. 

-.' .. ' 

:-

-? . 



"""" 

'·r .. -. 

' -: ··:-~ \ ,.,, 

.salin:lljr; or':Tcd ·· 
-·~ ': ·_ 

·' ··. 

-.. · We n6w khow that. ·s·ea. fee 're.tains part ·of';·the '. ~a\t~- :cont.ained. 

· in 'the water :f;r-om which ·t t. was forme~,· · · .W.e . shall now· exam.;ne. tl?-e 
·-··· . ( . ; . ~.: : 

condi tion~<.d.ete~ining ~he amount of sal, t:· in ica::._and: :·thE? ... reasons 

for 1 ts varia tioris·. 

in.cessantly, .:aD:d t;he _ ... rea.:s.ons. th~.r.e t'q are ·num:erous ., . ·2· :· ... , · .. 
• • • • • ". _i- ·1, .- •. , .. 

. As JD:dt'cated. above, ·c~n~ .. -t}?.e. :first stag~ a -.of ·~re~e.z.i-ng.·,of.~::sea-
. . ~ . . .. . . . - . . . . - . . .. . . . ' : . . . -: . ·_ . 

water, t!le ice .-cryt;ttalf? accumula~ed ln. .a·.d.isorderly __ mass.,))elc;>w the 
·.. . . .·. .·· . . :! __ · .. . .. : ·.· ... · ,. ... 

water surface . fr~eze up' .. ~r~tra;pp~ng' a certain arno~rtt ,9.f ~ .. :Prip~ :'· 
', .. 

. which,: in the: co~seouti va free·zing, ,j_ ·,8. '.in t~e .. ~Jl:iti~-1~ .·stages of 
•. • . : : • \.. • . • • • > . • .. -

formation of .an ice .. oru~t., is p~t_ly ··sq,uee~ed .. out·· .~n~~- _:t!le. -s~faca. 
·_ ' .. • • ' • • ' ' • ~. • • 0 • ;_ • i . • , 

of the ice •. · If ~~eez~ng occurs. in v~r~.- ~qw· ~.e~pera;t,~e:.~:': ·-.,t:h~,)>rin~ 

which freezes on· the ice surface re lease.s dry c;ryst~i~. of· sal~:t:, which 

~orm ·small. bunches or· clusters~ on the ice,: ·The ;pre .. ~_ence. of salt on 
. ' . . . . . 

the surface of sea ice renders_· .tpe _sliding .,of· sledges_·impo~si·b;Le. · 
... l. .. 

(Fig, 2) I. 

. . 
. During the. f.o;rma.ti9n qf young ipe ,. most:, of· the salt :settles 

:precisely in~-~11:~ upper· layerp·where· ~c.e-crystals ~~a.:>ac.Qumulated 
. . ' . ·. . . .. . :. 

in a d.isorderly heap prior to freezing-up into an toe· crus·~-•.. In 

the course of the further grow.th of ice., which pro'ceeds from its 

lower .surfac~, . the newly, formed ice crystals: as.sume, .t.}le shape of 
. ~ :, ,. r . . . -: . . l, ,~ .; . ; . 

need.ie s, p1ostly d.irec ted. vertically d.ownward.. . Accor¢JJ.ngly, th-e 
. • . \ . r- ; . '• .. . . ·. •' .·, . • .. 

amount of brine remaining in the ice is. somewhat l~~s in the· .lower 

layers than in the upper ones, as more brine has time to ~low 

down. (Fig. 3.) 

- 7 .;. 
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The ffif~?d~'ts~:::_~o-i~:p~{s_:t:_-:lfii1ri:~::,.Malmg~e~ ~ 9n the ·,Pr~perttes ·of 

Sea lee, 193_0 ), ·who. 'ii?-~·os:t:Lg~t~d._ ·the salin~ty 9f se?.. ice, has 
' 0 ' ' ,- ', ~ - L ' 0 o '- .. 0 'I 0 

subini tteq .the. fol1ol'ring .figtlre_s: 
• ',' • j • - ' ,- .. 0 : I ' •' ' 

'.· .. · Tao+.e. II:~ __ -
·, 

'Ye.-rtlca1 .- d:fstr.ibilt1on lof salintty. in a_ sairrple ex·~ractec1 

fr.om. the · i.ce eoa t. . 
.·.: .. ;. 

·-':: 

:-·/ ·l ·--. :Qi_s.tanof9 -,f~om. the l 
. _:-I · .surf~e.e .. of. ice· J 

. · , .I · ,,izv:cm '· · I. .. • 

. 'l ·'· ·l ... l . .!' 
251 _ 45 I s2 .l95 . \ 

. i- I ': .' ·I.· I 
. i . ! ! l 

J 

Th~se de_t~rminat~pp.~ :w~r,S? ::;r:e~qbe.g._:;9P· the ship "Maud" during 

the 1924 /2~ dr1:ft 1~ . th~ 'Ar~ttc ·~~~~. ' ~e ice start~d forming 

.. · izl'~~~ezit;~i:' '1924 ,· ~nd. ·the ·fl~li~i tY w:as. determined )on. Apr~ 1 1925 • 
-<,. 

-:F~~- .Malmgre_n··a-ls~ quotes the fipdings o;f' K~ Veipredht; ·a~o:ther Arctic 
• .. • . ' . r.' , . , .• ' . . .· . " '\. 

· - . . . · - ,' ~· . ; : . . . . . . , . . : . : . ,.. . II . · II . 

explorer,_ During the-latter's voyage on the Teg~thof, he· in-
.· · ·. · · ·.i .:, ·· · · __ ·,._ · , . · · . ·o · -' .. o ' · · · :- ~-

vesti.gt3,te·d ice formed in a 33 · C. frost ( .. 33 C.) 60 hours_ after the 
:_ . . . . ~~ . . :- i . . .• . . . . . .. 

beginning'.- of-ita fo~tion; tht3 sa:Linity·.of. the first .5 em. from 

. the top, was 25 0 /oo., that_ of the next 9 em. was 13 . ~/oo' and: th~ t 
• 'I• • • .... -.~f • • . • • ...... .;.. ', \. ' -. \~ .... 

· · or'· tht3 'last 5 c~ •. - was -12 o/~o. On the basis of a l!umbe,;r of similar 
\ 

a:etermi\natip~~~ ,_it can now be established that the amount ·or salt in 
.. . ' ',r. '· ,: 

ice de:pend·s :_ 

. ·. .• .. i) on. the d~gr~e ·;f int~nsity ;i th which the .free;illg takes 

'~piaoe'; the :m6re r~pid· the f()rpa tion of_. ie~, ·the more salt r~mains 

'1h'- ·the ·i,c~· · , · 
. ' ' 

. <-c~v:fti~ s'_ in' the~-_i?e' 'irit~· ~he',-~~ t~r, -and there~ore '· tho- older the 
• . • ~I .: -~- :' .;: ·•• \ • ...... , ..... 

· ;_. ~o:e ~. _the_ leas a aft remains in _ -~t.; _ 
-;.. 

r. - .· '. ·. 
.' : .. ·· .. ;_ 

. _;!.-

...... 8 .. -: .. 

rt· 



,, 

':3) . on 'the '"thic';kness 'o'f ·the Ice: . :the I tht~kbr; 'tne. ic·e, the 
. ·. ,· 

. '. 
'.' . ' • .• . . ' .. '' ' • . • . • " " .. · . • - . J, . . 

•'' les·s satt" wfll it ·c'ontain, :·:Pa~tioularly in its lowe_:t"~ -~~yers'4 

. The last c'bnditi6n :J.s~ in par·t, .. -~ C()ns'Ei~uenc .. e Of 1 ;th~: fi~st: 

as t~(j ice incz:eases in thi~bt~sB, the,fi.eezlng :proyessis being 

slowed ·down:; arid.- this, ·in. turn., ~ __ c9ntr_ibutes, t~ ·the· decrea.~e of the . 

_·:amoUnt of salt.remaining ;in _the ice.·. 

; .. ' The content of salt in blocks of ice,'· :p:IJed;, ~;p:·:.b§ pressure 
"' 

·onto the surface of ioe, or in single _block,.s,. decr·eaefas very fast: 

. one-year -old ·top hu.mniocks turn ou(~·~o be ·.a.lmost ':fresh .before 
... ~., . ,," ·.; .. , . /I 

thawing sets in.-
~· . ~~··. _ 

_ Changes in the salt' dorltent of se~:.OiCe also occur as a· result . .) . ' .) . _·:_• ... 
. - .. •, \. 

part if? played,by snow which prodl,lces'fresh water upon melting. 
• '' • _ • ' ~, : • • • -~ : .: 'I ,··: ,: ''.•.' ol, ,: .• ·•• ''•,~ •• {•' ,-:~ • .'.~,',t o,. ,, 

. . . . 

Dissimilarities depend on whether it is .an· entire coat of" ice or 
\ • • f ~: • ~ '. I , '- ' 

·. single ice floes which are mel tin~.·. These phenomen?t will .'}?e 
.. -:: I ' I ' •: ~ •' r ~: .-:.; ~· ~ 

. examin~d in d.~tai1. in the section devoted' ·to the thawing of ic~ • 
. / .. ·. : . ' .,,, :·. i_. 

_Denai~y·of. Ioe. 
. . . . 

I . . . . ,. . . . 

It is common know;t.edge that water e.xpands.when ·freezing~ 
' : • ' ,. • ' I ,·:·I~~ '

1 
I•, ' 

The 
' / 

VOlume ·Of fresh-water ~.ce exceed.S the Volume Of the water it ha.s 
• I • \ • ' ' '".' ': ~ • •:: ~ ,:0• ~ 4~ 

originated from by about· 9%. The dehs:t ty of· ice, wh~ch has formed 
:~ : 

0 
r : ' 4. l , ' : 1 ~.:, 

" 
from fresh water and contains no air bubbles, ·1s about 0~92 (c.g .. s, 

: I • ' , •• • .' , ' I ~ <;: . •. • <:-,' >· . •I· • •• 

system). Therefore, the great~st p~t of ~n ice-~loe i51_ s~b~eJ::'ged, 
0 

J • • -: I ·.. ' • "' • • ~ 1 ' • • _. • • , • • I , • , 

and only an insignificant part of'it rises above the water level. 
··.. •, · .... ·, :I·.· ., ',f"". 

The. density of s~a fee is by no'·way expressed. by a constant 
_:=-:. 

1 
/ : /.-.:. , :: ' '• \. l 1 ",, I ' • ' ... ~.: ... < • • 

quantity, and may fluctuate, d.e:pend.ing. O'n: ithe . salini t; of the ice, 
• . i '. ' ·. . '· ', <' ' • • ' I • ' ' ·' • • ' ' ~ .. '. , " ...... • ,. ," ·, :,.t • ·~r ' • ~; . : I • :. . •,I . 

and, :partf.cularly ,~·.On t ts :poros·i ty • In' most C~SG_S, th:e .dens! ty of 
. . r . . , . "'. . :, . ~ . . - • . . . . 

sea lee fluctuates 1;>etween ·a-.ao·'and 0.90~ The d.ensity of ·icebergs 
.·, 

may be considerably· le,s,s ·- according· to 'Sm:i. th, it may reach 0.6 

-. 9 .": j 



'rhe- ·dra~gh.t-\ o.~- a:n :.~t~~e~floe _varies in. qo~e.btion .. wttn -its d.ensi ty; 

i:t-··~l~o .. q6.p~nd.s_::OP.,.~he .density- of· tl~e_.wa-ter .~n .which.·. it floats, 
.. • ' t- • ~ • • • • ... -

. and.· on· the "~ht,3.p.e_ .of r·th~ ~:toe·. -.. . . 
~ ' . ..__..... . . -~-. '. ,· . :' .). . ~ . . . . . . 

.. · ' .. 

PJ;-ofesso:r N. N. Zubov (Sea w~ ter, and s~~ Ice,· M6.scow ;. 1938) 
~ ' • J' .·.: :· ••• '· • • • ·: • ' • • • 

supplies a table, es_tablishi-ng tha' ~atio betieen 'the submerg~d. :Pi:n:'t 

of an, 16e·-~~loe. apd. tne ,h~ig~t,. o.:f· i "t1~-- floatage. ;n c~nnec·tion with 
' ' 

various dens! t.ies of ice and. water. . This table is calculated· for 
• \". l.-

.,·,. :· 

•' ice-floe~,.wi th a ho~i_zontai ~urface. and. vertical sj_d.e~-· . 

Table .II] • 

. -, F · Density: .. ·: · -:i·"· 'D~:h~·i ty ~of :wa:t~~; · 
-··--or r·ca·· 1 ~oo : ·· 1 ~9:r .-... · ·· l· .o2 · :. 1.·03 . 

;_~~--~~~~~~----~--~~------~~~--~--~--------··~ -, ..•. . ' . . 
i 

0.60 1.5 ' ! . . 
' . . 

i 
0·.65 ·1.~9 

,. 

I : : 

.I ·0.70.. . 2 .• .3 . 
... ·-· ~ .. ~ : . . •:· 

0.75· 
.:. - -. ~ 3:·o l 
. -

.o.ao . ·!J..D .. 
I . 

·o.85 5.7 
... . . I . . 

I .0.90. . 9.0 I ,: .or 
,. 

. -
,0 

: 1.5 . ,. ,_ . - .• Lt 
-~ 

1.8 1.8 
2.3 : ·- 2_.2, 
·2 .9 : 2 .8 
3.8 3 .6.·. 
.5 .3 5!"0 
8~2 .. 7-.5. 

:· 

. .. . 
: 

.. • I,~ . ., . 
~ • . 

1.4 
1 .• 7. 

' '2 ~1. 
·2.7 
. -3-~5 
.-4.7 
7·.0 

J. 

i 
! 

! 
i ' 
! 

! : r- : 
----------~----------·-----...!..-----~---:) 

. Sea~: ice:. f~ characterized main~y by the two. last· lines of ·this 
. :• •. , . ..... - I . . . . • . 

table 1 to the· ·,exclusion, -however, q~ .. the first colu,mn,. which. pertains 
I - I • , t 

to fresh wa.t~r'~ . ·It !Of3;y thus o·e c;onsidered t~~' usually, the volume 
. • . . • . ~ ' ·. . . . . v ( 

o•f' the ... ~~bme~ge·a.:: :P~l:t.'of an ~-:i.oe-flot? at sea i_~ 5 to 8 times that of . 

· · t}1:e -·v.:i:silile· pai:-t. ·:This also refers .to :th'e·. dr~ught ()f ice-fioes, 
.,._.;I 

pro~:ided', ::hbw·e~er, ·their: shap-~:· does _·not differ t9o ·.:rp.tlch from the· 
regular'. shape. us.ed. :in. risU:ring -~ut' Tabl~· III. ': 

· ... :.: 
1:f;n: O.rd·er~ to"a~·~On~.tra~~, how misi'~ad:ipg it, ~an pe tO J.udge 

Of 'the· tlliC:kneSS of an fce·-~loe :·by th.~ ·_part Showing. abOVe ¥Tater, 
~-

·:J ·Fig • .-.4· 'show~. '-tWo: 'bi¢cke~ ~:(·ic~ p:{ .. ~ /d~nsi~y of o ~9o:;': f~oating in· 
.. 

.:.· 10 -



r 

, 

, 

. :' 

:pehds· ori its ·s·alinif.y_and~ ·ol1 tts c·ont·~nt.·of. ·air· qubbles.~- ··For: this 
1 - ~ • ~ ~ • t J .. l ·,J .. ! )_,.£ ' ~ • 

:purpose, we : sha:L.l y.s~ .at~, ;e,~c·,~r:p~ .. ;. frQii a:.~tah.lf?<S1--V.~b,· in'. J;lrO.t~;. ·N • N. 
I • ~ "'t '. : ...... " ·,; ·• !, .. \ ' . L 't~-~ ·~.' / ;' .. •. ·. •' •... ·:' ·- ·.: • • • • ' 

Zubov' a bbok·; q~ote_d: ~"oy~· < ... .-<, . :. .. / 
... ~ ' ._::·:·.;.. ,·i· .. • . ..... ·,·· ... 

·: :. ;~ ,·\:~b.lre .;rv···.· ·: ·:· , 
·'' 

·- ~ D_ensi t:y; ~~ of,·.-Ice -.~ \ 
,j:.:.,. ;-

,.. ~ .. 

Air: con.-· I ' 

tent in ·o·-·. 
% .. 

( Sal'iili ty ·in °/oo) 
.. ;<-5 ·'"'·~.to ·:: .·;. · ;_. 15·: 

0.918 
0.881 
0~835 

0.930 0.9~4 0.938 
0.893 . '. :. 0:.897 . '. 0 .901 

', 0 .8'~1-7 . ; .. 'c) .• '851"> ~ . 0 .855 

, . I \ 

!n iabl~. rv,.·. th~_· conten·t :.of lair. :in-.. 1oe. i_s gi.ven::in~-·:Po~oenta'ge 

_in regard· .. to the. ge.neral vol~e ·,of the ice·:.. 1 

. . . . . . ·- ~ l . . . ' ' . 

• ' I .0:: I' ·~ 

. . 

/ .density of. ,ice, ·conditioned. by· qifferent d.~etr~es of ~-alint t;y, ar~ 
• o; - • ,. _., 

:tns.ignift.ce:nt ~nd do not exceed. ·0 ~02. The 1·donsity of :tc·e ·v~ri'cis 
.,. • • ... ~ '' •. ···.- '. \ .... !~~·· .•. ~'~·--~ .. 

IllU~h -~()re·. i~·· connection wit.h the. cpntent .~f .air b.tfl?'Qlf?S·;·,( see. vert.i--
' - . .. ;· ' . - •. ~. . . .. ' ' . .... ··. · ... •' 

. , ... Air ge,ts ·:tnto t.he ic.e. p~~~ly .. durir1g ·.the 
' • ~ • '•t ' : ·, ' ,. '; • .' . ; . . • • • ' • . \ •; .: ' • . I' f . • . ~ '.._•.•. I 

, . I . ' , . . ~ , • . . 

.f:ree.zing. of· sea_ water, but ·1 t :ma.inly :penetra tea ~~tp ~ t ,fr,pp the 
• • • '• ' • ' • ' , , • ' ~ • • , '", I '•' • • ' . · · : . • . :• .. :. '• ' w ._ '·· \ "; ,"'-,, ~.-..:• • ••• •:'. • • 

atm6sphere·j ·gradualiy filling the C?av~·~~-~.6 in,. th~,.JG.~.,. f~om ~llliCh 
' ' • 0 \, • < I r ~ I Z! < • ~ 

0 
• 4o " ' ~·. ' , 

. , __ ·. . .· ..... ' - ' . 

:the;~brfne is O()Zll'l.g ont, The content of' air. bubbles liLsea' ice 
., ... ·_. ; . J ·' - (. ·,.. ·.: ·. .... ',- ' .. :-." '' ' .... .'<. . .. ·. ·· .• ·;,,"''. .< ......... _,·· '.' • ·_::·'--· 

. ,· vartes ·considerabl~r-, ;and ma:y be· quite. high1 _ u:p ·t.o_.~13;·<l5% ,o.r..,._Jlf~ 
. ., '( . . ,., . . . ... ·' '. ' ' ·· .. ' ·.· .. ' ' . ' .: ' ··:. · .. _ ··' /." . . . ' 

. . . \ ' - . . , - . . 

· vo lmne ·of' fee. · :Ob"Vio;u.s1y ,_ · the·_ :Content of air/ i.s .. the . nighe-st 
• ~ .·· .. ~ . · . . ;.·:- ':l··· -'l , .. ·.,.. ,-·,~.·.,'.',;:~-,:~~ • __ ...... 

in 'ice; ,which 118~: formed frClJl. water w~ th. a_ lite;h' sa~~ni.ty,. and · 
.·~ . ·;. . ''I. .·,·~ ; , !. ;.;··, .. · : . -~: I,;'~_-:_.· .. ~:: .. ·_: , .' .. :._.f.' ':rJ'' ', ·~~··'/. ~- !: .. ·-. •, 1 ~··' ·: •• ' 

':• ·, ., I . . . . .· .-· . ··. . I • • • . 

•. ..... wJ~ioh· -is old enough,·f¢Y. m6s't or· tpe_ brine ·to,hev~ oo·z;e~~.out.·of. 
, ••• .': ; •• .: .,_' :.\ :,·. ··.:·· • • .. •• ; •• •• ~ ;• ' ·.' ~ '•· ... ;. ., : • •• : •• :r. ~ .. ~·.~.~-}:" • .·.~~-':_ ~· • ·.' .. :r:.'(,.. ~i'f'· .. ~~.", . ._}.-·.··:·_ ..• -..... /.._, 

. · 1 t • This ha~ been· confir:rn.ed by the ip.y-~s,-~igations-· qf F •. _ ~1almgren·, 
... . t • .... '• ·_ ~~.: ' . ,1. : / • ,. - .,. t; . "' ' 

·· who has establish~d, at lea~t ~n: one instanq.e,, th~~. the:de:p.sity 
-. ', •, . .-'. -~ 1~ ', ~ ,.... < ' / 0.. 1 J ~· , 1:. -

1 

_ I ~ , ; 1 "'' I • 

- 11 -



. . . . 

0 .9o~-: reac~:ti~·g::0)357;· :~~iie _d.e~~:{ ~.r- in the baQic·: -~Y~is. o.f ·.on~~year-
·.·' . . . 

-old: ;Pressure :f6e'•flbea: nia~~-~~~cli: 6~9-~. to o.92;~

T~mpera.t~e1 .. of' Ic'e -· 
: .. ' 

; . ~ ' 

-':~::.:Table V; taken:···:rrom ·_tpe.·works ·of· F. MahUgren,_ gt~e~ .=a clear 
,.. -:... 

· pict,de 'of.: the ciietribl;ltion ··of" ·.temperatures throughout· the d.epth of 
. . "• . ' . . -· 

'·t '. ·-· '·.' ·.·.' -. ',' . . 

- the· ice. ··e·over. . It~: gives . the mean monthly temperatures of the ice, 
I . ·•:- . ; "• . . . , . . 

. :.obtai~eci':i~ the oourse'··;of <two::·:;e~rs ~f' ~b~~rvat1."on '·on the. dri-fting 

. "Maud".·· - ,. 

- ;.:.·' • . .'·>:~~ ·':-:: ... : .. :.:· · .. :· ,·,:· ~~.J~-<~7h~::!~';y,,·,:><.:~:_,'::;:(~·:;r(~·-:;- ' ' ' ' ., · .. 
various ·distances frQI+.t .. t~~: ~u:;-f~p~· ,·_ .frbn+· 0 to 2 m. According to 

• · . F, ~brigre~' J .;, bS~rV:~iQ~~; i~ \:ay6.ra, l;~i~g close' to the Water, the 
• ' ' • ,.I" ', '•' :' ' I,· : 

··~----~----------------------~--~------------------~-------~ .f·····:: .·.-\f:· -~·: D:tst~.ri0e··from·the.·surface of ice in meters : 
',. ··- i · Months · :--.;. ____ ._. ..... ~.~"'"'~--... --.-----·-·---~-------------------------~ .. --! 

. 1-'.-.--· ...... ·~~-. __ . _: _o_._oo_,;.,.. .. _ .. __ o--~2 ..... 5_. ---~;-··' ___ q ~ 75_. -. _·:.~1_."":-2a$ __ . ___ . 2_ ... _ .. :o_o_._. _· ~ 

__ , -:.: Ja!luar.y· . . ·:;· · --28·.0 .: . ,-24 .l. ..:18 .9 -14 .o · i : -· ·. - · ·6 .5· ; 
I February -]0 89 ·: -26.9 ~21.3 -16.3 ~ 8.5 
I March . -29 .l .: -26 .o -21 ~0 -16.5 ·: -~ 9.6 ·· ~ v 

I April --21.6 ·: •20.]. : . · -17.3 -14~4 : - 9.4 ~ 
.!.-May, · -·: --7":.,4.: · .-.;. ·8'.6 : · -·-9.3 - 9·.2 · :. ~··7'.4· t 
· 1 J una :· - · 1 . 5 • · - 3 • o · . - 4 .1 . : - .4 <t 5 : - 3 . 8 . 
--~- AJuu:g:l_· .. uYs'.·t_--:>·;_;-: ":. ::' .. _-.o·.c:)_··. ·-.-·"o~-1··: ---·oo-... -88 ·= ...... _: ·11.~71· .. ·: - 1-~8 IIi 

... 0 .o : :·::· ..;·, 0 .o 1 ·.2 

. 1· .S~ptemb.er.. ·· · ··· .:' · ~- -4 .7 :·- -: 1·,3 .. :· .. .-oo .9···.: .. 1~1 :.- · 1 ~3 f 
October· : · .-12.3 · •·i .. 6 - 3.3 : 1 .• ·6 't.4 

I··Nove:qJ.l;>er:· ",..·-; ··23 .o ·: · ·-17 ~'8 · : ·· .-11-~9- ··:·· 7'."1 : · ·2 ~4 f 
! December ~ : -·29~.9 : ~24 ~4 -17.7 : ~1~ .2 : 4·.6 - t 
t--------~--~~~:---~..;...;...;-.-.;.~~~-:..!-:--~..;...:;.::;.,;.::__;:~----...:....:..::::.._ __ . ...,,._. 

· .. ··1··· Neail· _,_- . .:;15.70':.· ·~-13 .32·: · · :-io~~5:·: ·_ e·~3i' .: 4.82 :. 
.... ~j· .... _ .... 

. .~ . "~ . 

. In .the ·mid.dle ·and. lower laye3rs_ o~ ice:,. temperatures rema.in low 
• •, .... 1 

for qui t~-;a. long '·whil.'e a.fte~ ··.,that- "of the u:p:pe~ .-:i~yers . has started 
I~ • • ·, 

. :\._. .... ·· .. :· ,. ";. ::7 ,J • • 

... ~ 12 -



, 

I . 

) 

ri~ing, ~nd eve.n after the ·ice on the surface has started. thawing~ 
.. .. ·•. -~i· ~ ':. ,· 

At· such tim13. (Ma~, Jun~ ), minimum .. i:i.em~e~a~u~e~ :ar~ .t9 -~e., f?und. in 
' 

1'>~;-:.:;v< a.ru· _;;:::_-:, '. ·. ·.,; '.: .. ·. 
the __ middle layerf;J: o:f .. ~c.~' and in .connect!Qn .. wi th ·.this, the growth 

.. . ,·· ,, .. ,~ , .... ··.··.-~ .. ·,~·.I·.~ .. ·· .. -~""'~- .~.r 

. . ,\ .::_";'(> .::·:·•'":~·~:-: ·. -~: . _-. . ·' . . . . . . . 

of iqe contin~e~ . fro~ ,be:~o'-r ,- a~d 1 t ev~n · f'~ils to ~t'o:p at the be .. 
-:·:· .... ,,; ·;:~:-;Tt.·· £·· .. ·:·::.··· ... · .. :·,: .• __ ·~<.·

0

• · :.-_._-:; . • . \. 

ginning of the thawing peri6'd -~- ... : In addition;;. and. a~ evi<ienced by 
... . '/ . i,. ·> 1.'':: . '~· . , ·. . . r • - ' •. : ·~ • \. . . . ';.' . : .: : f.; ·, . ·• . . . . ' . . . 

the 'raple, irt the ciourse of ;th~. entire :pe,.ri9d-',of t~win~., ~he tern-
. t . .' ' <' • • :- • I • •• :· '\_' •,' ' ·• . . t•. ' 

:peratures of the lower. lay€lrs remain -eiose to the.·rreezing po~nt of 
d- • • .... : _.- • •, -·:.. ·_. • ··: ,· ' •. • • 

_wate_r. rt.· wou!ld. seem<that:the ·gro'\i~~ -of thick ic~ ·from below· stops 
• ~;1 • : ' • • , • , , ) , : • • .... ' " •. •• ~-. • , , • : --' , 1J ·•~' ~ '~S· · ~. . ·~ 1' 

but for a short time· in sl.nnm~r~. · .. _, · · :; · .. - · 
. \'. ··., 

At sea~: ·ic~ is' ustiai:J.y ··cov~red. with ;snow_ of .. vt?-~Ying· _depth. and 
• • '1, :· • ' ' • _: • ~ : • • -' . . • ; • ' ~ ~' ;> ~. ~ :. J • :·' .!,- ... : :; 4 • • •• ~. • • - • • ·: ! : ..... ' ~·. • • .. .... . •• • • 

of varying density; th~'a 't~q >.h~·s .an ··e'ffec;t ·on~:_'the t.eniperatu;re.~ of 
. . '. . .. . ·. . ... . . ~"" r . ;-. :~r. • . ; ..• , ·.if: . 

• o. • ~ce 1 ~~d- _cona-~quently,.: .·on:· .t~~· g~owth ·,of _:the ·~t~ic,~e._s,s , ot: .ice.-.·_ Up: ... 

to Ma~ch, Malmgren carried' on obs.erv~-tions on ice,_ whic~ was. ~~~ng 
,.. :0 • •- ' ' w j I 1 ; - \••_..., #• ! • 

ql~~ed of its -coat ·of snow· •.. _Thereaf~er~ up- to the beginn~ng_ .. ~f the 
. ., ' ' . . .. ':· . 

thawing ·,period,_ observa tiona were carried on wtthou~ ~learing· the 
. ' . . .. : ~ . . ; . . . -. ' . . ·. . . : . ... : . . ..... ' . . . 

·- ~ .. :t 

snow·.:· ···He writes: "The gtate of the· snow exercises great influence 
• I • • ' 

on the•. te~p~r~.tur~ of -i,c·e:-~:. ··- Snow: i~~:J.· a :poor'.h_e~-~ condttct~r .•. · ~ ~h~refore, 
"' \ .. 

when ic~ is covered with snow.; the temperature at a cer;tai~ 9.e~~h 
. .. . : ' . ) ' . . ,'' '· ... 

. '-. 

from·: the. SlJ,rfac'.e .ia po~siderably higher· than . it .woulq__ be. wer~ . there 

no snow,. ~bo~e .• ,;·' \ 
;~: . 

. ("".: ', c ·. 

_,,,-On . the" basis of his observation~,· Yal:mgr.en.· afflms · tha t.·-·1ce 'is 

characteri~ed·_ by a ·thermal conduct! vity consi<I:ere;bly _greater· tho.~ 

that .of snow ·a~d wat~r-~: -This question is of' :primary importance· . 

. in. :P~ocesse a qf-. therma{ interchanges; occurring .betvreen se'a ~water . 
. . ,., .... 

an.d."~ir! through _the" niediwn of 'ici'e •· 'rogether. 'wi t!l"'tiiat'.·of "specific 
• •' • ~ 1 : •• ~ I • ' , • •. T , • ,• , , , -· • •• • ' • ,r 

- . . . . :' .. ... ·' ' .. _, .. ·- ' . . ... . ' . ' ·. \- . . . " '• ' . ·. ·"'i • - ..... ' ' :. ·. ., 

heat, and of the }1efilt of fusion o.~ .ic,e, 1 t ·is SJ:Camined. t.n detail in 
I ... ·, • ,; • . . ' .. J ~:. .~ , - • '·' • •. ! ,, • ~ • 

the ·following works : . . V. V, ~huie ikiti, . Moscow 1933, arid. ~., ·N. ~ubov, 
) 

0 ~·· ' 0 • • •"i, , ', ' ',• ', 0 
:·-, > I • 

0 
0 '~\ ·-:, :.t• ·,,' • _·:, •' ', : :li, • I ';' ~~· : • ' , •, : ' ••;>' ·o : • ," 

0 

·.' 0 .... •• ', ,' • ' 't 0 
• ""' • ~' 

Sea Water and Sea. ·rc~:,- Hydrome.te?.rological Puplioatio~s·, Moscow ~938t 

·;: .. 



. . -·l. 

,-·· 
• • ! ...... ~- ~ . 

~ . ~ . ' 

. ··-·.The·' snow· blanket -on.~--· i-ce. :pl~-ys an- importan-t·· par·t froi.U the very 
': •• • ,· :- ; : ~· 1 •• : • 

. :, : .. ·:. :-

. · . \begin~irtg. of t!-fe.· f<;>rina.tlori of. ice~:t.o· ita·. ~omplete·. thawing out. In 
· .. ~ · .. ;' . . 

.. :: the' i~itiali stag_~,s of .. ·t~ :·proc~se:l' - when l~:e: cryata:ls _appear 1:ri sea 

wcite_r· .,-. a -s~oWfaLL c~n.,contribute ·.const~:era:bJly; to the· formation of 

· · ice.·· ~! 
'1.' 

.. ) ~ 

. ~- ' ... ··· .. 

~ ·· ·-,:As we: knew~ co~c~ntrated·.,brine sometl~es· acc~ulates· on- the 

:a~:face- 0f--young ·ic .. e·; the _snow ·"fhich:· fa'lls. :lin:to ·this brine creates . 

. a c'ooltng· ;~Jxtur.e ;- the com:parati:Vely.·.low tem:per.attire .. of the. 

c.ooling.·mixtur.e'. contribute:s to the hard.e.ning _of-·the u~~er layer of 
::· .. 

ic·e . .- and · t.o rap.id .thickening· pf _ ~t~~:~ ~ce, ~oat • ,rn · th~·s c~s·~: the snow 

, ,··-;:· aee~s to·. ttse~lf neutralize its<prqtecti V:!3:. role of -ba·d heat· c·oriductor. \ 
t '. ..., .,: . • .• ,, •' ·.· i ··. . 'l-,. • •. '.~> - ,.• 

:-; 1\.;p:parent:I.y-, w.e witnessed. ·.a ·s'-i~ilar ·casE?·~ in· Tikhaya Bay· in. 1~38, . 

. -_;when -the· .te:q1p~r~ture "Of brine .on.·tqe. and· u~de~ ·.the f!nOW: :~as--,-3· .3° on 
.. . . . . . . l _· • 

' '. . . . 0 ' . ~ . 
· .. ,-cJ"ap,u.~;ry +7th, .and- '-·J. 7.:. on. Janu.ary 18th•. · .. _ .. -

l 

--··' · On evenly freezing ice, :on level. fields~ the c6t;>liz:1g mix-ture 

und-~r. 'th.~ enow,~ia ·prese-rved. throughout almbst ·oolf'.of ·tlie--;f'reezing 
. ' " ' . ·. . ·. 

per;~_od .. -and~ p:r;oduce·s '-'.humidi ty'J .. _under the ·sriovT• -rrhis "h:umid.ity" 

disappe~s -only iate~,. with -the grow~.h- of. the t~ic~e,ss ·o·f lb·e.' 

·._Appa:r:f?.n~J.:y,· th~. cooling mixture grad:1:lally turns_ into -lee; in- . 

. creasing _:the .thtcklle-ss of :.'ice from the ·top. After ·such ·a free:zing 

·_p;roQeSS·{ :it;_ia i:IIJ.posaible -to. ·clear the.:snow .from -the surface·· of the 

ic.e ,and:; ob~~-1~. a- smooth ice. surface·:; in. such :ca·ses;: the ·ice· ·fs v:ery 

•' :_, 

·\ .. , :, . ,. It. is-. :c_o~~n:: know~~~-ge· that,· at·: .sea, the-, ice .d-rifts, br~a:ks, 

at~.a_t~:f:i~s.:, :.: ~nd: ·heaps; .U:P .i~tq ,huimnocks·;> in· 'the· coU:rse:· ·of'· the:$8· · .. · 

:ph~nom~n~:,·. ~t·h~ SI}.OW:_.perietrate:a.··j_.nto·~t.he. Very~··thick: of the ice:: , .. 
. . ... .... . .. . . •· ~ 

~- _On~ _m~y. o~te~- 9 ~earJ.y'.' see· the: ·layers· heaped.-· on· top of- each- 6ther 

- .-r4 ~~-·: 

-~ 



) '·, 
I 

1? 

at time·s 10 layers o:r·.vary1ng. tliiokneEls;·-. ··and· from the ~color of 

the· U:p:pe'r. parts: cof ·the _layers,~~ tt/ i-s :·evid_.e'nt ,that :·:snow~l:>lanJre ted. 

fields· ·were being. subjeot:s 'to' s.tratifica-tiorl..· ~Such' stra:tificatiorts 
. . 

. I. . ·. ~ , . . . . ' 

harden rapidly· :and the.·i~ce -becomes monolithic • · When :the· ice ~f!elds 

0

.-break tip,. ·much snow may' b.e :··art~en under. pressure- ;tnto 'humni0cks. 
• ~ • ' I 

WhiCh are tn pr_ocesa of ·ro:rlriation, and,. conaequen-~ly, in timB, th~ 

···hummocks may. also -acquire. ·the·· cparacter.~ of~· a:· moncll1 thief ·ice mass • 

. ·_At· sea., the predomin.ant:··type .. of :ic.e _is :;tb.e·::hiunriiocky;·field,, 

whi'eh·. invar.iabl;v~·has a r:ough.'stirf'~ce. ~n9-·· an-une.:venty·_.d.fstributed 

-b.lanke.t of snow •. Th$ ·pro,trud:ibg· ridges' .. 'and: hummocks: p];a,y the,: part 

of· snow- barrier:s, and ard~d:·:.·them, ·t:b.e~~/·:accinnu;t8:te.s·, trtor.e·.;·snow: ·than 

.. ,_'-: ort . thE3 .. -~oothE3r 'EJ6cp:ions .:;·_ Ow~~ng ":to:· t~e·~~ . sa.llif? .. :htttnrnbckaj .. ·t~e:·' :snow 

~··.may t~-. some places_· c·o~~t-i t~_te: crumbly~ ·snow ·ar1~~ts; and.:-i~·-O:thers be 
/' .. 

. · .. bea.ten har._d by:_'.the .w,in(t. The uneven dfetribution .. 'of, snow bh_?'i:ce 
, i . 

has .. ~ ver:'y ~trong ihfiuence on. the· deve·lopn!ent~~- and.::_.th~ ·(,-hara·ct·er of 

-tP,e tran_aforma;tions-· of the ice· surface at. the --ti_nie··. of .... i ~s thawing; 

:thus, mounds,. hollows:, rivulets .. ·and. ·pools ~ppear··,o:n,tlie .:.ibe ·stirface 
,{. 

at th,e. time of· thawing. The ·-snow thus. ·plays an "·impor'Eant ··role in 

.the t:qawiiJ.g of the.:ice itself .•. · · 

· ':I;he. den.sJ ty _of. the ·layer of snow· on .the 'ice'··varles ·as--much as· 

In·. cabn we·a: ther· ·. "wheri' . the 
. . ' . . . 

-~nOW: falls U.n~pered 1 there acc\tmulate.s .a~de'ep cru.rribltng\'layer· of 

s~ow, con~isting of' .f~~ffy ·.snow· fla:kes··. ·Wh·err a:··anowfs.11 'occurs at 

a low ,,atmospheric temperature -and wi~h -~_fresh wind: blow_5~rig;· 'the 

. 1?.~~ b~cc;nnes· :po~dery_, and is' .. beaten -i~tb ard.ense· -mas's;:"' on the· ,hummocks 

. apQ. :;~~o~d:~ .t~.e111_, .tbere: a~cU!nulate -~now._ drifts: ~f' ·'_vari_ous' density, . 

. Th_e. 'd.ene,;est, silQw:; hqwBver,-. fo~s. a·t the time ·Jof.: (}Old ·snaps ··and···_very 
" 
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the ice. and the .aiiow ·'acqulres ·~il• the cha:i~ac-te'risti~£:1-···<?.:f-·.:n:t.i:J:l~t.e dust. 

·-It would· .-·aeeni~--;fr.~~ -·th~ ··above· tha:t;, when me~sttfirtg the thioknesf:l 

.. of ··:.th~-~ snow blank~t~ .:oif-'·tha .. ··tb~.; ,:t~~ .. ·de~si ty .. of the ~.snow should also 
~:1 ',I : . :: •' • 

-· :: - .. 

The snow :olanke,tirig the 1:ce of poiar seas may-- not allvays melt 

completely in·.the eourse:_'6f_s1..Ull!Jier;' when preserved ·until_the next 
. •' . ~ . 

.. .: . ~- . 

..,_ • ·- : ' '; ~- ! 

As evidence of· the· vary'ing character of ;Snow on ice, we gi_ve 

below a fewineasurements.of the thicknessof the ice blanket in the 
:' •, 

~, ~a,';~itei·and," EastEn:'nt-Si:be~l~n-:f3ea~-~ · 
, .. _ :~.._"'r. ··"-: ;-~.. . .. - -.~· -~ ~~o: _.,..4- .... ' • - • ·•. ~· r.. 

Measurements .,,of·:the'~ ·thickn:e·ss qf anpw: .t;~.ffected· by- ~the ·author.: 
:· ..... _. •,., 

Kara ·.Sea 
... f' 

~ ~ _; .: . 

Western entrance into Vilkitzky S:Cra~t ·• August 23, 
1937. ·The . layer o:f sno¥ op. the -field::· _, 10'- . 15, and 

· >· 20 · .. Cni • ._- · · : - . . . : ' . :·. ; · - - ' 

· 1': _-" · · : "· ·, >We:s~t: of·: -~ar.ya Peninsula.. Se.:ptember·. 20-~ 1937 • .-, :Layer 
' - of old snow - 19 em; layer of ne"!' sno-i.r 5 om. . . 

. ·-··<~ ~< ;1 . ~ ... ~ ; __ • ':. ,..._.. , ... l ,:1. -· · .. 

·· ··· n· · ~·· ·. " 
West. of Zarya Peninsula. September 25,. _1937. Layer 
o:f old snow- .20.and.- 50 em; layer of new snow.l8. arid 

·. 18 em; general layer of snow - 38 and -68 em;. 

Whit~ Sea· . Central part ··of tn1i t6' Sea· Basin. March 19, 1937 ~ 
, Layer ·of _snow· - 1 ~ ~)' an¢1. 2 em. 

' . 
-'Meaalirements: ·6f ·the thickness -·of snow carri~d out by :F·. M.aL.;n&en 

during t~e .dr.ift. of ~he "Maud':' .. ~~- the East~rn.;Sfbe.riarl'·.sea in ·. ·;!1923-1924·::- -·.::: .. .· . . .. . . . .. •· .. ' - . . . . .. ~- .. ·' ... :' -

.-i,;·l923' ·. :· ·. · .. > :> ··· .. :.·.. .. .. -' . : •: .. 

··s~~-:t~~m"b·a~. 
-Octobe~. 

November 30 -- · · 
... 

. fee';· 'ir6·e '':from :, snow . 

·· -3.J+ c~-6~0~~6~- ~ 
' • _r- ~~ ;' •• --:.~ ~ ~ .. • • 

:·January·. { ·.--- ~-·-· "· -
. " • .. 31' . 

··. · · Fabrl.iaXf.'28 _.< ·: .. : -: 

------

~ ' I ~: ·~: 1 ' • 

' 



I 1 -. - • .. 

;~ ' l \ 

:March~JO·.} · ·.:_:'·:_·~~-ve-ra~- em- of sn~;.,;·.·--~~ar £,roat.. -bn top of it 
· A:pri 1 6 . . se-veral em of dense :snow - _ · 

· · . ·-·; "-. _ .. :·18·:·:_,::-' >_ -- · !~2 ·'cm--:_of.'fre:shly<" .. fail-err .;sno"' cin-··.to:p~_of. the 
old e_now , . _ , .... _ · ;_ · ,, --_,, _ 

:. ~' <. -'. ·: 25- _:< - . t :· ~~e-veral, -em- of snow hardened ~l?Y -the ·· .. s~ 
May J.g .4.-5.;cm.·or cr\unbly snow -

i \1 ;·:; --
. I· 

.. · ···· .... ; -. 

1
- Measurements of -tl+e- tht~knt?ss-·:of' Snow _.effected by 

·. · :K •. Tat~on--in •'the :Ka.ra· ,se·a:~ in ,1927_~- · ; .,:, -/_ -- r_ 

(See K. Ta'irpn, 'J:Iype~ of: Tee on. the eastern. shOJ:'eS_, 
: .of Novaia Zemlya, . from. Ma to9hkin Sha:r. t0· Medv:ezhi - .:: .,_ 
:Say1 "-Not~s on Hyd~ography~'., ·Vol. LV,- 1929 •) _ · , · "' 

:· .. "::-;l 'l •• 

Measurem~nts were effected.· from. April lst to lOth near Cape Kanio:in 
. • ,_o~ '• .. • ' . • '#.' •~ ~·-. • . ' ' I ';~,' ;): ' •_,.. \. ~; 0 ·, -. • ~·.· :~ • • 

in the hummocks pn the shore, I_(:._ 'I'a1:r.o~ · writes : 

''The· intervals ,of ev~n ·i-ce· b~_tween hummockY :ridg~s do not· 
exceed 1/2 km, they are mo·atiy_:,5o to_--100: m.; .. -OWfng . .-:to Jtheir 
protected location,_the int~rvals are covered with .unusually 
deep snow blown in the winds. ~:n~·ar :.the·. h~~9!\~.; -:_::·.~ .;~-} ' 
3-nieter long pole- sinks. entirely into the sno~r w'i thout 
r.eac~ing the _ice." · · ·· ._-- ., _ .. 

I· • 

. TherSe exanipies bear evidence to the fact tha·t- the lay_er of 
- . 

__ :snow on· .ice may; be very varied-c,' As regard.s the_ significa~ce of 

:· snow on. i_ce, -!!e shall repea ted.ly ra.turn to this question. in the 

future.-.-

Plankton ---in Ice • 
. ··~ . 

• .. ~ ~ ~+ ••• .. 

_The- _t~rm: "pi~nk~on:"- ·.applies· to small floati-ng ~r~anisins-

whic,h live_ in v~t~':ls · d:e:pt~~-_in the sea·or In fr~sh,_;:-r~~-~~,~--~-a~ins. 

PhytoplanJct;On belOngs to the world df _Plants', zPopia~k'to~ .t~ ,the 

_animal world. a . Plankton exists in alt'· :polar seas,· extend.i-qg -to. ·the._ 
.. :-. + ·, ••• 

very ·Pole,· as. evidenc.~d __ by t~e inxestigat~ons .of ~h~- .fl~tf~ing- station 
. . 

,"North P~le",·. whic-h-~s .. -heatle.d; .b~ ·.I. D."-Paparin•--
.,· 

'Wl1e'rl freezing sets in, :part _of ~the plankton contained. ··l)._ea~ 
• ' • • ... . - • • • : .r . ·~ 

. ' . . 

the surface may be frozen ii+tO __ the iC~, 
·~ .-. • • - ~.' . • • .. • • • . ' .I. . \: ., ·. • • • •• . • • • • • 

' \. 

Either the. ~:entfre., :phyto- _ · 
. •\•. . ,-,, '•\ . 

plarikto~, or ~~st of it .. contained -.in the layer of -~~:ter.··which is 
0 0 • 0 M : • 0 0 ' • • { 0 '. • ~ 0 • J ~ 0 .)..1" . 0 'I . 

und:ergoing freezing,- may be l99k~~ ~n ice:- .As regard_s · zopplarik~on, 

-- 17'- .·. 
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. •' . 
which possesses a certain ·mobill ty., it is hard': to. ~ai .. ~ho\-r .much of 

- i.t: may be iocked !n ic~. :. ·I~ .1:Jlii.i .. _?e-. presunied, however," ·that a con-
·.... ' " .' ·:r:.·:~·;·- ..... • '· ·'·~:·;.: ;; .. :. ·i . . ····: i ·.· . . . '. . . . ·!, , . .. . . . . • 

· siderably 'part .. :·ot· ft:wt11''1i.e·'.caught' .tri the ice· ..... ·Plankton organisms 
\ ' - ~ I j. • • • • ~ I •. f • ' . : . l_ ~. : • -· ' • • • • • .• 

; ~ ' ; I 

· ·appe~ · tq b·~- :·ve.'ry · s.enstti:V~: t.q,..~~s~ :m~~or ·fluctua·tioiu~ ,of. tellip.erature·~ ; 

and ll!B.~ ~~~{; ~~~~e~,~~en b~fc;~;{'fl"~~zing sstS in. ··. . 

· U:~ualfy; ·:Piarik~~~- iodke.d):~ ~ce ~ is:·no~; :,:l.~eai·ate!; d.isc·overed:. 

":tt become·a··· notic.eable ··ont.y .. ih. tli'e .·_secc>J:ld. ~half of· the freezing 

· ·-perio·d -~?~n~::.· a~ir.ing· the · ~roc-eas· o~ :htUilbioC=k f'~l!matio~·, fragments .of 

·-. t~_e:.··.fie.lda:· heap 'u:p ·.on ·one ··another •. The~ .does· it become apparent , 
.•· .... · .. 

tha-t' the 'iower· part·· of: an ice.:.f:Loe ·has. a J.igf:ttbrown or :Pi~k ·coloring • 
. . 

~f you,take a chunk of. ~ch',c_ol()red,i~e:~c.i·rheit· it ih'a glass., you 

.. ·lc1i.~1 .. obtain :a··.muq.dy; :~sh·ir~Y.- eed.irnent.-••. ~he· :pr~sence of. ~lankton in 

i~e ': ;ie. be'~t· reveale.dc irl the period_::of, tp.a~tng ~· .. Pink. sPOts the~ 

ap:pea~ on the surface 'of 'the fee';. as· thawing' acc·elerates,,"those 
··, ,· .-

-. _s:Pots' gradual.ly· grO-f ··darker, . fi~a~ :brbwn, ··then·. da~k ·brdwn.: On 

·, ·O;ld :·:ice ··plankton fs·'· sometimes· J30-· thi.ck,· :~zid its· ector SO dark, tht;3.t 
:. . . . . ~ 

'lli·. conveys . :th~ . -~p~e·ssion .of mud' or d.irt. 

(In add:i tion··t6 .plankton ~~gari:lsm~ ·;hie~, du.ring freez~ng, get· into 
the ice from the 'set:l, water, the.re are ·various groups of .'organisms 
which deve'lo:P in a~er on. the -i~e J tseif:, niostly at the·· bottom of·· 
fresh-water .pools ·and lakes. forming :on the surface of ~tee o"ii.DB: to 

. I solar radt~tion •. Ac<::Umulationa ·0~ such miot~o6rgenisms'· may q~ ·Ver'y 
· cons:I,de~able; .. tht;l brown· and. (j_ee:p brown spots mentioned .. by· the author 

.. ·,·may ·often· be· centers ·or inte_p.s.i te :8:i'owth of· such microorganisms. 
Editor's note.) , ··. . . ~ .. , ., . :. . . . . 

'The pre sene~ of plankton i±?- ic~. does not .occur everJ;.wher~ and 
·.· 

; . 
. "''; .: .. 

at all ·tim~ a.· ·Exteri~ive areas t?-t .:se~ may be ·covered .. w.i th nothing 
• ~-- 1 • ~ ' • • • ' •. :. -- • •• • • ·.' • • • .~ ~· :. - • ' • • • - ' •• • . : .- ' 

but pur~ ice·, irt ·~l:ich~ th~e i.s :~o tradQ -~hate\fer of pl91:~nk~<?n•, .· How-
: . . . . II . . . · II · -- ' ._', . . 

ever,. so-call:ed: · -dirt-y': ice -·~y l:>e set?n often ·~nougP.,.; .. 
• : •.•. • t -;: - . • . • • - • - • ,, • ,. .•· j 

;. · .. ,,flankton in ic~: -is_·:a!l important ~a.ct~~;.;_~s i~. plays.~, consider,.: 
,• ' ' • .,• ~ ', • I • ' • ~ "• : l ~ • .·,. i ,• I • . .. ' 

be., .e~~i~ed Jn:.d.~taii in· the- ··sec't~·on d.ealing with the thawing of ice. 

- .18 -



.. 

Structt~re_. of l~ ,_ 
.:. ... 

-i 

-~ile _using the ab~Vt': _t~~j A~\ wiil )'~ ~d.e;r-~~~O,?.d' tp -~~~n. _not -_ 
- _.. - - . . . - . : ~ .. _: . .: . . ' '/' . . 

alone the ·prye:talline :e:truc.tur~_- .of_· primar.y .(pure.), t~e, 'Q-q~ ._,al_E;JO. the. 
- '. : .. . ~-: '. ~ . '·.. . . . .. ' ' . . . . . ' . . -:.: . . :. . \ . '·· . . . ·'. - ~ 

~tructur~ ;?f'. _e~conda~y' and. in ·.general· ·o·f -~11. cat~gor.~~s~ of- se_a,.: ice·e . 
;. • ' • • ' ' • • •• - .. • • • _. • • 4 • - • ~ '. • • • ...... - _. • •• - ~--· • • • • • • • • .~ ~ ••• > -; ., 

, components: __ ·of __ p~:r~'.a~d. f!;~~h .... ,i,Q~ gr~~~f-1~~;:· of~-~rjn~ .. -co~j;-~in_ed in 

the ·. cS:vi t iss ~~ic ~ ba ;a f():t'!!W~ p ~ ~'f\l ~~ R~yBW,ls; . &nd . fi~ll;; pf . 
,; •.' .... e •' :.·• ,' ., ,'".•. ' ' • ' : • 

air, or more prec~eely~ qf.fl--: .. 8RA~~n~ ·?.+'- ~ae. _:rh~)~:e_i~~fonehip_ :tJe-
'\ . . ~ ··~ . . ': '"' • .. ·- . . 

. . I : . . - • - . 

tween these compop.ent pa.ptef· i§ p;y: t19 ':W-~~p.s a ·pe:pmari.Bnt one:;: th~: : · 
. ! • J' ... '. ~:- • • • ..: ;-.~ .. ::_·_.· --~ :- ."" .-=. ·:·~f.-~--~· ~-~~:-' ., .. , ...... " -~ ._ .. ,. .... .. ... 1', ~ ' 

• • i .. • ... -~-

rati_o varies ~:q connectiq~--~~~~ ~- p~}:?e~: of c~r~um~tarlCe_e~,:_ ·wh~_qh have 
.: ,·: l>. :. , I ;._, ·. ·.,,· .... ~-:·~·-· I: \ ·~. '• ,\~ .~·: :·' • 

,been ex~i~ed ·above. 
.. - ..... 

. . . ' ~- .. 
. . · · .. 

Con~equ~n~~-Y, ice i~ no ·I+omog!Snen;n&e body, .. e!~rir~--Yh£?~- ·_1{_ ~as .. 
:· • ....: :·~;:. ,. \ -~ 1 ~;;-: :~: •. -. ; :! -, ... r< _-~~ . . .·· 

formed. as ·a reeul t ~f ·norma~· _freezing -of wat~r: ;.~-- ~;n :~b-~ol~t_e·l;y. 
' . . 

-.. calm sea. ~e·spi~e t!'le c~mplexity of::·t.he ,''_o·o~g~~-e-~-~~~~ .. --~o~ey.~r,~~-
; ·• . . ·, I 

,_ one: _may~ .. · i~ thi~ ca-se,_ d'eteg~ a tendeg.cjy towarA-_.a.--~o~~r.;t~·~n·.i.oX:q.~r ,:in 

·-- the ·distribution of crystals:_ _.th,e .cryets._l~ 1J!Ostly a:seru:me .a v:ertica~ 
. . ' .-..... ·• · . . . ~ .• i . . . ·. · · ~· ~ - ' ·.. , . . -~ !· • • .' ': _ • I 

position. This may be noti9E?d: in ~he t~w~ng '.Q_f_.yo\mg,~ioe:, ·_wh~pll 
' ,"" .A • .- • '_": 

has formed a short time befor.e thawing begin~,.. . In __ the- upper", ~ayer 
' ' ';._. • • J ·~, I ' -.. ' • ' • .. ' • • ' • • • -~ • • ,_ • '' ·_. ';. '' • -. • ' • • ~ • • o 

,. . ·..- •t,~ F I, • , ' 

o'f the field, _the dieintegrat:io_ri 0~ lev:el fields of ~1;1~~:.1:?~-,i,FJ'. 
'.· . \ 

~imil_ar. to ·tlie b~eak~?s· u:P 9f _-fr~·ap~~a t~r iJie. ·.,into. v~r~J~al :1?-e~dles. 

·._This ·ppenomenon·:occiu-:s .:on1; ~:1~· the·u;per· Iayer.qf."tk, ·£{~ia-._~_:sh~~i-~s-
~ • • /IJ ' • - •• • • • 

·-:- .. I •• '0 • ~ • . ' 

:.·£3.bOVe ;the water.:.litle j deepep, S~lt '10(? i~ USUally_ not C~racterized 
~ ... k •• 

. •. •J· . . . .• , ·. ·. -··: ~ .. - -'~- .!'· ·- .. ~." ,• '• .• ~- -~>;:; •• ··, l . ,' .•• ::,_ • - .""-·:· '· --~... . : ~_--\' , •. 

,, . , . -'}:)y ~ ~e:fi)?.ite :structure, &nd no breaking· up into vertio.al ne·edles 
.·,- ·'· "• ,,;•, ,. ' ' • • ' I -. • 

... 

.. !ffa¥1·' ~e: ~obs~rve(f:~;- 'When·: ice:·'has'~ fbrmed 'in -win.ciY.', ·a.~~- at~~;. we~-the;, 
','"· . ···. '. . : - . : . . . ' . 

aide_rca?ly.·more· b~o~~n::up;· :arid)tliei;rt ·:rreezirt~- -:f.~· diso~~~-;ly ~: di~ilar ' 

,· to_·.th~t .. of ~n?~ ... and.~i~e slush.,, 0~~ -~ay thu·s, di~ti~~i~h.t;o- types 

'of -ic-e;_~~tr\ictlJ.]:-e: on~:"'i9''tl18:t(_d:f'ice ~lii'oh ~s ·:rorineil" "in-.:ci~Jm: 'water' 



tne ,o~her, that ,of ice formed in.>ri bi.llowy< sea··. , 'file· 'first<tyjje 
I • • • ' • ~. 

·-:· 

. ~~s .l''r,~.; :s:t~~e. U:a_ua~ly, t~e ice which ~pred.omina te·s· has· to· a' 

lesser or greater de&eS.~~l>~,~:~(,~uh.j,ec.t':,;t().· st:rat=i:·fica:tiotl ·and ·pt~1ng 
• ... '."j ·- · · ,: • · f· · · ·:· ~-·~;J:~I~(:$k~.,.·.:~-~~?-t~!~-~~u?~~;. · ... · . . . . .. . 
up. ':Bheae. :processes:.qccur·:rroni>the very begi:np.ing of··ice ·formation, 

. ·. :~ .. _;; .. ~ .. ,.: ... ·.--.. ; -. . . . - . . . . ··- .· . . . . . . ·.:· . . . . .. ' 

. . 

and. f~nd. their most deqi(}ed. exp;ression .in the. s.tratificatio~ of. 
;. .. ~ .. -- :' • ··: :' .. • ,._ :, ·:_ -. • : • • • . i_ • ... • - •• ' • ' 

.. •;::,roung. fie.ld:s~ . In such case, i~.:~. field of. t.~in; ice acquires. tyo, 
' ~-

t:pr~~ .. or. mqr~ l~yers pe for~ a snc:>wfall .occurs, bt.ine '·.m~y · be . fC)und 
-:J, . :~ . . • 

. between the. layers, a~d m&y.ofte'h emerge·.6nto the.··$U,rfaqe of:the 
; ......... : ~ ,_:. . . ·.·.··· .c: \. ' . " .. . . : . . . ·.·' . ·. 

fi;.~~d .... :t{::~nmr .~.overed the ice( layers of ~ow ~·of pooling mi,,x-

tur~>.wtll ·b,e ... found ·in t~he. stratt.f.ied ice~ .cJ,.early, ~;he ~enera-i · 

structure of such ice will diff~r- from that . .'of the fir·st· twq :t;t.pea • 

. ( ?E:l.e F~g •. ? ) .,., .. . /: 

_-_.):I?- $-dd.~tion to·,,~tratific~.tion,.,ice'-fragaiente :pile li:P fnto lill.m-
.. ~- '. . . . . ..... ·. ·. . ).. . . ... ~~- -~ ~·~ ~. ~ . . . . . 

m~!?-ks., ·.W~ic:q_ :arE?,·-:partly. su1>merg_ed. when :presa1,1red1 or. are· heaped.· up ' 
·.·.l. : ... :.<:· .. ,. ,.· : :'~., ... :.;~:.: ... :·. ·.·'.:"•·,; ·;:;_ . ·: .. I . . . 

.. ~-

on the surface of\ .. rie.l~s ~- It. should not ·be h~d to- fp'J,a.gine ;whi:t·t . 
:'\ ~ -~ ..... ··: ._.. -. ~ :. •. ·::· .. 
n · ti ·· · tt ,; - -
. mixt~e .. re_s'Jl ts in .. the core of the .. hummock._ It ·consists: of 

:1 ~· / ..... - . ~ 
• l • • •. • ·,. • 

iq.e, srow ':.bri~e ~ . ~_ir,. c~·us.hed. ic~ .. -~nd. ~ater •. ·. In: con~·e~uence · of··.:.the 

pressure., part of this .mi~c~U+e will }?ecq~e .. ad3®.Pelesri pard.inasa;: 

par~,o~ tt.~t,h';:~;~ o~ ~o;,,~;.,~~~. :.h~<J.c~·~ ~he fo~ o,t: ~~ants, 
;'.~.?~::,~·-:·:i::.-:·. ~--~.:-.\:.~ .r .:·.~-:-<. .I .. _. .. :-:·_···,'· ~ ; .. :. ::·"·• '•·· -- '-"• ·_.-· -~·· ' ... • :. . ',.,. ~-

• 

which wil~ gradua~.~Y ,Jo.in.and. •-kr}~t_·_tos.et~e:tt .. ·~I1d:J31? -~~+r.; Q~ ~~·i,_ght; 
.t.: ~ ~:=··:.-' -::.~.:-~-!_.:· ... ··-._··;·: ~/<·:-~·:·· -::,:.··. _:_::~~--~~-.:;._: t\1_", ~-:~·>J: ~.:-.·-~~·~-:._ . ,. -~ .. · -·~-- ~ ~ .. - •;-. -~- ·_. ' . _1 

the greater part, -h:o~e.ver, .~i,l.~ .s,i~_k,:·i~~P ·t,;tw,:,.nf.ttex.,··.'-$E?J:1~ .th~ : i 
·';. . '. -~~- ~ ~ ... ·:•! ;· :: ~-:,_:·~_:_:,, .·_;'"~:~:: ;';~--:· :'."_-!.,!' •.•• -:--! ... -~ ... '".;_-·~ : .. ~--; ·:.~- :,·., :', -.. 1 ·' .-·. ·.--. ·---- "' • - • , •• 

formation .o·f· ice .and th.e fre~_zing .. tog~.t~e_r of· .f:ra·esmen;t~<w!ll oqn- . 

. :inue;:-~~( ~~e;-~~a·~~ ~h~_~;?;,~·~~ al~~~e :au~je~.ted~to ·•·· 
a more or').ess i~_ten~ive wasJ+ing·, a'!!ay. by- ~he our:rents. Thus, the 
'' ,.-. ':·' :, : ! ~ 1 •••• • ~ •':~ ., : '·· - <, ' _ • • >' • : ' , ll ' • '. ' ' ' : \ 

general. struct1tr.e: o·f hummqck .iy~ v,i:Ll·. ·d.tf.fer/ ·conetderably. from. th~t . :~:··~ .. :'\·'"~.; .·'-. ·.· ~- , .. :·.: ;~:'~.-. ·';; <<·. ~· .... ;/ . ' .. , : ·. ·~. > - .. ·~ .. ' . ., . ,' . ... .. ' . _·' ... ; ... 

of the ice of a level .fielq.. . ' ;, ~::. . . ·. ' 
.· ··: !;3-• .. r . , ~.':::1;.~: ~ ·. ¥ .. ·~. ~ • •• 

In t};le :process of htUninock ·fortna.ti6n, particularly duri~g drifting 
• 4 ' • • ~ • 

- 20·-
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', 

. . . . . 
' . . . ' •. '. . ... \ ... 

this :powder·_r,esemble,s:f.~our;·_whi-le in w:arm wea.ther·"it 'is .sirilila~ 

._, .:to; _sn_qw-~_-lu~h. · ·H.e~ps of such ·1ce ~--pe>Wd.er ··later fr~eze ... fnt~~ ic~, but 

the. structure ·of such -.tee will. dt+fe1/ fr~m ~11- the· ·c_a·t·egories'm~n-

,·:- Th:ereafter, . when ~-t~w+~g ~f?~~ in·,. <tn,:e .. j;lpper' layer~: ,bf::'ice and 
' ' : I ' - < • \ :• ' - ', ~ l 1 

. surface;. and' . in: .. p~rt:, ·: rewain -;,fi.l' ·nqtl~wa' 'ori t~e ·. i<~e ;' ~ 1n· :·~r€1s~ttre 
. . --: . : .. -. -. ., 

rid BE3 f? 1 th~ _fresh, :wa-ter, ,_;.,4+~ fl.q~ · -~-:f9PB··.:it!ie {t.ssur~ s . aild tli€/ inter-· 
- . ·. ' .. ' . . . _ ... '-. ,. ,- ' . .. :· .. _; --:_ .... _ . ~ . . / . 

. layers of snow. and-· pene.tr~ t~ -+ritP t}j~ .i'titPk ~of the ··hUmmocks ~~d 
. . ·. ' ! ;' • . ' jl ~ ' . - ' 

' . ! .: '' • • • ;' • • ... _. • . -~ • • • l : ·. :' . , . . ....... ~ . . ~ ·. -~ ·: .: ,,: . ~ .... : ...;,._ . 

freeze age3.in in a, ;new cp._lq -~:q!t~~· t~+.~ :prqcess ~leo affec~s the . 
" f ' ' •I ' \ '• '' '· • • 

peculiar ·-structur_e of .the.· htuDmb~k .--. . :_ : .·, 

. The3 so~ called. sti~w ~1udg:e ( snezhur~) ]las a .1>"e'culiar· ·st:i-uc.t~e 

of its own: it· is .a· slushy~· soft''ice-, --~iff.eri;i}g_-in.:· (?'blor. from :pl~iri 

ice arid or-igi~ati~g from sno~ fall:i.~ ·.t~·- rr_osJ;y,;weS:tp~P,,9rito'. the:·· open 

sl.tr:face. of.· the _E3e~, or 8Wep·t'· fri:>m.·tl1e ·~lce~·rieicts: i~to -~tp~:··l~8:d.s~·.: 
·._, 

All the af.oresaid gi.;es ··a fair -1:de:a. d~- .the di'.t)er-~'itJ/'a~d: -~om;.._ 
. . . 

· .ple~i ty .o~ the sC?neral ~t~uc.t~e·: .or·~ :prip1a;r-y tY.Pe_s bf 'foe·i an9:, par 
~icu,l~ly, of. seconder~ ice· fo~tions•·o ___ : __ ~: 

. . . . . ' . . 1-,. 

·culiar ·:~trub~il1)e, .. ~hich :we· s-~a:iJ -~~t~.~eai.-·wi~h- 'iie:r'~~~----~--· <,: ·: 
.·. .· .. ; . . . . . 

(. :' 

'• ':.· .. 

. . . ·.s~lidi ty ( Stre~gth) · ai~d Har~-~ ~s. oi Irie·. · ·' ·' 0 

• ................ I_.._.,.. • ·_. , _. ' , • • • 

The kh01_V~edge '.of the· soJ;:t~d,,ity :~( ~trerigthf 6r ;fde_:·i.~~-::o.f 1 sre~t· . 
importance • tg ~~i~att~n a:nd f6r. .•. the work 0'/ sliiP~ 'sai-utlg tbi-O~sh , 

.. · . . •, . . . . .. . ..· ' .. ·' . . . 

ic_e .. field:~·. _1<1~:· silall therefor~ ·.ende'avo~ t~~ g~ve ~he ·l~eader. an~ ·idea 
.. :· -~ : . ··' ·. ;'/' . , ·.·· ·, :<.:' •·. ·:. .· ... , : ·{'· .· ,. :· --~· . o·.: ,· ..... : . ' • • '. 

o:f _th~.: pom~~r?- t i,y8, .' .~6;Ltd' i ty (st~~pg!th ;: ·.of':_: vai~'io~~ -,;·~yp~ ~ ·~-r. to·~-' ~hi~h 
. . . - . . ., ,. . ·, . . . ' . . . .. .-

~r '':;I·. 

l 



) 

,) 

In view. ·of · tnEf great -~lv~rsfty .o"f struc.t~_al ·peculiari tie.s of 
• • ' f • • : : ' ·~ : '• 

sea tee, -it is .. ·rather harq to. c:la·s~ify.-va.rious ·.types of ·ic~··accord-
. : . . . ; ; ~. ,~·~.: ::-··. :··· .. .. ::··~· .. ·::·.·. . . ' ,_: . . . . . ~ . 

. ing to the-ir ·f:lOlid;i ty ( strengt}l) •. · .~ow~ver., taking ·~nto :.accoUnt the 
0 ' : •• ·.;. -·: •• :·::/ :': .:. t ••• •• • • • • ' ' 

very _:important -fa6·-t that _fresh-i.Tater iCS· i:S, the· mos:t:· Solld.· (at~ongeat) 
. . . . . ... . ., . . . . . . ~- •. : ~ : . . ;: : . ~:. :-. :: . ··. . : . ~ . . . . . ' 

i~e, and that ~?li~,t~.~ ({~1J~~~tix~~~,t)ardne sa deCrease with increase 

in salinity, it is'·po~~ibie;·,·on/tne· basis of. ~~per'ience to draw up 
.~-·~. ·. ··: .. f · .. ·--: . ·.· : · .. ··.~:·_·>·.~~ ~~i>·:· .. ::'.. . : . . 

to: .degree of ~ard.neas. (at. :the aame temperatul;'e)!. :,· .: -· .. -~· 
·.·J:.·.-~-- ~-~·~·-·· · .... J::·~-; · .. -~- .. ' . 

Hardest. ··' 1 •. fiL.a.9ier .. ..ic~, icepergs, anrl. ·thefr· ·frasment~·. 
·I' . 'r '~· :' ; .7 :. ' ~ ·• ' . .,. ~ ·: ~· , : ' , ... .. ' 

• : < ~ 

; 2 ~ · -The de~ salted ·_surface of ·old··· se·a:. ic~ -
·.· ... : .r; ··~--~:_, .: \ ·-:·< ::~ nl:~.tiy' ... years'. old pressure ice. 

. · .. . : 

•i: :. . . 

:;- ·3(·~ ·,:Tit~· "Core•r of hurmnocka~ formed by :pressure 
. (wh~n thav{ing, ~o-called. hon·eyctmibe .. ·ice \' 

. ·' .. ~ : •,. · .. ·.,: · :··results)'~_ · · · 
.__. 

4. One-year.old hummocl$: ice. and its fragments. 
. \ . . 

- ,_~.:· ... ·F;.~., .-.<·· :-:·5 ;.:.:'.·'~T~:i~'c:k:··-'1·e~~l, :ri_e'i_d:s· a~;d their :fragments •.. 
' ' ..... :·-r 

:. : ~ -~-:. . ~ .· ·. . . : ·: :··· · .:·::-: :.:6;;_.,· ·Th:'in ·:fie,lds ·and ·theU.: .·fragments •. 
:-''\ !, 

· .. :.· •. " 

, _:,:.~-, ··_-;:,:· ·t·'~"~' ;~~tf.iroz~n primary· 1o~·. O~il~s)o 

Yery(crumoir~-8~ ,~ .. :stii~h ~na. yo~ng. :to~ •. 

· ·. ··· : Thi.Ei :SealS is'buil:a ~il~y~Oriit-; o~tline; ;f'or each of th~ th,e~e 

·:·~YP.Efs·.·o:f., ·i~ ·,thf3r~~:.'·i;s ~~ -~ds·~·ibilft~-of. conside~ab~e. fluctuatl~ps. 
. . . . . . ,.. . · . .:... . -·:· .. ·. 

- in hardness~ Thts ap~lieE;f 'p~;/ti6·~tarly. ;to: 2·, . 4_, 5 ~nd 6 •. _, :~t .. · 
.fi!).ould alSo bii r!lmiilil'btlfecf't!l§t fbe ~~liility ( stren~th). and ha:i:>dil~Ss 

···.·. ~- " 

of· lce depe!ld·lafge~y·'dn;:_it~ t~~rip~rattire, dna: that they increas~ .as 
't " • ,:_ •.• 

·the. tempera tur.~J-riill.a\ .. ~:,.:~:.·: ............... " ... , ........ _ .............. ·" · · :::·_:_.-.·. · .... · · ·: 
.. 

-lt ·:ts :,tionmion ·:lfuo~:i:~dg~~,-~ t:h~ t. 1~~~-Y. year~~ old sea ice ·( 2) -~e., 
I I .., . ~ 

.t~ ,,f&c·t~f :prt3ss~e···:.icfe t:':- rtt3ids ,;~i1d. }~a-gmen~~. of humm.pck fiel4~. 

, .. 

,:: --~~~- :L.Q.e, ·:the ·:thicker :-is ·t!l~· i~Y-~~/;o'f ·a~e~·sait~d ·i.e~.~-.· ~olf_£.3~~~en~~Y. 1.: 

22 -
"' • . : ~! .. ·:. •• _. " : r . ·. ~.. . . .. ,t ,! • \. •• • 

l 



.• 

.' . .. . ~· r . ··. ' .. r 

the eo.lidity (st;r.ength). of thls ~-e~s~i_t~d-.ice. w:ti:(~:Lnorea~se as··the· 

ice ,gr.ows. o J,.d:~ ;~ -; .-In. a,.ccor~~~· ~it;h ct~e Ei 1Jqv8, -··- 1iJ: the •· Gentra,l· ·l'ol.al-. 

Ba~·~n, the ~;pe~ la~e;~_o;,'~~i ·~olar paqk ~-!'··· Jimiliu; _to· graO·tElr.1C6 

.. as .re.g;.ds Sc~"~u~tU:.e' a~d. so'ii~~ty (strenithf; ':trow0'verfiin6re, crumb'tlf 
' " ~ : '.'. . .. ' . . _: ,. '·. :· :.,:·:· -·. ':/ . •. '·. . ., . ' . . . ~·. : : . . ' .. ._ . ·: . -:.. . . ' ·. ' . ·. ' 

ice .-ma~ b~ e.~ooun~~.red. -~?g~t.be.r rti ~tt: o~d: ~ce·;. the j~'~stil t .. :of:.'the .: . ' 
.... •. . _-.... •·; .: ": ": . .. ·. ,-. " . ": -. " . . . ' " ,·. •' . '. '. . 

freezing of crushed. -ice and. small chunks -into:·, smorozi. ~····-·IIi ··the· 
.. ·· ·,,._ .. · ... : ~······ - ~:i .. l\: .• :-~ ~-.:·~· ·-... ,J-~··.:·~ .. w, .•• ··. -• 

~ ' .. .. .. ·. 

pe~;~.9d.:pf ~ ~hawi~~-, this ~ce. +'3. .. cr~p~Y ~nd. :gr~~u.r~t.,·':' par,t.icul~ly 
.... · 

y!J:J.en tt contains ·:plapkton,.. Jiq~~:y·b:t.,. t.he_·.preseh.ce··~:bf.: p1an~·tqrt.-··at:ains 

s~~~J,.~,~o<~~. taken ~~ a ~~~: 9ti 9l'U1ll~J_y ide,~· iatElr-iU ~he)fan sUch 

ice may· :turn _out .:to be. Y~r:Y .. :.JlarQ.,.:· rhts -~:ccnu:·s~· when tee ·has: forlned; ~ 
-::. ::~·.·.:.-·, :· • '·:<·;:.~· ,- .. : _., ·, !4. ' ,:,· .•, ~. ·~, ••• ·.:": ,~~.r: 'f' ".-~· .~:,,, .' • '. ,:. • ~. 't I - ~ ~- ; • • ' ' 

~hi-:o1:lgh the ~tra:tificatio~ of :ri~lds oontairiirig pla,nktoh;.' ·as'. ~.hey' ''u 
. -:' -: · _ _, .. '• ;'. '·.\ :":' ~ ... , :'- . : . ~· ·. . ·:· . -~· ' . .. ·. . . . . . . -:. - . . . . . 

t.ha:w, 'from ~b9'y~,~ '· sepa:;--a te +aye~s· proq.tlce' a s~d.imen~· of' !r~ati.ktori ·on 
.: : t:· ;·.:.. . .,.' ·. : '· '· ... :·· ·. •. ;·· .. .-_:. •. : ·_'. ·~.: .. .' .: . . . " . .· .. , .. , . ,' I . ,.., ' . . 

·., 

th1 '_surr~c~: pf : ~ower layers' which·. acq~i~e. iiicre'$.se:a;, ~solidity.~·' 
·. ..;. : . . ' . •. . . .. ..:·::. :. . : .. :>.. .. .. 'j .·' .: . 'l: . ~ ........... - • .... - • 

( str~ngth) when rrielted fresh wa.ter freezes -aft~r: :the. ~er1od- ot:-> 
. ;· . . .-.. ~· .• ..... 

. thawing.· •J. ... . ·~: . . . 

'.i .. ·· 

One~ye~r otd pressure ice (4)i~:.consid.e~~bly 'le's_s?·ha:ra:>:~han .' 
' . :- ·: : . .-: \ ~ ':.!. ~-- ·,: ~; .•. -~ ... '• • . i ., •• · .. 

several·.yea;J;s' old ice because. it. ·:fs riot topped. _by:~· ne·?s~l~e_d·: .. ;. ~ 

··:, .. 
. fields may vary,' depe~ding on .th~:.:Se~~:S~~ .. and on the d~gree of pref3-

, •. _:~ .... :~~·: ~ ... /: · •• 1 ····;.::·· -~ . 

s~e·.:maer~~ne,: ·the gre.~t~r J,he. :Pi\in.g ~:P ~r-hulmnocks:/ and~·.{the 
'.·. 

na.~;e;, to the thawing ~er;~J~' the mo~~ Wi 11 thfi;e b6 h~-~d tCe en: '€he 
., . 

. ·. f~el_d:. At·: the. ,tim~ -~f· br~aking ·up of htl1nmoclr :f'ields· into·~·f'-196·8'· 
.. ' : .: ' :-'-_ .. ·': .: .,·· <· . : •.' ~ . . ·. ~ -~:· ; .:· : . . ~.- l" • • 

and: 'cakes,· one mti~; ~~~o~;;t~r· ic'i d;i .. ~S:r.yi~~ ·_soiic1ity<(_atrength); and 

the hard~·~b ~f all vr:i~f':·:~e the ;, c~~~·si., .:or ·.huimn~ok~ l(·3 .. r:.·; :: Agg16mera~ 
••• • f . ' : ,-•; I;_ • .... #!-

'. .. ,:_ :• : . ~ :- : J ::• :' •• .·• .. ', .. ; -~ ,. -.~. •' f- ~- ~ / : - ••• ·, 

tiO?S Of cr~sJ;led ice will be c.ru:mbly and stiC?kY, ·and in the<.event of 

t~a~~ng, .. s~~c~li~~ ~~O;?zi) ~iii ·~'lsCl ·~o;; dr~i~Y ~d sH~~;. ·.' 
· .. T~e ·a'bbve~wafer ~tOf ~~ick', ie~ei·he.idd(;i) cohefsti Of'-··· 
~ .. ·· ·:·-:' f .. ~- .. -. .. . . . -~;·-: ....... -···~ 

. fairly .. hard: ice';. particularly when they ha~e: fomo1l as· ~a· resui't. of 
_. \ 1 

stratification. Thin, level flelds (6.) are considerably less solid 

..: 23 -
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(strong).;· In the ini tia:l ·period of· thaw~~~,' ·in'·ter-.cupte·d by 

dcc~sfona·1; ·cold 'Sn~,pS 
1 

'·a· .;dru·st•· 'of:. d~·_:. S·atted.·--'an& ·:the~·e'fo~ • mo~e 

· eoita· (!iti-OnSSr·Y ie8 mS.Y fol'111 'On't!le · liUhkOe Of :ither ~r· the ~bove 
· ·: /·. mentionen:<tield.s C5.:& \; ).; .. ~bu::(:suoh-· ~. '·c·iuat w1i1 'be ··insieirttticant 

. . . . . . . . . 

... in thic~e.es •. -rn adai t\W~i;tt,.\;~~&~r.'>'~~ .. snow· e:rfeots the aonduy 

· fetre.;ngth)·.o~·-.thi:ri ··fields:_ (see ;para. ~'Sriovr o~ Ice"). , , · 
.. 

Io·:e of the· ha~rd-frozen slush ice· (nilas). type .(7) is not' solid 
. . . 

, .(-~~rong).;·at :~11, i.t is rather crumbly". :and pla~tio ( pita.nt) ._. 5·cm 

. t~ic~ ice -is ~no-t eo.lid · (strong) enough for a ~an ,.a -~eight·;. ~~~ri whe;n 

it. is· 5 to· ·6 em. thiolt, a. man may not s_tai:ld ·for 'any ,:lt?ngtP. of ;-ti~e. 
. . . . . - . : - . . ~- .. 

. . _~on> one spot .. ·the ice will gradually bend· anq bre·~~. IT,imary types .. 

of' fee,_,. whi~h ··may. be distinguished by their g.B.rk co+o.r ,-· are so 
. •.. . . - . -; ' . 

:e·lcistlQ that the·y d.o· not crack-when raised. by the· swe·_~l· ~ -~hey be~d 

.in. confOrmaJ:}ce .·,"lith the curve of the ~ell. .Young. +c.e '(?) is .still 

le.ss~ solid_f;·:irlush ·(.8), wh:t.ch ·oo~sis.ts· of d:isjoi11t13d. ~pe.- qrys:t~.ls; ... ·, 
. . . - ... · . . - .· .- . . . .- -

ha·~ ,_- .,o.f · COUJ;'S~ ,- no solidity . ( streng~h) at. all. ·a_s·- an- ;i.c.e .. bianket.:_.~ ·, 

. ; 

: ~ ... ·. . ,_ ~ ·Color~ of Ice 

· ·.·Tbe.~·var1ous .t'ypes o·f·ice a.re· cha~actertzed_by spe9if_i~··coloro. 

ing-.• _.. · JZn :some~,.c~ses, the difference's in co-lor ·.is ~nsfgnificant ,~. i~n 

o_the;r· ,;cas~.s·; .ice. stanos--·outJow:big· to its' color, a;s for. exampl~. in 

. . . . . . ' . ' . ..: ~ . '. ~ . . . ~- . '. . . ,.., ::_-:..· ' . . 

the. event or :plan_kt?n ·spots.· · One· may aJ.~so d:eteot a· a·ifference. in 

:the c·ol:or.ing. of~ ic.e tn :the 'periO'frs of. freezing or thaw:i·ng". 

In_ ~the:: ·;per~.od· of ~reez in~;. 'the··· basig hues .. qf ice ~r·e ~s fo:L~ . 
. • 

l9ws.· • .::~-At first]· -young' ... ice ·is transparent ·~ .lts··:oolor o~ wa,ter- is. 
-. _,. 

, tl~ere:f9;r.e~ ,.a:a;r~_-;: ·the slo~-i~r · th~- .. ;fr~ei:i.·;g, , ~he ·'i61;~e~· dbes the i~e ·. 
. . -, ... ' 

:re~~in · d.ark,.·. As.: .the ice gr'Q".>rs ·in .'thickn.esa, fts dark ·coloring 
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gradvaily chE!.DL~·=·3 to o.ull.:darlt, gl;'~.y; there~·fter it-, light~ns·, .. 
. ·~ ·. ,.;: .•. _ _: .. ~ .... ~- ~ .· ~ . 

:reach;i.ng .light: .gray_.: at, the. :time, of·· forma~t:ton. of· a. thirt.• field.~.·.· 
; '.• .... ~-. ·- : · .. ,·: :; -,. . ,, : ' .' ~:- •' .. . ..... . . . . . - . : . 

:Only . .at :this -.third .. stage does .'the ice. acquJre . .:1 ts· nattttal' Ltght~ . 
. · . _...... '. ..-.·,; . .. ··.-· : . . ( 

gr_e.en pe.l¢r· OY!3r ~he ent1r~ thic.Jme ss·: o:f tb!? -field~ ·:.as ·ina.y.- be, seen · 
. ;' : ' , . ' ' .. . \ . ~ 

f~om ver.:tica.l. c-reyices ~ J:lh~~E3.~.s +n· t~f;?· ip-~ tial_: stage·, .. cracks keep 
• ' ' ~ . . - • . • , • ' ' . I 

-· ·· . . . .. '• 

. ·~ 
their. d.ark gr.aY: hue· below .. wa~ep.· ~a -weLk as. above· wa~er, and/ th:i:s is 

•' .· ·.• :.,: ·: . . . . . 

~a ·:charact.e~~sti~.:_proper~y :o:f.'_ ( ~i.+a~) .~C,el ti· 
¥ 1 ! 

. - ·-

' ~-

'The colo~ing qf· fragment~ .. 0~: fi!3ldf3] formed .. _by: stratification 
·- . - . : ~:: . - ' . 

J' ; 

-.is .char.acte~ized by· strj.pes,. p:rov-f.dE:?d J~now. covered::the ice· at ·the 
•• • • : : : • • • • . • .' • • • • • . • • • • • ,.. • 1 '. • ' • ' • : .. - ~ : • • • .- / 

time. of stratification •. : .. 
..,. ·,•' . ' . . ........... •. 

!, ..... 
: ~ -~- . I .. , ~· 

I_f, however,. the ,Jc~ was 1}0~ .. :qoy:e~~d .. wi-th snow· at \the --time· :·of 
. ·' -,:_· . . . .. 

' . . ,.; 

. stratif;tcation, · etx:i:pes. Q~n -f?.c~cey+-Y. be. <lE?_tect~d, ·as ·the· .joints·>: 
• ., :. ' : .. • • .' • • • : • ·.:. .. • . • ' • • • ·! :·~ • • •• • • • •• :. - • _: • ',: • ' ~ • • • • • • • . • • j ' • • • ' . : . 

g~ad.:ua~~Y d.~s~:pp~ar -~nd .. t?_e::J?€1_sg-~t .if? ·an ev~n :lisht green .coioring. 
''' • '' I ·." • . '• _, •' ' 'r '. • ' • • • l I ' '" \ 

The pre8E3nO€l .of plan~ton in; s~ra~if.ic:cition may give.: .an addi~:fonal . ; ,...,;. . . . . . . 

' ' . ~ 

,oolo:t:_e~l ~tr_ipe .. f:l110V8 ~hE? layer ·of: compre·S~ed ·shoyt.:; but: thls, WOUld 
.c·~ ._-..... ! .. :· ... := .. ' -::. . . .. \ 

not be ·light p:t.nk,. as OCCurS on_ the lOW6:ti·j underwater part' Of an· 
I, :~. '' • •.. I .: ... • I • t' :~-- :~; o i • I ' j ' : i I ,,•' ' • ' ,i \ !I 

ice~ flqe· · ~ it -v;ould .be .a pale._ gray, · q.if:fering. onJ.-y ver~. slightly· from 
~ t : • '•:! :, ~ ~ .. ' . , 1'. • • • 1 • .. ~ '. _, _., I • •' ' ' . ', ·~; : • • • ~ • \::. ·, ~ .~ 

the co],.or of snow" ' •· . ~ ' 
w ·' -t;, 

............. 

the gen~rai ~c.oioring of the.~ ·ice-clad sea J~ ·,white ; ... :and when.·~- ther!3 are 
•, . . • t,......... ' ' . 

. ·., 

~eads. of clear ·water' the. ~e·tt'er, .seems 'l?lac·k •.. rrhe :.:snowy· whi teii'ess 
' .. -~ 

' ' ?f the ice. sur~a~-~ i~. ~stial1y· brq,ken. b~ .heap~ of .. newly :formed.- hll~;;.. 

·moqks, .. whi~P,,,.seem _greenish co:wpt:tre.d to ,t;he·-~whtt-e .:snow,.·.'.· ·But: when· 
,. . . ,• . ... ·. ·. .·-. . ' ... ' . ' . 

: .. ... ·-·· .... 
the hummocks are bla~k~ted with sn,ow , _ _.everything 'is· again. whi'te·~ ·.: 'Oil 

• - • \ • ' ' .. ~ . • • ' . ! ' • 

. . • . ~ 

• .(,o ., 

•:, .. 
· ra~e . occ~.s;i~~s_, ho~eye:r-_, i(}e_~ :f~agme~ts .. '. qf _.a,'. bright; ··p1lre.,'. lig~t .. blue 

. '; .. 

hue may be encountered. No tra·Q~; o:f ~trat:t.ficat:ton,·lsi.visible=- on-' . " " ' . ~ " . 

these ice fragme_nts; ,they aqquir_e .their bright .hue oriry<art£3r':~··cer-
. ,. '. :. ~ . . :. . . . . .. ' . . ,.: . ~ . . . . 

.. .. ·.·'. 

tain "blowing o~~" . (.eff~ore ~q~n~e ~- :of:: the salts -}fas ";taken·:p1ace·~ · · 
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r 
,.Owing tQ _i.~s-_ du~l~r ~1.1e, . cl:'U:.~hed, srnal+-chunk .. ice -'s.t.ands: out 

on the .rough ,~urface of the· gener~l white. ,.background .• , As .'the 
- -: • ••• - ~ ~. • ' • • ... • • < :.: • - • • .. • ; • - - • f • • 

th~wi~. sea.&on--approaches,. ac_cumu;1a;~i9ns -of ,cru:ehed· ·(brash) and-

ema'll"'chun~ ice gradual:}:.y cha~ge. in color. and. acquire .an:. increasingly 
. I • • :: ,· • •·· • •• • • • 

gray .q,t~g: wl1~~ plankton .·fei'.:pr·(f~~!i-:ti::ther_colori'ng? is- pink, ·and. ;later 
· · · · · · · · · · · : ::-~M- ~ ~:;:~~~)~:~ r.:.':;~:·:{i h .-r: 

.. p.:hai.lge s to brown~ 

.. Not~. sh<?ulg_ _b·e t~·ke~: of the· rather sharp difference ··in coior 

of _two type a of _ice: . It enez'hura''_ (.see p 0 95 & Fig • .]8') ,. and "kasha" 

(see P •. 94· -~ ~ig. 37:.). . Characteristic of thas·e · two;·ty~es .is thi3.t 
. ,• . \ . ' . . . . . . ,;: . ,.. . . . . ·. . . . 

they flo~t. alm?st e~tire~y belo~ ·the wat~r .level;!· they ao· not··emerge 
y '. . ' - . 

OI}to t~e ~urfa;cE?.,. only touching it slightly from ·below·. -,"Snezht~.ra" 
~~ ,, • • • > .... - • 

! . . 

is .. often yellqw:l,sh (cream,color~.d) ·and. has· tlie ·aspect ef':~submerge·d 
. .. . ~ . . . . : . : 

SUO¥,• ~ce :''k~sh!\" is _of a· dirty gray, ash~n color:; ·. par~icularly {on 
. ' ' " ' ~ . . ~ ·- ' : . . ' 

.the bo_rd:e.! q_f ic;.u and-,_ clear· mit~e:r;- where 1-t forms· as a ... ~esult or· -the 

.... ;-.. _ .... · ~ . ~.,.._ -·; . . .. •. . \ . . . 

. / . . 

breaki:t?:g. ·up .. of Jce by t4e ~wel:l:. .• 
. ··,· :·.:· . :_. • .. __ .· t. ' • 

The coloring .of the eurface. of ice' changes.: corisiderably- wheri . 
r" •• -~ •• • • • t : . ·' - - ""• · · ·· 

. . 

_ thawi:n.g. ~eta :tn. __ FirE?t· of. all, the srto~r which ~s···be~ · tc(~_lt; ·. 
' .,•' I , ·t· • ~., / • .) • 

grows "?lue ". , A.s :~he snow me 1 ts. ~way, the ic.e· is bared and :1 t: ·.ae.;. 
' 

quires an ashen!"" blue- ihue ·- .it also grows ·"blue'.'. The ·Cl~ . ..:.salted sur-
•• .' : • ~' .., :· 1.} •• : ,..._ •· ' • .:. ~ ' . ·:' '; , • •. ' • .• • •·. ~ . I . ' - ' 

fac·e of old. ··ice ,pr;e·serves ·this ashen-blue. h~e through. the·eh.tire 
. ..· - . ; ,. . .. · ·. :. . · I I,, · · • · 

. '· 

... 
·•'• 

Mo~t_ ch~r~.cte~istic~ in t_h~. ~t~awirig pertod ;is. the.:_ color of -· 

ic~-.~lges_~ ··¥?er~ pl~!J~k~-?n- _is p:t>esent.1 ·bot}?. on·' the ·aurfac~ and ln · 

-. t4e .thick ot the ~.ceo:· On the.· sur.face --of ;thawlng fields--and. in' _-.. . . . . ·. • ....... _~ -~y. ~- .. :,.·.' ~ .. ~.·~ .. 1, .... :·:· ~-=· . ~ ~ _.'·. -· • . .. ' - . ~ : . 

b,ollows·. w~ere ·. mE3.J t~d -. ,wa._ter:' · ac_ciiinu):at6,_s, there often are·· thick- t~yers 
; . . I .. ~ .... :. , . .. : . . -:- : J _; • • • • • . • - • . ~ • 

- .. . . 

.. Qf,: plan,krc:n f_~l.In, ·.'t~e :09loring. ~f_- which_ may attain dark,:bro~n," 

similar to cof.fe? -prpg~:c.. Wh_en thawing ~starts,_ the fir_st :tb disappear 
• t· • .. , ' .. ~:. I : ·.· . .., :,.'~ ' t. ~...j I • .. 

- -~6-:"'. 
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'\ 

l 

·-are .crushed._. ice··. ·and. smaller chunks' 'fjh:i.cil; _- :tl1.-wiritor ~- 1?eri of 

_a 'pinkish- h~ef;··:'tli~refore:;·:~_:I.ri.· summer; the -siri~II;..dhurtk .:i8e ~Iob§,t~d 

between- ice. fields ,:often aequires :1a,_~·color :lf:ghta;f.: th~h ~that ·-:·or-·. 

__ the f.ields--. -Thus,. in· sfunl,ner:, the co:loring ·dr- io~ ',fi-elCf~- and·-·o:r·· 

. bro~en ice .(see ~'~ 91 ·. )' is --t~e-~exab't'· c'qn·trary:" o'f that'' pr~vaii:ing 

in winter • 
. ' / 

) .t 1-

Larger•si-ze,, floes ·o'f bro~t;3~ ·:t-oe have th'e same cblorfrig as-

the fields from which they··origtn.a-~·eq: ~ 
j. ,,., 

In pr~ctiqe, it is a+wat~ u.rgent~y ·n~cess~ry" tb ·41st_t'rlguish' 

-.hard .. i·pe fro!n~·--more crumbty.:+be-;- Tli$s_.;-:rpay···oufy b~ · d~6t1~ -br-~the'kno~_l

·sclge of· various colors ·of -lee, by d1~cerning sd~ar6e.ly-';:Perc'e·p~tbie 

d~_ffere~ce~S' in ~shade.- Tl1f1SS ·-p-~q~lar~:p~e~ will bef :st~dlci·a.~,·i~ '"·a_'etatl 

'in. th~ 'sec-tion dealing ~fth .the··_ciesci'•iption O'f vat'iou~. types _of'-. __ 

. ice; here,. we shalJ~ but note cort'ain~dlff~re:rlces ir1 the 'coloriri~t 
of ice-fioes of vari~us solidity. (hardnee~-- or· "str~tigth) -c· ·:Bbth:. 

in ~~er.· anq. ·i~ winter, sea >ic-e- ~n~:ch· :Possess~-§ -~·:f-tsi. :~v~~~ge . 

_norp1al. :properties;· usually h~-8 ·1 ts ewp ·distinctive llgh(.-gre~n- h~~. 

When ·a 'floe of. light- gray~ blue ·coloi;. fs encounterbci in th't midst 

of such .ice, there can be no· 'doubt that 'it. c'6nsi'sts. of···a.·a:.·~:alt~'d,-· . 
. -

and therefore more solid.- (stron·ger} ice •. I;1or~: .diffi'cult to :def.ihe 

. :by their color' b\lt e:ctutall'y just 'as . solid ( sti-orig·) ~~- -de~-s~ft.ed.:-'· 
' • . . ' ·, . \o . 

ic'e' -are the . il cores"· o.f hummocks. rrhey are. mostly. of a norma-~ .. 

light green hue; with ocbasio:ha.l 'lump~· or' duil·-. gta~ · b~- .iigh•t:·blue. 

H. . ' • · fl •. ··.. . · _-. . .· . · . .' ., .··.. '· '· . ;~ •,"·. -· . '' .· .... :: . · :' , . 

Char~ct)3ristic-· of the - core:·~ of- h'Ur~ocks is ·thoir rounded shape: and 

~heir _h~Ile.ycomb :pa tterh e.' SQ ... ;Calf~·d', II dirty ·~fee It nl~Y be b'f vru:.iing. 

• . ~ - t · • J : • ... ; • ' .. • r , · ~- :-· • 
1 
·;-'": ·, • • 

1 
• • : • ' • , 

hard.er ..:Stnd di-1"-t:l.er,. a.n:d its; c"olorihg ·fs _'liroviri, while younger. ice is-
'\' · .. ;:\,-

. mor:e pi_nktsh in -~ :olor, : However·, . iCe·-- which ·fa ·at_ the same time very 
. ;·,·.· 
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d.irty and very ·crumbly may also, be enc.olll'l;tered: 
.· .. .,._ . . . ' ':-... . .·· ,,. ' .... 

c;rushe'd·· ic.e which had ·been .frozen over) it.can ea,sily:b~_ d:tstin• 

guished. from older .ice •. 
-. " . . . . .. 

. ·· ......... . 

,,· 

'· •" . '. I ·~ .. 

. _;. 

,,.\' 

I 

I .• J 

. : . ( . 

• I ..,~. • 

. ·.·-.- ';;.· 28· .. ·-· 

. _ .. ..,· 

~,; t .·· ·-·· .-... -- .; . ; . ~: .. 
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1- , -III.. THt-i.WING. OF IC1!~ • 
'--~~~---~~--·~~
-~-~ ... -~ ......... 

;aspect and ;1~' the :a~·quence -:iii whfdh 't t:.•'take:~ ~:~l~ce' 'in':' 'the 'to~e;_.b.lan

k~t:fng' the sea··as. a·vrhole •. Basically, ice 'tha~s in<fi~o w~;s: ·. from 

<th~ air., <i'.e.- from its: upper-.E}u~fao.9.i e.:nd from t~~ water. in. which tt. 
' ·:· .. . . .. , .. · ·• 

floats~- · Th~wing·u from: the ail:-" 1~ Cfn~qi tloned by two cir.cumstancef!J :~ 

i). byo the: absorption of· d~reot and:~_ q.ispersed. st~r~ays fe.~ling onto 

· t!1e- "i:ce surface, and· 2) -py tqe i~fill.?c 9:f. heat from the warmer -air .• 
.. 

'£hawing ''~ro~ :the wate;r" · OCO\Xr~ ay: th~- experise of the heat dravm by 

the ice melts d.eperid.s to a· gr~at e~tent on whethe'r the ice-· floats in 
) ·~ {·' . . - ,; 

-oahu wat-er,: Or wh~ther it :is bet~-~ :l.ncessan;c~~y wa~hed. by it;, · The 
s 

:.-,process:o:f ·thawing find destrtictio~ is greatly,· sp_e~~~d ~:P, by the ·direct 

:lli:ech8.nica1 ac t1.6n of ·:wa ~er .. on ice_ •. 
. . -

· · ··· · Me1ttng'~wh1.ch is caused by .. the ~Jr~9t, absorytion. of sun rays by 

· · · <the' ,ice( starts long .befoJ."e · ge~o~a1 thawip~·- sets in. ·_To begi~ with, 

the~ s~ blariketi~g the·. iCe: ·_t3tarts thawing; at the. ~ame time, orily 
.! .. 

· sepa.ra:t·s, ·bared: fragm-ents· of: i,C~ loc~ted. on the ·summit of hummocks, 
. . . . ·:f ... ,. ', 

·also star·t ·tb.aw:tng •. ·Snow thus haxnpers. the- m.eJting of' ice, ·ple.yi.ng a 
~ . . . ' ~- . . . ;_ . ' 

- . 

>.-~otEi sim:tlar to- that.::.it al:so -assumes in th~. _f:reezipg perlod, when it 
' ' I ',· , , 

d,.elays·:·~reez:tng·e -·.A consld.er~bJ..~·<an~onnt of the therrftal e_nergy of the 

sun~ absorbed. ~ei the.r direbt,. OJ," draW11 fl"'om th~ warlll air,. ts consumed 

. by':t}?.e tha~i:hg ·of' snow~ How~ver' _as eYid~nced 'by .-Gb_servations. inL 

·Nor-thern- s_eas; ''this thei"rnal: energY: proves· insuff_ic.ient for melting 

the. entire l,ayer'·of· snow lying ·on th~ ice •. · .In mqst ca~es pa:r.t of 

·the· ·an.ow remains on the ict:J-untiJ ._the latter· starts thawing under the 
t. ' 

I ~ 

.. - ~~fact :of' heat 'stil):Plied ,.by :.the' :-Gater' and_ often. ·UP .. I to' :the com:plet~ 

'd:lsa:ppeexance 9-f ,-'ice;· this may be. observ~<i ~o.t <?ri:LY :1n~ Arc:ttc sea-a, , 
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but also in s.eas where lee is. s8asonal.- · ('I'he·:terms J_':Arctic· .. seas" 
. ' - ~ • ·- I : , . . - . .'- • .,, . 

and "seas wi.th s~asonal ·-ice'.'. ·are being·b.sed· i~· .conforrhan"ce with· the" 
. - . • •.. \ . - • -!. .. - ... :-; :~ . - . . ' • . • . . 

...... - l··· 

c.las~iff.ca:tion 9f seas given· in. Chaptar V~) _ · , · 

As previously · ~ta ted,. the . tha~ing .of. snow starts ·quite early; 
. . . ~ • ~- - . ~ - : ! 

\)V6I). with freezing temp~~~~#~~~;~~t:t~;~Elva Hing: tn · thEl .air, Bi gnEl of 
. ~~~-~~j-~·~;_-.~-:/. :··. ; ·-.. -<""'. ~"·~. j~· 

i{hfJ tt@w:ing of snow·. may already. be observed. How:ever:; in cases ·Of 
.. . . ... _.. ' . , . . ' . 

. .ear,l~_~h.a~i~g-on .. the ·su~face.of t4e snow,· ?-n· ice crust imme'diately 

. :torms the mol:nent the .ac tfon of the ~unrays hEJ.S stopped:. SUch tbaw:i.~ 
. . 

. is· in~ispifi<;ant, .:pt:~.rt:.culatly in·· Arctic· seas. Intensive thawing 
.. - . ~ .. , . ' . . . ' ., 

startf? 91J..ly.when the air wa.rms~up to above·freez!ngtemperat{uoe; 
; . .- ~ .· ; . . . . 

.·.During thawing,- c~biy snow. settles doW!l and. gra.d.ualJ.y . · 

ch.al}ges .in..to. a water-soaked snow slush; sett],.itig :d,oWi) ·oecura to 
l : ... ' : - .\ • . • . ·. ~ • . . 

a les~er.:degree in more ·compB:-ct: snow. 'rhe.entire process<of·thawing 
• • - ' •• : ·~ • • • _·. - ~ • J,. .. '. • 

.. 

. o:f f:n?.OW:.,is turthe~ _compli:cated. and d£3lay!3d by_ the .. fact that·apella· of. 
. . . ·~·· . . . . .. 

tha~ri~g ~re ._interspersed -wtt_h. freezing spells·~. As :a·:result of sluggia.h;. 
, •., .. -j.- •':. ··\• r \, .. 

. :P;ot\3,~te~. _thfiwing, snow tn -Arctic·. s.eas may often get' nb· further :than 
-~ . •• J. ·, . . •. -1. ) -. ' • ,I • • • • • •• 

~~:_a· :·~tS:~.e: o~. w~~.er.y :snowy -~lus~. w~en the. ~ew f~_eez·in~ ~ peric:d; 1s~t·s·- in -

one~. mo;-e_.; . in. such qase;·,, ~ thi~. :slush .. again· fre·e-ze·s ;over· -until· next ·year •. 
·,:: ,',·· .. • ... I • • '• • • . 

In ~l8!1f, winp.le ss. weather, the -th~:wlng of. _surfa·ce :ariow. arid· ice', pro-. 
; ..._: , • . :_ . . ' ' : ~ I - . , 

V9k_ed )~y _ _'con~act wi,t'!l Wa!'IIJ. ~~r; C?.CC.ur.a Vety .-slow_ly;,· becauSe. ·the·. layer 
. . - ; ... . . •.. ~ '- ' . .. . . . . . . . 

of :w~rm_.~:i.r eontiisuo1H3 .. to the. Jce ~nd snow. cools dowrt.·.oonside.ra~bly upon 
' ' . ~ , • '. '· • . · 1 ",:' .", • • • . . • I• • • · • \, • 

Y~?ldipg i~.s. heat fo~ tl:l~:wh)g,;\:1~., therefore gt'ow}3. hea~iier·;az:td remain~ . 

near -~~~ .f?:urface _of ~?~ ·snC?''' ;a:n<I· .. :Lce; ·and ~ia unable· to rfse ·and be re-
. •, ~- . ' . ~ ... . ' . . .. 

~laced. by ~armer. 8;Ji<: . ln.-windy yrea-t11er.,' when .. t}le lower;· cooled ·layer 
' . . . . . ~ ' . . ~ . . \ . ' 

of air .iri~_el,"m~~eS.1(j_~h. wa~mer·.-_air,,· ;thawing ·is :t;tcc.e-lera.ted~.·· 
· .. ,.' \ . .:. . ·. . . ' . -

_ In. qi>nsequence,- of 'tiL~- gref?.t ·'heterogeneity of 'the ~snow a·overing . 
-.... . . -. ·, : ~ . ~ . . '. ;. - •. . 

th? .. ic~.·:~.~·~ 'regard~--~ot}f thic-~ea.s ~pd ·q.onsity- (obser~ed.~-n~t-~lone 
. ·//,. ·:···· .... . :~ ... ~. _· .-.. ~-- .. _· .. ' . . ~ . . ... . :_ ." 

on humm9ck ic_e,,.b\lt a.l~o,,6n..~·ley.e1-;"fields) the ~urfa;o~ ·6f'the ·latter 
_ . , • _ : . ·" ...... ; \. ,·: . · ~ • ., . . • . · • ~ , _: · • • ·. ,.rv ·. ·. • • (I • · • ~ . 
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acq'l,l_ires an exceed1pgly- uneven aspec·t·· while ·the' thawing.· go~ a on:~· 

... ~ t~e: loe:: is. bared~ in: some·. spots;< in others, ·hollows ·appear· which ·may 

develop. into through pools ·-and rivulets, by way. of which . .'water.:: fiows 

down. ' 
:,t ....,: .. ; •. 

'• . ~. 

'-.layer of ·snow, .the·' slower w:t.-1.1 the--·-mt:)lting':of fee b~·;. fn sonia c·ases, 

most of the .. heat .au.ppii·ed. t~ough 'tpe upper ·layer. Of the snow·'blanket, 
• • II • ' • ~ •. • t • ' • 

~111 ·be .:consumed. by the thB:wi~ or'· snow alone. ' ·In~: ord:er .t6_ b~<tn: a 

· I!~osi tion to _p1ake ·a_ ::forecast of · t:Q.~- th.Eiwitig o·r ·ice; infomB.tion oil' the 

thickness· .of the ··layer. of: snow b1ank~t:Lng the ice ·is.-::therefor~· ·or_' 

pri;mary., ~mpor~anct7 ; .. · · 

. - Be-fore taking up_ the stud.y of~·the thawing ·of ··io.e prbpe·:r; lt?ts 
. . .~ · .. 

. -J?.e~essary, to :po:t.n~ out that -the time when: thawing' be~lns ·:does -.no£:· coin

cid.e._with ·the .time:-,vhe_n freezing on _,:;eases•. · Inve·stigations·:·6i:·i~~ 
\ . . 

temperat~res carried out by 11~ .• -Ma~eri (see page '12 r .s:h6w th~t>~- .. ' 
. fr.eez.~ng. on. from .below continue-s. even after ice haa' sta~:ted ihawiri'g . 

f!om. above.. And .·t~e _ thawing of .snow s-tart-s much :before: the/. thawing 

of ice· proper. ~ Consequently, ·the- general period of 'tc~ ov~~la:p·~~-'the 

. perio~. of :fr~e~ in~ durtng -a· considerabie length--of' .time'. ··: The:wing:

seems to struggle against freezing, first· on· the ~urfac·~;· :m8.inly in 

the lay~r qf snow, and therea.:ft.er in the layer' of:. ice~~·· · .. '' · 
;Th~ .qur~~ion of ·:·the period. ,d.~ing -wh~ch ·bo'th'.:Pr~c~ss~s, ~~·~h~wirig 

and freezing, run pa:rallel, ~r fight each other, var~Ss S.ccol'dingto 

lati tud'e .···:· i~ seas, located . .in iovrt3r 1~ti tudes and: c'ov_e,re~ wi ~h ~~ly' . 
. ·•.· .··f 

seasonal ice, whi_;:~h d isa~pear.s·. complet~ly:· in summer'; the 'f~e:ez'i~~- .. · 

anq~toowing_ per.iod ~s I the. she>x•t·~st·. In'Ar6tic: ·seas·,. this··_period· lasts 

·.?oria.id~rably longer' but .the. -~ime comes when; he~e too' f~eezing. d~es 

Ceas~, al ~hO'l:lgh t~: may not be ·stated: with a~suriJ.nce ·.that -.:tree~in~ ceases 



complotely_ in . .all ·sections of: . tlie.se:·.seas and. wbat·eve.r. ;~the condi t.ions 0-

~-Thus, in. ArCtic seas, '-a considerable, amou~t ?f ice· .·stfll :re!Il8.fns ~

_-thl:l,wed when ·-~he . .- new ·freezing. ::period· 'sets ·in·.·.· In this' corine·ctiori~ it 
. \ . . ' . 

m~y·.·be'presumed .. tha.t i~ the mor·a··northerly e~ctions ·of t~ese··seas, 

:-.where· a ·po~er_ful. pack pred~fp,1;~~~s-.~~!lct·.kh.e supply of- heat is Smailer, 
.; . . .· . . . . . . ·:;'::}2 ~; : 1;~: )~;._:~~; ' -?~:):~:J ·. . . . . ~- . . ' . ' ,. -. 

\ freezin~-on· sometimes never- cease-s, ·even in· s'U.IJJl:ner. · It all d'epends 

· -on the gene:i~aL thermal···stat~ of -th_e sea in· the ·g:J.ven year.· ·. 

Finally, in the·Polar-Basir,t,·the conditi<;>ns·of·thawing differ 

::-;:.:f'rom,.those;;:prev8:iling· in borderlng Arctic seas: . ·here, as a genex:al 

.:.:~rule:; f:reez:tn.g. never stops :completely·.:. it only c·on~siderably··re~ .·· 

"-,.-·.dt\~fed ·d.ur_ing._-.the. thawing :period. This applies. to the basic· type -of' 

.-:'iq_e ·of ·th~ ·PoJar, -Basin -• to the large, Inahy~years' old bu.mmoc.k :fields 

· .. :O.f~_:t·pe :~o_--ca}l.ed. pplar pack. . As.~re~ards :the ·thawing :of· other ·types of 

, ~ce -~!\ivJ?- ~Y> b_e ·· encou...11tere·d . .in the -:Polar B-asin,' _but which ·are a com:para.;. 

tiv;ely. ·.:fe't¥:1_ .they will ·be. dealt wi th_._.later .• 

· - '~ $~p1Ul.t~n(iously wi.th. the~. beginning ·of- thawing of. the -'snow COVering, 

there.-. al~o· begins th~ surface.: thawing- of the uppel~·, ·bare· i~.e topping . 

the~,,h~oq~s_ •. The :thawing ·of ice· proceeds' with inore· itttensity ~than 

.. ' ,th~~-of ~now, P.e?ause ice is a be'tter conductor o_f _h.ea,~; and. c'oritains 

air ·a.fld. bri.n~ .(and. someti-me:s··plankton)·. 

( ~-h~ bri:pe · contained in cavi tie~ absorbs- solar 'erier~y 'with ·more 
lnten.si ty than· does the ice:. This explains the :part played in .. the 
process of thawing by -cells of briri!3 a.nu. by other foreign bodies 
contained.in !ceQ} 

',. __ .- .. 

. ~ . . ~ . -. : .... ~ :t 

ice 'located on\the stumnits ari.~ ... slopes _of h~ocks, i~ .. ~s ~n ~ 

f~vorable ·;o~itio~' ~;~·~hawingas sol~ra_YS may fall 
:'. ~-.. -~ . 

s:harp ·aii~i~-~; ~han~. they d.o on a horizontal SlJ,rf~ce ~, 

'""I •,:· 

91?-. it at_.l~ss 

·. ' ,. ~ • I ' 

· .. -~ 
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. . 

_ m9cks ,,is :t:h;e! _app~aranq~ -of icic1.es. on.·th.e pr.ot~d;ing .angle's ~ :··This 

may be. qbser:v.ed· :f..D.ll11ediately. folJ.owtng the .ffrst~·s'llllil.y days.: ··.T-here-
~ . . - . ..... . . . . 

t:~J~E)r. ,fql,lo~S -~:C9n~;f.d:e·rabJ,.;y··r.ap1.d.: settling. d.OW!l Of' the- entire "hum

.. moclc ,r;f.dge ,,·wh~le_ -the wate:.t;t. P.ft<?dlJ.-Q~g:'::P;~'"'-the. first· ·thawing ~:r·· upper 
.. ·· ~; . '~--·~ --->~·:!·~--~-~:·::· . . . . 

' . fragmei'lts ·fl<)Ws down. into :t{l~~ q~ri:'t,:r§l- pfir-t: of· .the .hummock.;.-where· _.it 
·- .• ' ••.. • . • • . . . • ~ • ~~ • " ·~ : ~ : f. ·~ ·, < _:' 

freezes up_ aga.in, .f9rming a·:ppfu.~~q'Y"~S,§I :of ice, .:which will be v~ry 
;'. . . . . . ,• . ~. ' . . . . ··: . 

s_lo'tv. to .. tJ:law •. 

, The. next type .of .~ce ·~~~ --~qp ~~.i~a~:pearanc·e: is ·crushed.· ice;·~ pro-
. ; ., , 

. . 

pooJ~s. .· The t~wing . of th!E3 _type · ~Pf.: t~~- JE?. accal.arate_d· ~Y-. ~he: :water 
J • ~ • ' • ~ ••• ' : ~--' ! . ' ·. ·~ ·!'., _· f': . ;. r' -

' . 

which -~~round:s ~t, and wnq~e · a~r,fape absor'Qs heat ~intensely.· Fol-
.. e ' : ,~ ! -.. ~ < • -~ •t . ' I 1 , 

lcnv.ing. crus~ed .... ice, cakes. ~nq .... chunks of 'ic~e ·also· 'be:gin··tci :disappear; . 

. th,e smalle~ .. the· chunks into :whi¢h ice is broke!?- :up1· .theK-faetE3r.·it· melts. 

Accumula
1
tions or- fields. of; c~mented crushed ice'i·and t}h~irs· are 

.. a.,lao. subj_ect· t~. e,ar.ly .and. rapid -thaw~ng_· ow:tng··to:··su:rface.-wa.rlning. 

~-~"~hey are ch~r~cte:rized py :porosity and by la(}k of .. solidlty,-- arid .i ,: 

. . . 

_there:f'qre.' tha:w qui.te -rap.idly.·: -Characterfstic -of the the.wing~·'of'·:· 
,l .... .... . :. ·•• . .. ' . ; 

-~V.Ph a?:q1.lmu~~tions ·qr -f~eld.s is·· the abs_ence ·of· pools of :Water' on their. 

sm~face: the we;ter soaks freely· -through the po:r;ous .·mass·. ; The · · .. 

ent~;r-e .f:i.eld ( sm9roz) grows '::crumbly, .but, h~t watery,. -·anci·:--pr,~-Eik~.' ~p· 
• .'.: ..... ~ • ~ "'" # 

• 1;. ~: ..• 
. \ . . . ~ .... ' 

••• ~ •.. 1 ,: .. .• \ : 

. - .... ·l 

The group. of so-called "nila.s" _ice ( comp;rising young ic~:, 
.·: l 

slush,· 'etc.),· wh_ich ha~ ·fo:rrued on cJ,ea;r patches .of water j~st "before 
\'. . ... 

tha~t~8·-~etf? ·in; .. belon.g to the c~tegory of ice ·meltlng·early :in the 
·• - . : • _· · ..• : .-..• • •• : G' • : I I;·. ',• ' 

·thawirig-'sea.s.on.!_-. ~·liiri 'fee field.s aiso thaw· rapidlt# ·. However,_ th~se 

:tY.p.es' of .ic~- m~it. rapidly· fro~ ~ur~~ce warming ·only-.-when they·have 
. ~ . • ~ - ·. . . . - . • p-. ·- ~- .-- . ' ·. , -.. .... .... 

formed as a ·result of no~l fr.ee~i~~g over and havE) not· -oe.e.n'subjectE3d 
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to. r~·ftlng: and· .. 'atr~.tif.io.a tion •.. '<tn the ·latter: c'ase ' ... the'~r ,· _tl;la:tv:i.ng 
·· ....... 

. • , , . . , "' , • ·. ' I , : ·. . . . ' . . : : .• • . . i. : • . • , • • ~ :' • • 

procef?de. mu.cl;t slow~r. · .. ~ .·thE3_ae lat:er. f:orma't1ons, the: layer o_f snow:'~ 
. . . ,; . . ' .... . . 

i~ in-~lgnif:icant: .~a:;. therefore' dd~·s· not-~-i~hai-et'tii delaying' t~~: . 

Fi;lq~,ot th1~., ~ark (bla~k) 1ce aiS~ppaar r$.~~ ~hou~ wh~n 
·. . . . . . . . . . . " ' ' . . .... ·. . 

,._ <:',<~~i -~ /.t?t:!lA~~~~~:-~l~i~·." ;;.f.~> ~ .. 
the aun.~ay!' re~ch .them: !!~ft7.i~~~~~~Jr-~?§;;~them, ·gradually joiriinS 

each Cf~he,r.,- ~Itcl·: tP.e~eaf:ter the r~ma:t'ning; ice: fragments ·soon_ ·d:ts- · 
. '. '· "• :, . • . ~ . . . . t 

apllaW::·· :Thili;, l.ie.ht,gre.y ice ;a,~ta producing pOO~s, :t>Th~:la its 

·thfck~'x- p·ar.ts bulge u.p~· in the form of crumbly moup~~'·· w~i'~h :q.ave ·the 

·aspect .of. h:i.~_:Lpc~~t oi -a i1ghter h\le. . ~- certatn:· d·.eg~~~--· of. ~iirJilari ty 
..• ,..~·t.;·~ ... ·;~ ~ :: :: ... .• - ~ .. · . .· ·. ·. r. 

1~ to.,.·be obk:erved bet~ee.n the thawing: of· "nilas'' ice .and:the thawtpg·:, 
• : :-{ .~. ; ' ... ~ . . • . • • • . • i 

_of fr.~sf.~vla~~l:-·-".r!·ver._ice. When af~ected. b~ th~ heat·9r, t~e ··a'un:, ._.the· 

latter.·.;~~~~~~ ·_~pa~t-- i~·to vs~tical .''ne~d.les". 'Threse need.les' have a·· 
. .• . · .. ,. -,: .. . . . . ·. ' . . ',} . 

fi>Oly~on~l·~~ct.ion,. and. ·.a:r-e thi·ck erioug~j:· ~s ,thick_:_as· a penc.tl~ · In: .. 
I . . . ~ .... . . L • . ~ ~ 

. ",n~Ias''· ~qe,1 .. :n.~e:~-~$.a· ar~?.· con~iderab.ly ·th.inner,. :rat}_ler, s~milai' 't<?-.. ··· . 
• • • ~ • : -~ : • ( ~ : • • • • • l • • ~· • ' 

"Qrlstles;, t,~~y:·:f9rm_.bnt 1~ .the upper _part of thef ice; .W.~lle~ 16~er do~n 
. (' , .. : . •. ' I ' • ' ' 

they· form,. ~··-mi~ec:J.· :ma-ss of need·le~; in· ad.d.ition; their. 'bolo~·ing' ~-s: 
. . ·. •'. . .. -~' ~ ,... ~ ;; . ; . . :. . . \ . 

light gray', not ~r.a~sparent and colorless, a~ is fresh·-~ter ~ce·. 

The ·nucie-.1 of·_~u,ch "·r~eedle"·.·formations a;r-e .ofte11. noti~eable·:on <i~vel-
-

fields,· qut.: theip onlyo~ de-salted. surfaces • 
. , . . . ... ~ .· . : . ' . . . . . . . ~ 

.: 'iev~ l.;.fiel.d·a of thin..; iCf3 . thaw ~om t_he surfe.ce, in<t:he 'same Vf:aY~- . 

as cfo·e·a·· ·t·h.~~ ~.'nil~;s"._}(}_e·· •. · ··_crn the. initi~l atages'.·of thaW:i~g; -~hen the .'. · 
•l". . .·...... .•• ·j. ••• • ••. • .. : • ' w • \ • 

first ·po"ol~. start forming,· they st_ill keep the str~cture of ha~d. 

ice ,·-'and· O!lJ-~.·j~~,t.-pefore::l?rrJak~r~g. apart. ··do they· grqw, sranuThr.· and. 
•• • .: 0. • • • • ' - • • , ' - ' • • • • • • 

-~ .'t 

acqui:r-e. ~he, ~S1_)ec,_t· of·-~ ne~d.ly; mixed· mass~ . . :. · 

. T~idk:~_ J~r.(:li ·:f"·~e,:ldf:J; ·. u~tially. c~vered .. ~i th a J.a;yer of. snow, ·as . 
well-i!.s 'JaV!J;!., i~eidB fo~ed e.s a:r~s~lt of'strat:ification',; ~eit from 

. - . . . . . . } . . . ·: . . . . . ~ ' -
. . . . . ,• \-; . . . ' \ .) ' . 

the 'slri"'f'ace ;:tjl~··. ~he -~~!? way: ·as. does ·hummocky ic·e.~· w{li~}l mea~~. ··.tpat, 
. . . . . . . . . . . . .. , .. ~ ;. . ;: . ,: , . _· , . . . . .. ·• .. . . . . .. -. .. . , . .. 

while . thawin~_, . t};le~v·~ d.o not grow gr~n~~~-r arid ne'edly :· . the .ice . dW:indle's 

in size while remaining hard. to the. v.ery end. When ·surface thawing 
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' 

is intense, ·:.P?9~~ ·of. w~ter ... appear on all the· abov~ meri~~orie~ tyye~ 
- ;: . . ·' ~ . ~ . 

' . ' . . ~-

of :f':ietds; in 'tiri}.e .: these. poo].s grad,ually Join toge~ther and the fie;!.d 
' ' . ' .. '. ·: . .'· .. ·. ·.,·· .• ... : ~-· :· . · .• ·· ·' . '' ;. . . ' ' .. . ' ' · ... , ·.. . : ,, .. : >. > :· ·." . ·'. :·· , •. ". :, '· ••• :, 

br~aka .up into c~~as , ... ch~r;tkf? :.and fragment's •. : s:lmil~ broken -~:p. tee .. 
' I , ', • ... __ ',,•'' • ~:~: I :I:: ,: ,.",:; ' ·.' , ~- > , ' .' ,; :·· • :·' ..,' •• ' t ~ "':_.1, ' '::;. • • '•;:·' ',, _,'~ • 

may 'forin in oth~r circ~st~nce~,· but this. g_uestion will be dealt with 

i~ th~ stic~ion de;oted to t~ 4YI~&mtce o~ i~e • , . ' - " 
• _ ~- r • • ~- ... - · •' • •• ' • l~ • ;· J · : • , • • · ~ :!' 

1 

• :-. ": 7 .- ... ' J ,. ~ :, • .~ .~ I - < •• •, \ ·~ 
+- . ~ ~ • I ; - - -. .,._ -- I . . . . .. 

When snow _melts qn._~·~p.lg~·f>+~~~-;· the 'fresl:l water accumpJates __ , 
• • • I' ,· • :._ :; . -: • t •I ' '• : • > , f' • ·.' ,: •. . !._ ..._ .!;_. r ~. • • • • ~ • • • - •' '• • • • ~ I I. jiiJ ... ·, : , • ', 

in the: lowe~ s-ectfon of .ith~ .iP~---~mr:face arid· forms :pools; .. tf!a la tt~r, 

become· cent~r!J oi .thaw,~~·~qq ~o~~i~~~ t~'&ccumulate ~~er-, gr~dual~ 
.· ·• ,. , . ·. • --- • . • . . _:·, ::··: ._:: .: : : .: ~ ;. ~ : ~-.t •. ~ ; : '>. . - . . . ~ .. , : :- .. ~ . . ·,. .,. . . . -

ly' grow~ng in siz·e they :eo~· ~q~9~~:!-~<1· "lakes'''· which ~here?-fter be-
. . : ' . . . . ' i :'~ . -·"!' . . • : . ~ ~ -: :: :' ;, • ' .· ' - ; ·'), . ' '. •" .: . ': 

' - · .. \ 
come throug~ hole~ in.plaq.f.t~. vhe.l!1e t.e~ .is thin., Ftg. 7 mey ser~~ ~Q· 

•• ·t ~,-; ·,..·~~~ •·. •• • ~-; ·:·,.:, -~ • ·:. ··.•-·c:~:· .. -.::·: ··.· .. '.·. !- ·· 
j " • r \ .,, r ,' • : 'I -~ -~ '- • ~:· • ~ • ,. \ : - -

an· :illustration aEr it shpw~ tti~ ~~q:q?.l deterio:ratioh ·of ice .as ~ 
. . .... ·. . . , ·.. . ):!'-:··:._-: -~) ,. -;r .. ~ ~<-; (_ . . . . ... , · ... ,.· . . ~ -~- .. -· :-: . .. . ~ 

result of surfac~ thaw+:R~ !, t~+~ :.p~P~? is tak~n fr~~ "Albilrn. q:f .. Ic~ . , 
• : ' .... • • ·' • ,, • • • • .·, ~ ~;: ·: ·~: :;::\.~· --~\: ... -~ :.·~: _..._ • • ... l • • • ...· __ ··~ • ' .' • • J ......... . 

Formations" publi-shed .. 'P.Y.· 't!lfe. +'fq~~h~Pn .Sea. Ro1,lte Administration in . 
• • • • ... ~· • .• f ,, : .. : • • ·"' I. • ..': s 

1939·. It .shows a ·field- of· one-year old light bu:rmnook ice· i~ ·the-.~. 
t" < • • 

0 

"!,' • t O • T < 

0 

' ~ O ·' ·~ O•j fJ' 

:process 'of thawing,.:'W'itn pools which are starting to j·oin· .together· .• / 
. . . . . . . : . .· . . . . ·-.. . . \. . :·:.. . ·_ s 1 . . . . f :~· ...... ~ } •. .> ... ~ ._:- . 

'. ' : ' • . . . . . . 0 . . . ·• 

:we _see sn:ow which has not yet all melted; insignificant hummocks . c 

. ' . . . . . . '(/ ·. - . .: .. · ·, - ,.. , .. ~ .· ~ ~ . - ~ -~--, 

of early.fall for:rnation have thawe¢1. away to a g;reat e:x:te11t. In the. 
, .... ! .:... ••• ~ h: ~-

dist~nce, c_loser to. t~e lanqfast ice, we see "lakesi' ~hich have .§,1• 

read.y joined. together, .and .we a.lf;Jo see the b~ginning of th~·. forma~ · 
. . . . - .... "' ... · 

.. . ·-
. ~ . . 

tion of ·broken ice. Characteristic pi?otogra:phs of ice in the _thawing 
. . . ~ . ·. ~ . ,: ·._ . ... . . . -. .. 

,'ll • 

period nia.y also be f~up.d_ in _'the "Album of r.ce Fo~ation" 1 :p~b~~s~~.d 
• . • . ' .... ' " • ,. ,J : f• '--:-.t •· .. -... ·_. 'i f 

n by· 'the.~ Hydrographic Department. (YMC . PKl{J\..) in 1.931 •.. Tht\S' ~tg_.' 3~ . ·. 
·. . . ' ... ' . :~ 

. of the latter -~lbmn- ·sl~m~s the surface of pa.leocrystic ice which has . . ". ,. .... .. . 

- ·been subJe.cted. to intense thawing. Pools, wh:i.ch already ~eaqh· th:J?ough 
. , . . ·~ '' . ... ... ·•' . '.. . -· .. ·:.. ' ... ' : .. ~ ~.. . ' ·. ..... . ".~. ·. 

to the surface of the ·sea ape· joining together ·and t~e ice·-has ;_ 
. . . •. ! . . -- J~ • ~ .::. • ~:... 

rea~ched ·a' stage close to that· of.-.broken ice.· The fact .. _that ~~he .:~pe -
...... : .· ~ . '. .., .. · 

is 'mor~e than one year old _'i-s ~\~vid.e~~ed. by its oonsid:erable s~~ze,and: ' .... 
: ' . . ... - ........ ~ . . . • ,- ···,...-··~ ...... ~ ~.t. .:, ..... - -~-~-. ·:·.-· :. ·;: ·.: ·• ·:-~ .• · 

by the ··:r.o~c'fe·a~· shape. of the thawi~g huimnocks·. ·The ·1c.e has a de~salte.d .. 
~ ·... . . - : .... ~ . .. ~ . ~ . : . . •' •. 

.. . . 

.., ;· • I ,'•<!. . .,_' -. I .,.• ·•' 

6 •• - ~- •• • -t ••. -:, ·: •• • -: 
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gray~·blue.;~r!lrfap_e .. w.:,i:th no .trace :o;r __ di.et· (:planl-~ton).; , The ;riv:tilEtts, 

re:slil~ t~ng >ifrqm,··t,r~ekl. ~ng ,water .flew ..,over· ·an· ···old>. h'llilllll?ck ~--·· .. -~· H<:w~ver, 

. ; .this:·"aeye.c~· ma.#_,~ls,(>.'ibEl as.~umeQ: :~by on~e-yeia;b old'·::i6el ·:prbvid.ed ':i.t:' 
. . . . '. . . ' 

_< fo~s:part ~qr· ~andf~:s.~dce· whico-,18 ,,clo·ser.;O'~o ·-shor~·,.-becaua·e_,:acCUrmi~ 
" . . ' ~ . / ,· ' , ....... . .I , 

.J~t~pn~ of· ~qe are gre~tii~.n~~411it~~t~Jtt'1Ilc thii open"' Sea, and 

.. ·" the. .. pro.cess_ of·, th~wing- is.:-mo_re7'~. ·'id?;:q1~ee"'.to. the ''shore .• ' .·;_ 
~ ~ •I \, •' " • " • / . ,-

• I .. 

_::····:~.:?1');:--.~;!g, ~4~-; o_,{-~·:the'/_·sa;n_~> -~'Album~' { 1931) 1· we·.····ae_E? a'h~ocky f'feld.. 
' J . . . 

'Qre.~k~ng 'J.P· ~ipj:;o.: .. sm~ll.;chunk- broken~up ice .. · 'The.' ice looks' like. one-
_._. ,-· ... ·; ...• ·: ,··," ·.. . . : . . : I : . . ·. . 

:-.~E?Efr q~_g;·· ,;c·~;-,:J·t -~Y, ·-however,' corit-ain· :remed.ns ~f .old. ·bro-keri fc~ 

wi.~~h; d~ipt:, ... vthJo;h has. ;~~e~. compre_sa,ed.· and whi~h; · :f~ -~the ·_'fall{ .. ha.a. 
·'. ..• . . t . v - :. - . . 

.. . 

_fr?~~p-·. i?:tO :a :-A~~o_c-ky,_.fie~d. : The .. p·;.es.ence ''of a: .-film-: of: p18ilkt~~~-

. on :~~.is. -f.~.e-ld;:, i~_ .re.yealed. by. the; darker ;fragme:nts of'_:icer',-; con:..· 

tra~ttng with the .white }+UJillllocky ·fragments·~ · UnfS>~tUria/te.iy,· ·p·lai:n-: 

. ,photqgr,aphy :f. s not .-c~pable, of conyeying ·al1 the ... · s-~de_s: of ._the color-
•\;• /}. ,. ::,. ~' \, .\.· _;! , · • 1 o' ' '-'• . ..._ J 

. l . 

., 
.~-, •• :, A J ' 

We sha~l now· stu~y _the ,thaw-ing of ice· fr~m -the :"sine .. ·oi th~ .. 
~ • • • l :. "",. • \ .... • • ~ 

... ···tc: ; ... ~; 

\ 

911-,:,,~he~ .. sun:face... ,In t..hi_a.· corin~_·cti~n, ·it :--should. be- taken :into :ad_count. · 
'- .. : •.. : .. ·.)' .. {_~:-.- "i·. ·.: ~. .. • . t • • <', •' • • -· • • -. • ' • : • • • • : • 

~ . I . . . , ·- :• . . . . 

. tl;l?r~ r~~~-_5/9,. to._:;~/9._0f: th~~ yolwnE?: ot· io'e. _is .. im.tnersed·' lri:'.'.;,the·-_,wa1~er •.. 
; . .• . .. . ~.. .· -' . ' . , ·-r . . 

In favor~pl~ o.:I;:rcumstanc~s :{when.:ari~ ice· :'floe·- ·has· ctr1'ftect;'into .·coni···: ·· 
.•• · •.. ~. -~· ::; .-·'.t.~··: ·:;· : .. -.'' ·.- ·' -~·:.·· _..· · .• " _. ·. ' . • :' . ,· . ' • ,· ' - . ' 

J>~3.l;?J.t~VE(ly· W~. W~:ter); ·the ~ha'tying Of--the· underwater.'. -parts of''-:bhe . 
.... • 'i : .. :... . :, ._. ~ .. ·,. . ' . _- .... . • ). . . ·, . 

f,~_oe,;, ~gq~_~re~~; f3:pecif4l e_i,gni.~icaq~e, •• : \.-: 
• •''!' •· .. ,' •• ' ...... : ,. i· ' . ·: ·' . ~ 

..;_'~- ·=!·~<·._.: .. ~ -~ 
,J 

, ....... of Jn..t~~c¥~~:~t: i::~·e ... _ .. ?il:the· .. ~_irctt.la.ti.·on:::of wat·a-r- in::tl1~·-_:tayer· _ad.ja~ent 
~\- ..... . . . ·, . . ·. " ... . . .· . . . 

t?:_-~h~, -~0~~''': ip:;_th.~:-·is~e;·~ray_a~s- ·ttte:-}nteris_it'j, o:B 'surfa~e .thawirtg>~:~2-:· ' '. 
\ ,· ' 

· :pends on·. the mo;vemen t .-of ai;r... oy-er._: the surface· :of·-:- the >ice ~ · ''$6me:-- dis• ,. 
/l,.jJ": .. ~-. ,-~,.~.~ ... ~1 \ ..! ..... ~ ....... ' ; ~ ~ 
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similar:L-tte.s, · ho:weva:r. .. :;' -~ShOlild.~als~) .:be-, takeri· l:rito·. accfourit •· ·. As· . 

... fndicated .. abova·.,.·-~.in.'.calm- winda:ess 'weather;· .tJ:i€3 :particies ··.of air·· 

. cooled:' thro~gh. · .. the' thawing process, 'tend. ·to remaln''o\t~er~·tn~ 'sth;ffice . 
' " . ~ . . ' 

of the ".ic~-,: ~hereby __ dela;;fng '.th~~ing •. In con-trast-, .-everi·~in ca·im·· 
.· .. _;'','.'', 

wea tner,. no. such. :startd:atill'~~can .. hq¢~' 'inf' the 'watei-· ad~j.acent "·t6·~:th~ 
. .· . ·;·:··'>.:.:::'>··· :;/:_;··_·;_·:~·~.: ;_. . . . . . ·' _· .... ·. ,. ' .. ; 

immersed :part· ,.of :tp.e -t'q§ f.lq'e ,. ·, .-!J,:fie :::reas61i ·for ·thi~s- .. lle·~r<in··;tll~ f~ct_ 

that the. tha~i~ ~f. ~~~ :1,~· eq~~¢Jlahf(lci"bi a '8haTJ) drbp Of £en1Perat)lre' 
.. :: . . .•, . : . .' : . ~- . : .... :· ' .. ·, ; : . · .. ; . \. . . . . ,... 

, and. by. a 1l:-oJ?, in ~ali~t ~Y,tn?t1t~·;:P~~tic·le·ai- qf·· water:·cr6ser.:~:'tc/ the_ 
' . ' -.. :' .· .. _· -~- .' _ .• · .': '. -~- _. , .. -~--- ., ·. ,· )_ i' . . . . . . 

ice • 'I'hi 8 proPJJ.8 ~8 a, ;<.lnan6e f~ o,e:'~~ ty wnich, in tUrri; ;8tifni!l'atfi8 

the· .circula:tiori .. of ~t~l/-~o~a:- -the,i~~-~flo·e·~ ~· The:'schema·· <:>f." this · 
.. ' .. ·. . , .. ·· ·:· ·. ·.:; . .--~:.: (;; \:, .: . '',}' \ . .' . . . ~ . ' . .·: 

c1rcu:L~-tion m,ay '_be· quit~ .co~pl'tPE\'t~d., but: "the '·uttima:te re_sult is··.· 
. . ' .. . " ·:' : ·_;_ i: :.'. .. ... ·:.: ': . :-' ~ _: . ~ ; . . , . . ·.: ,· . 

that .. cow:par~ ~J.ve1;:_:·iai,;~~ -p~~~q~ ·rfa. tara .. axe . Cirive'n ·''toward.a_·· the 
i!mne~8~d 8ect~9p ?~ th~\c;~ ~' , ~: \:, . , ·' ·. ·· · 

J ># ~ ·.In conaequenc·a. of an intense inflow or·· surface watar,--'a::·B6i~tiw 
, •' ' , : • ,' -~-· ... , • ' '• • I • 

,· 

-is _grooyed ·ou~, -~n --~:he. _ice on. the lev~l- of ·wate;i:',.~ or somewhat::below 

water arourict: t}le_, ~ce ... floe i-s .ad,oelerated.\and ''th$. ··~.ooving- :P;6co·~a· "· 
·,_",. ; ;>.,: .' .. :'' . • . \ . . . . 

d.eyelq:ps.· mor.~- :rapi.dly .• :: .. ···(saa~· F~g:~.-:·38) .• · ·. · .. ;_: · · · V ·. · ·· .... 
. ~ ... -

.. -Furthe~ er~si·o~:of ;the .. ,~~6 :·~~i6~·-the \tiaterl~ne may ~e!stiii 'in:. 
_.. ,, . 

- ·.· ..... ·.:_ .. , .. 
' . ~ . . .... .- . . . !~ / .' . _:_ .. :'- . ... , . · .. '•. . ' . •. . ' . ~ . '.· (. '' 

... the -:!Jr.~_ak:Lpg '9tf:of the 'l.l:PJ?er, pro~ec'ting ·-edges of tne ;ic~· :fregmerft:~ ... 

It . tb,el:\, oh~ms~ a: ~ t8 , ~ra~~~' •. it~ wE: teriihe 1-S · a:1 8plliCe(i ~nd ft ciff~n. 
' ·.·· .. ··· ·· ..... ·. ,. . . .. '" . - .. , . 

partly .~m.e:rgE?S .higher. abov~ th~ -'~tar~ and·: changes tt~'-:' :r;k)s£ti,ph:;· #~. 

SXan:t:Ple-;'Of.·:.S'fC,~ -~~n. occure.nce. ls. sho~·On, .Ffg~. 9,· wherie·: ·a :dqt.tie_d:·li-~e 
I. 

· ind~qates._the. waterl_ine :p:ri6r t~·'. the'"orea~ing o·rr-ot·~th~----:ProJ;e~c~t~g· 

:part_, . .- ~~:eo.' ·:l:Pdlc.ated by ·a· dotted:· o'\).tl:lrie ~- .. ~~·-:·_:. -· ~ 
... : ~ .. 

. ·,>· ;' : : .. cAS: ::p;r:~viOJ-lSl~ :i!ndic.a tecl>·.··.dur5.ng' .-the thawing: of;. the:<i~e:~_b6v~:r .· irqm 
. ' . .. . . . . ~ . · . 

. -~ a'Qove_~ .: ~~ ter re. 811lttpg fro~~~· the~Jm~'J.:.t1ng. o~·_; .. snow'" ··and ·'ice.:ac6hlntilcite~-

on th~ surfac:e ... of-~ the ;f.Zt e. lei.;· .· .. fqntrfng ; ':tioo is· atid ,: :Ponas; ~-,ap_d·:~·~ls6 r16,:1.ing 
' ' - oc·~ 
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· o~-c? t_~lO ~~-r~; trt?e ... of . t:~u auu ,_. ~-r.~ ~~ poo;l.s \ P<?iY~J,a 1: ... y-~~- .. i:o.tt;;.CV?-;1~·: b~~ · 

tween fields.. If those .poola (polyna) are minqr ones and are ·).ocated. 
. . ')' . ., ~ . . . . .· . . ' . ,. . .. :-

. . : ~ l 
. . 

in the midst of consol~da~ed .,w~nd-bea~e~ ·:t.~e ~nd .. fields;.·~he layet· 
1 

- -~ "' ~ · 4 • _·, .~, r'. ... :~:· '-.,. ' , -· , :_ . . ~ 1 :· •• ; • •• ' •• • ' ' ' . ... ' •·. 

Of fresh "t-Tat'er. d.OeS n<?t.m~~---·~i~h the salt'. W~ter, but ~ema~nS .0~ 
-· ....... _ (.' 

sink down after they haye. so?-ked._ for, .a.· ~ime and. s.ettl~- onto· -~he· salt 
.. ' . .. . .. .-t, . . . ', . ·_ . . ·.- . . . . -~'.., . . I' • 

water/). It is _thereafte.r easy to.~easure.·the ·depth of.the·:·fresh-.water 
. : r ,' •.• :, ... • ~- ..:. ' • ' ~ '" • . ' ' • ' '. • • • l 

layer • U.sing -this method 1 . the author· ~UC.Cf;3eqed. ;l.n :r;nee,s~ipg ~ ~5 ·em 
,...;, . - . ~ .. . •. . .... .... ~ . 

thick layer _of-' fresh _water J.n a .. pool ( polyna r in t}ie .Kara .: ~ea •'· -Tl}e 
' ~ • ··, t .: ·' • . • . ~ ~: .. _ l ( .• ~ . . ·-~. L. • • .. • . • • • • • • ~ •• • . • . 

layer of ··fresh water keeps intact over· the ··:~alt water in. sinall.:poole 
. . '- ~ . \ ·~. ~ . .. . : :·~ . . . . •. . . . . :.. . . . ":" . . 

. . 

.o~:.!' .. ~~d ~?1! .. ~nt'il ~?~re_ o?cura: a _.d.i~pl,a.c·em.~_pt of th£? ice or· an 'itl-

termixin~ of water produced. by wind or by, tht3 gr.ovth in' s·lz·e ·.of:· .tn.e · · 
.. - r -

pool~ As. regards pools and. ponda .. on:. the sur;f'~c.e. of-the +ce .. f~e'Ic;l·:,. 
f" • I~-·~· • ,.. • • ; ·,: f .• • , •. ' • • \ ': . • ' ' • • ' : • ". ' • 

.... ~;.· ~-:~; • .!- • _"' ' _. • ;; '• 

their size ·and .the &nount o'f fresh water _.qonta:ined in. them :-.rnay<be: -
,,,... ..: .. :.' : .. :,.:,:'::'.;-:::::. :•:;_: :":, ... ,;,;•·,;., . .",. :' 'i: ... ;. '.·;_ '.· ·.' ... /' ·. • .. r '' 

considerable. On; h~9.cl~Y _.1.~~:, ... yJl.~;;: .. d,~~:~h, of.\·~on~i.£3_. may re.~.c!f 1 .• :5 m,-... -~ 
... =.--! .. , .. ~.l -.. ~~----.:·-•••• ~·~-··.:.-.·o· .. · .. '"""~ . .. . 

about 1.5 tO' 20 sq-uare meters 'largE! __ : .. ~;qq.';-l~ :gl~:-~·.d.~ep-, . about .. 200 m_e.tric. 
_'. " • • •• • ·~ j .. : • ! -. . . ·.. ... ·•. '·. . t. _. • ; 0 • • • -

' -. ~·.:. .. 

tons of fresh drinki~g wa ~e~ .. ~ay .. 9.~ .. {)bt~~ned· ~- . · Wh~n- ·wa.~e~ . f.s· ·pUnipe·d :: · 

ri-o~~>~~~' 'th~ 'l;:el ()f ~a~er .is :soar:~ly affec_ted; ',i< ~s apparent]cy 
• , , • ' - • • ' -· • ,._ - ·'.". • • • ~ •• 0 ..: • : • • • • • • • • ; • •• ;: ; • • ' • 

· .... ·'· ·, '? . . 

·compensated by. an .inflow o.f fresh w~tep .from tne s~rounq.ing ·surface' • 
,~· -::. ~: .:..' "r ~ ,. , :. ·~· I ··;·, ~ • ·:.' -~- •_-.:' • • ; ~. t'·.' ' :• . '; ·,~ '. ·.\ ·. ' ·,· 1 

• : •" ,· ~ , I • , ) . • •• ~ 

of ice and from neighboring,pools. ·Sometim~s, after wate~·~as been.· 
• • " . ~- I .. ... • • ' ~ .. t I • I ( - . . -' . ·: ,. - -· ~ . : . 

rer)eateg~y pumped tro_m ~· pool, it._acquires. & _'slightly ealty. ta.ste/· .:-: , 
• • r. •. • ••.• : -~·.-· ~:.:; __ ··.: ·::; ·_. •• •• ·:,: •• _.,,· ·., ··, .' ••. \-'; ,. ·; :_ ,.' . • . •. I 

which c:irmli!lstance indio~ tea ·a. pen.(;}t~ation .of 'sa:J_t -vrater frqm' below •. ·,· 
; •• t -~ •• • ' ::_. • ,f ...... ~ ., . . . • • , 

Such ad:mixtur.es of saltwatep ~ay _occ~r. qu;l.:te soon, -~omet:ttnes:afte.r.··. 
0 

: ·.' 
0 

;_··' ' ~ • -~ o•.} ,· ' • f''; ,· ' 
4 

• _; 0 I : ~ • .. ' 'o ' ' •' I!, " . . , 

20 .to 50.T. of water have b·.een pumped:··~out of a .pool.", .. ·.···:··,_.:,. ... ·,: : .. \ 
;::· ~. .r • _;· · • .1.. ~· :-.- ~· ~- ·,-· •• i , · · ·t' · . - ;"' , • ·.• t< :. • : ' _- r.,. -; .. ' '; - • ·• • • • . •: ~ ' • • • 

It often occurs that· t_he sea water und.erlylpg .an: ac~um~lat1on··.-.-,: ·:· 
• .- r. • :J ~ : :- ~ • • ~ • • .·....... • • -. • •• -~. r : :: ... .. . . . • . . - . . -

of fresh water in a 'pool,. p~eserves fol;'_.quite ·some. time, . .a ·below--·(' 
.. , • • ... : ~ • . . :• '.,.• . ~- I . - . .-;; . . . . .. . ' 

<' .. : ·" 
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freezing temperatur~~ while: th~· temperature .of ;the. fr~sh.water above 
_' < ' , ' •• " • • • .. , • '. ; ~ :. ! . ; • ·, ' ' • • , ; -.. . "' ... _. t , ,' •· ' ' : , ,' ~- , . .: . ' ' ~ ' .I "? -· 

·1 t· may\oe· higher: than· the· freezirig .mark .•. In _such· oases, the upper 
. '. 

· p~ts of. the.ice ·lrashed ·l)·y o6mparative'l;. w~rm wate.r:; .~Y-:8tar~' thawing 

much. faster thari the· tirlcierlyirtg ·i6e. · The·r~·fore, , in' :plac·e's where. a 

- ' 

layer- of pure· fr.esn water ·:n~~ b~$n ·:preserved, ·the tower parts of an 
·. . ' •. •, ' ,.. l, ' 

.f. 

ioe·-flo'e !nay·b·e. -~ee·ri 'p:r~J~~t~~~·:·P~i~ the· .lay~~ ol ~-e~h ~~;~~; 
• •· •. ,..,. :' 4/_ '• I .. , ; , 

JUdging rroin a ~6riA~ 9f~R~6fY,~tiori,- t~e t!m~:lni of ~~sh ice 
• • \ ~ •• ·' • • • : • ' • • • • • '. ...~., • • ' .. # 

.. C\ t sea>.-·· of i-cebergs' -~~~~ i.r ··t~~~~n~~~- -a~d' ot:~·a~·~ sal t~d .. olcl' pola"~ .ic~ -
. . . l.l ' . \ . __ .... - ~ ~· J, .- : - ~. . : : • 

i'' ·, ; .f - ,._.·.: 

cproce_ed.s at .~ .:stower :p*~·f:l ~fmp. ~,~ rfiat~ing of ·salt sea ·tc_e. · This is 

, •!}Gilflrmed b~ the fact iwi~h~Jl f~~ :9'+~~:i>pe~a' at. sea;, the·-~at to go 
• ( \, -;-- ~. : ••• 1 ' \'' ' J • • •• 

are· tne a.e-satted. frasm~h~~ '·~r:~~A~.:··· :_.+he less·e·r :Po~6~:it~-~rid·-~eater 
.. :: : ~ ·-:·· : ~: ~ ~ ~: ~~-:: ~- - :. ;· ; ' . - ~ .: 

. • . . . .... :-·· ... ·•· ~ t-4~,~~ ..... ~. :./.., ~ •. !_- .. ·:·:_ ···~:· •• ••··• ... ~· • 

. solidity of fr'esh ice obv:tou.:~l.y," 'J.?+ay~ ~n ~~ortant part in this respect. 
. . . . . . . . - -:': :'; ~:. ~;.: ~ : .. ,: .: .... ~:: ··_-. .'" ....... : ·-:· ... · ;.: . ·>. · .. ,,.; ~ ,.. · ... ·. 
The ·role of :porosity i:Q ·· ~P~W:~~- --~~&n.ds out' particular~y .in th~. case of 

, • • '' • ' r ... . • · ' · t' .7 't ~ • ': ~ . , • ·' ' •, ,' • ' • ·• ' •' • 

t 

-

compr.e·s(ied. ·core.s of niirnniocks whicili~ in 'the process· ''of·.'t.hawin~,. ~~quire 
........... ' . . ·, 

the ·nlOSt vari~d :a!W.pea·-'with·-rounded hollO'\j'S resombl:t~g; p~re·s:, hole.S and 
.. ' 

apertures· (honeycomb_ed) -~' ·. ··Tfi~s~·:·fari~y · sh~pe~ ·be~r _witri~as t~· ·th~: r~;t 

, that th~. :f1rst to d~sappe.ar is tne more: crumbly lc·~, :~~aving, ~:e~ind.~l t 
' . 

the' more:.· fantest'Ic out~ine'a of' compr~·s,~ed; harcl: ice{~· .. .Aa' r~ga~ds 

.sol:td:i.ty' (hardness ·o-r: strerrgth).· at ·the ~time. of <thawi~g·, ·p~.e fr~sh i.ce 

. surpasse's ·even-: these ha-rd ch.unks Of .··salt .ice;. ,'' ~ · ... ~~ 

wnen ; d iscu·ssing the proc e 88 of tha.~ing ~~~. de et;uc:&io~ o; ~be, 'it 
f:.: 

''. -.; ~ 

·:i~. necessary td ,pointi'··to anothe~ ;factor. having an appreciable ·signifi:-
• • ' J • ,. • ': . ~ : ::· ·, ' •• • •• 

can·ce·, namely to' the· movement' of ~ce. with reg~rd' to the wat~r, and v~ce 
~· . \ .. ~~· . 

. ! 
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·' 

J. 

d.estruction of ice .. niaY, .. in some i,nE:Jtances.,: occ:tU"· even in.·,wint:er, ··. · 
. ;·.: ., . ·-· 

n~~·;l.y; ·~ :'re,t3ie>n.s·- Whf?rE? :~tr<;>~g curr.ents are -~-a?tiye· belm.f,::~oti~nless · .. 

. . d~C,f?··. 9onsequ~ntlyi: tlle d .. estruc·ti9n of }oe·-.may ":b~ ··pr6ugnt<on )y< the 
. . . -~ . . . . . 

p~ely .lJl8Chan1ca-+.. ·e~od1ng "action of water. o~- 'ice·. (whi:c11; ':OJ c·ours·a:~;: I 

·,· .,.. . ,;'I • . ~.. • ' , . ~ • ' • . -~~ ' • - , • 

- . - . 
also occurs. in the· thawing ·:per.f&d )~ •. i_.), ,: '~:;-:;;.i 1i ,_I ,.- :.'..: .'.. ·.~. • ,;· .... : .• •• . ._:;~· •• :: . 

--- · ·. ·:. >' •· · · ... · · · ·.-; · · - ·:::Jf-i:;~Jt{~~n~;i~J.~:fMJ;*~~>- · ·_ 
Similar obsattvations of -tilif-t'\aa~:f%6#¥t>f.~~8~rents· v.hder ·ice were -. . : ~ . ,...~ ·"" ..... .· :'. ,,.. . . _, ('. . . ., ' . . . : -
- 7 ~ -

,.. . . 

. car·ri.ed .·on in . Ti>kM.ya Bay on Franz'-.J6ae.f Land . in the -.:wiri.ts·r·· of .;1937/38. •. 
. : ~ . . . .: ... . · ..... ·:- ·. ~..... . . . \• . .. .. ' . . .- .' . 

.Here,_ ~epy. stro!-18 t~da.l .~.m:T~nts have 'be·en -observed. hear ·:_the Easte·~ ·· 
- ·"·~ · •. • ., ... '. . l . ;.,. ~ . - ·:· . -

.c~I>e_ ,of ~.ce,~t~}{e~:th.Y :Islan~ .• c J:n. Novemb9~ 1937, newly· formed~ ice· "€h:~ 
•' I"- , '• '• • • .• ~- ·' ... , ' • 

. . • . . . . '. • : • . ' • f'. i . . . . •.:·. ·1:· '•. ~ . / .: • 

. .te,I?:~l1I1g ·o:v~-f· ~- f.air.ly .v~.s.t ·ar~a. b~tween ·•h,unnnock fields; llad: reacne·d· 
'· • ·: :· • '• •- : .• ,.._ .. '. ~ . ,. . r . ' 

a .thickne-SS of 20 em.. Me~sur.etrients of the -th~ckn$.SS' of ·'ice .. · re'pea fed. 
' ~ L ' \ :, ~ ',• :

1 
"-• • I • •'1 -, , , 

0 

-
0 

0 • , ' 0 • , ' , 

e;ve~; JO-~ _da-ys sh9w~_q .. th~t,,. :. ~a:.-· the lay~r o;f' _snow increased·,· the ; thick::.. · 
. :. . . . . ,_-. . . .. .. .. . .. . ' . ~ . 

. · ne$·~_.of. ·the .ic?- .·s.tE;rt~d: .. ,to.:deor~ase :until the. latter·:·had disa:ppearad 
. ·. ·,· . " \'. .. . . . ' .. ·.' ·. ·. . . 

.. C9rnp;I.etely._by. FE?bru.ary -lOth·,. 1 t became dangerous ·to'··stop. on· :f~e snow, 
, •• f.:.._ ~-. • -~-· . , • . • , • •• r . 

: m~_z:t_:w~.r:~~ f~ll1ng:_thlJ9~gh. ···_The layer. of· a·now .was·; ·.'PY that: tiiJ:la·;·_-51·:::-ci:O( 

:.t:h.~p_k_~_ ',-·The_~eafter, ,the. we.t -s~ow started. 'freezing and new 'toe form'acf> . 

.. ~P:t~ .:~.~-.. va~,-~snqw i_ce.J,pf, la m--ay colot,- no·t .. :·of the usua:r gre·eti ~hu~-~
. -:•.: 

. The. erosion_ ot:. :ice by .currents ·was: in;vestig~t$d 'tn· TfkhEtye. ·Bay·:;· 
,~ ··.. . . . . . . . . . . . 

_by m?.~nS; _O~:~a- S.nOw!'"me.astwing rod;, wlitch' WaS, :set on ibe· ab6\lt ·io ·~~ ;,:..-.:: 
. . .. . . ..... ' .. 

t~ek ?n.-_.J~nuary _1,1, 1938 •. Through -the·~w.i;nter, a· layer· ·6!' :sn6~ 8~;r·c:rh' 
i' 

· .tfl:~?k,. h~d::·.~cc.~u~ted•·<. Ori.,April 28;.:··the· thiclme'ss.·o-f ·the··~no~;:pro~~r 
~. . -

was a~9ut. 3' c_l!l, while the rest :of it· h8.d .·ohanged.~·'into toe·. 24:· ?nf'·t1lidk~ 

· .. ~nd .·th.e }o;w,~r. ·:end. of th€-. r,o_d ·:was in~ the ·wa:t'er, ·:sttcklng out·· ·:of the:. i'cie. 
- .' . 

(See . Fig •·-· 10) •... >· _ ...... · .. 
. : . "' ·.. . . . 

• & ' :;: ·~ ••••••• 

. : ,Th~ ·."ro.d .. 'j'aS·,. qu~- Ol,lt ;Qf .the -ice _·,toge'tlier; w:t'th~ a 'o.hunk·:':~f :ice~j':' :~A· 

. it wa~ ,c].~_scpy~peq, _tp.~-~-~ ~ .:funnGl. ·about 6· em '.d,e.en· ~;d·-' b~en: :sft!i~~d.:·r~hhd·.· . 
t~e ;od in,the.,),p:wer: edge of the i'Ce; . The rein9vaf'bf the rbd pi;ov"~d 

·to._ be .. t~~1Y,.~s .. PP.:~.Y.:2,-a t1Pring_:.-.ttde:.brok6-.-u:P ·the ·ibe· ~n~·-~·.-;iais~ .... , 
. .. . .· -··· 

sized :P~9~-: ~pqlyn~) .was ~fqrmed., . . 
·. '. "';·.r· 

.. . ;: 
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! 

~-P:War.ently ,·. · oalt sea ice is mlich more suhject to ei-osion by cti.r~ 
. . 

·rent_s. than ·fresh ice;.·, This is confirmed: ·by. t!le ·ro-;I.low;tng· cibel~rvatidn 
. . \'. .. . . . 

. . . 

. · .. EaQ:i-e:t.n· .sliore of _Scot't~~eithy lsl~ndj·on _the·· :P~·th. of .·~he curretl.te{ me~-

·tioried ·above .. However· ... the· c~_·r~tit_<d.o~s. no_t· ~~- em_· __ :· __ .to··produ_· ... c:.Q ~~a~-~ wash-.. ' . ; ., . ' 

• _.· ' • . • ·. ·: :. : ·' • .:. . - • • :_ f _',. ~ • - _: . _: • • ., "'' ·_ ~ • • • • •• • : ~~..:.. --~- ~- ; ,· • 

· : ing ··away or any· ·eros.ion .,as- · t~e f3e · -~q~ hergs rema'in · ~hel:"e · all •• winter~ and 

. · .. onlY at ~he t~e 0~ the apr:!:n8 t1~e ~; ~0 they. !lh~ft: afishtlY. (about ioo .. · .. . . . . . . ., •,., . 

.. orde:~· to. ~scer.tain _the :SPf3:e.d. •bf'. erosion of. fresh. and Se;l~ fee. ·~-.A -·~llunk 

fresh gl~ci~~ ice' weigh~ng l~o85 ~g, and' with a' tem~ratuJ?e ~:f· .. '· -~ 

, -13' _J6~C , ·. ~s ·_ ext~ae t~_d. fL~om.: :·~; SfOun4-~r.l ·.~ ce ber'g·. · A . c'hunlc of ~~it· :.-f·c~ ·, .·. 
6. . . . ·_, .. _; :_:.•. 

wei~J;ling, 14 !3 kg;· of. a tem:p.eratur~r o:B '~'8-.5· C, ·wa:~ ··ex~raqted· :'from· ·fee·; 
. . . . . ' . . \ . 

·re.suJ.tlng. :f'rom the _freezing o~ f:lnow~·s.oaked in, sea· water~· .. Both.'·chunka~·,. 
.,' .·. . . ' ' . : ·.· ... '• ' ' 

were pl_aced. :in .boxe~ made of·.w:ire· net . .t1ng~·a:nd,; ~fter_ a :-~rE!ffght ·J;iad:.·be'en 
.. ~ . , . ·, . . . . . .~-.. -, ',• ' , . . ' . . . ; : . I 

. a~t~P-tt.~~ t~ th:!3m, they were: *owerecl int_6 -~n .. ice· hole. -~n ·a·--apo.t· ·wh'ere" · · 

a strong _cur):'·ent- preyailed .• -. Bp;th_··.:b·o~e_.a.·were ~t.~chod .. E3~de_··,b:(.s'id:a· a:rid.: 

. we:r-~' sunk_ ·~oout 2 m.~ee:p .. tn .the .w?-tet-.· 24 :h~urs·-later .. theY;· were··~· both 

. . . . 

2 .'85. kg, and whS,:t ;rem.aine.d. of .the ·saJ:t: lee churik ·weighed O:o.90 :.kg·::·.:.,- The 
....... ., ' ', • ' ' I' ! . ' ."'"\ 

ThE} results :Of the ~xpe~_irn~nt~· dem~ns·-trate-- -that ~the· :erd~ibn or 
~ . ~-

.. · ·' 

even wi tp a low _··te!Jl:perat~e -of :~he .. 'tvate~ an~ thts underscort:l·s ··the·~ · 
'. . . ... ... . -'"·: .:'. . . .. - ... · . 

great impqrt{lnce' o.f the -pu;rely:·nie'chanic?-1 Eic:tion~o.f'. "the-~ current'.:: 
.. !.. · .. · . . . . . ' . t ~ . ,. ..~ ·:" . ·, ~. . . . • • • . . . . 

· .. T-h:~,s _ts -~t.as6.er4ained_,_t.h?.-t.'; :even in· wi~te1~:,, the· :tricr,ease ·.in·:_,·.· 
,.. __ · .. ·... . . .. ' ........ : ... · .. ' . 

. , . ' : ·.· . ·.· . . ' . 

the thickness .qf :i_c·e is ne_.i_ther. :ste.acl.y nor ~:perm8,nent. ··in·.: alL cases 
• • > • • • : • • • ' ~ • • • .• 

there ocpur a decrease in the thickne as . of. ·ice~· and a:Lso.-:de_stru:c;.:;'· · 

.... '' 
..... -· 
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I , 

tion.of it~ 
. . .. ). . -~: "' . 

_Besides, ·in -b~rtain seas whic~ are· n9.t_·.~ompletely ice~c-overed 
· .. --~ . ,. . ··~ . . . :·. . I . 't.. . , . . - . , , 

1-n.wintQr, thawing-'of part of the ice ·Ill8.y occur in open-Wa.ter areas 
·; ... ~· ~- .. ~;'': . ; ........ ·· ~ .. · ... . .. ,·· . - . ~ . . _. 

adja<?ent to ice .fi_eias·; :Provided., howev.~r, -~he temperature of the 
• • ; ~ • 1 • • • • 

~;t~~.}a suffic ien;ly high. ~Ff~f~~;:;tt·li,~},~r Will b~ 1Ja?tic.1llar1~ 
rapid ·when' the wi~d drives.· tee· into· a wam '\vater ~ea. Simil~ cases 
' . . . ... . • !'.. ·_ ~ • - - 1. • • • • 

.may occur in_any sea with seasonal ~ce, and·aa :regards ·arc~ic ·sea~, 
,. .. . .. . . ~ 

.it_ may ·occur _·in :·the· Barentz, Greenland, ·and. Norwegian Seas. The· bor-

... der petw·e~en ·the :Paclr and open w~ter may 9~ pictured as two pe'6uliar 
. ! .. - . 
"• .,.· ,./\·· 

''·fronts·",: ince1;3santl.y engaged. in aU: offensive against each _other:_ · on 
!rfr: • I • 'l• • ' '., ' 4 ::~,.: ~-- ... 1 ,.' "/ 

the . one ·}land_, !th~ "'cold .front", on the o~her. h~nd:, t}le "~arm -fpont". 
~- I •· •· • ~ • - • " • '· ' • • j ' ' ~·· .- • • • . • • - . • 

N_~ armistice{ is ev~r observed. -h~r.e 1 the. struf?gle is re.lertties's-, _and -
,_,.·~~.; ... _ .""'" '·" ' -=.l ' I 

tbe .i.irte:· :or' th~ ·" fr~~ti' v~ie.s· inc~s~an.tly~ shifting .ei th-e~·. one waY. 
1, • ( .. 

or .the other •. In winter, when· approaching the p~ok from the~op~~-~ater 
·:-: .·,'. •.• ~/ L. 

·at ·the time when the ·"cold offensive" is on and the wind biows .fr.om 
• • • • ,' • . • • • • <# •• •• .. ' • ' • ,. •• . - - •• - •• 

. ; "'.:. .. . . ; : -~ ~ .; -~· ~ . ' :i." 

·._the pac·k, __ · ice of prim_ary formation ;ta usuaLLy encountered. in strict 
-~- ;~, ,· ·.?. . ~ 

·~l~sh, young. ice,- thin ·:pri~ry _(~i~es) _-ice, and ther.eaft.er 
' f ;· -~ ,· ~ : _· .. :' . . . .. . ~: . ·_ ... ' . 

· .. broken. tee and fields·, depepd'ing on time and ].oca~ion. If, onthe 

:ot!l'~r-~ hfi!ld.,. the wind is hlo~i?g fro~ the .open water~- slush and ~o~g 
,; . :. ;: - ~ . . . : _, . ;, .. · 

ice. ,ar~ u·sua-lly driven to form s~rip~. of acc1,lmula ted. Crl-\Shed ii,ce 

( kas~a) ~f a ... ~ayish hue:· while priiJJ.apy· .( ~tlas )' .ice J s encountered in 
. - .{ . .-, .->;.,:. ,. ; - . •' ' 

- . . - - . 

the form of pancake ice; if, in ~uch case, ·win.¢1. &ptd swell are strong 

en~~~h:- I?ri~;Y (ni;as.). ~ce ?fall tYPe~ wH~ ~W~~1llate into a t~ick, .. 
• ' .: ~ ~--. . !~ .. '"- I~... ' ' • • .;r .- J. ·.' • - :· ~ . i . -. , :.: ." . . . ~ .' : 

gray- ~ce .-''ka;~ha"? spreadi~g in th~ form of a st:rt:p befo:t;e ~he_ fri~!5e 
I. •• ~·-:: : ~ • . ' ·I ·, '.- ·':.' 

of he~vier ice, and also :penetrating-~et:ve.en _the .latter, !f, -.op ·~}?.e 
.. · ..... . ;• . . 

·contrary., tne ·wind drives the- ice into warm water and the "warm offen~, . . . . . . . . - . ' . ; ~. ' •, .. : .. . 
I. t .\ ~ • f • • : ·, 

0 
' '< ~ ~ • 1 

.:, " 

sive" Js ·on:, -~o pri±nary ic·e formatio~s will be enpoUI1tered near. the" 
•• •,:- I •,, .• •• ..... : ,"":.,_'·.... •' •• • . ~·-:.·· -:-. ~··.1" •." ,· ·'I' .~ ~ ', • "',_" 

fringe ·of the :pac-k 'a.s such 'formation~ me-11:, and d.isa.p:pe~ very ra:piO.ly •. 
' . ~ . . . . 

In th~s -case, an9 a.gain d:epend.ing on time and. location, only larger 
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I. 

,., 
'I 

.. 

fO;~ti-onf? of the -basic types w"ill be encountered. 
. . ) - ' . . ·, 

·.We. have exarained. the-, various aspects of. the tha.wing,,of. iqe d~-: . . . . . . .. . . . . . . . . ' . . i: t . ~ ' ... : ,' . ·;f 

.:pe~d.~-ng on the.·i~flow of,.h~at .. either: .fro~ the .upper ~'tr:f'~c~·:·qf -tll~:·: 
' . ' .... · .. • . . . . . - :' . .: . . . . ._· ... · . · ...... · 

..... J ·, 

. _d.is.int~g:t;ation ·of .certain type~ ()f .J~_e_- An attem;pt at a ge~e:ralt~~~-

tio~.of the pr~ceee of thawips of t~~ ;lee coat S.t eea· Would.~e eOm~

~:hat ~ dif:ficul t .·aa,. evepy. se.a .. h~a it~ ·-l>~~~l.iari ti~s, aa;i.e __ .. fr~:·: th~.: :, 
. . . . ·... . ... , . . . . .. . . . 

1 "'· f • ;' ~ :1 l·' ''' 

diffe'r~nces. between .seas w:t th eea~onal. .:i.~e and arctic eea.s. We. 
•' ' o I o • • • ~ 0 : • • • • o' ·~ ' ' ; o ' • -~ ' 0 • • 0 ' : o ' • ' ~ 

- .••• '.'· • .... ... 1'•·.'' 

shall, how.eve,r, enQ.e~vop· to P,qint ov.~ certain ·comnion :tra~ ts.. . 1 . . . 
' ' -· . ·. · .. · . ! ,.. . ' . _.· .... '"· ·.: . ,.!1 

:.The. iqe cover: of th~ sea pr ~f- ~~Y .part .,.of . i:t · .. ir: it .. ·.: .i·~.:·nQt 
- • . •• . •• ' l. ~ . . .,_ . . • • ' - • ' • ~ ' ' 

: :--· 
-~ ~ ; .. 

cover._ed. wit~. ice, in. ~-t~, .e~1t+~~·;~ ~ re~ches 1 t's ~;x:iml.u.n towa;-Cie .. :.th~ .. 
• ' . .. ... --~ ~ ... ',~.;_~f "{.:....... ;'. .:. .. _._ ... ~-', ~,:· ::· .• :~ ~ '< .. : ~ ·· ... - -· ~·~· ··.-: 

... ,.b~si!irt~ns of .. the thawing .per.io4, 'rhe. size of ice ·.for:q1atio~a .and./.' 
. . . ' ' . . ~ . . ' ·. : ' . . . . . . . . \ 

'_ •· , ,.: • ' ~ ~ 0 
• : .,. • I ·:.~ .:·- - ':: • • I ~ 

their character or typ.f:3 ·d~:pep.d. ~n ~lle geographic. locatton: .o:t':. the sea . ·- . . . ~ . . . : . .. '" '. . . . . . . ' . .. ', '·' . _ _., 
. ';: -; ·' 

and. on: other- fac~or.e -~ . In, eeas with st:rong C\lrrepts, _tn~. p~ed(?minant . · 
. . . . . . . . . . . . . . ' . ;.· .... ... . .. .... . .. ... . ' ~ ' :, -: 

.. :'. types: are }'luxnmop.ky .ic·e formattone. eucn a$ hummocky field~., ~a{5Ip.f:3nts 
•' ' I ' l ' \ • • , , ' ' ' • • • • > - ' ., ' ' p '' 7 ; I •: ''. ~-:•' :• • • 

of· i~e f'ie;t<lE;J,,.ic~· fields ( sn:eroz) 1 .~d. m~s_ses ~f. c;ru.~}?.e4:::·~riq.,·s~,ll.· 
' ·. ' . . . ·.. .. ~ . : -.-· '\ ... 

brokeJt.-:-ic.e •... In· e3eas. -where w~ak curr~nt~. preva:I.l, ·the :p;~?~dorilip.a.n~:· 
~ '!J':. I -:• ',"_ .: 

tYJ?e of-~'?~· .enoo~te:red i~ ··l~~ge f'i~ld._s,. either:Jun11¥fookY:. op~ .. l~~~-~·.,·:.•. 

, ..... •\ 

.... (.or th~t, pa.rt .of· it wllich cov~rs with.·ic9) .ia.c~v~;~d::~.ith:~··.thic·~ 
• . .. .. . :. . . . . . . ... . . :··· •· '. ~ . ' . , . . . . . . . ' . . . . ' . . . ' . . . ' . . ~ . . ; ,; . :. -. . .:· : :. ...... ; . .. l . . .• . . . . . ~ . -~ .. 

• • • > ~. • • •• • • • .-· • •• • ••• ~ ... : .. (-· j • ' •• : • <; ~;:·. -~: • 

coa.~ pf Jce,.,w~tri .. but 'fnsigntfican~ int~rval;~ o{ ~lear.W:~te'r., ..... , . 
. ' /. ... 

·.As :p~i:rV:iously ~ta.ted', .the fir.st ~~o cf:i,sapp.ear .a.re .. mi-nqr. ice . ·. 
; .... · .. ·. . . ''• '· . . . . . . . \ . .. '.. ... . . .... . .·. . .. '. .. . .. . . . . 

.. /'to ,!; 

fo:rmB.tiona - e~ush, young. ice_ apd crushed. ice. .w~ th ,.t~e .disap:pe~r~nce 
' " ' ' , • , , , , . • ' , • ~ ' . , • , , .• :~' ,"' .. , ·, •' : • ·~· I :~ , : • ' . ' ' ' . 

• • • t • ~ • . • • J • • • • • i . 

... of·. the.~e ~yp~s _o.f. ice:,. a',.cqn:stdE)rable .. 's~face of ·~te_r. ~s., ~l~~~e(i .. ·; 
.... -:.. :- .. 

.. aml.dst .mo~e important _f9rroations; howeve.r. i ~ may. not be ·QOIJ).pletely; · 
. . I · .. , . • . • , , . .. , . •. '·· , .. •., . . . 

• ..~. 1 • • • • • • 

. c~e.~edi- :P_a~t~cu~arly ·when· t;h:tck -~.c?~ulat,ion~, .o~::or~~h~~- ic~ a.re .. 
' ~ f" ~ ',.. ' I • ' ,"" 

:Pr?s~n£, -as .·tn,e~ _.'i~ttei-. -~onti~ues :f~t. ~uite a. ti~~ to emerge :on,to. the 

·· $Urfa0e '~qm \inde:r ·· Jl~Clo Jcy f.i~ lds apd fi.a~e~~e • . The ~l.Eiated m:r~ . , 
.-

.l.· \•' •! • ..,! ., I" 

~.:.4.3 
t, .-,: 

-~ .. .. { .. ' . \ ' ' .. ~: ' 

... · • .~ • "I 



face ·or -water~·exe'rcises. on hu.rnediat·e' arid.'· 'c6nsiderabie·· infi\lenc'e ori 

'the· thawing :Proce·~8-~ , Th~ aiaappe·a!:rance ~o:r··~he emal~er'-'tY.P~s-:of ':fo·e 
. . . 

'-: , . • , • . , - • • .1 " • '· • • t • • ., .._ ,._ '.: I" . ' ': ; • ~ • ' • •" • • - "· ~ • " •• ~ • • •. • . : • ' ..... .r "' • ~ • : t 

. scattered be'tvre-en 'fi'elds an_d. larger. fragnien'ts in~rea~es:' th~ :mob.ili t;y-

of t'~-e. i~t'ter_, and. th~t -1~--:t~rn '·conttibute'a·:·t~{ th~irubreaking up ··and_ 

-~o'l~~·:r-·a:a·;ia't'fort' ·by wat~'r, rfse·a sharply 'and. tinderw:a"ter. thawing:ts. 
' ' 

:· .:t~~re.by. hcc.el~~a:t·ea·. As ·the. sur~~ce bf the· ·retire.fn;ing ~iq~·- and 1 t_s·-
. . 

thtckrie~s:_·d,e.crease, · thrf·a.est~~tion of lc:e :prog.Ce_sses rapid-ly. 

- ·t -.;· ·Follmrfng·-,the brea~lng -up· ·of h~ocky ffeld;s, nwns;roiis· fr€!,gm.~tits 

~:f'-'ice···,whi6h: ha·a.·reina:i.ri~d under the. fiE3lrls wi thout''freezing on 'to ·.: . 

:. t:he-ih,·-~ emerge Onto -~he ·surface:. ·ho~eycomb ice. chUnkS· .Wn:iich· 1-l::s:ve u~d.~:t--

··gone~-~J>foe·Etstiloe·--, -~lso·app·e~r ~ori· the·- 8-\lrface .. · 

· '.si-mUltan~~uf;lly with the thawing and. "br.eaking up ·or ic:~, ·iri. t:Q.~· · ~ 

' 'afe~~)W:h8.'re;'-,the ·:sea' is'· iq~-covered, . exten·s:tve' destruct:i.qn 'of<lce j ~so . 
. . ' . / ·: . ' . ' . . -· • . ' . . :: ' -~ . . ' ., . . . c . . . .. . ~· 

goes ori .t·he:border:· Qf cleE¢.-water.·· _.He_:re, _tn -ad4ftd.on to:-the :~fp~et · 

8:c-tion ·,!o:t<- th:e . heat. of' ·the. water; -ci;e·s~;.uc·tio~ jJ3 a~celer~ ~~a: ·by. thb . :-
• > 

- ~e-ll'{ which ~9t1tribu~~~ to. the· :thernicii · in~'e;;.c~nge be~;~eri.:tce- ·~h~ 

wat~r~. ~na:- ·ais6 ·to· the·· breaking u:P o:f ;Large rte~t.ds .' _· Tiie· ,-t~inn~r: th~_ 

ice:.~.on.:·:·the· 'rt.ing~-, ·the a·eeper d~~-8- ·th~ 'sw~it ·rea-ch into'' the iCe-.-area.· 

·A:Pi:u:·iJi·frotit:ic'e tieids proper·,· ].arg~_-:toe-floe·a;· ~e-ttied. ·a~~:P in· tlie···· 

. 'w~ter·, a~e .. a ·gre,at check 0n t'he. waves,''eyert wlieti ·they t~dch the·:-~i~e 
~n- la;g_e. ice-field fragments: .or1lY -'a ver~v" a·trong -s~·ati :P~n~tra~-~s-. 

. /· . . . . . 
. . 

··6-bni:P~;atively · far.)rito-·an' ic~-cove;red ~i-:ea .- In.·~_vfew_ :6:(,~1ie ~.6mp~ex~. 
'~· . ' - .... ~ ; . -~ ·.: : ~ .. ·. . . . . '" . . . ~ ·: : ·~- . -

i t·y~ a~d -~~i~ty. o~ ·condft~ions 1 ~ t. _i~- d_iff:iQ:Ult- to de'G~rmiJ.+e ·the dis:-
, .. ,, • ! i ,, . \ . ... 1 .. 

tance ·to ·~rhich·· the , swelT· may reach. ~n t~e ice ~·ea ~ _i_t_ :~~~ be: .. ··~-~~ t:~~, 

_ however, that t.lfe svr_ell m~y _oft~n- he. :f.~lt -~t ~ ,d:~;sta~c:e of: jci ... !n~l~s . 
' • ... •· ~:.. : ~.:·. :•., , I ... • ',' -· • ,,'"!: ~ ~} ~' ' ,.., ' • • • •, ': :. : '- ~ ·. 'J .. •• •._ • '"" • ' 

......... 

: -------, 

'· 

' ) 



.... 
I 

A, .:Wo~d. may b~. ·Sa~d '.ab:o:u:t. the 90~.tribut16I1 o.f., ~iy~~ :to the . 

d.estrJlctio_p of. the. ice .. covertng th~ se~s. River~;~ ppe~k up early 1 ... 
~ _.:. "' ,. , - • _ . -. , _ , "; • • 11 _-, ~ • ., _." • • • ·• • , · • ' • • J ... , ~ • · I "-. , . ... . , . , 

1 

d.ischa;r-gi~g )nas.se.s .,qf c;ompa:rat.~VE3~Y :}T~rnt:wate~:,.·. _whiQp;;ts,_:carr.ie.d ·._. .. ·:· 
. . .... :' .. ... . ·' ....... ' . . . .. . -. . . . . . . ' - . . :.. . : . . . ' -. ~ ... . . - . 

by .curr~nts far. into, the. :sea anct aocele.rate.s· ,tA_awi;ng o( the'.· ~fc~{· •··· ·· . 
. ' . . ' 1:. . . . . . . ,. - . , . ~ . ,• ., .. ' • . . . .. -- . . 

. . . 

. . -. cover •.. I;t .... should. be no;qecL. t)!~t:, : ~P·; s~er, ·t}+~ ,~}la,t~_er.ing·, an~·.·:_ :·_, .... 
• I •. • • ' ' • ' ~- ,. ' ' '· ; ., ' ' ' ', ; • • • • • . • ' • '"' < ., - o • ' • • ' - • • • • .. • • "'ol ' ' • < 

_ · r . . .. . __ . . _ , _. 
crus~tJ:l~, ,.o~.·, ic~ ,: :p~~iPll.t~tY:. -()~.· ~t~:+~a,. ,aer .. f:J._·:p_.ons.~q\l~~oe. · of· .. ~r~~.; . 
s~e :±>rod.uce.d. by wind.s ... anq,. c\i.r.xr~nt~~'. ~a ~g.qn~ide:ra~;Ly' le.·sa> t.,pan''1!i; -... 

.. ' . .. . . . ~ ' . :· \. : .. ' ' - ' ·._ ........ , . .· .. . .· ...... - .. ,.. . 

winte:t;"; t:P.i.s i~._-.E}xp,laiP,e4 ·~:py. ~~€3- f~R~~ :that'· ~p :eutp~n~t,:,:' ~r.~·~a .p,:r· ~·~e~ 
. . . 

1-rater between ice fields ~~d-1~ g~~ef~~.at sea,~. are. ~.9nei~l~!:aJ?lY: _ 
. ~ "' .- ;', .~ ' .... ! ~ -~. . 

_ mor~ .. C??C~en~~;ve·,. ~l~·~t~s .. ~Q~~ fl~f-~·~ ~Q dr~ft .fpeelY:W~~n.·-. ~;~y~Ji· ~y'··. · 
. . . ,' . . , . ~· - - . ' ' \ . 

. A . . .. . . . . . . . . . . .. . ·.-., .. ··. 
w'l.nd.s· and .. curre~t~ .•.. _The onlY;·exc~pt:t.pn J,E:J w~eil· ice.·i.s~ pl;'e.ssed. t.o·,:the 

' . , . I' ' '• ' . ' ·. • ' ' ' ' • ' l • • , '' : .- '• I ' ' • • ' . ' ' • • •• ~. '• ... , • 

sh?~e by wind.f?xor. ,curreJ:+~~.; ... ~v~n in f;J\\C.h:.cfaee ,. tlie .re::a1l:tt ~of/pre·a~npe 
' ' ;, ' ' ':' I • •, - ' I \ • o , ·, .:• !• • ·, .) 0 ;.. 

1 
• 0 : ' •' ' ._ • •·• :' / "

0 

•\ 

' ' I f 

will not be as .effective· aa tp. 1'1i.!l~~r. peoauee the ·ice und~;rgping., , ... 
. . · .... \ - . . . . _.·· . ·: ' _ _,.' .. · .. 

t~wing:acts aa.~- neut:rali~er. . . . ·. ·'· .. ·. ·,' ... · '·., 

'• . · .. 
. . ··'. 

. ·. ·,: 

. . 

;Fis •. , .11 :re:pr?sents_ a -~eotion· of:_: the:· .~ea w~t~. thawi.pg ·t~e. :w~+9h:::: 
' •· ,. • • ~:; : . • ' . ' ' •· ' ' • : ·, ' ., ' • • . .' I ' :: 

. ' ' 

-016?-:,t:'ly s~e. the roup~.ed fragrne~ts (a,·. a·.~ .. } which hava··~niE!r.ged~ f~OPl_:··: .. 
. ,. '. :. .. -_: ~ ' ; • ',7 • . • . . •• . J•. . • . • ' . .-· ... • . -· • • •• ~. • • . .' • ... ~ ••• • • ·' . 

und.er blfTllDlo.cka; .the oyerh{lp.g~ng ·.·e~e?€3S~ .Qf ·:tce;,.;f'lo~t:r (b, .~.b;,:~;~ )..,. ~~a~e.a· · 

and. lev:e lled .. by the sur;fac~ .. layar of ··wa..tel;;'; ~ anci . the· f;t'a.grilerit~. 'of.: h.tlli;. 
. - .. ' ... J: '• . .: . . - • . . . . ~ . ~ . \ . . . . ·, ' . . . ... . • ' . . .. ~ .. - ,_ .· . . . ; 

• In'?() ~s ! 0 ' • (). ' ~ ' ) •.•. "'.\'~e :rouri(! ecj. Sh%:t>.e ~ :i;idi~a1;e .thB.t brea~iig uP ·htt~ .. ·· ' 
be~~ induce~ by t~'fing, and that ~f. ?-nY< ah,~t~ering pas b~een , .. don9 .·b·y · ~· · 

. . . - . ·. .. • '; .__. •• ' ' :-'. . • . ~- . ·• -. . '. . • ' • • '. . •• v • ' 

~av_e,,.s', :J. t _m~s.~ }W.Ye. qQO!J.!t.<;Jd _muon. e~lle·r", .,as __ ,fee fresh~y s.bh ttei;6~i, :by 
'.·- :-·. _.. ·. . .. ;, ·,> .. .. !.-; . " . -:'• . ·. . ' • . . - .:ll .·· .. . - · .. · . ·:. . . -

the, svrell has sharper .a~d mq:re .a.ngl)la~.l ahape·s. ,' ':··.:'' . 
-· - .. . .. . . , • ...- :· _. , . I' . . ·., . ! ·_,. 

(An example. of ~such shap.es:may:·be: found_on Fig •.. 45.'of: .the· .. ~'Alblmi. 
of Ice' :Fortnations:"r 1931·. -That ':photogJra-ph 'faS taken' at the borde:r ' ·. 
of ~ce and ~~e.ar wa:~e~,l ;whpee darkmae:el ,i:s :V"l$ibue be~. :the :~·St1> ;': . 
. 9f. ice~-· ~· Fi'g ~ ~ ll we 'al'so see· quit~· ~·lot ·of clear water, but· thi.s 
w.ate;r_ in .:the ·mi.qst 0~ 'Joe~ floes is COJ:1$:iae:rabl:y. fa~ther· .. from .the ·. -;· ··, 
'hord.er -of· .c'oinpletely ope'!{ ·water;) · · · · · · · · 

' ' ·' fl. ' . . . :. -. ·. .:·: _, - ..... .'·' .- ' j: . . - • ~. . ·~ ·'·. ' 
: · All 'the' aforesaid ·has ref~rred to il·drifting· ice .. floe·s:, i.e·. to. 

f • ~ • . ' .· ~ " ·, ~ ' ' ~ ' ' • : ;)'' • ·~' !: • o, ~ '' " • • • • ." •I • • ; "; • • .... , ·.·:· , •• 

ice which 'may 'ti·e :put 'in moti9n ·by wind.: and current. 

The thawipg of stationary ice-. i~: ~ays, straits, between islands 

"" 45 "": 

) 



r 

and near .shore.s ('land-fa.~t, ice) . de-I:~n~s ~!3- fts l?.cation ~nd is 
• •• .: :4 :·. • I 0 

:::· •\ : .'-. • ' : ' : : t •. : :"~"' • -:• < ~ '_, • ~ '-' '• :• • • ~ 
0 

• f ·, ' 

characterized by ··cert~_in __ :pe9u.liari t~e~~ . Fitst of all, its thawi'ng 
~ ' . . ~ . . t . :---- . • ... • • . ' 

. . . . _:.; .· ... ~--- ... ·. __ ·· .. _,-.;--,:>: ·: ... ·- ·. :~- --:>·:.::·\~:- ... ~: .... ~- v.· >:; . . /..·.:~ .-.~ ... ·". . . . -~ ·. ··: . 0) 

depends to a greater degree _on ·surface- warning. ' On t_he_ oth:e~ -
;.:~ ..... • -1 ,·/A·;:,-~•.rl'.'.; ...... ···,o .·:,• '• . . J. • .,;.,~~.· t._..-. ', ·'\ • 

. ha;nd, _currents which wash the ice' from beiow- represent ·anot~er 
- - - _, ··./:r·:;.~>•:: -;. ·;;7 ::: :·. -;_. . . '"-;. <-: · ·.· 

factor~ ac~eleratirig tha~ing~ _:f\,f;J~:ey.;~g~;~er~l::~·+e, stationary ice 
~·- _, -.:·;:· ·- · .. _. :.{l,t~-L ~-~~:~1~.1~·:/,r}/:~\~(·J).--~;·,' . _. 

d iS~ppe~~. ~a ter than_ ~ri:tirig · "tC e"i • ~ii~ •·· of "th~ · re~.~~nB theiefOr 

is that the latter bars the swell from access' to'· the landfast ice. 
'i ·,' • • .,.. ., 

·-!';: 

· ..... ·i __ 
- ·---... ~: ~--~· "·:···· 

·The- iatest · t_~ break up i-s th~ ice ~~· archipelagos; . in wh~ch c~-

·rents are w~ak and· depths· cons:l.derap~e. In shalloW'. areas, where tne 
. . _·,' 

~. . .. ·.' •('' ::,.•· .. 
·- .. 

action of- currents is :!:rtron-g, the braak:tng' up of ice procee~l's mo:re 
. . t •. . . ·. · .• · :~: j. ' ~-:.~·: .; • ~{.: •• 

' • ., ·~. '. • : •• ; • < I ,.I -. ,; :.. -~: • :: ( 

-rap:i.Ciiy ~ _The ipe.4~.:treotly adjapent ~c;> the ~b6re tnaws ,oo1hpara~ive:~~ _- · 

~aet -':t.f'··the si{o~e -:~~~--~P t~u,ffiqteiitl.y. and slopes :clown- allowing· the 
.· >:7;,-' •'.··~ :_/_--·.··.:- ;-.- :: --- ... · ,,-. -.. - '- -- :.· - .·-··- ·. . ,- ·-,·~-~c,:~·,:: .. -

least outfl_ow; large accv.mula tions 'of· :Lee remain only. on' :·coastal 
• ... • t ,. • ·~. • .-~ • " . - :: ~ •• • 1 •• • • • . • • ' --. • . 

£~hoals aii~ , b~~B., .~~~ these too disappear qu~te ra~idly; w~e~ . tlle . . . 

s~ell reaches' -t~em~'- In_ straits, ic,e b~eaks up. COJl'lpar~ti_vely eari_Y; 
~, '\ ... : .. 

-_ ~ ·:' ~ :'' ' . ; .. ~; . .. . . ... 

us-Ually owing' to. currents; bre·akirig· up <;>ccurs' ·later in bays. and . . . 
... .. • • •• ---~"' • ' ·.' J• ' .:1' ~=... ;, . .• ••• • . • .. ~- :~ 

gulfs;- ·w:her(f citrrent~ ~re u,sually weak, · p;r-ovtded, however; . there ·ar:e __ 

no tid~i ~ui-r~nt~:,~na nU~t~~tion~ o/ l~vel, ~4ich ,bot~'contf.ib~~~, 
0 1 • ' ,\~· • ': t' 1 ~-; t' ' '·'' .···' "': ''\. -. 

a iot to ·the ·de st-rudtion of. ice. 
\ . . ~ 

.'--~-~: ·~~- -;.-.·.· ·-:~..._-~ .. ·-= ':..,\ 

It ·o:ften happ~na' that d;riftipg ice ground~ in the p·oed.t'ton ~f _ 
•••• ·- • . ~-{ .= _;_ > ·: 

"st'ati6rt~r~'' ·1_~8~··_ This- ?ccurs wh~_n cu:r~e_ti~s a~4 -_:winds dri;~ a com.; .. 
. • ·:... .·-r·:·.-

pa~t-.lna~S Of i~e 'towards shore's Or ial,~nds ,grounding i~, ~nd thawing 
[ • • •· f. . • ··./ • • _: '· .- -· • •• -·. 

/',· ' ... _: I 

is thereby d.elayed~ 
: ,. ~· : . 

: ·• ·. .. f~ 

.. -~ . :·.· 
;.-,; .,., ._ 

·, ~~ . 

• ••• l .! 

. - -~ : 
,•\. \I 

.. ~ . '\. ' .. ( ... -.. -.~ 

. ' - . . :~ .. 

... . ·.--:-

. -~ -;_. ' 

·.,' 
.~._ ~ 

. ~-- . 

' . 
••f·t• . .:._• •. ·::., _r: 

------------, 
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.. ·~ t{.f.. ~· . '. 

' ~ - ., . ' ; - •,. "- .; fr . . . . . ' . ' "-.·' . 

'-·. AND ITS MIGHT. (MA$SIVENESS) ' 
,. ~ ~! !.... .-I"' : • • • •• -'· 

·.· .. ··-;' ' ..... • . ·• ~- I, ~ • • 

The might (~~s-ed~eness) of the ~ce coyer depends ·to -8:. .great 
~·-:,!I. . . . ' ·. t •. · ::. :-..: •. ; " . - ., . 

extent on the intensity of the :proces~ deforming the ~--ce cover' 
• • . . t 

6 
. • • •·: : •. - .-~ t' I"' • t, . • • 4 t • ' 2 . 

I • • 

and whio}1, in their tur;?,! q,!:l:fl~I?~-~p ~6~ ~ovement of ice; .~here;fore, __ 
·. .- '; .. . ' -·· , . . . :: . t ; ~ .; ... :::-;~ t," ;:~ \ • • ~' # • "· • 

all problems··conrie·c-ted wttl+ ~np· m~sht (massiverieas)- o:f' the Ice~ ·wiU 

be ~Xamiried while ~t~kin~.i~ti~b.~~~~~·thei~ indi~eqlu~le .11~ wi~h '. 
• •; .: ·,;-• • ; •·~ ~I:·;~ ~; -~·~ :,<~~:i•' ~· ·~~. , •- .., 

its dynamics~ 
.: ~ . I . 

I . ; -. --·. :" r_ • .,. . .., ~ • 

Tne: :ve;ry te_rni ·"migh,t!!- ~~~~4Y~P~~~) req1iires- e~lanation-, --
·-.. ~ .. ~ .. ·_ . .. ; .· · ...... ~~-~=--=· : .... ·~·~· -·.:· ·:·-~... . . . . 

mainly as· regards t;he dl§~t~9~~9~ p~~w~~:p. "Plight" (massiveness)-
' • ' '·. ' • I ' ' .~ -'•. ... •' ~· ... ··~ : '•; ;,,'• \ ' ' ? ,·<~ .:. ' : • ~ .~ ~ .. ,. ~·~~'. 0 ' • .:' I... • 1 

. and If thickness'·' of. ice. - ~t WP~~g. B~ mpre COl.''r_ec't. 'to ~se t.he te~· 
. • • .-. • • .• : • .. •• ' t- t: t ·. . . ~-~( . . . . . . ~ .... -i \ •. 

"thi.ckness'' of ·ice solety .Wfl~~ t~ ~~~ftf=lS to_.~ce; wh~~~·h~s-.~~~--
, .. ·· "~:!-~: .. :t ·' '·~j-: ;_;_ ~J.- ..... :--:('~. ~, 

norrnallyj :formin~ a ~evel, 8m~oth cov:er. Such an .ice cove_r ,i_s 
. . , . 

_ oha~acterts-tic of' bays and ~t~.a~-ts; protected fJ;om. ~h~ _sw~ll aild. ,. 

from pressure. The term: "might" (mas-~ivene~_s) ,of. the· ice .. ~over, 

· sho'l.lld rather be· <applied to open ... ~ea .ice which,-· as a gene:ral_r~le, 
l. - I ; • \'_ , . ' . ' .. - - -- -, ' '·~'. :··;:• 

:has formed -as a r~eul t of str~1:t.ificati_on, breaking. an~·· hwnm<:o*.it1g ~~ .. :.. 
. . ··_ . ~ . : .. - ' . .. . .' . ~ .. -

We ~hall. now e·xamine the process of the gi:'O'\-Tth· .of· ice~ ~?-t sea,., 

· start:i.rig ::with. th~ seasonal ioe ,cover, 1·rhich forms- in the absence of -
"' . - ' . ,. .· 

old -:t:·ce _. · Ii1 shou_ld be noted ·that; ·when ~tudying ~he -growth o~ :i,ce, 
., --., '• •• . .;,.~ C., • • 't ,• ' • • ~ . ,·,_·._,,!\ ' ~ ',·:.·.,:,':I-~ ,• 

purely ~~e:nnal ph~nomeila CC\!4Tiot be. disassociated. frol!l the niovelr!en~- of 

. ice, bece~use from the very begin."ling of its forl!la:tion, .winds ~nd . 
... . . .. . . .. . . . ~ ' 

swell maY: :p;roduce tmporta.nt changes in' its primary' asp.ects. 

_ When t{.le . surfa.ce of the sea is calni, -ice for~s . in the fqllowing 

sequence·:- slush (salq)-patches· of.·uncemented needies and crystals;' 
- -

. . . . .· 

· therea:_:fter young ice ( shuga)- - b~gintiing of ~he hard.ening of· :patches 

of slushi ne;x:t appear thin da:rk ice_, ~~d tl;lin gray_ ice - two- types .. 
• I 

of '_'nilesu 1 wh_ich, as the f~eez~ng p;rogresses, changes into thi;n 
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.. ,. ... : ... ;. ... -

leva i 'Yc~ il.nd tn!i<? th,1CJ.¥:i~~~ i;\a'El't;·~~~: ~fEl)~he categoi'ie a of 
- •• ',j 

tce, :~hara;cteristic-. :9..f :pal:m rr~:e.iiri~-):>' In· the':~::a-va~·t ·91: wl~d.s/ :com:.;._.:-~-·-· 

Pl~ iEll} thrrerElnt tYPes.·~r~c6 ~y· ~p~ek-·: ' ~~~. th(l ~i~d' is ad Com• • ; ' 
:. : .... 

· :Pa~ie.d ;-hy.-ia 8Well,: _el.u.eh _is ~ccum~i~t6d.-- i~t~f:.~- ·ir_ay.;, sn.ow~lika·:,!fia·s-a;··~_-
"" .. \. . ·-~~. ) . I • 

and .. l-ies ·no -16ng'er 'in ·patches ,-\bht)ie~If _,-,:i·,;;·c$i·Li;~ha-'~-wate~ on ~~~cheEf, 
I /- • · · - _. -:~jfin~i~~~~~~~~ :~~ti1i~r,'-: -· · · · · - . . . . _ · 
US\'tally followfng .the' d.irection: of·t t~e. ;W ·net), ::ahd n'?t ~a·~ ·a· Sti'aight 

angl-~ .· .:t-b · it·. ·_. 
' . . ·._ .. .···· 

· ·-rr·'the wfnd,·.-and··waves drive the slush 'towards the ~hor~- or 
- .· . · .. _:· .. .. . . 

tm:,ard~ the _·fri.rige·.: of·· thic~ ice- fbrin!itiohs, there· ·accumulates_ a: thick-
.: .. :. l.··· ' . . 

--- ·. ·.: ~--·· ". . . _ .. ,.. . - . . ' . < __ - :.- .. 
-ice k~eha · of _gray-ashen hue • 
. '. ' . ' . . ' - ' ' ,- '.. . ' ·, ,. . .. ; ' ; _: -.. . ' 

( Succesefful :photographs of such acou:nUlated. sl:t,1,sh are scai•ce. How- · 
_ .. eve:r, a more or' le e·s e.ccv,rate idea, may be con~ie.yad b;r Fig. 16 . of , 

_the· "Albi.mi'of .::,J:ce/Formatioria", ~ry· YMC PI(KA, .. ,193l; .. pn· this -·photograp_h 
~":·,9n~_ma;y ~ee a m~ddy,~ri;ra::r:~:tri:p of_slush,·accum~~ted.·,close .to the'· 
'·_ f'r'ing·e~ ··of: .la.h_d:fast· ~~e.) . · : · · -. 

: ·::···wli~n ·galea_·:~~r-6 blowing:·~nd the' swell ts considerS:ble; tliis-;"'gray 
- I 

. : .t(f. ~l:_:f'oe. -·''kasiW,).!;_ COplpr;see not 6nly ·SlUSh and. ;·_young foe' :but :·~leo ·both 

,.··: . .':· 

.fringe: ··or~ ~large~. _lee ·fori!l8.t:{olis >· ·may >reach~ .. f?e_ver~+ met"ers, t-his · 
. :' . • . • . ~ : ... . .. ·, ~ : ~· •. '. ·; I . . • • . . . • . . • • . • . ', : :- • :.'·· .:: • , . . . . 

-~9f ;· ~c;>urse ·--in_ the :p.mi ts. of a· t;jt~iP .. which' ·ta not, -~co wide. _-In- c·a:s·e· 
' • \ . ·' . . ' ... •. . • : . • • . l ; . . . -. . . ' ' ' : ~ .. . . • • ·, 

.. · •, .. 

." ;_colo;tt-,' -~nd.: __ the···(:Jta·ge :of cl~;;~· .ice'·.-:16. ·fu.o:pped~ • .'. In 'the eve~t c;;f. a weak · 

' .: .. :swell;· papcake -ice f6rins :fr~~- a~k:-·:~nd<gr~y _n~ilesi' ice:;··:1t usually-. 
: _:' ·\·' - . ' ,-_ . -- - . . .. ·:' _(,_. 

. l ·is- of· circuJ4,r,· _shape-, ~nd. actu~lly-- reaeinbl.es ·pancakes.-: .The lesser: . 
_. ;. ' -· '; . ' ' '- ' . - . - . . . ! ' ·" 

. :the ·swe-11;, ·the:"s:mCl.;Ller: 'w11i; be 'the' sfze of._, t}?.~· pancakes' and' vipe 
. . . . . . . . . . . . . , ! .... .: ·!. ~ • . . . ; . ' . : . ·' . . t • • - • 

. :~ .. -.vers·a.·_ -(see ,Fig~· 12-.} _ · -· .· .• 
,: : 

. . ! ,. <. ~" • 

· _ _. ( Sorns::>.tn~:es.~i,gatops are .~f the .. 6piriio~:--t.h~t .pa~yBJta 'ice ma~. fonn .. 
·from siush anti'' young tee.,-· anQ. -~:J_so from t~e- fre~zing:.Up 'of needles, .. 
and-'_~ven spont1ineoualy·.:as .a_:--pr~ry type·_o,f i·qe .forma:tion: .·To this: .. · . 
d.ay 1 . there is no ·unff~ed' opinion. on thiS score._iri sc_i.ence. Editor'~-
note).~·:··.-.. . :\ -. · --'.· · , ·· ._. 

- 48 ~ 



raised. rims o-f- crushed.,-tce. .Later the.se crushed ic·e rima· -.ar;€3: . : · _ .. _ . 
• ._ • • •• ~ ' ~ • ' j • '. ~ '_ • . • • ' • ' . . ' • • .- - • "'-~ • • • ' ' "" ... 

,· 

leve1l~d ~by · falt.~n$. s~ow,. ·and: they &J."'e. 'nc(. mor~ -.obf;)er!_e~. p:q·---~ha _ .. · 
• • • ' ~ ·- • : • • .-t 

next· __ typa·~ ·of: __ ica ._ ·: :Wn€3n winds ·.<iriv~ p_ancak~ 1~--~ ~nto. t:q.~ shox:e·_. . . . 
• • , _ ' I v . , ' .. I . - • ~ • • ~ , ' J \ · ' ' • 

or ontq ~hicl~~r JC?.e- fo~~-~+9~~·, .. +~~~;r.~ ~Y/bf3. ~on~_tituted, ~he :f-'an:. :. __ : 
·. ~-. . . . ·,·~:·~_~:·::<<;:·:-~~ ;~·:,l::·.~.:~f .. -.1;;_·~- -· ~-: ·. i ;:. ' 

·cakes- then .. cover C?rie_ ~9~~~~- ~l~~m~ ~9~pl:Pletely1 'o;r; -~:r.t:ially.. __ -<. : . - . . : . _·: > r : . :; ' .. ·. . :" -· . . . 

similar. to ._roof' tfles. ' 
. . . . ...... 

. · Pancalw Jce 'foJ;'J)le ~P!j ·~nt~~:! 49e ,onl~ •. <J;be lJlOmEJ~t "~ilae
1

' 

ha_s increa~e~_,_so .fa;r ._.af;' ;.~~ .W~Y:~ ·:re~,qh.~~ the f-l,:rat .:st.age--;.q;f)lard. :, , 
- . . . .·- . .. . ·;: ;;··· .. ·:':_i<'•. _·-!:_/' ::;); . . . . . ' . 

ic~, the deformation p~~~HR~~- pt. fB·~· ~el! wi_ll· ~e.~_~:t, ~~~. ch.Uf:l;kS 
. . • 0 . . ,,. <;! :: ·. ;~ (.. . ; ; . : . . :·' .· . . . . . . . ' 

of Jr~~egl.llar _q;ua:drangu~~ p;t1 ~~PP,+~~~~~+ . sha.pe •. ; .. -.. , -- :·· --~- . 

riafting pl~ya an 1!\1~9~li1~j; ;:;b~ ~~ thG fo~fionpf ;the: i~e. · :" 
. . ' >; _-\'. ~~ ;.:-;:: ,>~~-- :_ ;, ,~'. ~ ' . :,_ :' 

cover ·at· sea;· 1 t occurs. ~ai:p.:J,:y a~·~ re13ul t of th£? .. a.c_t_i<Dn,_ Q:f..·w~~d-~_ •l->_~-·-= 

· ~:.,"Nilas 11 ice·. is thQ ice mqst subject 'to r~fting •. · /rh$; .thinn_er "N:tlas''·• . /- . . . -·-·· ·_ . -.. ··. ... . 

· · · ' .: thin ice: of _;the_ pri1rulry stage of .. fo~t~on_ may 'stiLL have .n}l!nerous>-~·-·:. ~ · 

: . ~ ' 

· U~froz·an pe,tch,~S of wa~t.~r, and. 8:. W(:Jak 'wi~cfis .s-qffi~i-.e~t-~,tO; ·S.~~rt"_- _: .. ;:_~; ,'. 

off. rafting .al_o,ng. t~~ eq.~e~ .. of .,t}+e_se·c ;p~At0'4,~ a~: ·;r:ce_-. -is. V~,r:Y, --~l~~tio': · .. : . 

at thts stag·e.,,, ·a 'fringe I easily ~~q~ts':. ¢zit~· ai1ot.he~- ;fri~ge' ',and~. ~ust . 

as eaE):i.ly m~y ;_a_ .','nilas" f~e_ld-. glide over the ··El1U'fa~~-- of .anpt_her. ,'" 

.field.. (See :Iff~ .• ·13) •. The_ double-.decke~ .dark i9e: ~e:s:ufting \;~hare~,~, _. .. 
. ~ .. . 

from a~quir~ef a, g;r~y _co-lor" .at the, spot£,? where· "rafting- has. OC9urrea·· ... ·' 
. . ' ~ . . . . . ' . \ . . . . . . - . . . 

> i 

When' tJ;lick~r ice __ raf:t~~ a cer·t~in ·.amo11nt of' ... f:r~gments.JJ.su~liy- rf.7~ .-. 
• ' ·. ~ c ' • • • • • ; • 

~ul t~. prio~- .to t~1e ·xhouriting tit op.~-, fr-ing~- upon ,'th~ 6ther;:. · .. this·.-.-i·s ~- ~ · 
• • ·• I • • , , .,.. • ~ •. • ' , • . • • • , • . • . - .' -

r •. ," • 

. ·i· . . ,, ~. :.. . . . ·, - ·. · .. " : . : ... ' . ' •. . If . . - . ,,-; .. . ... - - . . " .. 

· the first broken ice .- · In S:ddit~on to nilas·. 1ce., the.:o,t_her type: .. -.: 

.. . .. ' ...... 

. :f'ormh.ti6n..,·: ~~mei~·.·-~·0':~1~~~-c-e :_·- :·e~~q~ · f+_eid.~-~--r~ft .. 6y'e~:;~_.~,1~i~.c:~a: qf' ·con~· · 

siderable 'size·.· :A-~3'-:the thickness of' ice gro~is:, ;it ·l~s-~·~- -~ts -~apac~t~'·; 

.... _49-



.... \ 

for .. r&ftiJ:;g,. '~nd' in: ths . c·i:i~e- o:r·:-'shtftiiig,_,':huriimocKing--'-'sets ·fn ~ _, .. tt 
~ ." ,:~· ·_ : __ :_~--· ...... - ·. · -· -~ __ ·:\ ...•. ·.:.·: ,:<_ · ·_c~· ·_ . _ ·\\ .·.: ,· •• · · •• _· _ _ r · __ , · _. ·f _ -
should. be' kept' iti mtnd. "tliat"'the'·.':thicmea~ 'of! lev.E)l·,:ice:<r_ie'ld.et whi_ch ·, 

hav~ · utiae~~brie··' ~art'ifi€{~~:y;::::rio.t · .b:e· ~ ~otied.d.er~~t ~a '·:~ne-_ ;thicme:ss{>6f' _. -. 

. notmalrf' ri-oz'eri i'~a·~;;:, !' :r~JJ:ca:~~:.: oi·, -ed~X;6n€f pres~ur·e,~ :patti~ul~ly·.·in.· the 
,, • ' ' c • 

cOaat:l a~~a.of ~h6~e:; ~a~erv~l~ff~~i~bitf:~~r~:~ra maY_~aach;Oon-·· 
sideraole proport'-iorlEt. :· · A~ter'taft~~s/·:·~lie·.:rce· rap~dly;frae·:zas t'o- ·:. 

. .-· .. ~ .~ -~~ .. ; .• -~·. '1.- •: :·. '_:.;.. :·. ?-. ' .. . -~· .. ·. . ;'; ~.: . .' .. ·., .·:·: .. · .. .-, '• 
gather· _owing to the close oonttguo\?.sne_e~ o£: the' ·surfaces,: and it ~¢a.y·· 

.be ciliite d~rr;!lul\ to discefu the ~·1.ri6 ;f raftinS ~P. a i:lrokeh,·off 

• r'--"'' '1 
, ••. - jl H'Uirriliocking' Qf Ice. 

----..;;,;;;,.,.._..,;....~ 
.·.· .. . \ . . . . .· '.' 

. ::The.rbreakink·~c;t~ide ':f:i.eRlds.-.a~d. htinunooking odours' as:.a_:; ra·suit- I 
. . . . ~ . . ' ·~ .. . . ' . 

or'·.-.the ·' p):e:~au!ie exercised .·on the ice·· co.ver ·. l?Y c'(u~ents~,::· ·and-. partie~~ 

. l~r1y by the wind.~ · ·Tl+e· means of formation -;of hummocks· is ihfini-teiy 
,,_ .. :-'.·.,-. < . c. . .·.. .. . .. . _' ' . . ' . • .. - ! . . . ' . ' ' . :. ' . ' \ ' .. 

varie·d;·one mayp:tck··out but a few.general·ru,le:a ro.r on:o··or·the other 

-type ·O.i''1c~ ·i · ... It --should:·_ ·b·e· ind.fca tad· in ·ad.vance ·that:· the~··-robn~tion ··of 

humfuoc~'s. in~:wfnte~ di'ffers' sharp-ly .from: that ·,occu,rrlrig·· in- aiubmer:·-in'::, 
. ' 

. thE{ p·er:t?a- (;:f '':t~'wing·, · a~d mainly in· Arctic seas·~. Alnidst ail .type a·. 
'of,ic'e; a16·<subject:. 'to .humm~cki~g 'to'· th~ ·exclusion' C?f' ~i-izria:r•y :ti,pe·s 

.. ~ ' . .... . ·~ ~ . ' . . .. . ' . :. •. : . . . ' 

bf: young: ice·-, -1n61u:a ing ·aark -ff~ilas" -~~: Li_g}it-'·eW~Y·. _"riila:~j, _- niay -~i~/:_· .. · 
; ' - - . . . . ... 

, '"'r , 

' ·'··'. -··: . )_ :. ·. . . ~ . . . . . .··' . .. . . : . . . . '.' ;' . . . . .. ~ ;" .·•· ·. ·.· '\ : . . . . . . .. 
. . read:&·--form :hfuilmo.cks •. Both le·ve·l and_ h~ocey'_fi~lds ·m:~y·l?~ s~b~ject·· 

tb~,rE3.:P~at'ect.-.hilminock1ns) but:··tb~- t!( ce'rtain i~nift: ... C>n~y,~~aG~c!l> lL'nft.-·ba;.-
... - . . ~~ .~ . '•: '. '. " ' 

i:nf.Cd::ti:fe.rent,•ror-::~every·:f?ea.~-: T~a' ma~~tU:qe /of P.#obking_ ~nd 'the 
. . . . . .., '; ... _ ~. ,. ' ,, .. ( . . . . ..• ; - ' . . . . ~ 

.· ... · ' . . . . I . : . . . . . ., • · .. , . . • -_· , .. ::·· .· .. __ ' ... _,,. 

E:Jf~e :·:o!r.~,·the ·'hummoclis~ma:y··;_diff'cir: iri._:V:artous' p~rt-~ --or- oti€{ a!icf·.-tiia 
-·,.·.,;,X ,. . ~"'t.' -~:,~ . :: •"'\- • ~ • ~.. ' .· .· ., • ,,·'· ~ •• : ' ' ·,· 

. B~ ~eiu' ·. Iri th8 c anttiu' PartS of '~eaa} Whe~e ~ t~El i fu~bii:r~y<tit ~~9 .... 

is com~a;t'ativeiy.uri~ampered~f-th~: fQmatiori·· o{· hunuhoc·ks· .·wtil: -1~6; be
1 

~ · 
• 4. 4 7 ~ • • '· • •' • · •' ' r • , • • • i I • ' I • 

as'· c6~;s·1:~erab.le as ~n--_th~ .coast~l. ar~~·, w~;re' the .. _ i'orce ::6.~-:Pressure 
• .::·.~ ·f.; .•.• ·.~I~·~_- ~ .. :·· ·_,{ . ... --~-~- .. ·~-·:..:'···~,........ -~ i .···."" 

is- muqh gre·a ter ,/ : 
. '.: : .. ~. ~ .. 

·.· ·· . 

.. : •. ·:.-· ,~.- .. ··-/' ·_I :·• 

5,0 
·I 

j'-,. 

n . 



The _·beginning·,of.-·-~1?-6 .. f9r~~;tqn:_ o~ _a_l;J.~?Ck i£;1 ~_hown :_ir:- :~fo~r. 

·c.on..sec~tive~,:eke:t9·11~a~':;fF:ig.: 14). In .tne·::proce·f3s of. ~wnmq_ckil},g, t~e -: 
- • ' • • . •.• : •• • • .. • .- • - . • • • . -~ ' • ... • • i, • 

. . - . 

'fragments- .of ice. :pS:rtly heap _up :on :tlle ~y.rface ·.of the ... ic~ i .but:. th~, 
. ., . . . . ~ . . . .. . . ' . .. ... ... . . 

. grea, ter ·.part .a ink~· into 'the ; water i $.hq .. accumulates in' e,·· mote ~r. J..e ~a 
• ·-· • '; . . • . • ' ' ' . ' I, •· •. ' , ' ,- • • • 

·v~gue ~ea~· under~. the··~9·t~p9f;_Rf~-~~¥~B.~··-. -~n a"\n~P?ki. ~pr~s~nti~ 

, 8. gan6ral haa1itns ~ll ?r' ~1<~ { 9ft~ ~t, q!Sj;iriSui ilh the U,PPE!~ p,rt - . 

. _· upright.-·"r·opaH:i", an4· t:.h~--·t.Pw~~ ·;p~~:,~ -·lo~se .. ice _imder. t~~:£liei,~ ,. --: 
. . ·. ~: . . ' ~ , .... - \ . . : . 

• • \ I 1 ~ 

. "podsovy"-• · · -'!ri: 1 ts ce11tr~~+ p,·~:p~, ~;1g. ynder :Pre.ssure_ :~:r:~m- ~~- -:f~ur 
- : ~-t ~ .< l. • ~ ~') ~ -~. ~-- r~ :\" . .: ~ · _. · · · 

sides,- ice· oecoine's ce~n:tw~4 4~~0, ~: ~p~id m~ss, whi-ch.*~· ~ore -~a~ 
. ; , ' I , ' ,< • ~ 

· t~e · &spect ·of f~a@rie!l~E(~f''t~~*~~!. ~~r.p.his yom~ress~d. ~~~- :1+~~~~-:ma-~s. ,· 
. ,' . ' . : ' . . . - ".- ·. :~:: ; ~: ... : ' ; . . . . . . ' 

o·:r ice· bears no partiq~~Et.~, ~E3;. ~l:!9),y,e, we 1:'>-ave 'given~ s.uch ice the 
. i . ~ :. r'· ;;, . t "" ~ ,·, ( , f";, ,· ~ I • ' • • 

denom=ina.tion of ~'cor~·~· Pt·· ~ :}tl~~R~~ 'but ·tJ::tis ··is _no~·. a ·SS.I+~rall.Y ·, .. 
' • . • t: ·.I . - ' • ~ . 

rec}o:gnized>.~-~term .... :_At· t}le tiP+e. 6~ ~qe,wlng_, ,tne ice of, _·tll~.-"•.'cctre;~:}?f . 

;_a _hqmhioq~: ~o_qu-ire·~ _the ·oharacter.:'of ·honeycomb' :tee •. 
.... ~ .· 

'· . 

:: ·. · · (.: · Th~ formation of a· ·nUmmock: t's·. shown ·.op- .F.i.'S •. 15 •. ::As. indio~ ted .. 
. . . . . . . .. . ... . . . . 

· .by .. the arrows·, be·s~qes horizont~]. :pres_si.tre,-. :the .. i<?-.ll~~~ing_ :_fc;>rces., ... :.-· · 

· ·ex.eircises ·.:their- ac·t.i9I.l :on the cen_t:r:E11' la;rt of .·:t_P.e .-~urmnogk:·_.-. ~:r<?W: .. ~·,,...> 
! . . . ' • ~ ~ ~ • . .• . 

above~ :the we ,.gbt . of. t}l~ i~e, . which, has ·been rai'_sed. -~bove' J:Sea'l. :Lev:~t , .. 
. •. " ' . .. ' . ' .......... ....· .. ' .· .. ' ... - ,.__ ' ··. 

aric;l :rrom· beiow·:,· t(le fC?rce ()f ·f'~o~ti~g-~or a .J.lf.ting· for.<?e _whiqh.,":, · .. ·. 
• • • . ~ .. • '\ ' . - . • -. • • • ' • • ... . • • • 1,... ' .• 

. · ro~g}?:~Y a:Peak.:tng, ·cons.t:I. tute s · ~~bout, o ~ i' of the wetght :.~f_.:the. ·ic~~- ~h~n 
. ·.1 . • . . .•. ' :·. . . . ·, .• 

·,i.t 18 .. completely ··l!nmersed.. The .d.otted, circle ·iDr the cente~--indicatea 
. . . . . ' .' . ' . . ' . .. .... . : ·, . :. :i.. ~ . . . ! • ~ . _;. • . '·~ : ~- ' .. 

tpa t part .. of_ -~h~ ~hllinplOCl~, which -~det,g(;)6S ·a ·maX:l.Intu4·. p:re~S~:t:')'~~c/···: _. 

·(T'he .··term ·n·ropaltii' .-is. use.d:h~~e. ~ot _quite -in· the--_aa·n.~e ·1 t. is c~-:. · 
;raptly _:usecf. It should be tak~n )nto consideration tpat the term· .. 

. "ro:Pa}F:l. '-' · i.s · mo·s:tly 1lseq.. )~o .'.4~ slgna te· · o~;ty separate.: i:c.~ · li'a~ts ~~;·_ .. 
_stan~iz:tS. upright ~1)-_a·~<?m:parat~ve:Ly_level surface of ice, or standing 
·o~t·:f.n .f?Oin6 par~ictilar.·way~,in:· ~he tilid~t :Of €L. gen~raf.~ heE;p OJ:' x!~dge~-
<;>f h'tl!pmpcks. Editor's note). · , · · · . ·. ·. · .- · 

. . ' ., . . . . 
.. ;,..•' . . ·:'; ,•- .· . . .... 

Tn~ greatest amoUnt oi_·fragroents of'.brokenoioe. result from. 

p~e~sii~e; a~d. h~ocking of' lev~l· fi~lds· (Fig~. ;1.6). ~- In- ~pe' ~p_en'a~~~ 
• "l • • . • . • • . .:1 . - ' 

.~ ~ ~~~-~ .· 

far fr<;>m shore' the_· height of the u:pper :part of h1lllllh~c~a -my reach 
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-~---·t<? _4 __ ~;--~~.:·~t~~ vicin~_ty of__~pe ~~~~-'· ~o~~y~r,.\·or.:o~. ban~~s 

: and ~hoa;t:s, .thec_b~:tgp.t ~y ~e-~ch I:.t.~:-~9::~,:. ~<i ... ~ve:Q )nqry :t~an ;-:that_ . 
. . . :·f :. ·· .. '· .-: •.·. . .. ·: :. :. ·:·,::. :.'. . : ·.- .. ,"· . . •. ~ . :- . . :-- . J . . : :.. :: -.. -:- . .. . . - .. '.. .. • ... _ . : . > -~- ·-

) ..... ( 
in exceptiqnal ... case:s •. ....... ·, -~· •. • ;• f,•' _. o .': • I 

. -~·: ' -<·. . . . j . . . . . 
-· '• 

., ., .. 

f:. .. 

;·,;... 

I . 

the.ir brealting;. at th~ ~?J!LE3 ; time,. ,tJ.:l.e ir horizon~~! s:tze, ~~ . oonside.r_- , 
~\lr . ,. · .. :.i_._;:.,··:·:~<."- ···.-\> ; ··.···:. ~_?· .:-•·' ,! ·, )' .. , -~·-

able 1 : _anq c_o~tjct~d. _therewi t~ is_ the _f~rce., .... ~hich t,p19Y ~epresent when 
•',.... ·'· .. 

in m t_10Ii • 
''I I _; ··~ • : :• :_"'~ • • ~ : '':•: ' • \:• •: :, 

··:_--.. 
·, -

.. ; : -. . . ~ : . '· : . 

Level: :field.s may: attain a. fair~y .111gl1 ~peed·.':w:f'l.en ,driven .by. tAec 
.:_ • • ,I•' :'•. ,• '• ' ' '·;· •"• ' 

wind bec~ua_e the ice. in ... thei:r ;Lower p~~ is .. ~opth.~and-fails :to . 
... . ,, .. ' ,'i ;,:J:,· . .-. ·" ·._ .. ·:·-.· . •. .- .. , .. _. .. .. . . . . . . . . . 

swe.ep alqng wJ th. it large ·layers of wat~rs as occUr.EJ wi.th. hummockY·-·, · 
. '. . . -~- . . . . . . . .. . . . . . . ' . . . . 

.. ·:~ . : ~-: · ... ; " . : ~ 

~ce; t~~ conse9.uen~~ · ~~; :.t~:t he_~})ing u:p i'~ tn<?re .co;q~J,de:rable ,··when _, 

pressure_ occurs near the shor~, ~d._ .~he.n.:winds -_hel:p .. the.:presaure •. It 

is necessary to _pp_*~t _out~ tb?-t,_ o~ .-leve._l· f~elds,. hu_mn1oc:ks are-_ ~not,_' ._., .~ 
~- •• ' # :: • • • • • • • • • • • • • • • 

') . 

. : :;·J_;_ 

distributed. ip. long_ ridges along thE3 edg~ o.f a. ;:f'i.eld. and. perpendtcu• · ··-
. ;.~~;···,:.~I ;_'I -~-f..._'· . '·,. • ~· '····"· .·, 1 .·. ,: • ;. •' .. · . • . ." · ... :. ~:" • ·: :,· ·, ; .:\ . • .. '\' • • .. 

lar to the dir~ction of> the .winq.... Only,~t t:he. beginning> of· .breaking 
• :., '· • ! ·, • • • ~ ' • • ... ' • • • • 

. ' ~ . . ' ··: ~ ;--~ -.... : 
I 

up, a:nd: _se~_d:9m at that, .. dOE?~. the tcE3 .l:>re~~·.fi,lol1g the e.ntir.e length 
• . • • • • • • • .... : • • .• ' • • ·• • • . ~.-. ... • . • • t • ' ~ • ' • • • : • •. ~ • • ''. : '' •• 

'· _. .... 'J ·:_~- : . 
of the field.·; usually, ~llliD;llJ.oqki.~- takes. :p~ac~. :ln ~ep~ate .. Jrre_sular· . 
. -·: . ·: ··. ', \, ... · . .. . ···: .. . .... . . ·. . ... . . . ... -~. ·· ... ; . ."; , . 

... ,. ' 

,. accumul~tt~6ns which occu::r at· various angles to .. the. d.ir.ec.t.ion of the 
::~ ...... · · .... ·· ... · . .:.·'·._::·-, ... · ,-• ... -·'' ·.,,_-· ... · .... _.·.· :' ... :_.';.._.--; __ ,·, -.··.' - ._,-·. : . .. _., .. .. :· .... 

wir?-d. ·;The only exception is htlPIDlOCk_ing, q~os.e to .. s.no::re;. here' too,_ . 
. : ,_ :', ... ~ >:~· ·: -·· · .... - 'l~- • • ~:_ ·.·:·· -· :· • -.· ·'. _1 .- ' 

h~~~~~~,·;~Q-~'._ridg~-~:.-ar~: _few ~d .. ;h~y -~() p.ot .~1W5l.YB.·spread.· para'rle·l 
--· ... -··.- . _..:~_:._. __ :_-.. ~!-:~-~--~· __ :-_._ .. ·.-.-- ·. ·.·. ··-~--~~~.~-}::r.~ .. - _- __ :-.- _.! -._:·--:_ .. .-.-. ~-/ _=--.. - ·/·-· ... 

to the shore, . they are of:~~n placed._ .a.~ <ifl,ffe;r~pt ·angl_es 'With ~egard 
.- ·. . • ~ -: .. ,' ' :. . f . . • .• •.• . : . .. --~,:- : • ' . : •. '. ' ::. . _· !~? :. ' .- . . . . . . . . . . .. !· \ 

:-to it.; ·or. plaip._. d_i.so~d.er ~- · -.· ... _ ..::··.-: .. ·_ .·. · · :•, · 
~ . • • • • : • '-;. _,. •• j -. ~ ' • '·' 

' .. ,· 
·.' 

J ·.·-_-i~~tc~~s ~ o±<ole'~r· wat~r., .. ·ir:P~lYria'!· .. ;. ~e. ·a~~Y:~~ ·pr~_sent···be~tween-
··,. '·_ ·.-·- ·-.-' :,;·- ... · .~·,. ~-~) ----~;.-- ,.· .. :·_.- .-_. --~---. "~:·:·_ ,': ·--·· . ·. "" . 

. . la~ge· 1eY~1 ··f.1~1ds,. b~t there. said.ofh-: are ·:Pa~~ages_--,_~~m ·;ne.- .~-polyna"·. . . . . ' -~ . ' . ' . . . . 

·. :~ntc).'·aJ:lo:the~·/:'·bec:~ .. u.se··:wheri'the{ ~tield.s·-~9-oilid.~ whil~. in motion,. the-y· 
. .. . . .. 

· j.of~:· at--- nilm~:r-~u~: ·pp:tb.ts ·• ·. The:s·~" ·spO.·t-8 --a1·~-- cait~d-·'J'otri·t~ ~ · .. Joints are:· 
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r 

·i 

,J.:. ·.·.· :' . ; ·,. 
•.t' ,.__ ..• :to""' 

.. ;· . .,' 
. ·:· .i' 

,._,.: 

" 

.. al~aye{ v.~ry·: h~oc)ty.·;::·raiid{~'a?@ .·~l-tf··~O's~ ca·ae·~ irt:·' a: at-~~er- 6:f-~pr~~sU'f~ 
• . ·.-.... . .·. .• ........ i .··· ,. ·. :·' ... _ ... • .. •• • ~: . '?--··,;. ;'' ..... -~. ~ ";,:··· ... :·.:..-~-, ~ .. 

as they :·.bear the ;:mutual- :Pr~:ssu~e of ·both fi~lda.: 'rr:· ~he. 'pre as:ure- . 

· increase'~: :o~tng to the~~acbelerati6n ·of·w~~d.~_:c>J:.- .. 'curr'en.~,·· ;t~era·· 'c;·r::tE!ri;·· ·,"~ 
• t .... -~ . . . • . ": • ·.-· ·. . I . . : . . :_ ·. ~ ~ . ·. . . . , . ; . . . . • . . '- ... 

o~oura a· further- :breaking:. o·f th~: '.fie ~cts • Dependi~- ·on·· the. ·rii~eh.:t'i?ii·' · 
of th~·-cr,eYiCeS W1i~.ch· th~n Obqti;·, li~w:·.'jQ'ir{fS. -,nfi·f ·appea~; ~nd 'n~~.r-·; 

hUmmocking -ae t~ in;';. oi.a::- 'joints: mt3.1 'a'i'so· .~ arirt )·~p·a~t·, .~ le~virig ·:-~f~ . .- . :: ' 

f'ra~ent~: ~n the :wa·ter·,: · Fi~. 'l7 'shows-·~;{ coiiison··o:f I'ieici~; Yiith · 

the·a.ocompanying .. preaking ~p· and· ... huinmockinB: . ·ake·~yh .II ·sbo~ra· ho#·:·<.·· 

i~regul.arly: and wa:ntonly-- hu:tnmoo·ey acc{unulat:ionk' are- tor!n.ed ·~.i.h.· .f.eg~rd. 

to the directioil ~f .forces .at work (air6Ws :at tile bot~oln'Or 'th'~· : ·. · ' 

In· ord.er .to' ;follo~ tll~.: f1i~th~k·::cfev~io!nnent· of·:·~~odky·~. 
' . • . • . • . ·, .'· • t- ~ : . -.• : _r • • 

\ : - - -· . . 
. • - . . ..• ~ . ' -.. *. '· .. :. ... • ":: :;· ~. • .... ' • . - '- 1- . ~ ...... -4 , ~ • • • • .., ~-. • : • 

· ice, one· should:. t(;j,ke- into· ·a,pcp~rtt· bpo~~n ·:tee ,_··~rhich ·too may ·'be· of . 

variou~. or.igin~.· When"·freezfrig '~t s~;a· ·J>r~c·e$d.8 .. normally· a~d._c i~y~i~' <'. · .. ,~ 

t:ie ~dEl: ·break,- the ·-amourit. of··'br.ok:en '--.ice. gi"ow~ ·conaid~r~b-J,.y; · tb'·iEir·d~ 
I • ' ,• ' ' • ' -

·the .end: ···or' ·t~e .. io·~:· pe.riod.,-'broke!l ·ice· pfeaomi~ate.s .. an<l .. is ·;e:Pr·e·s~nt~·d :- · 

i~· various· forma tt9n·s ,- mostly 1,-n th~ ao~cal:l_ed -~'amoroz.-1 '' _·-(~.e~· .Fig.· 

18l ;_ 1n· the :rorin or ~-broken ·ice- proper,· rt- reniains ~niy · t~m:P~re;i1Y .:· 
' . . 

. and in: quantittea.which va:ry aharp~y~·. 
: ... · .... '."\ 

' i ·,. : . ·.~ • • •• -~-- ... ~:.--~~- •• _:. ~,· •. \ •• ~ .... ~ 9_ •.• .'_"J:-·.:--_- .. __ ·.,_·,._,:· .. -t•··.:·· 
T!be rema:i.he_, of 1ev~l· fields· compre·ssed. into .-hummocks~-.d.o._ not . 

. ... . ' ... 

,. ' .. : . . ' . . . ' ~. •. ' · .. l . - . • .. -,. . .. • . . . • • .. . • •• ~ \; .. : t~ •}. ., 

· remain indefinitely a~ s~ch/ :parttc:u,la~lY tn' the: eyent ~o;f'>s.tron~ ·. · · · 

' . :pr):-a.a~re_ .•. · The ~mopient_"·.pr~ssure ·:weak~ns .anct' fis~u:r~s-:ha.v~-.~-~P~-~~~ea;,_.. · ·•. 
• • o • : ' • • • r.,, ' • • 0 • -•' •' 

pa:t~.t. pf :tp.e broken ice: at~rts· emerging·'· on.' the. ·stirra6e __ 6r>the;·~;~t~ri 
.. . ·.- .:. . . ;:, . ·. . '_;~·:. :· :.~ ... > .··<·~·,·: ;_·. -·~." " ... 

at·· the -same -.time.,. part of the u:p:per ·accmnulat.tons fall· fnto ··the . 

water·, and. ·.broke.ri' ~ic.e. and '·ice, ~~ka:sha:.;:!. appe~~ ··on -ihe. ~~jtkc'e··~ :···::o~iy ;,_·.; .. · 
comp~r~ ~ively, amail-·:ar•ear("c>f former: iev·~·:f ·f't~id.cf, which ;have:.' J;J·~~~· 

. . . . ..... -.... -.~ ·.-~· ·: .. -~- \ ~. '"'": ' ..... :" ~-· ... .. ·=~ ...... .:_ · .. ·_.\.;·~:: ·~·-·. ·;:·· <· :: ... #>· ..... -·~:·( ••• • ••• • ,t_ ... : • 

gon:e numero~s re.ftiD:gs·.;arid· are· :stiidd:ed" with 'hea:Pso ·o:e ·h~ooks-, may 

rell)ail:l ae Sl.lcll up to' tllil tfui.w:tilg p~rfod{;' Iil' thEl cb\J.~~ of::-;;.i~t~r, ',' .>:. ' 
.. 

moat· of. the :iqe · repea~~:~.ly -cheng·ea -1 ts · typ·e • When dispersal· occurs, . 
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broken· _ice spread.s .between fielda and fills most of the free space 

be tweet?.. the~.· These. intervals· bet~_een fields which .flll,:wi th. ~roke.n. 
: ., ,_ ,: . ___ ,. :.: .: ... :·.; ... ,~;rL· ~;:. ··\r-~--··:·:.i/~;·Y,··~ ::\;-:. ·_ ·: ... , .. ;-'~:.:::_';:._~:;~,;-; __ , .t:~/-r:·':J!.j~<~··-F·;;;::\·--\~:.?,~:: ... ·:\ '· 

ice are>iih longer·· called po.lyna. ,, but aoquire. t}fe, tt~e p;f' -;syom: 

( locai te~ .ilSeO.' bn'Ii£ne :·~6~~~~rn ;~-~~~:)~ "';,~;)~~'.:;~,~~?::· ;~;1~{ ' . " ·. · 
a pal't ~<thii b_ro\{etr :ic;~·;fi~~~~ 1~. ~~\ is. te=~d ~;,C~~Y~~I1"'

1
: ,(~ee > 

to:.'·~ . \ ~:-~_-...... ' ,; . .. ... ..'• :.~\ . 

Fig~,· ~9·}.'·._·· · ~ .: ' 
... 

. . . • _.. .. . . : -:> ~. -:.' p. • ~ ..... 

B·pokefi ice· 1~·: ex:cee~:ing~y var~e~. _i?, --~-ize: ~~~: -~i~ape 7 from 

crushed .:,·nilas"· to~:fraf71~nts;_·_~f he~y; ~~q·~'ky ic~-~ Be_si~-~s, and-. 
··. ~ . . . 

as-.alre~d·y: stalted ab6ve.9. ··ao . .'calleq:_ ~rushed: i~e. sh()p"ld .. ~.lso. be-
., . . . . : '··: . 

. olassl:fi~cl'tri·· ~he c~it.-~g~fy :of.· b~~~~~ .. ice )n t~e winter .. ·.time • 

Crush~~ , i~~ . ~~ri\i~ 'Jtio~tJ.; as :a· ;a ~ui ~: 6:r ~·~ctio~. o; ,~~ss~ e '.cf hum~ ; ... · .... 
,I 

n1ocky ice(~· .. -M~ch':·cru~~~ld_-·tqe: al~o- ~6riglri~;!t~:H3· tr.om pre·-~~1zye,. when . 

hu.rnmodkirifi t~''in ··prco~s~~ ·a~d, nn~nY: in ·a;ea:e ettUated cl.~ea:. t;. ·· ··· 
. . . I·. . . .: :·,: .·. . ·., ·. ·'. :·• -::. . 

• ·:. ~:.;.-~ "~ ... / • '·J··. . .: ·(/ :: ·, ·., \ .• 

open ·water·~ ·_wher·e the_ action ·Of .the· ~swelL may-~- felt {Fig. :.20} ~--- .:·. 

Cru~hed}'ib-k~:;~i~~~--qut't·~·· dn ·.,~:Po~.tant.; part· .iri ·tne. winter i~e ·c~~er,.: 
. ~-:' -~ .·· .. __ :_ <:~:. {~_;·.~ ';-.'::' !.:~.-.. 

-As it fEi -:~6~tliaiil·;~ri:' ib~ :·mass. ground: int~ :poWder, . C:VllShed :1.ce actS' 
I . 

· l~ke·· cernt;ri-E:_:~:~~rid, irt·/·f'h~ ·,ev~nt···of. · free~ing·, i~ -~~lders s~;arate· . ~ 

ice fra~~bH; 'hi~ re ~\lit;, b~ing · tha :ro'rmat :l<:>n of p:culia.J:.' type; "or · . 
hU!!ll!lOCky>iC~';'' ih~C· ~'6~·h~ii6d' II eino:ro'z i : rr' . ; • . .'' ' : /' < '· ; ;!·. 

, •• , • • "1 r -.•,''' ~ ..... t.:·.-1 
. · · ir . "'' · ,; · • · ". · · >- -'>< '· . · · ·. 

Htumnpcky_ · S:r;noroz 1 do not form e:xcl~s;t vely' a~ a· :result. 9.f· ... · 
I. :1 ~ ... ;f -'.' ·;_ • i · . . _.:_ ~ ., -~ ... :· ,\: '(::·i. :~\'-·.: 1'."·'·.',/:' .. i.··~··· ."~ ··.r···_.:~-~ -:,._~.. • ,:.,,-.:; .. ·-'· .. ,, '. ~- • ·.:;·~~ '-,~- • 

unham:pered freezing of_ brol:cen and crushed i_ce; they also ~:p:pear :_ ·, 

.·;, . 
,; ; ... : 

-a13 a re'Sixit 6f th~' ~()~i)r~~~ing of 1 ce <r~:i~~e~ b;. ~~a~ ing '(~~·~. • 1~) , .. 
• · __ ,. ' \ --~ { .: . ' .• ;> > ;, < ..... i: : :<.' ;:. ·:.':;:."':_·; ; , .. !' '. . . . . . • . . . '1 .. ·:·.; • .• ~ •• ' . 

unf6rtunB:·t~I!f:;··,:~h1s photograph ·was taken in. suinme~ 1. o.ut ,.·to a-: certa'in 
• ·~ ,; ~· .I·· ~ ' '.,:::: ' ·, • ·~ • . ·, ' ·•· : .... ·· . I ;' ,I ,•• • ' • ' 

extent,- :it' ;fs··-:a~so·· ch~ra:ct~~i~ti.~:::·6;f wint~~ ... --~The .tee .pictUrt?d··:on 

·Fig, 18 has forme\].·. :Ltr'ttie · p~:i-i~'d ;~~·i;;~ts: af1;ar the ~ompr~sst~~ · ... ·· . · ' 
"l • . ••• • • • • : • ' • ... • ' . ' ! :· • . • • • ·:-.: .... : •• • . •• • . • ~ • 

'1 ~ ••· . :': .. ,-'--i .. ;;::::·~--'fi':';.:':'.:·'<:·:~~>t':'}:,··'.\' .. :·-::.,·:_;; .. ' .. ,·,f..' .. 

dencea,.'.by the·· rouna.e·d: .edg~_s 9f .th.~. froz.en _.crushed. lee •- -: After _c,om;.: ... 
. . ~ ·-~ .. ': . ' . :: .., .. ~ .. ' . ' . . ._,' 

pr~ esioii an.a:: &~·a #tiS~ ' ttici'Xc:~· ~l~t;;~~ ~n Fig. eq fP~~ II smo~ozi'' .; ' .. '; • ' 
~ ~~· ·~~~-- :_: ••• ~.-~·; •.• •; ·~.: ·" ' .~ ~: r -;: '·. ' • 

. ' . ) 
...... }.·· .... 

j·' .. :· 

l 



/,.:: .·;-:. ! . ',..: · .. 
•" o .·,, ~r 

- .• . _.:· 

~- .. • . 
fo, •: ··:· 

0 
• "~'',:.~ r )'~ .-) , , ~ I..: • ':. ';.• :.-~':_.~}~ j • ,< ~ 

· of {.{~t . hilinmod~ :1~e:j_ Which llia:y;~j,odi:r f~; lli;pi> ·• Bt•Ze s;· .~ t .. is :t::>tt:~; . 
thick : 3.~e.'. wit~~gn :uriei:eil ~fac fJ ;: sti!~~irit~~ ,~i.th' r~.~iar.~ldg,\') . ~·t:, ... . 

• I . ~ • ~ • : • ' ' ' 

hummool~S .... Ic·e'':'Of·· ei"bottt,·\the · setae· aepe'ot 'i:itid .sffuilarly. :pow~~;f),il; p1a.y ... ,· 
• ~ :.. •• ' • - • •• ; .... ·; ... ' '#~ • ·~. \ • .- • -·~ ·~-~ ·.: ~ '. ':' :.· .... ~· :: _; : .:.-. ~.. • •• ~ • ' ~ :· .... •. ... - •• ; '·. :' _:.. :. ;: • • ::>.': ; · ... 

be f.brmeg· as. a.:re.$ult,·or c·omprea.~loh'_~nd .b.re~ldrig··o{ i'ntlaa"·· a~a.t~.i_n:··. 

ice. (initial' Stage)~ ·· }rhe "arhordzt'' of' •light h~<Dcky iQe fj,J:"~_ su~~ ... 
,· -~. . ' .... ·-., ... ; ··,· .·-~ ·.: .. ·;~, .. .,, ;- .· _.,· .. 

ject to fu;r-ther. breaking<~:p, :~.nd·:·_when undergoil1g oom:prea,s.ion. ther~-. _ 
. ... ~ -:. .. \. ~ . ~ . . . .,. 

after, .. they. form.' he_~vy · ·hunn:riocky ioe: • .-. 
.. ' - ' . · •. "; ·"' ~·· . - .' 

As :prev'iously· mentioned·, ·the strongest humtnockihg--tak~~ P.~~oe. 
~ - . . .... . ..... . .. 

··.·.· 

along th~ _coast~· . :tr the· ae·a is. snaJ.low, fairly powerful·· masse'ii. or . · _ 
. . . '· .... · -· . .~ ·• ·-,. . . .· ·~; . • . • ::- ••. " : • - . .. . ; . . • -.: . ,: ' ", 1- • ,, 

ice are pressed onto shoals, and they remain there uqtil the be-
• ' • ~ • ' • : >~. ; • :~~ ~' (~:~ ~._. - ~·;:- ~< ... ;~~~ :· ... ->. :- f ~~ :," . . . ! • - '· ~ ... - . - . ~'. y 

B~!ffi~ing of. thawing~· . If ~?· ·':'.44?:·· ~t~~~qh_.. pf --~~~9-fast.: :i?e .,ha~··_£'~~?.4,' .. ~., ':~: 
.,. . ,;-,_-';·..,··: .·.;.,· .·.·~·· ·.~.-~·1 ·:~"'1.· .··.:~- .· .. -,...., .. -... ~~ 

then, in the ·course. of w+r~1:;~~ 1_ r~~~.e~ :q~ f19qtfng .ice ·d.r~.ft. ;p~L{I;_': .. 
. ~ ~-. "=" ·.J- ~r .= :·-:;· ... .-~· ..... · .. :·· ,~ _: .. :: • • •• • . ~~ • . : ·-. -~ ~ 

. ·, '· 

· such- grounded. shore 1 ce, · p:r;¢r1:qo.~ng. :a lot· of -prushe~ .~lind; ·._be~te.~.. · 
. • :: __ .:· ~- ·•· ... '~: :·_-·-~----·~· ..... , .... :::S.~ .. !·· ._- ...... j ~~- ....... , · _ _.:. •• • • 

• 'I- : ,. •• ~ ~ - -· 

_·(broken.) 1:ce, .-which :ls :pa~tly carr.i~d. ot(t· to. s.~~ ~~· pa~t*:t ~,~.~ .\' : 
. ~ . ' : . - . •. . . =· i • . :· . . . . . :·· . .'. >! ,• •• ,. .... • .. 

.mains on the ... landfast t9e, forming. ice b~nks. · ~'lrougt.L the 1-Titite~~i. ~:-:.>.-. 

such a £:ri~ge of sta.t:iona;ry ice :tn no "!7ay rema:J.ns :·Per:zriapent.··~ i,t:, .-~.' · ._' ~· 
. . . ' ' - ' -~ . - -1 . . . ., - . . •.. : · • . :·" ' . .- ·:· '·... . .• - ~ .• .•. : • ... .· : \' :.- ... "·. ' •. - . ·,•. 

· either re9t?des .. f±.o~~ or. advanc~s·towards the co~·st;. ·this_ :being.:· 
. . . ~.. .. . = . . ~. - ..... . 

noticeable' f~orn the.'banks 'of cruehed i-ce. spreading·, paralle-l .. to_ · ... " 
•••• • \· •• : ~· .·.:~.·· ••• .·,- ·-~ '·._.,.. .. .;.. ' '• ·,-~;· ~. ~ 1,; .·-~·~ ... , ,.; •• , -~-• • -::_ ... ··\. 

one another.. -Variations in the Wid.th o:f' such .1andfast -ice d.enends. 
• • • : - - • ,/ • • • ~·.. • • • ~ ::.:. • ··: :·.. • f • • • • .. ' • •• ~ •• _:.. • ~.. • - ~- ~ i • ~ ::_~ • ~ 

on t~d.al fl1Jctuatioris ~.nd on fl\l.ctuat:ion.s. c;>f .·~h~ ... Sf:3ti. ·]e-Y.el.. · H~aJ?-:-
.-. 

• • ' • I ' 

i'ng ·up of ·ice on separate shoa.l:s ·. m~y .. re~c? · ?OI?-~f~e?='~,bf_e: p:r.o:PoJ;"t:P~p~ ~ 
; . . . ~' . . . ' . . :\I . '·. .' • : . . 

th~se are t11.e:· s<>.~ca;Lled. ·".stamukhi''. ·,·_sUch heaping -~P .. on··.a slioal.is ... _ .. 
' • 0 ""-: 0 ; ' • 0 • I ' -~ 

. ' . 

Accumulatl:ona ,of :-ice ·yary ·according to whe.th~r tf!e.y af13 9i~se 
- ~ • •. ' • . :o" • ~.: • • • .- •• ... • • • • • • ..... • •-::.. -. ; • • •• 

t9: <l~E?P, rocky_ ·Or .. :ste.ep· shores.: .. :wh,eri wk .. te.ros are deep close to_ 
• • • • ....... • - • • .. •• ' .• •• • ~ ;( ~ • ~-;.. -~ ·~ •• -~ • ~· -1 <. . . . .. ' '. J • f • ~ ·~ • . .• ' •• ·.: 

·,," -·:.·0· .. 
shore,· the strip .o~ heaped up ic~ .. ~·8. usli~lly. ·na.rrow1 ~nd. ~ccUmu.~a~_ 

tiona of- ipe do n~t renia±n a~ a:~Fn~a~ a~~dp sfw;es ~it!{ Co~si~e~'-. 



'· 

:able- ·ctep·ths. ··If the.·shore is:·ge~ntly ·al6p.1ng····ab,ove··· t:he· ~ater;.~line .. ;,· ' 

·.accumulations. or :~ce ,_fo~ _Pti·.' tl1r?~-- .. ~~~re.,~: .. a~ct may-reach ;c6iistder~bl~ 

. ::
0
::~:;~:~ ·:int::~: ·::v::::· w_

8 

.. ::ett:::.~~;:::,:::~:~:
1

:::·-······•_,··•··· .·. 
'• I ~. 

land) •.. Suoii :ace\unulat'1-bna··. :o:e·;. icer ·on .th~· · eh~r~. -a;~, term~d .,, z~boyf'1;.'. ·: 

In the .. eva tit oil pre Ei!!\lril 11:~. wh~~ thE! ·flhbren~e is· fa V:Qi:-ab}t\( fluJJ{ ' ..... 
' ' • ' . ' • . • ·.:. : ·:. '.' ••. -~ •• -·· •. •• :' • .• '' :. ..... ' ' J .. •• •• 

ice .may· re~1.n 'staf:toilary -~9r -~~~t~-~-a long ;·time. r·agardieas of .. · 

. d.ep.ths .'!'! £t :keeps. t~· the shore. owirle_ to i.ta · be.irig ·ae~erited. ·-to: '.it~: ; 

At ti!lles~. ··entire_ -·~+fs.~~d .. 'Qaya_, _·~pen '_from ··aeaW,rd/ are:· :r:rt:le-d. · :· ~ 

. ' 'with heayy h~6cky ·ic~ whic~. '·~ema_ins 'stationar'Y. ·:tor ve.ry long'/ 
' • il • ·, •• • • • • • • .• 

; .•. 

' . . . . . . 

-.as a rulf3;' :-~uch ~ar~ae. ~lea:r :·of. :foe:; a~e ,·_s'ittl~t~·a·i~ the· oppo~ite·,-_ .. · ·' ·:·~, 
.... . . . . ·' . 

.·.,~ 

te~si ve ·:,r_ad:ia,t:i_oil :of.. heat:·~:t_~kes- _plac~ .. on ~··'tha-.".surfac~a··. 0f:.-~t~r- ;: •:. · . 
. .. . . . . ! .. . . '. . , . . .' : .. 

, thus f:t;eed. from:.io,e·) and tl}.ey_ v_~ry. quickly. coyer ·with 'new· tct:n · 
'\ .· ~ ... ' . . . . . ·, . . . . . 

, , , ' , ·• I,· . . 

freeze,-togetijer. :··rhus: it-is th~t·; at sea. iri ·Winter{one··ma.y-··en.:.· · 
• . •.• • :.: ••• •.. • ..1 

': -~ 

counter ·heavy hUDllD,ocky ·ic~- toge·tner: with n·ew formations 6f.: young· 
- . .. - ... ~ . ' .· .~ .... - .. . . . . . . . . . . . 

ict? • · · "Con~_equehtly ;. ·,pre s~ure. arid huminocking re suit in· d'onstd:e.ra ble· 
0 :: ~ 0 I 

~· . · .... 

. losses ·-of. heat:by:.t:ne.-· sear· and ·thi-s. contribtite's ::tb' :the'··iricpeasti . . ·.· . . . 

. t 

Of ~~e;·-~ge~era~l .. ~oun;t, .. Qf··._ice· .at St?~·.' : · 
• • ...- ~. l'i. ' \ "'" .. • • • • . • • •• ·.: f : • • • • 

fields· 0~ _level.ice,. "the· a_s:pect · ot· the· surf~ce ·o.f· ·the·· ·ice ;~·o\rer 

begin~' to:; chang~· .. .-,::· 4J:he/·-f?i*e .<?,.f.~- ff.e:L(r may d~'cr~ase in surf~~e ,. >·. ;,_- . 
,· •, . ... . . 

but incr~as·e .. ~'in ·t}lic~e.sE;J,~_.: .. ;~htl±n!noc~s :are. heaped· on:_· t.op. or· ··:tt-; white 

. a·;~e-at ·aino~t .. of>qeat.eli. (brqken) ·tee> -:Pddeo~:i··ia' un:o_er ·it •. T~e 
. . . . l . .· ' .. ; ' , " ·:·. . . f I . . ' . . , 

hUmmoCky -field .. o~ -t_!~e .. ·b~okeh {beaten)· -1'~~: compressed into a· .. 
•. ·;.-. 

• •'. f. 

: ' ,.: .~ 



' / 

.. 

smoroz._fr.e~_ze tog13t~~l;- .l~t?.· ~-111or~ o*'_·f.~s·a .. ool!lpat?:t:~a:s's ):nU,y, ... :hi :i ~s.. .: 

tiJ?per .. p~.~~~ :~b:~Je ... a:.J9,t:· 9.f; lo~E?Ej. ppd&ovi,: wh~_Q~,··~Y~·: ~~::~: fr.ozen ·to~-~·~< 
... -. ': ' . ' .. . ... •' ~- .. . . ·,'. . . .... · .·-. . ,. .. ..· . . . _:·._ -. : - / 

gethEp:' .SJ:'C?. ;1-e-ft ... i;n. t}lfJ,.·ul):de.~.t·e~: pa;r:t1:!· :·'.~.-Th.e,:·.podsG~;L .. ·?-r~ acq~~~~i?e:d:· 
~ . ' . . . ~ . . . -~- ·.. . \ - . . . . . . . '- . . . . . ;. . . . ' . . . .. : ... .. .. .. . .. ,. ' 

in _~ispr;d~;r':J:inQ.er .. th.~ .:~Upmiodlf~·r.tela,::·&n4 .of,~en ,re~c~:.9on.sid.eraJ~.le·. 

·aepth ir. th~y .s,ti_c_~ out~ v~~ti:c~-l:LY ~~ith, ;resa:r-4 --~9·: .. :tf1e<r+.e:ta:.:afld·, .. -
. ,· ' --I • I • . ("· ' ' ~-- ' , • ' '' : •·•. ' .. : '. ~... ,, ' · .. · •. ~· _ . 1 

- . . . . . 

are supr,oui1deg._.,l?Y,~.:t;l~er.oU:s ·~~8m~nt's, of., .ic~ .of_~;va~io\i~ .si~e:~~ .. As .. -... 
,. : ....... -:- j' ••. , • • •••• •••. ••. . • • -· • 

the :pods~v.i. a~'e :.~i~den.;~d~r..~he.-·:.~i~id.,· ~:t::~.s ,h~~ ,to.·~~:~sess,~the~r. 

number judg:t.~g by. the. a~pect. ~f the latter., :>It.)las- b~·~·ri~:.?-SC.~~tatn~d;.·- ... 
: ! ;. ... _; . :· . . . •. : .: . ~. . ·.· ... ~ • _-_.. ·. ' ' ' . ' . -I ." ' ... . ' .· ' . . ' . . ~ ''l'- .· • ' • 

h<?wever, that: th~- .gre~:tt3~,t ~"Um,b.~:r ·c)f.:J:>odsovt ~ ls .~sual;l:y. -~o:·.be found. 
. . : ' - . ~-· . . . . . . : .. . . . .. ·. . . . . . . ~ . . 

under t.he :.:L,a:r~-~,st .. he~!> :?f b~ooks:, .. _but the ·.height_.of ;t}le.'che'<ap ·of· ... · .. ·· 

hummocks . i,f:l .n<.?t. n~ce~.~ar~ir, .. ~rgP:9~~!:9R~J~.~,;.~c~ .. x~e .aco~l~i;j,ol}:~ .. ;?f: .. ': , · · .. ·· 
... ··.· ·- .. ··· •<'':.";· .· ''.~'-: ,·. ··., ''':·'· ... · . ' 

. tee bel9w . i?he, fie.l~.~ .. J.\s ~4~ ··f.f;~~~P:~~: 9tJ.: ~"!{b~ ·· +a.t~e+:.· i9e are ... no~. ·~ .· ._~.~ . 

. J~in~d togethex> they do ij~~ ):'~~t,n ~~1,~o!llj.ry~ they ~fte~.;.get •diS•' '·: 
; . • ' • ... q ~ • . •. , • , ·, • • . . ·' • • ; ~ . • . • 

· plac.ed. in, :corinect:Lon-Wi:th -the: geh_e~~l ·IflOV~;merit ;9:t the)fif.l'ld~, .~end.· ; .. :< ·,/:·· > · 
• ' .... ' ' • • • : •' • • • • • ';,: ' ~. ,. • < • ' / • ' , '• • ', '• • "' •: • ... : " ' : •_' o • • ' ' : "• • - ;, ~ :- • • • • ' I ,. • ' • ~ 

they· th~n tep.q .tp .diatribut~. ,mqre ~·or l~~tt r~gUl~~ly, .-under: ·the :en~' : ,:: :~ 
• f."· ... l •.. . : \ ;. . . •. '· . ·. ·. ,'' •. ' . ·.- . 

·tire f~eid~ . ~l;l~ n~be;r<or _podeov;i. :may .l?t? ass~af:l~d· appro~:l.ma.tely.- :. ~:· 
• ' • _,. . ~ •• • ; • • :..· • . :· I ~ • • . • ' • • • ' 

l?.Y the ~~ig}lt o.f. th!3. ~~lge .of.· the .f·~Eilq, :~P.ov~ . the· ··wa te~~·lini€3 ~-~"-The ::, 
• ' ' . ',• ' ',• ; '·, - '' . . • ' ·~ : ., . I 

irre~lar d.fs~~·i?~~.ion·.: o.f. :eo_2:sov~. t¢9-e:r:. a ·h~oc1cy: fi.'eid. rriayi ba:·~.ob:.-.:~·<·:,: .. _.: 
- ' 

served whett ~. ~l.llll.l1l9cky. f:t._e ld. '\lr:ea~E:l ~up;. j.n~·.some · oe;s_e a.,·. the .:Poasovi. · ·· 
.. ' ' ...... ~ . . . . '-:. .·· { ,. .. . ... . . . .• . .· '. . . . . . . 

' ' . 

may ~m~I.'ge . onto ;the_ ·.~UJ:'face only ~:fl. ?e:ri:ia_in · spo.ts.:·Qf .. tp.e c;revic·e; .; ·. 
. ' . ' .- . . ' ' : .. . . ~ . . . ' . 

I . . . . . .. 

in ot~ers, t.h~ ept+~e. hrev:Lc~ ;i~. fi'l.led}vith.f;'agl1¥3nts .. Qf ,·ic.e···· .··.~-f .• · · ·· 
~ • ' • -,. • f ' • • •• • -

emerging frpn+. :bel_ow the fielq. •· The i~regti~.r>(listrib~:tfon .of>;pbdso'lii · .·. 

also dep:e.n.:d,a on_ what ·.J;~~~~·iOt1l:~. tyP~ of. ~c.e ie ~Uilqergp:ir,lg .pre·s·sure ~ 

·';!:he ~.spec~ -9.f.-· hwnm.o.clcy +ce. may·.ve.ry dependinet . .on wl:iether .. tf wa·s·· ·~ . ·.· ~ ... . . . . . ' . . ~ . . . ., ' . . 
•' 

fQ.J:'lned e.s .~ r~.e~:t t bf- J?~,e S!3Ur'e ··-~~~~· ~r.e;~'~'inft 9£ .!)e~t~n (.prolren) ·· ic£3 ·,-, -~ '; ·. :·- · 
. . . .•. , . . '. . 

or of J;nll!Jmooking '9+ :. ~ey_el. fie.ld~·~· ··. Jc.e .. f~~~l<i~ -origi,ruited trom·>h~m.; ·~:,' _· .. 
' . . · .. ~ ~ . . . ~ . . . -· ' . ~ . ' . . ,. '-: . . . "'\' ' ' . ,. ' . . -

_~.: .. .. \':,;. .... 
. :.. --~ 



pre as~d. ;ahd~ · -~fp_ze:tl;~ ~p·.:·.i#~sse·a. 'd:f~-br8kef(~:f6~:; :ff.6fti ,.~g'Ef~ihlmmiobkY-: :f);~~fk~·.:~ .. 

men tS; A f%m bi'U~liilct'r¢~'/ ii.llf',ifi1$ll- vew niiteh~·:i~ ,ilf!PilC:ttand :illeio .. 

in -:siz$\ __ •;soLcai/.1!-ed:~_:.iP;ii·~~~, _,.rk~al~ly:'::Jfb~)l :-:~:~rt~e;efi::-~_subh ·-hUm1lloc.kY-· ''ri~1da: 
• ~ - ~ I • -

( ~,ig ~·- .?2·1y ·:tii~-y-·:coh~irt~'b:r6k6ri.:,, .. :ic~· '()~,: -~-~ryihg:va~h_si t'y /.or · sonfettnie's·. < · · -
' \ 

_rare .1o~:~;9r~;~Ht~h cl~ar~w~t'erF(~~i~6d:ya:y~·-:·-.,~:~ _ _ _ ·- ··' ·_.·r.i _ ··· '.,-. 

(I~- thEf:·-'·~bqv.-~i- ·case!; ¥azvodya.;·.a:~ce_':_-fli-i~ly:::~g~:, ~fn-te~vals.: o·r. ~taa.r·:·~.<~- .-_ ... --. 
wate~: ·.J?e.~we~~ f~eld.s , __ p~tly ·:f_il~~d .. ~i_t~-~ very diapere.ed bro~en 
ice' ot: leads:, be'.tween!· fi'E;3lq..~s. c·om;Ple't'e:lY'::c.~e·ar .. !(jf :=broken- io'e .• : . ·__ - :: .. · ' 
Separa.t-e patche-s ·of -ole~.- water which. d.o- ~ot· ·communicate :with each . 
other and·. ~te lc)cate(f be-tvieer{ .. f'i-e).de·· ~e; -·.termed: polynt\ .· -.(F'lg /t 7) ~-

. ' •. , .. ::.. . . ~ . \ . . . . . ' 

·In .A.rc ftc. ·aeai{· ·the freez.lrig, _anitJiUimnoc:kirlg. :c)f·:-1ce · which h8.s not· . . . 
- : - . . _, . ' . .. -. ' -

.. .. . I • I . • • 

thawed:_ ·_tp;ro~gJ:i ·the?.· eum!ne'~ ,~.: .·occu~~s: .~oinewrui~-·:dit'f~reritiy fi~om. iha·t· of · ':'.:' .. 
' , l_. • ,- ~' , • • ' ' ~ · , , 1' 

0 
, '

0 
. • , ; : ~ • ' I 

new ice :·fo~_t1'6ne :deecrt,'bed.';·abo~e-.:-'>, - -~ ::~ ':·. -.. 
"' • ,, •' • • • I ~ • • t • 

.. ···,,., .·., .•. --~"";. '. t'·.·, ·,·. -~~.-~! .. ; •• ·~ .. :·.:"~ ... ·~···, .. ' ... , •. : .... · · .. , 

f'h,e.·.:f.9~t:l~~ C?f ~e'Vt_ 1,be _in the· -ptid.st ·o_f ·old i·ce- ·o·an ·take··.,. 
. • : . . . ~ :. ; .. . . : - . . . . ·•. : .. · ..... :. . :~- . I ~ . . . ~ .... ~-. ..· . ; I • • : • : - • • • • ····:· ~- • ' 

plac'Er:··only -.fpJlr:e·a~ ~clear·-'qf ioe ,_. an.g.·,:also. in: the s,-' yemi,: Th$ · · ~ -..... ·· 
-~ :'•. , ' . . . . ~ . . . 

presenc.~>:(pf:.fre.~h wa,ter '~hich.-·has-: pe_n~·trat~cf ·tiito >th~· .:th:(~k 'o·f·::'tb:r(' -·:.-·.~:. · :: 
• ! r • • ~ ·' ;· .; ' ._..,, • ' • • \ ' • , • 

hummoo·ky ·t~ei~~'~. _:~c·e:-appe~r~' :e.a~_ly:-~:tn·-:tn:e··;d:e-~salted: 'la~~r:.-··.-,:'.itf'thEi-_._ 
I 

thi_ck c;>f .the· fi-ald.; ;. :f'!'~sh>wa·t~:il"' .~r-~-ezee: 'compttrat·i~~ly·: f~st ~·: tr{ad)' .. _·_ · L 

; . ., .,.- • . . ~- • 't. - . • • • . . . . ..... 

- .. --; '·-- . . . ., .--· - . ' . : - . ·- 1.. ... - . ; . _. --; .· _. .-,._ .. -: . ,-- . __ _. ... ·. -,- :- .. 

. di t~~n~ ·.~~-- c~m$b.t:S -s.nd:: it:tcreases·: .~he:· thic-khei:fa·_ of the ... _C'om;paqt· upp'ef' >' 

part· of:~·h~o6~~ ic.~-,' .. a:ncl- a;t.so < fi.eezea and. J'~·in's 'to~get·h~r 'the pod'sovy 
l ' ,, '- ~ •• 

fresh .~a~~t- ;~1-~q(:faoilities. 'tfie~···:rre-ez;tng': intb a:·- oom:Pa-ct ··ma·s·~ 0f' ·~hrt>· 
' .•,. • ..:.. ' -- ~'!.... '·. . • • • : •. • ' • .. • ' • # 

of the·-~up:per· ~cq~u.JAt.f9ns' -~:-the·: rCS:Paid -(up~iight:~hiunniooks}; :.ili~lt~d·?_ ·. ··-·<-: ·:_= .. 
: '• ~· . ' . ... ·-· .' ' - . -

snow rem&~n~ng. 9~. the, ~~:le also_ freeze~. f~s,-t .• 
. , ·, I ."' • • . • ~ ~ • • . •· '• • 

·:· .. ,· . . 

·•.·,, '• • .... I 
•1. l ·' 

-i ... ~ ..... :.. . ·-. 



, 

·i'ield.s pr¢ceed·,~to:-:fr~ez~-~:-~-.tlle.,:B~~~.r~-f-rousnn~--~;s ;.?~·;_!~~?; ~\'e~d-s _:-is;- .. -\ 

somewhat :le.ve.il~d:' .ci.6~n:;>:· ~Ali-. ,inl~or.~t ))~bt\l1~ai;:t:~Y.'- .o,f- _the ·1n.1. t~~~---
. . . . -

.. . . ' . .; . ; 

. fre·ezi~g of•.'·old<>tc~. is thl?.t -its>geheral· si~e---q~. tllicJ,m.ess 'd.o~~' not.: in-
• • • • - •• • - • • • • • • • ' • ~ • • • • -. - • :':. ~ !_ •• ~ - ' • ..\ • • •• • .: • .... :· • 

-crease. imm~d:tateiy· -_. a co~side~abl.e ~(junt ·cr- time· fs ~:P~~n·~~·:_on --~h.e · 

fre~zing'···thro\lgh of···th~ :en~ire· ~hickh~~a· of. ol<(Jce {S.l3f3..! T~b~-~~,_~t~) _;-~ 

·,_ .··· · · .. The fre~z~~- thro~~h ~:-- old ice 'fa :still.·~~~ -~~'~fa~-~~ ~:~· is , ' .• 
• ' 4 .. ~ - 1 

_ cove;red.·w.ith·-a layer of ne1'(·fluffy ·f;lnow.· Thus it is ~t~t.~ ,wp.e~ 
. . \ 

\ 

. o;td- -ic'e . is_ 'pr'esent ~at sea:~ ': tne···loe;Js Qf hea..~ by :the: sea.. is.' ham:p~redl 
. . . . . ' . 

while. ,tfle · amount. or ·newly. torrilea·- ice: .ct~creases ·as. compar~d>~i:e~ .. - - _:, ···. ~. · 
:' . _· - .· - -. . . - . . ~. -.. .. - ... '- ·_ . --~ _- '·:· 

• what. might· have taken plac.~. -~.P.d~b~.··;·ftY~ri-t.~Pf::-90Q+iri.B:.of a sea:' ert~- · 

tireJ.Y fi.eed f'rom old rca/:Cg~~~~ok-~~~ ~~~ ~~~~enC~ bt t4~-~tte;, ' 
add-itional .formation- of _iqe ~·1.~~:-··qccur ~in -t~~ao p~ts '·of'' ;the. se~ -~-- ·'. ':- ... 

-~ ~ 

. . •" . ''. -. •;_ ' ._, 

:N"t:tturally:, __ ·,t}!e hUil1lhocking. 9f- freezing· old ice. bears .ho.':fe·se~~ · ... -. . . . . . . . ·• - ~ . ·.. . 

-: - > l : '·~·-; ·. -.... :· . .... -· ., ;' .'; 'f 
b_~an:ce\-to ~~he .'hU,mmockirig of-n·ew t;Ypes-:--of .ice_· •. The ·basic· di~fer-enc_e~ ... 

her'e- lfes' in ':t_he ·'fact ,tb!it-;· amongst~the old .. fie.lda}~·the:re a~_e··-n.d·.-·· ,' .: ··· 
I . . . .· . . . 

large~-l~yel.- fields .undergoing rafting~· 'When pre:smu.:e 1 ocb:U~~-~· iii::··-.,>~--,, -~ ·.· 

·.'the 'mf~F~:t ·or: olcl dee,_ the' young -ice_ 1\Thlch· has --c6ve#ed:~~th~- s'yem:i :--:.· .. · ... 
wi~~ be i~e.d:i_ey;tJ3ly;subje~ted to breaki~g ur> ap.a;: hummqcking·. ·'-\lherl_ 
contractipg, :. tp~ ·s·' yemi. fqrni .. .fm.mmoclcy'; ,sn;oro?ji "wit,h -a;·. ver~i ttrte:Ve~ sur···: ... ,: 

!_ • - • • • .. ,, •• • • • ·-· • • • • 

. ' 

pressure.- ~s-._ exceedingly. s:trong;· ·provided/_ howe_yt?t /: tliese ._ fieid.~ --~-~re ~ . -

not not.:t;c~~pl~--- d.e.s-troyed: by pr~v:tou~(-~tnawing •. -.. TlUtwittg ,'.f~a~ehti/'~t 

ro1ltld-~d '-~hap~ f3-i'e. ~- c_om:para ti ve ly. e·a~_:tl;~.:.::arams.:' into . h~dckitg,·._· arid::. 
they :p~0duo e· C.Onf? id.e_r~b_l€3- ac_cumula :t 16!18' both'~ on.: ·Ens ,: s-\b:>ra6:e>bf i •. th:~ ~ ,.; 

I 

ice and. in the ~~te:r;::,und.er-.t~e- :t;:p~_.:;---·-Hurmnocl~~>:t:i4:ges: fp~, i:r.lle·gularly,.-

·- 59:-



r 
, .. ·~ 

. _-

but sometimes ~p:tre~:r: _il1:·:~ong,< :~~~ai~t- ,:lfnes_,_- ·E3:tre~9hirtg _along·.· 
.··• ... ·.··! • 

the cor.re~:p_op~l~~:-e;df{ers ':0~-t~rg~-~ p~~~-r~~.- fi~ld.a.·:.•. :_. <Mt~~-'·-~o:,nurnepoh~- :: 

hummoc~iJl€> • alld brliaktnti ;up, '~;y yearS; , ~{d. ~~e ~~~clilqea muc~ mora · ... ·' 
. . . . . ' . . . . . . . . . . ~ ~ . ~ -~ .. : . : : ... : :· \ . 

·broken .. (b e.a_ten); .tq·~(·!flien.: tt : .di.ape;a~·s' .'~n~: t~w~ -thfin _d.oe.a -. qn~ ~-yea;., ·· ·, · ... · · 

ol~' ~c~, , ,::·• . . . . : ·· . . .·. . _· . ' .': . ::• ·'··, ·. ·.•.·· . 1 , >: , ,'.,' ... ·.·. . 

natural: phep9~ell~; :: ~nd -;'pa~t~~Ular·:J;y SO inr ~r~t19.·_· S.et,3.s:,-. whe~e ':the\·_·-<:.-·· . ·:· .. 

force ,qf. Pl'\H~IJ)lJi'S ma,y'l>iae ~x~aord,+~tly ·.~tg~-•. ·. 'J:n winter;·. :th~ ,-·· 
force of :pre.s£;3ur6 ·grows· conside:r~h~y wh~~ t4e:. cold .. --~s' intense -~d. :· ~: 

• •• t' ... • . I • ' •• • ··I:.··,: .. ·"!·.. . . . . 

great :mas.~e.s_. of. ,i9e are ,coh~o~idated:. tn·tb.' a 'singl'e' unft; ev~n·· with-· 
1 ' ~ I • , • • • • ' ": • , '· ' ' I \ ~ 

;, , . , j ~ , ' . t• • ~ ~ ;, , ~ ... 

an 1-n~igp-ifiqar;rt ·s:peed, ~ne·l fuQ:Ving>f'orc~ )pa'y -b.~ tremendous, .'part'i9u:.. .· 
• ... - . . . • • ,- •• .- . . - ~- •• - •• !_ '.. • • .. .• i . 

larly .. w}+e_l}.: ,:the . .tge :p~ess~s,_.-:91i the a.hore:~ .. The. maximuni. for.~ a·_ whtb'h' the: 
: '·-.···.·.. .... .· ' .I: :.: ,.,....\. 

... ' -, 

pressure of ic~,:~m~y.- _rea.ch -:~epe~ds ·on hqw · far··,exten_ds_·_ th~- ic,e 
. . · ... ':' . . 

. . . . -

cover in tp~,_ q).~~Qtion w~~nq$· ·the_ tee :fa moving.' . . i 

In the event o.f str.ong· :pres~u:re'; -.::the ·proc~-s~ _of_ .. l:l.Ummo~_~ing .-f1.r~t_. _, 
, , - \ ' ,· 

1 
: ,• • ; • .. "' ,, ' I ~ 

•\ ':..:. 

occurs ,_in :~~~~--~IQEiY::·!be·_:t~_~ed an:':orderly way, and ·thi~i .)li1~_iL·!l3.- :· _,.. ... 
. . - . . . . . . . - ,. : . . .. ~ . . . . . . 

. .. . -- .. . . - .. 
. , . _ :' ·... ·- .: , . ~, ... . ·, . ·· · I • ." .. ~ ; . · : ~ ~ ·~. ·. .... ~ .. :·. 

great B;n+QUn~ .. pf·_-.br~:tk~·_.:ic~,:has b~e·an· acO'UIUUlated·. at- th£?:- spb_-e··where·· · 
' . ·~· • • I,; . • ' ' ' • • •. • • • : i •\ • ·. '• . ' • : .,- ' . • . 

a break. h:a,~ 9qp1;1r~~d-;. th.e:r-ea~te~; p~~ s~~re pro6e-eds-~_py ,f:t_t~ .··_E1.rt4.~- --:_:: .-.-- .. 

starts. . .. It .·should_,.here ·b·e· .s·tate·d,- th~t-· pr~s-sur·e· -'arid hllliwidckHi@":"- :--.: ;.:· · , 
, • - • • .• ,, ' .. ~'7' .. ' • • .. ' ,. . • • . . • : - - - ' • '". • - • ' . '• . ' ,• 

stated _in .d.e.sc~1.pt~Ol;l:a~.,wh-igh want-ed_· to· -~d-d. spect~~U~~-··g~ainor ·to·:.' .. :. -·: ... 

this phenomenon.whic~ is< no dOUbt gr~nd_iO~-~, H a~ould ~e -~pt· in· 

. mind that sea iqe. iS·:a ~atrly'p'!a~tic mas~,.-that it :i.'s CO.Ver~ ,:wi.-th 
- '· · .•. ·t. • ~ . - '; :· ., _ . .:' . • .. i " 

layer .. Of ~Ilu'\lf_, __ .. _?,.ncl;_ ;th~;t·:_I~.'UCh crush~-.-d- ·t~e.'· !s- o·ontained. '.in- .. ~fnt~~Val~: · :··_',.· 
. . ':.: ~ . ·: ;_~ .. -:' - . . . '· .· : ~ . 

,.: .. :·, 

..... 
. . ·.·. ··_., 

. . . ·.· .- ·.·... . ". . j . . . . - . ·:.·' 

between_ .c~mp~g:t, __ fq~t.iojls\::;-:;Tlii·s c~mpcirative.I;y( soft- -~s~ .. can:: there~ . . 
•' . ·.. ·.' ~·· . .. . . '. ~ ...; . ' ( . ·. . .. . . . 

fore in no .way-,,pro(luc~----;rqaring~or_.:.-re·aoAabt/::s~uncis. '-'Aii· .th~ .ao~~ds·--:· ·-: :·-
... ,-; • •• • "; • > -_ .. -,- ,·," • - • • >· - . - . ;·... : ---- ' - . . 

.·. .. . ~ . . . : 

. ~ ,_. '•-:: ~ I 
.). ..... .. --- 6o'-..; :_ ~: ••·· ll . 

'• • ; • ~- .: : T• 

. ' ~ . . ·. ~ . --. .- .... - :. . ··~ ~··. - . . . 

' 
.. 



-- ,;r,.· .. r~~~r·':·~; 

sim:i,lCI.r to that of sledge runndrs on th0 snon, but only l~ss 

resono.nt; oceC~.siomllly, C\. fro.g:mcmt bren.king off from a hec,p of 

hummocks falls with a sms.ck onto the snow - the ru o.re no othvr 

II • II £ helllsh sounds, 'he sounds, however, which mo.y be heard whon o. 

vessel hu.s be•..:r:. cccught in ice undergoing pressure, ecre of a dif-

ferent nature, •ih::n ice frecgmonts cere crushed or brokEJn c~gccinst 

~ vosso-1 1 s hull, the no is 0 rnC\.y resound very loud in tho ship 1 s hold 

and m:cy be simiL,.r to l:·~.shing and grinding - but tllGse o.rEJ ph0nom8na 

of ::.notho r C'\togory, J.s is ~ lso the ro'cr of the wind which is 

usually vory stron~; flt tho timo of pr:os:s.urc. 

Drift o.nd Dispoi~so.l of Ico • 

. Srciling in c,n ico-ridd.on sea is possible only whon the ice is 

sufficiently dispersed, o.nd it is thorefor·o most important to know 

Hhf',t conditions may bring on disporsr::cl. As [:c genoro.l ruL, thoy ::-He 

tho snmu conditions as produce pressuru and hurnmocking, na.muly tho 

wind ;:;.nd tho currents. A third f'C~.ctor - th:nving - should be Lcdded, 

but thr.t has ~:.lru[\dy be?n dc.<alt Tdth. Therefore, disreg:J.rding tho.vl.,. 

ing, we shr:~ll ux:.llnino the conditions Yhich bring o.bout dispersal of 

In th.:; c..bscnco of thawing, ic·.:- cov0ring ~n cmtiro section of tho 

sofl m.Lcy o.chiovc dispurss.l only by spr•:.;ctdinc; ovar n. larger surface of 

V!Li.tur, or in consuquoncu of a r0duction of its tot::Ll surface brought 

:::,bout by rafting :end hwnmocking. llhen the ·wind provokes tho movomont 

of icc, or ':cs it is co:;r::monly cccll6d the-: drift of ic0, it s:imultCJ.m;ously 

sets in motion z-\ c-:Jrt::J.in L'.yer of' vnter which is driv-.m 3.long with tho 

ic.:;. 'Ihis h·.yor is the more cons idorc:.ble, th(' greo.tor the o.cctunulo.-

tion of ico under the moving ice-fiEJld. Consuquontly, lev\:)1 fields 
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- ld .,. 

drive the- least amount of water along with them, and this explains 
~ ' • J -~-

th~ir mobtlity,_while heavy hunmiocky f:l.eld.·s:_dr:i,ye_-along·~ith them a 
' - . . -. '" . 

• ..1 • - -~ 

mobility, their· s:-~atar_ fnertia o • The :p_;asence ·of heap~d up hiunmo~ks· 
. - . 

which pl~y_ .... ih~,:~;~;:--~r:' -~iis .-::·i~;.,hb':<~a',~&nta~e': to "h~~~k~' ~1~~:d.~ and 

._-· . .-· :::;-.- ~--__ --... --:.·-o; ·.; ·_:,·-··, . -.--, ' ..• -·· \' :· ' _·__ ' :·· __ . ·;. . ' ' . 

·d.oes not speed the drift, -because und:er~:wa·ter.·accumulattons are . ' . .. - . ' . 

usualiy.':gre~te~-rthfiri>those· ori·· t~:P:--a~.- th,~ ;_;a.~n-si ti. ol -~~t-~~- ·_1:~- con-: .. -· 
·-..··! --

siderab~y\:h-:kghe.~ tha.p.n~:t11:-C?:f ai'~ ~-:; .. T~~--~:sPeed ··of the drift de:pend.s 
. ·. , . ·; - -·. ···., .·, :, .· .' :·, .·:"•':::::-,,-·,_:\--:·~c:!-n;:~f:':: ··:· :: ~:, :·~~ .;-·\. -~.- _... 

on the ~size of .. t_fl.e,i_c-e,-::ev.:an>in the:-event·.of a unitype formation; 
r~ -~: .... :. .... .. •.. . . ~ - : -~ . . . . . 

When the;·-wina-··:.'has, started bl9wil18, a -}i~se·- :ri~ld will move slower 

.thaU broken ice: wh~re~·~ ,~he:sd~J~io~<~·iJ:l'~~!l reve;sed ~~n ~he ~~~-
.· .. 

iS Ca~iqg :-dOWn~·- _·Th~refor~ ,· !ev~.~- .. A~~-~~~:.L~~~~d-i··:~!p<t,;,__,aJ;l_j~q.Q.~~tion • ~j~J~-. 

Of ic ~ ~~{1~~Jt~. ~\;~. ;~;~ .. ,;~~J~~ ~;~.o~~J;~ -J!O~,',~lft' eiP ~M'om t~tiomr;;~, J 

concen~J;'at:i~~ ~~~- di-~pers~i· ~*ill. occu;.:>ifi~'td..~ 'tlie ic·e tor'rent ~:hi1~- .. 

drifting,, ~rid t!i'6 laite'R wiil cont'i;~~ 'by ii:lei-tia even after. ~he wind' . 
. . - ·:··-··. . . . 

has c~j:in~a">ciOWn:, ;,provid'e'd_,· howev:er,·._the're 'ts sufficien;t free space 

'~o c~o~e 'iritO • J:f,'e_ tbrtan t bf ,~~e- ai-1 vall frs BlY ~Y th~ wi~d en- · . - ... 
; . 

counters. an'· 6riata-.c~e·. in its. :pe..:t;;l?-1 it ,wi~l rapid.ly ooncentra te ihto · 
a. ~~r~-- c~mpad.'t'·,nfa;se_; 1i the·_,·o~~tacle.· is- n~t ~he shore·, ·b;~ .. ano·t·h~r 

• ' ' • I • I. o • 

-~\ ,.(' .. :. ·-·.;-; '.: >t -, ;. _-:· : .. ~ -~ ~ 1 ·,:_·, - ,. ' • • , . _' -- • . . . • - • - •. ; • • I ·, .. : - '. .- ... _·. . ·'. ... , I '_' , 

d.rifti.rig· ma·$_8·-:·_of·:··$ee,,· :cp~C53l).'t'r_a_~:~on, ar:d cqmp:r-e~s~.on will take place 

a.nd~~ · £~{~-f·~~·ft:~r:/-.-the ·:~~ps·_:J~-~~r-ei)t-· . .-.wtil ,q9nt~n,u~' ~~ · ci~ift·, ··: .afref{ciy··~.,- -·- .. _; 

pres~~tiri~ a nior~ Compa~t ~ss.' ,, Hw~:~', ~umm~~~ ~1~~~~ ot ~ 1:;~' 
: . .... ' . . : ·. :·~· ~ -~ ·, ' ' .• 1 :.:.t: . . " 

size ofteti · ~~n~erve- · th~ir· high a:pe(3d_ even .when ·they happen·. to. drift 

.•· 

·. . . .::- ' ~ ... 

in to.;. an aecumui~t i:ot{ pt ~-de,ri_~-e .. P.:rq~~.P ice;·. they' then prod.u~e: 'cons~ d-
.. _ _.. __ ·. ~ ·_.·_.·, ._. <:· .. . _ ... - '::-:_ :.-· .. .: .. __ . ._. :r ___ :·---· .. -.. - -'~_-': : ·· . .-,_.-.·:,_,·: -. ·-::- .-;_ :_ : _ r · .. · __ 

·arable d'is:pe~saL_.be:q_iria-<B~e:n+i.-,at1d._-~_po~preasion- -b~fore' them (Fig~ 23). · 
. . -. _'--'-''1 ". ·- ·, , , .. ; . : . - ,) . -~ -:'" ·: -',_ ·. ·.,,---1--: c· .; :;·.-t.-:: !': _.·_·: <. . _' ,:>:! ,1_·:::_.·:~·: - - ::,_<i· ,-- '_. _--' .·.'· ', -. , 

'Although a:eemingJ:.y;:sj.:ruple,-_ t.h~:-:.aqt:i,.Ot:l·-Of ~he f_o:i:"Q~ .or.-~the .wind . . 

.• , •. ·· .. ···. '~.: •. ~n the·· •. ~r~~r~.·~r.:~~-.,~f~;.:i1s;':~~~e~ .;f5~P[e~,···\i~~~~~~fo;i,;Y~-~~~'~+:: :::~·:;· 
regulani:&W,<o.r- ~the.:::~<Avemen"ti:-:_;(}f' ·'dr:L~ting: :tee,: -numerotia ·other: factor's · 

,:: :~:_.· .... :: ::c ... { ... : ·;~ .,·J,. ·'·~> • ·'.::.~ -· 
...... f. ... :.~' . : .,: ~ .-= 

(~ 

! ' 

·f. . ~_-;· ,_. ~:- ·9ai"'~--

. ~- . : :; '. ·. . . . 
·,I' 



• 

.··· .... •• ;C ·~· •• 

complicat~ the_ situation. 
:, _·· .L~· -~ .;.... 

It is thus difficult to i~o],.~te the 
. ·i: .: '._.. • '... . • ~:. f ' . . . ·~ . . . . 

I • ' : • • •. ,. • 

effect. of .:th~ wf~d. _along on· ·the. 9r:i.ft_ 9f· ice for. almost sJ.mul:taneous-. 

ly •. W~th,,· ~~~·~· n:~ve.~e,nt· .. ~;···:ce/ .. 'th~te . ~~a+'~;s .. ~~e:.~c~~P+~+~g ~o:fe~f~·· ... •.: .. 
. ~ ; . 

o.f ~ ·).ay:er _of -:water.,. swept along: by t~e ice •. Howeve:rl, .. >~herr ohe· . 
• :. ' ... ' •• "" • ~ •': • t ro· • ' • • -. • :.~ • ,. ' : \ '• ' •. •: ,."' • - ~ ,J• !::;.~:' ' • • ',; 

. i . . . . . .' . . . . . . . . . . . ~ . . 

s~:p~&te io,E3-floe drifts along driyen:_by. the wirid.,.~ ·th~+Ef i~ scarcelY 
. ·.- .· .,{ __ ,,:~); >·:·· .. ·,_:- . ..... :---.·--.~--- .. ··: -~-·· ~:~··· -__ ·- .. ~.:~: ... ···:·:·.~·.··:::·-· -·~-- ··.-··( .. ; __ ~J .:.~--•• :-·._;' ,;~-~~~: -._ .;, • ••• ;··--~~-

any aq.companyipg, :l::?:Ye;r .o.f w~te~· to ~pe.ak .of •• Conseq;uentiy, a. +aye~ 
•• ~ ~-: ',., ••• ·._' .. - _· • ••••• • • •• -· ~-: •• _. ----~-~-- • ... _ •• __ ~· • • .. ,"'' _ •• ,#' ~~ -- •• - ••• : ~:· •••• ••••• ...--•• • • • _:_. • •• f ·; .. ,. --·:·· ·-.-. ·:·(· . ~- .. -

consi.Qer~bly :~Pd: _:ls not .ev~p.ly distributed b:~c·a~se ice may a:cqumu-. · 
:_ • _; _; -_ ... • •. ; -· ,: :.:: • : • • ••• - ·_, • '•. ,· • - •. -~: ··_. ·, ,;·: ~-~-· 6 ;--. ( ·: .-:-.. .. • • ' --:.~-~ _. !_· ~ ~~ :~- ~~ •. '• ·-: 

l~te . ~-i the.r ~n -. a.t~i p~, . or. tn : ~e:papa, 't~. _ .ac9wnitla t:lons of varying , ·.~}la:Pe; .-
, .. ,, • • ' ' : .-_: ~ • > • ~ ' • :_ .. • '. : ; .~: ": • ;\;1·>1~1):~~~ ::.7:~; :,:, <· /!!;\';;~_.·: . ';, :' . ' - : '·, .. -. ·: 'j! . .·_: ,~-· \:: •. ; :' ; . . 

.· or, _may a~ t~es be dis.tr11n~ teq. ~.-:Pt~.~-~y _·p~·g~l.&;riy: It ~hould. :Pe . eta. ted 
' ' '• I C '• ' • • '·': '• ., - ' : :.'·.': '·.!:,:~-~{?•'' ~·:·: .:, '/~ .'.<·~· '; :-:.,'; :~ . .- ',• ,· '," ,'>,·,-. • ' • ' 

that the laws of the drift~ng :~f ip~ a~d 1~$ d~p~~dence o~~_th~ y~nd · 
~ ~· :' ..., V • -~ ~ •, ~ ~--.''lt ' ' : . ~._'. 1 ...-,~ • 

1 
• ' , • ; • •· •, ~ "; 1 .._.,! ' 

have .not yet been sufficietitiy stud.ied .• 

pra.ctical comp~t-~ti<?ns, .~nd. 'o:q the .ba~is · o:f ~t fai:rly ·large_ 'nu~be~_-o:( _' .. 
·· .· · : ./'' ··· .- ·. _: _ _.~ · · . .- "'., ·',., __ · -,... ;_- · ·:'···. ·.. . _.: _.: ·.·· ··i·_.- ... ~ :,_. ·,·-. ··;·.·~: :::.·' · ... ·.;·~--~--~ ·:_-~ .r_._.·:-'-~····:..., .', , · 

:· .. : ~ .. '! ·:: :· ... _-. -~- • : • ~ \· .: · .... •• . • ' • • • : ~: ~~.;. !··.-,: ~. ·. ":•.' . '! ;~ :-;- .: .. ~~ 

· ya~_iou,s. opse3rv~~i9J;le;.~ :on~. may ~se the ratio now established b.et"t·reen 
' ,· • ~-· • :' ·:~ ·, ·~:··, ,· \~ . ··,~: ,·' I -' • ," ; '• .. ~'~,',I- • ' ' • • ·:·,~.! _,_ ~':•:'1'.·.' r ,-_.,. • ' ~ -~ 

·.the vel,oqi_ty. of' tJie orift and the ~e~ocity _of' the wind .. pr_od~cing·" the . 
. ·._. -' .. :···:· .. '. ~- . ~:::~ ;· .. :::' . ~· .-. ~'> ·.-. . '-... ··- .. ;· _·._ .... - ·-.· ,, ~-~·. -4 • -~- : __ •• " ._.. ··-~ ~ .... •• 

·drift. 
: ' ' : < • ~ • I • • :' . :~ . ' ., . 

\. ....... 

. ~ . Th~s. ra~io•; ':ls:tta.l.ly te_rmed "wind . coe·f~~:.-~ient',~ .is,,_· .. rQ':t~hly ~.; 

about' 0 .o~·-·: '~n pth~J;' words, 1 rn./se6. of wlnd velooi.ty co:r:resp'ond~s. ~ .. '. 
' . . .• . ; • ! . . . : . . __ ... ):. : .. • . ' • •• ·.,. -. '. -· - ~ •• . .-.. : .... ~-i..: . .,- ·- ,· .. - ~~ ~ 

.t~ 2~/eee.' of_ ve_lo~i-tl of· qrif't,ihg .. ice. -)~n re,gard. to the _d:tre(}tigii 
. ;: '. . . _:· . :· ·. ,.: . · ... --~---·- . _ .. __ .. ~ '· ·_. · .. ·.·· ·.~:~.. . .. ·_ .. -..· · .. -·. .... . . ,·. -.. . . . · __ :~ '/ . . ~. ~.- · ... ; ... ·-;"'· . 

9f th~ _drif:t, i_~- _ba~· also be~n established that, in higher ~a~i tuc}.es,_ ' 
e ' ' ' ~ ~- • • • • ' ~ I ! • .._ _-' r. I \ • _,. - •, ~· .. • •., • ~· 

I· . 'j 

tpe d:i;r.~otiC?n of. ~he drift de-viate:~ from that of· the wind app~o:x;i~ .. 
: -~ ~ • :_.- .. • ••• -~-~ ~ • '_ •• .. .:., _·_. ···~ .': ,j: • - ,: .-: . ·-<·· ~:. ~ ·~-... · '~ :· .·. ~. . <- ..... ~· ... · ' . _ ... .,_ ~ :::. "':' --:-~:; . -:/,· .; _.: ... . 

mate+y. ~~o0 :_t? '.the_ ~igh~· in the absence of obstac-les\ arising_ from , 

t)le IJroximity oi ~h~~es or ~~·'other' ~a~~es~ T4e ~i~~ ~~~;;;ci~~t, . 
• ',,.' '• .\ ', • '• "";'' ,·'··~- ' I:,~,'·_.-,_._..._,~~..- • • ', i·:.' •.~--,.·, ~·.;~·.;~,_:_: ~:: ·. I' ' ,~· '.:.,;~.; ,' 

as well as t}+e angle o;r.,· dev_iation of the d:rift of ice from the d.ireo-
·. ·-· , .. :'···. 'i._;.: .. : ' • ''.:.':·:;.· <j~·t<·::·.f;·,,·:c!'- .:·· :'·. ··.~:-: :·;. 

·*RUssian original' ~howe the· value.s giveri. · How·ever; -'!·t fs tak~n that._ 
·veloc:i ty of: arlft~;n8.--.tce ,ehou~d:-,~c-tua"I1y.;··be~:·o,,Q2.:-m:/ee~i rt>r: a:. wl'na.'··r · ,- ~;. 

velocfty C?f 1 m/rJec·. . · 
'! . . ., ............ f • 

. · . . ::.·; ~ .. -~~~ .. ~ \ ... 
··~ '. ~{ " . ~' l' '- : ' • ' '. 

• I 

I.· 
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tion of th~. wind, no doubt also d.epends oii the degree to which 

the ic~ ~~ver 1;; :~f!J:C:l\ied. , < ,- .- . , : .. : " ' :; 
: ... 

-.··It. ehb~ld::be f:ur~her -~·dd .. ~d t,ha t ;'.;ge.~erf:l~ly. sp_eakfng, the · 

affect Qt; ,c~en~s .on .th~·.:~ri;~- oi ice 1!! · ~~ry gra~~' · and· ~Y , oi~a~ · . 
·: ' • • : • •• • • '. • '•f • . ~~--- =~.: .· .. ".:'.. . ... . ~ .. : '.' .. ·.' ·:·~ ·/·.~.; 

be of.·m~ch·,..mop~.t~~<?r.tanti_:~·.-~~a~·-_.th~t · ~f t.he ·win4··.· _ _,Thus', .i~ fee· Is· 
.: : A·. .: . . : ~ :· . .. - . • '_ .• ·· • ' _.'· .~ ~- ·. - . .. . . . . . . ' . . . , : . ·.: ,. : . : . . . : •. , ... .' -:· .' :·. . ',.o , . , 

dl;'if.ttng;, in:· tl;le ,c~rr9nt, ,o~ i.s. kept o-l.o.se to shore by the.:·curren:t, ·.: 
o' ' > • ·, • ' f ·. ~ • ,· \. '.··,: •.:...,,':~ • ~··· ' ·' ', .,..,·.·. ~-. ~ .. ,·.;I:-~,.<:': 

the. vilid,W1ll. but.,,~nsign~tio~tly ~~feot· th8 movement· of 'tea·,·· ~nd 

this ~~iC in~t~~,~~in~ f~J,l~w th6 ~urrallt' BJl~ not the wini:' '~x- ' 
. . . . . / .. . ...... '· ... : ~ . . . ; . . .. '. 

ceptionet·ma.y·.h,.oweve·r. occur· iil th~ :event.· ~f··va~y ·strong ;~i~d~s•. · I.t.· 
. ' .. · . . -,· ... }. ) .. . ..... . ' . 

. I . . 

should; .. ·tn¢refqre: in .. :·:no-. cas~ ;.be,, as.sumed .that .a ··d:Ls:persa.l of. :l.ce is· 
- ' . . . . .[ . . . . : . .·. . .• .· . .' \'' . :, •. . . . . . 

. \.' l . • . ' ' . . . 

bo~nd; .t'o · ~ke~·,.:plaQe.-ln. ~ .- qo~,st.~i: .regi¢ii when· the wtnd. is blowing· 

1-, .. : .. _.. 

seawa~4 • > The. q i~pe~~al of ic ~ :in t:h;·: ~i~init~! ~f the sho~~ · ~rom · 
. ·: !• ~ • 

I •' 

which .~he,_w·tnd f..s .. <b:Loying,:w:l.l;l t~k$: :P~~~~· o~l~· lf the follow.trigr · 
., •. • '• • • :! I, • 

cop.d~t:iqn:.~·~!>r-ey~i·l:~; . ··l.). if .. ..: there is .no. cw:-rent ·pressing the· ice "to. : · 
. • . . I • . . . , . . .~ : ! . . 

. . \ . . . . . ~ . . . . . . . . . \ ... ; ; . 

. the·.-· ahpre, _or .i':t. .. _tne. :w·t.pd: .is .sQ .. strons.~ t~t ··it: surpas·aes the current; 
• • r •. , • '·' •· ·-· •• . · • · · • · • .. ..: • • • "'· , : • .• ~ •• -~.: :::•i:, : 

2) J.f. the.re·fJ~·.~8;.clear .. ~rea o:f··w~te~,.. into ihioh. the s_hore wind c~n. 

drive ~he,.. ice ;. ~nd~ . 3) ; if -in othelr part~· of the ee~ ~her~ ~e no - . 
• • •• ,. • •• . '1. • ; '· •• ·'I •• 

strong~r· w~nd ,·. :prod.tici,ng a pressure of .. io~ towards··. the· sh~re i~ .. 
. . ' . . . . . . 

question·~,:, :T,he;la,tter ev:ent:11ally !s .always· :{iosSible .. because tne· ef .. · ' ~· . ' • . . .· . ' . . . ·.. . . : . . ' . , ... > . . . . . . . . . ~ :· . . -~ .. , ~ . . ' ~·/ . 

feet .. o:f ;d.I?-d. 9n- continUOUE:J .,i~e· may be .. transmitted. to oonaider~ble 
. . . .. . . .. . . . . ~-: . . . ~ . .- . . ' . . . . ~. : . . . . ~- .. 

. di.a-~anoee;,:. often·~rov:~=iking c~nc~ntra~~on.o~ .. dispe~aal' 6f<tc·e in: the .. 
• ...._ • • ' • • • • , ~ ' : ' ,• . ' I • : : CJ ' ' \ ' • 

aheence ·of:~·,,~v.isi.bl~·- cause •.. I]).: oorit~ary conditiops, .i ~a •. wnen .t:P,e · 
' • - • • ' • • ' • • • • • ~ -. • •• ~ • • • • •• ; •• : ~ • • ~ • • • • 1 • • • • ' • • • ¥-

. ~ ..... : 

Wi!ld .. bl.oW:a ~fr.oxn:' j~be ·.sea to'W'a~d~.: . .;~he· shore 1 t}le iC.e' near the snore . 
. ' . ... -; .· .. · .. · .. ·. .. . . .. . ·'' ·. ·: 

. ; 

will thiqken:'.:in· all- casee- b:u~ -one - when the ·ice _'is being driven· 
: ~ .- -

. . . . I . . 

froni .t~ef: .. snore, _by~ a :Qurre.nif wb~ch. ov~rpowe·:rE:"J, the ·effeQt. ·o:r· .·the ··wind.~ 
, I 1 • .~. I • • , ' • , o '• ' , • : : • \ • .. • , ; , , , , ' • 

Similar· ·:phe,rtoll:le.na -may b .. ~·. ·:yer:y . "!.eti · p~FJ~rved: .. in: ~the_ ~hit a· . sea·,;· ·w~_ere· 

strong. tidar· e~en.,ts •,prev~ir; ,, H 1~ ~&,rthy of no~e .the't A, '0:~~ .· --'. 
I_. •' •• : ·_.,_' 

; . -... 64 

.. 



of i·ce has .be~n pointed! put by the \vell-lmown pola! explorer 
• • \•~. • ·,:•-~ "• J.- •. ~I • ;!,..~-:~ .... ,.' '···/~ • -'>·..: - ,"' ,.;- '· .; '.!~'. 

v.'. Ste:fanea9n:• . · (Vilhja~m~: ~:tef;f'an~e9n,- The F:iep.dly_ Ar~t~~ ,~: 
·,_;. . /"; '~ ; J· ~~ 

. ;:Glav~ev!qorput~- ·1935,:· -:p !f .. 66). : . . He :w.~i tee:... , ... · · 
' . . ····.:~ .. :·.\."~- ~: .. .-·.:· . . · ·.·· .. ~-·:·· . _·. ·. ··~~ ... :: . _ .. :. :·';. :~ .;. ·· ..... ;, ... ·:: ..... 

I' • 

.- .. "Upon gla"Q.cin,g at t~e. map_, i.t c~eeros. ~tra11:ge. that betWe~n 
Poiirt -Barrmv'· and.· Herschel ·Is lana·;· where· the westerly--wind: ·blewa~. · 

, .. from the ap;gra.:.t_owarq~ _the._se~, ·it p.~verthelees.,driv~a· tll~ _ice 
_ towardf3~ the. ·shore; .. _.~-~-~~: noBe.~h~+~H~~ _a.:faot: conf'ime·d ::~y .n~e~ous 

· ·. observati~ns •.. A~: t.h~ -~~~ • t+~f;· ·. ~~@~erly w~nd.f:J here drive. ·t~e ic~ . 
. from· ·-t.~e·· ~hore t<:> · s~~h )3/ ~1.~¥~9.~~~--~-that.-the_r~ remains .a·w~def .cl~i;ir

.~ :passage : f'o;r: v:e ssels @~+++ns >~~PAS~ tpe c.oast. 
~., · · .· · · · -...... ·~:.~_ -L~i;~? !! ·;. ·~:·r~·-- .. ~--~-~ · ~~~:~-:... -- · -·- ;"' . ~- ·.: ·\-

( J:n: this _.:Case'. t~e cgaU,~~ -;r~~t4·f'~( ~p~a.re~tly in the conftgura-~~on' 
of tM coae~J.i~e ; ) ) ~il~~Pr: ~ 'n1l,F~ k · · ... •. ·· · . . ·. • · · .··.· .. ·· .. · •. ' , . ···.·.' ' · ·· ·· 

One· ~Y .. poi1;1t: Ol.f~··:~~·tnet:;' ~ll§~~ce, of d'ispersal- or· ''fee,'' .. . 7 ~ -~ 

· - : · .; ~~ \:~ ::::.~:. .. '.:; l'~L~:~- . . . . - . . . · . · .. c. 

produced. mainly .by.,w;tp:~:l :q¢~9'it~on:~F:: the case when, · :tn; var.:tous ·;· >" 
, ',. ~-... : .. • • ... : : ... :.:·~·;:,. :>->:' ~:c-~':j' [_i:~; :· ·. . . . . .. ' <. , • : • 

parts 'Of" the se~a,_ winctEJ 1?+.o-w tn ~;;l,f,'fere;nt~d.ire_ctions;-.·or::in._one-''"':" , 
.. - .. ·. . . . .. :. _\~-~.~~: .Y~; -~ .···. ": :;~ ::.... . . :. ;. - .. · .. : .. :. 

direction but .. with v~ious V;eioci;ties. <-·In the everit; Of ·.a· favorable· . . . . :· . : ~~.-(t-~;:.~?F; 1;.~ _; ·:·::~ (- :~· fi'_ _ . . . . . 
distribution· of wipder, --+~G~~·-t~efacti6ns C).nd a:cctimulat·t6ns.:~6f' ice:;·. 

may occur'•- ·similar:· pheno~ena a.re ·not ·lastirig('ln. ~inte:r/:c6rtd:It:tons·: 

their effect-: fs'· therefore, insignificant!. but ~·i# sunmie~, <wb.a'ri~':tce· ls·· 
'riot ·.so:''s:erried-, the .results' of sucih,_<l:i$pers'als···or ao·~umulattqns ~- .. , 

. . 

may be.more;-con'~ider.able •· .. Amonsst the wtnd. ·-pheno~ena o:(;the~::i~a'· 

regime, th:e .. < .. followin'g ~observa:t:h)Il'presents --sbme·in:t~r·ests-~ . When.:. 
. ' . . 

Wtriii e are: l> 1~ing ri-om: the tee pack: t'ow~d~ area a br '(lie'~ Wiit~r ~' · : 
" ~ ... 

the· .ice .. ·drifts :i,n the . d.irectton .. of the . clear: 1va'tei-' :_·as ·a cdni~ara-
. . . ·.,. ..... 

. . ' . . 

ti-v:ely.·serried: bo_d:y, !lO~ as sca~ter~_d. _ice.·· rt,-:pri:of t~- the;::~ts_ing · 
; 

of thE?' winq' . the ice. bordel~ing:. on~: thE? ·water. wil:s·· con's id.era bly·" d:i so;; 
.. 

· perse.dc' ·.then, in; thE? ·av~nt .of w.ind fr9m ·the ic'e},- tc'e·~'-f~i~~~· ~i-11 form 
- . . ¢. • . • . . ' . . • • 

··'into -stri:Ps,_-··:i~;whlhh .ifhe:·ice wl+l~r~,~ai!l,.se~t-1-e~~; -;'·~tt··mai-~ba-··· 

·pra·s~~d- .t~_t,. _:a~ide ·:from" its' ·:vez:y· oc·cl¥'renc6',·_-·the· d~~elbpri;.erit• of' 

'· ·.:: s tr1.pa·~ o..i. t6 a·' -'~s ···d~e:.:·_ to : .~h~: . ac~9mpahying · c.urren t~,~ : p:r~duc ~·a.~itt: ' ··· ·. ? ..... ::. 
. ' \ . . . . . 

. . ' 

both 1"1:~!+d\~d mqv.~ment• .'of· :iqe ... ~: 'T]4erefor·a·, 'altho~~h~,·~trips:· of ide·· <.· 
.. - .. ' . ~ ... ~ ~ . ; ._ . ._ ~f-. ' !>'. • • • . ~ 

'. 
'· -.<·.··'' '. ,"~- ..... ~ 

. , ' ,t~ -_ :· • 



. fir'st' appea~ a:i.Inbe;t at li stra~ght 'ilngle: to>the: ditection··,6£ the 

~1~~, '(N .. ~ Zubov~-- Se_a::·~Tate'r a~d. I-c'e ,·. Me '1938.) ~ ;.'the·f·:'~ao·on':·a~iv.ia~e· 

fro~ ··this~~ dir'e.ction ~nd'. e·xte'nd·-~i'lo~- the/dir~oti·on··~of\_;t~eir·move

··me~t~~nd: not ac.ross it·.-- If .. there.is .. a: suffiC'i'ent·:amoUrit of.· ice, 

... :th~ •... st;ips·· .. gr~q~ally •. ln9:~~is•:···t····•·r~~:~f~~u~~s~~ki~·t~ ice 
·:c.- quit 9f ··the -ba·s';tc !!lEis a~.··. Striprr:·some_ ... :ma·a·:··-break.- a~ay ·:~d· continua 

... ' . . . ~. . . ~ -: .. ~ . ' 

-moving. independ:entiy of' the general mass., . rr;· iii' tha···ci~-se' ... o~ dis-

... ·p~·raed ide~ : the· w:tncC blow~ from the· clear water·. toward~ :~he ~ce, 
-~ . 

' .. ·t}J.e~e rorms .·.a _'s.ingle' comp?.ct e~ri~-, .. often· ·"'i t}l bulges' and the ice 
'. ' . ':.· 

·, e¢,aquali~. ·grow.~ m~re::_conipa~~/.-. _ 

~,; -· ... ::.: .. · s·-t?ripe •. of·_ice'··are. aho'-tn on. Figs. 24 and 25_. 
..... 

; . _._:". .. :, ·._pqin:ted but. .tila t ,'.the' forma t1.on of strips of ice is a' phenomenon 
~- ' • •. .... • . • • . • • . • • :_ • . • . . . . • • . .· •••• •• •.• :-.·· -- : !·· -~- • .. . . _.., • • • 

..... . · :.'l?or;de.r"q·f~.ice .fi:~lds.with~ari open_ part·of the 'sea.· ··When d:i.s:pe'rse~, 
. . . . ' . . . . _: .. .' .... : :· . ; ~ . . 

! ..... 

~- .. · · ... 'b!ioken .ice-, which fs not 'distribut.ed' in strips, keeps 'on tlie. bor-
. • . . . - .. . • I . .:' . : . ..:~ ' . J• ' I ~- . l . :· - • 

·. ipte·nstve .tfu3.:Wirig ·-of ice.o 
. ' .. ·. . ... .· .;,', ·.. .·· ......... ·. ,. :··'f I .. ',.: i,, ' .. 

:.' 

<:.. . · :8ef?idf3.',S ·~incJ.,: the. disper~i6n ~rid. aocwnilation·'p{·.ice:'is.-~.'f-
·.·. ' . , ... " ·. . . ·' ." ···;·_:.- . . ." ..... . ·;,: .. · •:.:·_.'····'. · .. ':' ·.:.:: .•· .. :., --~. 

· .... .'· .f.ected .. py·clirf$nts·: _· ~idal.currep.ta·, ·permanen.t sea curr~nt_a·, ·a.na· 
. ·• ... ··.' ......... ' •. ·:· .... :._. ~ •. ·._·· .• -~ 1·.= ... ·-. _: .. ··_ . ..::. -~ .. :·\:·_:·~· ~--. :·-~--- ~-~ ... :. _ .. · 

· -~ ,_. ~ tempor.ary · cv.r~.~jlts.; -~:ppear~ng following pro~ract-ed. ·ana_·-.:~ef):P -·91langea 
. • ' . . I . ·' '• • , . • • . . { ·.::. ·.~ • . , • • •• ! :. ;/·' ~ ' . ·• -~ :_ . . . :. . 

,_ ~n_wind _and weather'co_nQ.itions. Ampngst ·temporary c~re:p.ts, )those 
• • .... • • • , • • • • ' : • :} • \ J ~ ' • • ~ ~ • \ 

.. ; . ·c~ua~d· by ':-th~ _"t;i)-rd-dri_ft: ·of ice· :qiaY .;at· times,. exercise· ia cE)l'tain 
.. ~ ,. . . : . . . . . ' . . ·. . : . . . ; :· _.· ·:. .. · ... · ' : ' . . . - ;: . ~ <: ~ . . : :· .. 

. · ... ··.-influence.: 
• _I_ ' •• ' ;•, • ~ •. • • • .' .' . : : 

I I 

I" ~ • .... , ··: .. ~:'-Sea 'curregltf?~~;r-e ~a :ver;y. :'o_om:ple?C.~.I>henom~no~ tn- t_hems.~lves, and 

:, . ' ·' •' 1n ~he pre s~~ce o~ the ice 'cOYer~ this. cOJllv~eXi ty is f~ther iilcr6~sed. · 
~. •' • • ,' : '.·:, .~· •. ',.·• '. • ~·: '.; . ' • '~: I ,. '1, ~:·,• .,: .• '·,.', • •. 0 • -~·' • ' 

· Num~ro~~ '()bsa~vations. ·and.; trive stfga tiona ,~iil still- 1)·8 naQeseary .... · __ :,.·- .. '· .· .· .·.: .. ·:_·_·.· .. · .. ·. <' ·.··. :.·:.-· .. 1_ :· •• '.';;:··· •. _, .. 

· ·,_l?~~o~e···:·_i_t·.1r::i.LL. be ·poa_-~;Lb,la. ·tq· est~.l~+ish' the .. ~awe governing. tne .. 
• , ' • ,·,. 1 • ' • • • . • •. - . . • .. ' • ~ ,; • T • ' • ~ 

... 

effect· of:currenta:'on the fee cover. -Hare,. we shall ·examine ·and. 



d·e scribe, but.~.'.a. few. ·of the general· phenomena., .. su.ch as.- ~h~Y- ate·1 mani-
~~ ''t~: .~·.· ~ ·' _·· .. ~ ....... ·' .·.· .~ :··., ~· '' J ' • • •• ~-.·; · •. ~· .j J.- ·:.· •· '·: 

. ,festefi:--· in ,nature::.· .. ~ .. · 
' ~ ' ' . . . ' . .( . .... . . . . . . . ,· 

tidal :current·s. are tho~e ~hich .exerc-ise the· mos:t .. infl~ence:, on. ·the. 
: i • . ' - • • , . l 1 • ·' . ..._ ... - • , , ••. ~ "!I • ,' ' ,· • • . < ' • ' ,' 

. ;tee. :coyer.. . ,The, act'io:n. :9f .. 8\1-oh. c~{~nts_. st:ands .'out. in9s.t ,_part~9,ularly 
.... ·.. .· . . .··. . :. :: ·, ·-':'·'~ ·-:~:··: ... ·:::·~:::·<.>: '. : ··. ':'•: ' ., :·.-:'·" ·.·. ~. . : .•· !·, . 

... tn·. the White §~a;, . th~ R~~l. ~; 8~::- r~.~->~~nd_. amb?~st• .o~ ·.:PO~ar.· ~e~t;J .. ;_ . 
~' ' • ' o • ~ ~ • ~ • :•: ~- / ~. ~ • o '~ '' ~ o ... I •, ' ' ' ·, ' • : ' • j - ' 

·' .~ the_re. are·· no _sim.i~ar~~ .~t:r.9:~~; t_t·~~~·~,_<?ur~~~~-·s., --~~ .. any ;.o~.' t~~ ~--9th_er· 
,· .. 

sea_~- •. ·The. vlhi te. -sea. pmy: t~~~~f6~~ . aerv~. e;xcee~lngly .well·,. fo~. ·study• . . . . . - ;" .' : ·r ~-. . : ,· ~. ··:· ·.: -~ : . . . .. . . . - . . , . . . . . 
t~ th~ effect of .. currente on the' ice. cover.· Later we~ ·shall again ;. 

tak6 up the ·d~tcs" ~~:;~~;~c{~9:,~t,:f the-~~te .. sea; ~e· ~~ll 
now· examine· the· ·gerie~&:(:._ph~n9m~~~ ~ ;_p.Q~on· to _all sea.s, w]i~r~ . -~here :-
. . .I . . . ·. : ·. '·~,. :··:·? :,\·':.·· i~' >' :. ':·. .. . . . · .. : . ' . -~ .. 
~*i~~ :c~rents :both. +n<l~~~-~q.~p~ 9f, _&~~---~~nked. _to, the t.~~:ea.~} · ; . · :. 

O ~·. •·• • '· • ' ~ I' ~ ~~·· ~ '<~ :·;: ~~~~: ·~l;.·, ~' '._· .. ~ ~: :·. ' '', . ' ' .· ,• 0 ' ' 

. :. 'I'.he·- movement 'of::·the .io~ ·.9av.~e~ by tid.es is simil~~ to. the ... 
. . · . . . . . • . '. ·'· .•. .• .. . . r .. . : _·-:. .·· . . . .. .·.. . 

I • I 

... ; ... ~if~ c~used. by·WiD:a. -. T?v.s, :tpe · di~pl~ce111ent .. of_ ~c~ -~y.,·~¢.-C?ur __ oniy :_ 
.. ~ : . - . . . . . ' : . . . . . . . 

til. .. a direction where>there ls room enough for .it .•. In the-·e.vent of :; 
,' .' ~ • • : - , ' • , ..o. • •, • - .... , • ' • I • . . . ' ' ,. ,. • ·• ·' - y• '·_. I .• •, ·., . "' • ' •' ~- •' • .• :_,. , . . ,"'-

mo~em.~nt .,of ,sparse <;>r d~epersed ·~c'e ·in the _d:tr,ection.· of. ·the~ .. c'llrt'ent;. 
,,. . . ' . ·,- . ,; ·,. . . ' . . . - ·- ~ ' . . -

-~~e may observe some·:thin~( similar. t~J 9-rifting.:_·c.~va~~: by,~inq,,~-::. 

•, namely,: th?-t. the veioci ty and:·dir~ctio~. of -io~.- dif:fe.rs, .. depend:lng 
• < '• \ ' • ' ' - • ' ; ' ' I 0 ' ', ': o' P > I' :. 

.on whet]l~:r _th~ .,ice-.flo_e.s. :are. of· larger: or sma~l~.r a,i~E?. •. · . :rp._:-;o~he~ 
, .• - • • • . .. • • • . . • . _· • • '. r • ~ , • "" •• • •• - .. ' • " •• 

, :words, -one wi ~ne:sses a di'splacement of. large . ice iri>regard .~to ~small 
- •• • _:· •• •• ·.' ... ? • • ••.• -.,:.· ••• .' • 

. ~ce~ The, _morq __ conceritra:yed _t.he _ic_e, ·.the slower .i ts:moveme:q.t; ::and_,: 

.. :wi thip the .-to~ tor~ent tnere occur Iooal d.iepe;;-sals ,.and; agcumula tic;ns; 
'· ' - l :-· -· ' •• • ·". • • • • •• . . • • •/ • ' • • • • - • • . . • . ·• • , .. .;·· • 

the latter may al·so hav~ the:·.char&oter of compressions!.;'t: ·~ .. ·: .·.·. ,. ·· ~· · 
'-... • •• ; • I' • ' 

:'. 
_T~~ -:velocity. ~J!d', direc.if~_-9:9-· ,of ·.curre~t.s _vary:-.in .d~ff.e;rent ::parts-· · 
. . . . . .- .. :. ·' . . .. . .• . 

, .of .the·~· sea~ .. This,. laol~ qf. upiforroi ty !of currents .. ~.eflect.s ·POP~idera,bly 
. . .. ..... . ' ·_ ~ . . . .. ." . . •. . . . . . . ,. . . . . . . . . . . . 

· -PP:. ~he .. ic~- :cover, c~using; e,ith~r· ~cc:um~~at;~op~· .or.<.d.:ispe·~f?al.-et;-pf fc~ ~- -· 

·- ~1; if! ~~t ~9 .t~ CO!l\)lu~e !l~ci;ly at wpact; SPQi;!3 _ac~um~lat~ons and. 
• . ;.. •, {. ..-. • .' • · , ~ • . · . • • . · ~ . , • t , . • • • • I . r • • .· .. • • • 

. com:pr~e:s.~1.on- .. ~~~~ ·.~.a~e .. I?_~ace:, :-, ·~n ac,cum~lati_on"'·of\ice.>~wri_ll: 96CU+ ·in 



r 

I , 

. . . . \· . . .. ,· :. .·,. ... ··. . . . . ·--. . 

-.where· )a·(faa·ter current overtake a·· a: atower·· one·• -- A:·~contrary distrib\1• 
• ' 1 • .8 • . • ,. 

:_~fori ·o·t ·~urrent w1i1 re·a~:lt.·f~ ·~d-ispersal.< Differe~c~s- in the···velo- · 

·_.. *e~ ·.·ano~:J.~- and: .:i:>ro~ont6r'i.ea:··bulg1ng· i~to .the sea· rq.thar' _:tha~ 'near 

.... ·rect-il~_P.e.~_r :shor~s:.. · G~n~rally. speaking, the pre·senoe; of shoals ~d 

--~an:ks e.x.erc~·aer;r'·a con~iderably greater i~·fluence·· on~ Q.ia:p~reais ·of ice 
. . . . . . • I . . . . . 

:. :_ ·. ·~ ., ' 

.... '•:' 

;,_ 

. . . . . . I . : . . . . . ' . ·. . I . . . • • .,. ~ . • ·. . - . -

~--n~er.c;>~a.··; .. ~he,ee. ·phenomena -are .tJ;le most sharply manifeste~ 1n the· re_~-

g~o!l .of ~eve~yt .. Koahkf: (No~the;~ ·eat's). -:i~ the. Wh~te;·S~a •. ·This ·is· 

~lao ~;9J:)eerve·d. ·tcha, .c:onei_d.er~ble --~~t~nt. j_~ ·::the· Kara ·.and oth~_r ·.:~olar · 

,. e~as • . -~hol-~. bank~;·. 'and_·. al~~· .. banks located .. far.· from: <shore. ai. ·ae:a., ... 
• ' • . ••• • • . • • • . • ~ ' • - •• • • - ' • f • 

. ' . . . \ i· 'l··i . ,.- , ·, 

:bqt~ e~~-~c~ae· an influenc·e· _on the dispersion of· ice. .: I_t should· h~re 
' ' . ', i . -- . .. . .. . . ' ' .. '~ . . 

.. , ·~:(be ~de' ¢lear that, ~hat is ·meant- are banks bordering on ··greater··deptha, 
~·· : . : 

wh~re, :c.urrenta ., 'sharply chapge. 'their 'veioQi ty and affect ·"the·· .. atate of . 
. . · . . r '\ · . · . . ~ , . 1 • , • • 

' • J ," 

' ~ • : • • : '\, • 4 ••• • ~ • ·.; •• ' • - • • : •• : ; • • • • , .. '. ... y • ! • ~ 

the ice. pr-ecisely c;>n account ·qf the ~nev:en rel~ef -of'·ther _sea bottoms~ 

Ov~r-' .:sra:at. :·a~~pth.s -. say.: .ex'~eed.fng 100' ·m·: - the. ~ev~·~e.ss' :of the ~ea 
' .. . . . . : ., :· : . ,. ~ .... 

bot~-~~. ;will have:- -~0 ~ff'ect.; .or ··a.lllioet I\0 ··affect, on: the atate·_of the 

~~s.a· pf'_, ~h~:·_1)ottoin, ~ve' an eff~ot' ·6n. t.h~.· ~_ca' on' the surface,. an4 -the· . 
. ' .... . . . · ... ·-: . 

: ·; ·:: sb.~p~·?t· -~~~ ... ·_urieve~e St:3 i.·tiie .tri6re·: ~ff~ot ~1t1· :f~ have. on th~· ··s~fac~ . 
.:ice •. · . 'rhe' followi~g. rull3' ~~y pe -·a.~duote({fi.om'.,tha.'aforesaid:······ iti. a 
, '.·!• .. ro .• ·' . . . , . 

:aea.~9~:V,e~ed::··_w:ttl;l~-~a -thic·k-.-l~ye'~ of.1ce.:)· t4e··mo~e--·Q.ia:paJ:.sed to~. will be . 

. ... ··~nc.9,\mterc~.d. rot*.d :·ban~s~:and: shaal·e'.:·becaue3'~ ·.sucll·epota ··arEr;af.~e.ot~d-·by 

f ~ •. ·' ,;r • ' ·,..· •. ~-~ 



/ 

-: .'- ·.·<fQ'\l~:~nt~ _.o~~··varlotia ~:.v~:l.O.c:t.:~t~s .• <Thi'a:·;~~ie- ·;holds:· so-9<i~·b6th·f:or··banka 

. < ,_· .. ·: ol9f3e to;":, f:3ll~r.e i·· and . ..for.~:·banka::;:o~t.'~·a.t ~:sea::.~- ···Qn:_ ther~~~ontrary ~ ::·6~~1" 

... : .. de~p-',dE3ptha 1 _. "'hE).;e ·,_cur.~enta,:~$~·weake~,,.'·1ce. :'tiill·-~ror:~:tne.._._mos~-~part 
! •·· 

·. ·~ •. :· . ,,·-.. ~_-: <: • :. 

- '\ 

:._. -·~·:>· -'·>Ftg •. .,.26 ~ahowa-:.t~~ ·-~p;*~;J..:~- :i:rh!~;h~·rnaY·. ~ceUr: near· a .cape -~bu:iginl3 
. , . .. . . \ : . ~ ). . ~ : :: ·.·• ':· . ' ' • . • : . I 

• • 1 .. f)jom the .. shore;·,, ·oripg, ·tQ 1;tte· ~~-e·gylari ty and· the· whirls wn-ich ooour 
' • ~ o ·~; I • : ). ' : : ~-- .0! '. ~- '- J '~ " 

. . . . ' . \ . . . . . ;: . . . : ,· •. _·,. :. ·. . . . . ·. •. .. . .. ·- . . ,: · .. " 
:. ':.~ .·;·-~::l;_he··_,QtU'r.ent, rqtsp~:t!·~~r·Qf'. +~~:-:~~~1.· take -plac·e·-~·near the: cape •. 

. ... . . . . . . . . <. ._:· .. : r :: ~:- ~ ··.· } . i'f.! . . . . . : . . . . 

·::,:·:F:~B.!~-.-27 Ctn. :pJ.~}/azt4 ~t~~~ g§:· .. ~·+n· :~~osa· sf,ction}!-'shoW ··the. c:qariges . 
· · • . · • . . ~ : · ·i · :: ....... ~:. - ·~r, .. ~ -~- > ·~, · · - -

·,·:.~·-:t:~·k+·ng:.::p:};:a_pe· in. ~:v.e).og~ty ::·lill~~~-~~:~~~~erit. encouater£3·, a. ·aha'lloi s~ot; . . .. . . . . • ·<~: \) _.:t,.'·._l·. :: ··:t:.~~.·~:·. ... . ' . .. . <;' ,. . •.•• .• ·• . • . 

. · --~~~>r~.{3ll-_~t'::bE?,ing. J>q:G~ 4-1.~P.!3r~+Pn..-·ftt'!<i ·Qonc~ntration-,of· .~oe·•· ·:- Th~re ~Y 
· - . . . ' :r\: ;~-f ~ /-'f~~ ~ ~~.~ ;·.-·. :;. ~:~J-f~-; - . .·. · 

, a~~.o- 9Qc~ loot:l.l: ao~itm~~~ t4-RP~i'"~~<-~r.e eo:n;ert·:tme·~ :_o'bserye·d: behirtd large 
~.:.t.r;-~·~r·.~,(·.·:~-{~··_·:·_ .. ~·:· . - .. , 

ic~·floes.. A;:p:P.a:r~n~}:i~: ;_~B-9lf. ~ ·.:gq~~p!4enori o·ccli):'a · (m6atly-·ih~ atr.ips . , 
. •·> _: ·:'': ;· ·: ·: :.-;'<.'t.t'~ . . . _. '- . , .•. 

··-:_:.'?.~ ice.). when, ai) ~ce_;~ff;q~,:-4;:~Vf:3P.~:·.'Ry.:the:·w~nQ., -:and>:Lackirig a ~stl:'aam. ... 
. . . . . . .. \. . . . ·" 

. '.··~·.-·:·:l~p.e:q ... )3.~?.-J?e-,_. --~au.se-~ _whirls ~ot water1--.:itl- oonaeqtt~Iioe · ~f;;*fiich·t:he· ice 

" , l9cft tEld .c:loeer to fhe _ice.; floe! B :wS:ke .i swa:e:pe ·ii{to ·ith;- (Fig , ''29 ) ; 

::···i: .IJJ..-·l;ddit~pn. ;to _the above:·aketohe.s;- nwner~ua-~d-:·v~.rle·d. 'e~~m:ple·s'\may 
.· " . . ' . 

. .. ~ • ' . • i'i •· ~ ~ ~ . ~- ~' . • ./- •· ..... . -- .~· ,· : 

~: . · (.··~b~ .g~ted ... , . .-The· principle ;tnva:riably ·remains· the·\. 'same·: · .. e; ;d·iffe;rence in 
' • ' ' .. :,,"A•~ •• ~ • • o • o ' '• • ' ' ' ' •' • ' • • 0 • ', ' ' • ~ -

__ · ;: c~ii.latio~_.:of ,·ice. • .... .:.. :~: . .: :' I ,( -~ '; • ' .. .-~r .· • 

: . The .. _sc:>.~called ':' drlyi;ng_:arid. over.talting" · ·cul'i'·ent's·· present a;-·-;;'· . 

. sp~oial .ca~s~ .•. -A~- re~~r,ds the11.1:;· it ·:·shotild.'be· pointed ~u~ that. a' con• . 

. ;.·.·.-~i'tle~~bl.e··::ris.inef-9f.·/t}+e watt?r. ~eV:e'l· .. artd--.'~he oocur:i?'e'nce dt;· a ;·~ur~ent 
n~wipg rpe»Ji the 13hore1 ·.i!J&y tia1~e pla.c;:e on'l.y· fO:Ub~'!nfi 8.' Blitfic'i8tlt 

. I . . - . . • . ·• ... "" . ; 

: .... d.i~per~a1 91. ,-ic~_,•·. If the ·tee fornr~~:,·a oonipac:t ·.dove~/ -ne'ither., the rising 
.. ~,: . . ' ·.t-~. . 

_._..c~f the. ;wat~r.JeVf?l)-.:.:P.Or_:.the- '"dri·v~ng'!.- .. current w'i:ll.-:haVe any~·chanbe to 
.:: d~~e\l.8~ ........ _+t .. s~~~lq .b~ -~oted .. ·that-,' in'.''~inter<t~me~~ ·. ·tJ:le ··dispersion of 

. . . . . . ' . 

..,~ce_ .. 09<?i.lr:ring: a~·,a-·re.eul.t ··.of~all '.the~:·above -ni~nti0n~d. c·catxses.:''and~;when 
·- ..... . •• 1 • • . .... , • • - . . ~ - . 



I ···:.: ~--_ind·~f;lnit~_~y-,;;;.}J~t~ .. t:o,. 9:~ :la:sser; ·_d.~gr'e-~: :thart::·ih.·,:miminer, >in -the>·thaw.ing 

-.. ; ,.- .. · ~e,a.eon-; .- ••. _ .• T~~ .·.;o~s,~~~~-~.t; :~i~. ~~~-~-~~~;~~~~·-~;: 1~:~·-·~-l~o __ .~~pe~d~-~~oubt-
. :~. '-~~(H.y: PJ?. ·_t}l~.- .. ~t·n?.~ of _,Jc~·· _ Beat_en. (brokeh).'.i.ce d-iapers_~ a fa-ster and· 

· .. _ .. · · ·:··, · .-., • _,.-.,- • : .. i. · ... :.'".< :.'.:·::·\'_; ;::.:' ·-)·· . .-.•. _··:,.:;:··:-"·:··:.:·.::: ·-'··,:...-:.'.<·. ·' 1::-,··;·,.- ... ,, .... _'_. · 
.... more_ eas-ily than·.large-.:·field_S e Ther~;f'o~e:, .a~eas of·. the_' Sf;}a_ where large 

. . . . . ::·~,\;, ·' . . : ~ "· ~ .• :i:;·-;: ::·· . .. ~: '"; .... l' :" ·,;: :. :; . ; .. · . 

· . .· .f1:e.;L,d~ _. :arE3 . predominant,.. wi ~~1~il?~:t;tlt¢;f,~¢\!+t~ ~'4Q. , negot 1a ~e- evan: when there 
· ... : : ·. :,·, .. ~- ·· .. ·-~·:· ··,_:_,._. ·---~-:·)~~~}rJ~~t~}~f-~!~i£a£ttfti{~~~(-·: .- ._:.-_ :. . : __ 

. :· -.: ...... ,~pe,,-.l~~c]a_.__,~_ad .pool~·.·9r cle~:-':Wtite.r'~-, .. : Uirge":·fte:a.a.s ·u.~uau;.·predominate· 
• ., • .. ' ~ • • •' ~' • • ·; I '_' • • . • • •: ' • '• : 1 

. 'i 
;· , . 

•• ..... J. •• 

in the central :parts of ·seas; e.na· the ~arger the· sea:,. the larger in 
' { . : . ··.·-: .. ; . ·. . ._... . : .··:,;,.-· ·' 

_ .,siz_~: :w.~ll·:::th.e .. tee. --fi~!9ld.s bEt.- In·tAe .. ·coastal· are-~a,: the- 'toUbwing con-
--... : ' ; : . -; .. _ . -~ i :- .•.. ': • .,.. ..... _· - . ;·: .. : :.-: .. : : . :·: . · . . ·: :. . . -.. : . ~: :'. ' .•.. J··.=_·_ -t .• :_ .; ·.: -:. . . : . . . . ' . . 

:·/·_. ;.d.~.~~9?~: l.l:~~~l~Y;-prevai_~: · .in_·:winter ,. hu~ocky 'brok~·n·:and- crushed. _ice; 
-'1 • '• !'• • I 

.· .... _,, ••• ,·.1 ,¥,1·~~~;: .. " ... ,pr~k~~ ~ce and di~:persions. : Iz:>. seas coveripg bqt a small 
- •• • ' • • .,, • ' & 

• '• > ' ' ' f' • ' :· I t •: ·, •' ,_ o 

:a~e~ .~n~.Jn ·gu~fs, 'there -is· no ·definite ·rule a·s r~g~ds di~_tri:bution 
:·:'.· ': .;.: :.: . :·: .. ,:: -·:··.· .-·· .. · ...... ·._-.· : ··.. . ·. ' ' .. _' ,· . . 

:··. qf ._J~S~: ice.~ ,f_i,e-lds .and: -broke!l· ice. · 
. ,' /-' .. , ,.. ,. -. . . . . , . 

• _,'' t . 

. , .. :,· Whi~e ,conclud:J;n:g. t~e-·. s~vey · of-·condi ttons-, in. which· dispersal· 
. : ' .-·. . ~ · .•.. ' .. , , . ~- . . . : ; _. . , - . ·- . ~ r . .. . . . . : ... · . : .' .. ':. .. ;_ ..... -' . ; . _. . . • 

· ,: ... ~-· a,t:ld:~ qppden~t:iOPt.Of -i_qe :~re .being obs(?i';e.d,·: it is' necessary :·to''stress 

.. ·_-- -- ,. ~; t. -~ _. ~i~glE1 , inc\;~a ~ion ~f -ei the~· dispe~9a~ ~~ coM~rttrixtiOn ts in 
f•': ,. -~ . -~ ,' •.. · • ':· -~' ::. . ,•_ J • • .,"" • •• ·' '_;: .:· ,: ;_ ••• ··.-· .. ••• •• : :"; "; •• -·.~. -:" 

.• -.. v· _no .. vray .. ~uffi_c~~nt-.for qharac.terizing the state·- of the· ·.fee~,· As· regards 
... _.,_,,·_.· ·:· ,. '.-:· ..... ; .. ·. . .·._. ·.· · ......... · ... :,, :,, :/-,. .... ·' :·. ,, :'\ 

~lis:p~rea+., .. i_t.:·may -~e ne<?~esary _.to i~dicate. :the degree·:·ox-· d.1sp.ersal_ 
'o 0 0 ' o ~ o ~ ', ~ 0 0 0 0 : ~ • o o 0 0 0 ': • o 0 I 0 ,' ~- ... 0• , •' 0 o : • 0 I ' 

. . r' •. ~: i 
j • .;. ~ -~-

which -1~- ·.d_et~rmined· by .-"points''· ~f:··dehsity.-{~otic·entratidri)'-.· .. ,. .. (f>ensity 
·~ . • 'f: .. ._ ' . . ·• . . ' • • • • . . , .. ·. ;, :; . • ~ • . • . . ' • ' ' ' • . .- • . . . ' ;. ......_. r • 

.,,1 .. 

(,conc~ntrati9n). <;>f ice 1~. ·figured :by means·· of a -te~~de~ee 'sca~e: 0 
, 0 , , , • I · ,• . • · , • I 

f;··. 

i,nd1~ate .. S: s~~ qompletely_·_clear. of .'ice,_ and··1o· 1nd1catea:a sea.--·com-
, • - '• ~ • ., ··• • • ,' : • • : • <.:! • ~ ' • • • I ... ~ , • 

pl~,t~ly 19e. cov~red.; .the intervening figures express the degrea .of 

-__ ---density, (c~ncent~ation) :of the ~ce:'j,. ~~ r~gal"d'~ c~centf~;tad: !ce, 
- • : .• • ••• 1: ; •• r . • ',' • ' ~ : •, • I ' • I 

'· 1~-,,sll.o~~d .. :Pe. 9orne.-· !:n m,ind .. t~ t -.ice· concentra·ted··~to ·to J;>oints ~nd under-
. .... .. . . . . . ..-

. . . . . . ... ; ·_: : . . . . . ... ".· .. : . 

. _go,ing_cP.r.~sa.tWe_,-und~;r .the. ~nfl.11ence ·of wind or ·current, may, nonetheleeEl' 
. ~·· • ~ . : ~ :• . • • • • .•. _' .. • • . • ,f' --.. ""~ • , . • ,•·,.': ·... • . .-- I. ;i.': • t . ' • I : : •. : . . • 

.J~f? ... s~ilJ .i~ :~. ·s~ate-,·wh~n pressure is" itu!:n~fficient to;·' c-ause. h1.nnmocking. 
~ . . . . . ... . . .. . . . ~ . . . . 

· ,_~ .. -Qp; ··t!le o_th~~- ._hapd, i_ and\ .in ·.Qontrast-~·to. ·the pJ;'ecedi~g ·oase./ice:.;:of a 10-

. -... •"p~,U,lt dens,! ~y,.·( eon~e~trB,·tJon) ~· re~i~ Be~r~ed eve: 1ri the absence ~f 
, ......... ; ·,' .. -... .. I . _.- . . . ,.- . '/ . .. , . . -: .. , :· ·. . ' ·. " . . . . . 

. ,_ · -~~;'tZ9n~_a-~ . . f9:r9~ 8 ,_.~crtJn~- -~n i·t ~ . it: ~y;; SO·· t?-·_-·speak;( remairi~· in':' a "pasai ve '' 

- 70·-

.. , 

. \ 



... <-~tate·-•. ~ .·tn·~·ootn.·:,6~ea·s·r.~the :·''·po.tnt~', o~".: den~:t~y;: (o.onc~ntration). may 

·. · . . · · be: ta~titiaai~· ~he; th~· differ;~aes,ma~ ~~e iwtrat a~ :~egards •acaeaai-

-~1-ii ty .. :for.:\r~s~·ela,:: and· pai-ticuiarly·· ~~--,·tn· th~--~~se··.of·brokeri; ice. 
. . ' . . . . . ,· . . .. 

'.---~~th~rniore:,,- as meil~l'9.P.~;~~~J>.~v~,: ll:?.e. of-ten· tends. :tcf'grow-~ thicker- in I 

- :. . . . . ' ... _, 

. st~~p~·· ~e·para~e·d·::o~·- ~~~:. ~~~~r··!·._ ~It- ~a_ t_herefore some·~imes·.-··pessible 

to speak Of·. 8: · •Con~~n ~~~W~ · ·~~~~~; ~:f''. tc.6;. Yhen thll · Sllne;r-alt aonaentra~ 
· · · :: :·-tibri· in~ reate~·~ aess ·. th~~,'-·.lofpoint:a:• ~.· -··· . .. · .. -,.: .1 .. ·-.- .. ·d 

- : . . - . , - ; .. ·· ~·r~~- -:-:_·; ~<'.-> ~~ :;~ ·_ :f~ . 

· It shoUld~;-p'e,: r~~~~~fi·f'~q·;., ~h~·:p·~ 1fhen : end.eavoring~'·: tq~: asee_~s 2;the 
~ .. ~ ~ . ~:. ~-' ' ;_ ·• ·' ... : ·:: ·:~. :,: ~- : ·. ~-. . ~ . ~ . 

density ( con:centrat~¢>:r!X\'qf: .1fn.!3.··;lq~·_'··cfov~r,·.:~ne; h~isnt.~of ~t_tlia·:_obaer• . 
. ~,- . \·'··. ·."',l ,l:~_.- .... :i~t .. ~~:.;' • . • ... . • , • 

.. ver-'e, .. eye' arl;d thi:1>~fi~q~t~H~f:l .. ;Qt i~~~·floes ·should·= :be taken· ~iiitQ-:_consid. .. · 
• ' • ~- ~ , i' :-; l.' '\. -';. l ;. ~: ~-· ••• :_,·,·. ~· ••• . • • • . . . • • . • :_.._ ••. • - •• . t ~ • • ., 

. , ' : _' -~ : ! .. :' ~·, ~ I . 

eratioh.·. V~\ially, ·::q~:···¥~~~~f~~ .the· distance of -the~ visib'le· ~orizon. .... ,. 
.-:,;_ -~~ .... :·•.-;:; .. ~ 1:.~:. -~;r~r'· . ~.-. · .. .-.,· ...... -~- . : . . .. .. -~~ ... · -~-

when obeerva tion · is. R~ff-t~4. ~q -~f9~- a· ~arre~ 9n ;~h~ .mast·- ·d:ae·a not · 
·. ' . . ;' :. ( .... ·. -i . . ' ~. . ·, . . '; . . . . ' ' . 

e:x:ce~'d s· to·.ll' sea ni+~eEJ·; E3.;nd fro~. the·, :~?ridge'' ~he ·:~1,.s:tarioe is .!!_till~. 
• . . ' '·_i ........ _.. . 6_ • . . .· . ·• 

less • .. ·.Therefore; ·-:if :the: actual: d.ensity_· (c·oricentr~\iibri..}.:'of.· tp~: ~ce ·· 
' ' : ' . . ' . 

, ... _if] 5· -~ 6. points, i't .,vill seem grea;te~ _at-a gr~8:ter;· ~r:ftitance from the . 

. ·, vesse.l: .owing to the ·com:paratively. ins1.gnificant ·heigll~-~of .. t.ha-'·oba_~r

~:; ~er' s, ey~; .. a.n~ on .. the hori~on, the. ice wtll::se:em· a·s tlfotig!;f·':fta··· 

densitY :we:re; 10 ~~oints, .lt fa: also . Clear, t~fthil . thiC~e'i' th~ frag~ 
.··mente o'f-lpe,· the g;re'ater wi:il.its· .density _(con9entratlori} '·seem to 

be •. rig. 30 shows the.vfsu~l ray {from'point-A) ~alling·'on t:fie ice 

as .i ~-recedes -i1oward.S ·the horiZOI,l·· · It is apparent· that the thicke:r;-
... ' 

ic~.- f.ragi!l~.n~·l13 .will seem :·continuous .airead.y· a~·.-tlie'' distance ;of .. ·Alb, 

~;'while :J~he' thil)Iie;r.· fragments wi~_l·.'.·aeem ··to ·"be' mergfng': oniy'· a~·-;'tli~ dis

>·,--: .. _ t~pq'e .ot: -~.lc_~_--.-~he ·_greater ·:thtck:Qes~ of 1ce ·t.ra~en~a·::w~tl~ <:result 
--

. in .~3/ C_!=lr;taJn· re·ceels;on ~-~f.· .the . hort~·o~, fronf poil}·t .. Aj' and.· thta.· -1-iill 
I . , 

C'. _:- c,, __ : .. ~s~e:E;J~~ent ,Q_f;:.the·. dehsi ty ( oonc·e'ritrationl·,df .·rpe·~·~y·· be:_'·accom:i>:ll~ied 

.. : .. :· -· :·. . <0!:'· c~r~a..~z:>--' ~!st¢rtions,; in-~adClttlotr~ ~~Jile~.;pos.aib~J:ity o:r:~,a.n~---~4f~idttal 



~- . . 

... 

':':'·:;._:_··-

. :- .. 

. JiliSt~~e cby 'fj{~· 16bS'ercv'e:r.' Sl).o~ld ~~s~ be, r.eckoned :Wit})., rClos~r: to 
: . . • 1 :··:- "t r ·.:- •, / • • •• • ~ : : : •• .' • • . • • , -

.· .. :< ·. ~~eali ty wii:~ 'b~·,-,·tli~~.:!a:a·~~s.sment· .. ··o·f·_:,the ·.d~ns:l:ty.~· ('09noerrt;ra tion):- of ice 
.. ,_ . " . -.. ~-- :. -.: .· . . . ~ ·. . : :;·; . ·. . . '· -···. . . ·. . _- . . . . . 

··.-'· .- .. ··.' ..... ID.ade fi~~,.·a.I(·a;i~iane·~·:.: . ...-·.·.·. :;,. .·> ··: ·. ·.·', · ·· · .- · ,_ , · ... " ... ~-.. ··o;,·:. 
-·· -<:: ~ : ... :._ :: . . -~-: .. . . ' ·L. .• 

... · . -'· 

l • • • 

' .. - .(..C.• qJ. "~~11D:8) .. f~eezi~e(, t.h~. t~ickness' of i~e ·depe~~ f~_st "of al~ on 
o, ' ' :· • • I o 'o I J -' 

. ' 

K •. wei:pt:.e9ht .. ~arried··out his 
.. . ·_ . . . . . . . . -.~he ... :~oun~. _o"f._·h~~~~ -_~:p~nt .py t}+e :sea·~ 

, 'I • '• ' ',. ·, : , 

.fi-rst .. cib·a~rvatfons .. gn; t}le_ growth .. o~. ~ea' '-ioe ··.·while, :·w;tnt~r!ng. on. Franz~ 
-:--:-·:-· ···. 

· J~s~r·:~nd,:~~d. ·¢ompf1.-ed 'th~ foilm~--t~b:l~--.si-ving ~11~ ~orrelation 
'· • ~ :· ·• I. • '' . . . ~ • . - . . - ~--" . • . I . . . . . . . ' . : . At ...... !". ·. 

~ ..... be twe,en -the th1:vk:ne-8e pf 'ice an"d..· the ritunbe:r of degree~d&ys ·ot freezing 
.. :::::.:r<· :7;~··: ~-. :. ' . . . ~ . . ·, _: : \'' ' .· ·: .. ', ' . ..· ' .' : :..: .' ,. . . '. , .. 

. . : .... ·--~-_. tempe~a.turEJ·. :;:(The- n~'P~r- of degr.ee-days· of:··;rrost ·~pd~9ates· the ·total 

··.· ... 

-,·, .·. 
. .• f 

. '. 
''• 

~i me~~~ d~! ly, :pe low- fre_e z in~ . temp eta ture ~ .. qf :.th.e . a~~ • ). . 
- ~ .. , 

. ··- . 
_. ... ·. Tab 1 e 

-- • ' ; ' J "~ • 

500 .. C produces ice . ··5l'cm t.hick:.·: 
. ' ·-, ' . 1000 . ' ' " .. - . . " . 80 ' !~·., ' ,, . -

-' :--2000 " " 
, :.i. ' . '. -. _. 3000- . , ' II: .. , If . 

·': 

·:' : . 4000 " fl 

: ' .... 50'0.0' >: " ..... 
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- 7000 :_ •,; ., ,·,:.: ·. ,If 
" ·. 8000;. . . " 
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"· 
·" 
it 

" ·. 
·u 

( . 

115' 
.1~5 
"'17.0 
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·- : -
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.-· 

... ; 
... , heating, paieoc;Y:~t~·~ ii:~ in the arS!j. of·~~.Josef 'Land !iW.y ;eaoh 

,c· .. _;the~---l~it.thicktle.sa.of. 2.6.-~. ·Thi-s·fi~e is ver.y close to ·what has· 
,.. ·. 

• , • ;:, • - j •• • ! . • . ·~. -... 

been :observed_ in. 't~e _·open:: :sea. T~ua·~ · :&n the· ~-eyel. areas· ·of the ice " 
' • : • •r' • ' , • ... I ·, • ~~~ I • ,• • "• : ,:) ' ,· .', : ' . • ' '..•, ', • !' ' . • ' 

pack fields, _Nans_en encountered ice a1>6ut_ 3 ~·thick;· the thic·kneas of 
i·,. • . - . . • . . - -.. _ .• _. ·- • . .• 

,_, ·. ic~\j£ :.t~~--~if~:ins· ,stati~n "N;;~li Pole;' wa~ a~so :3.m •. ".·.·· 

~S ~ result 0~ num~rous ol?se~yatiQns. Ca:r;:Tied -out .on po~ . 

stations located fn Va+"ious parts of the Arctic, it ~e become pos-

.. - 7'2 -

-~. 



:.-: 

· .· .:. ·~ible· :to .. es:tab.lish.~more. accura.te1y.·th~·-:correl,.at.ior/ib.e:t~e~en:·.the:_ g~"owth 

\ ... ···Of ice· and·•thB: ·riumJi!3~.:of'~ q~sree-da;s.of''ifio~t~ 'tkli ;t;o~de;i;e~fu~ ~he 

· N··.··N ... zubov<:·s~vea .. the followfns· taibl~f:or- 1ririr~·a·se .. :·:of :tee · 
•• • • -. • .• '' ·; • • r •••• •.,.. ... : - .; •·· 

: thiomes.s in.:cma· .. ~~~~g ·qne· ~Y:i ~it.h· a ·given· freez:ins .. tem:pera~e . 
. . ;: __ ·~ ·· .. ·' . ·: .. '<·;~· ;. ':_:_i . ' . ' ; . . .:.... . 

.. ::6f ·the· ·a.ir Cd.atly -ID:~·~o;·:: ~~- wt~~;,~~-~~i~ert:ini'tial·>bh:tckne's'S(Of i(?e 0: . 
. . _":. : . -~ ~ . ; -:- .. ' : ~:· .. '·:' -~- :?~·, _:';~:/~··:.>·... I ' .... ' ;. :: ·. ~' : :~<. :.~: ~ .. : 

. :. ~ · ... - T ~·- b 1- ~ , <V:i[I .-·. ·. . . "-:-: ·· ,.,_ . 

.. .. \ .. :"i/: : -~;: ;·~r:f:.;.::t,· W · - . . . .. _ ': . . · · · .. ... ". 

. . 
. . . 

. The~e· corr.e'lat:tons a~d· computat:ions. hold,, good: on1y on_:· condr;.:: 
.~ .. _. 

tion that the·. ice '·fonns ._in cop_se6v.:ti v~ ·level :]4ye;ra~_.and .does· riot .. 

. change. its' posft:l.~n througridut ·the· wi'I1ter, is no:~ oro ken up· by--_ e":ttlier 

. wind ,or .pur~~~~ a l ·and ts ~o:t at1bj.ected. to d~fol;'~t!·ons •. -· If suc!1; were·· . 
the .case' it 'wou'id. 'be . eaby e~ov,gh to' figUre' ·~ut 'th~ ._thic~esa of' the 

ice on· the· ba;s:is ·c;·r.~; tem:pel-atures ·and -to ·d:e.term.ine t~e ·entire _·amount 
•' •' •;• .•.., r 

. y.''· '_, 

of .ice ·in thts ·or, ·that ,sea •'~ · H61;rever, .: the ~--proo.esae.f!·:rThich produce de• 
•' . ' . ' •, 

_· fo~at~~~- ~f-~the -ice·:~~ver dia~urb ·thls :~implicity, .. ~~~· ·~t··~h~. present-
•• J • ' ' : Jo ' I j • • ~ ' w • • • .: ~ •!" ' ."'- :-. -,. "' • "'• ,.. • ' : t• ' ' 

·. . . . . :·_:. ........ . .: . . .. · .'· ·. . . .·. . . \ . 

. . tim~ ·it. is ati~l··impoasib:te. toe e+~t~er figtire·. out· ·or;-_ eve:n dete~ihe 
·:_. -"~-~·· -~ .. ~--.. :1:-~-. : .. ~·.·._.t ....• : . ·~·~· ' ' 't·; ~- .):."~:J .: -~- -. . ... :( ... :···· -~· ~ . · .... :~ 

__ the_actu~l-·mean t~iclm.esa:(,-if the···tc6,>cov:eli~·-which. .. ~s b~en ·subject.ed 
,;: ·.~-~- .. ··~~/· ':.-> .... _:."···:> ... ···\·;.·.. ~· .,~--~ .' ': .~-~ •• .... • ··.:.·~:.) .. :,.' ... ·.·· .. ,:· ... -. ·~.~ . .-.;"'•·;·~·-'r•:•. 

to prea_etlre and. Jiillnmpckipg~- .. w~-.ne~cther<are ·in:·a. positfpn ·to det~~ine 
··:'.· ·"·.·:·-: .. ·_.: .;-;-~ ·:,.:.· ·.··:·,.;.-.·.·_,':_. :~···:_·· .· ··:_ .... _. .-~_<..~·. ~.: ·:J .. ·_ .. ··.: :. ''· : __ . ·. -~··> ~ . 
the amoun~· of, .. ic~-· in :ton~ .or :~~b~ic.··;Kilometers.;-,,_ .. al~q ··this· owi·ng .~o t~e 

.. ·· .: ... ..::~.,.!· .:, .... -.·\· ... ,. "'~_-..... -~ .· ... ,···._J, ':.~·· ... ~~-- •'. . _·(;, .... .,. 

' '' 
•· I. 

r , • • • 1 • ' ·~ ·! · .. ·_·~-,7 .. 3. :,··. - ... 
...... ;;. 

·-A·.·:. ...... • ~ ~.~. .l .: • f' ..... 

. ' .. ···,.· . i' 



. ; _:fact? thEl.~·;·.·apal.'t_;:from-.-~h~ above:· meriti6ned'",reason.,:·. we do-·--riot.;·Jmow 

. · ... ·what .·frac t-iori-. of· ':.the) surface·; b.f ... the· ··:·sea -'may-·. 'be::-'dovared_:<wi th' ~-ice-~ 
.._;. _!'· .. . . . . ' • . ~ • . . . . . . . • :. . . : . •. . . . ' • . 

· ·Indeed,-·.it -wo~~d_.:be:·~hard :to .:~e-li'e·ve -t~t>tb.e:re''··c·~uid·:::b~·-preaerV'Jd 

in .:tne ··op:~n .. :sea ... e;v-en'-:.th~;·::m:nalles·t~ ·a-ti-ip (;of ·'-~ce ·''uri~ffecte'(r•by-·the 

· .... ~enep&~.: ~temen t· .. o1t· iQe 'w:~i:~,~z(·~···~~tl~~~pre~etoent·c!! ~.·,_ re~lhS!! 
~na. :hr~a¥-pg; up,:: and' it'a __ .acc6n).pan·: n ·-:'I>o'oJls';·;·leada-,· ·. ·· ... 

· --~ . ~·. A11·· the :a-foresaid do~~ _.not, new~:V:~; , .. ·: exc~ud.e :the: poaaibili ty 
. '· . ~. . .. ,.. ... .. ... . . . . ' . ' . . . -

of. clearing up··certain pqi:qta. 'It, Qt;m tl?.Vt.~ 'bE?:,.~-~'G~:~e.d., :for i:q.~tance, 
~. ~ '. ~ • ... • . • • • -~ • • •• .r .. ... : • • • • • • • • • - • .. •• • • • • i. .' .. ~ 

· · ·· th~~ ,_~he~ ~ction of_·.d:~f9_rm:t:qg. fqrces l~,ad~~t ~~,"~P,~_,Jpg,reaae of: the 
.. · ·. . .. : , .. l .. ; .,.. · · ·. · · · ., I . ; : ~ .· _ _ ·.. . ~ . ' ' .. 

. .. .:, : .. ; ~9~~-- ·q.f.{ . ~q:~ _ ~;rl~ :t~Et·.giv¢ri_: Uri..~ y~ !.: ·,.:.:!.::~ ,,,~_f1 _ ~lp.eady." b.aen .... at&ted· .. ~tha-t, 
. _::. :~: '' ·. ,:_·' ·-.~ ._, •.. "'' ... .. ' -·: _:· ·.: . .. .... ' . _... . . ' .. . . . . . ., ' .! 

··: fqll¢wtng' .. hU1lmloc~ng, and ~a~ti'ng 1n'-.t4$' bared.--~rts ·of ·the. ·sea, . 
' • ~"':"'~~ • • . • ~. ' . • • _. ' l • ~ . '. I ' 

----;~ ·. . .• :"-. . ' .. · . ~ . .. .... t. . ,· . 

::··~~he!'e··:InaY··occu;r' ·q()~plem~n~~ry ice fo~tiona wh~ch PJEl.Y be -~p:proxi-. :....... . '·· . . . '.· 

~-. . .. ~~1~;t~~4 ~-- .cpmpute.9.' by means·.·'of 'the established errtp~rical formulae. and 
. ,:, - . . . 

. ....... : .. 

. ,_ .... ~~-~-iake>·:ror e~~pi~; ~6., ~quru.·a~ea~,' -~n .. whtch .. th~--·;~~t.i~~ ·;~ 
.:. _ .. 

1 :·--~ · : • ·.:.~·-.:·:;.::· •• ~ ::r~.:-· 

io.e-~:tilk:ea.:·p·l:ace · (se.e Fig·~- .3i)~- Given 500'.degree~da1s· of fro~t, the 
_ , . . . . . _ . . _ , .. .. _. ·: _. -~- :-.<:··. :;·:·.:·!: : .z· ...... · r.. ·; ... 

.. · ~:·thi~knese(!ot ;fihe.:ice. ·in.-: both -~aa~s ~i1i be- ident'ical;· riame:J.y ?~ '!fll•
1 

• • : • '. ·' ·-~ • < ;_ ••• ~ • ; ·._ '·i . ,> • ·'·: ··.: • - • • : : • • 

··. ;Sci.ppode. thS.t, thereafter; ·f~lib~ing tP,e·· action· of' the··wind-, rafti~ 
. - ~ . . . . . -·· . . . . . . . --~-~--·- .: .. ,-~~· .... ~-/. ~~ :_.·. --·: ·:·_· · ...... ·. 

<bS.r{oc.e.~r.ed· .and the· ice of ~~a A h~s b~eh rafted 'On area B. . In. such 

· ·.·· ..• O:as'e,; the ~hole Clr. area A wni be o{~~ ~ter,· ~h~~fl are~ ~ ~1~1 be 

· · . ¢Overed with. ide of doubi~ ~h~ thie~a·~a ,(·1; o~) • . ~;po!!e t~t: ~he 
' . ' . :' . '. '·,_ :· ··:·. · ..... -:- .. · . . : ·-·: .' - ... ·· ·. -\·-----'·.,· . ·-<~--- . ·>:-. . .·. '. · ... ::·:._.' . : 

_,_., fo~tiop -of-i.ce·· continues_.. ~e ne~t· 500 deSl,"ee.:.a.ays 9~- .fro~t "?;~U 
• ' • • • • • .. ~ ! .... • t ' • • • • • • • 

._the:p. .. :p:rod:uce:an .. ~qe:cover 5i.:cm tpicl(·.ort. area· A, whi.le on ~rf:l& B,_ . 

15 onl Of ~o9 Wil+ b~ aad~{t~,~~e f6;;~r~t~1~~~!!~ of 102 ~in.·.· Thu!!, 
' .• ( 1 •• • • r' ·' ' - "":·:. __ , ·~·· 

1 

~- • ~ 1 
- • :._ - ' ' 

~-s .·~ ···r·e~ui.t._.oi a,tfatific~t-:t;6n: ·i~:·qond1tiona ·of· ·1ooo de·gree~-days of. 

· · ,fl'~!!t; ,there' ·bb't~~~!l· e: totall~y~r •168 ,om ~~ick, o~: bot~ ~aaci, · . · . 

taJrentogSihfl~.. J:i-',th~ ~aez~ng ~~ ~:re·t~k~~ p~o~ wfthoU~ b;eak-
. . ' . . \ . 

·ing -~p ·and raftipg these very -lQQO _desJ?ee-..daye of ·:frost would ·have 
I . . -
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., 

l. •· 

•. -. '
1I>+.enien:tary" __ :grco~th. -of i.ce ,·~.an\ ext~a ·.a em .on. ~oth are~s taken:· to-· 

•.•• t. :' 
• "• • • • •• • • j. . ' • • 

. :_-.:ge:t;her .• ~_This amount· of--+-oe_ fo~med;~---in corise:tiUE31l~~ of :ttie-· .. fact,· that 

· .. t~e .growth .. of ·u~~-.--Wa~: :mope·.:~~ti+4' Qri>the :~~t- jthic·h·._had·:_been-5~;~fre'e_ from 
. ; . . . . . -~: : '>_'(_.•: '•::·~'-" ~ ,_:;_ ':· ·- . - :-- . ~ . :., .. · ,. . · .. ' . . . ·. . 

tee t~n. the: ,:part· wP,~r~ .. ~-:~f -~p~-, P,~Yver was pres_en~:,~ :b·f.?r ·we; Imow tha ~ .. !· 

. ·.(· r o· • • • • l _: · - .~ .!. , , ·, . ·-..-

. · , tl:!~. lli tte:r delaYs ~~~ ~· fto,wt :y~li~ '(8'ea tly aff~ct~tig tne :i!rbW;th of iCe • 

-__ .~hue we -.~ee-.that.. ~-? ~11PP.iegn~nta~y"·. atn.ount ·o:r ic·a_:. :t~-.-l>e~nd- . · 
.· _: .: _-.· ·. -·.·:; .::_' i. ":- :·-:.;::"·--: ·:;,.:.::~·r . : :·· .. ; __ ~- .. · ... ·._ . : _,. ·. ~ .. ·-··. :;· 

form~ a; . owi_~. _ ~0:. pre ~~N"~ -~~~: q~~9_king. and · :W:t th :~a ·.oorisid~rable. 
'; . ' .· :• ' ' ' '.' :';~: .·.·,~ . :.:;-::.)~: :' ~-.' :··". _· • c,'•>' ,; _.,:·.'' 

. thermal lbas·:.-for. tp~ · --~~~ ~~~f • .:~~.{~p~ :<?~t~riep. -;~hera -P?cu~ raf~i~gs 
~. ' ' ~. :·· : .' ~ ) ,'. '· ~ • • • !.- ~ <; 

<, • • • • ~- • • t • • . 

artd . liCCv.mulat~·OilS. ·a;~-: ~~~' -~th~ :,:mqr~ -~·aupplem:entary. ;:~-cia. -~iS 'produ¢:ed ~ -
........... . • . . ' '. ·;- .~ ' ' . - . • . • ·- ~. "• I . 

· _We_:_- )m~w too :that. s~~~~-tf·iQ~ttQP~ :·~+~~:·n~t:<tiiAite~·~·~~{ stngla·:.-~:ftiriga 

.·, ~r·one· field ci~to e,n~tfi~~}f!~ \~i~atEJd 'input e~Pi~· . ~boV~,~ we 

have examined var-iotts· cases of hunnnocki~g;:_:atid.'.w~ '·kJ:i~, tha·t·;· 'wh.en 
~ ' . - .. . ~ , .. 

. .. - .· ·' . ' .. .\ . ·. '• ·.. : . ... '. . . . ." . · .. 

: ~e_at~:pressure- ·ocpurf31 .large ,sized -1~vel :fi,elds .~y-:±>ile/'ilp- ·into 
. . . . . /~ . . . . . . . . :. . ; ... .' . 

. iminense_.-~~ooks; -~hfcll..may· be compara:~:i.vaJ.;y. s~lt''. ~I?._--aur.·:Eaae-; 'but 
. . . . . . . . ·' . . . ' 

ve:r,y_ ·_ impor~rit '-.n he.ight and .d;~pth ~ · The ··re .. e~it.,'·hei~£r ·t~t: -~b~~ia,ei--
. . . . ·' l_ . . .. 

. ~b le: a:r.eas .~f sea. are.- fre.ed of . ice~ . . . .. 
. • '~ ·,' '.. • . •' .:-; ! ~.' . 

' .. ~ -~. · .. ~· .. .... .. · ... ·· . 
--

. _ · _Aco~ul~tio~a ·c;r lee. ptl·e-d. up 6n :cdas,ta+ ·ahoal~:.ii~fi(l; __ .o1i -:float• 
~. ' ' . 

1~s. ~ i-9~.;.rfe·l_d·a·,.-:tn. tne- ~r6:nn ·c,r hummocks ~e, ~ost~ly, ·a;~p-eild.eilt'- oti the 

forc.a a;~d __ ;directipn · bf ;the_ wind:~ 
... 

It is .-_q_l~~ ·tnat,:'_tri''-~ase· :of pres• 

s~e.; 'the·se'. ~c.~um~la·tio!ia 'wti]. _be'.:t_he i~~g~st' w-h~r-e::.a;n ··fmpbrt~nt. 

'Ina.SS. of iq~ ~is. ln -~cttori -~ --~ .'_comparat;f.v~~~-,.y.lb_~ad:.'seas; -- subh·:.as' the 
·,. 

I\ara ·{partiou~a~ly .its ·:SO\l~h:we~i~rn part)_·a~d--.'the ·:W1iite.-· Sea; piled.: 

~up ·ica .. canriot:·9e aa· .. immense- ~n-'·si~·a:;~~:: 1Ji:.tl1~.-~Ea~.-4~·J!.n~§ib~rian .or . 
. . ·". \. · .. · ·;·.·· .. ··:~. ·' .... :~· ... ·.:t· ... ~ . ~··· .·-"'··~ .;:~··=.~· ... :;_~·.··,:' · ... : 
_ C~tikots; Se_&~)- whe:r~· there· is .open· access< to-=:ice -~from :the.·p.dlar -·Basin 

.. '. ..· .. 
. ,· ... , (Fier~J2 r • · _:wp.en ·Winds·· dr}.'ve· •the ~-:ice~ tb1'lai-.da:, th~ .. :eho~er,: 'tha··.:':formirlg .. 

. . . ~ . . . . . . . 

. or hummoclfs. :Wtil ·.be.·mol:'·a dntens:i:ve:; .. ·:: .: .. :' · 
'•, • •• 1 4 • I "'· ••. , .. • . 

0 
':..,: • 
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·, 

.· .·•. Th6refq~e t};!Ae, ~~~ff/: .,f~,O.:J;pr~~ . erer;ci~i~g an i~lu_ence qn 

. ~he:.{o~:t~.o~ o.f. ._ti~-~_;,_:,~-pa .,·~~J?P~.I3me!l;t~_y:_:growth-, ... -and i t~~:.f3e~~r.ai · 
. . -~ ... - .. -~ ~ '· .~· .;': -·~-. -·.····· ... • :- .·--~~-- ~:-::~· -:~.~-_'."j'~:--; ·';•': \ =--,-~_ ._ .• ,·, ... ~ . 

a~9~t:' ( -i_ts·. volum,e) -~r.E! the:,.t;o~l,O'(ins.: . ll.tP.e: .. tempera~:ure. of ·-the ' 
. . •. . ' ' ' "': . . . :. . . ' : ·. :· . . . . . . . . .. .. .. _ ; '~ . . . . . . . . ' . ' . . . ' . . . . . . . 

.a~r._...( d.egl;'~.e~~~Y~.- of_. ·~oat)·; :~) _pr,_ef3EI1-t+e~ .. and.. :rafting. producing·. "sup"" 
' • • • . ·., • ~ , '. . • . ' : . , ' , .. ..-. • . ' , ' • : ' • ' • • . • ' , , ' • , • • I 

· .. PJ~~IIlen~ary'.' fo~tiqn, of -·~c.e~;:~~~·J¥~;<~-~pq_rf3~;aJ~g,. t~~ volume; qf.' ~ce ;· 3) 

.• ~r~a~t~tt~·.r~ij~tJ,.:~~~ix>~ii~~a~~f~i~~ion:. · ·· -· .. ·····. · 
- -.. -_~:\_;'·;~_-.·::;(."·~-\~-;;·~·---:c~_.-; -_~::·r·;_;··;t --~~~~-: ···~;>~: _-:~·.~-.. --,~-~;::~·. _., .. ·.~ _. .. ,.··. ·.· ·· 

·,, ·.': .: __ ·:.w~'. :~-~.l~:)iQ.¥~ ~;iaril.ine' .~pe ~~qt'Or.s oontr.tbut:i.ng t9. tA6: d~yreaae 

" ;qf-~~e' ~~nt! ~r:·tc!l:·~ ~onS~K 'EniQJl; the . mai~ ~~t-. te .P~;,;;d b; warm 

·:·· ,·1. --~~~- <;lep_en~~ ~: \~~a ~~:_ ~~:t;eri;t . of.- Nort~' ·c·ape .•. · ··The- i;nfl~ertoe of this 

.. /vta~·· .. ~br~erit i~ .. pa_r.t·t.cJI,l~riy eharp-.. .f~ · the: ·~Quth~~e-~:ter~: p~~t of the 
. . ' . ' . ' ··~ '... . ' .. ~ ~ . . . . . ' -' . ,.. . 

:; -:BAre.n't·~·-~~·$~a, :~·whi_cJl·. never . c·~y~~s'\rtth~ :I.e~. I: ; ; ,:. 

· ~ : , , ~ai:;p,~ rtv'Sr w:ater'e alSo exeZ.ciee ~ri)ud1 infl~~~ce on the ~ount 
... • • • ~ • : '. •• • . • # \ -· ....... • :· . .'. 

~· ::·.,· ~~( ·:f~.e ·~· -,r.~~-~. is ~art~*ul.arly strongly ·_:f.e.l~ _.in. the. ~:ra-~.9~a, .~here 

·:·.:>~)-~:the, fl~er~, Ob,. Y~Ili~aei. ~nd :py~.'ssina.-;l~j/:an·. a+Tito~t·~ d,ec·:t.si;.e· ·.role in 
... . • \ . • .... • ~ ' • • • • ' • • • • • ' • . • ~' • • : ' . . • ' ' • ; '~ i •• . ' . . . • ' 

·the ·. ic_e ~: ~:itu~.t:lon :Pre.Y:ai~ing .. in. the ~egion :b~.tw~'en Di·~ks9n Is~d. 

:.:·_·: :.~nd. :~ii~.i-t~·ki. ri~~ai t~ ~.The -~ate.'ra. of/-~he: te~a-.R~ver.:· a'f.~~tit·: ~~e. ice . 
. . . ' ..; . < -. ... . ~- j, ·~ • • ~. • ' • • • ·, • ; 

. ,· .. !. \.··. ' .•. 

. ,· ; . 
~ ,• . . . 

: :· '.-

·:, · · · . _ Th~:.-;I>~~~n~h~ ·,.Q~en te carr.ying ·:ice out·. o':t~ pqlar. s·~~~ alae;>· 

~Ve . ~· ~#:~: uo~ ~h.El· ;.~t qf Jca i~- {h~aa_ ~eaa~ ' In 1;he ArCtic 
' ~- ~· ....... _· -~ ' . 

~~.~s. of ,·~n.~. ~~Y~e:t; ~~crt9t: .. p:;r·· __ tl).e f.h'~tic·:>.-ice: 1.~: b_e~hg ·.~~ncesaantly 

<i~ied--OUt; mainly. i~tO ,thri .. Cen~r~f.,,pQk.B~eino· .. • ThG only exception . . ·.·. . .. . . - . ' ' 

. -~·f . . • : ·, ... · -

,... i 
.·-,.':' 

...... .';•._· .·, ,.··.: .·. ·.· · .... , . : .. ~ :.·i : ~, .. r ·: 
'. \ .: 



'· 

<t. 

is '~the Barentz St)a~· "vt.he'fe: t:he··::ica·:'_fa':Jnrifnly .:·cfe:str_oye·~. ··o_h _:t~e spot. 
- . . "' \. . . ' ~ . 

At.;'the .·~mer ;time~~- _·;,ic:e·-; from ·oti~~ <eea:·.-i .. a· bei-ng .. :~arr~ed. ···fn~o :.~otli~r ae~. -

. -: · Thus -·a.,-6-erta·fri. ·ammm:·t ---6£ ioe'·:ia_.···drivan:.out· ·or".th.e-'Bar~ntz;· Sea -into ·:'' . .· . . . . .. ;,. . ·,. ' 
•••• ;. t -~ : -...· ~- ~ ~ 

the{ kar~ sea·· ·th~otigh: ··th:~ IDl.ra'·Q'~t"es. {Kar~k~e :~v<?r~ta.}. ~rid. •'through ·the_ 

wid:e:. pas_sag·e.-·b~twe~rt :Frenz~·Jo~a·£:· ~nd': arid ·cApe· ·.·Zhelaniya •. ·Part of 

the Barentz Sea ice'· fa -al·ao: driv·eni 1nto ··the ... Greenland. Sea. /~·From the 

· .. ·.·Kai'a sea,. the :ice -i~ i~i,~ied' :p~ti···;~to thl3 14ptev Sea; tbrB~h the 

vnlri t~~i '~~rai t, frQI!l th9 E~;t6r,h;;S~ biii-tail'.{llt<t £ne chukotSk sea 1 
: "'. ~ ~ • . • • • . . . : +. .: . . •• • ·. • • . . .' . . -

-e·tc ~ · Tl'ie· ainotif.L:t ·or.)i.~e- c~r~f~<l'~~ti·d.ependa o!l·. :the ve16cfty· __ br:~u;r-. 
• ~- • • • • • • < • • • • • ' • • 

rents and o~ ;tlta· winq~ 1- ··In fidp:iti'on,·· ~h.e>dr:tfting :9·;( :~0~ -:~ti·t····o:f'. 

euch seas ~l~o depe·q~s~o~--tlt~.:;.:~pe:~.Cl;: 9f:·.·tha··--,~i:f't, df ice iri''the:.: Ceritral 
~ •: • • i ·. • ... - ', ' ·,. '• r l I • • • • .., '"''• • .,• '••• : ' • ' • 

lo+ar b~st~·:;: ··.:le/'-th~- l~f't~r;·~i:J·:(·~u1>Ject>·to --'I'lt:tctuation,s:/"the_ md~e- . -
!'~ •.... . -:.;·:'": ~_t' .;:, . : : ~.-' .;, ·--· ~.: , ' • •;..,; •'\ • I.,' '' ''•' / . ' .. ' , . : • - • 

ment of' .:i.ce in. the ··aeai:j st'tu~:tea·:·.oti-' ita: .. pet'_i:Qhery. ~iso.--fltic"tuates . 
... -- :.·. ~- -~ .:.;~· .· ·. :>, '·<:·- ,.· ·:.<~ :.~-~~-;'; .::) '~:.n: ', ' : ... ' .. !. ,.· ' . • : ... ' .. ,, . -.~c.; __ ·y: .,: : ~:: > · .. ;:; 

and varies from one yr:j-ar-·-to ... the··'<?tlfer.; ·_,a;a:·:W,ell ._in_·.eho~:~:er p~riod.s 
. . .... - ... . .. . . ·'. 

,. ' ".. ._,, . ~ 

···or· time. ·The·· qti~~:bi6ri ·ti:t<-ourreti.t:a ln';:arctiq:· ~eaef' ~~:s.<o.n~_:.-~f- para~ 

.. }n~nt '~~~~ta~te'; 'it: i~ ·. ~iBo '¢nil Of' the'~~-· co~}~h Pfp;i,t~s ~~ed 
_to tne .. study~~-oi··;~th~:·aYhbnii68 ·or ica~-- ·,tr.·,.··,·; :<· > 

' ~: •": . : . ~- ':,•; . ' '''· ! .... : :_! ;" . ' • :; :_: .. ': (_, 

. Snow ·'ex~rti:£a~-,~ :~- a·a~ta±ri·:lnf:Luenc.er:-.on lthe- amount :.of~~b·e, _·:~nd 
j. ··-. . '· . .• :.1 ·, .'>-':' · .... ;· ,: ;· 

:it~ ': s i~ific~hc fJ ·. h~s/- ~lre:a:dy:: beeri examined 4! •. _.::snow. whiyh ;ha~ faiien 
j' .. ' .: . '.· '. .·,_. ·.... : ,· .: - ·, . . . . . ·. • ' . • . • -~=.. . . .. '_...,-_ .. ,,-:._ :_ .· ...... 

in autumn, when:·the f'orhiatton: .. O'f-·'ice. is" beginn.~ng,., ~omew);lat delays 
. . ' ' '.. . ·: . .. .''; ·.•. ~ . 

. th~- ·thfckentn~--o'i::the 1~~- e·over;.· t]l~reby re~u.cine .. ~the·~~oUni_:··o~ ice 
.. . ' .. ·:=; .; ', . 

in: volume unit~:~·~.:-~- 0~ '',tn~:: other ;hand.,·. when a '~~o~:f'~'i:f·~ o'cc~rs ~b;fore 
•' ••• •. ~ i' . . . . . • . . . .. ~ •• . ' . • . ~ 

. the :·beg'fnntng bf , ~ha~fng;: ··l t:·re'sulta· in the -co<?~ing .. ~t· th~· ~tar; 
• ' . ' ·1,• • ~ ~ 

·and the thawing of_ ide· is. thereby somewhat delayed; f~them()?;·~·; 
. . . ', ... 

: .. J • : ' ,'' • : ',' •·. .· .. :, ...•• :. ·. • . ' .. ' . ' ' ' ': • . • . •. :, . ' ·• . 

wheh snew blankets- the' old. ic·e co'ver a; ·short -tiitie. before. th'e term.ina-
. • ' . . ,•,· ~. I' ~ i 

.. , tiori' o~--th~wins;<i·t~·--m.ay· altoge.-thex- ·atop:a11:· :rurther :thawlng·~ ·.::There

for·e·, the':::.d~J$.~irilitib~·:of~th~.-.-aindunt·: .of· ~now· whthh·hS.s .. fSJ.lert- on 
. ·~ . . . . :. ~ :.· '.-. .' ·, ' . 

. poth at a · gi veri. . m.omertt · · 

.11 



. ~ ·. 

... : w~ thus<se~·-.. tl}at;:; apaJ;.~ --f.~om -~~a:wins~.: ·. :the-~tollow:ing' conditions 

_; .: ·· .. 'have :art·~.:-~hf1ttsnce. -on the reduction bf-,::the. a~ount ··of.>~tc.e: : .. -..1} .''Wal:'t4 

•. · . : .c~rente" and river wate;s·, 2) t~ ~:n.yins :out of 166 by •PEI~ent 

·, .. .:. ~A:~ . . :mentioned above:,-. .- .the .pre:r:)enoe · ~f '~oid'.' .. ·-toe, .~whfch 'has·--n~t · 

had time.··.:t~ ·mel ~e. in: sunlliier. and which red.uoea 'to a ·:certS:in. ~:x:tent the . . : . . .. --- - ; . . . . . ' . . . . . - . 

,!;,<-.__ :ihernial. :outpftt. ~f- the·::aea a.t the;.~eginning··.·of.- ~inter). also ~xerC·iaes 
•• ... • • ~ ; •• ::: -~~. <I • : • • • • •• ' ' • • • 

. ... ... 

· '~ · · .Measuri11g the Thi_okrie.$a~. of .Io~ •· 
..... ··· .. ·· ·.·· --

,,.. :·--~As·- st~·ted .-:previo~sly,,_.the a.ot1.1al ;tJ,liokn~ss of tc·e ~t<sea ·may . 
·:; .• • .r: . . .' ' ' ' !,/ ·• - • 

.. , ,in -~~-- .. ·c.aa~ ·be 'tlli6:ondi t1onaily compared to th~oretical 'tiii6kn.e a·a· ·of 
. . "'".. . . .· . . .. . . ' 

. t. : ,tee,, i:·.~ •.. to that· of ice ·of no~l -~:nee_zin~~:· Compute~· on ·\ite ·basis o:f 

the-~~ount of. ·lieat ·tised ·.U}) .. for .. the fo~ing of ·ice.:. 
' . . . . . . .~.- . ' . . - . . . ' 

• •' I . 

. ·_: · · ;· .: · Di:t;(3~ct, m~a·suring '-of· -the ·.thickne ~a: df. :sea ice is somawha t · 
. ;..-,-. - ' .• ~· • ' ·•· . ' . - ~ ~ ·. . -~ . : . i --· ~. ~ ... • .· . . ~ ' ~ 

' ··.. ., .• 

. ~d-iffiQul t: owil!-S ·:to' ··the · unevenne sa of· :th~- uppe.r .and ~-lower fee.· SU.!'fa.ce · • 
• '''"..:..\-' '"': - , , • : '. • , • ', o ' I ', • I 

... ;· ·._I·:t ~i~· ·~uit~--:.~e.:8:i:3y/.to/·m,~a~e. 53:~-~~o~?.,. ,a·v~n :•:ide~f.iel4:;. it :ls auf':f:i,cient 
- :.• . ·, 

~~ :-~to ,tt;:Lk~. ~ .a. i~ th .. wf~;n-. · c~a :m~:r ke4 ?n. i ~ •. f.ti"+.d with' -a~~ther, · sho~ter_ · lath 
• .• ·- :. • .,:;.-/ t • 

a t~a~hed. to ·-~i-t?·a ~'lower:.-.end. 'at a_-str~fght angle' ··-~nd ·-to. apPly' 'it closely 
:· ';J"" .. . . . . . . . :: . ... - . . ... . . .. •. . . . 

to~ ~11~- _iowe:r _-s~rface .of" tp.e i.~.e,·: the~eafter ~arkirtg· t:He :.:he.fgl:Lt.·of_· the 

, io6 fie l~ • Bllt , ~eli liivel. i~e 1 s exceedtng~y rare at' sa~ and' 'may in~ 
:J?.O way ~pe, c~~s:lde~ed. aa.-Qharacteristic.• ,' Th~-·:pro.bleiri:· o{·lJ1easuring, ·a, 
:~, . ' .-. '- ..• ' . . . ,_> .... • ', · ... · . - ·. ~·- .. · . . . . . . . . . '' .-: ... 

-~~?C:JrY. -fi.e ~d. JS.. ent+reJy .,--diffe;r!3nt •'· .. l)rill,lng throtigij: the . field , . r 
·~ .· . . . .. . . ~ . . . 

unti,l. ·w~ter is reached. ~d. ~~t;ig· tbe Ille~s:ur~pg l~tn,;thet:eaft:e_~·.:.cannot 
. ~ ·. . .. ,.. . - . . . . . 

,. 

~~- -:ex~e_ct.ecf~.·to_· .Si ve.·_aec:ux'a};e r!3&!l.ta ,."·ai. the_.-thfomess<m~a~ur"ed. applies. 
. ~ . . . . . ... . . ' . . -

!'_ •• •'. 



~ 0 ~ • • 

..} ..... 
•" ,JI' 

,.· f-·'····:· 
• ' • I • / ]~~.~i· •I,! • • • • • ' • I 

; .·; '.;for :thee 8:ppro:X:iiaa.'t'e·'meaSUl"ing.:of.~the.:thic1me'sa: of' an·:~even:·hummocky 

· .•• field :•·, :·m~a$lfe' the . hdght , ~f th~.:n~!l;ttni ;~ti-~f ~he · 1-CEi ~ t several 
. ... . ···.. . .. . . . . ' ' 

:,. ·sprite, d.etermln~_·.t~e ·._·a~ecific·. ~~j;:ty. of· ~he·· ic·~~~~ .. and·~:~hen~:-~;~s.ing the 
~ . . " . . .. 

.• 

. n_eQ e s sary:>f'oniltila; ·. ~ig\l~e: out<·. tP,e · dra'Ugh·t ·.o"!.· the· .. field::·. ;:~·I~~c~~C.Y 

~ . 

in' the. deteminatie;l,'· o;f~'the. : .. ep~¢f.fi·c.: gravity. ~J?.d.· of···~ the ~eari·:~·h:ei.~l;t. · 
::• :.;.. : • ',• •• 

0 
': • ~ ' I •

0 

: t 0 • \ ' : 
0 

O \• .::~. ," O 

0 
0 

0 " : o, 

9f the _.ice ·rteid -~bqyer. ~~a J,.e.Ve·t w1.U not· entai~· t~o ~ea~.~~~~fiTO;' 
\ . . ·: . .. . . . ... . .. . . .. 

in~ such ~·~pp:ro~ima.te· .m~~~prem~~~R{· ;·:o:e all. ava:tlab.l'e meth6_ds:,· .. ~!l.ia .~ill 
.• : . · •. ·• ·. . \ ..... • ·! /, 

...•. I p;robably giV:e ·e>r~·~~l t·;_ YtOB~~if·:·-~0 ~eality·,· :·· . ·< . ..-~'' . •' . '·· ·_."·. r. 
; . . \ . ~ ' . ~ . . . 

. ~ .. 

c~rried· :olit. irt.I93'ft:n. th!3 Kl3.r:~ ;S.e.~ Qn. tne· ioa:· 'btie3~kerJ:''-v ,· :Rus:~nqv:.'·' 
.: .. ,··· ... · ·.\'. ..:·_.,'i..t''.· . . ·.-,-:~,.,.-.··.··· .. : ·.': .... ........ ·,:"'".:.•'." ... ' 

Fig. ~33: shows~ the .ni~~sur1pg:·o~ :t]1e. :flqat'~ng· p~t of a· frasmept of.· ':: ::;. . . . ·.. .. : ·• . . . ,• : : .. ' . ' : ·, .• ." .. ; . ·• ... _ .. ·· -.: '{· ~::_' ... '.- . ' . . . .. •. : ':• ··. ,· .. \ ;"::~ :: ..... . . 

h~cky, f!·eld., _whic~ had ·b~en. fprme:d. -:-~rom·thin: .ice~- 'The.J!le~.ernr~rq.~U.t ... : 
. '. .. ·. . ' . . . : . . . . .' : .. ·.· . :-; . : .. . . . ; ', ' . . ' . . ''. . \ ' . . ~. . . ·~ . ·.; . : . . ·:.. . .. : : ' . . . .. 

"{~s ... t~ken ·.on Augu$t '23-:1 · nel3,;: \the· we stern . eritrarice ·:-into Vi~'ki_~ .. ~lq ... ,- \:. ·: · :; 
. ~ ,. . ' . . . . ' . . . ~ ·~ •. '\ ... 

. St:ra~ght •. ·-·At :_poih£ .. Ar the he.ight of'.· the· ··abC>va·.:."?_a?t~~:, ;a:;~ of:.:~]?.~ f.:P~S~ .:· · 
( •. i . .. • I. • .: ,. : • • ·j •• r·· ~. ~. 

me~ t.·.;. of, .. :t1ie 1~ :was: ·16 ., em._., At. ,a di.~t~I?-ee.- ·fof'. ·: 21 ·::ni;~:f~oni thfa·:_· po$n~, t~ n;' ) . 
. . ~ ... - ' .. · . ' • : '. . . ~· . ·. • . . .. ' ·. :·· ·: ... ... j . 0 ,' t • ••• ""~ 

-h~ .. 1g1;l~_-.gf· tb:e- ioe. ~hi~h ·was· ~no:r_easihg~~ sraaua-~_i.y': .. reached' 1~~ Qni~_ .... ~- :·:.::' ·.·· . 

. '' • ,On ~:m~g. 331;he ~tci~e~~ater rart 1f!,re1i1te4 'to t\l{:~il~,ti:\3: ,'·: f ,, ' 

. part ~t ... a·,ratio of~ l:7;' u;,· ot~~r.word~r,.~one abov~--~tef -~art._cC?rr..es~::;:<~·~· .:,_ 

pon~~ ,~o/ .7 $~~Hh~ ji~~t~.- ~he_ ~:)Wm&, ~howtl ·thfit·~ 'c~~~h~i;~l;y,. ,, .. 
• • ',. • I .~·•• .'. ~: •. ~':·o o.:•,"' .:•:• .... J.••~' • • • •. • ·~ .,., '•:·~~ .,,\ · •. ,· .'·' • ' 

.smal,l:~fra.gment:·<Of';".t'feid..hB.e.a dr~~sP.P .·C>f' m:ore:;than ~;fm; It·,m~:V,. .. : .. ~·· .: .. . :·:·:·· ... 
0 ,• ' ' •' •'., '• •; ~ •,,. : .... ,<, •' • ' ' ' 0 o' • • 0 ; I • o •,' • 

.· how~:v~r ,, ;/1?~ pre;~:nJm~a· /:·that/ · iti .. i'ts oentra.1·. par:t, ·the_· ·r~-e~i~i·li~s · a ·still· 
·.. ·. . I . , '· . . . . . .•· .. :'< l',:: , , ; . 

"I 

greater: draught, because the he igbt .. of . the· ·ridge (?f ~hummocks ·'rising . 
- .. : . ·::.; ' •. :: .. ··•. . .. ".' . :: '·. ' •. ·• : .. >.. . . -· .'" ' .. 

. on .the,_ -s~J:'f'aoer_· <)f .. :tha.·:rreld.:has · b~en .. 'dlsoovetecC-to !:·reach> )..00,105 and 

14 5 ~m~ ~· In a,~dftioti/ a ~yer,. ~~ atiW .. lay on. the field}: i'te cl.~Ptli 
.. -, 

' \0 ' ·,·· • ' • '·,~ : • \ ' • • .. I.,\.: ', 

Septembe·r ~P. of the ·same ye~r to the· West o~. Za;rya Peninsula. 'rhe 
. '; 



r 

-··_; . 

- . 

· . .._, 

· .· · siibjeb~ed·t6 pb_i3~$ut6,'Whtch~ha~ QecJWred: a~ a'i'eeiiit o'r tbeS:c-tidh ·.' 

·of wirid.' ~.nd c~rent-~' :.The:- ic~-~f~ielci was ··cove;r;ed: .wfth': a·:· .la·yer. of: .sn6~· 
'. ' ' . . . ' . . ~ . ··,·-

24' ems- thick •. -. Thickness of. separate fra..gm~nts\· ·a:r fee ·~'oil~' tha···rie;Ld:. 

~aaehed. rO<i'-150. ems~'- Th~· •he*lt7J~~~r;~~lt~r. of -htimniodks ·.was· 300 c~s 
:bioni:'the .. ~eurfac·a~-of :the,·--fte).a:~- antr-"330 .. ccms,from --the _levei:of the water. ~ 

' ,. _.. 

the~--h~ocky ~-ie.lq ,, '~e·a.-ched: 290-300·· ome. -~The measurtng or'·· ~no.ther· -ice~ 
·field .yie·l~eq.: .. th~ foilowing results:·: -·beignt·.' ~f- hUmmOcits>from' th~ wtiter 

· ·-l~v~-i-:.'::.-147~-~a~·-·cms·,. f~om- the -surfac·e of ·the ·toe~fi~ld ·- '95-~-130 dma. 
-· • "• ·e. • . 

rri -aP~6:iit~~te lY the' · Same spot (alight farther tQ NR) , neW m~a.6m:'trig, ·· 

-of.:<:t;ce_>an;ci··t~flOW ·was _carried out orr September 25 after· r~pe~ted -pfe·saure 
. . . . -- ' ' 

had:·-.oc·c~rtac1 .~~:,rt- w~~-- dtscoverea ·;that' ~the ·iayer or· old. (ba.rdl-->srio1-/oii 
' • • • • • - ~· • • ' • • • • ~. f .) ' 

t •• • ~- ~ ., .... • . -

t_htk._ic~f3~f_ie]a: .was:: 20 :td ·50· erne -··thi:ok, while· the··newly' -~~~~~tl ~·snow ''ray 

'. -i?·-cm~--_higb:~':- The thic}Q;lees.- _of. fr~grnent.a. o.f htU$looks · flucttiated.-~be~~en 
. . . ~ . . . . . . . . . ~ 

too· :a:ria:·aoo.,·cms·~ The· het~lit or_· the ~ridge- of 11\uDmo"~·ks: w~s- :256-73o·o ·ems 

rrom>tli-~:·,,:,s'lir·i~ce :._~; .. the .r.ietd\i a-nd_ 5oo-6oo Nom ·the .-'leve:l' of' .the:. ~:e~·:._· 

T:h~-~:h~l-ght bf tl7-e al)OVe~'wa,te:r:~par't of~·the ice~t1eld~,- meh~-ed> at: e~~eral 

·:.::_ · ~oin~a,.: ~as_- ·29-i?O .e.?.-d -120 :ems •. ·The: he:isht: -~r ·aa~ara~~---~wnnlocka; .. · ~hicn 

~ ba~~:: forme·d>as;. a: r·e's~lt- 6f:: th~-- ·:la_et ,.-P,r.~s_s~e and·:·· ~t= d~i:f"~eretit: ·ap·b~~~. ,~ias -

. -~ .... , . . ,. - . :· , .:. 

· ·_ ::---_<.:,_;.--T~e<da·ta· gi~.eii:.s~o,wa:.to~-w~t:;:height \~~-·$1 'be p~l~ct···up·a~:-~--~~:~ult 

; :·.:-~r-:.:pre.~·su~~--- oectirr.ins·' fn: .Suminer ~ ';and' ·what magnl tude·a· ·¥ay'b~ ·r$ach~~. as 

. . . . 

the.,_ ~eight. ~or· :~~e ~ hummcpck· :above--- ·sea . ievei as·. _5 ~--m;~:f~: ~-a~d· ~ake ~h~· 'ratio~: -
. -' 

· of'-:~tne·-·:aboye~~a ter··:·.~nq. subm~-ine _::p~icf?. -as: 1 ;_-t·the- m~~Gzn 'cifaught- :::. ·: ·~ ··.·. 
• • • • •· •• ,J -

.... · ·· ··· -~--'·ao ·:..· · 
. • • 'v ,--~ 



.. 

s 8 as ! . ;);}e, lll? 84) }hi-9 )!I<~}:?~ ~o ( 19 ~ \Aa~ Y?P:s}, df~pf<:J;;l1 !011,\~Ei !Jf:l ·:!;~!"' i,im~ t' , •· 

thicJ!ness. of. ice of ... f:J~,ca.l:~edc '':r;ol"llllii:,':. :t'r.~eg,i.BS <?J~--~-~ ~),,,~ ... ~yef,i:·~:~P: 
• .,l, .•· '._ -<.<• • ;!._ • ! '.$. • "_·~·,, '</ ,~~ •'.., I '• • '• ~. • • ~ ,. ' . '..- - • - .. ' ' 

. the Whit·e · s~a .. the·. m:~a~ .. thi-ckness of. tc~ i~s~ c~!lsid~r~blY, sr.~.a~e~~~ 
:~<\·~:_·. ·:.,·· .... · ... ·.:,.:· . .. .- ,·;~!- .,~_,·,' -__ ... ;•. 

'l'hu_~,. fo~ Jn~~-~np.~;~ ~!9~~s~,~!llen.~s 9~i.ed.,. ou~~ o~ :t.he·~ Jce~'br~.~~~:b: :.:··' 

"Y ... ~ 'Eus.s.*?qv'':· .on.-~rcp·, ~9,;:_1~~7·.::·~~:~11~-:··P~B;tr.~l.,.·:Psi,i·.·or': -~~~·,~~s!ri~ .. ~~~ 

. ;h~ , ~ers~i ahOr~, . yi 8 l.d ~d t~~ fBt,1~~n~· ¥ll~{ts: . laYeV b( sn91f~, 6n ~; .'· 

the, .field -. -~ .5. to :·2 ... ems- t.hipk~ ···t.b+9~~~~- 9f. .. l\~Q~k~··-~·· ·i. ~6,~:g~-_'pm8·'~:: 
• • ~ , • • ; f ... , , • .• · ·, 1 • • ••• ••• • . •. ~:. : ;·: , ~, ~ ~; : .. ~~ ;i~ •)r-'; ~ ~ • ~ I • • • • • · ·• _ • ·, . 

Hei~ht <?f the. h~ocky ~~~.~~~ r~P;~··.~-~~~~~~~~r ... surf~ce ."of.:-tlfe ·f:i:l~·~-· . -: 

· ·.:::::~:~ ·t~:~:~;2~1;::l;:~!g!~t~.:~~~: t~:E~:3~f:~(;8i::~ . 
. ::;1: q: ·:~:~~;::~t I :a::o:;;;~:D~i~!;t:~:, 1::,:9::: t:~~:~:~~;:::: 
~i:nter. .o!l ,l~s~t~ qf t11~. sh.oaJs :· kno~ :.as the·:.:<\' s.~-Y~~~i ··Kosh1c~)~ ·}:C~o~th~~· 

Ca ~S.) , no/' s£~1lkhi '' . (ground e q ~~ocke) • Wllf8 ~Pa8!'V8d~; ,~\l~;lf -Oel~u,r~•; 
-~~ry . se.l~ om...... ' ' 

.. •. ·.· .'· :·- '· ... '.. (. ''' 

· .. ~_·.· :Th.~ ___ .. dr.~ug~t .S:f~ ~)-~~o.cky~ ic~ Jteld. ~Yt.~be:. ·o.~t·e~i_tie:d~~~~~roxi.;_: .. 

mately .~pqn ob·~_enlpg~.-6ve.r what d:ept~s: ·i:t.:.Boes·:~a,'ground·/· _:·;f;n~:-.th~;:Jrar,nj~ . 
·" , . , : •. -~ ··. .. . . "' •. , ~ ,,. . .r . , . . . ~ . ' . , ' • ' 

,. '.· 

. ··S~a., .· hu,mmocky, ·ice :ti.elds,. ·Of- me~.iJXin. th:tckne~S ._go··agrqund 'over 9·~;6:.Init);<r:~' 
• •• ••• : •• _ .... • •• •' •'· -:' ·:-- • l • • • • 

q.ept~s .,., .~.S.ep~ate d.ett1phed. fF~grnent~:, acco~:pa;tly:inS·:·the·.·,fi;eld:,~t ·:a<·.>-:·: ... :~. 
• ~ ,, ' t ' • -\ . •• ". ' ' •• . . - • .- • ' • • •• 

. . greS; ~<?~. ,de,pth cannot ·.stop .the. ~p:rogre[3s ... ~ ~f ·.ar·.~:f-~ ];d.·. which ·i~ :·;.dri ,;~n~· biv:::~.: . 
. . . . . - ' . ' ' ' ' . . . . . ~ : . · .. , . . ' "' ' . . . . . -- . . 

,• .. -· 
•''·1':"'' .•· 

. wind ·or 'current as :it goes agJ:'ol;nd ·only ~ith its mpre/:~comp~.ci.n¥:is~ <-: ::·: · 
I . .. . 

... wh,ich i~ froze!?- t<?ge.th:~r. · ... :tn· _the ... 'W17,1,t:e ~ $e~; ·. hummpcky::· field·a·~~· start·· going 
. . . . ::~ ~ '' ... . -·"''' . '- ~ ... · ~;" - . . . . . . . - .. · .. . . . . •. . . . . 

agrou;td. ·.:t..n six;. l!le t~:r:::. ~~:pt}1~ •. ~ A~,;·~~g-~r~;~ tce: __ .'·i~ :t~~:. Lap~ov'/ 'Ei~-te'!~.n..: :.·.~ .. ·. · : . 
. : ' \'.. . : . :.._ . . ... . . ' . ~- . . . . ' . . . ' . . . ~; ·. . . . ~ . . - ~ 

;< 

S~berian -~pel C!nikots~·. S~as; ~e:.·.have· qo;-~ufftc$et:lt.~~data on~· the·l~ thi¢k ... · 
''. .,. -·.·. :., '· ..... ,·_ · .. ' .. ·· •. .. . . .= .. -. . ' : ,;_ ... . . • , • 

nes.s O:Wil1S tQ :the "&bSt;>pe~ .of d.i.rerct'·;pl£;3as'Ur:eia~JJ,t~ .~ .. :··;I:t ,:m.Eiy,. however, .:·be ' 

presume~ ~h~~ t,he.ir; .~~1-q~eaa ~a ~!later .aa 1;c8 1s,her8 subjeitSd ·~;;: .. :. 
• ,-. ' 

1 
••." • .1,..- _ -~~; :•_ ~ : ·; '• ::_~ - • • ·, • •! - , . l _' .... : ' I : • •• : " • . • ' • ' •· • , 

basin may b~ p~es'UIIled: to be 9on~id~rabJy ~e&ter too. 
.. • ~ '. •. 4i • 
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. . . 

-cuss:i:BircA'l'ION-·-oF sEAs . ·' ~· ' .~ ..... 

·:~ . ... . •, 

... ~ .. '·~ ~. • ~ . • • ........ : I . ' 

•• • • : · ·' ·To -~amPrete · tli~ c~r~c~~~~i~·~~'·:~~tThi~~?e ; ~et forth iii ~he 
- preo~;d:ing: ·cHl~:ptere, ':we·'··al1aii''·gl"va··.·~-~ei6W>tfie· gen~rai_ d:iat'inotive 

-_ · t~~it_~ -bf _the ~various·:_~ce· ~egimes :Prevai-ling in cfif'fe'i•ent:'·geogra~~-
" . 

·1d ~and 'o-lihlatio' condi't'fona'. 

·· ; ·· ·_: - -Dei>endlng on·: the· .. :Parmall~n~e- of the. :t.oe cover throughbu~ -the 
. . -~ . ' ....... . 

>year·-~; otf whether. 1'~ d.oes 6~. d.qe~i not 'disappear•',oomple~·~ly',·. {or 
~arti'ally imd:~ t6'~hat e:tteti;) in summer - and also' d8p!!n4:ths p~ ' ' 

. ' 

,: . be'·\ ~tat·~a· that" three·· baa:i.o 'groups or seas_ ~houl-d. be ciistlngtlish~d.' 

rh~i'r peculiarities are giveri belOw. 
.. :.· ;_ i.:' · . 

. .· (A~'so~ewhB.t;":"-dtffer~nt cl~setficatio~· of ·~ea~ and. ·ae'ctlo~s ;:f. 
· ocean·aa rega.rd.e to ice conditione had. been suggested by N .w .• -~ub.ov . 

i:n·hi-a' book-·"Sea··_ Wa-ters· and. Sea· Ice1"-·1938; :_it could D:Ot _be utilized 
by :the .. author who wrote this bo_ok in the enq. of 1937 ap.d_, begi#ning 
of 'i938;r.·wbile 'wintering on Fral)z-Joeef Land.· ·:The· ·a~thor''·a ·a;uggea~· 
_tion is no· doubt _of._ considerable. interest •. :.: Howe_ver, P,ie ol~esi.fi~_ · _ 
cation-~·sh6uld:be .. -'cons1dered··aa a·ve~i general outline, whose · · · 
:pr_ac_;~<?t:;¥ :applloat1on .to· d~ffe~ent. ae~a. -~~g~t. r.e.q;u_ire 1 4:n ce~tain-, .· . 

. ·:_chae"s}- ·eome·_niore accurate' defini ~ions, ~a well as SO!Ile A~~servations..) 
' • I' • . 

-.- · . ·.; ~-<J:t.oup. r~·· :~· ... $'e;~-~ with. ~·:·.sea.~onal- io.e ·c~ve~·~· : ~Th~ ~ea~·-·be- .. 

longing_· to· tlils -gx.~up ara·_.lo'ca:t·ad.-iri' ~he ~ilm~t:i.o~ zon~; -k~o~e. ·,_,, 

::.approximate b·ounclariea are- thEr ·following: ' t~<.t~~: sott'th ·-_·,~~h~ ·,. 

;iaiillary o~ :taotherDl, aM to· ~hB ~OX:th.- 'the ;iieaX-ii O.t8'o1;h6:fm:..la" 

a genera:t--fuie; the ·follo~ing-~~-6u-iia;·rti~a· ~~- char~-o'~erl~~ic/6r ·\: · 

:~ .. : . .the- ioe 're'gfme·· ·of·;·the:ae. ·~ea~·.: -:r~-- summ~~~:·_the,:: -~~::a:·.-:{6. c~~p{~:t~i;:::. ·j: ._.· 
-· .. '·.-.. ,., . 

. clear :of_'·':tce. In ·w1nt~r,:_ in• the .~Jori.ty'~of" '6ae~--~:, theY:. 'ere not' 

ooinpiet~tY'·pO~ere·a: W-ith ice;· ort~n.· ~~at 0:f 'th~ 'Burr~~~ <:>f-:t~~ "~ 
.. 

. ": :~ .... : . ./"' ~ ;; .~-~ ..... .... ·, .: ·.: ' ~ . .. . ... 

. ·.·:·I> 



·sea .·r·emains cl.ear -of. __ ice. -t~~;)\~g-hout .·t-J:le::~ert-t~re· year • ·The season 
- ' .. - .. ·t. · ... , . . ... ·~~<' ', ·:_ : ·.'· • .:' .-.-\~':_: ;,_ :, ·,_:·.', ~·:::".-: ·,··:·:·~-: ---.. / . ' . . I .. 

. 'ot thawing is very 'short, _a~d j;he _t~ea ;·_of: ~hawing ic,e are 'there• 
. '· . . ~ ' - . . . ., ' ·.. . 

fore ·not ~as~l~g. ·p~an~~s- in --t~~:- ig-~_--,~~g~~~·~~e ·:ve~y--.co~sid.era'ble 
1

- ~from yea~ ·.t·o ye~r-; ·:iri ·-t~ia 'c~~~c:tio~,_ :the:·f'c·a·:·:-~:P~.itti4e -of .this-
.,, 

. gro'UJ>_ ;iS -t}le 'highe~rt-;qf~·JJ.'~lr.:.~li~:~.;-'·sroup.a,.:~- .. A cons.id.e:~;:able.;-:f1UQ·tua~ . 
.. . ·.. . . . ~ -·. . '._·: . _- . '· : ,;.:- _·~- :·· :' -<::.:_;··_:~\~- ~:-::1~-:- '. ·:~-i ' ' ,- . - . . . ' - i·. ·' . ~· ' 

tion ·9c.cur.a no.t ·on1~ .-~~ r~~~P-~-~;:~h~j: .-~~l;fac.~., ,cpve~~<I:- by __ ,ic;;.ei-~- but 
~ . . . ,. ~ ... ·i·~ '~-1~ ,, --.· .·4: 4, ~~-·· : • • • • 

. ' ............ 

· ... , ... _alt?o .a~ :re~~:rd_s_ the --+i~-,t~ :.~~- .¥_ffl~;-.~~~ns wh.icp._ i,.ce ~re~at~s.;. ,and_ 
. ·- . . . . . . :, , ': .'' '· • . _I ::>' ;·''.: ,· ' .... .. ·:. . . . . , -· 
as. x:ega._~d:a _the ~ou,q~· 9~ *9J3, -~ ·:i\· p~e+~cterie_tic:.:pec;:tl_l,.iar-ity._ Ts-.,;that 
. . . . . • . ,. . :: .: .. •. ' · ... ~; ~ (~ ! . ·( .. l: , ~,:• ·.: .; . ~ -~" . ·.,· _ ' I •• ~ 

·the i~e,f :Which ·.1$ ~:::~'9~~ 11~;n~~~ ;t~~J.', .-~e~-.o~~s- ~\lt -~~~1~-~~~~ thick• 
. :. ··. ' ' ·. . . . . •- •:. :'·::::: ;' ~-~r:::_-,:: ~ ·, ·._: '::( . ' I. > . . . . .. , . '·,- . ' 
. n~ss. by. T.tTay· _of, fr_eeztng ·:Qti{-~P,~l,~ ,:p,~led. U.P: :tee .r;nay.~ .r.e~ch cons.id.er• 

aplB ·~·~·~~······ .. The ·,tnd1~;;~~~~*; f~~,;rj,~ftt.~~· .9t··.thB. t~B .• regtmi.or···.•····.· 
various · sea·a with seas~M:1. ice daP,~nd to. a. srea t· ·extent ori local· 

- .: .- . - . : . . ~~-~- _.:.'?_!r:· ---~/;q :.:;-<:';:> \ .. -- _- - - .. -_-·-__ · ·_.- ... ; . 
-~pndit~~na ,· .. ~nd are ~l}e.~§.fB~~- .ni~g·l1 #J:ora; a_harply. pl~n-tf.es.ted.)~bazi: in 

• I .0. , • , • .. • , • .I ~. ,-., ' I • , , • , •' , o • I. , • . ' • , , 

· · the · seas be longing to the .. n~~~. ,s~oup .•. - 1'''··.' ~ •·.· . 

. I 
' ' ' 

". G:ro:up-:J:I~ ·;j. Arct:I,c S~as •. 'rhe .. b.ound.~ri\es. qf-,.t_he;- ~-one 1,:-takei1 
- ~ • • • • •• • ~ • •• • ,.' • • .. -,. "" _J.. • \ • ..; .. :~ •• ~~ ' l . . -,. .... _ 

': 'up by·:·the ~~as 9f this -group, may be ou~lin,ed. :.Onl¥ in;~' g~rieral 
• • • - ' • • '. -1 ~ ..... _ •• ..~ • 

. 9ti~ritat;i.ve waY..:.- to tb-~-acn~tli,_ th~-.-Ye.arly,_o_·isothen:~~;:-·to.th~)· ·:·_:: .. : 

. '· not:t~- • -t~a.H~it Of a~tti':~ .saUi~:()r'yeBse\~t~ t~~ ~~er'C -';~ 
· tiiD.~ , : .· Th~ }iQl'thei"n ,.bciup.dary .Js ·· there.f;re -.4oae tO~ :tli~, lo~~h~xr ,of 

... the ~~o:Pe, of the cpl)t~neBtal · s~e-~f;, ~-·-e_~ _-c~?.~_o, -~:':>---t~·-- po~~~Y of 

the _Oentra~-:-Poia~ basin •. The· _b~aic cl;le.rac}ieri-stio~ .. :pec:u;Li~pJ-t;iea 
• ' ! • _. • ~ • •' ' .· ' . • ' ' • • ' ' I ; . -

of the:, i~e. ;re_gi:q1e- of ·.arqtic .seaE;J ar-~-~-Jthe .fol1owi:ng: . 1~1:. th~.- s'Ulntner . 
1 • .. • • • : •• ' : • • • \ • ~. • • • .. ~ .• -

. . . \ . .. ' 

.season;: :th~_ ·.thawing ·or -~ce -.~estr.~Y~-- ~ut ·p~~ Of_ :tl!~ .J:ce·. ·cov~r;· of. 
• r ..... - •...,. • ' . - • • • .. ' • •' • • , • ' ~ • • • 

. . 

_the. se,~·t-._ ~af-~ .. of_ t~~- ice r.e~~i~s. · ~~1~f:3d. · "t'J:l~n; ~he, ~~~W:- '-fl(e:~4:ing : 
• > • • • ' • • t ~- . ' - ' 

'perlod· st~r~€J. ~nd., th~;refo~e _:e~et!iences a·. secori<\ _wi~~e~ •.. _;rt should 

'b_e'. ~ot_~~ _t~~ t t?~ :p,er:ipd' .of .. -~ha~d~ i:s :p;ro..tr.~~t~_q:, '1 t.' .);a;s:bs ; ·. r : " . 

und.ergo consid-erable. deve~opment .ariq. ,may be observed· at E:f~a for~· 
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;•.a .long~;:fima ~·-~:;As .. :a.igeneral rule}'.the:~:mu:lti~annual·a,mp;:fitude ·of.: 

. : ... ·the .axtent:.:o~;:dt~~:~£fs )le:ss>.~t~:;:·;in··~~eieaa~.;~·fth~· .. ~e~e:E!one:l.~tce: •.• ·: \ ··.·.. _ 

··· :: ·. ;·.·Group.·-:l:i:±.~:.':'·~<aeritr~l··Pciar::~Basin~·· ... :Th~·~ s~~a,.·which :·shoti~d·.be 
. ' . .. - . . ' ~ . . . ' 

,. · ... c:l:E7,Sf?tf.1ed~ .~in,:; ~rouy- .III, .. are~ ·:r.epre$ented. ·by .,t~el :centr~.l· ~Po~ar~ Basin · 
' ' ' . . . . .. . . 

... . C?f:;the Nbr.thern 1\ro~tiC·•OQa~u,,~~!~~~.ir~:;m.lly . eipi'eBeed ·1il the 

.. :.t1t1e .• ~. ·Th~'---~ograpl;l:tca:l- :,bounda1Hre·a·"df': ·-th.a··· ~on~. "are ··therebY.::al'so 
. • I 

de.fi:he.d: •.. The: -t',phle·:\Of?:'.inad·cass1bf~'-ty·'!.·. ~)iould· be ·oonside·re'd:· as 
.··,.the ·.cantel:'".·:o:f thi:s; :~z:ane~~-,F !I'hEf ohara:ctertstio ·traits ·of. -the io·e.· 

. . l •. h • • • ' • . . • •. •• • • -~ • ' • "' 

.>:.-.. · r~gime. :are· tl\e .:foll"o~-ing;:. ·· 'thEf moat: ·].;Qwert1ll :. ice .·forma t:toris ~e.r~ 
. . . ' . . 

·· . , eriY,o;unte~e~,.-~.nJ .. thta·· -~o~a·_;:,..rtarge,·size·d·_. many-years .. ' 6j:d.: huirmi®kY 

.. ~c.e .f~e·~as., ·w;hio~1 r;e:pre.seht:. ''the·:;so~oalled .. "tee:. paok" ,.•· ·covering:· the. 

;·_entire:.Central Polar Ba~in:;tr~f'~h~ .a.-··co~paratively' .s~lid.'':and·' obntln-. 

:uous lcoveF··:. :~e shape ... and .. s~z·e· ·:or· ·the ·:rietds forming ·t:na· p~6k· 

upd·~~go ,, -~i:~~le:- change_: ~.uring th~ thawtng· season:•: ·Thera·: occurs .. . - - . . . . - . 

·' .a.lmos~·::no. ~reaking u:p-.~?-~. a.1:1 o:f.' h~c.:l,ty_,_fiel.d,s,,.·only: crushed• and 

Ct11tn'\:>Jed_.'·:i,oe_: disapp~ars:,in. the,. pools {p¢lyila) ·of water~;'·· '· 

.... ··No., considerable .&reas of·.sea .. ara ... ·ole·ared of·ic·e·'eve:ri toward· . . . .. . - ·-. - . . . ·' . ' . . . 

the' .~n,d_;' of: the t}:Ja.;'"?'ins .. , a~.ason;. the:r-efore, .J>oth , .. the annual and,. ·, 

~ll~ti;~ua_~ .~plitud;;e . of ioi~e SS:: (extent. (')f ·'ice) ,:are : extremely 

• ~l 

.•, 
. . . ·.' 

·;· • • '1 , .. 

- , .... . ···,,,,.', 

. .-~ '· 

",..• ' . 

,. - ., 
I' • • 

-- ..... ...... 

,o"- I •• 
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... 

... •·: .· :- ; ;; . ' . ·~ .. I ' ··. 
'. .: . .... . ·, ~ . 

. .':VI._~TE~RIES:AND.':r.YPE~ OF_Ic~_.FO~TIONSL _. 

, ': "r ': ~~ ·-. ; . . ~- , I ;·:.:.... • ' 

~- , ~.- . , ... .: , ··, .. . . . THEIR DENOMINATIONS .AND PECULIARITIES. 
• '1, • . ' ' ... ·' . . · ... ' . • 

. ' .... 

·they..:~y.·:l)e dlvid:e4>~ntg ~~Y~H~~~t! ~P~~~¢··:·t~at·agor1e_~·;. ancf -the·: latter 
· .. . 

1
-,.Tr; •.• ,':;:·",'1~~- ~-- · ;'1.! _r, -· ,4 '~ _, , 

I •. 

c<' ·.:.· _ .... 

-·~ ~- . ., 

~ we·:·~·ahal~I ·:end·eavor to -·a·atabi'ieh ·-a. claaaffi6e. tion-·an&'-td ~ - - - . . -, : ~ -~ ·. ~: ~ :-·: :· ~~ ; \ ~. ~ /: : I . ! - ~._, - - . ~ , . ; .. ·_ 

·aetermine .-·th~··, llnk::betw~~ll \t~~9~~- ·.~l~t~~9r:fea_:e,nd ·vtY:Pea.·~ :>Aff·far 
. . ·: . .. ~--.·-. ·.:· .. ~ :~· . '}~~ -~:-~ :·. . .. - . 

. ·as poa·atble.; .w~ ahal.l- :P~P~~c}~ -~n · ~h~ · ~&qti'ehc:e~. fn wh'io-h· bate'gorias~ · · 
• • , , • •, : , ~·. • . ' -~ ~ I : - :: \ : ' ·~ > ; '- ' 0 . • • • , • ·• ' •• · " 

. . , . I . • 

?-nd.·,typ.es· of·.-ice ·appet1r. ~~- .~~8. -W.h~Tff.r~ezlng:· ·set·a · ln-"and: dls~':·· ·-;.- · 
' . I " ' :._ • .• ; . • ~. :' •·• ,!.; ~ ,· ; . ,, . - • ' 

appeaf. .. whep· thawing_'· .1~--~~~-~~~Y.~~~;. -~n~··f~ ··~sh;tll ·u~Ei!:a~··l,asf:s~th~ 
. . . . . ' . ' . .. ~ . . . 

. ":· .... -, ····ht··.J··. · .. 
. . ~; ~ ,. \ . . ... · 'InOS~. co~o~ly aeQepted··q~nQillf~¢ttt~n~ •. ~ · ·. -.._>. 

. ~.' . . -~:-~·::.··.i.·. ·~.: .. · ~·:·. ·.··." 

. ~ . F-irs~:.:o_f:· all,·we .. may. ~ist·:f.nguish: ~0 basic o~tegor~e.s:-· ·1l9e/ 

.o:r-.i.gir~·ttrig.'f~om ~6~~:<rreezing,· f· .. e·.-~~ce.:,. whish: -~~·not:·/be·~n.- i ·· 
. . - . ... . . . ' . . .. ; { . . .. ' . ' . ~ . ' ·. ,. . 

::. ,subje~~~~a ·.t·6:··.any :·def<n~atiot11~· and:, as formed:·. ic~.; i ;~~. whi~h\fJAs··: 

beeri. aubjecte'd~ to p~esstire f6l.lowed by.b:r-eaking ·~nd ·'huir$bo1d.ns ~· ,: 
. . . . . . . . . . . . . . '; . : . . . ; . . ' , ~ : : . . . ' .' 

_..These· t~o···b.,asic categori~s tnay· be .di~:i.aed: ·into'·: sev(fral·:~dups, . 
. . . . ' . . ,· :• ... · ' 

. . . 
• 

1 
.•' ' ' .. ' ' ' , : •,, ' , ·•. I 1 • ' ':.~. • .• ·~ ·~ 

and. e3ach,.group .~nto· separate -·mrb.;.group·s··or' ~ypes., It ehoU:ld: ' . · · 
. . :::. . . 1: . - •......• 

prevail_~,. ~ll categories. ·:Wi.t}lout: e~ceptlo~: ~y be .. ~no·oililterea···a;i~. 

sea:, .. s,tarting wi.~h t?e: ±nitial·:·tjpss_ -··~lush and. Y9~g·· i~e· - .. an~ .. 
. • .,-. • C: I 

·ending ·with the ·mq~t powerfu-~- ·acc'UiliUJ.atlons· of humnlocks;, .·In .ther ... 
• • .... .1 ); • • • ••• ' 

·-
t'ha:vring seas~~~ .. there. occU;r:-:·6; t~e·'·sradual d.~aapp:eararice· of various .... 

type of ioe, beginning w1 th· the .weaker. Bl)d: smalle~ ,sized. 1ce ~ ·. · 
. . . . ·. 

Towards the end of the thawing se.ason; only the larger ·type a 
I , 

.. 
remain in evidence.·· . There·for~:i .the. number of· types· of -ice e;ncount-

. . 

ered in Arctic seas in ·the ·summer ,t_ime,· is consider~bly.·sinali~r, 

than in the see:~on of f9rmat:lon\. 
'.· 



"··I" 

We .kn9:t-F't.ha.t sea··.tce mhY. .b(i· .. divid.€d'' into ~t~tionary ice and 
. . . :~ ~ ~ ., . . . . . ; . . . . - . : ' .. . . ·-~ . . . -.. •' 

, ·~ ·, :~. r • •l,,• .., _ • • 1 '•' ". ' • ' ' • 

.. · __ , ~ . : . . . . ,· .. : ....... .: ... i ... r: .. ·-.: .·~·-. -_ .... ·. . . - . . . 
drifting ice. To .thEf.first.ccat~sar~:~e~longs io.e which is in some 

0 , ' ,.,_ I ~-. ~·. •• .. ~· •• ~.-.. ~, o'• ; ·, • ,-I'" I' ' • ..J..••' ~· ,-.,..... . .- o•· • ' 0 0 

·way attached to _the sllore, anQ.. ·al..ao ice which is groimded. on shoals. 

· · in the cat~g~J of 'drirtti)S~;ice ,Q,e].o,llg,ice floes rariging- in ~fze 
from smau fragment!! ~ci~i!P~~~l~'Fli~s hundreds . of square 
kilometers in. are~, wh1:c1l move:.~~eely-whert. driven by ei_ther wind. 

or current. 
(' 

· In. acoo~d?Jlce __ with .t:he abov_e, se~ ic-e may b,e :c:te.ssif1ed 
••• : '-~-.: '· ... • ::. • ...... ~ .'> .-· . • . . . '•. . .• • . . ' . . . • ' • • . 

. accord.ing to the follow1n;g table,· which; ·however,· include but 
• ": ! . • 

the mo~e important categories. and .. types. 
. .·· . . . 

( -Su~h classifications Of ice exist- in ·:Our COUntry ·and. ab~oad .. 
.. in several \rariations·. Some .of·. them o:riginat.ed from- ~~parience 1 

o.thers were suggested. or worked- .-out _by scientists,. As the study 
of. ice: developed more .:and more ·ext~nsively in· the .Soviet Uni9n,-: 
the need. for a unified .. an~ gener~lly recogniz'ed classification ' 

... and .. te~inolo.gy ot sea· ice,~ made itself. mor.e .acutely· f'e l;t • : .. The _. ·. 
result we:~ that, ;in 1926; a apecial cbmtrlis~ion of. th~ Hya.rogra:phic 
Off.i.ce :.worked>·out. ·a. cU~ssification approved at' t~e. Al-1-T:Jnion :·. 
·Hydrological Congress _and: pu'Qiished it'i the·- '~Album· ·:Of Ice· Formations" 
(HydrograJ>hic :Off.ica··:publication 1926 & 1931) and: ip. .pt~er. publica-. 
tiona· •. · . La:teX.·/' this ~1a_ss;t.f.ic~:tion was revised., and· th~ revi~e.d ·. _ 
form ~s approved .. '·bn ~.Y 26, 1938 at a _sess+.on_-qf the·_ Inter""_ .. :. :,_
departnienta.l· Bureau of· ·Ipe Prognoses of' the Nqrthern. Sea Route· 
Administration.· This· cla:si~ific·a tiori. _is ·n~w"used. ·in _.Sovi~.t{. a:;r.ctic.:. 
seas~ It -also served .as basis for .. the .new-·· Album of Ice Fo.r:ma- . ,, . . . . ......• - . . 
ti.o_p.s· ;. publ'i.shed by_ th~ ArctJ.c Institute· in .1939. · . · · ·· 
. ·The cla.sai~icati,on g:Lven in: thi.e. ·cbapter:_qy·_ t~e a~th?r, d.iffers 
some.what'·-·fl:'om ·-the ·¢~assific·a tion accepted by th_e Burea:u, of:. Ic.e ... = 

Progp.oses·. Nevert~.el~s~; ~·.in qrder to .keep.:· a record and ·make-; the . 
. ·fulle~t .· possible'·u'se ·ot ·the ·author' 8 extensive. exp~rience, ·-i-t· ,' 
was deemed expedient to publi.sh .his· ·.c:laesificatiorl'in- ·the· very 
form which. it· :haa taken as ·-a: ··:result ·of many. years of work in -the. 
domain. of ice, and witho:u.:t.: ep.deavorinel to· adapt:. 1 t ·to the 'one now_ 
aoc~.pted .• :· ·This is all; the ~ore' ~~ita'l?le; ·a·s _the difference. a· ·, 
between the classification~. ,are _not subata.nti~l,. ~hile th~ ;~in . 
purpose .of' this ··chapter is''to describe the pectil+arities. ofr' the. :.c.· 

var~P1lS ~c~tegories and. types,.of sea ioe •· · ··Edi tofs' ·Note-~)'·' · · .. _ 
, ·. • ~ ' • , • .... " ~.. • . ·; ..._ ". , • '.. ' • I • , ' ~ :',. •: :. ' . ' ~~· •• ':• ·. • '• , • ' , .'\. • '• 

_; 

., . ·' .. 
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-.. 

' .. 

~ • : ! . ., ., '( ~J .... 

'·~ •. •' • •, _:-, , ':, ' • I", ~.·,:··~~~ :~~-• .' ~ \- i" • ~,, 

·.: ',L .. , · .. ; ·! . . :,.,'··? . '·'. TlrnLE. '()F ICE" FORMATIONS : 
. . ~ 

~· .. ;~;:···; . 

'. 
... 

,:' ··. -/ .. · ... ·":. ::•, \· .. : .. . :sEA rcE ' .. '~ 

-.:-··. 
,',, .. · ... : ... ·,. 

·Freez i~~season_ T~win~ -~season 
. . -:· . -~ 

1., • .. 

·.·:: . . _.· ·.:· : :: ...:,. ·. 

• ~. : • • - _ y ••

4

:·: ~:~ <-~-:\'~·?;:~~:-~: .. ~c:_:<:_;r"~1 ~:·~,1f·~.;~~~tF~ :~- : -r • 

I • · NQ~ll-Y ~~ez-~ng Ice •. 
. . .. · 
" 

·· .· a(~~ 'f;f\~i~~ tl;e 
~~ : .. _ .·. :; .. ..- .:. 

1 .~ ·. Salo -- s.;L'I,lsh :· · l : : .:· · -) .. 
. . __ , 

2. Shuga -··young ice . . . . ; ... : g:;_ .·."·)_.. . .. 
3. ~ .. Da:rk nilas ~ ( io·e ·rtl'l.df) -· '-.. ·.jJ. : f ·are'-. ·not- encbuntered .. ·· 
·4 • L:tght gray nilas - ·. : : · . · . ~ !-' ... ( 

,,, -. . -· ·-::u.·· >. 

b ~ q.p9B-~ Bt ~~Y~t- _Ice .• 
·: ... :~"~::~.·;,~:~-:..-~:·:·~-· ~-~-~.:~_~··.-: .. ~;' :.- ... ·. 

5. · Thin le.vel· Ice 
. -6. ~- ·Thick level ice· 

~ •• •• l •• • 

7·· Broken· rc·~·· (mi'xttire) 
8 ~ .. ·. ~g~ ·fragment~ .. ··· 
9. ·Small· fr ~, · bra~h/ sl9b. -· 

:1p. '.>crushed ice· .. ·- . · · ·. ~· · . 
.. 11_ .•. : :Ic~ : ~asha · - ice sludge 

j . • I · .. 'I . 

12 •. ,·-'Panc·ake ice . .· ·. : · •· ·_ 
.13... ,Snezhttra -- ~~ow . sludg~ 

. . . - .'i . .. .... ,-, -. - -.. 
I' ;' · · .: : ~; ·· Group· of·· HummO.ck Ic~ ' . ~ . _: ' 

I: 

14. · Light hummocky ice 
. 15 .- . Smo~oz! - floe:s { ?) - . ·. · 
i6 ~ . Hurnmoc ley fi e.ld S' . . 

17-~. Heavy -humuibcky 1ce:· -· · 
· -(a leo. · pa:leocrystic J 

i8. ·Pack 1·Ce- ·-

. ' . . 

19. _Level 1andfa:·at ic~ , · · -. 
20. Hummocky. landfast. ice .-
21. stamukhi .. grou:nded · iQe 

_.,- ··· .. : 

··14. .~ .. r. . . . -
· 15 ~ · : ( · · .'Iih~wing .. ff~-~d.s-.. ~{~~so , :~ 
· 16 •.. ·. ( rfe1der·-wJ th. _thro118h ·: 
·. i 7 ... ·_ .- f ·. po.ol !3 o:f.; "'~~a-~) ·:· .. :.. . · · 

.: . ) 
ia-~ ·.' ) 

'J.. 

·-: _ . 

. ·.·' .. ·· 
j .· 

·"19~. ::,): ·, ... · ... ·.. . ·:'-~, ~ :~. )-"'' ..... :: .,·_ .. 

.. 2-o ~ · · .•. (-·--Thawi-ng ta:nufa;at: .... ·tce'_.: ·_ · 
21 ~·: ·.· )' Melting' stainukhi 

, .. 'CoNTnrim:~TAL · rc:Et AT.: ·8F.A- < 
~t ............. .~~~~ 
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--In order' to characterize t~e· ice ·formations ·enumerated. · 

. above-and. 'to -·help ;d~-~~ingu:t~~ "-them from each o'tlier; w~- give~ 

belOW a brief descr~;~i~~ o:tt~ir g6~el-al. ~ape'ct, ·oft~e' pio~eaa 
-·. :·, . ( '. ' .. 

of their ·fo~tiori-, ~he.ir ·size- ahd. ·otne~·_.pecUl'i~f't.ia~·. · _. 
~ ... .. . . . ... . . 

>,.·· . · .SALo·: Slheh :·. :is :~!}.~-i~b~,q~pt~~t$g~ .'pf-~'ice crystals (nee.die~). 
. . - . . ._::_ ,~W.$f.~~~~~~~~h'''''~· ·''"·~~5;i- . . . . 

in ·~the stirface layer· ci_f<tfi~}~\~a-~'$.1'-'~: :· _,. 'T'fuiye not .yet frozen .. tO'gether . . ... , ·. . . ·. s· • .. ... 

. into. ~<--continuous ioi.::ri~~~.' {Ide rieeCiles is the veioy: firs~- s:tag~ . 

. of formation· of' ice. at. s~a.) Slush floats··_on the- s'ilrface· of the 
. ' ' 

sea> in<~ha:: guia·e· ·of .eeparat.e. dull-colored pa:icheeJ, stripe ·oi• · 
; . . . 

. · 
·a:tlqna ·_:prevellit. t}le· appearance of ripples.;. they t~t;3re.fore stand 

- . . . ·. . . -

out·· v~~Y. ~haryi;y: oii th.e .;surface· of' the. sea, and. h.av~· the appearance 

of-<patches- of 'oil whicri_,_emoo.th the ripples.-.- Th~ .thic-kness of-'a 

layer' <:>f·.·aluah ·i~. no oth:l;c,!cer.·,~hart 0.5 ems.- Slush· very; rapidJ:y.

·deve·lo]>a.::.-fn~o: .other· ·ic~e< i~~tio~s; and_. t t :·may _t~ere-fo:;r.~ bEf.ob~ · · 
. . .. . • ;' • . . • . . : . . .:·. • • . . • ' . ' : • .~ ~ • . ·• i ~- • 

served-·only- in··t~e:·peri~d o,~ :t;ta formation.· 'At the: end· ·of the·.·· 
....... 

freezing ~eason;_·· siu·ah. is' encounter'ed only tn :Pooia·:.and. n~-a~: th~ 
~ ... ' . . . . . _,. ·: .. . . . . . . . . . ...... . ,. {. \ . .. . . . . . . . . 

edge of ·:fc~. :.f.ie.lds:, ·arid then. 6rily in ·:~.!ls1gu.i:f16a~t a.mb~t~ ~- · 
',1. .. ..... 

·. · · .::sRUGA .~· Yoti.rig- Ice - ~rumbly, se~ara te chunks· of. ice.·~ .of -a:·>. _ 

du+l· 'dark. ·gr-ay bOlbr1 ·fo~i~t{·on the. surface.,:o'f: ·_th~, ·s~a,. fr~m-, 

slUSh (saio) ~hi~ita in thE! pr.oc~aa o:(f'ree~ztnS tO~~tlier. 
Freezing· togethe:r-·at~ts· in .the .. center of _a: :Pat.ch of s'iush,. and 

thereafter· ·spreads t~d .it:~-- ed·~~-tl:'~, : . S_lu~h-~~ay therefore in- -. 

variably~ ber. 6b~ervecf bn tne :p~riphery· c)f · youn€F·irie -~ . The· ebl-

~idity (:atrength'):'?'f:.::fo~g·'·'i-6e 'i~ .. instgnific~t:$: ~ i~ ofte~. ·':: .. 
: . . . . 

_· bre~ks -up fn~·the 'sw~l~.: '':r:~e :~_$ntral :Ptlrt.:b:r· . .-a:·:Qhunk· ~f--y~:mn~ ice 
"'!. ' . 

is always darker bi color:: It~=-~~i~kn~~B 'iB ~~r; tris~iar, 
' .. 

moatly··a··,rew· -cen~ime~ters·;· 'but may r~ach high~r _·figitre_.s 'whe~ 
'I 

. - ·aa ·~ 



.As the fo}:'Ille..tion pf, ice .de:v:·elops, J.J<?th -_slus)l and _young 
. . . ;-· . .. . '' . . ,.. . .. 

ice soon di~app~aJ;" ~nd, i~- .. fre~zlng: ~rQ.~~eds .in-... ~alm wea.t}le~, 
~ • ,. • . . . - I .' . . ·. . . . . .. - .. ,_ 

.· ·tht:}y are .. transfo:cmed. in-~.to _dark nilaa.; ip. the.-' ~vent .of' -d.efo~~ . 
• ·,, ~ ~ ·-~ . _". :. •, , ~ ·• '..- •· . ··,. ~ • ~ . ~· • •· . , . I· 

tiona, a concentr~ted thicft ~,as_ e:risue a,· ~.~d. IfO_ p~ncak:e ~c.e:· · · : :" 
. ' • • . ~ • ": - ~.. l . . .. . ' 

appe,~rs. .~n t.he _eye~t. of a? -~P~~~I}~. ~uowfal,l;~ f!nO'W re~~ns for 
' . ' ~- ' ·-I ' 

a long . time on .the:_ c eritrtit~ .::P~:r-t pft~ ~p.~e a o~ youn.S <ice •< J~(ll:eh · 
-... ~ . . ... - ... __ :... -~- ·:·. -~~-·- : .. _·,_/~-Y-:· . .... _. ::-.~ - ·:.. 

thawing ~s~ta. Jn;. Y~1lng ·1~~. ·.Qt~a~~~&r~ ~~·. fe:s~ as .. doe~, s_lti:~h~. · , : __ 
. . ' - . . . . :) :· - . ' . 

. . . 

resUlt _of the fr~e~ing :tQ~~~?~.r. 8f.. ~Q1H.~~ -.. ice,. and .. a~·y~ally.. re~~ 
·. .. : .·\: ·:: .- -:·· r -~- ~-,:_::'·~~:- , - ;,_:.-· · 

pr_esents ari ~!ready yO~ti~'!-19~-~. ~·~t}:+p\lg:q;,t:Q.in ice sh~et O_f· ~. , .. ~: ,.,· 
. 'l . . . :- • ~;·~~{ .... : .• · } !:::'·.;-:-c .. · ... 

crumb~y s~ctpr~ -'=· .· :w?e~ :nil~~-. f-¢8~~~-, <?:~-~he su~face of. :the~\~(:)a): 
. .._ . . . . ' ,; . . . ~j : ~·- ~ -: . . . • ... - . i _...._ .. .:. ' ' . . . . 

its -,l)~oulia:r-· qhara~te~1.~'P.1,.P- ~~_:·t~~-g~~ c_olor~ ··Ifl·~he midst·,pf 
; • ·• . . . : ;~· • • ' •·f ~- : \ ... 

old. ice 1. particularly sn0~, c?c;:ry~r€!d. ·~qe ;. · dar~ ni~&f3 alm.os't:<Iqoks. 
. . . .. . .. . ' 

,, . . 

·a lig}lt gray, ,flat, __ crumbly and. non-transparent. ice •.. ~;n .. ~c~ad:I!J:- '.: 
. .. ~ . . - :_ : . - . , . ,. . -. ,.. . ' . I . , . - ,~ . .. . - . . - . -,. ··. . . 

we a t~e~ i ~ ~~ co11,~r . c~nsi<l:~r~ble ar.e~a. of. ~~e · ~ea yi-th_ ~ ~lmost · 

C~nt~U;OU~ Sh~et, :leS;Ving a smal~ Illllnbe~ of. p~_ols .~.'(;iJl ~S~p.s~_:.O;n· '.:·:· 

the edge ~nd.;.clea~ water _.in the m~ddle •. _I~s thiclme.ss 1-a· • ... ;· · .. '., · · 
\\ 

'irr.~gt1la!t, . abou.t ~ ~0 } c~s. Ow:i~s.·. to the . cons~g.-~_rable· ·qutintl ty 
:I ,:.~'::. ">; •'• ,"~.· . '•t .; ., • 

of ~br~~~ .. ~n t~_e' s~!~ac~ <?f.. dark nila~.1:~ the snow: .~hichrl.na:y f'all:' ~on 

it, d.oe's .not keep 1ong and. thaws. very rapidly. •.. D~k· nilas~,is· :. 
' ', . . . ' - . . • -, , ··- , I .. ·, , ... - . 

. . 
·encountered. iri -pools. ·or in ~ope~n ~r~~s of ~th£? sea _.tlu:'oughou.t the·· , 

entire freezing se~son,;_. 'W~ th .f1,lrther freezi~g, i:t ¢i~v~1~:p.s, ;i.n.to 

light' gray' nilas'; w1i~?l· winds.~'t)~ow; ,,it may f'orm raftings··~;e:'·o.o.n• ,,·:; . 
- • ' • . . ~ '• • I" ' • ·• . '• • • .. ' • ' 

siq.era:bie. size. ~·A ch~aqt_~;ris~ic·. pec~liarity of th~ J!li':tta:L. :stage 
~ . I . " . . .. ~"' . • ' . . ~ . ' 

. . . . . . .(' . . ' 

of rafting._is t1:~e- e~twin~men:t of. ~hE?. ~dges 9~- nfla.s." i!Je. foloes, .-, ·: : 
. . . . '_ ...-~ . . ,, . . . . . •. .· ' . . ·. . ~ ; . ·. . . . . . 

which .hav~ ··rafted. ont9 ·ol}e~-~~dther •. As· seen .on Fig •.. :iJ tl;li,s ...... 
. -. . : : . . - . . . ·. ~ ~ '. . . '': ·~ ·, . .. "' . . .. . ': . . . 

-occurs by'mea~s. of_ lpng· ton~es wh~ch easily sl.ld~ .·.over ·_the·:·. 
, .... . r •_.,_ / ' • : ' · ~ . • , ' • • .• • ~- • • • . .. • . . ~ -

surface of the ice. At the points wh~re raftt.:qg,.(Str~t;i~!:catt.c:>n) . 

. - . .89 ~ 



• : '! ~. • ' • ···~· 

{. 

.' ::• , .. ·, ~ t "• I'' •"•'. 

ha~ .. oop_urred, d~.r:k nii?-s· aoq~i:t:es .a _light gray coloring; in;- the 
, ' , • ,.• , ' 1 , 1 :'- t 1 I • • , : •• • , o : ,:>-,' 'l.o , •."'' ~ • ;: ,f ·_" !; • ' ,. ·.: 

.eV!9nt of: awe 1). ;. .it .. often prpd:UQe.~ · io:e. e+.ug_g_e 1 · p~~ken or :p~nc~~e 
, , • • ~ .; • A •• ~. '' 0 

"" • ~ , . , :0. , l .. ; ,'- , • · ' " •. • ' ' .. ; " , ' , 'J "-~ .~ . i""' : ' ' 'J "· • 
-~ '. ~ : . 

ice;. !n . :th~wtrig·~- it .d.i ea:ppears ,._. ~or,ning_. no ne1l·· type~.. . . . . . ~ .': . ' 
.. , · . . ~- ·.·.· .· .. ·- • . . ... ... r. ··· ·. ..· .·~ .· ;· .. ·~ .. - ~.: .• ""7_ ••.• ·.! ·. . . .,_.; ··. 

:.: _J..igh~ ,gray·~:--. d~.y;~.tf?~P~t.#t-9~-,~Ph~J~the;r .. ~e·~~~ns .. of_ .. }t~~ 
·; ~:·~·ll-~1\:.;~ ;~~:;f7;.i!t,;;;~~r 1~~~r -~. • ·' . • • • ' ·.. · • • • ··:: ·-: :. '· • , .> -'.) 

I}il~~;~: _and ~~talns ____ the ~JtP~~tlf~~~~~~~~:'tf,~{~ ·.:of. nila~ ~c~., a· ~~~1~ .. _.. 

structure. If .. the· freezing on. takes place. ·on a calm sea and in 
.. ··.'r. '., .- ' , . ' ·.- ·. . ' . ·.· .•': _.,. ·. ' .: . ' .. ~t:'. •· 

etropg f~s:t at;ld .. ir{ the. absence ·_'o·f'. snow, ea.lt: _c.~y~-~1~ of a' .··· 
. · .. ,.· · .• ·~··,:_,'····.:. .. : • ..... • . . .· ~. . . . ... · .· .: .. · ~._-. • ·J.•!. <~ ... -~~---~ .. "-E_'c,. 

feather-likE? aspect ·appear ·on the surface of the ni;Las •. Lis~t 
; 

1

• '• '• : • 0 0 ° 1 r • • • ... • J • • '' 

g}:ay ~ilas~m~y ·be 7···to. 8·::·cm~··thi-ok. Wh~n f'ree~tng proceeds ·in .'. · · . 
,. • " _., ' •' ' : -., ' f ' ' • ' . - ' • • ~. • ' ' i •• ' <. :' _..·." • I~ •• ' ·"_; .:: • :' .~, :. ·,\ • .> • ·: o .-· ,' ,• 

c~~.l.JP.._.we~~he.r_, .ve:,ry conei~e·rable ·areas of'·.-_the_ .sea .. ,c:o!er wit~ a 
' ?; :--' ~ • I '• • " "" ,_,. • 'J ' • • I =·.;.'. 

90:P.:t:!,nuo'lls sheet of. nila,s, ·and in the course ·of th;e. entire ·cold· 
• .;,, • •' • I (Of • ... ' ' • ' • • ~ ( '•' ' • :; • \ ' .... : r 

' . . . 

perio9· 1 t may _:be en~ounterea in ·.poo.la and l_eada .and_ .~n areaFJ of. 
.... ~":. ' .•• ~.I :.:- • • '·. :· • . . '.. • • ~ • ' I • ' I • "! • I : : ••• • ,' I' ~ I .... . • • ' • -

the· sea which: tire.· ciear. of other· types. of: ioe •. ·Iri. t~e . pr_oces_~ "' . 
. -·. . . ·;: ;. .. · ··. '·:_ . ·. .' .. · ·. . .. ' 

t '1 l . '. : . ~ ..... ' ~ . . 

fur~h~r., ~e~zin~ ·_it~ c~~ge~. ~nto: thit;11 ·)1ard i~e. .Light gray 
!. .' t • • ··,, r • .1; \, '. • ' ' • ~ ' .' ' • • ,< '" • \ • 

nil~a is ·th~ very '~iret: tY!>e o~ ,i6er, ·whd:oh,;retains epow .. on its _ 
•. " 11:.~~ ·.:·· • .-:_.:. . ': ..... • .•• • ~ • . . . • ;: .•• -':~ ... :._·. • ~··.';' • ..; 

i' . :: -~.... ' ) 

an<;!. .in_·the_ event·,o~ :pree~ure·;it fo~s inai~~fieant_.h\Wlln9C~~; 
I '" { • ., • ), - r '\ ' .• ! .· ~ ::. . . \, .• 

raftiz:tg}na,y 'produc.~· .. c6nsid:erab+~-:Pil!ng on •. ·. ·W}len. the sw~+l.., pr~:-
·::' ' • 1 • ,. . < ' • ' ' -~-- ' •• '· ' • • - : • • •• ; • • ·:·;:,·· ••• ;·. f 

va~ls, . ~.t .. 6h~ng~·~- int<?.:.i>anc.ake: · ic·~ ·• · ·When :Prqken-, .·i ~ r.et~i_n~ .it.~,-:· 
1 ... - ... t • • • • • • ' •. : • •• • • • • • • • - ~ - ~ : : ·.-' 

chara<?ter~s_tic gray ,·qolor;. whilE? i~· ra~t~ns. t~ ,oftE3.P. a.c<!ui~_E;l~. ,a .· 
. . "'; . -· • . . . . ,_ ' . ·. . . ~ . . . . ' ·. t . ·: 

light greenish. ·colorJng. .. ',. ·: . .. ·:· . :>· '· ~ : . - . . .. . . .. .... · .. ~. ~ .... 

TiriN LEV:Fit ICE :i:e: t~e· _fir.et .:forma.tion· 9f. ~d~.-~c,e·, :occ_ur:t:ing 
~ . . . . . . . = • . • . - • .. • .. • ~ • :· .•. 

in no~~ .. fre~z~·~g ·;: I:t usu~lly )la~ ~· :smo~t~ .ieve_l_. .. aurf~ce ~os~l:Y 
~.· t • •• · • ,, r ' : ~ ' • • • . • · ' , ' 

covered .. ~ith ·.ice. ··Its thfckhess· ranges b.atweer1 .10 an~. -3Q ·ems.··. 
, ! . ' • ~ ~I .• • •'\ • • • • ·~ ~: • - -, ~~ •. ~• • ' > • , ' • • • '• • • • • • ~ • • \: ._ .. : ; • • 

In calm freezing, ft~lds :of_ ~bo~~, ~evel !O~ ?i~.ay r.eac~ .. c.?~s1..d;e~~ .. 

ablJ., l,~ge -~Jz~_s, _,'})U:.t if they ~re .. subj_ected to. wind i1;1 the~ open.· 
.. ~·: \'.·'.-··- .: : . -., ,:-::. . . . . . .• : . - ~> . .~.. ., . . ' .· ~ '· ... ,, ;... .... 

eea, they raft ·on to:p of· qne anothe,r. . , . . :..·:· 

.ll 



... . . . I~ .. 

'., 
! ·.:"· •. .. ~·. 

. 0 

only in.-~;16_~ed ... g_ti1rs. and· 1,~;~·· 'can· ·am~·oth, i~~el ·1'6e · deve.lo:p·,. · 

.. 'wi.th~~t>any' r~f~tl~g ocicurroing, --~tid:''i~t~~ .change: itit~: ·:thi6~~ feve~i 

._ .. ice. ' In the -.~vent ·b:r d~foi-mai1o~s, thi~, ·-leve'i · fc~ · -riiai·· ·d~'veih:P·: 

Into variouS 'rcirmattonB, ·t~11)~fl~~~I '?rtish6d'or h~ooicy; io!l; 

. it' ·me.~· aiso be'· s~bjecte.d.!'t8 ·.;rftf.~l.n~t~n4 ';:form" 2-'3~·1ayer ·rielcit~~ 
>. . . 1 ~· ~. ~i'.l . ·:,'~ 

whi~h .retain··a.: 'smooth s1lfff1Qf3 ,": .--~H ~~h~-~~~-~~nt·'of<.liUmmooldbl;-·· 'tt .. 

. :. . . . . . . . i > : \ '::· '' -; : .... \~~ . :: ~ -' ' . ' .<-' .. . : ... ,, ... ' . 
roms :·ve.ry considerable. rt9~~~ 8t'.hffi$P~k.a·, arid ·high ·sta.m:ulffii. 

{ grouri.d ed ice) on ahoala ~rul bani£l' ::1fl :~on tZ.ast tO nne. a~ · thi 
. . . . .. . · ~~, ~ : _-,~:rT~ .: :_: .. . .. . . . -~· ... ;... .-. 

.. edges ·.of broken, thin; sm99-~4 ;J.gi3~--~hi+Y~: f1 .greenish·· cciior·~ ~part:. . 
. ,· ... _:~ ... ~/.·_<'' __ -.< ~]·_··-:_:_ ,;,:: '_· .. : ' ':., .... : ... ,'. :· ..... _, ·. 

icuiariy 'in the center, ~p~~ ~lm~~~n~· t?'' gray. riearer .to "•the _upper·' 
~ . :·. •' -;~. : .'. .. ! . '. -~ ~ . \: : ' : ·,.· >-: .: ;~- ~ ' . f~i -_,.., . - .. ~· ..... · ..:.· .. . : ··:. . ' ..... 1·.· ·- .. -. .• r' 

and'-'16wer eurface'a;·· when·:~:tn~~':th~!fr$ --~~asoh ·',se'ta 'in/ l~ge _poo~s 
. ·.' .. ·. .. :~;, ·. l'~-~ ~· ··,::': ·> ·' · .• ' ... > • ~· .,. • ·_, ,,··-·_ .. • 'J ;· <.-.-, ., ·;·,' . 

form o~ the surface ~f · th~n, level ·ice,= which grad:Ua~ly grows . 
~ J ·,. , ' ' ' ' • ~ • .1... • • ~ ' ' •• :· -~ \ f .;:: : ~~ --.. \ 'I ... ·-~-·-:.~ • 

crum:bly and. thereafter· breaks up very ·easily., . 

.. THICK .LEVEL ICE' represent's. the ·final stage'. of~ d.ev~io:pm~tit -· 

9 r thin·,~ ·1~vei Ibe. '·its ·t.urth.~r ~1-·tre~i·:t!lg~C:,~~-ob·~~rs ~:t~·· .. <' 

.. 't}1e 'nio~_t ·p~t in'' cibsed: b~ys~ ·.where~ : ni. ili,e 'ab··~e·nce :·6t:·~,treriS'.;:··.,-, · .. 
. ·:- . 

. ~up~ ide :;cur,;ents·; 'iev~i ice may reach ·.a thi~kn~·ss: ~ 6r' :1oo:~··to'_.2oo' ·' '· 
; - • r • .. ~ ... _ _.,., . - .·_ ·--.. -~ ·•• --~ • ·•• .' • • : ;. ~ .. _: .... ' 1 . -. . •_i' :. .. ·• -~ : -~ .. _ •• ::.-: .. • __ -:,f~.~-- ..... _:·-:~·"· '·'.~ . .. :. -~:;_,~f- ... r .•. ;~ ..... ·< 

9n1s 1 qepend ing c::>ri. winter. tempera tpre 8 of the :air·, ~d· on the 

. thie~krte'S·f/o'f~ the SilO~T l~yei-; 1yi~ -ori .the· .. ~uff€i:de·':.at··'the·, ii~a ·.6f .. 
' . . . ~ . .. . . 

:':,t 

: ·p.oois' ·:ro~ ·.on. tli'ic'l~ .le·vel ·~P:·~: ~-:_._ 1·lheri: subject~d .. :io;. ::Pt:eS'aure.)' it 
. ~ -· :- '' . . . ·'. . . . ... . ' . . . . ' . . 

· .. ."b~eS:ks 'up ·a.n~r··~~~s' humniobR.~ an~.b~6l~e~ ice·.; : whs~~·thawi~ s~is 
. : . ., . . . . . ·' ·. '... •. . . . ' _:· ; . •· - . . . : . . ~. ' .. ; ·' .. ' : ' :, . . . . \ :; . •. . -· .. :.· .:_ . : " ... :· ··' :.: .... · .: .. 
'in,: :Poole .form on the :·stirfac'e: ·of'' thick:. ie_vef·. ic_e ,·'and- the~eaft'er . 

.. . . 

it· br~ak:~- 'u:p"into· se-parate ~~11 ·~hurt'ks.' . -. :' 
_.... . • ' • '/ '"f" 

. I 

. :• .. 

_;'.· Ili~strat.i6ns: to: the ae'sori:ptiofi:·bri· i6e ·io~tioi;-s,·'·~Y be··:';. 
seen .on Fig. 35 •. 

. .•. ··: · .. ,; . :: v. -~ .t ., • ; 
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·1. 

. BROKEN IC,E in a;Ll ita various forms is one of the most 

widesJread tyt>es of sea i~e ~ Bro~en ice is ueua.lly encountered.· 

betweeltce field.~. bUt 1t ~Y -~ften oCcupy e~tensive ~e~s ~f the 
I . 

. ~ . . 
' . . . . :. -: .. -~ 

• t.'; 

_sea.· 

; , Broken ice is :basl!~~~~~~t~lUt~~f ~r~aking, ~d also of 

the breaking up of ice· fields -or·varidu~.ty:pes~- The shape and 
' . I . , 

• • • ~ • ,-: 1 • •• • ~ 

th~ck!l~efs· o~ ·br~ke~n: ice .d.epe.ncis _on which, type ··of ice· -1 t ·has 

originate'd ·rr'om.· 'The_- c6II1Parative ~-amount··of broken -ic_e:. :tn various 
' ·:. ···'· . . . . I • . ' 

-t '.;· 

~seas fa'· yery · d~fferent -. ,._ In seas·, wher~ drifting _toe "is numerous 
.. , 

,· I· •, . •. ,··. 

'·thsre :{s'·~6r~ _-broken .. ice than:::in' seas; where 'mobility' is insign• 
··: .. 

') ~ 

. ·: :·~:~h~ ?~m:paratiy~- ~ount. .or' ·broken ice also fluctuates -in 
. . ~ . . ..... 

-·~ccordahce ·with ·the .sea·son.t There is less broke~· ice at· the be-· 
·I . . , ,.. . : , , :· I •' , , , .· .. '· J 

. .·. - . . ·. . . ' .. ,·,. - - . - : . 
girinfng. ahd. -~n the, :.fi;r.st. ·half_ of ·winter' and particularly a~ when 

: • • F •• I • .. 

freezlh'g is inten:e~r- t-he latter 'oircuma:ta.nces contributi~g to ~he 

freS.zing- up··.-~f-_-':lir~keri ic·e· into --~6rozi .• The .. ·gre·ate-~t·-~C?~ii.- of· 

"prokeri·· ice 'iS <)bserved: toWardEf the'' end of. the' tbawing ~ea..son. 
; . . - ' . . . . . ., ·:;. . . . .... .· . . '-:.' 

·.:.·· ... --~GE FBAGM$NTs --OF BROm' ICE -(~ig.'' 36)·. ~o~at~t~ -~f~-~~813. 
. 'f: .. ; .... : -·.: ' '•·C., -.. :·.· 

•• - • ~ •••. • •• ·_. • "l. • 

fr~gments of ice _fie;td.s, and forms. exclusively as ~ re~sult 9f: . 
. , -\ ;: ..... ~ - . '· : ~ 

repeated. dispersals 'arid· 'compre'~sion8' of' ice fields •. D\lring,· th~. 

rre'~,~~~~, s~~son,. large fraBmezlt ice 'is hot ·t~~ P~ed<mlinating , 
. . . . ~ : . . . . . " .. : . . ' ~ ·. . ' . . - . : :'. . ... ~ 

. ·,··:.· .· -· 
. ·t~e of ::ice _seen· qn .th~ . horizon·:, . bepause l t is !~variably acoomp-

- _·. ·: : . . \ '-:_:_. .-._. ··:--·.· -. . . · ~ ! . . '.· .. t , ·,_- ,,--- .-. I.· ·, ,·:, '·-,, . -."- . ·: ··' :., 

anie-a--·by· eit_h~~-. ~ll: fr~:ginent ·ice (brash~ ·slob ice) or -by ice: .. 
~. : r 

-.. ·. 

fields·~- :::·Only ~n .. the ·s_e_~~·on of--thawf~g:· does 'one sometiiJ!ea coma. 

acro'ai~ ~s-ea· are~a,·. Vhe_X:e' l~ge:._ f~~Bihe-nt. :i.e~ -~~edominat.es o;er· 
,·"• . . . . .... 

othe_r ··types~-- · ~ni~:.:tisually· co1nc1d.ea:l:tith ·:fh~· .tim~ -~f~ br.eeri4BB 
. . : . - . . ~ ... ! ! ' .,. ·: • • • '• -~ ··; • 

up oft' ice ,·fields into'··smalier'· fra8menta·, when 'minor chunks, ·_of ice 
.. ~ . ~ . . ' 

have· alr~ady h~c;l t.~e: to- melt. In the .. -,e~ent of- freezing up la:rs~-; 
.:. I • J > • ';,~ '_,r ~ '• • '~ ' :•: ,:' \ ..... •• ; 

·ice fragments form emorozi, and. 'fn thf:i event of pressure, hummocky 
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. l ,~ .,. • • 1... '. J ·-· •• 
'r • •. j - ··: :··· ... ~~ t ~ •• 

. . . . .... ~ ~ . '" -~ .) . 

~-·. ·, 

ice i;S formed:; Large fragm.ent. __ :tce may .develop ip. considerab:~e .. 
. ._ •- ~ ., . • r: ,.,. .,. ~j ... :, ::. , . ' 1.. f. ... " ·-·, , ..... .· .""' \ ··- 1 .-· •.• · ,· ' 

amounts· iil· -autumn.anci winter in sea ~reas bo~9-ering o~ .. c.lear· . " 

we. ter; 'where lave 1. i:c_e f'i~_lq.s 9.:r.. ~~qk_y;. Jc.e. fields . are mibj acted 
-- . .... : :'·. >-- ... - ___ ,·· ..• , ..... _:; ... ·: __ <· :'~ ..... >'-~ . . ' ,· ' ' ,. -/ 
to ~he ,~~atru~tin a~ti?.~ O,f ,~ft~: -~0t~;. , i ; . 

·. SMALL. FRAGMENT ICE ( 'Q~~ll-~ . :~~{:ip._· ~q!?) ( F1:g •.. 3,5} :c<?ns~st;~. qf 
-~'-.. ~ •. ~~-·::.~-·-·!.':·.-.-:-'··· !:"·:~:-~:-;··,_:·-;:.· ' •,: .• .·. > •••• 

smaller sized. fragments of ip~ Pf .. tlle.m6st var:i.~d. fJh~:p,e_s.. I:q.. ~:. 
' .. • •' • .,: ",·~. ,' . : ;..,, ;" .. • : ,. :.. • ::~~1-"'.~ :; ~}. t~ •• ~·,{;·~ •. )·:·1~;-~ .... ·::· .. t ~ .. ,:· .I •' ' .o '. • '•' ~.~ •" ..,· .':' 

lesser or larger quanti t+~~; --~~~·i+ ''f:miJnent, ice iriy~r;i~bly-: 
·.· :~:.· ·.· .--··,. ~- > · . .'.;~·:· ·.; .. ~··;,:··'•·7 .· .. '--.. ~~1!'; ... ~ .. -· =---.:-·\ ·- •.• 

I. ·, . . . .. -

accom:pariies a.J:l other types 'qt ~Qe,-. fi~;Ling u:p_ ~the space., be(twe~rr. 
: . : - .. ·.· .·"·.' <" ~-:'~ .'' .:·:1.':~~(·:,·:.·t_<·; .•·::- ... , ... ··='" ' .. 

ice~ fields and large fragrq~nt ~qE! •. :_ :rn.· the w:I.nt~r tiple, small~ 
• _- '; . '·.·:,·.t,:'.·,,~~· I i·~·:· '~-' .... ~., .;, • ·, ',.,·.!·' 

fragment ice is always surrounded by either ct:ushed ice 9!::--.'tce · · . . · .... ·. . -. . . )>·. ~-~.-~r>--: .. ,_. -,_,-.-_ .. , . -
s~udee • : The ~olume -~f ~~;L.J. . f't~~~n1i ·4~e d~:pend.s .. on .t~e _.s~ag~ . -~~ 

•. . . ~ . ' \ - ' ' . 

· d.evel6pment it :r s ·undergoing at t.he plOJ:!len:t: _,.in ._the .. e~ent -of ·:~.t~!oo · 
:.....• • ~r ,,,,.··' ..... ,_. •' ·'._ >I • '~ : • '• '• ~~. ', .... ~ • .(, -~·. •:'' • \." • ••.''' • \,;• '• .-·· 

persal; ·it ·apread:s into a thin,- rare layer of fee, w;h~le lfl:. t:~~; 
_· . ~ . ; .. \1.' """·: _·_ .. , . ;,._. •:"" ·.: •• •• ' ·• . 7: .. _.::·.. ·. .• ·... ·.... ·,;_ ~ ·-.~: ..... · .. ::_' • .. • ·.' ' ' ., -

~· . 
a·vent of :pressl?"e·; it forms -a layer eq'!lal iD:. ·iih~c.k:ness, or,~ e}l~.n:--?~ 

.. . .. ~ . . . . .. _.. . . . . - ~ . . ,} :· .. ~ .~ . : . . . . . .- ... ·" ·. -,; . .• ' . - ' .. 

surpassing:_ that:: C?f··tl1e surro~l:d.ing -.~c~·· . In .. _:tl+~ .. ~b:~w,;lrigy __ ae~~on.~i-;' . 
• • • ~ • • • • • ••. , • .. • f• • • ' • • • • -:- • •• • • • • : • • - : ' • !. ~ ,. \- ' .. . - . . 

small. fragment ·ice.· is, the last s:tage tbr_9ugh · Y{hic!r ic~. pass.es 
• ·., ·• : ' • • '•~· •. • ~. : ,·' • '' . • • -~ '• ·' • . ~~,· ,; : -'· • • ~ • • • • ' ~ • , • • ,• • ' .,.." ~ •" :. ·,; ··' I •" . • 

before final d.l sa:pp~ara.nce • · .. . -· ·- .... . : -,. 
· · · ~r 1 • - 1 •• • • v • • · _- · ~ · 

- .......... _ ... 

-: .·. cRt,isHED .rcE (Fig. 37).. is .a ~hit¢,. ;powd~:b.-li-kcr, .. _g~anul.~t- -~.q.f;3,_"; 
. . . : ·.. . .... '· . ,· ' ·. ' . . :., . :·. . \. . ' .. '~ - ' .. ... ' -~ '• '•"' . ' . . . . ..: :. . 

:mass; somewhat grayer than . snow.: . c:ru~hed ·ic~ .. · re au It~ J·pom_ .strong . 
• ' . 'I • • • • .. -/ • • • ... ~ .... i'. . • . • • •• ' ,:. •• • . "'.'. • • ' ·- '·. . . . .~.' .:_. ,. ·' ;•.. .., • 

pressure 1 ·and 'mo~tly· from fr~ction. 9CC.urr1:qg ,be:twe~:q me~ases pf, i_qe 

. in.moti~n; ~~r~~~~d -~c~ ia. t~\~ foiUl~ ·~~ the s~g~a ~f ·-~~t~uB .•• ,, . 

·~~~ tion~ .· ;r_ ic~> ,an~ ()n 'th~~r . aur;M~; ·. ;~i()U,~l'iY,. iargs';, .'< ·_ ' 
. . 

accumula tiona. of· it·. are_: ·encounte;ced-::' along. -th~;:. ,e.dge:~. of :.l.andfast .. :. '--~--
• . ~ ····"::.·. i_·_ .• ·• '· - •• :·· ~:· • .;;..'',.;,_ ~ ~- •• ~-.'!._· .• "'".· ", t'·,, ... ,.- -. :. -· ... ~- .. _,.,. 

ice,-- which uaua,llY. .. bo~d$.rs 9n ·d.~}fti~g. ice •. ,~.AccumtJ.latipns .of;::·~-'.-:· 
. ~ ... ., '- .. ·. :· - -.· . . ~ : . ·._ .. -:: .' . _·, -~ : : :-- . . .; ~- . .. _........ ... . . ; . . :. . : .. . . . .. . . . : , 

. crushed ice are· also found on. 4r:tfttng_ ic~, :.fif'lld:eJ. tb~ _ ~hic.ker.-:. , -.-' 
· .. : . • . . ,,: .. _]·, ·y···· .. ' . ,.'•:" :_.·: :':·:·':.-., ... -·-·I ,,·;·• ,' · .. • ·;._; :,-~·.·. _ ....... : · ..... : ·. 

~he ice and· the J.a~ger the size of the: ,J~e-fie.lcJt th~- mql,~,e .q.qp-.,, _'·i~ 
·~::v"' .• .',·· •. ··-~_:.-~.·; :<. ,"'· .. .. ~'- -. 

sici~·~ble the accumula tiori. .~f crushed ice. 
.. ~ . ., ' -. ;··.1 •• •• •. / '.... ..... ·~ ,·. ~-. f -·_. ;': ~! .,.+_ ;. . _:--~-.-./!'-,. . • t·>··. '·> .· 

! ,,\•'· • 

.,.,·: . 
• ~, ' :._-';' ' ;·~ ' ,' ' ' ' \ ~.I \ 



Crushed ice~· ~s- encountered al.p1ost exc1tla.:tvely in ~inter, as 

it -~i,~a-pp,ears. very rapi'dly, when. the .thaw:ing-: .season a'ets 'in• 
. .r, . · .. , . . . . . . .. 

During:. tile fr~~z~ng: __ pe:rt.P~f :·.?l0lshed. -;o_e: plays a .cons:t~.era)'l:e +~~e: 
::'\. " • ... 

• , . • I . .' . • . . < ·. ·, ' • , ,• ,) ~. . .. •· . . . ' . •' . , . . I . 

filling U:P' all. irt~erat~o.es ·between chunk~ of .ice, it oont~ibutea· 
' ; 
·'• 

tO i~Ct;_rreezin~ tQgeth~,JW~~t~~f:~~f{lrt~~ int~, Bmorozt, ' ·• _ . c 

.;IC~ ·KASHA .·.~. I_ce.,_:Slu~.ge'·.{Fig·.; ;3'7);·~t~ 'the. ·same as crushed tc·e·,· 
~ . .. ~ .. ~- . 

. · . . . ·. 

t11.e ~_:_?P-~~ _·9_irrert?nce.· ba~ns that. ·~.t -i.s· not. ~oc~ted. o~ ·the surfaye. 

of ice f:,ragmE;Jnta·, but :t-n th~ wa_ter;. in the intersti-ce:a· b'etwe_en·· 
. ·'· ...... •. . . ' . ,·:.. . 

... \ . : -~ . 

the,m!. --~p.a_ ·p~t~Iy tm.g.er. tJ;lE?m· ·· ~-~ a.ppears. fro~ ·the· very: beginning 

of tl:le'.-~6rm~tion::of_1cel :t:he·, !nomen_~ ·a.~fprmations· occur aa· a .. resul~ · · 

of, t~e. actJon bf.·.'1'ind,-.sW~ll, or· pre-s:sure. >;J:o.e ·alud.ge· accompanies'' 
:... ,__\ • -l • . ' . • ·!· . ; ~. : . ' . . • . ' . . . ·. , 

all-tp.e ';forma~J.ons -up. to t;tte._ beginn:i:r~· of ':thawing. it~ acou-·· 
: .· . - ~ . - . . . . . . . . ' . - . ·' - . ;: 

mu~~tion~;-.:are: of.te:p. very c.onstderable, .. its ~hi_o.knese ~oine.t~~es. 
·•• ·, • I ' • ..,. •·. '• : ' . ""' • '.' • ' • . • ,· - ' • 

su;'p~s~~~pg' ·5. t?·· G met~rs •.. To .a: considerably ·grea·t'er .·a.egre_e thES.ri 

cruah~.d-; :t.qe.:; .it oo~t:ributes to the ·freezing together of .. ~roken' ice ( . 
. -~ •.• . . :.- . . . - . • •• ~ ' •. • ,· ' l . ' 

intc): a~oro41:,, ·and .in :pa;t'~·icu~ar ·cases, when a~cumu:latione' ~hereof' 
• • '.' • • • f 4 / • • • ~. • - • • : • ' • • ' • ~ --~- •• ~. • ' • • .. ~. i •• , : : 

are. v·~_ry:· e~te~_eiVe;; .1~_- may .. form .. 1n~ept3~dent. s~orozi ~ · ·.~}?.e _;Latt~r· 

· may .sr~ .to .opns:tdr;Jrable- :~~z.~a •· 
.., *.. .• ' :: ·,. ··- • 

PANCAKE ICE. (Fig.· 36) .-.. This .denomi:na,tion :applies to,.·a ·~~t .... 
.,.. . . . : ," '• :. ;, . : . I ~ ·. • ;.- ' 

icul~. typ;e . ¢f:. :brplteh:_ -i·ce.,: 'wh1c.h ·ror-.ms ~s .. a re·su:i.t:.~bf' .. th·e .. :b~eaking 
. .•. . .. . .... - . . . i- . . . - ·• . :.": ....... -' .. : 

Of n14B 'by.- the .. sWSl{apd Or th~ ,mechanic.al r0llilig of it (Bee· 

. Chapt~r··rv) •: .... P!fliCa~e-:·. ~ce _is. ro~d. ,in.;·s.hap~; thfff'.dfame~te·r, of· the- i·· 
'"·, ','' • t .·.. '. ·-... -: . ' ; 

daJc~~-; ~S:r:te·~·, th9±r.·:-thi~J.;nes·e -~~~Y _reaph,7~~ -:.ems~ ·· Qwtrl:g· to.- _. -~ .. ·: ·· · 
• ' "• ' I .... ~ . ' • ,• • ·- . , t .• • . ' / ! ' ~ •'" ' • • ' • • <:. •, • • ~ ~· . . ' . I 

COll~~;~~~.:~t+,d fl:ic.tion;·. Jl pie-y~~.t -~·dg~ ·.for,rrr~· ~O~d '.:th~: paJicakci 1; . 

.. . . 
arid~· b~elo~, tP,e -~i:lr:fac,e:_..qf. ~he wat~r,; iCS· ·,s'lti.dgej,::f~.li~; the: .sp~ce--. 

'• . - . 

. act~.r:ia.~J~- of .. th:~·:-~~-si~ittg.-._o! -~f!.e -rbeezing·':period:-; througnotit · : ··,.-
·_ ... '·· . ·.:· 't. ... ·. •·. .- . . .. · ., . ; .·. : . . . : ' 

t~~ -~<?~d .. :se~son.i; ;P~P.O'~ke ... ice. ·1.~- e.~q·oun:t~ered ·only ozr :the· _peri~hery· · .. 
I' ·~ ""... • ... •• .. .. • • •• ' .. - • • :' • - • ' • • .- - • 
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• I 

( \. ' of ice forma~iqns-;>_¥{he,re E_V:.s~eli·)t,tay :be·.tob£fer\1ad·~.' .. , .· ~-··.,.~;, .;· 
'. . . . .. · ~;. .... ' :~-- ' :. . . .- . 

-~ ::~~ . ~ ' . . . 1' . ~ .... ' ;- ·._ . .• ·. :/\' .j 

. 'The size of.:· sepa:ra:t!3 'f:ormati~ns ·o:f' pl:incake'_~:Lce·· depends· on•' · 
\:c . 

. th~ swel~· (surge):· ... :the' .smaller:·:.the ·.swell} the-.;Bihail~·r'·the·::_,~ ,·, 
-l.' 

. SNEZHLTF.~ \- Snp-W :.Slud;g~ 1 ... f<Dl"mE{.:as. ~the ··;resUlt ·'of a~::·:conaid.er• 
·:·.~-:----..... ·~- ~~ . :·· ... ~ i · __ ·.~ ~ .:· . . . {· . 

able·:: snowfall' :ontb: ·the ··atp:t.:f'~Q~· ··of: ::~~e ;:.~ia·,. ::whE;?n. :the:. latt~~-~18, 
'· • • c • ' • • . • • • • ~-- ... ,; . ' • • • l . ' . 

.. ··1· ; ,·. " . . ~ : : -~ 

" ' ~ I 

· · .··Ln.Jstr9_ng, wi~ds snqw:··eri~qga -D.l~Y ·t.c?rni ih not·:ct~o·· ·c6naide~~-;. 
. \ \ .·::. : ' . ', . . . . . ... ' , . . 

abl~-- amounts 'tr1 poolf3 fro~' ~an~w·--~e:p~·lnto: ~the:'.'\.iate~~ f~~n;·:'ic:e~ 
.. - ., • • • - • . • ' ' - : ' ~ tl • 

'' ' ; ' j • . : '' • : , • I . • ' , • ' , · . :. . , '. ~ . • : ' '1. ;~ ," ) J, ·... ,·.: .: :1 .Ji' ~ · . .;. '.-" ~ 

f;l()es~· ·,. S~o~· ·sl":ld-ge de. YC?ry::i.~e~q-q~l··+D:··.thickness,~- ancl.l·s usUally . 
. -'. "'.' .• ... 

. ....... -. 
· of' gr~y .. n:J).as; · when· pre ssur~. i.s in.··ac tion in J)oo is; ~tt"' '6ontrf1l..; ;, 

. . ' .· . . . ' . .. ' . .•. ' ' •'' \ : . , • .. ,. •. '. • '; . , ..... ·; ·.:. ·~. ,· .• '• ,·. ·, ,• o··· .. · 

.uatea :to .. _the. ~ormation· of··smo:r-oz·! ·.togeth.~~- ~1-th.; ic~e;;:alud·ga ~ ... ·.Fig; 

38._,·~}1~~8·.-,~~ow _-s:Lu~,g~,- which ·~'a·~,e'ing:· brokan'.bj' the~· ~cir'i·;··<·~::--£··· "···· ' 
·~r.is.inat:b).g. from·· a passing ves:se.l'. ! · A· cparaot'ef:i~ifc'· p'ictt£;e{\)i ( ~'. 

. . •. ,··. . ·-,· • . "' , . I . 

~n6w_·, siudge. m~y_ be fo~~d in_ the. '!Albuni ·of' Ice·:;'Fdriiia-t::ion~i'};.pub~' 

lishe.d 'Qy the -Hydrogr~phic·: Off'ioe -in· ;1.93i: · ·. :_ · ..... ·~- ·' .:.;.:· '~· .. :- . 

. . J!!!.Mi«lCI6, !9JE:{;i~ .. 39;· ... Init;tallY1 ,tt';ro6ie' 'EiHii~~ a;e 'a ' ,\ 

, . . \ . . ' . ...,.. . . , .. ;· . . · ..... _;' ~·' ·.: ,·:· __ :,·, -
result, o_f the ·?:r.eak~~ ot:-:-l,evel~l,ce·· field.ef'-and the.· pi-ling up··,,of,-
. . . ', ' •. •.,;: :.1- ::>'. ' .. ·. :· . . . ·. • . . . ·' ... ·: ·· .. ' ·. : ,·, ;:i ·.,;._.' ·~. 
·rragnieJ?.~s. whiqh'~· ':'ol,lows; -or- ~s -.a ~.resu_l't ···or,:p_reesure and ... · .Of.· ·the.· 

free z ihg < t9ge ~~~r . of .. broken~- i.<?·~ ~ · I~-.. th~ ·f':trst ···In~ ta.~c~ ,· -h~ic;·fi:; · 
,) ' I • ' ,· • >, '. • I ' 

'-.~ .·· ~':. ' . . ... ' ' ~ · .. { ··~. .. .. · ;·· ... >{"·; ... ~:·; -..::'~~ ~~':: ... 
ice: ·;pre.~enta.,di~ord·er,:t:y' :p~led· up -~idge·a df-'brokert ·ice fragments··. 

. ~ ': ,' . \ 

. · ( htlmmoqks·, -ropaki:·,:(u;P:t;1,ght ':hUl111ilooka ),· )'; 'tri · ·the.'"'fuid·;~t>-Ji ·~b.icili ,:· .. , ... :~: .\: 
. . ' . . .: .. · '.' : . . \... 

area o¥· .. leyel,._t<1~.-.~:y. be, ... enCOUl)t·ereer.- · In·;~he· ·~ecbnd·, ·:fn~kri6~~ .. ~ .. :'~ :·< 

htlmmoc_ky:.~.-~ce·,':pre:aentS: a pontinuous1y p:i.leq. :u~ add:··d.hg tlp ~urf~b·e :~ . 
• J \ .,. • • ' 

wi.th_. ~e> ;t~}va:+.: _s:p~ces,~'i:find· has :t~~refore · beeri~'·ap~c·ialit<den~r{~te~· 

"amoroz" • At the t~a of the init1~l hummock:ing of level fields, 
: ~ .. .~ ; • : • ,. i ,_ 95 



I. 

• I• 

the upper :parts;· of .the·:·humniocks··c.ona~at··:or~· fragmernts·=·aJ . .fuc>E:J~~<~. ;·:_::. 

. unifor.m: ·ip .' si~e-,·. :whil~ . the. loWer: accumulations< termed' podsoyy': . 
- • ~ - • • - ., • • ·~ • • ~ • J • • ••• ~. • • - ·:· • :_ . • • • • - • • 

' . ~-'' . 

(tinde;r~:prop~)~ · al;tl.lo~gh: _.consis~ing .. of fragments_ of equal .. ~hlck~ :· 

:-:p.es~., :ar.e.·.more var_ied:'· .in ~ize ~· .· When ··repeated· ._destruc.tioria: Of 
0 • ••" ' o' ' ' A - •",, 0 o '! I \' ·.~ ,,, 

h~¢c:ey· .. :r0iel~s talte .Pl&q~};"'·?h~~fihi~~:~~f9f: l~vel :terrace areas 
. .~ _--~- ... .... . . ~:-.( :~~-- :~;_:~~ ~~-~-~-~~;;.~~:r~;.?;.f·-:·~~~: ~~:-¥): -· - . - -~ ~ -. . 

. de.c;:t:'.e~ses, -while the .. ~uant~ty: of' hummoc'ky a~oumul.a-tioh·~ inorea~e 
' . ,. ' . 

b9~;n, .. on· ~he: -stirfac.e·.~nd .. belo~ the. ice • · 

• < •..• ·:· The aiz:e·.-of .. hummo.cky ice fl~ct\lates ·wi.thin ~"considerable··· 
' . . . .·' . . . . ,_ 

:;L-iprl_~·s.,··.~fiJ.:unde~·-water .. :ac.cumulations· .qf ice may· reach ·several· 

sc~e·s· of' :mete~s.. In· ~e~s with drifti~g·ice_, l}Ulimlooky_Jce.is 
' . . 

-tfi~·, :P!.'<?.P·Omina ting ·:tyPe of .ice; p~th a: a regard:S ·the .. sea areas' · 

cdvered . by. i~t'. and_ ,'aJso as regards. the general volume~ of" lee. : :. ,, . 

. H~<?<?-kYl +_c.~ .. appear·s at the time .. of for.plS:tion of. .gra_y nilas· a~~i-. 

also_ ~p~ple~es .. t}le·.devt?.lopment :of .. the ice shea~ c~ver~i)s ··the :sea·. 

In, ~p;r~ng ~~d::· surripler· :i.t is· subjected .. to .·thawing, and· part <of:· it_. 
• • ·' ; • . : •. • • • • • • : -. t 

'.··.·· 
; • .~ f 

.. \ 

:-: ·:.·;:;·=$M~oz·~-~-- Ice. ·fte.J:d,. '(F:tg. t~o) .. ~i·s ·.broken ·1-c·e -which lias ~·rrozeri: 

toge~ther ... into· a qon~inuous.:ic.e- fleld;. at ·the moment of 'freezing-:' 
••• -•l' ... • • ' • . •• · • • 

pressur'e •. : .Smoroz._,~aE} the' asp~ct of:. hUmmocky ·i'ce, '. excll.ud·ing' 
· .. -~~- . . /-.: ,-.· ... ·.· 

hurnmo.c~. f;ie~,d-:E3.· of. _p~tmary, hummocking-~. vr~er:e _;~le~ei are~s ·-ma~Y' ·b~-;. 

fotmd .in the :midst .at· .hunimocks. ·No. ·leve!' a.r~as· are to· be: f'otind.' 
- • •. • • -~. • . . I •• ;. ·• ·,•,. . • : ' .. . •f. • 

on smorp~t,~,.:,_;,/fhe_:_~~-~~ .of. thickness o,f a ~orpz de:[r~n9.8··,.6~ the ·cat.: 
. . .. . ~ . . .. . , 

stat~-4 :.~~,tT,}Gll~: ~1ze .. ~Limportance, ~fq~c~J o~ ·.a~.:srQ.ol:-oz:;:f9~e.~ :.fr~m 
' . ,, .. ·· . ··.··~:··,···.;·.. . . 

• . I ., ~ · _~ , , tv 

disper.s~~ J,~~·.,::lS cl-6.:~~·-~~ha,n ~hat ··of.~a,:,¢moro~· fofue'd.'frpn,i Obmpre:sse·[~ 
' : . ~ . . . ' . . . . ' . .. . . . 

·_broken ic~.,•.,- .. Gr~a.;r:;~st o_f~.al~ .. is the. ·force·:·:( or·~-t~iini~fv~ne-~s:):.·o:r:.-·a: .. ·· · . 
.. 
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smoro.z.1 ~ ·.formed,_.._ from ... ice_:· fil~·ing:··· up.:- a,. :po:w:erfJ.tlly, com:pre ssed~ 
./. ·, 

e' yom.:(~p~~-~;- petwe~n~ fields}:;.,_. ~~~suoh -~. smo:t;>oz i.s .. -u..suaq_ly: mop~_ c.-: 
-~·7'·¥· ... - .. _·. '-~~·=-.~.~.:. . ··. -j: .. ~ .... f, ~~~::·,~ . ... _·':· .... ~. .: .. : .. ·.· (.. . -~:·· .· ' 

P~E3:r.:f)ll:_(:massive') _c't·han:. the·:surro~d~ns~.h~ocky:~fie~ds.e;nd-:;"if?. .. ' .. : 
'o ,· t !' ,• ' •o:': :' : ,·•,' • ' I 

, .f. ' . . I 

no· l~Sf? ,§qlid: (strong)·· .· _Simtiar\ tc;;. hummocky. i,ce:, ~C>.!£!!: are' one 
. . . . . . . . ~ . . . . . . . . . ' . ' . 

• of the.·:.Pre.ci~mtm:~.ting_" .. typ.~@·~·qr;f.::~~~~itnB<-~ea.Jc~ .• :. ~oroz}. :rqrm(ia ... -· 
• ' I o ,. • ' ' '~ • • ' • • :: ' ~ ; ~ • t' ,_; • 

surface wit~ r~e . tragmerr~~ :~t tp~- ~H~ ~tared C>n --it;:· :whe..I} t'hawtng·, 
. - • . ; . . • . • - . . t ', I .· .·: . <. :-( ; : . . .. . . . . . . . . , .... · .· : . 

they ;l;>.reak up~very_ .easil$t··.~ng: 'n~r ·:P9~1.~ ·of m~lted.·wat'er. a.r·e· .. ~ound. 
. . . ~-. · .. · .. ·.·--: . _;·;:~ .. ;.~·::. ·:·~-~~ .. :>.-;·: ·.~··r ~~·~ - .. . , ·. 

o~:-ih~~:. Other smorozi -thalr -~~n~ :.the:'aame way .as /ao·a.s·:·hwmnocky.·ioe • 
. • ,t: .·• _,, :· . . · :·! . - .« ~.._... ~;:;.;;:'~'~L f;: ;-~H;· ·.y;<2;;i~: -~... . . . . . . . _· -. : ... :_ 

·LIGET- ._RUMMOC.KY _ICE: (I,g1:~~·;:~·I!tl, ·t,tW~qJw;p.acterize.a:::.by.;a_ domjrar:..- ·· 
' ' ' -~·_:':: .. ~ ::,;· . ,. . ' t· 7·:' :1.:_· :'>-> ": __ ::}}!t~;- . "'. ·7, '·. ' . _·-~ 

. a tiv~ly -leveL ~urfa.c.e 1 · ·a0pt~~tffi~-~j-.:t.~~~f;~~pte9.~·by .n9·t.··to~ ··h1g_li~_ r·owa 

of hum,npcks • .· If light h~1~~~~ 't9~ : b~~- been foi'I!led i'rofn gray · 

rti~l~s;· its ve~y. ~ligp.-~ly:~~g~~d:·.~~f~d~- w~li .. _be 4~et··~:unrio.t1:o~~J~-:. 
' . - . - • r .._ • ~ • • , • 

' ' ._ : ' .. ;, .. · ; . -; ' ',:. ,. ' .... ," ' ' ' . ' ' . - :. ' \ ' ' . -

able under.- t};le anor._·· 'WJ:len the· .. ; lay~r:·of: sno:w:·. i~· ,cons.ideraJ?le ,- ~~:."· ,, 

. . ~ '· . 
. i .. 

I R,9'W~ver, · t~s. actual: -l~por~t~~ce .and_ thickness· ~differ~. ·s~rpiy~:.fnbm 

t~e latte~./ .. beca~~e the un~er-ice accumulations consist±ng"{?f.,' .. 

. pode?v:.y .JU,n~·~:t:';Pi~ops). ~Y-.be . ve.ry consid.~r~bi~ . ;tn\ :si~,e-· ... (ifupqr:tance.) o 

Si!tit:La.r ic.e :floes '-o.f' a :light.-11ummocky o~acter: -rmii: re~su'lt ··:~r6:rrr:> 
. . ~· . . ' ' . . . . - . . . . . . . ) ' .. /", 

l'r,e ,~s.ure, nr~~~~: a~d. ;pancake. • ic-e' 1 and• may' reach ·corisfd,i3rab'le'' ·:thick-' ' • 

t1e as, . ~hi:le · ;r:et~i.p}ng a ~omparative.ly .. : 'level Silrf~{ce:'oi, ~Light::~~· ,··. · ·, 
_ · ; I · · · . . . . . . , 

-P.umm9c]{y 1qe. 1:s e~cO:unte~ed:_ i.n o0n~ide!\able-:.quariti tles ·.-:tn. the:··:'····· 
.. , : ' .. ' . .. . .. : ·. '. . .. , .. ·· .. ' .. 

'·· 

fir.E;Jt hal.:f 9f t4e f~~ezipg.· 'season. Later}~~at~ :the·. =t:tnie ··of :strbrig '.·: 

· :p:r:ee~we, :·1 t -~a,.y, b~ 't:ran.s~orm.ad ~into more. pqwerful .ntimmobkY.L ._,:;~ ': 
. / ...... · 

fo:rn.ationso 
• ·,:• • }.-·- I•.·' 

, .... 
. -· ~ -~! ·•. ..., .. •: .. 

·, ' 

·.)$AVY. ·HUMMocKY IGE· (F~g. :42). ts:.~tue;·.whlcn·~:!ili;s reached. it.s 
- ... ~~·~:'"""~,.,•_., ... ~~~ ' •· ·• • ' ! 

:. ~· . 

I 

piling:HP_o:~ J~e ·.~n;rf~ce_ of: sucn· .tee pre:13enf~ .iri: ·mo~:t-~·case's· a . 
. ~\; ''•.' . 

97--; 



, .. .~ 

\ 

disorderly :p.illng. u_· p··:'O:f>broken icfe·· ·· in· ·the~- m±d.st ·.of which·:.·.:;:· · 
. . I . J 

amalljJ.separ~.t·~·- ~r~ae.:.C?.~:·:m~r~ ·or le~s level. . .iC?e ·?I'_e- s~·ldom':' ·t .... ':: 

enc·ountere~.: .'liaavf,. htumilocky·-ice. fbfua 'in 'the' p~riod ~of ~·e·ezl· .. .. . . . .. . :·/' . 

\ • • • . • • ~ . • • : •• _· .• 7'l . . . ...... • • . , . •· . • • l ~ • '. • • - • • • .... : ;· ••• 

ing when· the 'genera~+ ·ice: c·over is already· ·considerably. d·eveloped • 
.. ;: . . . . . . .. 

. Str~ng ·gale~. ~ccurr1n8 ~~~l~~~]i~tf:~~~~~~ipwing , fr~~ i ·tafOriibl~ 
dire ~t ~on drive · th;~ ice ·towards ·.shore,. and heap it up -in· the 

~ ... . .. 

. "··suira; ;b_aya:-~nd_'·aatuariee; -"the ·ice ·then ~6ves'>togetheX: ana· ~tarts, 
.. . . . . . . '- . ' 

. . 

··huimnoc;k1rig~·- :reechirig i.ts msxinium· ·strength;· -·.Sucb ioe.--:can ·rio: more· 
• • '. ' ; •• ~ • • • ' • • ' I "":lo 

ing p_e~tod l :1 t:·~:t:ecedes fl:-om the ·-shore·,·.- and breaking ·'up~: ·ff<?in the 
.· '; . '. . . . .. . . . . . 

• . .. :' . I ~· ' ' 

... In arctic. :aeaa _ he~vy hu,mmocky ice may sul?eist eev~ral ':Ye~a·; .......... . . . .· . . . ' 

ow-ing' :t6. ·atiria•ce', :.thawing 1 ta surface smooths d~~ t~· -a'. ce~t~in ... :. 
. . . . ... . . . ... -~ ~-... . . . . . · .... 

e·xte.nt,· ti~a·-:··srowe: c,on."eiderably ~more: levei .than in· .. the; first• year 
• ., • . • • • • . 0 • 

. . . 

o.( rts- forniatioii. ·.-~-.The· upper iayers· ·of· ice undei·go-cb:ris1dere)ble· 
.· . . , ,~ .. · . . 

: t.-lil:'ough ·increases)':and most~ o·f".,.the'' podsovy ·(und'er~~:Props) fte~-~e·· 
-: . .•.. ·:·. •. • . • · ... ·• . --·-~- • ,,< .• •• · ....... • ·._ •• ••... 

t¢ge ther, '·.the -··solidity; (strength) of the .. j;o~· being thar·eit:>Y .: ·: . 
. ,- . . ' . : ~ :. . .- : .. · .... : 

·• :, ,_· r .· . • .... _... , ... :._ .. , .-·., .... ·: ·. . • . . . 

ice .·.~eache~s>"itS..inaXi.1lilm devi:{Lopment in .. the ·Central'~ :J?6Ia.r: .... :Basin ... 

and -fa ·called.: P0~la±! .pack. ·... · • J • ••• 
-: .·,_ .. 

·:,::'·, 

Acc"brdirig~: ·to ob'se'rvations mad:e 'by Nanaen .on" the:~-·~.Fram"·, by I 

• • • • ~ • • ·' • !II 

·. thbse> 6r:.~:the a·riftlng ·statio~ ~.:Nor~h-.. :P.o~~,; i an~--~ df ·:t>r:an~-~~-~hich 
, .. ;eL~~: to · tne~ Pol's :am l~ha:a·d· bn . t!i~ ~;~}: 'i t<ha~ b~etl · e'Sta blished · 

' ' ' • • " • ' ' • • ,, ~.: ' • '';.. r\ . ' • 

. . tha(b; the: cii.et:r.i:butib~' 'or~:·ib·e. 'is· as· .. iollow~ :';\,'niort(brolt~rl:· and.': ..... , :·:- .. 
. t·: 

_ hutmnocky· :fC.e<·ia ··anboUil~ered: on 'the· per-iphery ··df'·.::t-J:ie·. 'Polar':Ba·aiD,·· 

... , 

: -~-

'· 

.. 



and closer .. to. shore£3:.apd. ·.shfll~ow~, whi.J.e ~n~:rt?e ~-9e7.~~ .. e1q~-~ :· .. 

predondriate _1~ ·t.he cen~r~i :p~~.t 9f ~h~ .. Pol:ar .. :Sa.s.in .. -~-..T!l~-~e. '";·_ ~ 
\ . - ••• • ' . . 1 ~ .-~· . ·.I : . ·~. :~. . . . ~ ~ . . . . ~ '· . : ' --~ ~ 

fleld~ reach tre~endous diinens:i.onF;J~ca. After. they :!'£tV6 undergpr+e,-·.: 
~ •• ·.-~ • _.~. • · ... ; • • • ••. ~- • : •• - •• • .' .-_. .. • • •• .. ·- • ' •. • • • '1~ ,•; • ·_ ' • ' • . ' • • 

~ht:3.W.i.n:~~ .in ~ ~~:r:. 3.:'-C?,I~~:ec~.t:+,v:~ · ~f?.~~s, ,an~.· in ~.t;tfe.l -_~b~epo-~ of: , • · · 
. .~. .... . .. . . - . . . . ' 

. . . 

re:ee~ te~ . p~e s~t~r_e ~ ,.~~~e:~F -.~~~tP;~~~ :~R:~:~·~~ 9.9p1:par~.tiv~:tY ::.r?m.o.pth,..."~!t .. · 

.·is slightly un4ui~~e(l ~ilQ q~f~f:~~~t~~ ·~pow.Whi~h .fill~,~p ~1!3. ·• . 

. holl0ws and, :th~ lpw parts. _ .. ·-~t .. ~h~ · pq+p~s .w.here f~eld~ .jq_~n,: there 

· fo~ h,igh, moWld~l~Jre a<;q~~~~~*~!}()•Pffi~mJlloc]rs and .. c~sh~d Oic~ •. 
,·, :. ·• • • • ~.. ,.,,. . • ·. . ) ' : • ~ .... ~: ~: •. ·.; ·. ~·~:. •• -! j. ; ] : t. . . ·' -- .·· . ·. . ·. .' ~-

-~ver,y ~e,ar~· a.·'co~s.id.e!o.1J~~ :,pftf~ ·· Rr~,r~~-··.f,~~k :ts _c.El:r:t~'ep.~: 9~i·';pf -,t~e.· 
p :: <~ N •: • ~: ; \ ~ , ~-;. I 1 • 

P~llir Ba~in irl1;o 1;htl ,Nqr~~ ~~?:f,~~~ IT?q: ~)lroug~ the. :Wi~e. :str(!.:f,,~-; ·. 

betwee~ Q.~een,land ~d ~pi t~f~f.~,P,.B;~,~~-P~. pp:Ly· a -~1·~-:-'":pa:t;t;· :ef. ,1:~ :tha:v~~ 
·. ,·I'._,.,_. .. :! ;'' "'.f ''.•/ 

o~ .t~e -~po:t ... · .. _, 
i.: ·._: 

<. 

. . . '. : ·,.. . 

·to Qff-sl:;qre roc}ts, o:r shoals.. It_fo~~-'~ost.ly._JI:L ,.gul::f'~. §p.Q.J;~~Y~) 

ang ... ~long .. ~_the ___ o.oast._ ~.n · gpen .:Par·~.§··. of th~ ... sea.., ·w~1~r~ t}ie J·f~dt.h·· :~~~: 
• • . ' ' • .... • ' 'I . • • , . . . • ; • • . • ·• ~ • • 

of the laP,df~st i.e~ ·_de.pend.s ,on ·d .. epths •.. Pn -b~n~s an<t sh9a+s-·)ll1d· :· 
. ' .. :: , .. ·_.f. ' ·• ; ·,. . .. '. J • :. _· ~ - • - • f • ~ • ... -: f. . . ' . . . ,\;· . . . . ' . . . '. . 

· se?t+9ns ~)f._ th~ .. 96a~t.");ro~ec.ted .. from. the on~~aug:qt ~<Df, .. Jp·C;3 , .. l~!lde. 
- . -; .. · - ·.. ~ . . .·. ~ ..... - - ' ' . . . . . : ' . ' 

... 

fa.s_t .19e. mar f~r~.:~Y ¥flY ·6;f'. norma). t:r~e~:t~g, · and,.~·-~P. s~9.~~ c~~E3,~-·~t, 

consts.ts <?f ~e.v.e1_·t9e ,.· ·:. At. polp:t~,· ope_n! ~0. the ,pres~urB or :J,:ce:;c , , 
• •• ~ • ;... • ' • • • ·' ~ • ..... • f 

. land,fa~t ice :f:·s usua,lly .lilinmio'cky acid spre~ds ,to the ve.i::y :p~'tt~m .. 

al_ong :the enti~e.s~l,low (;lre.a. ,_ · ~n· ~,~qh co~c11-ttops 1 ... ia.rid:f~~t. -· .· ·. ·.··~ .·, .... ~··.··;· ... ~~· ·~ .... ·' ....... _. . . ~~~-- .·· -~~- ... --··. 

ice fprms a:~ ;t:h~ b.eginping qf th.e .. t:na.w~.ng a~~:s9n and,; 'as. a .. ruie';··· . 
.,. ·. ' ~ ' , '• • -. ' . :• '· ~· . . ; .- • ~ • • • : ·-, I '~ • • - ' •. '\ . ' _; • ·, ' ' 

rem~ii1s stationf:1ry :until th~win€3. s~t~_·:in~·.-, At. PP.~:t·s ~wh.e~~ tlie. ··~ ·:::· · 
. ' ... . / " . . ' . . . . 

·" :.. . . . . 

_eoast ~.a ~blt'UP,~- .e~~- stee.:p, an~ .d •. ~P-t~s,.~r~ .. ,CQ~_si~e~ab],.~:'i···~q· .. ~ 
l '.' ~. f : . . • ', • •::- . , • . ~ , ' 1 

1 
. • • o ,_ ~;- • 

T • ' • ' 

strong tid.e~.pre~.~~~,,.iandfa/at·i.(J~ 1~. p.:u-t. te.mpo:r~Y.l: thi-s; -}lqy!"'.-_._.
1 

.' ~ I _..._ •' '• .' . • 
0 

:' • f. • '· . • ' . 
0 

• ~ • ' • , ' ' ' • , 

'C:lver, :· ex_c~u41ns t~:r~~~da·,. ake:rr.+e.s at14 .·n,ar:r.o~.- st~at~_s t·· where~: l~d~--
• , ~ I . · . •- , - '• -" f • ·" " • 

1 
._ ' -. • • • •• • • ' • ~ • ' 

fast ice,.m~y reip.~~J?.<:for_ .:rl;· 19~S;: t~~e 5lesp·~·t~ c~n·a_l.(le.r~b.J.e' dei).th~~~- .. 
' ..-~ ~ [ . ~ . ... /" . . . . . . . . . 

In_ th~ .. ~ve.!lt, .. 9f. !3-:. ~trop.g: .·P~,e.~.en.lr.~ of ;ic~, ._ h,.oc_.Jcy landf.~st ic·e·:,. .. ,: 
, , • • I• , ".. "- • ...,_ • . • ' , \ • • .-. , -,· f ~· '• ' . ' " 



, . I ·.:·.of ·gr'eat :rnagnit~d~· ~y:··~rorni" eve~i :·off deep' ,.s~o~a-8; (.ih' favorable 

·.;··-c,irctunstanoe~, _'!ahare.~t:_;:i~~: niay··· ~em~fi?-~ st~~t~o11ary tilroilghou£·· · 

··:-•:" -<.,:. shore~·- .:·rh -a·a~·s .:\·rh:ere· ... :.str~hg tidal: ~ur;enta ... prevafi, ·iahdfast ··- · ' 

. ·:>'' 'i_ce;'often 'cnange'e in a;iz'~t~~.: .. ~ti~:~:~t~!~t~~~:~~:~·~t. neaps 1 and 'decrea'se·s 
. ... .. . .... . . . _ . . .. . ... _ (~1J:Jt~Jr.;~~t:t.f~·(t:t~:;:t~~~~~f:>-··:· · .~ · :· · · ... · . , . .· . 

-·~.~ · ... >.- -:._ r.e.t·:':spr1ngs~::: ·In· sUrm:ner, ·landfast-··ice .. usually bre;aks· away from 

·· .. : · .. ' 

~: ( ~ . 

... -:. ·' 

. · .. :;··al:t;hbtigbJ;·:; in'exceptiohai- -~aeesr lt .may ~amain'. stationary .. through~-
' . , . I . ·~ . . . ·. . 

. ~: : •'. . ; ·. : "·o:ut· -the:·:·a~~r. .·~·-· s~~~:timea·,. lan~f~st· :i.~·e fails. to ·be brokeri ·up· · · 

...... .. \ 

~- ... ,: .. 

· .. ~ . 

, i- ( ;., . T;hEtt.~·;part ··of· 'la~dfast ·tee :wh1ch is di~e-otiy frozen ·on tO: the 
shore,· and is not aubj'ected. to any fluc·tua tion~; ·is denomina ~~4 .. 
ice foot. ··It ·is the completely stationary p~rt of la:ridfast fee · 
while ,the rest, altbougb{ .. unde:rgo~,rig, no :horizontal shif_ting, sb.-owe .. 

:vertical'~~tluctuations, which correspond to .the· f;L~ctuations of ' · 
the s·ea level.·). · · · · · '.· · · .. ·· · .. -

:::>. > ": ~;~ ·: /'!,):' ., ' ~-- •. . ·-

' ST~· -.·:a~~ .. s~:parCl;te acctun-qlations_.6f. ice on ~ea o~_· .. · 
~.:.:/; •. , . ;~~~ .. :('": : ~;:_~-~. , 

coastal ·s:hoe.Ie. . _Tq.e :ma:J.n d.ifference betw~e·n · lartdf'ast ice and. . 

et~uk~~ 'i B :~~t .·etaJmlkhi are not' ~t t~·cha~ . tO ~the. slwre:, an~ axe . . 
~-:~"''. '• .- ··_ ... .. ·:,,.::;.._· .. ·.:.:-:-\·'·;·1.·.· 

. ·. . . ,· \ . 

,mostly located, on sea· shoEl.ls. · Stamukhi form when a floe reaches 
' • . . . ' ' ' ....,,. . •.' ·. I " • • . r • :- '· • •. :. ( •• -•. -..':~·- •. • 

" ;:t; ·:· :_' .... :: ·: ; ' ~. ' ' : ' ' ' • . . .. ·," '' 

~~c~ ~.}X:~.i:d·e;r~?l·e. ·.,~h~?-~e~~ tha_t:~ ~t .. ~r_eun?~·-~~ .8::_-.~~nk-g~ ~hp_Et.l,.; 

in the even~ _of pr~ssure,. ice is piJ..ed ~P. :~n high ~c~um~l~tions 
• 4 >. t • ' • • I' • • ,. ~ S ' I '\.~ I ~ ' ~' ' 

:··;' a~d ~amains' s~ati~narY: tp:r.oughou_t·;~~he.;. winter'{ 'in; soma cases:, .1 ~ 

' · ; - ' rni.{e~eil ~~airl eo for ·~~veral,rears ~ In thEl Wh~te ~ ~e;a, '1h~re .. 
,.:>j~ . . /" ~- .. ~ ~-·:\:· ~~ .. ;-. .\..:.: ..,. ~-' . . . . . . . . . , .· '.,._ . 

tidal CUrrents. are. str~l?-g; .: S~I!.le.··of ~t~e.. ata,~ltJrn.i. f()~. !:lt_lOW ~fda 1 _ .. 
:'} . ·.; •, .. ~ '. :· '· ,} '. ' '"• .. ~· '. ; ~ . . . ' . . .. : ·, ' ' ' . ; ·. ~ ·: . ' ·,; ! . . . . ' . • . .. "· . ". 

some again so, a~ift a~ hi~h . .ti;<:t~r ;~ile;r~~t_i9f\::~h~k re~in __ 
. "~:·.·· ~---~· .. ::_·~ .. '\: ·~-~·~l .. :.-;-' ...... _··.~ ·.· .- .. :_ -~~ l,t· .:· • ...... ,·:·:" ·-1.:··· ···· ...... -~-~--I. · . .' ·. ··, ·. _::. . . ' ,' .•;:. 

s~at:ionary and may re~~n ;so, throughout-.·_the· 'eritir.e winter.~ · 
. ·.::·' ~ . . . . . ' .. . ....... - ... . ~ . . ' .-\ . ·- ' .. • :~ .. •. . 

ICEBERGS sho~~d not, striq:t;ly.: -apaaki~g~.'-·be eoti'atde~ed as 
--· ... ·'.:'·.' .. -.' .· . .;' .:,_' :··.···.' _,· .· ~ : . . .. '": ... ·' ' . ·"': ~:.,. ': ,' ;·:· ·; ·:· ,;.: ..... 

belonging 'to· the ice covE?~ of ~he sea, as .. they··~:~e ~f ~n~:tl}eJ; .. 
o ~: .. ~ •.; I" ~ "', • ~ oi. , • - ', , -. • ,. ~. • • , , 1 • ' , • " .- t I~ ' 

or'igin •. -Iceberg~ ·are large. fragments of· coae~a~ gla:~~er. i~_e 1 

·- .... r· ...... ·:...,{,·.'J.:~,.~~··:: ........ :··.· .... •·. .. . - ·. ......... :: ... ·-, . . . .. . .. 

100 - . ~ ~. . ( 

·,,s . ' 

. 



which h.aye_ J?.r<:?k£:~ri a~~n:ly,_fl~?m:::the~ gl?.-~iers.: ~vhicJ:i-d.e_L1~-ep.d Jnco._th~ 

sea frqm .·.ar.ct~c .. ?o:n~i~E)l}~S __ or _i_slan~s:o .. "~~e:~~ :fragrm3nts._··~y: _be- -Pt: 

imme~se di.m13nsions: -. e~vera~ .. ;tens .of met.er.s .a.bove:·::wa.:ter ~~eyel 1 @d. 
. . ., ' ~ . • . ' : ' ' ~ • . * ' . . •,· . I * ~ . ' . • ' . • : • 

I • • • 

100 or more. mete;r-s ,d.<;3ep .•.. ;{J.ommop,:·.me_dilnn .iq_~b.e:rgs :ol the.:arch~·-·(· ~:.-
.-_' .. : ' . . ... '.. ' ' ' ... . ' . 

pel~_~o of __ Fr~nz Jq~:~f. .L~d, .-'~~~~-- ~: -9~~~~~t;t:·.oi,_40.to .80 ::~ete:rs,_ tlll3'. 
. . ; <: -- ' . • '. . - . 

result_-.l;>eipg tbt?. t, 1~ co.~~-~~t' ~-t:~~~-~~ .-tf:t?-~- a~~ _:fo~. t_h~ mos~ -P?l"~ -. 
-· . ' -- . .· _... ' 

grounded. Icebelrg_s~ .. :hav:~ ·~~-~~-~~~~-:; ~ff~g}· .. QP··· tl~e-.. ~ce ·. ~qv~r:.~of:-):;he.- .- · 
_ I _ •• 

1 
., _· _ •• ) · .... v • _ 

s~~., .except !in .ca!3es_yneq.:_~~~;y;~_:p~~~:!f ~g~ -up, __ ~qr_. yh~n·,-g:po~ded_·- ...... 

. on a .. sho~; they '~o~d up t.¥~ ~ ~t i~ -~f~-~~re • ·.· . •·• . :. ' ' · . · 

The ~bove survey .of ~~~ -f~~~~~~~ttt~s of-:the -basic ·_:type:~--- ···.i -. 

. : . . .... : . . :· r. -:. . ' . . . 

and. ~orms. C?f ~g~ ~hould ;1'~ ·: ~\1::P~.+~~~p.~~~: PY·.? ~ b!ief --,etPlan~~~op-

of C e.rtai~ termS and no~ i:;H~; ;~~iin~:~ ' tP. the. St~te 'or ~h~: Ice .• .. , . :. ·' 
. . .. ··.- •' '/-';,> .::::~·<·"~-:- ·,_._,-,:~··-:·-.' ''" ~-·· ,~· .. •'· ·, .. ~ 

cover. c. ~ ~~ /.··.~ ·":. ~ .... ~-.. · .·i.·:~-,,_11:\.~· 

• ' I .~ ~· 

I ~· _" . 'v • 

The edge, of ice o · The border between ice arid cle·~r water ~- :; ~-
,~ ............. ,.....,...."'~ 

.. . . .. j - - ·,. ~- ·~ •. ·.,.,.· -~-: .••• : . .··J· ;· ·.:. ..; _:. .· ~ ·-·: ... ~'·:_~·~~<-. 

is termed "edge .of ice". It. should be noted.-that this b·order' is 

t~mee{:starts with rare·, s~all. ~ormations ~:i!iich ~~drt~~ly g~o~./. 

~~r~'· der{se ;· 'it' !fl~y·:·al~6- ei~retch· 1~ ---~tripe;.· 6~- ·a~~e~ ;~-~: -~sepa~-t:e 
. ' . ~ . ,, 

r'·•· ,; 

In winter,. 

• ~ : ~ . ,.. :. ' /1 • 

.. -· . 

'.~E!.ess ·o·f Ice. The .e;K:-pent to. whi~h -th~ visible sea,_. 

~oriz~n is. cov:ere~, with 1 drifti~g· i?e- .is'· term~d :~'thi~~·e~;~- o'f ~ 
I . ~' •• / 

• ~.':..' ;, 1.: ·~•--;:.Oj 7 ~... ·'~~~ ~·• :Or l, ~ 

c~v~ring) 'is' desifma.ted in. :Point~ according 'to --a, 10-point- sys~_em.,, 
. .. ·.·.: 

0 d·eaignat1ng comp,letely 'cle-~r ~at·e.r~ a~d.lO,, de~~~t{~~-.'~b~plete 

ice coV.e-r:fngo · Th~ .thlckriess (d.erteity,.:·o,~ncent~at·t.opJ of ~c~:··~~Y 

·al.ao. be 'c~~ra'qt;ei~fz~d-·in. t-~;ms ·aa;· -~o~·~i~~ta~d~,;:: ·. i~~:·:·~··~a ·~as;~: .. 
- . . . . . ;! . . . ' . 

'lavakh" .(ice on ;the float} '*a ~sed mostly fQr .bro!ten, dispersed 
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ice, which is ·no: thic"kE3r than 5. points,. and 'rare' ice ( raref~ed1 
. ', 

/ J 

dispersed) which may be either broken ice or fields_: less then 5 points 

thick. 
'<! 

,I , 

. . , • .-~_\-_1}-:..~.··:_;-~ ......... < .. ··_·:,.. __ .. ~-·-·;,<l:',_t . ~;,; .:· ·.· . . ..J• ~ • • • • • ;-~~-: 

, Polynya is aif enclba·ga-~~-'ar.~a1f.or:_~w~;t~r betW'eeri 'ice. floes, mostly irf . 
. _ --- ~I-\~-~-~(:~ i~~~:J5~:H~~~~~f-~t:~~f:: .. _ . . . . ··" 

the mid~t- of f~elds; .ra.z·vod.ye· (Iead.)' are :pools of· cl'~-8:r write~: commUni~ -_ • 

eating w1 tli~ each ot~e~-- 'between ice. 1'16~-s-, _usU~lly formed. tm:~ugh the 

act ton ·or w-inds· or ·.tidal· vul'Ten:·~s~ ·. 

S'yom is an interva-l-between fcefielQ.s· filled with broken __ ice 1 

~ -· .. - . 

which may be dis:p'ereecl, _·thickly· c6nceritrated or 'compress.ed' •. 1-lhen: 
' . 

eufti6ien~iy .dia·persed., a .. 'a' yom·niay' be :u:s·~'d by·· a ;es'sel ~~--~.:Passage 

through fee fields.· 
. . . . . 

Ice blink-or ice sky is the reflection -iri the clouds- of ice 
~~. . 

'which i_a beyond the visible· honzon. 

The 'ice sky shows :particularly well in a d·ark, cloudy night' whe.p," 
. . 

given a good. transparency ·of the air the· ice blink is visible at a 
~ . 

distance ()f 20 miles.·. In ·auch ·cQndi tiona·, and: when there ;·f~-.:n~' ic~ _ 

at sea, a snow.;.covere_d- ·shore may' be visibl~ · ~:t ~f;dl~tance .of-: 50 to · .. 60. 
,. 

miles. 

~!: ·sky. Iri ·6overed :or · cloud:y weather,. th~ -~~f~ se~~e: ·of ~vater. in 

the m:Ldst ·of_ ice may be revealed by. c·haracterist:i-~· dark :patches in .low 

clouds over .clear water, the so-calied. wa;.te~_ skY~- Fog hangi_ng over 
0 I ' ~ . . . . _ , ' _ . • . • • _ • , ·~ •· \ ; : . 

near-by :po~l shows as. black in the water sky.· ... In· clear weather- or 
' . . . . ' 

in a moonlight, night the phenomenon of the wa~er sky is not observed•,. 
. ,•. :-~ . 

·-.. 

., ' 

. : ~ : . -~~ .-

·:_ .... ·.· 

... 

,:..,.i._. 

r-t•.·•· 
: ~ • • i • • '•. 

. ' ... '; · .. ~- ~ . .... ~ · . 
. • ... 
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Fig. 1.- Dependence of tha temperature ot freezing at sea~ 
water· (; 0 ) &:. of the temper·ature.of._its-maximuTTl de!ls~ty (~,

0
). 

· on sa.lini ty. 

.. 

Fig. 2.· Salt on the surfaoo of the ioa. 

fige3e Distribution of brine in ice during freezing.-

J 
II 
5 
G 

1 

'~--a 
/0 

.. ~ . 

I ,. 
"' "' 

Fig. 4. Blooks of ioe {densi~ 0.90) immersed in 
.. water {density 1.01). 
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Fig. 5· Stratification of ice. 
r-=lJrine; 2 - ice; 3 - snow. 

/ • o . 
of str c:.·ti?:· ied 
3 - c c:L:po..c ted 

FIGURE 7 

Strin~s nf various hues i n the c ros s section 
i cr;: l- snor;, ':nite ; 2 - ice , li~~1t p.;r cen ; 
s ~o-:r.c , d.i rty- ~_r ay ; 4 - laver of b r i ne , dark. 

____ ._.--_. . ~ ____ ... ....--_ · ~ 

~ 

Beginning of fusion of pools on one year 
old, light, hummocky field with remains 
of snow. 
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Fig. 8. 

.. ' ' .. 
. ~ .. , "\ 

I C I 

•I, 

.. ""- ' 
) ' "'\., 

Erosion of ioe by the swell on the water level. 
. I 

------,: 
--

# . "':.. ,.... 

Destruction of the core of o. hurn:·.lock by 
t~0 s';:oll and shift inc of its vratcr l in~ 

after breakin~ off of u:Jn2 r ~lrojoct j_ nr:; 

parts 

Df(l'f , 
-~·-'---

"~ I -- ~ . 
"' I "~ 

\ :"' ...._ \ 

.,.., "' } 

"SNOW 
r 

I~ 
. I 

J I 
---- --- -- ~ - - -

Fig. 10. Washing «Way of stationary ioe by currents. 
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Figure 11 • . Thavang • 1. ce frag,ments 

Pancake ice 

;y -~ ~ 

--~···""---. x,·~'*"' ,.,_. 

.. ,. __ 

~· ---.. 

Nilas ice 
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=-t~-= -~~ .. =__E ~~- ~-~~=:J 
I .z 

Ffg• 14. The breaking .of level fields in hummooking. 

Fig. 15. Formation of a hummock & direction of forces 
acting on its oentral part. 

Figure 16. Hummock formed from a level field 
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.,~ · • . I"' . 

+ .• 
-:2 

Fig. 17. Collision ·or level fields & fcrmation of hummocks. 
1 - hummocks; 2 - broken ios. 

Figur e 18 . Smaller broken ice in compressed form 
"smorozn or h'LUT!.mocky fi e l d (from a 
sumner photograph) 

Figure 19. Br oken ice floating in a "raspla.va·· 
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• 

. Figure 20. Smaller broken ice and crushed ice, 
resulting from the breaking .of an ice
field by the swell. 

• 

Fir~ure 21. Ice heaDed up on a shoa..L. 

Fig. 22. S •yem sketched in plane. 
a - humnocky fields; b - e 1 yem.y with broken ice. 
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Fig. 23. Movement of a large field in the midst of 
broken ice. 1 - compression of ice; 2 - broken ioe·. 

Fi~ure 24. Ice strips 

Figure 25. Ice strips 
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Fig. 26. Whirling of ourrent 
near a pranont~ry. 

1- ~ - - .3f' A -+;. 
- - ~ _,.l ~ ~ 

-~ 

I I . ~ _....,. _.,. ~ L .. - ~ 

I ' 
~I I ~ 

-~ I l· _.. 
- ~ ~·.t!'~ -:,. 

...:.-....,. 
- - ~ -.. --. 

·--------------

Fig. 27. · Irregularity of 
curr§fit velooity over a bank. 

Fig. 28 Dis~rsal of ice over a shallow spot. 

Fig. 29. Aoownulations of ioe behind a large ice floe 
driven by the wind. 

' I 
I 
I :e 

I 

I 

A,: 
I 
I 
I 

:h 

Fig. 30. The seeming increase of the density eonoentration of ~Qe 
depending on the thickness of ioe fragments. 
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Fig. 31. 

-_,_, ___ fO__ - --- 10 
g;, 

110 . - 1,, ... ,' 
-,'---- - -- -- ,_~ - ,u 

I 

/0 tlo ---/lo ---

Fig. 32. Direction of the ,;e.:x:imllm wind-driven pressure 
of ice in North-Siberian arctic seas. 

l 
2 .I , 
0 ~ 
1 ....... 
2 
3 .. . -_ 

' ., 
I 
f ,, 

Fig. 33. Measuring of the height of the float ing part 
· of a fragment of field. 
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0 1 ----¥ - ·-s ... .. , . 

Fig. 34. Noteworthy spots in the Arctio. 
1 - geographical North Pole; 2 - magnetio Pole of the 
Northern Hemisphere; 3 - Pole of Inaccessibility; point 
situated at the maximum distance from the northern extrem
ities of the Polar Islands; 4 - avera~e southern boundary 
of sea ioe in Angust; 5 - northern boundary of sailing; 
6 - extreme southern boundary of the spreading of sea ice. 

-- --·-----·· 

' 

-~-~~i 
· --- · -~ 

Fig. 35. Slush (1), young ice (2), dark nilas (3), 
light gray nilas (4), thin level ioe (5), thiok level 

ice ( 6). 
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~~~·-_-------- --------- ~ .___ - -

-·t _-

Fig. 36. Large fragments of broken ioe (1). small 
fragments {2). pancake ice (3). 

-- - -- --- - - -~- ------ - - --- -:---------- - -·-

I 

~ 

Fig. 37. Distribution of orushed ioe and of ioe sludge 
in the spaces between ice fragments • 

Snezhura snow sludge 



Fig. 39. Hummocky ice Fig. 4o. Smoroz 

Fig. 41. Light hummocky field. Fig. 42. Heavy hummocky field. 

Fig. 43. The Polar Pack • 

• 
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Selected excerpts from 

11I.N THE CENTER OF THE ARCTIC" 

A book by N. N. Zubov · 

Leningrad. ( Glavsevrnorput), 1940 
/, 

Translated in the Stefansson Library 

• 

I • 
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· Fore-rmrd to 

Translations From "In the Cent.er of the Arctic" 

Page references given in margin of text 
refer to·the paging in the Russian.original. 

Unsigne'd f.96tnotes· 9-re those of the 
original author; those added. by Dr. 
Vilhjalmur Stefansson carry his 
name.·· 
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L. 

IN THE CENTER OF TID3 ARCTIC: 

STATION tii~OR'"i'If POLE" 

\ 

·As vfe· have sai~, the region of. the IIJorth Pole had. been r.eached 

only four tim~s prior to 1937. 

The first time the visl tor vras Peary (April 6-7, 1909) who 

came afoot and spent. about JO hours at the Pole; the .secsnd -rras 
. . - / 

Byrd (the 9th of May, ·1926 )· ;;;ho came by airplan¢; tl~e third vras 
·,. '· \ 

Amundsen in the di1·igible "Norrmy't who crossed the Pole on. his way 

to Alaska on Hay 2 of the ~~!!1~ YEW~~·; and: ti:~ f~Jurth 1:.::as Nobile in 

, . the dirigible· "Italia, '' wh.:Lch cru;iRed abov~ the Pole for about two 
. . ' . . . . =. . .. ~ • . ' ' - . 

hours on the 24th of Hay? . ;1.928.. Besides thi~~. _as we have seen, 

th~re were many .unsu'ccessful attemp~s to penet.rate into the cjantral 

Arctic .. basin. 

These expeditions,· however, were not connected vrith each o.ther 

by any continuous inve~tigations and ·they -rmre not r distinguished· by 

systematic observati?ns. It is therefore 1Jnderstandable that they 

·added li tt.le to our scientific knov1ledge of t·he Arctic. Only those 

expeditions tvhich, for one reason or anoth-::'r, hc:J.ve been condu~;ted 

in the Arctic dur~ng a mo~"e or le·ss prolonged time, . hc3.ve produ9ed 

significant results.,· The expedition of Hc>cnsen o:p., the Fram, v:rhi ch. 
' . 

gave , us the first real i:pforma tion · concerning the centrc:tl Arctio · 
. ,. 

basi~, was :th.e ~:>n1y :on~ in that category• · Therefore, in spite of · 

the four brief visits to the pole, the need to establish stations 
I. 

for c·o!ltinu6us observations on the. ice ir1 tlie cen.trD.1 part of the. 

Arctic (if possible ,at the Pole itsel-f) :h:as been felt for ·a ~ong 

time. 

For instance, "The International Society for the Study of· 
/ 
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... the Arctic ·with the .Aid .. of. Ai~~·.Comnriuiic~tion"~*' had. eve!} v.ror~ed ._put.. . pa~e 65 
contd. 

a project of establ:Lshing ·a ?.e;ries" .. of s,t.:1,tions. T.Ji th. the aid·' of a / . \ 
• • ~ - p • ~ • •• - • 

· . ctirigi,J)le •.. : 
J . ·' ' 

. . -, -~ .. 

I . 

The first presideqt · of ~hi.s .. so_ojr.~t:r:.,-: Nan~m::-, · .~dv6c'e1ted_ s;_,:tch. e.~ 
• # • • \ ~ • 

. I . . 

drif~ing: s~ati,on. 1 e~thusia~:t~9al~Y;· .· He:· ... co_n~idered i.ts rea~ization 

to be. th~ ·iq}+ief pr_oblem of. the. soQ.~e:ty; . and., s<=.;w in: it the _possible 
' , • l ; • • ' 1 • .. 't ~ ', •, ': ' • 0 ' '. ' ' ; , ' • •• 

Solution Of ma~y problems .:90t.l~ected 1Nith ~he s'cientific :ncpnque.s"t 11 

of the .. Arctic. 7Ht- . 
. ' •( . ~ . . . . .. ~ . . .. -~ 

· __ Ho:w~ver, .. ~~ ... that ·p~int. ther~. had .ri<?t been ·considered· a v~ry · 

., 

tions woul.9 :b.e fully valuable only Vvhen.':~h~se:·obse~vations. -r,rere .· 

organical+y conr~~ct~~·-_v-Ji:th ·and based ~P<?h .();t?s~rvations of''.a _1viqely. 

qevelop~d net of polar ·(pr~polyartlikh) geogre3:phic-c1l ~tati_ons -ai1d .. 

corre,spoi;ding sea and air exp_edj_tions. 
.. • ,J • ~ .. • " • ·~ • • • 

I , 

The. 'importance: :or .th0 above· 
I'-...·: 

statement, can" be be.st conft_nned by the .follovring. : 

_DlJ!·~ng the Fr~m eJQec:li tiC?n ve;ry careful meteorological· ob~.erva-

tion~.: ~~rere ma9-e, but ·in. t~1ose _day-~ the .radio had hot been in.v~nted 

yet, .. -:~~d _.the ~~tEiorologists le~rned of· ~he~se. o~·~ervatioru3 only .. s.eY~. 
. . ' .. · 

er.al .years after they had been madE?; i.e.'. aft.er these ol?servt:.ti o'ns . 
,. ~: • ' • • • - • • ' 1.' ' ' 

already los-t? ... their. i·pteres:t to a l~rge; e_xteot •.. Beside:s· t~;is ,' when . . .. ·.· .. ' . . 

I . . . . 

· observatio;ns .vdth. those of the, then e~sting mete,orological statJions 

/ . 

* .. Ho'st of' the' prime .movers in' this group vvere Ger.man. 'but. its 
president was the Nor.V1egian Fridtjof ,Napsen•. (Note oy Steianss·on) 

' . . ., ';'"- . ·:' ... ~- . . . . .· .· ,. . . .. 

. ' 

1H} . Th~ vvell known polar inves-t?i.gator Svepc3!~1P. .e~_f;ln .. m~f.le .. calcula ..... 
tioris. as ·to 1vrn1t equipment would. need to 'be transported' t•o' the .'ic'e. 
at the. Po.le in order , to make vrinterj~ng and: $yst.emati~q' o.bs·erv~t.~ops · 
possible· there·.' r.te··.considered it :iiecessary··to ·1ise· abo'ut ,29 tons·,. 
which would require" the full. carg_oes _of two cii..;rg~ble.s. 
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/ ' 

polar (circumpola:r) :s~ati·on~r ·-v.rere··too~-isoiated~ .:one ·cannot judge· 

the pro9esses developing oyer a large area of 'the eB:rtrr' s surface'-

'by ·observations· at one· poirlt •. _ .. ·.· .. 

. . . ' 

page 65 
contdQ 

As the -Soviet '.Arcti.c came to be·more .and- more -irivestigate4·'·ai"ld · 

~nderstood_, more a.ri9.- more· ·ne1v problcimi:r appeared~- - Tl+e'·'thought.;s--of :c, 

the scienti-sts turned more' and' more, .. .tr~Jcf"j_eritl~i ·to. the tl~-[hi te' ··spbt" 

in the center of tbe. Arctic.- . ·Soviet scientists have l~ng- ·ct:r_:e:::Unecf 

of building· a· station at. the IJorth ·Pole.: · __ ·-.A.ri- .e;nthusia$t5~c _support·er 
. : . ,': . :. 

B. Vodopianov,; ·had -~ ·firm·_-'detJermiY~at~on_,-~o: :~~fry oirt:·. tbe ict~·a·~.i" -_ 

Sovi:et flyers- were J,.e3:rriirig ·to,. d~al -v.~·th 'pole.r ·spaces 2 .. nd · · 

dreamed of \risi ting: the T~oi~th Pole· by.· .-cd~pl.ane:~· · 

, ;.: 

; ' 

paF..::e · 6(: . 

<Qur previous· chapters hcfve stated 'l:)l~iefly hmif full~.; the:>c:oa-~·t:s'·- '·~--

and seas of the Soviet Arctic hacl' been st~die'd ·by· i937; .,hovf ma:r)y·· 

. Sovi-et 'polar .stations had been .built, h2>·w· many ·-rnc,rin~·j· · al.r,: ~:6i.i .. 
' . ' ---- . ' • - . ' '·.·.' • ' :, ' : •, .. rr. 

entific and comniercia~ expeditions had_ been co~ducted~ _ .-ci.nd-;to -vJhat' 

extent a corps· of train~d Soviet polar Y-l<')rkers· ·had been devel~)petJ.· at 

that time~" 

Thus, by 1937 all the· ·preparaticins for ·trie·. est_ttblisrm1ei!t ·of· a 

was. dJ.cta:ted n~t-- on~y 'b~ the n~ed of_' a'cqutr~Il.g_ i\J.riher !<ndv·(leqgE! of 

the Great·· Nortli~rn S(Ki Route·: (The· North:e~tst. Pe:;s,3.f!:;3 )_~ b~t' a']:~o: -bfr. 

the :logiq of· contiri~!ng_.-the- -:!itu~y: .. J?.egun ih 193't' of .. the cieat t~orth~ 
• • • • • • : • : • • ' • • • ~ ~ :.' • • • : • '~ • • ,. • ' 1 ··:. ' • . • • '· ., • ... • 

i'i. ··:· 



-. of North America -~.·San .-·Franc~·sco, Vanc.ouver, ·etc. 
'.f. 

·PreparatiO:t:9 .·fc):i,- ·the: ·c.onstr'u:c-:t;ion ··of· the :pol:~ir· stati.on. viere 

car-ried ·t:orw?lrd. during· .a' ·pe.riod ·.of··.r.-.1/2 :y~ars'; .. ::and· 'vd.th a ~car.~·-·· ... ·.· 
. . . ~ - -

and forethought ~vhich made ·poss~ble .-the succe€:s....-oT this 1Inusua1 
I 

undertaking•·~.:-, ·:·, ~ 

.·The ~22nc;l· .of:· M~r~l~;",.~l937, :·a -S9viet- air· expedition ·headed ·by· o .. · 
7 • . ' 

Y. S.chmidt, .anq C.Ol;fSisting: of' four; ·heavy: ap.d one-light'.planes,:rlew 
\ 

from Moscow ·arid 6n: the·1:8th of. ·April made· a:·lariding- on Eudo1ph · I's·l-. 

·and _(n<?r'th~r~os_t o_~. t?e Franz, Josef gr·6ti.p) ~ 

This. island was ch~sen· .n;ot- ,only qecause ·it· is :.cioser to the · 
'-

'-~ Pole· th~~ -~iJ: .·thE? 9the~ ;·soviet·, is-Ii~n~u,-,:: b1it ·:because., the -ice :cap 

vvhich covers. it makes a good natural aerodr'ome'.,: 

· On the. 21st· of May,- · ·i9J7, 'Vodop;y\:inoy.'··s: ·plane la.nded. on an _iq~> 
~ -

field· at. 89P · 26'. N. and ~78° bO' · \·{ • .- ·Polar Stat.ion No • 56 ·of the 
' .. ~ ~- ..... . 

Chief Administration: of the. Northf3rn .?ea Route'· the stati-Qn.· ''North: 

Pole,'" ~ad ·i:,hus ,begun :L.t.s _scientific ~-.rorkso 

. · .. _. 

ON THE DRIFTING ICE -FIELD . ~,.- .. 

' '. 

· · · pa;~:;e 66 
contd. 

., 

'• .Prior to I. the organization of the station "North Poli3n' ver;/ little 

was ·knovm ·ab6tit ··the ·rii·o,tertient of ice in the middle· polar ;egion.- It. 

-. wa·~·- .-~uppo.s'ed th~t. thi~:· :st?-.tion ~mcl~ flf16t-~o~ B:bo·~t 'a ye~.r; ~~t~r 
Which· it ViOUld be· picked UP by. the same , airplanes TJi th the~ -aid Of' 

. ~ . , 
which ~t was -organ1.zea. •· 

And ·essentf?-lly be.cause of this st.a.tio·ri~was· ·named-· .. -
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.. 

.·!'North Pole • "* · · ... _. ·page '67 
contd. 

·.Actually, -these. -~.xpettations· -did: n~t.:'<·qoi",k ou~. ·-The ice: f_j_eld 
. . 

on which the stati'~n w'0s ·todat·ed' began __ to .moye ·-- ··a:t· fir$:t .. s).ovr.).y,, 
• t •• • • ... • • . • 

. . . . -
. I . I - . 

and then ·raster and· fas_ter -:-~ tc;nvard :t.he_. strait_ .betw·e·en Greenl?:J?P · 

and Spi tsbe.rgen (irvhich does ·.riot haye a. name but i.vhich~·coti.l?:·:~~~ 

justly c:alled the.·. Papan~rtite., _;strait) and into th~ .qreen;Ian.d sea • .-

, 'In the· fqllowing -tabl~-,: latitu~es and long~ tuc1Eis· f,or station· 

.... 

Dates.·. Latitude· 1\Jorth 
~--~~----~--------- . 

. _· -~k~~L/, 
:_· .M&~ 21 

·:··~·-·~?June 1 .. _· · 
" July l .·., 

August _1 
September 1 · 
October,l ; 
November 1 

' 
December 1 

January i' 
Februa:r;-y 1 

· February 19 

. 79°~ 54' 
746 16 1 . 

?b~'47t \ 

1!'·--· . - ·-

. ~) 

I-~ • 

\. 

•'I·" 

Longitude .· . 
" .i·' 

:. ...... J • 

,-,m,O .. -, . .l'~' '. t 
/0. 00' ·n8S-v 

·33° 00'.-Ea.st · 
· 1)9. ··oo:l .·East:\ 

4° 07' YJest · 
". b . :- ·.. . .. ,_ ~ 

?'· 00 1 YJest · · · 
'30!. Eq.st ~, 

·2o· ·2. o~-,- ·-~!:.~.-~-·it···. 
• . l.J'-"i.J '-'" o· . 

5 53" West 

·- .·. :_7~ 18' ·west 
16 ° 24 '- VJe.st 
19° · 48' \'Jest 

i~ The four~engin~d. plany~, each vd th a pay load of ··.2~1/2·· tons', 
left Moscow on whee is and. transferred 'to ·skis ·en· route. ·- '(}fote-.: by · ·· 
Ste_fans.son. ) · ·. ·· . . . . . · ~ · 

r 



During its drift~ vvhi ch continued 27 4 days; the station cov-
, :~ • 1,. • .. •• ~' . ~ • . --:~ '. 

........ . 
: ,. ·ered 'in· a ·s-t;,raight line more than 2100 ~(·'; ~f all' the zigzags 

... • A: • • • 

which the ide field ·?escrib.~~ are t~ken· i1:1to acD·?.~Pt, the distancE? · 
. \. 

>will be more than 2500 km. · 
... ··· 

· Howeve·r carefully the expedition was organiz.~_d, and however 
. : 

scrupul¢.usly, the ·clothing ?nd food had been provid~_d, the vr.trr~erers· 
- .- • ~ • '0- ~ 

still experiepced considerable.diffiquJ_ties cluri:ng this drift. Du.r-
. · .. , 

ing the. summ~r season tqe grea~est t;roublewas .from the_melt water 

on ·the- surfac€3 _of the ice field and the constant dampness.~(-
- ' . . .... '• 

• ' • \. ~~ • I • ' 

When the· frosts set ip, ·.and e~p~cihlly th~ polar· night, the ·. 
; • - :•, • • : -·~· : • ~ ; 4; '--:.. ::.• • 1 • •• ~ • : •• : • ;: • ~ ' • 

page -67 · 
contd. 

greatest annoya:t:lce ·came f~DTI\ the SflOWS a11'd S t.orrris-. I.~Tost of the ·sci en-:-
. . .•. . ... 

. ' -/ 

tific app~ratus demanded work -rr.~. thout giove~,. and in SE?vere cold· 
. f • ••. . ••• . . . . . - . ·. . ":'" ~ . • ' . .w • "'" 1 

the metal ·parts of the apparatus vwuld bljrn ·the ha'ndse. Often it was 
. . . . . . · .. ~· ~.J~.L; .. , page . 68 

impos:sible to travel about on the ic;e because of strong vd.nds _; th~· · 
}. • - • • • • .' • - - • •. '. • • f : •• • . . • ' • • • .·" • . • • • - • ~- . • • • • • 

vrlmterers vrere forced to -stretch 'a rope between. th~ li t·~~e hou~e.s · ..... 

scattered' .on the ice, in order to find the way back to· t_he' base. 

·tent in the dar~ or during a snovr storm. 
·• I 

VJe know from ~he history of polar travel that the· crew of the . 
.t,' ··: .. 

~xpedition vessel Hanza (follovving the vessel's demolition by .t.~e 

ice on October __ 22, 1869-? on t.he ( ea~t) :coast of ?ree~~and) ~a_d 

lj_ ved on drifting i-ce for two hundred days. A well knmvn polar ex-
.-< • ' 1 • ' • 1 • . Jo- ... • • 1,, •,. '• •.• 

.. 

plorer, Stefansson, had spent not a little tirne on the ice of the 

Arctic qce.ap, o~ t~e ... Ame:r~~an shore_s .. du~ing his- ~~edie expedition_s 
' ' :.:-· ~ .. 

of. 1914--1917.! .· 
'. ::, .. ··. \ : . 

~. \ ·. 

* Rafnfall ·.:fook. ·the. piace ·of .·sn~wfaii- for- abqut five ~teel~s- in 
midsurniner .-... ·(No t8' ·:by stefa.'nison~} : ". "·, ,.-. · ~ ·.' .: · · · i. 

I 
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. ,' 
'' :· " 

Th~· .,pre....,l9'37 re~ord in thi.s w~s establi~he:d by St~;kerson (of. .R~~ 68 
• · - 1 :COntd. 

the Stefansscn1. expedition) vv"i:to sperl't 2J8 ·succe~sive_ days_ on th~. ice. 
• • • • '. • • • • • :. '. 4J I "' ' ' + : • ,. \ : ~ , ~ ~ ~ , ,· ' : 

pack i11- :the. ,Arctic ,Ocean, . in: the_ .re~_qn: .. n-o;th of _AlaskC1··-3} 

:ThQ ydnte:pers. of the sta~ion ·,"Nqrth Po;le" ~not only lived on 
·.. ·•. ' . : .. ,: .. • . ... . . '::?:-~"-. 

the ~ice field l9nger .. than anypr,te: else, .but.:thE?Y wq~ked. uninter~ . 
. ... 

ruptedly 10 ~o-· 14-hour-s ~-day,. ·without disturbin~ .th_E3.ir ,regu~ar · 
. . . .; ...._ . . . ~ ' . ' . .. 

observations during._ their. entire. stay orl the. ~ce.-
J ' . ' ' ' • 

.•/. 

Meteorologicill oOservi~ions wElre' ~ade :~eVery foui- h~urr;, a~d w~r~ 
•• 1\ .. 

transmi~ted over the _radio· to ~he :Sovie~ Union. Every t-vm .·hours 
o • I o ' ' ~ : 

. various ~hariges .. :i.n the weather 1tJere noted. , _;The vr.LntereJ,"S $tart~d 
.,. . . ,· ·.; . . ' . 

0 ~~, ' 1 o • 
0 

- > " I ! ' , 
0 

I I 

their niete~rological observati()ns on May 21~ ·19 37, and. closed them 
I ·, • -'.: ~ • -· • ~. • ·.··,1~> ;, .. .(; ~-

on .February 19,. ~93's; the day op v~hich t~~y yier.e taken off the: 
•• ~;f •• • 

. ,.7 :r'" ·•' 

drifting ice . field.-
. ,, •.· 

·'t '''-A•• 

Although it ·-v-vas ·supposed that the floe, on which the station ' . · 
. . ~ . '.: l • ...,.,'4~- } : -~ • 

"North Pole" was maintained,· ·wo-uld not r~main in the s~me place, it 
• • • • • • • "' • • - ~ • : 1'1 • - • : 

was nevertheless considered that the' drif'.t- would not be great, and 
', r':' '' :.. 

that therefore ~he chief importance. of. the s·~C":\t:Lon- vrould reside in· 
. • ' . ! ' ' ·, . 

its meteorolqgical observations frOm-the_ center of, the ·poia;.- -;~gi~n, 

other: ~b.servations, of a nature· such tl~at' they .a~e. no't v~orth while. -: .. 
. C'; '. 

making often at th~ ·s~me loc~ti.on; 11a9- 'bee~ g_iven .a relati ~~ly. un~ · 

important pla~e in ·the :_program of th~. station. 
. .. ,,. 

These. suppositions, 
.~ ~ .. ~. -~ : ~- ,, .. ·. 

_,~ . On ···the .. 15th of laarch; 1918, '~the ·~~orker·$:on ·:'[J~rty started crut · · 
from Cross Island,> located· on the coast of. Alaska at. approxima·te~y-
1500 West Long., intending to. spend a whole year· on 1the ATdtic i'c'e·; 

. . . ·. . . . . . . ~ . ' 
procuring food ·by· hunting. Beqause of the ·'illness of Storkers.on · . 

-·-himself, the· party returned :to ·the· continent at, the .. estuary of the ... ·· 
Colv~lle Rive~ ,on ~!ov~mber 8, 1918 •. For . .the I)arr~ti V$. .bY S~o.r~erson 
see appendix of ,Stefansson' s The Friendly Arctic~.: (Not~. ~Y St .... efap.sson_) 
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as is now well· knovm,- prqved to be .incorrect. · The. speed of the 
' 

drift ·;f the · stati~n: "J,iorth Poleit_ p~o~ed ··bo.- be ·on\ ·the·~~verage two 

and a half· time's ·greater than :expected •. 
~ -· 
Ih fact the supposedly·fixed polar station nNo.rth Pqle" turned 

. - ;·· 

out to be a· polar expedition·. The ice field began to-move at fi:r:st 

very .slow~y, and then faster and faster. Thi's p:ut Qn the shoulder_s 
' ... . . 

of the winterers an additiof!al load. The observations which·had. 
: ·.w-- .' . \ ~ 

be·en expe·cted. ·to be supplemen~ary . turneQ. out to demand a great deal 

-
of work.. Thus, . for e~p;:Le~ ._-in_ :ord~r, tc;> determine the. relief .of the 

: .. ~. 
ocean bed sufficiently a~on.~ 'the ~~t.n of . t~~ o.:ift' the worke~s had 

to take 33 .b~ttom sou-~din:gs~- of ·which 14 1"r(;)t~. of a depth greater . 

··£n~n ) kilometers • 

. . :t~ would seem at first glance that the~e measurements of depth:-

·the s.ow-idings, would not pre~ent. any great di.ffiqulties. 
' . 

But if We 
~, ~ 1"' 

imagirte that f;n~ ·this purpose i 't was necGssary .in -so_me · cases to 

• ~· t 

merit -{so -~alle.d ·-i~to )' at- the end, . and then to pick up (vibrat.y) this 
. I 

. cable and "J"ri.nd it "care:fully on a drum, then this busine~s vdli' ·look .. 
. . 

far from simple ·to the reader. "Ev·ery measurement of a depth more 

than 3000 me.ters. demandeq. concentrated physical ·l~bor on the_· part 

of ~11 four. ~nnterers for a stretch o'f 1} to. 6 hours •. 
\ 

During the period of .the drift 38. hydrolog~c~l statj~oris~ v!e;r:e 

set; each ;of ·the "stations m~de· its own -.determinations of. t~mtiera";_ 

tures -·and ·,obt'ai'ned"' specimens of' water' Witt( spe'cial·'~pparatu)s~: ·;_:... .so-

calied batl:ome~ters :.~- · f~om· various: strata· of. tht3 sea.,- _.;in_~ludiug the 
. - ' ~ 

.:_ 

very bottom ones. Each of -these hydrological· stations demanded work. 
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·-

<' · ... . ~ :; . -. 
... ..;, . 

- .. 
·,.Which was I'H?t less ·but several .ti,JIJ,8,S.:: greater t,ha!f in the, measure-

•• 
1 

.::·~)_.·;·.·· ,Yt ·• ·.·~· .· ·,~--~--:·.~-~·:· ;.':,;,\,• • .: ' • ' ., :·;!,', ... ._I '_, _.. 

· ment of depth •. 

_page.70 
.contd. 

r; .:. 

Along th~ whole course o-f-~-~.~- ,}~r:~ft __ t..here vuere also established 
.;.. _i.·):: .. :.~-~-.1~_-_-: ;_,;.,: !,,h ~--.... '. • 1 _;_ ·:-

22 hydro biologi-cal stations for· the. ·c.ollection of ·marine. organisms 
. ' .. _.,. . . :>· : _. . _ --·. :·(S, · .. ~t .... £t;',!'~"'.LL~:~·.: ·_-:·; .. ... ·_ · . :-:l 

inhabiting vari?us' depths of the oc€Hin. ;:.·, : . 
. ' . _. · .... -- :J_~L.J 1.C). ~-::j . ..:i:·.:· • ...... 

~ .. ·: .... 

To the above ~e~rti;~ed lapors, of.;_ ~h:e ·vJ:intere~s we must add the)· 
~ ' \ .-: :. . . . 

I . . • ' _:_ • " . :~· ';. : . I . - '-. - . - . . I .. ' ' 

measurements of· the ·speed and direo.tion ·qf ·the ·-drtft ·of the ice · 
' • • > • I , ' • • : .• -· , ' ~ ·, -.. • '1 ' ' • 

field_i:tsel,f,_·artd~o':tthe sea currents urid.er the p~lar ice-- rneasu.r'e-:-.. 
' 

~ ' . , . _. . '. 
men~s yrhich were conducted 1v:i th specia~ :Ln·s.t_ruments, . so-called wind-

/ I • ~ ' ' • - ' ' • ' ,.. ' 

mills """;... vertushka.~~ A~~o:gethe_r 600 s11:cl~ _me3:surerrient.s 'were made. 

·_Thr~ough J~l~-_S_eptember. observations -rmre made daily at th~- --~~te of ' 

:5 to 6 ti~es a day. . . - ( \ ~ '.' . . 
'"' r ( .•' 

'Iilith the·. same ~egula,r:Lty arid appr~~_mate Ul~~:f~n,n-~~~ _ d~rJng: · 
. ..~ .·. . ... '-

the entire drift, the winterers .recorde~ the force of gr_~viti!>- These;~_, 

observations were conducted at 22_ points; at each of the·se points . ·;··' 
. -~ . ' -- . 

the ·observations were made ·for betvreen 2 and 3 days ~nd _cons~sted 

of several 8~hour series. 
'; -

No less attention.was paid by the winter~rs to tP,e magnet~(! 
>! •• 

observations~ · During the· expedition they made 55 sets of deter~ 

minati6n ·of: the curve and _the .iev_el _co!lsti.tuti!1g the -~?rc·e- of 
;. ---;-· 

-~- ·. 

earth ~agnetism. 
(_'-''• :. - ...... -. 

* T~~--:;~ord. implies spinping .'around,:. so probably. ~~- ·:.t~~ 
1 

n~t~o-· 
·of a- seaman•s-log or.of .. a ,vaned or ·Gupped,current.meter such as used; 

.. ' ,. 

_.page 71·· 

for str~am velqcity;·:measureme;nts.: . ·(Note ·by Si;.efanssop·.). ·- ~, ' 
~- ~· ; ·;\ .. ! ... ,, . 
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During these me/a$uremerits·, · no
1
t merely the signifi.cai).ce ·of the 

"fi~es for the giveri moment v~as. deten~ined, but tJier_e "vier~' also 

observations~ m~de · of th~ir change in the . ·c·ourse of· a .day. . To 
·- .c..\ 

. this we niust' add 14 daily s'ets of !neasure~~nts. of the fluctua-

tions -~n the ~ag~etic pol~· of the ea.rtho~·:-. In July ,.and A~gus.t, 

several setS·. of .meC!;SUremerit .. s -. Vvere made . of ;the g):•adieilt of poten..:. . 

- -
tial·conceptration of electricity iJ:?. the atmosphere.~:i~ After··the 

. onset of daz:knes~ · ( discon.tinuan~e of. th~ 24~hour dayli:ght) month-

1J:7 observg.tions vvere made of the polar lights. 
. - • .. \.- ,·~- I • . . . - . -

A geop~ysical or o·cea~6gro.ph~c pbp.~·rv[~~:k)n' hits value onl:i Tlhen 

Vii th . this in · it is knov~ exactly where· th~ observa~iop wq.~~· maeietl 
- . - ·.-!. ·. 

/ 

view, tho. winte~ers.made.carefu1 and freq~ent istronomical·deter-

min~tions of. ·the- geog~~phic location of the· dr:Lf;ting ice •... This was· 
••• t. 

all. the more necessary since the drift. ·was. unpreclict'able in its. < 

·.r." 

direqtion ... arid \}.ne.xpectedly great in its ·speect:iHH~· · 

* See ·below, "Ear;th as a magnet" ·. (Cliapter III)· 

iHH~ Stefa~ss'on,;. ambng others, c~n t~stify ·to the ·correct.ness of the: 
assertion frequent in this manuscript that .'the speed of the Papan;Lp 

·.drift _was. ·unexpe.cted •. For ·one thing, there .·was general agreement 
among· students that average drift speed vJould be:_sinall ·a.t and near 
the North Pole, ,ror we had assumed they. would- -be similar to the aver..,. 
age drifts of· .ships like the .. Karluk,. Jeannette and Fram. Then the 
scientis.ts· ·of .. the. Arctic Institute in Lenipgrad had ·1v.rit,~en .ietters 
to their fellow\scientists abroad;· among. these~ Stef?-nssnn, asking. 
estimates of the speed of'. the dri-ft·:··· . Stefansso.n 1s- reply_. vv:as pro b.-. 
ably typica:t ... · ·ue ·was qf the ·Qpinion-that· .. it .. wotild lik.ely be around 
half a, .. m;Lie .p~n:· 'day rtght: nea-r. the· Pole~,'-·ih_:.the. cl{re.ctio~ :6f.·~celan51, 
and ,that t}Ais sp~ed·_.•.woulq_ .i~·~:J: .. e·ase. slowJ,y. .vJit~ .decreas~d dis~9nc~s 
from the open·wa:ter of. the <North,.Atlantic~ · j-~s the author C?f. bur .. 
present .book-~as P<?.in.~e~:but, ··suoh speeds -vrere far exc~eded. 'Qy ·th~ 
actual drift of the .no·e ~that. conta.il.ned ~the·::PapSJ.nin .est~bli$.11m.ent.· 
(Note by. Stefans.son) · 

~127i.,. 
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'. :t 

~ . ' 
Altogether. dur:i.,ng the expeqi ti()Il 534 ·mee:surements of the 

. . 
. ' . If 

height of. sun and stars were taken, and 374 0irections vmre meas- · 
. ··.· . •: ' •.·. 

urad for the. detel;'mination of the. -orientation of the. ice· field in 
• J. 

relati.on to. the -meridiahct This ma.Q.e :i.t possible to obtain about,_ 
. · ... ~ 

.:. .· ... 

Besides 

page 72 
cohtd.· 

150.precis~ geographic co.ntrols for the drifting field~ 
.. ;, .. · ·.-

this, careful log (vertushechniye) measureme11ts· of spe~~ and d:Lrec-
,.. • i: ... . 

tion of the drift of 'the field al107'Jed a ·calculation with limited 
. ; ·- . . . -~, ·.~~ ~- -,, . :~_ ~~.-. ·._ ~· ': '• ._. --·: : '·. 

accur~c! ··of :the drift o~ the :i~e .. ;r1 the ·in~tir~als betwe:n po~:~t~ . 

of astronoinical determination. . · 
·, 

It is notable that a).l ,the. observations. :of the winterers ·were 
''; ''/'. 

performed. by. in$truments .that were ,me3:d,e from, Soyie't materi.als; by . 
J • • -~ ' •• ' - .. • : • • • • • • -' ~ • • • • ,.. ' • ·' • ~ 

I 

Soviet'workers·and .in Soviet shops. All this "armament" functioned 
t' - ... • -

....._ , ' -· • • I ~; • • • "i ; :.-f .• r•~ ... 

the entire time· $.moothly · (bez11korj~zr1:eno.) yrl.thput _·interrupt,ion (bez-. 
. - . ··; .. ' , - ~. . : . •' . . . '· .. . .• . ',, .. ' .· . . ~ . . ' 

'pereboyno) and vd thout' failure, ilnder, ~ery. diffic~.lt conditi9n$~-3~ 
. . ·~ :. . . ' .. , ' . . .- . . . •. ' :. . ~. . . . -·-~ •. ; . . . . . . ,__ .. 

Even from this dry and brief enumeration, 1He ca.n see what a 
/ . 

tremendous quanti t'y of scit=Jntiflc material_ thl? · -~·Tintorer;s brotJght. 
, . . • ~ . . . :,. , . . . .• 'I . 

. . . . . . . 

'valuab+e bec,au-se .the workers during. the prift of t_he floe .pot. only, .. 
.. ... • • . ~- ·;- - • ' - • • .• · . •. • • ... 7'' :.v 

', / ·:·:.J . 
. collec:ted and 1/".irote. dovm all the data;· but in part wor.ked. out the .. 

""' . . ~ ·.- ~ ' 

preliminary calcu_lations. 
· •. ·1 . 

. " 

In quantity of collected material the. expedition. surpassed· .aJ.l •• ,- .. 1. 

• • ~ ·' I ..,_• 

·, • 't•. 

·-.·. _ .. ' 

.. . I * · This ·comment is less- gratuitous ·than:it~ niav seem. ·- .. For- ihsti.t'rice~ 
the thirA st$fansson. e:xpeditiori carried ·mci'n;;t sci~nti;ric ·i.nstruri1ent.S 
that we.re ·made . .J.n·. Gerrria·ny: and some made· in ·France;·. v·Jith · the ·re·,st , 
mainly Bri t~sli'~ -~ It would not_· have 'bef?tl easy at th.at :·t{me (19iJ-) 
to equip ·art fJ~peditiori sati.sfactoril~r:·yd th .'sc:leritific instrument·s: ; 
made, in the .. 'l1ni te·1 ;s~a,t~s• . ·_(i~ote · by>stefansson~)<., ·, .·· · ·-: '·. ·:.:··· .-·,.:, 

.• '.··. .._. 

·. \. 

,, ... ·.·,,-



l • . \ . ~ .. 
" I 

· -· · · · polar ?Xpedit.ions o~ prE?vious ~imes, incl~ding the famo.us. ~xpedi

tion of Na,nse·nr :althougp.· in the· 11Fram11 .. eScpedition _12 men took part· . . . . . .~ . . . . . . 

for thr~e yea!s.,' vyhile .. th~ st~t.i6n "No~"th Pole" 'qonsis_te~ of .only· 

4 men arid ).ast~d only 9 ·morit~s: .' . ·. , . 
~ ~. • ' . • ' . I "5 

On .Feb.ruary 19, .:I-93$., st~tion .!'North .~ole" .!:;~8-~ed its remark- .. 
. ~..... . ~ . . . ' . . . 

able inve.s~igat;i.ons and_ the ,P~panini.t.es, to'geth~r y~;i.th. their instru-. 

. ments and- the priceless _notes of .the~r. :o~se~va.t~qns ~ }rJ'e·r~e .taken 

aboard· _the icebr~qke~s Taimyr' and Hurman ~v(len they r~ached ·the 
I. 

drifting. flqe• ... : )n·. f~c.t, howev~r;. t~a:t. -~a~ .~v~s n?t the' ~nd qf this 

·' rare expedition,- for ·the-_pa~:i;.y si.~J:t, t~~d .. ~·-:t.remendot~s labor· ahead.· 
• • j ··~ • • : • (. • .;_ t • •• •• 

of them -~o compl¢te. t?ei~. 'vritins anq. q~-~~_u+.~.t~ons and to. publish' 

t~~ _ col1ec~ed. filat.e~~al~ . ~ Wf!e~ t?is i~, ~p~.e ~ .ji,~e Soviet e;,cplorera 

w;ill. ·h.avE} ano.ther. 'problem:. to correlate. their observations. 
,. ~ ..... ~ ·. . - . ., ~ . . . . . . 

with tho'se. Gf m~ny p~evio:us eJqJeditiops apcj. vv?~th the observ~~ions 

of the Soviet Union'.s polar~~~ coastal stations • 
. , 

* _The terril "polar station" has acq1'1ired· in the Sov;i_e_t Union a 
techmcal or special ·m~·aning. . It ref?rS .to a. ·research s'tation sim
ilar to that which the D9-nes have long maintained at Disko .. Island 
on the· west <;:cast of. Greenland, YJh.ere sctentists are ·quartered· fo'r' 
one or several years, vr.i th replacements ·when arty scientist leav8s• 

·These establishm13nts a;te· sometimes. r~fe'r'r.ed· ·to, i~ · non~soviot pub~ · , 
·lications, as meteorological stations, and t~at is correct to the 
e)cterit that meteorology· ahd· radio are alvv"~YS .in.cJ.uded. . However, 
'~reser?,rch·:· station" or "scientific station" nould. be a .b~tter trans-

. lation, fo~ ~.it ;!..s seLdom·· t}?at activities .. are confi_ned tp vrea-the~ 
observations andweather reporting ... The establishments vary in· 
s~ze, . some ,of_. ~.hem Ct?.ntq,ini;ng representatives~ o;f half· a: doz9n.: sci.; 
enc~s such as· botany, marine biology, .economic. geology,:.·par~si t·- · 

· ology. ."A few. o.f ~he stations· .. are .so l:arge, that they hciv·e separate· 
hospitals and $Ch~ols. One of them,. Rudolf Island, northernmost 
of the. Frp.nz· Josef ~roup, had.·in 1937 .s.even ai,rplane~:. of. ;its o1vn, 
in addition to those w~9h came and. vvent.· (Th;i.s last is ·accord.ing 
to the. ve~bal. stat~m~nt. of· Vale.ri Chkalov ·:to· -stefans·son when Chkal.ov 
visited New· york .at. the completion of his flight. from ·Ho·scow by way 
of the North Po.le to V~ncouver, Washington.) ·"(Not·e ,~~ ·S:b.3fans~on~)) 

JC,.- ...... . 

, ... , . 

page.72 
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Page 74-7to 
Even· 'the preliminary results of the observations indicate 

:results ·of value·• ':t~e-: expedi tioh ·established 'the·· fact th;at in ·the 

regi?n· of· ~he 'No:r:oth Pole_ ·:t_here -are no't nor car( be any isl<?.nds; ·the · ·" 

~ottom.-relief along the entire drift has 'been -'re~ealed j·_n ·detailj 
•.. , 

it was established ·-·that· warm Atlantic wat~r·s ·penet-rate by ·deep· 

currer1ts ,fr~om _the Gre·enland sea ·right to 'the ver:y pole; ·arid 'that 
. \ ' .. 

in the deep basin'the Arctic ocean the temperature·· of the water'_.·· 
, I • . ··i (• . . . 

rise~ ~.ecause of the iiJ-ternal· wa~th · o·f'· the~ 'ea:r.th; tpe ~dea.s of 

Nansen and. others· concerning complete. lifele's.SnfFSS. of th'e c'eiltraJ. 

_polar r~gi.on hav:e b~en d:lsp·r.o.vedf- ·for th.e· ·ri:r;S't tim~· a· study ~:fas 

mad~ of how the vvirict. move~~,. :.wa~~~ _·rna~·se~ An ~-. coid la:i~r or· poiar ·.,. 

waters 'of 2_oq mete~~ thick!l;e~~' -i,rhich' layer is _s.Uperim.posed- .llpbn:. 

warm Atlantic v~aters.- ··v~luabf.e :gravim~tr.iq_ ~nd magneti·~· !-es:u:lts · · · · 
\ . . . .. . ,' .· . . . . .. ·.· .... 

have been oh~ain~d. , ·The· meteprolog~c~l observe.'tions· of the ··papanini te's 

de_stroyed previous ideas of the structure ·and ~:ci.rculatiori'- of the' ~at-" 

mosph~re in the. centra~ polar regiqn. · 
: I .. / ... 

. But the greatest practical -and theoret:lcal . s;Lgni.ricance is .. in . 

the observations .o·f .the drift. and hehc.vior ·of the i.ce ·in· the ,.ceritr~l ·. . 
. . . ,,· .. . ' ... . . ~. . . " . . . . . .·.· . - ... ·. . '. . ), ; .; . . \ 

Arctic.:· ·the. very fact_· t}+at:-the· -Papan_init_es,-_aite:r 9_. mo~:th~, 'f~>u.nd. ~. 
·; , ... 

themselves·. so:uth of ?i.0 N." Lat. (contrary t·o _ thei:r:- expe-~tation,· ·.,- - · .. 
. -; ~: .. 

that they' would·· be, spending .a year in h-igh latitudes). proves how ..-· 
I . 

',.<J •• 

. erroneous we.re ·our- ·ideas cpncernipg th~:· ~ovement ·of· :tee 'in -·the · cen;.!.. ···· .! · • 
' . . . ·. . . .. . . . . . ~ '• . .. . - . 

tral part.·o.t,- the -Ai'cti.c basin~- :I:t :is· i'nt,erestirig t_o,·· note -the'· ·-c:orre.,.. . ·: ·. 
,.1 ·:- •.: 

lation .betw~·en the drift ·of the ice and the~1·r.ind .-V:Thfch c~1used the .. 
' . .. ~ ... 

drift.· No less intepesting ·are· the observations b,f<the· fate->:of the· 
-,../ to", 

. . 

ice fields which yrere formed in th~; central_ Arctic ·and; v'rer~. · carr~ed 
.. ,, .. ··- "'" 

out through the "Papan:i.nfte Strait" .into the Gre"enland sea~ ... 

·(Here 
does not 
problems 

a chapter "Transarctio·· Flights," is omitted, for it 
contribute materially to the elucidation of the 

~ I . 

dealt witp in our report.) . ._ 
-130-



. DRIFT OF 'rHE ICEBREAKEH S'EDO.\Z~~ 
... 

. . -. 
In ~o.ntras_t with the· ~rift· qf .• th.e· Fram, ._a,nd. .. t_he · drif.t .o;f .-.the ·:·--· pa·ge '79. 

j-

station'':·''Nor.th Po1e," ·.the. drift .. of. the ~B~_d_ov. was not--planned ··or de-

liberat;ely; Q:r·ganized:. .· . . ._.. -

. ,gctgber 23, 1937, .tog_ether .wi tq the·.Jcebre.a,l<:e-rs S~dko c:}.nd . 

Nalygin,- .the icebreaker: S.edo~ wa,s -bes~t by the ·iqe of :the Laptev 

Sea.at:il5.0 19,•_-N_ .. :·Lat.-.and ·132<?---25·' E. ~Long. 'Th¢P.'pe it was ca:cried .. 

off by. the ice· dri.ft~~" 1 

Iil" April, . l938, vvJ1:en th~ ~drif~ing ·icebr~akers· ":rere .b.etween ?9° 

anp 80° -i'·J.-·Lat·.· .three pl'ane9-.fJ..e1Jir to;· :fihE3.nt, ·P.~rect-ed by:Her,oes~PA- .of 
• • . • . , . I . . ~ . 

' 'the' Sovie .. t Union .A:le·kseyev. a·nd. Golo.vin?, ah~. ~he flyer Orlov and 

took; back with them to- th~ mainland --184 ·men ..-.rrom the vessels' 

crews~ ~.so these. flights ·prqv·E?.d ·o~er .?-gain th~ high _quali:ty of.. our.' 
• • • ' ' ' . I ' ~ • • . ' l" 

·.' 

plan~s--:and ·the ·sk:Lll of~ ·our flyers; they· proved that. the .successes -.: · .. 

of So~:L.e.~ ~polar .aviati·on .. ar.e ·not an accidental ma.t.ter, but .consti

tutes an ac.ti ve knowledg_~ that can .be :relied upon. · 

I 

~} iNa$· named in honor of the firs.t .Russian who st_T;ove to reach 
the North ·Pole; it was bui-lt' in·- England in 1909 for· Canada. an-d:- sub
s.equently acquired by ~qe _Russi?-n Government. The length of the 
ship is ·77. rri•·',-: 1 ts -vvidtli 11 m.; its· draft. 5-.- to 6 ·m. ·;. engine· 2860 · 
horsepower; speed,_ abo·ut 12 knots; capacity, 1,600 tons. 

. •. . ' . . . .r - . . . • . 

~H~ In Soviet honorific usage the word Hero do_es pot connote . great 
heroism sb much as distinguished·leadership. For instance, the 
orde~ Hero of Socialist' ~abor ·_does not indica·te bravery .as a worker· 

. or leader ·6.f> worke'rs so much. as ability and .'success i;rl ·relation. t'o 
industr;y-.... _(Note b! -S~_~fans.son.) .. . ~- - - ' 
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_On August' 28, 1938, there was a caravan of .driftil!g y~ssels· at 

83° o~·-~ N~ __ leit·._,and 138~ .·24'· E •. Long •.. On this :.day .. the :i;ce·bteaker . 

. Yertnak- led the .. _S.adko· ahq the L1alygiri . out_ of ihe_·. :tc;e into ~he. o·pen_. 

_sea._· The Sedov, _however, ·had ·suff.ered· serious damage·i~ its rudder· 

constructi,.on .:(ruleyogo "upstroystva)· durlng 'thEL ·:vd.nter;· SO :it .:rfa:S 'im

possibl~ :·to free- her· fro"m ·her ice impri~onroe·n:f?~- So 15· voluntary-·.::~: 

, wiritere·r.s, . headed by Captain :·.Bad_igin,- r€nnained ,,on . the SE.1dov:.-. . And 
' ' •• j • • •• 

from then qn the ship, ·which .has now ·become 'historic,, ~.contin~~d'. :·. 

its ~mC3:zi;ng drift tn the less "acce·s~iole p~rt· ?f th.e ·Ar.c.ti.c ::oc,ean~ 

Certain circumstances .. :of :t;hi.s .d;rif.-t.-~i~e :;~~ a .special the·o~ 
/ . 

. retica_l .anq pra·ctical inter~s~:.- . First of .ali,- ./it s:tarted "Ffhile ·.::· -. · 

.the drift o.f: . .the station "Nort~ .PoJ.:eH ·was· s:liiil. in .. prog;ess.· .·-,so,: 
r .· •.. 

· through ·the drift of the Sedov it is· ~0·pstble · to study as· ah uri-

Q_age 73 
·contd • 

· pap:e 8Q 

interrupted ·observatipn the movement -of ice. in· the cent·r.al Arctic.. ,. . 

during a:· period of_almost three -years.· ·'l'h.en,. s·oon ·after the Sedov· 
. I 

drift ·started, the drift of ·the icebre·aker Lenin coriimertct:id .'in the 

same .Laptev. Sea, . to . .end on August. 7-,· 19.J8. \Thus.,. d\lrin~; .. a ~p_eriod· ... 

of 9 ~rfont!ts tvvo· vessels .'drifte~ sirrruitar.eo_usly· d:t 'some ~dis·_i:,~nc~ ' ·: __ .' ( 
' . . . ' .ll ... . . . . ·, . ' ·~- . . . . . . ' ', .... f 

f:rom _each other:_: :Ol1.e. tn -~he .southweste:r~ _pc.rt of_ t:~e ~ap-J;-ev Se-c., 
\ ..: ~ 

the other ih the northeaster,n ,pa,irt. of the same· sea and.· in· ·th~ ·regio~ 

north of the Novopibirsk. islands. Corre+.a-tton ·of. these ·t:t~C?~ :.cJX.i.i-is, . 

_ga.ve imp'or~ant results •.. ' ~i:If~ring .from ~a_ch o:ther op.iy·.: ill._ .det(l_f-1~_,_._., 

these . simui taneous 'dr,ifts 'reveal amazipg simii~:rity, ';lh:t~i{ s.hovj~·. 
::. . . . ' 

' that they ·w~re acco~plished .not under ·the influence 0~ accidental 

f:a~tors but und~~ cond:i:ti6ns tho.t are. gener~~ (characteristic) ··for 

that region. Thes·e general factors "11e.-r.:·e· the dominant ·winds ·and the 

. I 



r 

qonstant 'current-s·~·.-· 
·Ea:~e 80 
contdl)' 

. The· third, point. of· interest is ·that soon after ·the Sedov:· drift: pa:ge. 82. 

started, --::the ship · ro'lll1:d herself· itf. the-· s~me<:region vihere '-trie -_F-~§!!1 

had begun ·1 ts :. drift.·· -she drifted in: geperaJ. ·on a ··cotu~se·: approximate~ 

ly parallel_to--that.of the F~am,· though considerably more rtort~erly. 

·comparision of the~ Sedov drift -vJi th that· of :the Lel!in,. apcl v1i th 
. . 

the drift of the station "No~th Pole',',. and .. finaliy a :comparison~ of·. 

the Sedov· drift ."VIii t·h the· drift. of- the Fram ·has special. theoret.icai 

and ·practi-cal va£ue... Be.si~es,; the. COl~.pa~i-so~. p~tT,;·eer: the drifts of. 

~he s~~oy·._,ancf Fram has a pa~ticuiar i,ntere~t p~ qau~e, · as we kn?W-;

.the· erift· or· the·_ Fram occurred_ under-· clim~tic . conditions ·considera--

bly different from·. those we· now· hcive !Ln .the ArctJc .•. As l)q.s. been·. . . · 
I' ' 

proven, the atmosphere· ~md hydrosph~re qf tpe Arctic are ... now_ consid- · 

erably 'V.rarmer. than they-~ were in th_e.. til[le. of Nanse.n.1t-

··T-he drift; ,_of. the s~eclov was first· straight no.r:th:, .at: approximate~~. 

ly 133° · Ke'. 'Lo~g. ·, Afte.r ,.~ month, · when the shtp ·neared. parallel 78, the · 

c,o· ·. 
drift~ turned east; on the 2n~ of March,_· 1938, the _§.~-was. a:·t 'J.o . 
' .. · . ' .. . . 0 ...... . 
25' N.. Lat. a,~d-·:153: '•26' E. Long·. T.his ~qirit p.r.oved ·t·o l~e the most 

easterly-·:reactied· by 'tiie: ·Sedov·~ .. Froni then on, 7She. began to -move ~slovi~ 

ly' west, :heading -a't the ·s~me. time no:r:triward. . -

--------------------------------~--~------~----~~~------~--~--------

* · zubov:~wrote· this.· in ·.19~49, at which time Sofviet vrri ter.s- vie_r.e 
emphasizing, ·and many scientists in other countries were believing, 
that there, r:eally ,vva-s a .pro·gress1ve ·chang~ _in~ Arcti-c clima-te·· .tQw.ar.ds 
warmth· of both air arid viater • .-,Now (1947) SovieOt• vr.ri ters· are- gener-
ally corrunenti,ng. that· we are ·probably: dea,ling tt~re. vri. th a.' .s:hort·.cycle, .. 
rather than -with. a 11 permaneirt:." change .(long ~ycle). (I~Jote .by Stefansson). 

'. " "'. ~ - . ...:- -
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;· ': j .• ·. ' · .. · 0· . ('. 
On the 18th of February,. 1939 '· the ·sed.Qy_ ~as at ·85 ;_56. 7~·-. No:t:th· . ~~age 82 

uontd. · 

. : 

by the Fram for. the ·highe~t .. iatit11de .reached .by a yess.el· drifting·., 

wi'th_ th~ ice; ::: .. (F9rt;~~fou~ ·~ea~s b_efore this'~~·· N~vemper :15, -189_,§· 

th~- ~am ha.d,.:r:eached 85··o 55.5"! .. N·• ··Lat .• an~l 66° JlJ E>. Lon~.)_: 
.•tv : 

After. t~is·, .:.the Sedov continued drifting;· gener_9:11y, .. in. a nq,rth-. 

Westerly direct~on; _:on Uarch~'22, 1939, -~h~ · r~a.<?hed- 86°.: 34.7' N. :Lat-. 
0 ' . 

and 108 50' E•· Long• ·, FUrther 9n.; . she began to incline. gradually~ .. :· 

southv.feste · From the ·17th of May to the 27th of July, 1939, the·.paths 

.of- the Sedov and the Fram become; ·in a manner, overla-pping; aft<3r- ·:· . .., 

that the Sedov- begins rapidly to ascend north;:. and . gp·. the~ ·29th of· .. 
- . '· . . 

August, she reaches the most~ northerly point. of· her 'dr•ift; ~- 86? . 

. l 

Farther on, the drift of the· S~dov again crossed---that. of· .the 

~arid then, describing. a seri~s- or··zigz-ags, p;n~~eeded· betvv~en the 

drifts· of the station· ·"North Pole" and ·_the . ship ~ · towa~.ds ,. the. wiQ.e 

strait di vidihg .G:r:eenland from Spitsbergen. . ·. 

From the 4th ot' $eptember to the 20t:P. of October,. 1939,. the· 
I . . 

Sedov having. moyed southwe$t; was ,appr?ximG:~t:ly .. at_ t_he,. samec lati- 1
.-

··tudes where two years· before on t~e same day~. ~he sta;tion "_North. 

Pole"· had been. From the 20th of October,_the -~begins t'o fall 

back in·latitude 'from the ."No~h Pole" position~ On th.e .. f:brst.-of ·~ 

Decemb~r; ··she .is· at 8,J?. 46·• N •. Lat •. 'and ·7°.·l9' -E~ .Lo~g •. :(Th:e~·-sta• 
\ 

/ I . . . . 
tion. -"North 'Pole" on the 1st of December 1937 ·was ·a:t ·82°·. 46f -N•· · 

. ' . . 

·.Lat ... _ and 5°.55 '. W. Long.) 
. , ... 

·' :-;_ .. 

ln ·4cf d'ays, the Sedov fel.l back in 

latitude from the station "North- Pole·n· a distance of .60 sea miles, 

or 111 km.· 
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. ,/ . ~ ~ ;- \ 
.. ,_ .. ···-. 

and 4° 16t E. :Long .• ; on January lJ s~e- Tms. ~t' SQ0 46-t- N.- ,Lat. 

·page f34 
contd~ ~-

and 2° .30' ~·- Lon,g., Th~n th~ flagsh~p of.':the So~t-~} ·icebreaker~ _. ... _ ... 

fleet; the J:.q~s.e£ Stal~ CB:me .·along apd h~lped . the Sedov .. to get out~ ' ... 
,.:f., , • . . 'l ': .• ~ ._:.' :. >--t>"•• 

o£: the. ice.:·. Thus ended the magnificant drift;. v~fit~1f ·.enriched sc-i-

ence vn;bh riew information. about the . central Arctic ·basin . 

.. ·~~·_\he f~llow~ng table 1at~tud~~ an~-\l~n.git~~~~ for the firs~ 

of eabn ··month· are .. given: 
. . ~ 
·~ . 

:i 

,. 

· . .-.:.;:: 
... ,. .· I... ~ . , , .. 

,. 
. ' ~ . 

, .. 
', .·. 

'. '· 

·~ 

.. . ,- . . .. ~ - . 

·- .. ·. 
f .. t . :.-- - I I 

""· ""'. ··~·. I 
. r I 
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DRIFT OF THE SEDOV 
l 

··~. · ..... ~ ·j' ·; .. • 

·nate··.. . La~itud.:§_-Nor~h . _ ...... · __ _,.... _ ___;:L=-=o...;...n.E.~:-· t_u_d_e __ _ 
--~_..... .......... _ _,_ __ ' -, -~~-.. - . ...;_ .. ,..;;.;...._,_ . ..r- ·' 

12..21 
Octo:ber 23 · 
Novemb~r 1. 
December 1 

]~9~8 

Jariua.ry 1·. · · · 
February'-1 

·March 1 · · -· 
April 1_ 

·: ,·: 
·May 1 
.June 1 
July .. l 
August_ 1 .. , 
September·! 
October 1 .. 
November ·1 
December l 

January 1 
Februa:rt>y 1 
March 1-. 
April 1 
May 1 
June 1· 
JUly 1 
August 1 
September 1 
October 1 
November 1 
December 1' 

January 1 
February 13 

. •,• 

, ,.· 

. ~ .. 

.. · .·' 75°. '21·1_· .. '.c· · · ·• 

' . '.?6 ' 19 .. 
. . . ·,.'??' : 39~·· . 

. _·:_: 
. . ,. ·" :· .. ~ 

;,'' .. . l 
': ___ \ \ 

78° '24/3': 
·77' 5"5.5 .. 

. ... 7~' }~·~s,c· .. : i •· i 

: ... , -79 07 .·2 

·:) 

--. so· 03 
·::so· :56·,. 

81 .. 17 . ,., . ' 
···:,f3I·5t 

; ·' 83. 11· 
. '84'19 
.'84·-~5' 

·85'._29 
. ·_l" ' 

84°·· 4L; 1!. 

85' ··33 ,.· 
\86 20 
86 . 16 
86: .22 
$5 25 . 

·. 85 .. 25' 

85 55 .. 5 .. 
'86 . 37. 
85 17.5 

. '·84. 38.5 
83 46. 

... 

... ·· _;: 

·::' 

, .. 

_, .. · .. /132 b i i$ ,· 
' ' -~ ·.· .131 1;8 

135 51 
... - .• ::'·. . .... ~· .. ,·. 

: : :.14l0 . 4:4' ·: ..... ,' . 

.. -' 1.51. -1.4•5 
· 15-3 · os·. 5~} 
. ~~5..1 ·' -35·3 

147 12' 
143 00-~3 
137 57' .... 
.135- '·.53· 5 . 

· · ·· rj·? · '35 
137\ .. >15 
·i3J~ · · ni. 
123. ·48· .. 

_129° 10 1 

.· .. 123 ·''14. 
11.7. OJ .. · 

: ·io7 25 ·· 
81 .... 40 
78 30 
63 05 

i ... 5'7 05 
A5 05. · 
'30 36 
19 15 .. ~ .. 

··,·· ' . 7 19 

0. . .: 
·: ·4 ._- .. 16' 

2 30 

'.·I 

~*' . Coordinates of .t.he most easterly point pf the drift· on the 4nd 
o·f Har<?h, _1938, were· 78° 23. ?' IJ.. Lat. ·arid~ 153° 26' E. Long. 
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. . ·, 
• ' • ~. • ... #> • 

' " -~ . 
'~·· 

.· .... 
. . ~~ ': .. ·- .. 

"Pa£~e 84 
co.~td.• 

preserv~ .. thei-r: ship ·ror ·the Soviet ·ice1:.1reaker fleet --aiid' ·t&} make~ a·.·. . .o 

maximum use of the conditions of the drlft., for conducting fuller 

9-r;td. mor:e,. exact. s·cientific, observa.tiorts.· .. 

: · .. 

const.nucted ... for ·ctri.ft'ing ·in th;e. Arcti.c Sea- pe.·ck. : .. The. Sedbv ·vra:s ·. 

built ·_for· vvorking ·the co·a~ts of· Ney~_foundland and the Gulf of St. ··:page 86 
.. . 

L;;i\vrence',_. where there ·is_,_J:J..e:Lther-.heavy ice·. nor ·crushing r)ressure. ... ··· 
~ r • . . . 

"' '--~ I . . J· -. • • •• , . . . ~ • , • • ' . 

'fa:kihg ·into; account ·tg~· Q;;<per~enc~· .-o~. th~ir first .vJin ter, the· 
. . -. ','. _.··,. : '' _. .- '~ . " 

S.~dov men: gave ·:special attel:"!~~on tel :the p:r~sefvation:. c)f ·their ship~ 
. . .. . 

First of all,· insofar. a·s :i~ ·vms wi thtn .their po1:fet a:nd insofar ;3:s. _, 
.. . . ., .. . . 

the ship-':_s:·Tflateri'als a.llow~d it, ·:th~y· acld~d_. t9 the ·strength. o·f -the 

ship,t.s: ·hU)..i •. ·Se·cond, and :more important., ·th~y .work?d out· a_ speci~l 

te.chnique, for coinl;ating· the· pressure of :Lee ·with e::-cplc'sives. ·Ina,-
• • . e- ' ' 

wi:nter 1vhen. the ·ice ·pressures are most ·dangerous, t?ey. :alv~ays. h:ad 

. ready:: on--board· a. load· 6:f: ammonal e~cplosi ve· and- roundabout. the. shjjp 

there·.;were previously prepa:t;'ed crescerit.;..shaped- hol'es in the ic·e, 

(lunki).:~ These- ammo.nal·, e':xl)losi.ons Y;e.re . .intE:Jrided Tor ·c.estroyin.g 
. - -.. • 

~h~ sh?.+P 'ang-les. of the· ice c~kes .. ~hat~ :pressed. (polted)- into the·· side 

of the·: sh'i·P,.· and for. the forma~·ion a,round the: ship of a. cus-:hi'on· of 

ice ehips''vrh±.~n woul.d d~stribute·'the pressure··oi.the: ·oncoming ice. 
. . .· . ~ . 

Th.e Sed~v"'' s:,men experiehc~d-153 ice· squeezes., s·ome·. of vHli.cf1 .. :vrere 

I, -~ • 

<- t •• 

·r. . ... 

~~ The meaning ~.eems to be that holes V!ere due· in the ice to be ' . 
ready to recE3i ve. explds1 \Fe ·d1arge"s.; . . >' . . . ''. '.,; . ;- ... 

/ 

--~ :· • < •• 

/ 



-" -

so serious that the g_rew. ·started ·preparing to .ap~ndgn ship. On 

. o.ne. occas_io,!). th~. ship ;keele~ oyer JO degre~s.,. v~Etter. gushed into 
•,•'' . • ·• ·•· I - , • ,I • • .. 

the ship: .t}Jrqu.gh :openings./ On.lY:· ·_th~ d~ gged wbr k of the me chan~ · · 

ic·s. saved th~ _.vessel' from, d_isaster.., 
~ . . ' . ...:,..··.-·. 

The Sedov party faced ano~h~r di~ficult>yo" 
1
After .the~· vririter:, . 

• • • •••• f 

193'7-38 .. the. Sedov not only lost . the a.bility to· mov,e. \].ncler..; her· O:VJn· 
• • •• •· ·-. 4 • 

power;. but al~o. _the· ability -:to follow in.-tow·.of. another ship. ·:This 

· _d~mage had to· pe ;repaired. The· Sedov inen managed to-- so lye. this

problem a~$.0 •.. So -v;hen ·th13 icebreaker,_ J~ ·Stalin· ;reached :her .. ( J~il.·_:· 

13, 1940), the-- Sedov.· first ~oo.k' ~ ;to\:vr.-~rlc( l~t'er was ·able to ·reaeh-. ~ . ·.;; ~--·-· .~,-:. ._,. ";'"··;·_ ·., ·.:.'·~::-~ I"' ;: __ ;·. . . - . . .... ~· 

she ·could be· coaled\~ · . The· fJ.r·hhel'!.· jo~ney · f!P¥1 .Barentsbvrg to. 

~e 86 
con~ 

Murmahsk vvas 'made _by· the ;se-~ov· i.n toxr; il}, T.J~:pp.artsk she. 'Was .. able to~ .·. ·· . 

ente;r the· ~arbor.~ This ·~hovvs. tl~a.t~ the Sedov .~cr~:w ;3ol ve<i adeq~ateJ_y · 

the prob+~m· of prese~Ving-· the- ship,. a_nd .in. good or.der at. ·_th~:t .• ·· ·: ; ;.\ · 

Th.e Sedov ~crew had . .thE; f:urther~ _problem;,: .. .t.o ~~.ke -:use ,of the d!!ifi;. ... 
. . 

for condticting '~s·ci'entific_ inv9stige3:~i ons •.· ~ J·h ·this':; re.spR3ct; ._they haq_ .. 

before them the admirable· example· of hOT! the ·Papani.nttE?S- h§ld acc¢m-. 
• I • .: • 

pUshed: inuch g9od .vvorl~. under · 4if£icult: Arctic conditions·~ .. ··· 

· Like .the. :Papaninites;, the· .. Sedov:1.s. men· conducted .. singu}.arly::.· . 

. concentrated ~cientific WO:t'k 1Yitp an, approximately the sai}l8 progrq.I}t'. >. 

and the ... same· instruments as thO'se of.:the · statio:n·.uNoJ;"th Po1e··o n-- _ 

·· · All. together duririg. its indepepdent dr~.ft (from Septemoe,;r lj:·· · 
. ' . . . .. ) .. ~ . '. ·~ . ' 

19_38, ~~ January ~3? ·1940). they _m~de_ 1~15. ~stron~m,i?~.l _?e~~r~3..na~~ .. , 
' . page 87 

'.. I 4o ' ·• 

tions of ,t~e · location o:f th~ vessel.; ~.hey_ !Ueasured .·j?. :~,c:e~n~·c· . <-

. I . . ·. . . . . • · .... ~· . , 

·depth:?, obtaining .a~· the 9a:me. time specimens of the bottom; .estab-, . 

lisheQ. 43 hydrological stations, accompanying some of them -T~th ·di-
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rect measurements of the elements of· sea currents;.· they ma~e ~61-.t · . . . 

-lections. of plankton •. ~es1des ·.thi~/ :~hey-measur-ed- thf;~ thic·kness · ·: 
. - ~ ·_ -.··; .. · .. \ \:' 

·of the. ice qf··':va·ric,nls ages-. .-~ver.r ~0. ~C3:Y:So : T_hey -measUred the ~ele~:.-.:.~ 
. I 

ment~ of the· -ear·~h.~:~ ma~netis~n _·a~- 78 ·_points;· and .c·o!1ducted ~eii'al·.··: . 
,\ 

observations gi-ving .?-:- pl.ctufE3 .of ~h~ change_ ·irt these elements. dur

ing the '24 ·:hOUrS ·r-•-.. a.t _·llr_,a~p~Ptlt,e.- pOints~-. -'~h~y. determined the. :- _. < 
. ' -~ .: . ~ .-,: ,,.... •. : .. " ! .~. • . ' l . : •, : ·.: ' ,' '. :. . I •• • • 

·. force of -:g~avity· at =66 point·s.-.~ .. They. g?-ve· their- greatest att~ntion. · 
• • • • ... • •• .1 : • • • • • • ' 

.. 

to the:.recor·d:lng· ·of triete_oroJ.:..o~Qal ~qbs~ry~tion~, which they ... con""-. ,, '· 
I • • - • • - ,'~ .:. ' ~ : :' I I • • •' •' ., 

ducted ·_:regularly ·e"ire;ry: _two_._ho~.~-· .Fp_~. t-i~e~ ·a, day they sent -infor-.. ' . ' 

ro.ation ·over .the -radio::to .. the·.So_vie~ U:qion.· 

. ' ., '. ~; . 

··:·:-.·· 

The: value -:of ·th~.-~Sedov~-\obs~rvatibns: is ~g~~-~·t·;~ for sin~e Nan~eni~s ... 
' . . ...... '" . !·; 

.. !j 

time the;r -v-ver..a:·-·the·.:tirs.t t'~f,sp~nd; :over .t·lim' years in-the. centr.al 
. ·.· 

< ~- :" ~-;; 

Arctic/ 'aiong' ;·a .cour::;€ :'-:Vl}1e\re_--;pri_o_r ,t9.. t~e Bedov not· a si_n.gle -ship 
. . ~ . ., ; . . ; ; --~ ( 't : _:· .: . ' . . ' . : : - • • 

.. :....·' :·. 

station· "North~ Pole, n .. :~ and ... the; S!3d?:V <1:.t h;igh~ latitudes~ 
. . .· :. -~ ·. ~ .. : 

. . . . ~- . 

... 
-·_: ·, Nllffibe~:- of Days Sp_ertt _in _})rift North·Jfrom_ . 

- lndic·ated--Lat1:tu.de · ... ......., ____ __;,~...;::.;..;;:;;=.::.::;..:..;:;.;::..~;.:.,;:::::...:.;;;:..:::.;.;:~--.....;..--..... -- ,'_ 

Expedition: · 
• 1 •.• -

General number of 
· drift·: days:: ': ... · , .. 

· . 
...._, .. ·: 

. .... . t ·: 

':·1955 
·. i 

' 121 
428 
539 

"North Pole" . .Sedov 
--~--~~~~~--~·-.-

'14 
77 

• ! .·_: .. 102 

. -139-:-

. 123' ... 
. ·146· 
·166. 
~92 

. $12 I 

.. ·-
13~· 
289. 

I· :..398 
4?2 
----------

c 

... 



! ; ; .• ~. • 

I .... , 

From.this table }/Je .. see .hovr clear1ly.,hma· int~.resting :the Sedov ... ,page 87 
• . ·' ' • • • . ... • : ~ ~ ': l ~:-.....-....---

observ~ti-o·ns ·were; ·for: ·they nere: 85c N.: t,N.o t.im~s.: .. l..ortr;<3.:t~::~~·tha~-· _: .~ .·- · 

th~- station· :'!:Np:rth,-.p~_~e; it .. : and tvvo <and··~. hfll~ :.:t:t~.~,. )~ong.~r: .. itl1ari··~tti~ ·.:: ·' · ·!· 

. I~- . '·. 
·. ·.:; i . 

::, 

I· 

Some of th~ _:ol?servations h~·d ···great ·diff.i.quJ.:t.i.E:J-~,: ·fi_or Jihe_~:.s.8ct6v:':~, 

men. Si'ric·e. the vessel was not ·prepp.r.ed .·for vrq;rk·at _;gr-eat. ·oc~ariic· 
I .,: j; • • • I 88 

. . . . . . . nap:e~- .. 
depths; she d:lcl. no~·.have a. sp~cial' c:ap_$t:~~ -al.)¢ .. ~:sre.:s:i:a;L. e:quip~l:nrt .. ro£ ., 

. J' 

measurements ·of a. great. dep~h. There-for~, dy.r;Lng_ tl}~· .dri;ft:>i:t:seif;.· •. 
~ .. ~ ' •. . 

.· .. , . ~ \ 
~ .... ~... : .... 

; ... ' . ~ .. ~-' . ~ .. 

(v•Ylishka),. :~rid beside.$ :th:fs~··:they.·spli'cedcstrqng: s~out::tr.irG'.: £tiat<·: 
' • • ,. • • : • '· .· • • ' ' • • j; ' ' • : ·~~ .~:. ··. /, ' '• • • ' I 

. wa·s -~n the·· ship intq. separate ~·~undi,ng li;es tp ~ _.totq.l,~.of:,'-o+a:r.-.il~. 
~ . -~ ~. 

kilometers •. CR.rrying-' on· th~s ·sort ·of _-r,~rk :at thi·rty .Centigrddt?·":dE3~ · 

grees bel;Y!. zero temperatur~: is· a :t'ask::requ:i.ring. the ffi.OSt :·:'dogg~d·- :,_ ,' 
. . . . .. . ' . . ' ' : . ., ,• ; : ,. -

·< 

peristenee ~:. , .:: ~. ' ' .· ... ~. ~ .. ' . .; ... :-:... ·~' . 
,. I ~ ...... 

, I: 

,' ( 

Onl~ three. po~ar· ~xpedi ti'o;ru3' (~he~~ ~ram, _:tn~.··:sta·~~.ott.:· 1tN~J::th~::P9l~i_r · · 
. : .. 

·and ·the Sedov) .ha~re· so· far- copei:.a.ted: -·-to _open I to· _us. ~-,.~h~.-.. hyd,rometeq·r:.. 
. . . ; . .·: ·.. .. • . . . . :. ,. ·. ·. ··,f.. . . .·:.··~ ·. ' ... '.. . .. 
: \. .: . . . .~ . . .~ . :' .·\ 

logical regi~en of. the central·, i~rct'ic~ But it, Yvquid· .not.lhe·:.'r:tght ~ '• 

to think any of :them as. duplicating aiw othe:i-. - I':a(;)1 of_ t11el 't;h~~,;i ; 
' ·, .' ~ ' . . .:. . ' ... : .. 

expeditions i~. uni9,;ue.- in· its;' oi;·l!f ·~iay;· fhe o~serv~ti8ns ·of.~eacl} -ot '. '• 
them a·re pri~ele$s; . they a~l 'complemen~ ~ach ·~th,er l!.e~utifully~_(,·::- ,.: 

' • .. : I ';--. (. :~, 1_ 

Thy F~ .. ~m and the station' •iNorth Pole" Tmre special. 9oie-1~tif'i·¢ ·.· 
,; I 

expedition:;>:, ·specia-lly organize~ for the study. o.f .. th~ cen.tral·' l~:·:r~:cti.~. _-· 
., 

The Sedov expedition became . a scientific one: only by a9ctd~11:t~: ·I 
. ___,... ,. . . . 

r Th~r·e w.er~ .110, p.r.o.fe~H?iopal. _s.ci e17-t .. ~pts ip ... t~~ :_ .. ~dov qr.~vi~:~_·" E?f~~pt_:

ing B. H. Buyn;Lt~ky,. a st~derit o~_ .. t~e Hydrographic Institute/; the. 
1,, 

rest ·o.f the .Sedov .my~ v1ere ,ordinary -:seamen. But they ~ll-. underst~od . 

/ 
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: . 'i . ~ ... 
'•;' ·,. 

pe"i·fectly _·that .. the: mbst- ;eli_able~ bec;;cori in: naVigating the : .. North?rrt · ~:1r,e 88 ·- .-... _ - · · · , - ... · -.:.'· ·com~ 
Sea. noute .is knowle-dge, and;. they- did everything. :Ln their r)ower ·.·to 

. ; -~ .; ,- -

see 'to it tha.,t ttiis beacon vvould· shed ·as .br.ight. light .. as. possible 

on the Soviet polar -vwrkers. . 
. . " . 

. For a_: P.eri()d of: two. years, . these .. seamen 'ir ·~.ir'at£3' dmm yrha.t. -the~.r 
• ·1 • • • . . • . . •. . . ' .· 

had observed and did not;-write. dovm what ·they· had 'rio.t :;observed"-_in 
.. 

' a yery ~exact. ~nd· painstaking mariner •.. Their Tio'rk, ; based' on. tha.t· of . 

the "Whole rem~rkable co'ileg.t~ve of -pol?-;' .. r"~J'O:r~ers, ·nhich was nurtured 
~ ,.. ' I ! ~ ~ ~ .._ 

.• '. I , I , 

by-the gr~~t stalin, ·ha·s<a.J.r~a4y bo~n··frl~i~ •.. no,~btless:, the. resu1ts; 
' ·' -~ . • ' • • . -t \, . • 

Will be multiplied ~:~hen all the material tha_~ '{he Sed.O'£ men. a.CCWnil- < 

lated ~s gone'over~-

In Rus~ia.,n.historythere ar~_$ome:names of sCJ.ilor~e.xplorers; 

of v11hom 1ive ca:t;t_.be· just+y pr;oud. · To the-se ·:names ·belong:·: Lt~ ~;Har~:~on 

Laptev and Lt •. Dm~try .·Laptev, I•1aligin, Fronchishchev,-j)ilots T-1inin :·· 

_ .~~d steriegov; .en:si'gn (praporsh.~hik) Pakhtus·ov, Lt~ ·Litke, ~a.qm.·;. ·~

Markarov, · senfor .Lt •. Sedov ·and many others. -But ·;these· ahie ·.and .gJ::~-'--:, .. 

ihg explor.ers. of the ·.pa~t .worked .sing·J~y ?n'9 · ofte!,l, vv:Ltho1it · any-,·sv:P:-. · .. 

port~ Everybody knows. o£: the tr?gi_c ·f-ate- o:t; the.·seamE~-n-ex'plorer 
~ ~ . '. . ,\ ' . . " . .;_ . . . . 

Georgy Sedov; in w_ hose . honor th~ .i c_e,break(:;r, J.vhicl1 now: c·ompletec;l 

its drift, was named~- .. 
, • ~ • • • • • r • • 

The· work of tli~ ,Fapanl.nites' and the Sedovites YJ'a9 done undqr· 

entir~ly differe11t. c.ond~ tions ._ The party_ anci the govern~ment pr.o- · 

tee ted with· tireless _ c;r~re the;; . particip.~nt$: of. these heroic drifts. 

\. 

. .1 

(see Fig •. 7} th~~'Ugl}o.ut., -.~he v;hole country follq-~'feQ._ vrl i;h ,_great--·~- page 89-165 · 

est attention 'the colJI'se of the drifts_, b~cause~ the .Papaninites .·· .... _:· 

and Sedovi tes -have -once more shmvn to the _whol~ .··world v:rhat c-apacity 
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there ·is even in small collectives of So,viet people v1hen they 
. . • ... : ... 

page 89--165 
·- _ .. :cont_d • 

¢an ·d_epend ori" the .. POV!~:rful .miilt~_~m:illia;p qo~lect~ve; ·.:t.pe" ·!12me 0f 

which is ~he . Uni.on of Soviet.; So.ci.alist He publics •. 
;. '. ~ . . . . . . . . '• ' . 

. ·. ··' 
' • ;- ".- r ~ • 

· .,H ~'ie .. · .. omit _s_eve_.1~al chai)ters. _ 
= : ·-:\ ere ~ . 

·_·t. 
.~, . 

·- · ·be cause· their .subject, mt?.t t~r 
. •. .. '' . :: ... " .'.' .· .. ·:'/:· 

__ :is not -pertj.._nent to· our· report._) 
',. . ._:':, ••• :_ ..... r, • 

. ' .(':. 

' . 

~ ; . ' 

~ ; . 
'.> 

~ • ... 
• ~' ', )· • ... ~ j 

·I 

tv·. 
- ·"'- 'j 

. '~ .. ' 

.', 1 '/ 

-:-:-· 
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SEA ICE 
~'. ~ ~- • .• ,... J 

.. .:. • l 

.; ~ .. :. : 

Sphere, at>~he ~:t·imei';~Of;,:i ~:.;hj}g~es~t.~-:'d~v~io,prnertt;·~· · :·tak~s~rup ;a :tr.~~ :· :· , :. :' 

rnendous· area ...;.. ab9Ut 12 'mi-llioh>squth:fi:.:~;i::Lomet~~s·.·' Every. ;!:year:,.·,',

during th't7 .·summ.er ·season, the· general q\lantity. of· ice dimipishes;: . . . . 

by appro:ximately a thi:rd· •. · .. The :.,a:t~e-~· :of· .ice_·,~in ·th:e: centra:). ·'P:art of 

the Arctic: Ocean, i.e. in the. cte.ep: 'o~sip· 't\f.l),i.ch~ t.s·=· ~nc:~0~?9- be-~ween 

' . 
the. ext.r~m·e, northe·rn isl~d$. of··,Europe, )isi~"<anq· Arn~rica,. _takes. up 

an ar~~ -0~ · abgut 5:. inill;i.qn. square k~lometers •. This area is never. 

free of ~c~. 

The ·ice. ·in .:the s.ea . is differentiated sharply according- to· its 

orig~n: ~pto .river _i,ce,. g~a<;ier ice. and &e~ ice... ~ 

Th~ river.ice is carried out' dur:Lng the sprint$ peri~d.of ice 

rnove~1ent_ tt~<;l'o~!1~da). by :·the_ rivers which fall int.~ th~ Atctic. .pcean • 
. ·, 

It is ,distinglJ.i.sh~d by: it.s reddish-brovfn color, its rnuddine.ss,.:.and 

is ·f.ound only ~t; :th~ very e.stuarie~ of th~" rivers.·· The _river ie_e 

melts dur;i.ng .the polf:l:t; .s~mer and really has no si.gnificance in the 

r.egimm1 '9f: the ice -in .the: i~rctic basin •. 

G~aci,er· ic;¢.? .drifting ;in the, shape qf icebergs, is, forme~. a·s 
i 

a r~s)llt o .. :t: th$ breqkq.ng .. un 0~ glaci,ers moving do.wrt from the land. 

into the -·sea.!t. , . < ,, '. . I 

greenish1 s.ea, ice: which is. formed from the sea' water .itself. 
; ·• • • •,· •• • ~ ~ •• • . • • • • ... • \ • • • • • • • . ..... • .. • • • ' f • • 

. The ·_mo~t .. "~C3;-~i~~ property -pf sea .ic.e is·· its_.salt conte!Jt,· ·which

is approxim~t~.fY .fou,r t.lme.~ less than ... the ·water from which-.it- or.ig- ;. 

izlated-. 

·,:_· 

.· ;_ . 

-14.3~ ' ,, 
.. ~ ... -. 



I .. 

Another, r~mar:kabl.e p~OP~.rty o:[ s.~'7. ice i~ . ~.ts_ ·. g. __ _ra:gua_ 1.·~ f.··. r~~~ ... . · page 166 
· · ·.. · contdi' 

·.:~_~ipg :in th~>_ CCJ.ur9.:e~·()f time ... ti.ll:_i-n :_the 'end it b~pqrnes: su{t~hl:e. for. 
--~ ' ' ~ . . . . . •, . ' ' . . . . . . . 

consumption~.:· . The~.e ·pfop~rtj.-es·· of sea 1ce:. are explaine·ct· by ':i.;ts· · struc:;...· 
• : • : :_ • • . ·' ·, •• : ,. • · •. ~~ : ., 1 . .. ! • '., - ~- ·: 

tlirec. · __ '·.,-. ,• ·,, 
,.·, ·~ . : 

\.t' ~ . • . 

IGe· f'o.rm~tiqrv -~n .the., s.~a: begi.ns. _1vith. ther. app~aranct:f of ·,t~-:tn ice 
.· ............... ;. :- ... :· .. .. -' ·. . . . . 

. . 
\ . : r . . . . .• . ' . . . : 

needles - crystal9 ·of ·pure~ ice .:~/voven ··i'nto: .a· curious. net·.· - In· the':. ·. 
~ . : ' . : . . .. . . .. 

. .. 
l. 

cours~·:.?f~ttLme .. ·.yh.~·~.e- ·.o··rystal"$:·.bec·ome E:nilarged'; ret-ai·n:ing ·~h~_?-:r~ :purttY.;··· 
· · · · ' · · · · . · . . . , . . ., . . . · . · . . page 167 

and the Sfl:lt_.:.~o.lution and ~he various· rniXtu~es ·of: .organic~ and ·fno-r:gan~.· · 

ic o_rigin; ,:as:. well ·as-: q.:i;.r :bubbles whi·ch· are· fo~nd ·in the· s.~~- :water) · ~ ... 
. . .. _ ; . . . -. 

become co.ncept.rated ~n tl-1:~::· P.Fl~o·~.~·' ·p~~~~~n.·~h§:_:~ryst~~s~ In ··this· .. 
. . . . ' . ' ., -~--~ ;, ~· ~~-~. -.. i .-' :J _;~--;-.... . . 

· ·m-~nne:t;' ·the $:e:a_ .. _".ice. a·fter: it~--- ;t;orrn?~ion· :~9rs~~·~s or: cryst~ls,p£ -·~· 
. ·--- . . .... :. . . . . . : ' .. ..;. 

of air •. · ;. .,. 

/ 
The chahg~s. inthe-·temp.eratlire~ of se·a· -~:ce;.: during···it's life . .- spah:. · ' .. ' · 

" ·. . ' . •. . ·' . . . ' . '·:. . 

either one. way- or<·th'e' other,,- are .'fdllovved .:b;y:· changes 'in- the'.· stze: of : .. '·: 
~ . . . '• : - . . . : ·. . . . . 

the ·cells th9--t·. contain the ·salt. s.olution·. < Thus, ·when.' the ·temperature: . ~. 
. • • ~ • . •• .;>' ~; ·, • • • ' • • . • • • • : • • : • • • • • ;., • ~ 

i~ lowered, tb~ fOrmation ·of .addi,tlonai. ice crystals·· i's · fol:towe.d 'by~· 
• ' 0 ' ' • •: '': ; ,, ,-, ' ' •;; I , •' o ' • ~ , ' ' '• ~ , 0 '• 

.. 
increase .. -in q_imensi9·n and consequent:- burstin;g~ foJ:matioiF p:f:~·· t~ny · · 

cracks,~:l~g which· the salt solut:ton:.frciDl:·the-~cell:s gra;d:uaUY:' tuns· 
; . . . ~. . 

+ ••• ~ ' 

down, 11hi"ch <?·a\1-f?e·s tbe freshening ·of the.:_ ice •. Tt ·'i·s· ~btE{d th-~t· sa-lt~: 
. . I . . . • 

iness of t}\~ ::·new:'ic~ is greater as. the temperature ·of the ai~···.is.' 

lower, ·~which ·makes the· f:orma:t:fon pr~ceed~ :r~:ster."· ,-u~der··very. J:ovi· ~, 

air ~empera~tire'so ·the · sait .. solution .~ot:~·~:6nly:··cioes~ riot· have·, tirrie · t6 ·'· 
. -, . . - '' ·.. ·' . -· . 

. . 

run do1·in~ ·o_ut. ~V9!J. beComes squeez~(r ouf 'ori~·O -~he· t6p'··surfgce· ·-:0£'. ~he·.· 
. ' '~ . . . - . . -~ . 

ice~ .. :Thus, -'the~. :tee ·aurrae·e ;whlc~;h was ·rolmie4 Uricter ~ery ~~d~/ ·.tein:~· .. · .~. ·:: .. 

peratu,res .al·nrays s~ems somewhat moist fr~~ ·th~ sal~; $QJ.ut~~nlq,·. un.det · : 

still 1ovmr temperatu-res the surf~c-e,. 'of 'the sea. become.~ cove·red 

vri. th remarkably be,auti!ul so-called· ·"ice :flowers." The~e "ice 
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.. ! . ~1'- • . ~· ~- .......... 

. , '':·I: 

··:.::· .'.:: 

.···· .. 

·-
. ... · .. ·.:-•.!.;. · . 

' ·. _ . ~f;~ow~~~~/}~o;~~j_~·t-· }of·.·:._the -~~inn€rst crystc~ls' of i~e, the tips .01',-vrhtch '·: p·~ge 167 
_contd. 

are encrust,ed.J. >:as_ it·. vier~,. >v\'t ~11 §al~" ·qrj_sta:ls~. :.:· This.: 'phenome~6ri" is·'·::~ · : 
. ~- . ;···;·:; -:~ .·· :~::: .. ··.:·'-·,~: ··:~· ·;~ ::;.l ·.·, .·.~ .. : .: ,;, ''·· . . . '. -

so char~ct~·;-ist~c that mc9:{ly ie.XJ~·~qr.~rs; :c:.an· tell ;.O.:f'·.::the·<gre·at· ---hand::.:· . ::, "· ::-.::·:' 
. . . . . . •' . . . . . :.. ; . -~ . . ' . 

.-·.~;.t; . ;~:·.:.. ' : .. 

lcappil)g: of :s~edge :travel :bY.:YP:tH~g J9e:·::vf4ich -~~s· -f.otmed:·duri·n~f--1.61+-: ·-':-: __ .;,;._ 
. .· ·;_' _;:·. :_.: L ": :.·:.:' ,; .:~-~- _',-..; ; ·,- -~- :.: •. ·. ·~' .: '-:·I.-.··" . • . . . ' ' -.. ·- ' -_ :. .~ .. '. 

t~_mperature~-·-.--.. ~~e ___ impr~e·~~io_~-~ ~s .. --~hat ;··:~h-e'--s+ectg~ ·)041 ·:-not._· glide; ·on ·: ,· · 

the· i::e~~:r~:~::: :!o::e~:::~ d!:~w:::: ::w:::4:g~n·· o: i~s. su~face •. , -·: ._·- ·, 
:· ·. ·' ':.· ·I • -·' 

~·: ·. :: ~-~ :;· . ' 

If the· wa"be·:rs ·of·. -a s·uff~ci~l_l.tly: _ -~~i~~~;d_ ~~e:fl ·.-P~9:q_z.ne .. c.hurn~.d-. up:-'by·· ;._: ·::_._.i :·< l. '.: -'; 

. . : ·' ~~. . . ... .. I . . . \ • . . ' 

-wind, by wav~s j: pr· by strong_ curren._iis ;·- theri., t_he_~/';iJ1:Ltia1':-:forinatiori~: ... ._:_:; ; _ _.- ;_ 

of the i~e-~a;\ak~·-~~c~ -in\~~·bo<iy"ir'the:w~ter or at the Very·· .··••• ,.·c 

.. · · · · · .-:-page 168 
·bottom.* The·. particle~ ·o.r';:Lce-·vvhich. ·arE3:!cirrti~a-_;a-t\·ard'epth ·C!O. riot>-' ·'-~-- · 

• . . . • I ;.. • ' . ~ . . 

' . ··~· . . . ; .. 

at once-~.c~~~e
1

- up to .the- surfac_e o£:. th~· __ ;E~a~· b;ut ~r~~-;carr:red·;from·:: . 
I t-••• , ••• : ••• • •• -•.. t., . ...... ·. : .·.·· ·.:; :·· ... ·-" .. , .. ; · ·· ·· . 

. . ', ~· :. : · .. 

plaqe to place ·by .the· samei force{3 which .. ce-11se,d :tb~:ir;· f~m~t~o~-.~_-,: ·, · 

· Further ~;L t~~--·~tt~ c~e ~·.of ~~pth . i-c~; .. c:~~sir;tJng. o.:f · distiri~tty' 
. r . ~.._. • .. , ., .•.. · ' - ' •. - :: . : . , . . . . . 

~ . . .... : ) . . . . . 
·~ .... ~; 

round_ d~s~- vnth 'mirror-li~e -. sj~des' 'f:reeze. tog~i=,.h~;r.- as ::t·,.hey· .. unit\~/~-~-
... . .: 1 . ~·- ... • . . ,. . 1- .; ., • • •• - ·' ... • • ·: • : • ·; ,· •• : • • :~' • •• • ·' • • • : • • • . • • 

become thus ·enlarged and fi_t:lally_:~:l~_e_ to 'the- surface•.·"-:of_:the-,'sea·.->:4~~- .. :.;_:.' 
• - . • • - . • : • #'- l • ' ... • • • • ';, ~ • ··;' .:.. : ... ' .. • • ' 

,, 

' . 'f' 
'. . ~ ~ 

. - ,-·. . ~ . ·~ . 

* -- . Fo~a.-~:ion · 6r such b'ottom ·ice had been rep~at~_dly ·-obs~.:rv,~d i~\ · ~ -:_ 
the. [?ea of Azov~ ' 

iH} rn·· th·e~ hi~tory: o{ na-:._,igation ·there are in~i.dents whe~ -1~.-:the ·: 
beginn~ng·:of th~ vvinten .~n .the B~ltic, sailors found thems<?lves-.·.----· _ -.- ., 
surrounded with ice on ·all sides which had suddenly floated up from 
the bottom. · · It is .also known that the bot to~ ice at _thl@ rocky__ . __ . 
shores ·or··aree.hlan.d, Labrador ~nd Spitsbe!geri- often·.lift .. up' vnth 
them·. chunks .of st.on:e and .. soi_l. ·In Newfoundl~nd,. bott_om .. ice __ ;is -~n
cotintered , at depths of 20~ 3b :roe~er_$.e;·· At :·the-; shores . of Laqrador, . 
one time a -qo:x; ·with. ins~r.illnents _was ~rought up. by the_ qqtt_om-_.ice ... ~ · 
upon the suifa9e of .::the .. sea •. Th:~s:- -box· proved to belong to a v~ssel: 
which h~d .beet:l_ lost_- m.any years before, in Hild~on Stra"t t, :$eve:r;-al _ 
hundred ktlometers north fr,om·where·.-.i-t was-<found• · : ·· 

·• • • -. • 1 • 

-- " 
•• a ' •' ~ • ~· 

;. ·:.}• 

\'- ·• 

'.' 

. - ... :. : . ...._ .. ·. l. . . : .. , .i .. 1:·J·j· .. ~: : .. · .. : 

" :. 

....... 



.. 

-· 

For.mation _of __ d~?ptb, ice and ~lRo· of bottom· -~ce ~j.:n ·,·th~· sea re~. 
:.. .. ·_: ·:·.:··:_: ..... -,: 

-the ~Yrat~r~.' by ,cwr,ents. a,nq. wifid:;l.?-nd. an -q.'tDsence of, ice~.o~ ·the. surf~ce-
• • o -· • '- • ' • • o \ • I ': •, • • • • ' '• • • ·~ , - ' o ;. o • o • • ' •, ' ' ' 'J • ; • ' • ' • • ' ' ' 

·. of- the. sea~> As._ .soon as the .. s"tJrface . of the ,sea , b~_com?~L covered. o;t,er,: 
o • , • o ,_.._·• ~· , ;'' ~, '• 'I I _.:• :.=_ •:_, ' : ~·:.• =_.· :'·· 't '/ ,' ... ·,\.·~·)' _}, .......... : :,_:,•, ~.: :.~'.,:,,' ;~ :.·' .= ... ·: • -·~ ,: o 

-_vrith·:.ice .. that had;,fo:r;med on. the ._81,1;rface, o.r v(.i:.:th..- bottom ':i:ce· .. that .. ;., 
.. · . . - . ·. ·'- . ' '--: _-_. ' . :· . : .. . . - ... ·· : '.·. · . .' ... ::·. > ;; . : .:.. •'.·:. :_ ·. : ; ' .. ' 

had ·corrie up to the _top, fo,nnation o_f · Q:epth ice' a,nd·· bottom- tee :in~ . 
c :~; ;' • -~:. :-·\: .... 

•,;._·_ .. ·,· 
,, .· 

mos't cases ._q~ases; .• -. . i 
. I 

Sometimes the in~tial.crust of_ iqe <Jn-__ th_q-s_e.a·~~s . .f:_atrned·:by·' 
: ..• ... . · .. ·· ... ::. 

:sno'Ti-r· falling on th,e surface' of_- tl1e wa~er.~'. Su~h ice_ h?-S: -p~cul~~~r ,.\ .. 
' .·· .- _ .... ~'-"· ' . .. . . .. . ' ·' ;• . . . . . . . / ·. ~ ~: ., . :. ·. .~ ...... :-. 

. ·, · ... ~ -· ; 

·charac~~r.~stics in i~s. st~~-~~t~r~j:'·:~-~ i~fi.f.~~~n~*l~~e;~- ~:i: ·~t.~-~-.'-~~i:te,_ : .. 
~ ~ ' ; . 

·color, anti go()s>:z a. spec~a], pa.,HJ :,.: :s),?Y3f¥~;-(~_I\ez!J,Wsi)• : '.- · 

. A$ we ;haye seen. undet: c.<ilil obrid~y~~t,t;e ',f; tlJ<J s~<l> . oqid ;.~!l<i~ce / 

· _of .viind .on thEk surface .o~~'the' s~'a,::· --~·in~t-, 9rY~~als_ .. _iJl ;thG. ~h~p~·;. pf~ 3. 
i ·• .. • 

ne~:dles: app~a~o ~- These first f'ormat,i'.on~ .. g1 .. arl~a)-_tY ~~-:t;$.fo·p~~-; .. ~6?~~.o-:~H~~~.,· .. 

· .. and .forni" on. the. sur lace of the s~a v1hich ._in·:_appe~:ra.rw~. _res,em~.le· co~"7- _;: __ ;: ·:; 
~ . . .. ' . ' : : ... ·.- .. -~: ~-- ' .. '". . : ·.~ . . .· -: - ' . . _: ~- . ,· . .. . ~ . .. . . . ~:· .. ·:: . . ·:. 

- geal~ng· ~~?-t. and a~e :C:~lle·ct.. ;ice _:fat .•· '~ Ic.e ._fa. t ·.is' u~~al~y :Q~: .da:rk.: .ie.ad,:: .,. 

:color-, not much --~:i.ffej'e,~~-· rr?:n. wa te_r __ ·~~~ _cl?lf~r-:.w~ath~f· __ +.~ .,t~~ .:tt .·_c.: .• - .• ' .·. 
·resemble.s -finelv- ·crushed ice.·· : 

- ; .• _ .. t.J • . • 

. . . 
. A ·.s.ea :TJl,lic~ is co,rered vJi th ice fat create-s a curio~~- _impr€3~.$}0!!-• . 

':". ~-.~·· ... ~. ~~ ,• ·~ 'l ;._~ ~-- ': 
' - ' 

The. sea water s.eems- heavy, it appears· to- bebave'litce mercury •. ·.s~:nce:· . 
, , • ·r : .. ' . , ' ~ -

-·-

ice formation is .. us~ally--··begli.n not vii·th uniformity '.o,rer. ~l~~-!~0.1~·-";area,_.~, < 
, , , ·: ... ;~·-~. . .; .r ~ • i'._. ·: : ... , •'., ••. _,_ ... __ •_ ,;,· , .. • ~· ·r"'·. ·'·"'·-·· .' ;,~ ,;·t '. :,,"''·~ •t:_._ ~~· .• 

but in separate,-: :~l?r'e or less. *?:freql\~~t:'·s_pots~_/'tb:e_.'~l:l~~:~.<\~.~--o~_-:_a:.:·i~,~ -.:.·.:::_: 
· ...... ·. 

which is .c0vered with ice fat· ap~ear:? :.like ·yra-ter.ed s~lk ,(mdi~$)._' 
;~ .···, •· . ~ ,-,:·._:··. ~--·:' ... ··-~.:·· .• •• ·"!. _ _._·,~:.-::~· ~".·· ....... ~·~.~· ,._. 

H~ th fut-ther ~~Qli~g ~nd·. cal!]i .c~ndifion of ;the~ :sea;·~"':"the:'e.Dti';h~--. 
', ' .. • .-:;--·-·~/=·.· ... ~ ...... -: ·· .. ;~, . .- _··~~: .• ~· .. · ; .-··:--~~--'·-~-'].~ .. ..!. ,: 

. . ~ 

surfe,c'e _ be,com~·s. cove-~ed vf.i th ,;i. "t;hin sparkling crust .of tee vi})ich.. 
•. . - .. ·r .... 

. -

is ~alled skly.:inka .. -- s·and-glass o:r· vv-atch-'glass-. ·, or:hen a· si:-_ip goes. 

through ~this glasp~ice a Gha:racteristic· noise can be heard, vrhich 
. · ... \ 



/ 

1 i. ,: 

.I . 

is' pr6duc_ed by :breaking~ ice. ,-q~ips. and their . scattering over the . 
~ !, . : .· . ~~ ; ·. 

•:page 168 
contd • 

surface of the ic\3:G ::· . . . 
.. .. :.. '!: 

-~ 
. :. ; 

... Inii;.la'I formation.~;( ice, tlnder· ,~ .sli.g~t1~~:·dist~!~p~~- co~d:i.t{op :--. ,+ • ' ... 

. . . . · · · · .. · · ·· · . · . . .. .;/-~·;:-·. :· · .-.. · · · · ·page 169 

.. of ··th~. s~a. -~s ·-~'4t,~· di~J~~_re_nt:'~; .. ,;r~ .:s~~ff~-~::' ?~y .:.f.~ i~. from_ J?~n;/ cen:~<ers,_-' . /;. ' 

. -~nd allll,? ~t: p~·r.fe·6t~y .c-i~·qti~~r.:_ ?.;s~,~ _;m~as~ririg __ ~"jo..-_50. em ~are 'fo:rm~d:/ 
- ;.ft. . ; • _ •• ' • • ... . : . ". • : .'. ' ~ • '• • : - •.. ,. ·•• ~- ···~; •. ·:· -: • • :. '. 

. . . . . . . . . " ... \ ·- ... ,.. . . . ,_. ·.····: ·. •. i· . ... 

. A. characteristic of these discs is- their. border· of little nodules· 
:~_·c...,.~) ·.l .-· .. ·. : :.·. ··• ',.~: . · ·,. . . ~ ,·.·:. :· • · . , :"'. ··:. • . " - ·. ·, , . · . .. . . : ·I .·. 

VJ'hich result' ·trom','':friction· :bet:vyeeb. ·t,he. diso~ ~- . The,se raise'd. >edges·> 
• . ·~·· -I. .·. . ' .:' . / •• ' . ~ . . . :. .. ; ~·.;··; . .' '• J' : ·.:~ ·~ • :. . \' ·;. ' . ..:·. ---~ ., .• \ 

, .. make ; t.~e disc's. ;look 1ikG . f:'l?;t; .frying pans.:. c S1J:Ch. ic<:1 is. c~ll~ct,: ~· t~ .. 
. ·, .. ' .... :_ '· . . . ; . . , . ·, ,:·'. : . -~ .:· . ,_; ·:·· . :.- . ·: . ; ': .. 

all languaces/' :pancake .ice~~~; pl?-~e ~c~,~ : ·:: ·_ 
. r ( .... . . .\ ..... 

.\·. 
' . ,\ . 

The _:.edges·. are hj.ghe~f aboyi3:~the···:rrat~r~·than; the discs. tf1erifsef_v~s., · 
.· ·, • ' ... ···:· · .. ; ;· .. · ... · :·:::~:. ~<· .. _~·>; ~·~:r:;,:;;·,.·,;(·.·; .. ':'. ·. 

· and th~{r:';}olb~··>~-~- the:r·efch·e -whiter~·. t( t1e£:cbvered· vdth· ydurig' pan.;.. ·.;. i. · ·· 

cake i~e ,lo<1~ a$ tf.i(we~e ~c~i~~re~ ~'Iii~ /Wllite .ne~. , . . . ... · •. 

. ~Jer t!1~ si}rface, o~' ~)1@ '' k.ea ,i.~ y;w~'~Eid, td:th a . thin.iaY~r, 

·further :grovith.:•irFthe.·_;y~r~ical. d:i;mens±qns n.f:. the ice is the .• _.more. · 
~ • • : : .tr ' • ·.' _. '·1 -~- ... ·~_... • .·• ,. ,~~ ·..... . • •· ·- ' .. ·.- . -:· .• :·; ,.: __ ' . . ,. • • ' i 

rapid the:···iotrelr :t;h_e .te1.]ip~.rat m~.e r;~ -~he .~_i.r,. ·a.nd .. is . th~ · more retar.dedi ; ... 

the great:e,i'. 'the thi~kn~-~.s o~,_;_th€;3 f..or~ed _ic,:.· 
. . . . . .,. ·.. ' 

It is considered '·that ·, 
·'!.' ... ·-. • . ' 

under aver8.g.e :c.ondi tion.s of',.the ii~ctic Ocean~ the thickDeBs·.· o:f'-. tlie~ .·:f; ... 
. , •. • • I ~ " • . , • • J. ~ ' . •: . ~ • ' • ~ • • •, . • _' • • • . 

iee -whi-~h :ts .. ·~.forn1ext.by _riat:~1ral grmTth .from bel~w -f~r ~ :P~rioct· df··:,a ... · 
. .'\ • . . ' . ', . . • . . . ._, .· . .· . ,· . • ~, . . :~ _- '•( :. : ... ~ ..... ' . "' .. ,' I '. I ' - ~ • .._ . :' .~ 

year. do.C_$ not: exce·.~d ;;L·to .3 . .-me,ters. Great_tl~iC?kness ·of .ic:e:_: may 
. . .. ;. . ~ t.. • . : \, . . • .:. :_ 

·. res~lt f:pom, the .p~:ling. J~P.'of separate l:ce bodies,· one upon ·th~~ otner~ 
.: . , -·_. • ",... • • • _.. .· 1,. . ~ ·"' - :. . - .. • . • ~ • :.. , • • . • • : '. ': • .• , ••• • • ' • • • •. • • • : r· • , ' • • .: .• t • • . , 

.. 
'··so .. J?~;lar -~vo_r,ker.~--~l~"ssl:fy:· .t~1e .. _ic.e floes into :£i1o;:3e.: made' by·· 

• . • . l , ... ,. ', • . . • 

_grovJth ·.a.nd thosf3·,•·made ·:by p;Lling~ 
.. , ' ·. · ..• : .. - .. i ·: . • _ .. ·'·· :· 

-In ··:;r:elation.'' t~o its ·.origin.- q.nd its .. ,·dist-ribu~ion sea ·icE;_ is di~ 
. '· ..... _: .. - .. ··, . . . ' . ' .·. ~ . . .• . ·-. ... . ~ . . ·. "; ' :·; : ~ . . . . . ·. .:.1-·. . .. " -~ ., 

. . . . . . . . . .L 

vided into- shore ic.e,:· Cirift:~ng_· ice-· anq ·pack ·ic'e:~ :During ~ii~ter .in: . 
"• ·~/ I• • • > .,. ' .. ) -~ ; • ~ . ~- ~t ... r . . ~ . ,; ' 

the, Arct'id b:a_s·in.~,Y· :th£;\sho·r·~ .. :±"¢.e~. -ta:kes ·:up ·15~20%- _of. t.he:' .~ntire . tee · 
~ I ~ ; I •, ';' ., • • . • ··; • ., • • 

. • .t .· 

a~ea~ ·'bri~tihg ·>~·c·e·:·:.(n¢t ·a·:·P~.finanent- ·elem~nt' -of.· .. th~- pa,6k),,· .. · cons.t±~:· · 
; .. ·; .; . ·• . . ·' 

I ·, 

' ····>_ .. -· :"'· 

.tu.tes _app1~oximately 10 ·.~o ·15%• - Ab6.ut 70% of .the· totai· ·ic_~·: cbnsis't,s· 



• 

-~ ; ·. . ' : .. -~ . '; 

·-;.~ ·: . ·, . 
·- f: .• 

~f, pack :i~e;·-~~is·~:botl~taht:ly"·~ovi~g~·. fiilin€(·t~~-; ~ent~ai _pa!'t: of·.-:;·, page~ 169' 
· •• 7~ -~_:· • 'i • · · ..... ·· ~ · i ,. · • -. ~ ~coritd·::· 

·the- ·Arcti.c -~a·si_l?:· ~nd :being bordered· on the per~ph~·:r·y ;f-i,fst by, .·ari:re~. · · 
ice and Stiil c 16 sB!- t.o ~hoi~ ..'.::"'in: the ,;:Lnteftirhe -.- , bY sh;ftJ :Lc'€: 

Sh~r~· ice represents. ilmn~biie ic.e· ··whttch is . ~-o~.zD.ed in·_ 'the· r,~*fit~r

time along .the shore
1

S and attains t6vvatds:··the 'ehd of. :r~inter 'a .. t!~itk-:'· .. 
. . ·. ' ' .. ' . . - .. .. .. 

' . ~ ~ . ' .. 

In the. smn.ine;:,; time. s}1or~· ice ·th~1vs· out in · 
- ;·~ { . : ne~:;; of a bout 2 meters .• 

places· i~:l places' it breaks up and is: c~rr~ed out to s'e·a: •. ·: . : 
.:._. . . - .. 

: ·.: .. ·· ".· .. · / 

. . . . .. . . . - . . - ·-~--~·-: ·. . ,~<: ·:~ .. · ;~);.\ .··.1:', . . .· 
·the land ~o ·where the sea at~Cfl:~n~ a -'4?·~1net~r qe:pth~-r.~ shore.).c·~-

-~_ .... , ·• ·.: . ·.· .. · .. ·· .. ··.-'~~···. _· .. ·_·:..>'·:··,'·--!>··_ .. · ·• --~· ·~·· .. ·• .. · .. 
achiev~$ it$. great'est ·widt:t1'-Eit '.t~: ~hQPes of' S.~ber,f~.;-. on. t~e ·Inericl~.-·. 

~ • ,J • • •• : - • ' J, 

··ian, of· t·h~·· r{~·e~· t~~C!-': ~iher~··:it/~e~te;n~~-;··.~-~-~:~~: l+GO km:.··.rioftli~-~~~~-
., :' ... '.- ,I! ·-~ --:-. -~ .-··. ..~::~ .:: .··:il:: . ~1~··.::'.;_:.:_.' . . ,f" .;,_' ~.: . ~ 

t}1~ shor:e •. · · This is. expl:aint=rct· b:Y' the··'spallovme~s. of t~1~ adj:aJe~t 

r:eg:Lon ~nd. by the pres.~hc.'e- of· a 'laf'ge number~ or·~ ~-~±and~·: 
. . . . . . } . . ~ . 

: I 

Dr~f}"iing i.e~{~ a_s its name indi~~~es, :rs· · f6-qnc:l=· in.··. ~onstant. · 

.. 

~ove;ment,:· b.ecmning· ~art.+Y destroyed; during the. s~~r:,._. ·and ·pc:{rtly· · : 

·s~vivir1g t.he ·• s~er' a!\( again" f ~~e Zing into.· hew ],y ;<ifuecti ~ ce,.· · ; . ' ; · • . 

Among· th~ drift :tee· there i.s, .. :Lee Or varied ~rl~in ·arld. ;f.. var~ecf. •'- · , 
.. ·I· , . . ·-· . . . . . . .. 

form ·a·p~1 ~c,tried a.~e·~- . It.· .is e,stirri~te·d· that· the· t~0io~ ~·of 'c;ist~~ibuti,on:·~ ... . :. 
. .. 

of. drift ice· is bordered (or limited) '·on one side by tl~ '2,5~nieter -~ 

dt1pths· (withi~"VJ'h,ich, to.vvards .. land,. there: .is shor~ -.. ib~ .-irl' ·the 1~d.'nter'· .· .. 
• • • • ' • : •• , > • • ' 

. .. .I' .. __ ..,... ...,;._......-,__,_ __ ~_..,. __ _ 
~~ This ·does not· neqessariTy cdnfl:bct rr.ith."·stG::t,e.me:J;lts.:made··py·;;·. 
Peary, Sterans·s·on anc~ otJnc:r.s tha~ s~a \~:qe ,.h;'ls a .. ma~·dmuin. g;r:ounding : 
depth. of 2Q• ;fa~homs, ,.:fpr· they· a'dd·':.tJJ1~~- siic]1:~. 'ice .Ilj_a~r_ :.g0, 'acll'ift. ·Yii;?h ';.:, ·.'":/: 
a combined high tide1 an~l,strong vrind •. · (Note ·'by Stefansson) ·*' ' . , .. · 

"'(:: ' . - . ' ' ' . 
.;·, . ....... ·,, . ·, ~ • ' \ ~ ; ,J.o. • ~ 

.... • • : • • ·' :--· • • ~ • .... >~ 

'. 



r 

. ', .. 

:· .;.~a. -~change -in 'the. s,tt-U:ct;it~ of . the . ice . ~~used by::·periocii'c ch~~ge's. ·.~i~.. .: ' 
. r . ' ..• ·~ ~-· . . . ' • •. . . . . ·,· ·. ~ : : .... ~ ; .. ~.-~·._:~~-

- • : ~- •. • : 1' ;·' . ~ • ' # • • 'f. ,. . • . > • •• : : ~- ; J : •• : 

temperature;: four'th, .solidi~ication of the ice -by_.periodic .com- ,.' 

' f·: .~.· 

• ... ~ • ..!. .' .. . • • • • • • • ' ~ • • ~ • • .~ - ' • • -, 

pressure; -ahd, 'f'ifth~::··~- ·leveling· of.f~ of the :surfac~ of ·the,· ;L.c~. · .. }.: 
··. '. 

. • The ia~t prd~il~;, b:tJ~s whe~ the .. i ?~ ·has. attain8d' ~·~¥ thi~~S •· ; .. ·• • . 
. ness and· sol'iaity: ;('~tten(~tb) .'.tl;at ·.:i1.irthe; ·ctf~r~urb~i.~ce ._·(~ou;gh~.~idi .. ;.:·. :, ·~ 

by pr~ liS~~ tif~~k~g~ )"' ~~ c:~~s 'di)1't~uli;. ' Winter' s t9~~. ~],b~v[ril t~; ·.. • 
·, ·. :.< ... : .. ~.. ·,:.. . .· .... , . ; '.. · .. ·' ... '. ,, .. :,>: :.:· ;:· , :''(·-;· .. Jc<l.· :';' 

snow f.r'om··.pla.ce· 'to· :place, ·graciuq:l~y~ .~ill· ·.up.·.,the··va~ioris·.d~pressions. -:\·. 

'• ..... 

• " .••. •• ,:.: _·.. .··::~· •• :. ~-....... ~.·,. ·,··.-·:·~····.·.-· --..~··.. •• •J'• ... .;,.· ... 

on tl)e sutfilcie ' dr ±;he sea ice~· . T~~ ).?9 ].ar sun: of ~'91fr.iiiter j ri ~\nr/,c~~~ ' " : .. .. 

pai-ativel;V io~v .. 'ab~~e' ~6~ •. h•o;i zan, act~ · alm() s.t ,~;duSiVill;f u,P~ti· ~b~ .. · .. · 
... ,: I •.: :- '•·' ,._ ',,• •''•."' •-:-.•·•· .... <;•:,::~·.'~':-->:~ • <'\~! :.···:'·· ', :-'''.','··,, ··,:,: ·., _,; .. 

various. ·.Pr..9..J.rusi~ns ·::f~oiil' 'the., .~urf~e~~ o:-~ :~tn-€t t.~~-, ··-'tha~r~·~g- an~, ~~vel~f.g~:··.·.!·:.·: .... ·· · . 
. ·.···. ,,. 

them .of~~~-·:~·':·· .. : ·· . . ·' · · ·· 

·Pack lc~ (~u~k:.~s :heiEl d~s.crib~d) is impenetrable to. ariy tyPe · · 

of ·vessel·. 

Although patches of clear water bet-v.J"een ·separate fields of pack 

'1 

-149-.·· 

tl._; 



.'.- ;,.,. 
-·'-:'" - ... , ..... -

- .'.... .... ' . ' --;. ~ . ; ~ --~ -~ - . . ... ,.. . · .. 

,. ' 
"' . ~ ~ 

ice are -~a~it:iC@t (e~~ iti \i~ taU :h~{ cO~titute ~o~ :mo;~ · , . . , .Ra~e, l 70 
· ·· · · ·' ·.·: · · · :·· : ·\ ._ .. :. ... : -~· · ·· · · · . ,". •cohtd·.-· · 

. th~n 1%·, or :2·% .of:~the. a~:t.fr~·>ar~a.)~:- .i;he.y_ peverthe1e.·ss all.dv/ for: ·a .Cfil"- . ; ~; 
" - .. :,: ____ .:.:: .·.:--'·.:~- ti : 

tain amount -of ·m(ni'edn~nt of the_ -fields·· ev~n in 'wi-ntel-· ..... It~ ·i~ not .. 
. . , - ... -.. . . .. .·· .·. .. . ·- ...... ·:: 

- . ' ._ -. -~--..... : :·,:· ·: ... : .. ~·-. "". ·· ... _.·_ ;_ . •. - . ·: ·. ~; .:. : . ·.::.· ··: - . . . .. __ ;• . .· -~·:;~·\i: ·\· -~1\ ~ ~ > 

-nage.l-?1 . 

q~~fi.cult~.-:rot example)· to. compu~~ tt1a:t· the· mass o.:f.·the ice J'ield 

on which th8 s\atiOn "!Jofth PQle" w~s -~oCated, ~was app~~#£;~t;i~ • . . ''' ' 
, .. ,. .:;. ,' .. . ·":.,\: __ -: .. ·;· .. 

10 :mill~oh tons. ,:I~ t~ ~ .. U!fder~~~~dabie that' i.r: SU~lf a ti~.t.4;:, ·t.mdei· 
, I • ' , : . .·• • .···, . • • ... :• ' .. , .. ; ~ . .· .... ·. . . •. ... , !:'. . . , : ·.: , - ,._ ·;: . ~ ~ ~;;' ~ ' ' . -~~ ' . ~-~~> ' . •4' 

. ' 
' .. 

the-.i11fiuen¢e ·.qFvn,:nd·of _clirren,ts, -~ttai-~s -~ c~rtairt·i~p-e~~: a~d.then> 
. . . · .. ·. 1: ·. . "l ~ " • , 

b':llllPS ·against a.~: ,sho;i~e. (-or ·a,ga:l.nst: en9:tJier ic:e, ·fiefdj ·_-_ ~:ith~~~-: . .. · .. · ·· 

stati d~ary or inovi~g viitl~ a somew~t~t : ~; irere4t ~f~ed>' 'th~A. ih:e · 5_6'~' ~~e·~ks 
at the pof_nt~ ·of _co_ntact, no n{~·ri~'r_li~1{·$tr~-~~k-;'t~· .i~,. arict-·;o~~l-lse~· ·. ,. 

tremendous crUshing (i~ ii.:, th~·:fQfJn~t~J{~f ~ ·;r~~f>~e ridge or , ,_,:. 

r:i,dges.)" 
• ,-'(I, 

:...,· .. •- ~' • I• ' ·~· ·: 

. ,,:,; .. -· 
, ·f . -~ \' • ' I ' 

- . ; • -- _ _. . . - . t:. :' ,'-' 

; Batiigin 'describ~s:. ·a.: rii~t~r '6~u~hj:ng·~ . !;fit is. rl~J'ficui t·: t~ des-· I: 
CriPe ·the' accomJian:viD~ 11ourids: · they are Uow a wailirlg' of:· ·t'hg •~nC\1, .: ... 

- ~ . ·. ; -~ ;_ ·--·:. .": ..... '' ' 
. . . . . . . '\ . ~- . •. .. '- -:· ~t 

nbvv· a monqj;{,<:>pp-1lS~]ium .. ·of a ·mot'br; .now: a g'rqo.n of iome.>Jnk,9:vm. beast,·. 
-.-·- - . . - . . : .. ? .· -

~ ... :. ~ 

: -·~ 

In c6~ira~£, • all th8"0bs~f~~rs h<tve beeri. ~Stonish~·d. ~~·-· th~ q~ie'fl 
\- ~ .. I.· , . J .. ~--

that p:revails ct~ing ·a .-scinme~ ."Q~~ai{ing up.- oi ice v{hich'··~s .~n .. mo.st ,_: .. 
. ' ' . - . . - \. . ., . . . . - . . ~\. . 

.. · .. ~: 

.· ,-...... ". ·'. 
. -~-- ~ ·, ~ ' .. ;. ..... 

·(,... 

T ... 
. ~ .·:.-/ .,_ 

. . ~-~ 

) .. 

•, . •' -·ro•· ;.. . • 

.. -· 

-~-~--· . ·-. 

; : • • .. ·I" .. _. 

.. / 



no noise even when there is no vdnd.~:- .page 171 
contdo 

__ ·_.-_.~~ ·. Thes~. '~egcr~Bti·o~s. !t,;y:_~f3~d~:g~~ ~-r.}~r .. ~ubov·iilJ;us.trat~_;_.:-b~r-' tl!~i~ · 
· ·contrast vd:~h ·others; th~~ observers ·are ·liable to: generali'Z'e .ft.-om~

too f~~ :ipstances .,:;: ~Yie- _qliote :,frorrLSt(J'fa)1ss6,_ri'.s THE.'FRIENJJLY' AR~lC.,_ · . 
. pages· ··19-20, where he· quotes o'thet observ.ers·, arid then gfves h1.s o-vm 

.·._._,_~:}~-*perience:.· . :;_·, ::~ ~-:, ·. ·. :· _(.'. ,r: · · .. · :·,<~-- .···/_· :.:'· .·i ._.,, .. :·.:· · __ ;.-.·, _.· 
' .. '. 

11 In the ·far Nor~h·;~ot- 9·qly_,is;_:tH~--gr6Uild a·onttnually:·~::rackfng,·,. 
when the temperafur.e'is·ehanging and especia~ly v{heh it fs dropping~ 
but near _th~ :.s.ea:·a~~-:lea~st-':the~_e _ _.i·s; .. ;_~not :al·Wa:ys'bU:t.:on::·o_qcasi:6n, .. ?- · · . 

_continudus and to those· in exposed.s:i.tuationsa terri'fying· noise •. 
TJhen the i.ce ·.d.·S }~~i11g pi::L~d;· aga~ns:t 'a: polar· coast· ·th~re 1;i:S a : h~gh-· : _,:r: . ·: 
pitch~d screeching as one cake' slides·.'ov~-r the other, like 'the ·thou.:.. . 
sand~tim(;3;S. :)Jlagnj..fi~d .. :c_r?:eiking ·.of a <rusty hinge.:-:· There is the crash~·.:.·. ·· · 
ing ~-vi1en cakes' as big' as_ a· church viall, a_fter ·being tilted' on edge, 
finally pass beyond thei_r • ~.quili?r~wn :and _to'pple· dowp. upo~ ·.the i_ce;.:.: 
and when ;eXtensive flo·es, perhaps si~(.or ·more. fee:t in thickness; · · 
gra:qually bt?nd. -und€3~'-··. the re.s·is·t~e.ss· :pressure- :of the ··pack Jll.itil ·they · ·· 
buckle up· and snap, there is, a .·.gro.c;inJ.ng· as. Of; supergiants 'in tor-. .. 
ment and . a b:oorriing vrhich. at· :a di·sta~nce.· i_ .ofr ·a :mile or: t 1vd sounds ::like· 
a cam16riade·• · '· : - · · · · ·· · · 

. . : '~- . 

"Tne·· et~:rn~l 'polat ·silence;· 11wr:i.tes the poet ,in- his Londop. 
·attic. But Shackleton's men, as. quoted ·in his book "South,' no·r; 
and· again commence· their . di~ry en:t:r;-:tea ·yJi th the words "din,-. Din, ' 
DIN, ' Ro be:rt· · Serv?-:ce .. 'so.rne dlstatrce . south · of' the .·artie .ai-r c'le: : · :· : ·,; 
in a small. house in'· the city of Dawson, wrote much ·of the arctic-' 
silence. ,:.·But we of· ··the.--:Jar. north nev,er: forget· .too .boom -:~nd -screech' ·· 
and ·roar of the ·polar. pack.·" . · · ·" · 

' 0 :,,' '' ; ~ 0 : ,,.,( ' 0 .-. 0 ::_. 0 I .. 0 ~~· • 0 0.. ;•• 0 •• •. ; 

Bad.i.glrt;· Zubov,- -Nansen, Stefansson and o·.thers who.-bave :des..:.. 
c·ribed the noise of Winter crushing, do not really .. o.ontr~d:i.ct_; ~ach'-;· · 
other J:n.1t instead -describe, each a;s. accur.ately as he can;- ·vvhat 
each· h~is :.s.een·:and heard' •. : ::.A good. over-c;tll .. description vrill ;ha.ve· :·: · 
to be a. composite of n~erous reports fro~ varied experiences• 

: ':: :.; .. .. i .. 

As for the complete silence. o'f. summ.er crushing des·cribed' PY' 
Zubov: ·Th.Ei, ·;eXpl,·ana.tion probably:Js th~t his ._ob$ervq.:bions were.·· ·. · .. ,_ 
made, .fr.om ~the. deck. of· a ship where there. were many nq.ises::; among· 
them those 'of.:engi;ne~: and of m~I:l.•. St~:eansson .. _h;as·· hacJ: ~imi).ar::. : . .... ::· 
charices .. ·or observatio·n·'Irom-·a st·e~ship deck .and. wou:J,.d i_nsqfar .. 
-~gree Witl:l Zub.ov;. but .he_ has. als~. !lad_ chanc.e~ 9f .· oq~E?rvati<?I.l ....... . 

... rrom·'rotiboats· __ t¢mpof~arily:·rq:-ra;····rrotn·· heq·aune·a s·a:Llfng' ·ships·; ... ·r:rorf·· -~ · 
drifting floes, and f:r:qm; shqr.e~.:.:_;_. .. H~·.agrees that.: in .. ma~y.<~ases .. .'.th·~·re. · · 
can be a consid~rp.ble. c;mount of ice· crushing, . and' the·' ~~oling of 
great blocks, without noise that carries to·~ny great di'stance. 
But he has also found at time that there is a variety of noises, , 

' amorig-·them splashes;·· thumps, and even -explosive··pobms· like ,th~ muffled 
sound of. a remC?t~ gunshot ,or a d~amite .~xplos:i,.on.·~ He. h?·s;· notice4 
these squnds chief_ly .. _in ~ogs, ·which .Probal?ly .is ~or_ a rea~o!,l: a~a- · 
logous to the v.rell-l·no11m fact. _that· .a ·blind man hears more .than ~ne. 

· who has good eyesight, 1·.,hich is not because the blind man's ears are 
better, but because he ·concet?-trates upon them more. In a ~og, when 
your eyes are of little use, yop. naturally listen: more· attemttveiy. 
(Note by· Stefansson).. ·· 
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.... :..-,:~. _ ............. . 

. ,Th~· astounding· s_ourid! phenomena, whic}J. .Cf,cc.on:pan.y/ the .. bpeakage · :·0f. 

. iCe in t;l)~ WJ.Ut,ei-t:iilij~ , , ~rid 'a~SOl),tfie 4~~~t ; iJ.C ~b~,pa,nY;i~~ , the ;TI'.O~e .·: 

of the ice •. The solidity (strength) ·of the- ice depen:ds .~nai;nly o.ri-,~-- · .. 

its te~p-~rature·. · :·l\ri:th --~--\~inper~-t~re_ .or beiotir ~9°- th~ ha~,Q.~e~i: 6·(~· . 
•• , • - . ,. • :.. ~. • ~ •• , '. • • •.• ' • ' • ' •• , • • • • '1- • 

• . , ..r ... 

ice is about_ li:ke ;that of a· 1·v:ell. lJC3,ked-br:Lck_; vr.L.tb'\~a f~rtber 'de~.··. 
...., ~- , ' -. I ; , 1 > • • ' •. ,> , ' .• •' ' , , 

·page 1?1 
cpnt'd • 

"' •\' •':._ J r ' ," ~. ,.',' ' ~ ' :!" • 

creas,e in -~e?lp_er·a_tu!-'~· _.the J_1ardne~s. ~ncrease~_ .. littie .• ·· . W~}p t_p53 · ;rai_s- , .. ;_ 
• • , , , ~ .. ' . ,~ I 

~ ~ '~-•;>0 - , r .~.-:,~·.'::.· .. -::-.,:'.::tt_•' .·"''•;,, 
0 

ing .of th~ ice. t.emperat1l:re to .. ·t.he. t!l_av~ng-.poin:t; __ the -harcthe,s~~ of -the.···-

ice· deC~eas~s · J:.~~idi~ an4: aPproa~he:s .z~ro.; ·. Ice :und~T. higl) . i;~mpeh·.,:: · . ' 
! · ' ~ ~~- ·. 1 , • • · - • •• r · • · • " . 

.... · .. · ~. -1 • ;. .. ·-:: • 
" , • •, , • , ~ , I' .._ r 

• . •.• • • ~- " . • t"'. 

. j" . . \ . L . ..-. • . •.:.' ~ . . •·· ~~ . . · .. : ·.!: 

ThS: te.mperatu;e . of s·ea. ice ch~qges. constantly. during ·it$ e~-is.~·, · 
~ ~' . . ., -~ . . ··. . t ' •. . . . J '. • • '.. • • " • 

tence •.. It: .:Ls .Jspec;ially. cpq,racit~;.ri9tic<fqt -~119 _ .temperatu~e· of the~-:·.,. · 
• ~ ' 'i ' • ., r ' l ', ~ : • • 0 • :.' ~ • : : ·~ r 

lov-ver s~fac_e·. 9iL the i~e t~:".be._: cpnstap~ :~~d .,:fo' b~ ,·~~p;orlm~·:te:ly ... ·. ··.· 

eciUai to .. th~ . temperatUre,. Of .. the fre ezini;. ~f seia .~;~i.e~, : j_ ~'e~ , ·a~:·.~ ·. .·. -, .. 
~ ' . . ~ 

· - 1.8° below (centigracie.) zero. 
. . .. -.· ·< - I '·;;,.:;., :·. .,:·•.'· ·~. ·:: .. • 

The te!Jlperatlire. 9f· the 'Upper'-~$.1?-rface,,;. 

0~ the ice· field follow·:~ apl)roximately' the temperatu~e of 'the.·· air. . 

and soffietimes ~ro pS iower t~an -4~ 0 (G). · . Acco;dingly; :the Cl~eris:t ~~~: • ·· 
.. ' .':"'· 

or the lowe·r:~.s\).r.face: ·0f. the ·_·ice· fj_eld q;lways. ·remain the same~ ~and. 

the dimensions··of' the/tipper:~surface .either. 'increase' or· .dect·.ease.' 
:··, __ . . ,.· "r.' I• 

• ~ I •; 

For e:x~mple, the> upper.· surface ·of· t{le i·ce .field on ~which the· station~· 
- I• • '-',.·'-1 -- ... ~· ..... : .... :~~~.~ .,,' ,' ' ~-·. ~. •• ~ .. ~.1':~.;:"'.· -:.-:~-~·r. ~,_.·:; ,·.t. 

"North· Pdle-~'"·~~bi:}&~~i ·c:ottld t;han~e~·:-:i.ts .. 116rfzont.ai · di~ens·£:oh-s. ,dur~ni( · _:; ·· · ···: 
• •• .-~·-::~. !-~~- :> .... · . .' - ·_.:...·.: ~-- · . .-.· ··. ~ ;·! . .. ::- .. ·.>. ·_ .:· :..----. ·:-~··.-- .. ~~-- .>:, ~ . '_..:-.- ·;. ."; ;· ' ·1:.: :·~ ;_: ' .,·· · .. · 

the year by._l o't -~ 'metet~ >only· uifder .the. ~-nr~~ence bf.' the. chfu1ge :_-. ... .. . . 
.. •' ..• :. • • ,' •.. • ·•'." I l ...... :' -'~ t\ . . ,.. -~ ' • ! - t- - •• • ::·:·~~ .-~:~ I ~ ~ 

in the tempe1~at~E?-~- This :ch~,n~e;-irt_:_,dirnerisioni·;ca1lses .. :f.br·~.: ··n :.~'' :·· ··' 
' > /' • .: ~ ':." .'' ,'_ r i:" .;_·, ...... :..-~: .. : ·. • ·,· ::_1~-.~~ :· .. { -~: ~: -':,,.·,··.':~,I',, ~·~.-; ', ··~ • • ;• ·~·. '._'~' 

\ ' ~' 

·':I.' :!. 4,. 

. ' . ": . ··: .. '· 

* E~cept for .the ,c}.~~ompqsi tion of _rr:esh ic,e;'iri;to.·c~ncils 'ice," · · .... :.; -~ 
Stefansson ·is .not able to· .. agree ··wii;;h {<?r·.~·at least do~s;,···pot··under._: .. '·:-. ·: .. 
stand} ,-t~~s:.·trpuqd:trig_'~. s$m~ie.: ,-;-_(N9~~l 'l?Y. ·s~e·fa!1s~:Sn1):~::- .. ~,- ...•. :: .. ·>,·. ,; -· 

' •" J ·....._ . : ' .{ • •• "' • • • • -\ • ; • :. l ., ~ • 

. : 
. ~. ..: 

-.' .. 
. . ·· . ~.. . .. 

/ 



res'embling .lpud gun.· shotp. . .. 
. . t•. ': ' . • ' ' .• 

' .... '' 
···.-; 

Th!3 ~~,n :9.f:·,x~e .sta.t~oi?-:· "N9.rth ·Pole~." during· .their: ·s.tay ·on,.,·.:··.': 
' . · .. ·.~ . 

.. ,• 

the· ice .f;i~ld~:·: .le.a.r,ri~d to. d_:Lf,ferentiate·: variou~· sounds 1d th -trhich · .. 

the· Arctic basin ~s filled in· the· vvinter. time. .. . ! 

In t~~ co~se .or, :winter,~-·th:e ·:Lncrease. in size of. separa·te .t·ce ·. 

bodies tak~~- :Pl~c~. v.ertic.aJJy. through. .:the heaping .up of, pressure · · . . . ~ ... ••, •' ~ . . . . ' . . 

•• • t 

ridges and ,hori,~_ontally .-by :the.· freezing:. tog~ther''. of. different . 

·pieces. "~h~s.~:eno~wou,.s. ~.ce· ... -;fields ,_.are. ··cr.ea~ed:;- :vihich also·_. get· 

I 

\ ' . . ~ . .' . . .. . ; . . . 

Arctic a~t.aips· its:_.great,est d~ve}opmep't'·: ih ·arec$.: ahd 'depth approx~ 

· imately by l:lay; .. ,b"ut. the. ~'in~e~nal~" thavdng of::,:se.a .ice 'begins con...: 
. . ~ 

. ·siderably earli~r and .is .. e?Cpressed first. of ail•· in the le-ssening . ' _, . . . 

of :its so1idity_(stre,ngth). 

Act1.lal.~y, .:a~ .w~.,~ave: ·S~en,. th~, ·sea ice consists of cryst·als 

of P~.e i~e s'urr.~:undeq_ bY. -ce_lls. cont~intng-·a salt.: solution ?f, -se!i < : 

Wqter •. The~e .. cells.: re_ach .their smallest .. :s:i:ze· at .. the· moment :rrhenf .

the temperat;qr~ of .. :th~ ice r .. E;aches its ;mim~r.num. As .. soon .as ·this· 
. . . . ~, ' -. . . . --

temperature b.e gi::1s~ -~o ris~_, .. the d~m~nsion~ of the salt-.solution .. 

·cells be gin. to J)1cre\3-~e~,: .the . .conc~ntration o.f the. s-olution· in·.~ .. >.: 

them correspondi~gly dec.rease:;:; and ·the ice . begins · to. tharf a~f if·. · · 

front: inside .• 7~ .. ;·.· 
• • • J• • ' 

· 7'" He;r~:· :a·· study should be:.made' of· the. paper-{?y" Pr~.fessor rr~ .;n. · 
· Tnitman, "Elimination of Salt f:rom Sea-Water Ice,.n in .American . 
Journal ·of. Scie·nce, Feb~·tlary; 19?~·-· . pr.. VJ!'litmap.' s. ;origina_l .manu--·-·. 
script from 'which the published art~cle is a c9ndensat_ion·. may be 
seen in- the··Stefarissoh Libr3:ry. (Note_' by ~tefa·nsson)~ · · "· 

,· ;. '·. 
.... • :,1'• •• . ~:~··. 

l . ~-
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I 

... 

·. __ ~ The r:t'~e · in;·:.ic.e terry.per~t~~e::: is .. ;c.C'a1ised by_·.(3jbsorpt·i~Qn·· .of:'tJ:re·: :__ pa~te·'-·'172 
·· · . . . . . . · , contd. :: · 
.·. partp of the ice: "of~ viarmth.<rr6~r:. th~':ai_r;~. £:rom. t"he. :Vv-atJe'r~- sl:ltrb'uhding >' ~.: . _:r<:· '; 

¥ • • - • ' ; • • ' ' ~ , ... • • • • 

. . .• . . . .. ·• . . ' \ ,. . . ' " •. . 
· the ·ice, and·. py 'abs:orptim1 ;:of. sl.in ~rva;hrith .vvhe~: -a:fter:· the e·nd ·0t ·the··:':· 

' ·iong :polar -night the;·:S;un· be~ns tb· shovt- more ·'arid' lnbre-~'ahov~ tlie··,·<.>- .... 

horizon• 

The ~a-bsorption. of sun warmth by the ice: tak~s ·-p~age· t1?-~h in: :· 

teresti-ng. v~riations •. Among: a·ll the .nat\l±'al. vvi·nter: coverings·, .. a . ' 
s·now c·overing _is the most neariy :perfect. reflectorj· wa-t·e;r '·on··-the' 

contrary is the mqs·t perfect absorber. of.·',sun -ener:gy •. ··: The·re~6re)··:· it 
. • ., . • . ? :· ( ; .. _,. _. ' -~-. : . • • • ····~ . . . - . 

<is underst~ndable.· that· -·with th~ '<lRmr9?-Ph·"¢l;: .. :$pf,ihg_. ·and" stinun~r the-'···· 
•. I. . . . • : ·, ': .-·· ' ..• ': <. '· !' .•. ~ ' . ' . . 

tha-wing of. -io~ proce.~ds fastest. of~· ~:t.i-"ip ·. tho~e ··pliices ·where tJiete·· ,.;, 
,· '';' •. . • ',' ' \• r, •' • :. ' '·, ' . • 

is most cieap · vv9..te~ between· .,th~ · i'q~ 'fie+~~·:·>. ·Ttt~. :water~ appears ·to. 

(·ingest the s:un.! ~ -:-tvatmth ··into. itself ·apd.-·a~ ·-~t-·touche-s- the· ice,._· it' 
'. \ , 

. . 
transfers to it the warmth,- and thaws it. · •. f. 

- •/ 

oil· t{1e, ic_e ·:.fields the absorption of , sun ~~armtti is cOnc~nt:i;,ate·c:r~:~·: ·:·: 

J-

. . ' ' . . .. .· . ~ . . . - - ~ ' 

the ·open s~a, ·the -dark particles: are: mainly of prgan1'c orig~n(~.· :- ... 
' . . . . . . . . . ~ . ' . ~ . . .; 

tiniest orga:ni'sms,., li:'vihg or· dead, which 'havf3'. one. vvay· :O:r; -another 
- _I' 

~ \ . ~! ..... ·/.-.'; 

:. ... ~- r 
"' •. _ t 

.'(: 

. . .. , pag·e ~i 73 
It was· already noted in. the times o£. Nansen,. that . the . thaWi:rt€(' : . 

~ r" .. 

ing Xro~ be:tmv _ ~...;:.:ai:l.-the. ~o;ei_gn incit"t~riai~=·-in .the i¢_e\,ar<?. __ ther(3fqre· 
- '' ' ' ' ~ ' • ' ' 1 ~ "' "~ •. t ~ '• • ~ .•.. •I • •· 

gradually·lf.fted.\ip1vards.~- ·:so_ ~hat in. the·;~~ncl\ ihey:_~ppe?J.~; -P~:· .tjl_;~·: ~ur-f~:~E3:.:··.-,. 
. ~ . - ' . . . . . . ~ . . . . 

These pa:rtibles ate th~~ :centers aroung ,vrhfch .. the, absorpti-on of· the 

su;n}.s: rays' and the ice~thavring are . c·oncentrate'd. 
,. ' ... ,., 
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,:,.; :.. , .. 
' .. 

•• ,1; 

·. ·.:·.:··· .· ; .... 
'. 

1
1 • - . . ~ . :. . ~ . 

·· · _:~·-· '····'But however grea{ the_.·reJlecttve_- qu~li t:f~ ·a· ~-ertain:'a~p~t of. page i?3 
· .. __ ·-. __ .. <" ._ .... __ ... ·.·::··- _=-'•"·;··.·· .. ,::,:;·'<<i:::1·:.::;:;-.~: .- .. __ ·:·.- .... ··-_ ··.:contd •. 

sun -..varrrith is absorbe:d by _sno:v~ •. · .q:~ _,-~s, .uncier~.t~ndable that._thii upper~ 
.. · .. ·· '·_ .. _· · ........ ~-· ,·~: ·:·:<_"···( .. ·; .-:··:~_·:·· .: ' <·-- ·.· .. ·-~- ·_: 

most srio1vfla:kes sucetimb fi;rst; melting enough ··to aga-in~· cong~,~l :Yri~~-\-
.• • ...... , f 

each othe-r into a:·'·sol'id mas_s~,~-9-_ c_~ust, _which :P9,~-sesses a great _re-

fle·cti ve power.. The:::~-now ... :cov?l~in·g. at_ thi_s~ tirne-~take~. on ·a blind~: 

ingly whit·~ .c~lor, ·-causing. ~durl.~g- ea~~y:: sp~tng in :'the··~olar }·?our~ · 
. : . . '• 

; ': ,·,. 

tries a sevt?r~· infLammation· of the ~ucuous. membrane of the eyes,. 
• . 1.. •.. • •.,<; ·,· . ·.,_: . 

vrhich is ·caliect- "sno.w·.b1irictnE?~s:·n~~ 

Due .. to \-~tense refle:ction, the :ho.~izon · a:tJ this ttme ~ve·n vvi th · 
. . . . . . ... ;,• 

a cloudless :s~)- ?e~om~s .'dim,-· -,~rid_ .. s.tforig ·:f~rr~'dtions are observed~ . _.-_ 

. If the·. sky i~ · ~ a,;Sred .rl th ·a. thiri 1iye; ·of c,iaU.dS, . thG. \~hate ·•· ~tmos
pttere seem~~--~o-.b~· -fitled ·With. ·a_ sp.ec-.:i~i si_l~~ry· light, ·-_Vfhich ·-re_sem- . 

. "•' .. 

hles ·a light ·reflected ·by ·a.·p;iish~d ·silver ·(lamella) /piate'~ · 
... ·. 

I ~ :, 

In the· ]J~Iar·,·r$-gion~ even when the temperature o_f · th~, a;i:r'~'in 

the ·ea~-lY: _sp_r:.:tng does not ~is~ above· -30~, the-re' ·app~C1r- ptl. :~Ur'f~:ces· 
,· ·-

faci:t:lg so'cit~:~ th~ 'ftr~t liquid ~rops of salt· solution}: ap.d __ the".shai--p~--- ... _' 
'. '\ ,· 

edc:es of tl:J.e:;:i·ce begin· to thange by thawing? ·.to get·:::rotinded ·Ob.t_ •.. 

i~ . If. t~k~n··~vithin. the._limits_ n6 __ doubt· intended by·(~ubov,- :-:~his· 
statement:. i.s .:right~ Bqw·ever,. o·ne· 'of t0e b.est estal?lic;hed- things ..: ~ .-.. ~·
about snori,blindhess .. is that·';i.t occurs rho'st qui'ckly,~ and '"~~th. the'. 

· greatest -_severity, not· when the eyes· are '.'.blinded" by -the :glare of. ·, 
-·. a·· clear- sUri·or· ·s-hirrnnerin[(:s~ow._ o~t,: .on:~.·the···-'¢ohtra:r.y;: ·1vhf?n · .ther~· is·· . · 

no 'SUC~. g+a~e. oe.,c;_au~e. ti:~' Sllh. :is .pa!jt~y: h,~dde~-,behinq moqera:tely_,' _., 
dense uni~o~· 'c_lo}lclE(;·. ·P.r?ct1i9ing_. :.the -:~or:td~ti~n :~p.ot.r ~~-- d~Jft:l:f3~d -:" · 
l:ight.. ..(~cite by $-Eefansson}'.;'. ·· · .. . -· ··> . .-. · ·-·.-: ·i ··· · ... 

' ~ •• . . . • • . ~ :, . . l- ; 
... ,. 

,.'· 

. .·, ... · 

\.: .. ·' ~' _,.,. . . 
.. •.; -

. : . ~;; . ..... . ..... 
.. . . 
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above the· ho:rizon, the uppermo'st layer ·of snoitv be.come-s saturated. ·.page_ 1 ?3 
.··.. ·.· ~,.,;'·.·--· .. ;,i ... _:--· ..• _ • --·;- .• --··. · .-:-;..-.~.-.-· ;· ·'contd. 

··· : --.-vvi th water; ::r:ts capacity to absorb the sun·' s warntt.t then :Lncrea;s~_s,·~- .-~· 
. . . . . . . " . ,· .. ' .I;~· ; ," :~ :. ·, .... . . . .. . ~ .. ~ .... -~ ·-:· .. ··i:' ·, ., ...... ~ 

.... • • 1 ;. ·; •• f 1. •• ,· :'~ • • • •• ~ • • • / 

Ever;y time there is .a sudden drop 'in temperatu:r:-e' __ (aft~r ~- t_hc3:w). 

an ice ~rust 1~;-·fo~~~d-.:o~·the ;_~~;;~~e ·o·f ... t~e ;~o~, which Pi~·;s· ,the_ :: · 
~ . .,.,. . ·. . . .· .. : ~ :·, . . : .. . ··r·. · ... · ~~'{~'- ._; 

.... .,~_ .,. . ". ... -...-·~ 

role of the : glc~rs's, ·cover.. of a hot be.d (parnikov:y). 
·,_,, ... 

Due to these effec.ts there is a gradual accwnulati.on of -warmth 
I .. .., . '\ ' ' ' ~' •; ~ .~ •: :' •,'' '• t • 

•. • '1 • .r ~..._ : • • ,: • • .,.~ ·, - • ' • ~ ' • ~ 

both in 'the. st1ovi and ·in. the ice,_ -v:rhich is sh-ow!). by. the ri~se· in tern--
• • ~ •• ' • :·· ; • ~ • • • • • • ' •• \ • - • .,_ ... 0' • ~ J! : ::-

' 
perature of the entire illuminated PCl:rt· of th~ ~ceo In_tf1e~ de.pths 

~ . ".'. ' 

·- ;,, 

of the ic~ 'th:i.'s warmth is absorbed first of all· not by the. crys"tals 
•.. ,., ,; ~~-~- ~.~ o 0 oM'' .-~·o :._·~: ~--~ 

,- , I 

of :i.9e themse·l~es~ ·but· the. ·e~1J~a-p~:Q~9 ~~!n~e;tt~t~.Q~t~~e.en. thero·~- ~~is;,j 
-~ • • • ,4 '•' - ~: ~.-·· ' ;•.L'o •,,•;• '~~<~·~.'~•·.~;· •"~ .. , L" ·:.;::.·- ~-U, •' ~ • ":"' • '.· •· 

oy the way, explains vrhy i9e whi.e;h, v~gs. ;t·q~~d. dur~rig a q~1i_e~ _cq_n~.-
. . .. :·' ' ... · ,··:- -~~~-: . .' ~ .-<·_~ ··::-_.:·.:~~-- .. ; ..... · .. ·. '~-. : .· :·~ ·. ~-- .. ~ . ;~ ,-11'-.,. 

di ti.on of a p6nd vdll, when m8.1 ti'4~, a~qui:t;f?- a chari,cteristical-ly 

· uniform. (sotocibraz~;{) ~ppeara~C~; ~ri~ ~~~t e;: .. ; kipd- of i:~, in- · 
. . :'"!i.~ -, · .... .;..\ .. : • .. • : .. · ... : 4 ·_,_ ~-,;_:·~-~ -••• 

1 . 

~ ' . ._~ 

clu~in.~ sea' ice 'at .. tqe' tim~_ .0~ it's fi·n~l·_,destruction, _f~~~s- ~;nto '.?:~ . ··< 

separate needleS, vVhich r6prese,nt the remains of the, cryst~ls~~. 
. . ' '~~ ~ 

· In t~·e·· course~ of t~me, there· are formed ~n the ·surface of the · 
... ~~~ . /' ... ~ . 

. ' 
ice .:t;irst dark :spots, and then li ttlt? -lakes of thavved snow _water, . 

page 1?4 
• ~ " ' • .' . ~· ~- .,. I, -::- : • ' . . ·' 

_vvhich. are :ca-lled s~_ezh~it~i. (snow thing~ Y~,: These eontinu~. ~?. _.e.e~ ·. t-'·· . 

\ ' 

larger eve·l'l during sudden freezing;, due' to the protection. ac-tion 
.. -

of the ice·· crust· which. is formed on their surfac.e under such .circum,.. 
. . • ' '·, . • • , .~ ::, --;. ~~- > .. ,' : ·.·- • ... :" • I_·,." • 

... .. '" ... 

~~ Ste~?-~sson ha~: .. ~ot .:~6bserved the :f_.o.imat:L.9n_' 9 .. { n~_ed~~. ·clce·. :e~c,~p:t,\ /·- ·:-...·.~~- i -~~ 
from (a) ·,ice. that wa,s .alw·ays. fre_sh • ariq (b·f'ice• '.that ha$ .:o·e·¢orif~; f~t~·s~. •., I· •. ,~-. .:-

(through .. the proces-s.- described by Yvb~tn'l~n·- and· Zubov')~:' ·(~Jo,te by.··~ . . " .. ,_ .. -. 
Stefansson) .. · . . . ·. , . . 

... I 

..... '~-. '·.; " 
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:.. ... ::· 
.. ··: .. .... · 

. ~·, : ·. .: ·- ... 
·.: ... ·. 

~ ·• . ., ,', '•' I ' 

l~: . .. ·., 

.. :_,,.;,;._ .· .-· .... : :.· •' '.. . ... , .. 

· ·· · : ],ak~~ of tha~v~wa, ter ( teinpe~~ t ufe a bov ~ ]_d)~ whi ~h .are c oyere.~ -~ '•th€ page 17 4 
·· · contd. 

top vvith a- ~a,yer of· i-ce:·up 't6 t<f ~~-~ in t_h:L_cknessct~~ 
. . 

In cle~~ sea i~e. the!' -c:enters. ~f abso:rptiort ?f. sun e~~rgy:a~e · · . 
·~· . 

. the s.a).t~.cells;. ·;tne.-':dimen~:fon·s .. ·of whtcli i·ri· the c·ourse .. of -t~me. anci· . 
.. . . . •. . . : . . .. 

. . ·. 

. ·- . . '• ;,. . . . ... . . . 
vr.i th the.: r:L:se .. of,. temperature··gra.dual1y increase.,. which hasier:ts. the· .. :·: ,· . . . . . . . . . . 

ctownwa;r.<i.;~g,vemi3nt: · (.niskhb4;~?hcheye divzheniye f o:f the .sa:t,t.solti• .. · · 
.... . . . . . ... . ' . . . . . . . ' . . ' ~ . 

SOlar en~rgyJ and·· ·coriduc·tiotf of' 1N~rnth fn the S~a. ic•e; de~p. .. -ititer• ·, ·.·.: .... 

nal chan~E~ ~- takEr • place., · T~~~e; at ri ~ s / h~ve. l~t tle · .. effe~t .o~ . th~ ·.• 

ext~rnai.f,o:r.m ·and:·d~mens·io-ns o.f_ the, i~~,,. but ·th~;y dec-r~a~e:·::-its s·.Q.i~.-: ·-.:· 

idi ty ( Sti'Elngth; hardzi.e 5 S) 8.nd Capac~ ty ~0;-. ;e's i~tj_ng yartaU,S ~-';, ..... · .. i 1: 
':• · ....... !.; .:' ·.:: .:· ...... • ·: .. . . .· 

. ... ~. · .... : . 

ternal pre-e.$:ure:s • ': 

In ·-the:·zneantime~: -the li ttie lakes 'of snow wa_~_e:r o~ t~:e ... ~~~urfa:Ce 
. . . ~ . :.~". •• . . .. 

.; . 

of the iq.~: .. co.ntinue,;:·to :lncrease: .. slowly 1Nhen -t~~Y .~r.e q.p,v::erec;i··. y,i th: : 
• • ' • : .; " . r· • . ~ • 

': ~ •. : \ - . 

.. :.:~· .. ~.-~.,J,~~)~~-~trans:pqrent freshened . ice ·but consider~bl:y- fast~r y~q~n) I g~e ·_,to 

the rais~ci' ,air te~pe;~ tuf;·~; the l~k~~ .·:.~~e i;~e :of. i-~~~- ..... ··:·~~e. :s.now·-. ·':\ · 
. . '' . . . .... ·... .· .... : . 

.; .. ' ,! •• 

,r ·-..· 

1vater l':>enet:r:ates into the cracks tha{ are.· foUnd irt. the _ .. SE3.:1:.:i;_?-_~~·-: ,.· ,:,~-.:';. ,:_'. ,_;, __ ~_~:: ... 

Coming :in .. ~·ontact "~Nith the ice, the temp~~at ure .of v~~~ch. ~P. ·. qon~~q.~ ·,. ,._. · 

€n;ably belq:w: f-reezing poirit,- this water ·freezes,- seals up the crack~ _ _. ............ -.. 

and thus st.ops the __ d1~ai~e1ge of ~~e ·basic ma:·ss. of water under the i_ce •. 
• )>.', '"' 

-: .. · 

~} .. ·zuba~··¢i6es'. n_ot- 'me,ritio.n.·.v~haf ·.stefan-~ son freqv.eritly · obse~~~ed . 
that after- a -~malt/water ~hciie 'had frozen over' the vrater iri it' .. ·suo..;.. 
sided enough.-to, le-ave an air space· Q~ a fractio·n.-of· -<?-n .. ;inch up:::t;.o .· · · 

· one. or ·several inches•.~·. ·Naturally, this would. apply.- only ·to hole".s/. 
of a few feet, or at most, a few yards in~diameter. · ·(Note by._ 
stefansson): \ . . ' 

.• 

, .. 



• 

. • • • • '~ -~ - -y 

-·. _Thu.~,. the primary tha:wing · 0f:.:$now _on_. the ice surface :.causes 
• ,: -~. .,.: •• ~- , -. ••• ? ; : ;·· .--- :) {~::: • ••• I 

·page _174 
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pohds of fre~h water to c3:·ppear on th~-. ic-e .• ·. These gr9-dually in"'7 
. ·- . ··. . . ., . 

crease and· unite :w1 th-· e·ach. other. . Ip . the end they give 'the sur- ,
1 

: "~ . ... ~ " . . . ' . ·· .. 

face _of the thawing 'ice the .appea~ance ... of a . Sec3:. covered ,_:·,rj_ t'h small' 
.... ., . . ... . .' •' ~- :·· . ·. •\. . ... 

. ~·~ 

pieces ?~ floa.tir:g ice~ · Duri~-~ this B~tiod there c~r:·'~te s~eh as· 
. -... ~ . 

. . . . . ~ 

emerg:Lng from un~ler, the. water (the depth of vvhich in th~ southern 
• ' ; ~ ""' . ' r. ' •! ;; .,~ •• ~--: ; ' __ ' , • ·> 

regions of- tl1e. Arctic- basin ·may rea~h 1 meter and more) only the 
• ')., ' .- . ~ ,; .............. • ........ --:: ._ ... , ..,~·-· .• · 't~~ .... ~~'- ....... 

The 

resemblan?e between .the pond~ o? _the ic;:e ;and ~he opened ,-sea "'~n- ·' , .... _ 

creas.es further Yll'he~ a. -wind cpyers. th~ir ~urface -~r:i. th ripples arid 
. - ...... • ' I ~ " t-' • ._,\ .. '4 '~ • ~. . • ~ f ... : L '\ -. • ~ : ;:-- •• •• ~;"' J • ~ • '· '· ••• 

light .·waves •. 
..... ,·. .-··~· .. : 

:Formation of lakelets- .of fresp wat~r on·the sea ice in the 

_cours,e of the po:J.ar ~ummer \1re no-~ confif!e.d to. the _sout;hern·:~egions'· · 
.. . ' . ·. ' . . . ' .· . ' . . . .• . --·· - . .. ·. : _:--.. ; : ~ \.'. \ _:: .. ·- -

.. 
_of the Arctic -Ocean·, where· the·se lakes have long served. as- supp~ies · · 

~ . ·-.~·~ . '· .p~·. -~ . 

. I 

of fre~h wat~r fr?r se·a, voyag·~rs.~~- · 
· - · · · , ·. -, - · .. :- , _ ; , : ·· ,_ ·· ... · ~p-are ··:175· 

It is \•rell k~ovvn· that' d1.lring the· drift .of the Fr~m, its crew ·' 

frequently amused therns.elves by sailing in smali boats on the l~kes 
• ' . • ' ,... • P -:' ' ' ' "' ,I '- .,. • -~.' • ' ,;;. 

which had formed during the summer on the ice fj_elds·. Th<:;. same 
r • • •. : •• ' • •• ,'_ ., • •,; • 

·I I •· • .-. 

kind of _lakes, were .observed by· the party of the station 11 l·Jo_rth 
• ..... •• • -~ ·..,..·,:. .'' • • ...... • .J • • .,·.·. • •• ~~ ,· -~-:. ~~ _r· -~. 

Pole, it v~h-o h.ad t,o ·build ·:special. canals ·to_' cirain them off.., The .. 
. . .. . . i.. . ·. . .... _ ·'·.. . . . ·.·_... .,. ... ·. ~ . . ... . ;.. 

•. ·~ ·!-." -. . '·- .. ~ .. •", . J;•·-· ..... ' 
' • . ~. ' .•. t. •. . .. .. • '. ·· ...... 

• ,I; ' \,·' I' • . •, ' •: . : ·: ' , ..... } ·~ ~ ·~··; ' • ,: ; J· ·t • • ., ,·,oi • •, 

* ·During:.the.·v.oyage··bnO..~he.Sadko·in l9J5; irl'.,the r;torthwestet;n .. ,-.- ,·_._;;' . .-<··- .. 
part· of the :Barents_' Sea,~- ~ve·-took ·sever:al J1undr.ed -·t0ns ._-of·.fte .. sh·.w~_ter·~·~·· .· . 
from one .lake ; that ·'vv-e. found· on:: the ··ic.e •·. -:; .. ._ . ·.-: , ~ .: _, · 

., ./ \ 

... 



·.,.,.· 

· It is· riatural that. into., th,<3: d~eper .· parts·'.·of ·~ach· ·sepal:· ate'.' 

. pa:ge 175 
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"t 

. ' . : . ' ~ . 

hollo~rs. 'tiiere is ~n -acc\unulati.on:_.~rid ~dev~lopm~rit -of ·brganic.1ife.· '· 
' . •. .. . ' ' ,' ... 

Due to the dark ~olo~ ·of,' t}:l·e~~ .aoct~rrn.t1q.tions ,- . absorption O'f warmth 
·. . ... . . - ' . . . 

-is more· intense here.: ·Gradtu.~.l-~y _the·:se. hollows·\·pe-netrate ·do'\rrn to .. 
~ . . ' 

the· salt wat·er· beneath~. 1~\l'hE:Jre~pon·.·the·: ·.~ole ·volume. of. the lake-'s . 
snow water vJill pour· do:wn into t~e .se·a. ber;teath the ice; · In one 

or two days. the ·surface of: the ·ice-th~n: seems- to ·ctry up and eme::ge··· 
• •· I • ,' f 

from undet 'the· water.. Oi1 the. sur fa~~ i o:(th~. ice there noY.r ·remain. · 

only the la~e-s _which hav~- a watE!r le.vel either higher than that. of: 

the sea (i: _:e.~, .. 1a~{3S where. PO pe;~.fbratlort into the sea has ·yet taken 
.. -· .. 

' ·The· surfp;ce ·of the: ice after. the -drainage:· of the thaw· 11•rater-, · 

-~ppears .. t .. ?·.be extr.e~:ly uneve:t?<,_ dug up with pits~:· Flf'eque!ltly, · 

·- :·; aft~r: .. the :ice. dri,es up,. cr?cks ip. .the ice. ·'field v~ill appear' and 
~ . ' 

the central. o~. the thinn.er ice under the lakes breaks and. then 

'float~ up •... 
·. (' 

_;. 

The . drai.;qage: of f;re·sh. sriow water·· un_der; the: ice is· .folloTi!ed ·by ... . . . -~ . . . . . 
. :·... . ... 

anoth~r charac~eristi.c .phenome119ri ... .(~vhich .. wa.$: fitst ohse.rved _.by Nansen 
~· .. 

.••. 4'-' ... 
. . .··''t 

~~- .Stefansson never_._.observed_ ?-_a-.l~~s '· ~V:~P. · oh. p+ae()~~~i$t~c _.ice:;· · ., ~ 
that vvei .. e more .. ;than- hip ·nr _·vJ:aist geep,. __ thus ?_n1y· half t}1e. dep~~- r~;... 

ported by .. Zubov •. ,However,: :pie St.efan/3S0n_pa:r:t~~s·-'~v~re sleq.gers _who 
were always ·crossing the :ic~_-·ponds- at -vv-hai;. .. seemed .the likel:Lest· , 
fords-. Then ~.t inay be :that· lakes near a. ·1:nnt·ering S.hip ·would. have 
a lot o·r debris iri them, as described by -Zubov in the next para-

~ graph; vYhiie .the, lq.~es crossed by the St.~~"'nst)on s_ledgers ·were -re
mote from huinari ·loCations and -thus free of al-i ·large acc-umulations· 
of garbage Cl;tld sv.ch. _(Note by Stefanssoh}. · 

., .; . . 
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-. 

··-·· 

.. 

(~alty) ic.e_ oi;· ·?)~,.a·od~~-~ona+..:-l~y~r:· o.r_ . .-completely. f:resh ~-ce.,~ -T}1i_s 

latter fresh- ice :.-if· ·formed .as- a result of- .the :-contac.t, ·of: -the qrained· :· 
. . ' . . . ~. . . . -~ . . . . ·. '. . ~ . '-·. . ,_. . .' . . . . . . ' . . ' 

fr.esh wat.er .vd.t}1~;tqe-.' 9ea: .vli-atet·i. the- ·.teT[lpe:r~tur:.~--; <:>·!'. wp.tcl,l_ at that .: ::~ · .. 

0. . 
time· is about -1~.8; --~- ---rhus;,, accorsi~ng to: the· Sedov· observations·~·:· 

, I . . . ) 

the· s.ummer of-1939,-. ·such water~ running· down under the ·*ce ap.d freez-· .· 
t ~ , 

. ing f'rom b.elow, inprea:sed the thi'ckne·ss.-· of-:-.the; ic,El·; by fnpm 5 to· 55. 

em. • ? • I ~' 

'l'he·: thawing~ b.f -the ice· ·on -the:·sea- increases specially ·artep._ 

the· temp~·rature· ·of· the·_. air :r:~s.¢$··-a'p:q:\irE;~~:...~q~; ·: Oradually- -the ice. 
. . ..... . . . . . . ·'{' . 

. ·' ~- . 

is' most note~vvortliy 'that:' from· the:lt. outw§lY:(l -a ppearanc·e i_t it:/' y~ry_-

di'fficl.llt tb tell. ·in what· ·stage of thaw· a' given: -ice· f:ie'l.d ·-:L:~-' -~-Bpa. 

pa'ge 1?5 
. contd, 

/.' 

ice, as_ -r,ras_ $·a:L.d,-:- thaws as' if from- the insidE?,·· and the-·last. tl~in_g_ ,to··:.-_: -. _, .. 
· · ·page :1?6 

break up is· the -·.sh$.PE3 {the .frame) •. As was sho11'm by t~e .·obserl(ati.oris ... , 

o;f Soviet· polar· st·atio!fs such stra;i. ts . as; ·for· example, ·._ Matocnkip~,. ·-- .:. ·-

Shar and Yugorsky Shar~ ar~·-opened up (i~e., the iarge floes an9: ·. ·· 
- . 

fields break into. smalJ_er- :fio·es and cakes)_ ·som~tim'es VJhen· the-

thickneSS ;c)f' the iCe COVer i's P,ot le~ss· than 1 !h.· · .. 

_ Du,iing thE3: _ b.re_a}{gge of _ice f,ielc,l$ fn thH_ cours_e of_ .. :.t·be .PP-}ar ; · .~ .. ,_ .... _ -~ _ 

. the flqes' incrs=;ase-,, and tbis creates. for.-. indi viduaf ·:L~e· 'fieid~- ·aric(' 
• • ,· , • . ' • . ' ' , '< . • ...-! • I. • ~. . ~ ~-- • ' .,:.· • .• • :t ~ • 

. Does a cettaih'.f'reedoTI_i of· movement. _-T!l~re are no.·. tvm i?-~ bodt~-~ . 
. -

I' 

in the se~ ·that fl:re · alike; upon_· ~~ch· · t1~,e: wir~.a and the p~~ma~e~f~ _ _. _ . .- __ ~. ·-: ·-
' h •, ~ ~ \ ~ ' • I ."" • ,. ·' -

a~d 't•emporary s~a~ cur):e~ts act: d~ffer.ently,. ca~sipg ~.th§- 'i~dividual:'<. ' 

fields, floes and ca-kes -to ,move yd th di;fferent speed and in dif:..., 



1-

·,' 
.1.. . .~ _;· .. ··~~~.. '~ ·,..::.· 

ferent d;Lrect}:~~--~ I T'his l;:~·ds -tc;:\!ri·e~ltabre ··:and' fr~quent ;.'co],=ki~_ion ·.\ .. ,· .. nage 176 
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Yfhich .is accomp~niect\;;:·£f~ak;ir~e ·:~-n~1· .. ··fl.1rther ··in6r·~as·e· ii1· th~ fll:-;·.E?,as, 

Of. c];~ar. ~a~~~ ~e~~)~en t'he ,i;b~:' Th~' mol-e the~ 1£ ~J: Yl~~l: ~ater . 

the s~_:rgnge~>.i·s. :th~ .rmo;:e~~ht:/~~, i·ndividuar·tc·e. <:bod:fes~···in~·te1~(3,ti8n : 

to e~ch other,· a~d: ihe'll)'?l·: .rapid is' ihe~r ~hawiilg and, .their dis:" , , .. 
i .· ....... : 

integration. 

.·.. ·Ylhen warm~d-by thE;1)3l}:n the uppermos~ particles of the water . 
. , :.·.··. 

touch ~the tee .. aj1d .. co~~_ ?ff, and get· ~het=rY.ie·r•;:· and' thus. siqk: to, ·a 

great~r deptl)·· . ·r~evt_ drops. of ·th~w ,;:tater ·rl6v'( qojc.r-n ·o.-ff ·the- ~9-~-- ·~-() 

take·. -~he.~!/)Jg,;ace.,: so. ~l:i~t:_t}:le~e are.·pe~petua}:~strearrs .-~f; ·w~;t)r:, ~n .:' ~~ ... 

the' directi.on>tO:vrard . .,the' i.e e.- and,' at ._a. certc,ti·n -~d:epth, Jn: a ... di:rec- .. ' 
• ,. • .. . ,.-I: . ~ • . . . • . . • . ' - . • . .: . " . ' :· . 

',: 

tiori·· f?-1Jict;);, .. · frqm. :t~e, ~c~·. _..Thu.s ,. ea.ch ·:ice b.o,d.y· ·in ·the :pea ~$p:r;e9qnt~ : 
I - • • ,' . '.• • ' • I ~ ' • ' : : ~· ' ' ·:·,' • ,. , ' !_ \\ : :· ·~ ,• ... ·.: : i • 

in a way.·~p:._in_dep.endept (se],~-ac-t'i~:} PuinP.~· ·A..·fli.mi.+~r.;·,p·:ir~le o~--

.-:· ... ·-~·warmth.·-~:~. 9t~?t.ed in th~: air, also.·· 'Over the .open· s.~n:.~aee -·of: th.e. 
. . ,. . ., . . {.. . .. .· . . . . . :: .. 

sea e:v:~POf .. a;~ion. ·.tak:e$ ;place·~ 'hhich .is· ·folloin.rect· by ::.a.- :cool~11g ().£; ,th~ ... :.- · 
. . . . . . ~ .. ~ . : . ~- . . . . . . . . . . .. ';.. . . .·· . . . ', 

I • ~ 

uppep_. l_~yers,·.b.f ~h~ .vicit.er;·· rind the;_,:iarnith;:~.which wa.9-:;~aken.avv-a.7. .. · ··; ··: 
. ·.·'. . .: • . . . .. ' :.·, _.! · •.. : ·.·. : \':. ' .. ,.~ .. ::: , •.... 

from; the .w~t(3r ·:·d{ii-iing evapor:ation_;.' :CC?mes; out·.'. Th,ese p:?~cess,~s. are 
)' 

inevita[?le ,dur.ing cont_ac~ of :1~rat~r and ~,ce. CondGhs·ation of wat0;ro .. 

vapo! . ov:er ic·e: _cau?es fogs, i~rhich are so· corrunon over the polar ic.e: ,· 

in the s1mnner. time·.. : 
: ... : .~'. . . 

In .the ·?order· seas .9·f the Soviet Arc~ic o·ne'~year--:o1d· ic~ pr_~;-

dominate·s-•. In:. t~~_Gehtr~l ;Arct_ic :-basiri,.:: many;...~Tf){:J.r~o.ld. (p?-lec.:rys~tic.) 
- - ... ' .,_ ' .. • .. '- • : • . • '. : ~ . ~ •. : ' . . ~ . ! ':~ -; .. ' 

... :=-.-.. 
.. . . .. '·~· ' 

:.. ,. -:' ., ~ . ~ . . ... ~ ~ 

-~- :· - . '. 
. •' t.' 

~161-
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•· 

We know theoreticaliy that the th~ckness of ice_ cannot in~ 

c'rease 'from year t'o year indefin:Ltely. r~, ~h s~me region' ?f the 

ocea~;· the n~~er :~-:f':d~g;ee~dfiys (gr~duc'o-d.ney) of 'frost'; i~e·. the · 
,· 

-SUm of the __ ·average dai),y 'ne~att ¥~ ~@mper.atures of ~he air', . and •t;he

eXtemt of thei sillnnler thqw, r<>ma;}n'f~~ll) ;fear' t.o y'eB.r constant, 'tli~m: 

the thickness· o:t ice thay is ·-tn~~~§.~~p.g ·by· freezirig _aTone,. 't·ends·,.·t·o 
. ~ ; _: ~.: . ~- ' 

; ! .• .•• 

a certa':Ln lirili t. 
·,. 

page 1?6 
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Thus, under a cond~Ftop- of '9, poo ~egreee~days -.of frost and page 1?7 
., . ' . -' . 

: . ~ . : . . .. ; ; r: , J. . '. \. ~ .. ..:. . . . •. , . . , . . . ~. . . :~ • • .. 

-· under· a decrease in the -~h:f.pKn~~~ ~! "tJle. ·ice. during suh1mer 'by I ·m~., ,. --
• l{• 

the thitklieSS Of ·the f;~zep.~oy~~· ·~.C§ (i~"dbV~ nG:rastanya) cannot 'ex~ 
. . . - ;'. . · .. ' '··' . ,. . . . . ' . 

- . 

· ness ris'es to 790 em. - It is reasonable that ortly a~ limi t'ed amount·.· 

. -of ice 'thi'ckening occurs, since the-''thi~ker' the:'ice is 'the. more_> 

. slowly it vvill ob-dously .gro·w: in- thickness· und-~r· th~.-~i·~me' temp-er:£ . .' 

·ature$ of aii~ ii'he'n;, the lee r~aches the- thi'cknes~ -which,is ch:a:·r-l 
'~. 

·. ;-. 

;_ much duiing the vii~ter as-it decreases -duri~g tne--- ~'umme·r •. 

The Sedov party ~gave. much. attention to their ··obse~cttiorts· of 

the' polar ice. Besides 'vvri tirig scrupul01..1S descrfptioris- of the con.-:; 

ditions of the ice:, and of tJ1e .sno~iv cover, the Sedovites :eve~y ten·'. -

days took measurements of the 'thickeni~g- of'the .ice' that._ came. about 

from natural *'ree~zing, i.e~ 111iithout breakages and ptlin·g-. up.·. 

. - ' Iii is interesting. to cotre1ate the mea~u-re~ent: o'l: the:· thicken-
I ., 

. i~g--·or .level- ice,' f~rmed .. by .-a nat~ral pro~ess 'tir ~ree~ing·,:: ~ccording 

to records made by ·-the Fram and by the Sedov • In t~k ·ii:rst (or · 

Fram series of mE;Jasurements) the thickening of the level: .. ice .flelde· .. 

-162..: 



·-··-:came to a little more ~than ·three. mete:t;'s .•... (T}1E3 __ :great_es.~~ th~c}We_s~ 

of leve1 ;ice me·.asured. by Na~sen .was ·. 365 c~. ) ... 
I • 

Now the ·.sedov· was beset. in. ioe. ·which had .lj,v~.d ·tl!~o_ugh :th~ 
. -

__ sum.l!ler of. ·1937, >s_o. __ we:_··consider:r~~p;~.-;,ft.;~_~,i :r~~~?~~p.di-ng, her .a,s_ ha~ng . , 

. ~een~made in 193[>. F.Or cbinpaf;\~i~hhiJJ~;~i'~~i{~~ Fram measurelll1Jni;s < 

-
· , of ice. which had· formed :Ln 1893 ~ 

•. . . . I . . • I • • • 

' . :· 

._·-.... .. '"Sedovtt.MeasUremerits i 
.- ·r ' • f 

"Fram", Hea~urements 

··. 

· lee·· Forma t:Lon: 
incm. 

.. 1936 ._: 193'{) 19)8 . 

10 · Harch i939 · 189 · · 170 · 163 
. 20 Harch 1939 195 176 170 

~ · ... 4 April i939 · '198· 182 · 179 
11; April_-. 19 39· ·· 2.04, .. 188 t86 

· ·lo !~,Itiy ·1939.· · 2is 2o1 ·198 
. 19 M~Y: .1939.- .. , 217 ·. ·: ·:216. 201· 
-. 3t .May 1939 · .218 2o6 202 
·10. Jun~- 1939~ . 218- 207 204 .. ·,. ' ' . 

...... · .... 

'1 
i Dat.e 
i 

; ' 

f1o .fipril. 1894 
~ . . . ' . 
i 

:21 ·May. 1894 
i 

i.: ~:July·. 
[ 

. I9e-. formation.. 
in em. 
·_.,1893 

23i:-.· 

;, . 252 

---25_8 ·:. 

.. : 

.nage 177 
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On the whOle. t-he S~4ov- drifted. albng ~a course 'c:ol:u;i.derably page 1 ?8 

· r1ore northerly than tha.t .of .the Fram; nevertheless the thicklieee 
- ... ·. ,_, .... -- . 

of .the ic8 at the Hl!le of' the ~drift (a~ is ~ho~ {;{ fh~ "ctate)' 
. - . . . 

w~:~ · consiEierab~y ·grep.t_e:r: ·than ~t .t.he time of. the l Sedov 'q.rift~· . This· 

:·a:gain confi~~--that a warining_ up of_the- Arctic· is no1Jiiiri process~ 
·~ •,· 

'(J3ut .see. pr~vi.ou~ footnote. on t~i.~··) 
'r :.-, 

In addition;_ the Sedov observations confirmed ···once. more the 
···.·-..·.····· .· .............. ::~ .. . 

i . 

: .. , (1). · .Th~:f;rowtn of ... ~h~ po1ar :~?e conti-nues. d~r.ing.the ,summe:J;", 
., • , •• .'• e , • 

,: ·I 

due· to low tempep:~at:ures· reta,ined in _th€3 ·middle portions of the ice.· 
.. ·. :.__ .... · . 

-163· . . . ··:.•' 
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• 

. ,_..-~page 178 

-~2) . That: which has ,·becom·e. impregnated vrtth: ·water-.;." frol!l :the 

- thaw _of' the: snow coye-r, stays-.:a 1o·ngtirrie -in a stage· .-C?f. ·freezing-
. . . ·. . . 

(prometzariiy-a) :an·d -d:oes, no'!;· i.nqfE?~~~ ·+n -~thi·ckness_. ·. Thu~, .'the ·in._,.:,.; 

crease. in t~ickriess Of }qe~ +n t~e fp~on .of the sedov drirt, b!:>gari .· . 

only about the first h~tf R{ :Q~-~~mP~t'Y' although freezi"ng· .te.mpe~~-<- : 
• : • ' • • .' - ' ~ ~ t \ ! - i . . . ' 

atures .. of ~he ?ir haQ._ .s.f9:f~~Q. J!:f ·.~~1~-- ~~-~.O.P4. h.?~.f,. o.f ~-e~~~~~~~· : . 

~hu~ i it toOk about. ,tw~ • ;rftp ·. ~ n~~:, ~19n~h~ for the ice ·t~ . fr~aze . 
- , .. -,.;J; 

(to freeze :through and tl1r~H~h~ · ~n<t fer thi-ckening t<?~ be gin. 
·. ·. ~ ·-~~.:·:~ :- .--..! -1~ ;, • • • 

· I.t has al.J;'eq~y bt::e.n. ;l-nq:L?9:·~~~ th~~ -.~t~e. ~h~.o~~ne~~ · ?f ~~y-year- _ 
~ l • ' ! ' . ' • \ ~ ... . . -

old ice depends not·. on~Y- ·qri tp~- {f1ll,llp.e,r; of degree-d{lys of frost, bu~ 
, , , -: 1' ,: ~ 1 > , ~ , :' .,j ~ • ~ •; • 

0 
'• : ~ • • 1 • _. -,. , ... - • . ' , . 

. · .. ~ .. " . . ·~: •. : 

of frost:~ ... Thep what could. . b~ tl)e thickp~ss ·~~~-- the- ice, dur:Lng·:tli~ 

I . . . . . .. . c . ., . . • ; . • 

drift .under:. different dE3grees of ·summer thaw?;· Below are .. ~.certai-n. 

·calc~la.:tions, ci~.cording:·to 'the: author·1s' ·empiric-al· (empirichf)ska.ya)_-
. ' . '( 

for:mul~~- · 

, .. ..- I. 

surillner . Tha~v 
. inc~., 

. 10 

50 
100 

. J50 

.. 
~ ' 

.. , ~; . .. 

"'· . 

Ice·· of 
_1936. 

342 
291 
241 
.208 

r . 

·rce··or':. ,_,_. '· .. J:c:e;· of 
1938· '19p7 

\ . f. ,;-,.,. ..... :--_ .. _,......,...:.,_,.'' ..:.......;.,......._.--..... .... 

'279 
'253 
_·.2~5·:· 

20'5" 

:
1 
~-196· 

196 
.196 
196 

. -: ..... :' ; . ;.~ ~ . . . 

----~----~~--------~~--~----~~----~----~--~-~--~~--------

From· this table· it is clear ··that· the slight thickening ·o.f. ; ·. · · 

the ice. 'in' the re'gxon' 'of th.e· ~·:·,_irtft ~must ~-be~ e·:;(l)~a1:ned no't so'· .· 

mu~h by the rise of · .. ;intEr ·air ·temperatures as ·_by ~-the:' i-ncrease ;in, ~ 
I . • 

ice· thaw during summers that has tal~en place >in recent years. 
4,..:: 
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-The i9e .. field .of the statioii HNorth <poleit had' a thickness. of - page 178 
·- · :. · . ; · ·. ~ :· ·. ·. : ·. · · . . · · :- · · ·. · ·' .. · · contd. 

3 meters. The .~qy.e:sti~n. )'l~~.ur~ll! ~~-i~e~:- . w~eFe was i ~ ,f?rl?e.9.,. 

"Nhence .was .:]_ t :brought to .the ·North .. Po':Le? ,· 
. , . , .· .. I ·: . .... · .· . . ._.. . · ... ··: . 

It is. clear .that. the· ipe fi_E?l.q.j:>~ .;which:· the. ?tation "North.· 
. . : · , . .. . , -~;;]~;;:~~~~}1~:::·.;:;·t.L··~ ~~t/:H: .·· .· · · · · · · 

Pole" r~s~ed .~uf?~ ·.~~ve _orig;·na~~·g;f.~P.~:'!~.6:'r?:~::44~r~~ly_ ~.oldet parts ~f 

the Ar9t~9:, in, regions Whe:r~ the·. n1.1mber of deg:ree ... days. ·Of frost is 
I ' ' , • .;,·, • '· • 

' . ~-

somewhat·_ ~a.rg~r, an~ t~e· summ_er thaw consi.derably .:~ma~ler _than. 

along the pbur~9; .. of the: .. Sedov dritt. · 

(Here a chapter. is :oiltitted) 
.... .. 

As. alre.ady §lh.own, drifting· a.nd_ pack. ice ·.are found ·in .. constant-
!' 1 '· • • • •• •• • .. 

motion .. summer and, wint~r. Th13se movements are. of a thre·e-f:old · 
r ) ' ~' 

(.four-fold) • nature:.. c~n~'tant oh~s.,. cause.d by the predo!l?-inal).t· and 

cons :tan~ vri.nds. ( conci.;Lti~ned ·by the .. d~st:ri butior: of _. .. doJ:lstant · ~:ields 

of. at~o~pher*c. ,p~ees~e. in the reg~-ons · adj.otmi:rig. tbe ··Ar.ctie~ and. 
. " . . .. . ;. ~ ' ' . . . .. . - ·. . ' - . ' ' . . . 

by t;he ,9~~$tant ~urrents;. sea_s.ona1-;ones,. cor:nected With. the s~ason~ 
. . ~- . . ... 

al ch~;r:ges o.f c~nters. 9£. atmospher.ic action;·, periodic. ·one.s, cq~d~~ 

tioned, by the :tidal phe11o~ena;. an~. t~mporary ones, cr~ateq niair~1y 
. ~ . . . ' . : ~ . - . "' 

unde,~ the influence of· temporary 1~nP.s. · . . . :'.. .. .. :"""'' ................ ;. .... ~ ' 

.. 

page.l79· 

page ·188 

. . : .. Kl)dvm. drifts of ves_sels in. the ice indicate that- movement. of ·~page 189. 

.ice is pever. ~n a straight lin~. Ice .fj.elds ~ove .. ;in ·o.Jie··.··airection, · 
. '; . ' . 

. ' 

/ then i!l. a!lC?the·r; or go bac_k to the firs~ q:Lrectio~, or desc~ibe 

curious loops a~d zigzags. Only prolonged observ:ations reveal the 

seasonal . apq. cqns_~~nt move~errts. -v;!nic·h have· ·the most. ·-~ignificanoe. 
<:.. 

for th~ .un~er,s~and:i:ng ·of· the pictwr:e _of circulat.ion qf ic~ ·in the 

· Arctic .basin •. · 
I 

·.··• ·. ·: -165-
. .. ·' 

• 

·' 

. ' 
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• 

._... 

·-~ .. : :. 

... 

our. d6ri~ept~ .:·of' th~./ md:ve{n~i1t: ·dy 'ice in the . :cerit!a~l,"pa.rt .... o£ 

:. the_. Arctic: ,b~sin· are ·a:s yet .not ~u.ff'icie'nt·l;···exact·,.-·apd :a~e:.bas~cf·· 

on tne· stu<;ly of comparatively fe~r .drift~- of·. ships,' and' al;s:b ;ori th.e 
' ~ . . - . . ' ~ ' . . 

.-' • • • :' ': . :. ! : ~ .,.:. . ' - .• . • • ~ - • •• 1 ·_: .: :: . ' ; . ~-. ' .. , . ~ ·. 

~t:udy o;f paths of ._.special beao?ns ('P'l.!o;y~; -'casks}, ·thrown' thit:··ig· 

various par;t~< ~f 'the' A~cti~ b~~in ; ~y i~~~ictUai expedi,t io~~ ~ •.• . . ' , 
• • ' - • i ~ • l . : ; ~ ~ ·; • :. . ... !" ; • ' 

: As f~r· ~s ~v~ ca~. j\id·g~ ~lf.:~y~~J,;~~f~~r~bs.e·i~~tio:n, ·:.th.e ~igr~:: , __ 
1,\ : : ' ! -!, .: .: (- ' 

' : tion of ice . 'fiom 'the·. coa:st~c:~:l' "8~a$~~ 6t :the s'ovi~t Arcti'c ,:i-nto ·th~ I'' : 

· · · · : J1 i : ~ .:--~ :ll: r · ·!• ' i '. \ · . _ · · · 

.. central part. of. the -A~,c;ti~ p~S,t.h ·Pf~~;~~pates · ·ov_e~. -.the entr~rtce ··of 
.,_ '•\. •. . ~.. .... . - ... '.:·· . 

ic~ from ·the .c·entral part,· ~ntg -~IT~·-~~ -¢q~§t~l ~-s~~s. ,.· ·· · · 
. . . . • . . ', -.~ • • : ~: ~ ~? ~ • • ~- ·.: . • ' ' 

··In. the. ve_r;,_ .center o~ tqd. ·ifq.~ic: ~~ptn; :~$·,far :as,.·.vt~{ not(·kii01Jif;·: .. 
. . . - . . ; . ,' ., . . . . . ' ~ ' ~ : :. ' . . '·"' . ' 

·there. exist~.tvvo basic rr10v~mortt~· 9i: pplp.r ·i8e. One·;of: them,_'& 'g.en-
. . • . . . . ; ; . :' ~ .i ' :'! t : '· ~ • • ~· ~ • / 

. : , ' · ' . · . · . - . . ' . . '~: J: . . . ' : /. '. ~· : .: i. · J> ' ' . I, • \ : -· ·, ~ 

eral moveme~t, is direct~~ f~9W' ~n<?· Af;q~i,·c ·has in in~o ·the Green.:..·. · 
'• . . - .. · . .. . ' 

land s~~:-anct~is cond1tion:ect·by:·-tii6. fiow.-6f·Goa~ta;t· waters ·a.ilci-<correj?.;..r. 
' , ·' . '- . _. ',' ' ' 

page 189 

. pending vrlrids'; th~ bther, :,·~ritic;y~cl6~it', ·vdth·'~:·-;enter·: i6qated. appr6ki-. 
. . - - .. . . 

·m9-t~ly bet~reert. 83° .arid 85° ·N~ Lat. i?(/t' and ;1809 ·-v/~ ··16ng.·; ·~cori~iti·o:n~ 

.. ed by 1-~;j_nds con~e~t_€3~ witJ;t ·.·the' reg:lori 'of increa_sed atrribsphf:),ric pre-s~' 

;·sure \ (:ro·~·at(3<:l:·a t'>ttl~: 'C]J~iet~oceanic. part >~f 'the j~~rctic }~ These move.:... 

--merits arC?, confii:t:mEkr '?l'.all kriowri drift~s· -o1' v~~sels ·. :.._,:·a_·~c:ide-ntai. and,·,. 

-'":--!'· ........ •• 

I. 

. . ~· 

I • • ~ O w< .. : • \ 0 

Th11s, the vessel Karluk (of the ·thi·rcl .. $tef~:u}sson expedi ti_on) · 
·;:. 

und~r the command of Captain Bartlett. in 1913-14 drt:fted vi.(th.':the..

~?e for a 'd.istance of 500 mi~les; approximate·ly. froni' Cap'e 'Barr;w· 
' ~ I .. I • 

. ' 

. th6 \f'e~~e1 . Jea~ootte; '1879~1881, which .. _.dri~t~({J:ro~- w~~rigel:-:rs·~· ~-: 
. ... .· ., . . ··. . . ' '· 

--. .. . .. . : . 

. ~l~nd ~o the Novosibirsk (New Siberian)· Islands, a qist.ance, of :75Q-
.. '-. ··: 

miles. The Fram, ~an.?en';s vessel,. ~r.ift?ed from ... _th9 .Noy.o~:i.birsk . 

islands. t·o the·· s_trait between ~pitsbe:,\gen anq Gr¢enla:nd, a. dis-·· 
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· · ·~>tar~ce .of :i4oo'·.·n1ii~s~·, ··Finally. the. ;e's:se:L·· Maud· ~r>the -Arnunci·~~n ·r.·.:····.:· page 189 
contd • 

. exped~trb·~ '6'£ ~922l24,· dr'ifted ~from the ·vir~ngei ·rsl~nd 'to the ... ·:' 
) . • .. -. • ..• ;. • h : • 

Novosibirsk ·islands, .a .distance· ~f.·7s6 ;sea· mi1es~·: Tre· drift·· ·or.the 

~ aliDost tepea.'ted the ·a.rirt: .. Jr:.f~~h~:i.~Je:£:ritie:tit~:e;;~.iridfcating by' .. ···. ·,; 
....... ) _ ...... · . . . . . . . . . . .· ·· .. ;·!~~J~~t~~~~U~t~{~t~;~w~t.~)f . · • ... . . . ·. . . .. 

this the· relatively constant direc.tio~~:··or:.:the· 'rhovem~rit of· the· ·ice.···· page 190 .. 

. :,; 

The. general· movamernt of ·ice from. eas-t to iN~est para1ifdi to the· 

contine~t: curve of" the .. Etirasian shc>re 'is. aiso proved by· ·obse:tvatio~s 

made· d1lr1.ng the sledge .expeditions ~f ·Parry' (1827), ·cagni (1900l,-·.· 

Na1~se·n '· (189 5) ;· artd :ar~und: .the cpntil1erit ·curve of Arilerica . by obs~~-
. ·:·' .' - . . .. -·· . ·'.: · ... : 0 .· . 0 . . . ; . '· 

ve3:tions· of st7.fansson (1914) betv~een 13,0 and 140 tf. ·a.nd ·by his: 

· ?bser,jati_'o~s (i9i5~19l7) between 110° and .130° ~Y •. : · 

.t~umerous' beacons (drifting bt1.oys) tell us. the same thing.' 

These. have be~n thrown· o~t by.Soviet expeditions .in.the Kara.Sea 

and thei· L~pte\r s·e~. and'·subsequently·touhd at' the shores' of .Gr:ee .. ~2:·. ·_. 

land; lee land. artd·: No~ay. Thus, .the drift ··or". ic.e ·forins orie imin·t-eir..O: · 

. ·~ . . : .: 

. / 

rupted. iine.aiong the p~tip~ery o·f the· ceritral Arctic basin f r.on1 <·.>page 191 

.. 

-fererice. S1.1ch a drift ·takes ice from Beri:ng Strait t'i1l it :is 
• . '_; .. .. . . .j 

years. 
. ·.. . . 

The direction of the drift· of ice or{ th'e remaining coast ·of 
'•"' .; 

(the :tslands · no·rth of): .America·.has not been studied 'as· mu.ch. :.::Herci · . .-
:1 .l _; ' • ' ~ : i. 

we have fin~;i.pgs; -by Peary,. 'that dy.ring hts rep.~at:ed ~ledg-e. ·tr~v~l~ :._ :. - . .. . · . 

.. 

from vvest· to east.--- thus tov.rards the wide strait bet.ween ·.ci·i~~n1and· · 
.. ,··: 

··!.- ·. ..·. 

and. Spitsbergen, '' the Papanin Strait." 
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Observati".ons .of_ the·. s:t~~l!Qri O::rr'North ,Role" .. are ::spec:ta·l:j..~r. valu-. . pag~ 191' 
• ',• ; • ' ' • ' , •'• o-

1 f-. - • • • ,.. T • • : '• ' 

Pole f!loye~ · d_:i-re?,tly ,int9. ~he .Green_larid Seao, -. 
,_. - ~--

· During his~ expedl,-f?-iorl ::ua:qs-·e·n. :·~pe,p'f;.::·-~ great· d_eal qf.
1
e.ffQrt ,_01;1 _,. 

- ' ' ,· ,. ~ ' .-, ·~ l. ~ ~ .·,'. ~·, ... , ',,•:,,:, ,., '·-~·J''' - ~ f ,;, ,. '• ., ' .'~· ,• "'. • I '· ,. \, 

stlf~Y of.yot:!c;litigri~ :Rf .. {h~--<~f~#<··pJ-.t~~ Fram~--~ He __ op.~e~'!e~.9l8.:t 
. . . . . ., ~ . / . 

·:.the 

the ice fields of the'~~;r~~ '@9t~:A y~ry readily yield. to: t~e. ac~. ·: :~ .: 
. •' . , i 1 •· ;·. <' : ,' '· I : , • • •• • , '·' • • 

IJ' • 

tion. o.;f ~- (ioqal} ~vir:ct;~ ~n4 eh<;fJ:~ffi ':.~t1~-~r· _,$pee~d :~rid d.\r~ec~io?. accor~-
' . :· . .. ·:.' . •·. . 

. ·· ing· ~,o, the,· ~hange ~ · ~!?-. sp~~sr;~p~l- ~~~r,Q~~p.rt_ o~ . ~he. :wind_!·.. He .. ~stab_lish-
. ''. :'.;. 

. ed the fo.ll<;>wing ~v~~o· ~~~;pf~ -~~f1-~; · _, _ · ·. ~ 
' • • ~ • : ' , •• ". ~: - \ j 

· (~) Th~ _speed. 9f.c1ri~~'·-t§_· gpp:rO;Kimately one :fiftieth.,of. the 
. . · ·.. ••· ••· "; I ·1 > ', .': . . { l .': ', ., . : - .. ,_.:-: - , ·~ · ,:'; .. 

speed of the wind_ which -~~u~~~ ·. ~h~ .-~~y~·p d:rift;. . . . . '. l< .,. ! ,. : . ... 

(2) The direc~~,~-~ _: ~:p th.~ q~tfe. ,incl~I,l_€3 ?· o!l .. th~ · ave_rage. '}0°:. : 

• I .., •, 

• 1 ~--

The ;Last pbenomenon Nansen '-as crt qed. to .. the influence of· the ' 
J . • ~ • •• • • ~l-. . . • • . ~, • • . • • • ( ... : • .· ,· • 

· explana~{ol)_ has· b~en· -jud;_-:~~d. ;correct~ and -y'ras- later. takeh sis_ a_ basis . ~ . ~ ' . . . ' .. . : ' . . ' . ~ 

of. c6nter~porary:.theori~~. of sea cu~ren~.:?~;~ , 

The 'deviatipg. ,force of ·Ear'th' s·- rotation?*- .nosse·sse:s ~remarkable 
•• • • : 

1 
.- • • ; • , i ·. . , · . ·· · ' _.. ; ""'. · · :." . , . -h. ~... • ..:_ ~· • ·.;. / < : . r , ,-: • .. ~· : ~ 

.properties! 'rt.· originates together _with the beginning of any~ move.:--: 
' . ~ • ..: .... ; . ,. •. . .. ~ :'" . '. .: •. '·. : . . . .. ~.: ' ·~:· • ~ .... ) . . ...• · - ~-- .; - . ' . : .. ,:I ". -1'" -

' ment on the' Earth and ceaseq ·together ·with its b~~-sati.Oli· •. ' It i~ . ' 
.... _ ~ . , . ._ ·. ..' ~- ,·. . . ~ . :. , . < _ . ..,· . 't ••• • • : ~ · ... ~ ·:1 '.' ~ : ·.~·-- ·: • • · • . :: , . :- -. r ~ :~ .• _1 , . · -: .,' 

. . 
prop9rtional t6 t_he:·mass of. a nioving body. It is. pr:oportional to~ 

,· . . . 

' ';> 

7~ I· Or the force of Co'riolis, named after the scientist .who 
first :explained: the Ol~igiil ·anc} the sigriifi-cari_ce Of. t}i1:s~ force.:-'. -.. - . 

.. .. ·,. ...... . . .' ,.. 
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. . / . . ... ' - ';, . : . ,. ~ . •' . . : -- -. ';- . . . - ·' ~ .. ·. . . : . . ,. 

g~e~test value •. Th~s forces is proportional. to the speed: of mo .. .re:- .. 

ment, -~e~pertd:i.cula; .to- ~ny:horiiontal ~ove~ertt. on the earth;': in . 
• ' • •• ! 

movement·i.tself- is. t-aking plac~. . ·. ·,,.' 

· · The-; fo:L:lorlhg. irrill, ~-gi ,;e us an linderstal}ding of thi3- magnitude .. page 19'2 

of· this. for~e·:·. At· the: poles where' the force of' Corio lis -fs ·great~ ·> 
. . . 

est,. vr.i. th such insignificarit speed of an object as· l' em. •a secohd· .. 

· · ( oi: ·in oth~r ~vords,,'. 0~ .036 Krri' · 8; seco~d, or 0.• 864-kk •. · a day)~~-- it :· 
' ,""• I. 

constitutes abe.ut 'one '-s~~-en-millionth. part 'of the-':force of grav-:- ; 
~ ' • ,.. ,;.. I . 

i ty.~~:~ 
. ':":: 

·, \ ::·.The C~riolis .force. i.n the' -norther~ hemi'sphe.te tufns 'artiliery· 

shells 'to·. the right.: Due ··.t.6 th;is ·force. the·, inside _·part of the ·right. 

ra,ils· -(if you look ·a~cC>rding ·t-o the· mo:vement) on ·a .railroad become-
. . ' 

· worn, etc ... But the Coriol:hs force .. exe_rts the_ greates~ influence. 

upbn the movemetit of ·viater and. air. masses .. 

. ·: \· The er..osion. of their. O"Vvn shore's by rivers is·· expl~ine'd'. by- this .. 

_.:,f:o:r.q_~~.:·.:.Jn .. riv.ers,:· no matter in j·vhat ·pi .. rection· they flow, the right. 

-l~ . Th~s is ;correctly· oopied fro~ .the- pooi<.~ ;; Apparently }10. 036 km. 
a second" ,should read "0.036-.km. an hour" (translation note) .• 

' • •• ·~ - • ' • • • - • ' • • • ' ~~ • • ' > 

•• l -· 

~ . . __ Let ~l!S recall _that th~ maxtmwn. vertiqa1 component. of the tide
forming force of the moon equals only'l nine-millionth, and the -inax
-i~rum·horiiontai cqmpol1ent--is only'the tvfelve::.irrl.lli6nth pa·rt·'of the 
·Terce· of graVity, and nonethe,less these-' fo_rces.: 'caus~···such grandiose 

phe:nomenB: ._in the-. oC'ean 'as the -tideq:• . . . 

-i69~ 
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.. 

the -left Jl').Qr~.~ .t;'lat •... Sea .. cll!rent.s:;, .no. :rpatter }).ow:. ca"Q.sed,
1

_· .. ctlways -. . .. 
' . . I , , . . . : . - . \ • • ' , . . ; ::: ' . ~. . :· . . . ' .• '· . ,'"; ~ _' ." ' "' 

tend as: far ·a$ _possib~e. to .. ~nc~in~ to .the .. ?·~gnt •.. T~u~, ;t~e .. qirec.-. 

tion .of :the genera+.. circ~.~ati9n. of. w~ters of. ttle. oceg.n. ar~ cqndi_-
. ' . ' . -~ ' : .. ~ . .. . ..•• :· ~- ... ! . :~ ~ ; . ~ 'j' • -~ - • ·• • • ••• .-~- • t·~ ·: • ·.- . • ~. 

·.· tioned·._:to. a grea,t. extenr~ -~~r tti~- £.8~~~. '9~ ·Cori~lis. __ · The ,same applies 
. . . ·· · ~~ .·:~ · -• ·. ~:~- -~ ,-~: .. t·· :~ .. r . : . · · ~ ~- · _,. ..: • :_7 \·} ·- :+ :. '/~·.: · 

fulJ,.y. to. th~ atmosphere! .. 
:_~ . .. . -

. . . . 

were· checked on many e~peq~.]}Pf19":·~~~ ·jt_ m~nY:. p~lar ~tat~,o~s~ -.~Re-:- ·· 
. ~ . . ! . ; ~ . ' . ' . :_ . . . . - . . ... \ . - . ~~- -:-, 

mark~ble. ,.devi.a.tions ~rom ~h~ ·.f.rJ?O,_Y,~ --~.Bt~- somettPle_s helped to _?ild8r-
- : •, • • :' • ~~·:, : _;•- .·~) _;:, ~!. I • • .. ., '\. •*' ., • • '1.• • ... ·,~· ; ,~·...:.··, 

.... 

page 192 
eontd~ 

stand very complic.ated phe!19rnf3P9-.~. _ Th~s ,_ for_ e]Cample, as wa~ already _ 
' ' , • j r ' ~· ~ .• '· : ' ' ~ 

1 
:. L,t; ( ; ~ 

1 
J ~ , ~:. ' • 1 ·: :. ' '> ' , •_ • ' f\ ~ - , : 

indicated.," _t,~~- fl:ngle_ o~ qe;yt~~~pn Ap, -~h.~---~r~m~_c.lrif~;:. i!1 .. se:p~pat.e 
• , • ·:.-··-.~ ~:.:_·) - .. ;,.,~ ~ -n·~ ~··~ • ' ·, •. ~ • , ; ~··· • ~~ \. • ~·· 

-instaric:es~ on-~he_ averag~-f~~ct~~te~ ~pout· 40 .degrees.to·_the right •. 
, ' · ~ : ~1 . . ' 'I ; •. I , _, ,. • • ~ ?_, •• , • ' ~' L'r" 

.... · . \ ' . . . . ·. . . ... · ·.. ... _:· .. ' 

But ·when.{Nans.en_ea.lc:ule.ted the rnean ·direet1on of· the· ·wind f·or al:l .. 
' . -· . - ' . . ,-_ .. _·... . . ·_--- . ·:· - ·_,- ·,. ·' .·· --~-- _-· · ... .,_ ... ...-;~,:·:··t.., .... ~. 

the ... thre.~ year-s, it. turned. out that tne ¥ram_ inclined 1 degree. to . . . . . ~ . . . ·. '. . (_- .~ ...... - ~ 

the_ left. From this .. Nan·sen .. copclll:~~d;thfl:~ :th~ Fram' s d.:rift wqs 
'"' .. ~ : .-' , . -. (. ' .. :, 1. 

rea~ly ·co1npo.9ed <;>,f :tvio drifts; one. un_der the· in~l:1~nc~ _of .local· ... 
, . ... ~. • "' . . .· .. , . " . '. . . • . . -. - I • ·.'/ ... . .. . ·' . : ' . . ' .: ... '- .. .-·•. 

eral. circ.ul.at:i__on of the ice -in tp.e .. A:rctic Q_cean• 
~ .. ':, ~· ·~ .. -{· . 

·. -A more ·stril-c~ng .. ~J5:ample ;(if corr:elatiop.s of direct·ion ·of vrind-
-· • • I ~: ', ~ ·, 1 ;. .- ; : • • ~·: .' • • 

and lNind..:drift~ of ice fields_ are valuable) is the, d:lscovery ·of the. · 
•• · ... •• : . -- .. • " • . • . ' ·,. • • . ; • < • ' • • . • .• : .. ... . ' '" : -:- ~.. : -' .•. : ... · ;; ~ •• ·• ~ '.·: 

islartcr :rreise ·in- the. northern pa'i-·t. of. the Kat a Sea. 
• .. • .. •• • • • • • • • • ,1' •• ~- • ' • • •• • ~ ~ .- • • • • 

~·") r . 

The year 19.1_2 "'vVa~ very difficult. for ·pie ~us·sian ·polar- wo·rkersi 

. During,, this. ir::~·r: :th~e~. · expecti'tio'ns: viTertt 6ut' i~to the· Arc:ti-c··-•Oce:·an(. 
. . ; .. ';. . . :. '. :: .· . ·~~-· ·~ _ .. ,-.- .-. •' _: ·, '. :::·_--,·_, .~-. :"-. .,_. ·-.. -.. · . ~-:. ··/.--~· 

.(1) . ThE?- e·xpedition:~pf ,~ec.opd ;Lt. :·Geo:rg~:Y~J:royl~vicn.·:Sed'qv· .. _ 

on. the, vessel st.- F~ke, whose a~Ji{w~~t~ rea~h~t~/l;o::~ ~O'I·e· •. ::·' :':page· 
193 

This exped:ltion·-,e.nde'd with the qeath of -its .. leader~ 

.;;.170~ 



(2} ·The :exp~dition ··oJ the. ge<?.~Ogist· -B~ A•_ Jlusanov,.-. 0n :the:_,_,:.:.: .page 193 
contd • . '" ... :.)-·,", 

ves~el Hetculas:, _wh_ich ·.p.er,i'S.hed in __ the· attempt_ to, r1~vig;:tte th~/ '.~:. 
I ~ • • • 

of this expediton have been.'fo~tff~,f~i~t~llij;i*ii~[hl;:, ··••· ...... ·. · .. 
~(3). The .·"ExpeQ.i tion __ o~ Lt •. n:.~~,I~·~-r'I"BriJ~'i~~v,··on' th~ ·ve.'~$~·1. St:• _: .. 

• j . . . ·. ' ~ . . ·. • . . . • . ·:.. ·- ,. . . ' . ' \._ . • ' 

The. exped~_tion of. Erusilov r.e~,ched the Kara Sea·. -~ :On _·the· 2nd·. 

. ' 

of the.,Yamal penins~la •. tater ·-the .ship:'was carried- mut f~Qm-th$-! 
'/', ', 

KB.ra ~sea .~orth~ .a:long the ea.stern c~a:st of)'\anz ;bsefLand, and 
. . I 

\ __ : ... ,,:then ;~t dri;fted into the,- Central- Arqtic. basin. . April. 23, ._1941, · 

0 . ' 6 
Tvhen t!;le. vesse'l T~as at 83 · +7' N.-: Lat. and_ 60 E. Long./ 'ele:ven men-

of_ thefc,revr, .,_headed by~the p;ilot B •. }:~ Albanov,. abandpned. ~he :-ship~ 

On the .8th. o·f ·,July. ~hey-. r.e~c~ed tn~ southwest cape .o~ Fr.a11~ -;Jgsef.· 
~ .. ·-. • . ' . \ - ~ . , , .~ \ ...... • . ' .. . \ :. 1' . ' ~ -. 

Land;. on ... ~July·r ~2:.-9I:l.~Y .two:.of':thenl'·-'i·e:1c'hed Qape Fl9ra; _ tpe :Pi~ot · 
;;, • ... ,..,~ .. ~ \. l . .. ' . . . .. ' .. 

.t_ ..• :;.· l 

Albapov .apd. s~iJ_or. Ko~~d; the r~st .perished) pfi:etly·_f~om exh:9-:US~ · 
\ 

tion and-partly froni unk~·wn c~i,lses •. 

On Cg.J?e 'Flor~, ,.Albanoy. and ;Konrad. beg~n to_ px-.epar.,e fo~_ vrJ,.nter·,: ... 

ing.~ But_: t}J_ey._· ct:l-;<;1, pot ha;:e: to -~··rin(e_r. there; for· on Aug1.1st ~the 

St. Foke-~'reac~ed .the cape.-1-Vith the·· :Pal~ticipants .in the eX})?dition· 
. . .. • . ·. . . . . . . . ... • ' ' "' . ~. . . . ~· .. . ·• . . . . . . . . ~ .. · . .- . 

of Sedq; who w~re -returning t~. Archangel._: 
: • .. • • • ·" ~· • ' • • . . .~ 1 -. . • . • ',.,.·, 

. C!D:.: the·: way to. ,Franz. Josef ~and A~bq~oy had. _:n_~:t conducted_ 6.b~~r~

vations beca'use oft ravel difficulties. None the ~ess th~ Alba,nov. 

. trip~_·_is:impo_rt~nt,<.for on ~he way fr9m .the St .• Anna ·h~ 9rosseg cthE;J' 
• ' • ~ • • < .·- • • :' : • : ' • • • • .,. • • • • • ' • • • ••• ; :. • ' • • • • ' .. • .. 

o i.t.·; '.\ I ·. ' ··•' ' '• ·,.: .. 

exact .location. Yihere -the cbarts' indicated·. Peterman Land and the· ·ta:rid . ' .. , ·' ·:-. ·.·.·:! ';.,:· : . . -. _::· , __ -,. ',, .. . . . .! . . ' . , • ,. ,"· ·.: • ·..... . ,.· '-,"- ··.: . c' . , - ·-_ .' 

O"f. I\irig _:qsca:r; -'~!1~: .,tJy~s· -.proved ·;th~t. }l:ese ~~pds .do nQ~ eXi __ s._~·: ..... ~.. .· .. 
. . 

• :- r : : r • 
, . ·~ . ~17f~. 

.. ·., .. --·. \• 

. : --~ .: . 

. ; 

. . 



I 

.... 

,Albanov .saved ·th~· ·Tog ~of the St •. An~· :ln ~its. e~t~retyj_ ·also 

the complete not;:es·'.·6.~ 11·~s ·meteorological o·B~:ervati'cn1s' ;du~ing·.tp.e . 
. . . 

._page 193 
_contd~ 

time he 1\ras : ori the. si1ip.. 'this. eria:oled scientists· to r~co1ist:PuC"t'· · '(' ::~ 

the conditions of the· St. Anna drift.;,···· 
•t ~ ·: .. ;_·:;:~. ·,-- -:. ,~~ i ··:: 1._ 

In ·1924··ft.ofess'qr-VJ"~i¢e; ··-wpt~~·:·.~a~_yzj~ng·~~he st~ ·-Anna. observa-
.. . . ·'I . , . 

tions, came up;n a. cut.iou~---pepP:+i~ttt~· of 'her·~·drift.b~twe~·n--the' 1Stfi .-. 
' ~ ~. t. ':t ~ '. ~'- . ..: "* . . 

~nd. 80th-·pal~ailels- ·and betivf3.en ~hq··-??!lcl. and .. ?,8th meridians;. :·East·.~-/· 
: : ' . ~ . ' . . . ~ ~ . . . . 

Here the· ve$sel~ which·· w~s · dp~f.~~n~ -~n·-~~· general·--no~thward · di:t~ection, .. 
' : ; : . ~ . ~ . 

·- . . . .. . .. 

follow from- Nanseli' s secqnd pu~e; ··-1{u~ r·P the.~-' left.;·· ·pr~f •. ~ :,-;.eise·· · ...... 

came to the conclusion ·thcit tl1ts--·pectl;l:~artty:·cou1d be>expla:tried by.· page 194 
. '- ' ' 

the presence· of· iand between ($f ~pq: SOC! N•, towards 'the-·east and. . .··: ... 

not far ,from the ·line· of the st., Anna drifto Such ·land.-yras actu-:;: 
. ,... . ·: : .. ' . ~ .. 

. ally 'a:is~~v~red, ·. iri .J;~e ·shape of a.ri island; -by· the .;expediti .. on oh-· --· ': · ..... 

propriety named for Weise. 
·I 

<-' I; 

Becau;;e . of t,h~ ScruPul-ous an.d n1llil6rotis 1\,stron~~ical aet€rmina

.tioris .. of the posi.tion' of'. the" drif~ing ice. field;·_ arid .determinations"~ •< 

by instrument's 'of 'the' speed bf the.·dri'ft~ ··w-hich vv-ere,'·taken; hy't·he_-.' -~ .. _ .... 

station "North Pole' II a picture (m.ap). of 'the- ·d:~:'ift of ttre ic'e:· 'ti.eld- ·, 
' . . i 

was· !-eproduced ·vii th such-cteta5_l·s ·as ·no· -~t-he·:r., stuctY. ·ot a arirt ·has· 

. given ·us· befor·e • 

It vjas· understood already' that the direction' and sp~e~· of' dXift.:.. 
I 

ing ice ·depe~ds -to. the greatest exte.rit on the force · .. a~d d~r·ection of: ·· .. 

the wind. •. ',c These m.eteoro·Iogical e1emerit·s ~re're dete.rnii.ned by· ·the :.~ .:. 
. ... , . -' .. I 

Papa:hinites ey.ery 4 .hours. A- special ·apparatu,s, "anemogra.ph" was 
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I 
. : , used ·{rpm ']flay.-~21. ?traight through: the )tJ.idqle .J::>f October )~9~7, .r_e~ord- page 194 
~.;.,...!. ~. ·, .. , . - '• . J ., ' .. ... . • • ' • ... • " • .: . • ' • • • 

• . ;: ·! ... , 1 · < •• • --: _,:: ;i· · - , .. · : ·--:- ·'· · ,,.,. ··- coritd. 

· ·1ng unint.er:rup4edJ_y. the_ speed . of wind. Due tq this, the corre'la-
, • • • ' • ' 1 I t ', .f 'li '• ~ > t ' • 

tions: v1hi~h-9a~ -q_e .. n,l~de_ ~ b£?-t;,Y"V~.en the_ -~pe~d pf tpe d;rift and. ~he wind 
• . . . • ·__ --- •• -. ·1 . • • • • . • .. . ,_. . . ._---· : :·. .. _,. ': '-'; J .- . . .. ·• :- - -~ ;·' . ' . 

·. hav~ an. exceptional accp.racy. . . -~---··'( i~-~~ '·-';~,,,; J .,·. • • 

< • • + • • ,.·. .. ' • ;;~.-:lj'6ft·;:~tf'f~ti:~~-;-:j~t~~--. ·' 
A_ -~?.hema~~c·--~~-~rt_. o~ ~he_ ?rif~~-··'t~~gi~

4
~~-5''~;~~10.i~at_~~. thalt -~h_e ice 

field ·carz:J:ing t!ze stat:i.,p,n 11 Nprth Pole" described. curio,s z;i.gza.~.~ 

and _pome-ti~e_.even.).oqp~,:- while_ ;r.eta?.ning a.t. the s~me time_ the spme .· . . . . .- ' . . . ~ . . .. . . ~ 

general _di!e~tion_ from_ .th~ pple .. int~ th~ Greenland se~, and later 

along- .the ·east,erl~ coast of Greenlang. .. __ - . .· . ... . _... ... . 

Th~ ·dependence_ :of the- .ddft. of the_ ice field _upo!l tJhe V14nd v11as· 

.demonstrated in t~: first mqnth ~fter. the .stq~~on~~~s e~tablished,· ..... ·· 
Thus, {f'rpm ;L~}e M~yj approxirpate(cy t() .the.· 5th of. June r~hvr7~te.rr1 i. 

1 tr.i.n<;1s ;predomit)acted in the ·_re_gion of t}1e ·station, a~d the _ice field _ 

IDoVe(l pr(i~~ic~lly straig~t.
0

.south~.~rd.~ ~F~om ~une ; to 2lt~~' ~;;t·h~ .. 
•Vest~rl~ •vipds. yvere rep~ced by s~uthwe:teriy~nee arid •· t~· ~;~ . • .. o 

.·;_ .... · ... •' . ._ .. :· '.· .·-._ .. ·-. --.- -... _... ; . ·. . . ' --.~-_:.·. ':- t·--::· .. -'··---·;···· " 
. ... . . I 

-field l)~gan .. moving eas:t~vard. Th\ls, . invariabl v .under the influence 

o; the ~rl.nd t~e ice. field changed the dire~t~:~. oi. :ts lo{u.s~. ·. I~ · . 

.. c'o~ecti~~ v4t}l, the (lhang(l j,n force, .and; di~ection of thr~~~: th.e 

spee9- an~l· direc~~9ri of' tpe _ice. _drift, nat~rql~y, s:hange¢ ·also.~.:_ -
:-'.-; .t. •• . • :· .:. • ..·~"'. ,. ; • • • • • • : • ·, • • • ; •• • • ,'' ' i •· • ' • ' • . \ I . ' • . : • ~- .. • ·.•. 

' .. ; .. ·: ... 

; .. 'l,~e, ~.sp~ect_of, ~he. Js~n:eral !flove_m~nt: of the i9e fi~_ld. s,outhward 

·c.~_ange_Q. ~_9o. , ~he mean pPQ~cl of. the_. drift [or the ~n~ire_:pe;riod was 

about . .9krrl· _:a .day-. However, there .-v~re1~e periods _.y.rhen th~ ice fi~ld ·. . . ,' ; . . . 

reme.ined-:i·n -one. ·plac~ for .. the dl.iration _of se:veral_ days; on 
.. • ~ ·- • • : • 4 •• 

i· . 

_~:rt~l:L, ~p;the-r ~ay~.: _:~~e s.peed of drift . ire reaseq 'to 43 1an• .. -~ day. It 
. : . . . . ,· . . . ; ~·. 

is notevro:rthy thq.t the ·speed of t_he . drift . inc :r;eased in. 0.irect ' 

pr~~or~io: ~d th,tlw pas~a~e of t)1e ice f~eld s~uth. T~ls', frOm . ., .. .. --~ .· .: . . . . _: __ . . . ·. .· . . . . ; ' .·· .··, l'·- . ~- . ·_ ' 
tl!e po~e,- to 8§ ._,_ N~-- --~he_. rhE!~n ¢aily speed .of.._ ~h:3 d:r:~ft ~C?~.rt,hw?~9- w~s _ . _ 

_ _ • 
1 

• I t• -. ,· , • ' , , ~ > • < 

page 195 
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····:-about 5:-.ion •. ~~- ~ay~ · ··r:r·o·m'·-85°- 'to :·al0
: N.' ';t'{--iricrea·s~~ ·to 9-~:~·;_~···a~:S;-;· :page 195 

· / - . _: .. c·on td. · 
in'-Feb~~ary {~ 23-'kffi.' _a.:day. ·· - ·- .:.' .. :~:;~ · ':<"· 

--Th~ ~~eli~in~ry !-s·t{1dy of the· "drift· c6rid.ucteci'"by · Fe.dor:o~·,'a~d~": · ·' 

·shirshov (members .of the ·rc;pp.nt~- -§~~4i"t-ioh) indic.at~d-_th~t.···the .i-ce>:>· ..... _·-· 
•• . . - .. ·.J .• _,.,: t .. 'J:_ t. . . 

· fie.ld ~as dr.ii'ti~~ ~hde-r ~~~ ~nfi~~~~~c: 9f'·-.that ~Vind yvhi.9h ;·vv3:s : ·olow• -' ·; 
,. ·' .. : :J·- .. :• •'. I 

ing ~t:- the· given time in- ?:J g~v~n Bt.~-~~1. · ~rid simuita,~eously unda·r~- · ., ·-.. ~ · 
.. . -.; .·.·. -. . -:_, _·,_ ... ·. ··_.-·'._ ·- __ :-._V':· .. <·).. . ·. . · .. · . _· - , . .. ··::. ·: _· 

the influence· of the gerie:r:ai nl?V~P}~rtt~ -· qirectect·· s·ou:th~vard··and ;irtde~ 
' ., :' ::; . : . ~ ~ :: ! :_ J. : ' . : . ..- .. . •' :. - . . . . \ . . .. : 

pendent of th'e local wind·~· . r,ril·n~~-, ... 41ir1ng:: the absence 'o·r';··winti, --<the:': . ' . ~ :: ; . >: ; : ~ ; i ·: ~ :-' ~ I, ; ;_ \ 

ice Tield. invariably moli-E!d south. .Ndrth: winds hast:e'ned' its··~o-\re·~- ': 
; ~·,,·~.I ~ ~ ~: -~ .• l}# ?"! •, :. 

ment souti-n4vard, s'outh' winds ':r~'t~~d~a.-~·or' ev~~ a'rr~sted''the ~ctJ.~n>''· .. ~. 
~ ... : ': :~-,·: -~ '; -~ ~ - . ·, ~ . ·~~- ~ ' . . 

·. . . ·._.·,_· .. ( ... -.' . _ .. -- .".. ·.' ' . .• ·: .. . ... . .•, •., .. -

of .the ·qonst~nt drift eV.eh 't0 'the. eY~t-erit _:that the .. i'ce. field.··'-- · ·:·' ... 
. ' <:.): :,:: ~::.-:· ···:_-·t'·~~l - . 

drifted· nbrth1-rard ·temporartly, as we .·g~,qf- s·ee _in the: acc·ompariying::_. 
. . . ·. . .. : . -~ ~.; ~ ' ;, ~ 

.,.:· .' .. 

. : .. 

. The -:~~-~,e~d, -~~dependent' from the :lo-cal· -..d-nd mt>veim3'nt··-(}'r -:the· ice·: 

in the ~~-~didt;e. ·v-icLnity ·o:f· .th~ ·.-pot~;· :v-!a~ ·~ppi:~xirrtC1t~i'Y: 'i"~km~./~ti: $ ,,_.-
, . . . ·; . . . . . . . . 

.-- ' 

day. , As said, this -~sp~·ed ,_gr.aduaJ~.ly--~rtcre?.se_d ___ sout~viard·j·<~b~twe:eil-~- .. >-- ,.~>:.-. 

parallel9 7,0 'and /]5 it reached' ·lo· to 12 km. a ·day. ~ ..... 

T~_e :$·p~i~:f~;oi th~{ 'ctr{rt' fndre~s~·ct sharply ~~th~fl the .·s~tiitio_h ::::: ,. 

floe b:e·ga~n {d: ct:fi:ft . .alo·ng the bo.ast~ of~.Greenland:• ·. · E~ident.ly :~he> 
. . 

. page 196 

vdnd i~· 'n~t· 'the qnly:·' c'ause 'of '-the ·gradua1 increase· -xn··~speed-:~of:\tne' ~- ., ; .. 
. ' . . .. -: 

ice ·rie'id a~:{'i:t ··goe~~ .sbuth~:;ra.:rd:. 'tJnddubtedly· ·a.n: ·important, role:was. .. _::.~ ,, ,.~ 

·p~ayed here by th~ 9onsyd:erable fre~4'8ITI:· of movement: o.r: the· ':Lc·e ·as·',\. 

,·it approached. the···'. spaclou,s, ite-fre;e.tir·ee.nland 'sea~·<. Thus:;' 'fbr·· 

ex~ple; . in August the mean speed· ·of ~he vri nd v{t;i's somewhat ·:~reate:b ::/ , .. · · 
. ' . ' - :· ' . . . ,.- . ," . . :. - ·,, . ... . . . ' ' ' . ' ' -l 

than i~ December; and· the 'direction· oJ: ~he· vd:nd was1 approxima-tely·:: · _-, ' 

-thE? s'atrie ;·.· neverthele-~k~ · th~.-, fl~e dri~ted tn_. ·Dec.err.~ . r ·\:n.--.£·11 .-a 's:Peect· · 

almost thr~e. times- greateh". than· i.n: .Augusl• .. Obviously- the· .c~ie·f · · 
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: ,-, :· : : 
• .• • ~ r • 

rol~ wa_fJ played here by t,h~ 'East--Greenland c:urrent·~ 
J • • ... , ; • • • • . :'· . . -~· .. :. . ,. -~ .. 

the stati_on "_Ho!th,: Pole.," did n<?t proceed tn: a, $trp.~_g}1.t ~~ri~~: .. _Th~ .. 
,. . . . . . . - ..... : ·'· . 

Se<!£! frequently b~ck~tr~ck~d, _d·x~.Gt~P~:r-J.-g?}~,;g~~gs :and .. loqps, ... · Al:t. 

:s :as conneCted Wi ~~ th~ chanMJ~~~~~l*~~i~~i~tion <ind ·. ·. . . . . , . . . . . ~ . . . . . . .· . . ·.. . _ . ,spe·e9. of 

th E't 1;Tilj.q G. : 

Ih· Fig. 30 the. Sed,ov _drift. is spoWn. by .the: c.otrtinous .line_ and ; 

~he patp_.of t{le_~w:tnd· by tpe-dott:ed li:ne, from ~he _:l$t of Se.ptember 
, '' ~ .' 0 • -., ': • • I • ' • I• • • •' • ', ' ; 

- ' . . . . 

1938 through th~ 1st o.f February :1939., on t~e assumptioJ!. ·thq.t thE:l 
• -' I ', ': • ' • ·• ·• o •' ' ' ' 

. . ~ 

_page .196 
· contd. 

Sedov drift and 'the path 0~ ~he air particles on the fi:rst of Sept~· . ' . 

r ember pegan at one: q.nci· .the same point. · 
. ~. . --~ ~ . - . . . ·• . ) . 

The scale. of -the s·peed of the drift and the, spe-e_d of the vdnd . 
. . . - . . ·. -, - . . - ~ . . - ,_ . 

is aqc.epte~.:~c~~irct:i.ng_ to th~ rule ·of Nanse~_, i .• ·~· the s.peed. pf the· 

· cirift, is -~pe :fiftieth ·:o.f, the _ spe~d <?f the. JNiJ.1d.~---

: ' ... \Je caris~~ .·from_ Fig·. 30· that._·whe~e- :.t~~ .. Y(i!}d.r~tg.;i.ns .its direc

tion. Q.u~in~ a:-mote .or -~ess pro.longed tim~_, the_ q~ift of ;t~~ Sedov, .. _ 

in thai;. ,-plaGEi ts .. ~isa. mor~ or .less :_s-te~qy~ . 

In October the _wirid: de:sc.ribe$ ?. figur,e ei_gh,t, .and alm·ost __ the · 

same f~g~e ~s~.-'~esci'ibeO: ~Y th~ Sedov •. ' :'A:t·: th~ end of .Novem1or the 
. . . 

·wind desq~~~~-e pecui~ar zigzags:., 6l?-,d. a e~m11ar ~igzag J.~ Q;e(!Jcr1be(].: __ . 

bj_''the··s-edov•. _Betwe,en .. Jan~~ry.1· and _20 .. tpe :'Ninq desG.ribes a lo~p; 
~~- J • 

and the Sedov de-scribes the same .ki~d o;t' a'. i_~qp_• . 

. Thu_$,r th~· ~~.ift ._o.f .~he-~ ~~peat~_s,~ t;he. _path !o.f t~~--wil'ld~::·v!ith 

the_ diff~rE3n.ce_-_.that. it._-is :: inclinect .. ·from. th~ -vyind a.t JO .. tQ ;40 .9eg~~e;s 
-. ·: • • • . '. • • , • ' • , • I '• ;~.. ~ • •. '.: • • •' .. • 

to· the.·tighi;, •. --If in .certain .points ?f the drift .we.-h9-ve,_.;a.~smC?+l d~~ 
• : .. ' ' • • 0 • • ' ~ .., • j ' • ' •' . i.' ' ' ' I ' 

plet~nes~ of ,.iillorma t~?n from· the·: Sed~ •. 
. • ,' "! . .. - \ . . ... ;.,. :' . ~ .. ·- ~ . 
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.. 

.. 

. . . . \ . , .. 

for·.pra6ticai'~purp.Ose~--~Ne ~ma3l -~o·n·s'id~r -it as.,ab~ent~: Due ·t·o ~ihi;s~/-. 

circumstanc.e·:,·' ·ther~ -wer~~ ~1iJ16st :fk~-it~-tory:·c:ondi,tforis' for .. ·tlie ~stu~y~:-:. ' 

·of the. ·corfuectio~ :bet1~~-en:.:the fu~it'· ·arici: :th~- ~ri.·nd; :' Divd~ce-d fr-om>· 
. . . ... \ t':· :· ·;-:·\· - ,; . . .. 

the distorting inflU.ence 9! ~rtP: · 9,-fl\F.qonstant- currents, the Win,d:::'· 
. . . . ,..., .. 

· • .• ~·. • • ,· • I 't,. \: , . • ~., . 

drift occurred in an ·almost pur~ fP~A~· . _. 
. \_ , , , " ; '. :I : t J: :. <' ;~ • • 

.· Simpie . exa.rriinati'ort·'~.f. tr~-~' ~+~HS~-~1~ti'ori sho~TS'· hOVf correct· th~ ·.· 
, , , • ~ . • . -~ : I ' 

the~e· rules· .• _i· 

' ' 

( ~ 

we· must .emphasize o~~e ~110re tt{f.;t' tn contr~st 'to the m~tep~olog..: ' . 

ical · ooservations ·of for·~~~;r pqla7:.. ,e*-pf:orers, ~:ariaiogbus 6bserVatt6ns 

-Of th~ §St._dov ~'taff '(as weli a_s --t·h~. Papan;ini tes) -~Jere conducted "·cfur~: 
. ·i'J;._·J~-.'\'l.... .. . ~ . 

page l9E 
Contd •. 

l q• page. _ 

. ·. ~:··.~ ·.. .... . .. . ..·.···\ . ~ .. ··.!. ~· .. .'··~· . . ~: •'·::~··.··. 

ing the. e,;<i\?,tenqe in- yhe 'Argtic of a modern Soviet net· of :polar sta~·- ' 

.. cumstance; .together.:with th~ h;igh. ac~{iracy of ~observations "matfe:··~y-· 

· · ·the '*~~qy_ :personnel, enables .l).S :to' :d:raw· ext:rerhe_ly· vaiuEl;ble .. c.bhc1u~-: 

siohs~'from the obs:e;rvati:bi1S..; .. ThuS., a furth~r _~naiirs·{s· :o·f.'.the. q:pift 

of the Sedov; and its c·6rr~·ia.tion Tfi·th· ... the ·charts~ cif'···d:Lstributio~ ·, ~, <-: 
t• ' . I ,. ' • 

at. atmos'pheri6. pr~·s-sV::r-·e .-drctw1~ up; by ·,the sovi·~·t .we'atlier serv~_ce( :for 

the. ~ame period, gave the author ~n· opportunity to· add to r~tansen-' .. ~· .. 

;rule's · tvvo more that are :eq:&aily ·s.imple: · ·:·· 
... ·,. . 

.(1) :· "The drift' of "i~ce :'is d:lrected-::atong' :Lsohars;· i~8 ~' alO-ng .. 
,: ~ 

' ' 

. preS ~tire,' i.s :; the . :S-~e ·.-·at ,a. ?i:ven D10rrten.t • .:· . ~ur{ng ;_'this the drift fs ~ sb 

direct6d that the pi~ce or 'the rais6d aimoSPhei-i6 pr8$suifi 1.~ at thEi · ·· ·· 

right, and t~e: plac~ "of lo"v~re.reci :·l;tes~u+~~ 'to< the ieft: .o'f -'the;~·:line··'of' 



. -
the drift'~ 

·.·_·;'_._· ... 

. -· 
(2-) · The ice ·drifts .with _a .speed pr~porti~nal to the· ·gradient 

' • • • ' • I ' ' • . ~ • f 
. . ·~ ~ .. '·' 

of the. ?~ffi<?Spheric p~e~'SU~e r qr, . in: }>y};leJ;,. yrords, . irtver~~ly pr'opor-

page 197 
.-·contd • 

ti~n~l, t~ the dist~nce be~w~~~ th'~i~~~~~~~i;1·~~~H: ' ' . . ' • 
·, Th.e first of these two rules is not difficult .to·-~voive/ in ·the.: 
. ': ~:-. ~/ :· 

.following manner: 
. . ' ~ 

. contac~ with ·the· ·earth's surface and under the influence· of the·· :de~ 
~ . . . - . 

cliJ:!ing fcrce ·o:r-'its· ~otation:; is c:lirected -~pproximat~·ly J·o: to ·-~40.·' ·. 
. .: .. ! ~' ·. t _-' 

. . . 

degrees to the left of the corresponding' isob_qr. The drift· .o{ the·, 

ice, accordinrt to the. seco'nd rule of Nansen, is inclined. away from·, 

the d~r~c~~o~ ~f the wind at approzimately :36 to 40 'd8grees io th~·· 
,, ~ ... 
-. > --

rig~t. Thus~ w~ have the real drift P!- i_ce aiong' the· isobar lines. 

The $·e·c~nd rule .·was f.o~mula ted in the .. f~llo,~rj.ng: rrianner: '~,In. 
·.-:. ·:"'. . : 

' - I: 

Ydnd.t The 'iatt~er. in its ·tur.n .. i~. propor~tionai 'to the gradient o:f 

atmospheric: pres sure -- -the c~os_er together· th~ · isobar ·lines:· on the .: . 
. '· ·· ... ·; ' . . . ,, 

syno:etic ·char{ d;~rvm :for .. some region~ the::·-~tr~ngeF· i's the ·vnnd i.n .. 
. / 

~ ,:· 
.. 

the ·given . re_gi on.· This ~j,.ves the-_-poss.ibility,. supported---'by· pu~"ely 
. :····· ... 

theoretical deductions, t~1at. ,we . can )ne~sure · on the s,ynqpti.c cl1,art·:, 
'. .. 

not only the direction of the ice drift, but also its ·s.pe:~d~ 

During. the drift. of. the Sedov from Septe~ber ·i'~-- ~938';;_.-'through. · 
·,· ... ~ .... 

February 1, 1;39, io~tlleast~rly ~rind~ Pi-edoriti~ated, ·and 'the vet<Sel · ; 
';. 

· in gen~ral .. drifted -~owards .north-northwest • ·. F'r,otn :thfs, ±t follovll's 
. ' . ~ ; 

'. 

that ·on the 'average during_ this t~~e the are·a ·~){ rf~'tsed..·pre.ssure ... 

. was somewhere ·tovtards. east-northeast ·frOm h;er ~- in,' Other" WOl'"de 1 ·. 

l.· 

'A •,··. 

. . I .. . . . . . . . . . . . - . . !~ : . : . . . 
that. ·the Sedov drifted along the .. periphery of the .. Chuk?tsky anticyelon~.• 

( 
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During s~ep~rate· inte·rvals: ·of time~ 'however,_· ·the-barometric-~·~ 

cir?uinstanc~s of the Arctic cha-nged,':t·adically• Thus, in the fir .. s-t;. 

ten.days of.· pecembe;r-;:1938;-'the·~·wa~ under the:action of wes'£-

:gsge 199 

J • . • \ • ~ 

~ • . ! . l , 

l, ~ : • 

ern and· southwestern wind9,- ·an~ cqi.rf;)sp?ndingly· drifted· southeast.~ 
:.. .. ¥ 

. erly•._ From· t~is ·it: foll?ws· that dur.~.ng that time .the arec3.. ~:)£:·.~raf~_ed._. 
-•' ·.-

.•, I 

pres:sure -vvould have baen sou:thwept ff"qm the ship.-· In the .third ten-..... 
, • ' • ' • I .! • 

. \ 

· day·period- of Dec:ember the vessel wa~3 under· the· action or'a-a.st~erly-
• ' • • ' . . • . ' , , \ ~ , I ' • • ' '• < ' • , • • .. • l ' ' ' ' ' I I I , "' 

,,.¥, ¥ 

-~ . ;.:- -~· 

press.~e. shou~~ ... then have been· ~!1' t~e. vicirii ty of· ._the. i~orti{·-.Amer~can· 

: .·. ·· ... ·: ·.:· 
; ....... 

. i ·rrfFigs~ _ Jl- ~nq·_ ?2 we h'7vl3· cha.rts ·of distribution ·o:r· pr.es.s_\lre · · , · 
-.·:..-

in the --Arctic· for t~e ·first ._a~tl thi~4:· ~ar~d_ay: :.period~ of .. December 
. ' ~· .. . . 

1938. ---: The:;r ind~c.ate. t~~ g~ner·al drif.t_ of the Sedov. duri11g t-hi~ -,ti.me- ~ · 
~ ~ ''I 

and .supply -ample. proof 'of the .. correctness of the af;r~~er;tti;-gr1f3d 
' ,. . .. ., . . -' . . : 

sup~ositio~, that ice .t~nds ~0 drift, along .·iso-bar l:t.nes.:.. .'· .<· .... 
, . . . . .. _ . . . , . . . _ L· . , .pa!!e 200 
·'·:In: Figs.: 33 ·and ~L~-·VI!.e'·--have- charts of the ave~rage d_istribut-i¢n: .. ,:_.·:_,, 

" . - - . ' ' . - ~ •: . .. . . 

. l . . ' . • . . 

of atmos·pheric pressure in, the: ·Arcti-C, during:sumrn~r:.:and.~v .. tLnt~r •. ·;_Th~::·~-

. general drift of .. \the SAdov for the same· seaso~ -is superimposed:.on:·,· ..... ;;, 

them:~-~~- ·:These···_ch~_rts are Very .siijdlar ~ t~ey· :~i~fer -~rom E;l_a:ch· oth13J? 
• ,t'. 

.,.:.;.;·,.:.:_ .. ,. _- From.the~e cha~ts·we can· see that·the hisic features- of the .circula-

tion'_o:f i~e. irt the·.-oentral Arctic·;·:which·eXplain all-.t.he-drift-s;of · 
' .. '·· . - . ' 

~he .ice, and many othe'l:' phanom~. :. :_ !ut from-.·an ~~?Illinatiort or: .. . '. .. 

··.-· .... 

* -Figures· )3 and 34 in_ o:riginal_,db, not "show .path o~ :S-edov; 
apparently ari 'overs~ght ·(translation note).· · . 1 · ·, '· 

.;..178- '.'· 



,t· . -_. 
'··-

•, J 

..... > ... _>:the·se charts ~i t··:aiso< foliovfs :that·,.:,. in -order· ·:to:• judge ... as: -to' .whether· page 2oo 
.- . . . . . ·contd. 

the- drift. of·_ i'ce:, Or the· 'pass>age .of a ·;sh;Lp mov:tnt~---Wi. th" the-, ice) Wi.ll . 

be directed.,· it·-~·s ri'ot eno.ugh to ·kiiovv:c:the disposit';i~n:._(po16zhen-iye}; 

~he' :must al~O' ·knotrr~ :the· ~~me· of thl.~ .:·:P~,~~-~~~rri· t3~_termina t.ion.- :Thus,· 
. -- . . - ~-.'~_::,.: .. ~~~~:;·,>>·:~i:~f:.}::~,~·:.... . . . _· .. ·. 

·for',e!Xample i: ~if,. the· Sedoir.:-:at, the.-:he-giri.ri:tn:g~·o:r·-A.prtl· -1939' we·~e- ·'cti's- . 

.. . :. - .. . I . . . 

cnvered·:to·-be at:.-the same:.- latitude; but:not at' the· hundredth meridian 

of _Ea~t>Lorigi tude as' :sh;e actually wa~, but approximately at~ the me rid~· . . - . ~ . . . 

ian. 'of..· .Ber:i.ilg: Strait.;,- then·· ·she_·- vmuld have· been. carried-. not eve.ntiia1ly' 

. to- 'P§lpanin Strait (betvreen· .Spitsbergen and Greenland) but .tovra:t·ds 

the.;: northern· 's-hore ·or·. America.-
'. 
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:·.:· The.~moverrient o..f'ice,·along. isob.ar l:ine~_.explaihs. ivhy the vessel 
. ~ . 

M~ of· the· Amundsen ·~Xpedit.~on, .. vlhtch · i.~ ,1922 _entered· the>:ice ·in · 
. . . . . . . . ~ . 

the vic:i::Bity·-·of'. Wrangei Is~and, moved .. vd th_ the ice alon·g the. con..:. .. 
. . ·. ' .. ,. . 

tibental: c1l!'y~ of· the Asiatic coast:, i:· •. e ... along :the: par-allel of~ : · . :;, . ' .. . . ~ . . 

latitude and not.along the meridian of:iongitude, in order to drift·· 

across. the';> North-. Pole. ·-·we see- that. the. isobar -lines. in the ·.wr.angel 

region·~_ usp:C).lly, . and speciq.lly so i~- t_he· fail; ·. t~end approximately 

along~. thE:t· par~lle~. -~. · c. •• 
'. .. 

· A~cor_cJ-ii1g· to·.- the ;new r11les ,_:· iJl the· !ho:hthly chart-s ·of ·pressure· 
. -- . 

. over· ·the ·Arctic b?..sin made- up by the. we~ther servi-ce, ·there. v;as~ -a 
. . . - . :' . . ' "" . . ~- ' ··:. ... 

calculatipn of·· ~he theoretipal_drift ·of the :station '.'North ·Pole"· page· .202 

(tram· th~ ·.21st" b:f --~I/fay -1937 throug~ the lst q':f ·February; l938); ·_and · 
. ~ . ~ . ._ ' . :. . . ·' - . 

of the' ice·breaker_ Sedtl>.v frorri __ the 1st. o·f. ·I~ovember- i937 thro~gh the-
~--·- ... :.:_. '··. · ... 

1st of Oct. 1939) and of th~ icebreaker 1£!:!!!1 (from ·the .1st of'~Tovem-:- ·· 

ber 193? -thrm1gh. the lst· of August,·:.:-.1938) •· · 
'. 

~ .t . - .. -I ~ 
.. - ... _ .. /•. ;;._"" ,t 

. .. · . .-:: 

~1?9-·~ 

,, 
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:· ·. ;.The.i .. :.ltne.~ bf: thebteti'cal :a-tid. :a:ct'lial·:drifts ~ot :·the': 'icebreaker·· .. page- 202 
contd. 

-Sedo\7. ·c __ oinc~ided' -'=be;s~_;·o.f:·:all'f~'Vv~L~rctt·/'·by: ~he.- vrayj ····is' natural,· for 

·_ thi;·s.: s.h:i_r) .-dr_if.t·eq-'::-.u~der· 'extremel~( ·f.a·yortlbl€_' -condition~·s·• > ·' ,· < u , · 

. . 

_; · :.The·-~th~oretical:c1rj)fct:~o:f. ~the icehre·ake·r··-J.:,enin:·:·:also 'proved'·. ;: --:.·.··:--
page 203· 

to _b$:·-,-:Olo-set:l :t'o; "t};ie:: :a;c~:lJ:¥· on!3·:;{Sea::~F:tg.:·· 35 )}·-:the- theoreti:'cal'·~~ine -· . 

. hoy.rev~r .tren,de.d- somewhat more·. ·qou,th -:.ap.ci· e.·~·$t• :--- :This;. ~~s-: :expla.irted.- by· ~> .. ·. ,_ . . . .. ' . ' . . . ; .· . . . - . ',. . . .. . 

th~ .. ~ist6r±ing:' infl'ueriqe··,o_:f -the 'n~hrpy con:t;:.ihental 'Coast<.an~:- t:he·.,. 

· No.yo_sibi_r·stl<: ::.(New·:s:lp~riai;l): '-lslands_·_whic.h interfer~cV::vath the· drift·,·, · 

of the- ic~b;r_eaker:. ,in--th~. s9uth~rp.., ~nd~ east~·r.n :dire.cti.ons •. The-:-s~~~ ,.·>· 

. ilar~ty' of the theore.tical· and ?-Ot~al dl'ift-s·, pf: the :itebre-aker._, :Lenin· 

is. _pa;r.ti:eul;g.:r-~y- ·signif~?9-nt~-. f:or thl.-:i dri.ft·,was thJ;ough ·that_-_,:r~gi6n ·._· ~ 

which :4-s equipped -_vvi th. the -Jllqs·~_.)J,ume:r~~$ ~eteo:ro~o.g;Lc.~::l· $tation:s_; · ._·: . , . 

anct1 ii:t ,yv.hi·eh. t_h'e·' _i$obar- ;J..ine·s. are~·-dtraMri'.Oll ~he ~eie. ·-oT.:a¢tueii; .. o'b~ 

S.ervatiop-s,_~nd .not; qn--~ cqnjectur~$,. ;9-~ is .true _of theceentr~l;:~gi~f3-, .:_. 

·.· 
. . 

\, :· \' ... : . . I •,' 

-: . .' .. ·.:,-,' . 

by th~ :.s~.e .::form~la, · dj.ffe:r~ :constd.e;rably :f:r?m. the ac;:tu~l'· d:rift •. ~ · ... :- 1 •· 
. . . . . . . . ~ . - . ,·· .,_: . . . . - ~ . ·. 

/ 

. of Greenland, and ~econd, ·it is .$tJ_Qr,ter-;·'tl19.n the,_ac:t~~l~·gne~-;-(con.:,;..· 
• . • • • • . • ' • ' • ... • •• ~- . • • . • ' !. 

~·: ~-.. s{d~-f.~ng, ~h.~ la ti ~v-~e-.) by_ 5 50 s~~ mile~~ . Such a __ ~i·;f'~erep.ce<ts .. en- ·. · ,., . 
.,.. ' ' ~ .. ~ . : 

only the infiu~n~e Qf loc-al winqs -yms .taksn into acc'ount,.- 'tvhiie'-the· · 
• • •. ... ••• ~ ; ~~~ • ' #, • ~·• '; " • • • '~ t • • ,r 

movem.ent ·.9f th~ ice . ,is cietermined nQt orJ.'Y:: by' wi·r:~s .. ,- -but ~aiso:: by . 

co ns·taiit .,·currents • ·. . ~ · .. , 

·N·a.turaily, in .the regions; where _.the·.constant curren:~s .. -are Wf;)qk, ·· 

the local v.rirvis do have the primary influence on the speed and thE;J 

-direction of drift. 

-180..:. 
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pag~ 203 
.. · .. ·. c·ontd:._ 

~-J:ith nearne·s~s ·-t'o t,he- (}reenland Sea~- the: .. loc~l~ *~nds::~x·ert~l~s·~'-· .. ,.- ·

. infiuenc~ :on -~he· ice·_..·r.ields, be_ca.use ;·or· the· Ertrons ·:East-~Greenl~cl: ,_. 

current-;•· We-ak w:hids, ···the.' dir~ct-.-i~o~~:,er.:<~h.i9fr."(:(s· 'c~n:t:r:a:ry ._t-c{ ~he.'· 
-. - - ,_ -· ·~:.:~:·~~~--Li::i;1~t1:~::.~r~r.~ _ _.i,{'~·~-~-:~~~- · < .: • - __ • - -~ _ • · 

constant .current, .. on~y . slow ~own- or·: temporar:t1y- hold' ·up. th~ _ g~ne~al · · 

drift southward: . Such was ·the ·case· :with 'the· 'stat:iqn•·r '~Nor,th f.o~_e'1 

and wit'h- ·the icebreake·r, Sedov ~ 
..... ; .. ,:.• --

- The second ·ctrcumstance. which influenced· the difference'. b~twe.en· ·_ 
' ;'. . . -~. . '. . . ' I • ' • • . • ' ". ' • 

the actual·· and theoretical:·drifts of the ·s-tation "North Poie·" ·w.ai{ the· . . '. . - ~ . .. : 
'I 

- · ·iollo:wi:qg :.. .. ._., --, ! - _ 
,. ' .. ;.,_ .. , ._ . ,, 

T~r~ ~pe~d: __ pf t~e-1-ri,n~~propel;J..e~ drift of- the .soli-d·. -~ce fi_eld.s.-_ 

in t~e. _c~:r.ttJ;~l Arctic, ~~-~- ¥TB:B sta_t~d:_:aboye_-1 is 50. times- le·s·s than 
l . -. •• • • ' ~ • • . 

-the .speed of the ;,ind which caused· this ·drift;, .. ·.The speed;· of the 
• ~: •• • .... ~ ~. ... .. _.l;~ • ... :· •• , ; ,· • ;. :_ • ' • ~ l ' • • ' • • • ' 

. . . . 

drff,t _o,f. ice,, under. t_he influe!).ce of the w-iild 1 _ increases. ·c_qnsidEn;·ab~y 
• ·'t ... -.- .... ' ' ~' ' ,"1' • , ,, • • • • • • • 

. . . . 

forwa:r:d by-.,tp~ · w~nd .•. ~- IIi ~uch casef?:-tl;le· -~.Peed. -of ~he·>drift.·-may .attain 
-... .1~- .·.. '. ~ • • • ' ..... .• • • • ' ~. • • ... .... ~ ·_.. • • ' ' • : • 

on-e ~enth ., qf ~he •spee~ _of the _,_wind, a.nd · spme,t'ime~ more,_:- :P.h:~~:l,.sely_ ,, ; 
,. ·• :t-., .·.·:-. ·:·· '. '·_.. • ••• - • • •. ·- •. . .. ·.. . 

such conditions .are .. created: under northern. ·and --western wi·nds· in 
-~--- ','· ...... :·~,f · .. • ·,·, . • .. ~ .. - ·. ~ .:· ~-··•· .. .,.,·. I ' ,' ·• ; 

. ~~ 

'~- . . .. 

that r~gion· q_f 't·he. -CeQ.tral_ Arcti:C? w:hic;h l_i~s p.ext :~·o,_- _th~. oreeriiand~ .. · < 
. -. , ~ _. I_._- . . . _- = . . . . - . - . 

Sea, and in __ the Gr~eniand Sea itself.-. 
· . page 204 · · ···. 

Pass'lng--to :·the -low·er· lE;titud.e·s -·in· its J'frfft from ·the. North Pole 
. ' . . . 

south paa·.t_.. 81°.-N.,:- the Fapantil .floe;:erit~~-<1-- the Gree~lartd;:~·sea: -a:fid:-- .:-_ ~--·, . .-
. . . . . . . . 

then began·~ to :move- through' the board: shallows::- tliat ·oyerly ,th~ ~cq!1-t~~-

" • •• ~·_. ; • ·J .-: r ,..~~ t:;.! 

,· ....... _, ..... •• # 

. _, 
, .. ' ' -

;.:.:··! ·,·'- ··.!!. >:·· 

•' ', 

~: ; : . ' . . ·'··. ,.._ .. ; 

:- ·n 

,-. '-1- , __ '• ..... . .. . . ~ :--

'· . 
~. . . ··.: ... ..... .', ' '· - ;> ~ •• 

~. . ' ~ 

,._1· 
• I • • : ~ • ' ' 

,--<. 



..... " 

• 

,·~:: .; ..... ~,rJei;ta,l .shelf. along the. east.~ :Here_ it. f'ound itself :in the .. famOUS . 

Greenland ·.current,. of,· ice.-filled-. waters ~hat· .move ~s.out_h<aJ.:ong :the 
..... ~ ~: .• -~-~ ·-, ..... : .:.,.:.·.;. ·., •• --.~'t" .• : .~:-· 

:fage __ 204 
c'ontd. 

easterit~.Cpa:s~: 9r G:c~el~land .• < : Th~.e q~·r.ent· i~::,tho~tght: o£ as. beginn~g:;, ~ 
. • •• ~-· .·:- -- • • ' • -··· ' • • l • • • . • - . • . . • 

at the }_alan~ 's _ n?r,t~heaEJter.p __ ~~~~ ·;-~~~ ~ ~~-y~pr;Llns~:tt::t·i~a. sou:tliermoat·~ ."·> -._ -: 

. cap~, -F~~ewt?l~,. ~d~- ~hen:: ~1~~~¥-+~~:~9fr~~~-~t·,·.a1Qng' the .western COaSt;.' ··.·:' 

of· Gr~ef:il~d u:p_ into. J?&f.fin-;:j3~.~ _: ,~~:q~~. ~~~te;rrupted ic~ ~current,-·.; ., · 
• • .' ' ~- • ~\1 ., • '' ~·~ ~ > I ·. • .. •; ~: • \ • ' ' 

IilOYll}g ·CQD:t. i~uouely ··tboue,h w* Yll . Q~-~~~~ .: ~fi;~e?:- ep~el'' -~ld. wi):~ter ;· ... : . :-.. :; ' 

c ori~t it 1,1tee one of the_!llcet:_ · :r\l!ll!>~~~'!)~~, ;tr,~~~~na of :nat tire ·~" nO. ' 
: . ' .. ': . ·. ···!·-·• ·. ·.:. . . . ' 

- le~s-.:t'e~al'k(lb],.e .th~P.-·the Gu*~ §~.F~~~Lf.ll~~R~€h le.a·a :wel:L· lqlowri.~< ··: :: · :.. •i: -·_ 

· . .. ... ··: :·~ ' . .-.~ ·.:: - . · · · .. page _gp5 
. The.· .origin _of ·the G:t·een~~~. g~~~:nt,.. p~ the East. Gre.et~.land· ··crUi~o:.- ,.;· 
; . . . . . / '' f; 1 ~ ' ·• ~.~1 > .-: : <. -~ ·.: 

ren·t·,.·.tnay. -b~-~ ·cons'!dei"ed to q~ ~- '*~q;~ :~-e~;r 'thtire enter 't!;ie: .Arct:i}(_·. 
• . . . ' t • ~ . . . ' ; '. • . \ . 

Ocean about,_, :500Q, ·CUbic. Jp:n .... of' .river I watere ~ i . B'e·s~.de; thfs ;~ e~ch" 'y~alf ... ' 

there pour :into~·the Arctic--basin· through the Bering St~a1;t iihou't'·3·0,66o

.c ubJc kin •. ·of, Pac if:iC Ocean' wa tara; imd f~om tlle N01-w;gi ali. arid: G!-e6zl \; ' ' 

. ~end. se?-s·. more than ·100-, OQO. cubic knl~ of~. warm Atlant-ic·· :·waterli.- ·-A~ :;·_t· 

smal~_<port:Lon ;·of .the~·e '(inflewrillg)-.waters · fihd e.Brea·s··t'b --~ffih. :Bliy · ·. 1 ~~--~. 
: / 

. current. 

__ ,tf, -~~ ._1,~~ at -~_I~s .PP ~{l:Lch t~ d:!~~~.t.ions.-.-9f t;he pre0.9W~na.nt_ 

. winda ·are indu;~teif·for thp- .months, of .Ja.p.ua,:ry. ~Si :~W,~y; ~~,1-g.~·:. 36);.: .. , _._,_ .. . ~' \ . ·. ~... : ·- . . :: ·~~:~_: .,;'• .-' . ~.. . ( .· .. ~ . . . . -

~d th_e oh~t of .~9n.sto.nt, ·cuJ::re·n_ts, i~k.t~~. ·N()rth. ·Eurqpe~n,:;~af,t". (lt~i_-g • .-. ... . . 
. - ~- , • ·•· ~. t.- ' . . ' ' 1- ~ • • -~. . • - • • • ' • ' • ' • • 

37}, and compare: thes'e with isob~r ma:ps. for ·tli~ .summer ai1d winter 

. .-.-..-...~-,tl~ -·. . . --.:-.~.:.;..~ ........ -----------·------------------
. . . . 

· * No sh.ip has eve:r· ·been in the ·('~enland cm~nt- north of 780 N. 
: La t Q , so· all .observa.ttcini:J· mad.e;· by ·'·t.n&· stat iort · "'.No~th. Pole-t~- ... in ·this,·· -- -

..... :region ~- of: special interest. , 



r r _; 

:;:c~~~~ons., 'Tepreeierited.>In. _Figu!'es ·33·"·end:'-34·~-'ivi6' 1-iiil;·~~~'--that" the :-: .. ~r-·- ·page 205 
y· ···.: ~ .contd. 
'·-· :Greert:Land.· Current; being basfcaily· a, drEtinage:: current~ :i.~ at· the 

- : ,' 

.sea the··entire. voi.ume ot river waters that have c'ome: int.cf the Arctic 

-basin,: but ·-:tt also. force·a Atlantic --waters_, .in dompensat:to~·, to ·.flow 

.......... .,; ·'•. 

able ·'p6si:tion·-··thr.ol.rghout~ the;· whole:·yee .. r, It-' approximately· coincides . 

with -the·· e_a~t·er-tr borders, of· the continental· shelf· that· flanks Green

land.-. :Th1-Uh,-.the· +ce-1aden·current "roughly corresp~nds .:to the kha:llow'' 

\ .·.~.:, . 
•.• ! • .... •• 

The,":.·:+c·e: :·of. the. Gre~n.land current is dj_vid,e·d: into three· parallel 

currents~ The:,.-fi:rst~ ·or ·most: western, is· clos·er to· Greenland.·, arid · · 

·;,, 

'. 
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carries. ice _whic:h·:bad been' :fo:.rzii.ed in the numerous f jbrds: and. carried 

out fr~ra t~~m-. together --~i il1·' the. j:ce·b~rg~: ~hich' 'iiii .these·:··of jords. 

Thef ce~.t~al- ~~treani·~·con.~ists :6·;r·- p~c-k ·.ice,'-: ~~-~rie·d o~t·· _into the Green~ 

la.nd Sea i·r~m th~"·cent~af>Ar~t,ic· b-~s'i~.~: Fi.naiiy) ·the' most ea.st.erly ··.

stream "~onsi~ts· of· fc'e .that has been:ca,rried out into the Greenland 
. ' . . . . ; ... :-- . :: ;· > .. : . .' . ·:·-. -. ' .. ·,I ,4\ ' !: ' ' ·,.. ::. :: '. ', .: ; >. 

Sea from the·_:·regj_ons· of Spitsbergen,· Franz ·Jos~f Land, Northern Land·. 
·_ .•,'\ 

There is :rn~· it- aJ~s·o: ·t·he· =ice· ··formed· ':ih the Gr~~ni.a:nd. sea.·· i ts~if. 
!. ..... 't ~ . . \ . 

Th~ spe~d~.-of the hre'~ziland cfut~:~ht. i~' not .tmir'o!'ih. ·it'. 8b0: N .; .... : 
- : •• , .• •• ·••• • • •• '$ • •.••• ··-. - .. ~. • • .' :~ ~ • •• --.·-:. '.-' ••• __ .. • •• -.~ ... ~·\:.._: • • • ·•• 

tat~._ it' is about. 3' to.:;·~;- km~ a: 'day·~·. ''I'his' speed·- :tncrease~ _gradually 

southwa;rd.,. :·_~d·,.-i~: ,·t.b~- ~ ~~;k -~ ~t.~ai~~" {-pet ween Greenland ··~n.ct ·.Ice la:nd). 
• J' ... t -~··; 1 · .. -~ :~-· :·-. . ····r:~:.--:~ ... · \:-. •.····... .. :'! .. ;-~··.:'.'I,.\ 

it reaches·.20 to :·3Q_.;kpl~ >~;r''~ay ~ :. ·-rN.eJ tM:~r. i_s· the. speed o:f ;thEL: thr~e ' 

'\. 

. ,f'. 

• • : • • ; • .t./ J; .; .. .-: • • • • . ' • ·•• •. • • ~ 

• • •• , 1 t' • .I •' ' •' ~-"' • 

~ '<' ~, ••. "· -~ • t. j . . ' . .. .•. '., •. \ .• 

parallel ·at~eaiD.s- .( comp~si.te, ':parts of t:tle seneral .-.Gre~nlarid. current) 

(' <: 

·' 



... 

t;tle SClln.e._;,_:A:pp~~ent.li th~·: ?~.nt~~l:.~~~e~,}las- th.e, gr~£i:be:st-)3;pe_ed. <, . page ~Ot) 
-1 .•. :· contd.- -.· 

.· :tt was in this stream that, the e.tation "North. Pole'~ :drifted.-~ . 
-~- 'i;. # • • • • : • _; •• ' • • :. ... { •• • • ,. • ·' •• ... .. • • • • :~: ~ • • ' •• 

~f~ .diff~re~_s~ -i~ ·f}pee~.of~ t.p.e __ vt:p:·iqus·-sesm.~nt~ of>", the· currel_lt .~'~0 ' · 

had. been .. kn¢wn·,._but. it is. SP!9.G~ially._;p+e.a.~l.Y·.s_howil bY.-. the"·dr.ift· of_ 
.•. . . . . . ' -~ . :-.... . . . . -~-- ·. ~~. ?.', . .-·~ . ~ ~ ... -~--~ ~ ·_{_ ·. 1_'1 •• ~ -: . • • . .- . . ·• : : •.. 

·the stat.i~:q· ~ "~pr.th ... Pol~.~'-,· ·Aqf~~iil.-·'f~*-1~ · th.~, fl.9e <wa~_c_Q.!'ifting ).:.ri, ·~. 
' - .. . • • . • . . ' ' . . ~ : •• . : ) . ; . J. • • ; • ' . . : ',- • • . . . ' ' ' . 

the- Arctic bas,in,~ its :posit.ip:fl in. ~!9l~iti;on·. ~o the:: mf?.ri"clian\· rem~:fned: . 
: . • ·• • ~- . }· ~· t· ' \ :. 1: ~. ! ... ., . .. _l .. ' •• • . - • . . . . ·._: . • . 

· almost .the same • Thus the .iWPP.~~E?.i9n ·R~~-- o~eated~ tl!at_ .. ;:the. floe.;-:::.ip. _ -~. _. 
1 .~· . -~ f . : . ~--:_)~) . : .. ·. . . . \ ·• ' . :. 

spite of all the cUJ.'vea :l:n ir~ :r,!l~~~a l ~~ taking ~t ,in a· -ge11lmd 

movement of .~he· w1_de ·.&rea· of-' pac:te .• ·. __ : ·: .. , .. 
-. • • , t • • . '• • I • • t ~' :·>~ ~ '> , : •. 4 

'~ • :; 

,. 

A~t~;-_..t;he~ flqe ,_e?t.er~d r~~ Rr~}?.~t~B~·~~~. it _bes<:t:n., .. to s:pi_n<pn;;. ···~:·, .. ·; 
" ~ ;~ • - •• f : -

1 ts ax.i~. frequently., ~now ~n e.ne: fiif~Q~iqp.,- :q.ow in- a:npi!her,·~wh-~ch; was .. ' 
- } ' .. :· ·_' ',; 

. . -

undoubte.dly .. ce.used .. by. frict iort of c .1 t£?. ·. ;m~rg-~ns ,. ~ue-- to·. th~ · .unelq11eJ: 
• • • • - - . ' - - - • - • . •• "; • ~ - - I' . . • '.-

speed of Sf?parate· floe~.. To~ether with the increase -of speed. of>the· ... <: 

. curran~' as it moved _!30tith; th~ width ;or: the. ·,Qr~,ep:land:. current ·nat~ 
- • - - .. - . ' ' -. • .; : • • ~ . * 

urally de.cre·ases t. .• At .80° N.n -~he_ wj_dth of~. -the. movj.ng . ic~ .,~elt .. · reaqheso:;(. 
. ! .: ; .. _ --· .. • .. - - -, • - • - • ~ ' - • : -

·. :: ~-466 klri~; at the 70~h :parallel it decreases to 20Q -lnn •. _ . ~ ' ... ~, : .. , .·. -
• ' • • ·:· : ,. ' . ' • • • ~ • ' ,'' + ' • • I ' • • ~ ·~,: ' -~, ' '. • ':_._.,: • I ' : • • • • • • : : .~ • ,.,. • \(, ·~ ~ '-.' ' ' .'.: ·\. : • 

Freqt~ent .attempys. ·have. ~een ~P.e. t,o_ ~al~u;I.El,te. .the, qu~_ntij,y:·: 0_f ., .. ·:.· ... 
v ,.: ... ·"- ·' .• \ ~ • ___ -.· .. ·- •'. "'·~' • . .-· ::-~; .··._·-. ~-~-" .. ·-:-- _ _... __ -,_~ • J,_;· ... /'/,_· .• ,. ........ - .... - ·-.· •• 

ice flow~ng south through ~he strait_ between, Gree?land ~:n~l Spit.~per~en,. , 
';.'- ... -;.·.' '.·-. 'i'.- ~ -- - .... : __ .-.: ~~-· - •• ··. . .-.- •• -.. _· ,. ' -, .. -_ :~~ .,_ ... ··.;_._:_ ~-- ... _ -~· - ':.·- ~, :; __ rt;< 

·but _.to the present no accurate results have been: obtained.,. d~e .to .. ·c.. • . . 

• - • ; ; ·; ,' 1'' ~...:.. . • -:· ..... " - ••• - -~ ' : '• ~ - _:._ ~·. t_!· '~' ~---·· '· .• :·'":: ........ ~ .""" ~···· _: 

the lac~· of sufficient _da,ta.. _First,: the mean ~hiokness _of the. _i~c_e , ... . ' 
- ·' • '·. ".- • - - • - ; ' .• :. : -_ • ~ .. .- -- ... _ - • - . • .: ~ - .-- • - _.... -· '".' • - ...-: - .. ·• - • .._'1_ -. ·-.. 

~ 

is not kno~; eec.o:p;d, the speed· of movement at d:l.fferen:t t-imes pf __ .,: 
· · · : · - - · · - · · ·· · · · : · . · · - · .. · · _ · , - ·. ·· ~ .. · · · ~-- · ~ · · .,_,. · ~ · ·' ·_" : :pa·ge 20? 
the _year has not .~een .suffiqiently s.tudied; third, it is not known 

• . ,;.:-' ' ~ • tt . • 1 .:~--~ _. ~ \-
. . 

what pe;rcent~ge ._of the ._.sea i13 ~ccupied with ice and h<?¥ ~h~,.ice is 
.. ' ' • -.. • - • • ..._ ..... •• .·- ; - - - ~- 7_, •• .. ·; 

distributed in relatioi?. t~- the time of ~e~r. 
/'.' -:-· · .... , ... _·; .:· 

"/,_ ·-.... ',.!-.. : f'• '-

.Q~lculations m~d.e by-the German oceanographer Krl)IDIUel g~ve a 
> r•:•,l~~~ \. • .; -~. • •• -:·;,:,~ ~ 1,~- • /' .';..._• o 

0 
"'!,:,_,~:_.,_"·:· .. fl .. 

0
h o,~ ., ./:/:-.~,. .. -;, 

12,700 cub:J,c kilo~eter of iqe a year, :~which conetJ,t-q.t.es approximately , 
• -~ •• ,- __ .;·_"' -" :: -·: .... f •• ~- • ; ·_' - ·.-- -· - -~- ... •• ~ ·~i 7-~·::.. ~-~ ~-!:_- l ._ .... ~ .. - ::·- / _l;~· .\ .. ·• ~ 

one thi;rd of the: entlre :p~~k. iqe filli~g the ceritral< ·A~ct~c ~as in .... 
' - .:· .-.. '·· . ."i'' .. · .. '-'~-"'-~·· -, •.,.'>-.. -~ "~. .,1: r-.1 ·:-' ~~ .._, 11 ..-I.~A.. •,. i .... ~• -..: .. ' 

-i84--.· 

:· / 



·thickness~ • • - • r •• •• c-: j .. ~ --! _. i' • ..-.· '\ ' .. .; •• • ........ •· : 

. The ··ca~lc:ulat:fons ·cor' v.·. Y .:: :Wei-se<give ··8,-000 cubic 'knf~·- · cAccord-

·page ·207 
contd • 

.... ·.. . . .'. . . .. . : :... . . . ,. . . :, : .. , _· : . \ .. ' .... ' - ·. . . . . . . . . ' •· . ·. ' ~ . . . . .. 

ing ·to very ctlutiouEi ca:tcula~J~o.P.~);,·qf.'~2ti:Jii~/15r;~sen~ ·aut.hor- the<quantlty 
.. -. .. ~ ,?if:k1~.-fit~~:.r~~~~n~:.r ·:. .· · . . . . . · 

·of ic'e.1:.q·a:rried:· 1~·- ·e·r·en Ieee .t;han 'tlfat·~; ····.Re· considerer that···the-: Green-

. land current·; ;au.~~<t~· fayo~abie winds,:( is :vert· uniform, arid .. 'that ·its·:· .. : 

·~~e~d is -from· 8 -~·~ 1i2 lmr.·.-:~ da·y, w~th· a ·width of .about 200 loll; .··The-n 

we find. t)l_at thJ:.~ ·.·current· 'Carrie a· ·out·· ~each year frOm. the: Arc-t lc :·Ocean 

up to. 1 :mil~ion-· sq1,1are- 'kliomirters of sea ice'' i ,e ,:·fro~ '13% to<20%'·. 

of the :·entire· area~ of .fee. in the· centra-l·· part.: of.· the Arctfc b~'sin·. 

·:z., ., ... · · . Tcf:be-~~cautious; ·let· us ass'ume·: th.a.t· the· th_fckrie·sa · ot·· t.he·~ i'ce: 

carried out by the GreeP..J.:ancJ>curr.ent aver·ag~s·:. 3·_nr.-·,- ,then· ·th~- annu~l 

q11an~ity. 'of: :-ice w1-11· ,eq_tiai .3 th0use.rid cub-ic_ Jan-.~:~:, or:.-abdut =,5. mil-. 

i'iop. ·\.oti~· -(m~-t~i_d') ··of sea· ·ic~··· In orcier · t'o-. thaw· thi,s · i·Ce 'it ·would.·· 

b~. ~eces·sary:··:to··'.di:scharge,-more· than 200 .. 'x ;lo12 .-gr~ ·caiorie-~ .. of:.-,heat 

: (a··gram-ca:lorie -he~ts: .. b_y ·io more. thar1 3000 cubi~··cni~:-~q{·'air·. )-' ~Thus, 

Fart Of the -ir~a. formed is··,,Oa:Pr.i'Bd·.:out ~nto·· more·. -s6u-eherly 

. ··iatitudes·; a~~-, -~a:·. a ·"~esui~ ·the climate 'of the .,A~ctic ··basin 'i~ soft-· 

eriedo ·Thus~ .the .. Atlarit.ic ·and. Paciflc Ocean .:waters, e.nd ;the- ~~.ver · 

·. ·watere., ... 99n~t-~~~Iy_ b.:rtng_·war~rt.h :-~n.tc;>· the. ·Ar9,tic~ 'bas~n.;·~·wh:iJ.e th~ : .. 

. Greenlancl<ice 'st.~eam .as.: c6iiatantl~·: carries. col~F· out :. of "the basin-~ . 
• .; ~" •• ~- ' ~- - ~ ; - . _. • . • • • • • • I' • ' • . ,' . \ • 

The· quantity· o!' :.ii-a.nrft:h · ente~_itrg .. the· Arct:t(( bas:i:n, ·_as-_ well' as the 

q~nti ty of c~ld ~eavfng .it'· do~·s n~t rema1.n un~hangeable'. ,but: i~ 
.. ::.. 

. subject to. considerable. change fr_oll1 yea1·· to year.. · The·se c}lange·s · 



the· westenf ·bord.ers . of the seas· of the- Soviet Arctic.-

· ~ Obse:t'Va t ions -pf·: .:tne ·stat i_on 'iNorth Pole" a.re v~l ~b.le .:because, 

being a·:vi.tal adg'._i.:t~on ·to_.th~. ~:i\?§e!\V~t~·g~s. ;tnade. ,befor~· -bY th~ -~ · 
• ;.. -.:•t: <;_' I .:'·:·. • ,· • I 

Soviet. :-$~p~_orers in tpe· G:re~n*~ri4' R~~:-~ ··11fl~~ '_for. the. fi_~st tilne- en~ 

:.page 207 
contd. 

' • • - > '. ~ • • • - ~ ,, ~ ~ ,·· • • , 

ab;Le- us: t~:~ calcUi~te the: qu~BtfS!' -~f_::·f~~:; f,~rt'ied ·-oJ.tt ftom the·-Cf3~~ .-. ·. ~: 
~ J : • \ : ~ • i ; . : ! •• . . 

tral Arctic ~as in and- ·tq_ f.9t~RW ~.P~m ·-qP.. f.Hrther ·to le~ri'tbe.1r ._:. _ '-·· -;-_-..... 
• ~: C' • : .: ; ~ l ~ ,• \ ''•. I i 

fate. ·.At .the ·a~e. :time th~-: f~§14r~- .. -~f'_::~~~·-,-Papani·n:. observations '·:· _ · 

rai-sed--new· ~nQ__.:i~portant ·prq~~~~~-~ ·/::·pp~~:·~~~~- grea~t speed .-of-. ~h~ :_. · •l 

' , .. ~~~. ·/ ~-:-~ t : •• 1 .• '. ·: ·. ~·:· . . . 

Papanin: di'ift re:presen~ a Ptf~now~~q~:r·.yff9~ ·.is .u.sual"-· for .. the ·Gr,~en~ '·. 
. . ·,- •.• -l .~~- ;_, ~·. ~-~; .... :· .. ~J- . • .• · •• 

larid current·, or ~s. :tt. mere~~ :~9~~9t~~::~t~~. special- .. cl~a.tic·.Qon~i-. page 2o8 
• ' " ~ ' ( !1 ' ' ! I • . • • ' ' ' 

tiona o;f · th~ win:ter 1937~3-8 ,_. f=t~~;· ~p :~b~t~-q:~gr.ee ·.is .. it. 90IU?-~ci;ed :~-- · · ··. -·:·. 
. . . -. •';" . . . .- .. ' 

From· t:tte ·histOJ;'Y :_of :exploratiqn of the .Arctic-· ~!:LY~· i~n~.tanc.~.e-. · :._ ... > :: 
. of drift ._of~ ves~e,ls 1!]. the Greenlan<i: ic~ ar~ kilo~.; ,.]'or·.:i.n~t(in¢e,y·_-'· ~~ .. 

tha~. _is .:wh~t·::~appene9, with _-the Sovi~t. :vessel·:,fv1urin~.·during ;th,e:_oper~-·::· :· . 

tion of: ·relieving·_~he .. stat.ion-'.'North Pole,~' Aa··we··;kno~, ··th~ -M·n··_warL 

beset by _i~e.- sou~h:'-of ··J~n Mayen :a!ld .the~ carrie,d w~th t~e. p~ck_.·o~t, · 

throu@ Denmark strait into the region :·a·outh: of Icelane\,'-lf.:Q.e~e ·c_l.t,: .· ., 
\ . 

was freed •. · 

the followi-ng,:. · -~ • t . • • ' • • • • • 

... ~. ... '. ~ ' - ... . . 

* _As alrea9-y pointed. O_U::t, this_; ~1-acuss-iqn ~S; .da"jjed:; . ·for S.QVi~J~: ·.-··: ·· , . 
scientists, like_·o~hers who temporarily held 'those ·v:Lewa·'of climatic 
~ha.Ilge·, : ~~te · ~iiJ,ce :_con:c).w~-~d 'tli~t· on~y: -~ · ~~ort. cyQle< :wa.e .·:inv?lved .-:: - : ~- _ 
{Note . by Ste-faneson) ,.-

~ j ' • .. _;. 

···:· .; .. ·• 

-18.6..: 
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In. Jwe :1777 s.everal_ v.esse1E3:'. ·c,f· ~~e .Hr;>lland wl").ali·ng: f;t~e·~:. ~ei;-t:).. -~page·· 208 

.. . . . .. '' ... ·· .. ··. . . _·. ·. --Cbritd •. 

bea·et -at -7~6°_~~·-· a~cl. ~ere_ carri~Q. .with t;l:le ._ice __ ~.~uth,· t}l~o~gli D~nmark-
. : '' .. : . ' . . ' . . ... ·. . . ~ . . .. -. .. . - ~ ... . . . ·.. . . ~ . 

Strait-, at ~- rat.e of.).8- tc_?. 20 km-. --~-day •. ___ The ·Hanaa·, .·sailing v~~eel. 
. : •. • . "· ·- .. ' -. . ... ·. ·., . . .. '. •. . ____.. . . ., ~ :l-." . . . . r 

f'rom ·-the;: -.~~s.~er~~'~.f?hQr~s _or' GreE?n:lapd,_ a.nd :W_as. carried_ .f~~.}~- south.~ 
) 

ern dir~~tion. _. · op_ oc~obe~. 22.~ 1869 ,;_-the Hansa, ~~\s q.r-~shed :oy the 
... . . . ~-- . . . ' . ~ 

more . nort'herly ·a~d' westerly than. the :place' '\'There the WinterE:1r8 ·of .. ; . 
• J~· ... :• • : ·,: .• : • • ' : . • • • • •• • • • • • • , • • ~ ' . • .··.. • . • 

. . . . 

.... ~he --~-~a-~+:9~::·~-'P.<?i.th.:·: :Poi~"·. :we~e on Februa:r.~- 19,- ~93~_, w;hen ~ak~n. o~f _-.:·: .. 
• • •, :.. .... ~:-. - ' I ,, • • ' ~' .'' ~~ • ~ • : • + ., • •' ' • 

by the icebreakers ·Mriar(and Te.im. The hull of the Hans~ drift,•·:: ·: . 
·--~'-.·· ·; .. ·;-._ : ... • ' . _...._,___ • ! . •' ~ .. ~-·· •. • . ', • 

.. · .. : .... ·: ...... 

e~ on y~~h.J;h.~-. i~e. alq~~--;~~he ~B:~ter~ coast' o.f '9:l"eeh~a~~ .. ~nq.._~,-~in~l~~.; !, '-:--' ·. 
~ • ! ~ ., . • • • ' •• -· • • . . ;,. . . • . . • . . ' . 

after 20Q-;d!iYe.,._fo':li1d:.·h~;rself: at 61°. 2:L' N •. and 429 .w~ . ::Th~_ cr_e~·;., 
· .. t::'): ji.? . . '. :: . .· . . : . . ., . : . .~. ·. . . . . . . . .. ; ';" .· .. :; ·.. . . 

then · t'ransferred · to· three boats and : i.n. _them reached . ·the. coast . of : . 1 
. ~ ... -_._ ... :~~}.-·.·=~ ... .. : •. ' • _· .. ·' ... . -: . :-· ~-·· -.. . .·· ': ' . . . . . . . ·, .' ·_, , ... :• 

. _.;_, 

Gre~!l~and~_ · Al~~~~-ther.-~0.90 ·lml· we~e. v9;qyer~_d :in. ;t~e -_~if.t. : ·~~e:: :;-_. '::::1-.:. 

coil~cid~n9·~·-_of_ tl:l~ .. :Pl~~~ ·.Pf ._r.e].~eving.):>·f ·the -.statioti. -~'Nqrt.~ .Pple..'':-:, ~ ... :~ · 
.. :•,'.' :_..: "" _.· .. :• . • • ·~, ·'•.' .. ~·L .·~~- ". • •""·.'• -; '-.~-~ • ' ,. \\.'-.. • . •.., ..... • '· • .._. . • . • I 

and the· :Place· of: .the. ·be,g~n,q.;lng ·.C?f._ .t;be. Q.~;J.f.t _of ~J;le. 'Hans~ enaple_~; 
·::~::~ ~:_ .. - · .. · ~- ... :.· · ... · .. · . -- .. · ... "•;·~·· ' . ,.., . . ·,· ; . ·: ' ~ . ·. 

u~ to _9tilc:~·~.a~,e· ·t.P~; ~o.e .~qv_~m~:q~ fr.o~-,.-t~~ .. very ~ole: to t.~e. ~(30Mth~ ... ,_ ·' ... ~i. 

western·.-·coast of Greenland. 
,.• . - ~.. . ' - . . . -; ·-~ 

t~.-~~~~.:·l?i?~. ~~ay_ ,_.fl.<:>_~~ _:_r:r'-?tll-.~h~. c.~.Jilt~al·:part. ~.f._ the. Arctic·, 

which . e.n~~r th~ .. greenland~_ Se_a., ~~ . comp~ra ~ ive~~y;-1e.r~e .•.. :·~~.~~, -Pt.mler-.~. 

'ous observat~ons of co:mnlercial and' scientific vessels were .to' the . 
- . . : ·. ·~·!. ..~ . . : .......... -· ~ . .. ' ·. . .. . • : ., ·- .. •. ., . ·.; • ' ·.••• 

', .... •: ... ......... -.............. : ... -· ...... -~ ... ;~ "':'"" .......... ~.--. , ..... .,..~ .... ,. .. ,... .... . .. . 

effect ._that. ·:ip. ~lfe ~r.~g~on.-.:P~~we~-~ ,.Ja~,:~aye~ .. a~~ .I~eland_.only _.r~~~ 
...... .":·:·.,:·· ... ~:· .. <::. >~.::·;·:~·:!'.; _,:<: .. j(-''(i·-~,,:'··-~·.;-/.·:·>':'-'·".-:;.:.·._.: :.·: .. ·.·~ ...... :. · .. '·. :·-:.:··'· .. . 
·atively:·;small··:rra@Iien~a:·.ot .. :t~·~ h,e~vy .f\;r.q·~.ic. f.lqes. and -fie~d~ .. are 

' -· . ~: ·:~.· ·• ·~. : . ,.: • t'.' - ~ .· : .. l: . < .. : ', :.. .:. '-· . '· . .. • ' .: • ' . .. :... ' _.. .' : .· -. : : ·• . •· . .. .. . . . . • . :· 

~ncouD.teiwe_d.-,_ ,~~~~uri~g: 118ually~ ~o t-p 4.o. meters· :ac;ro~a· ~ · ·. -~li_es$ ~~~-tl~ ·-·· .. 
'. .. ~.: ~ '· .... \.'." . .. ... -.. 

. . .~. -~· -~- ' .. ,· 

·-I. l .·{._ 

.. _.,.·: .... .;:·! . . J"o .. 

···)-:...- . . ! ,,. 



-.. ,· ·. 
~) 

I .., 'o / • •• ~ 0 .-

f.~ ' 

.. 
\ ·-·-;:-. ·::'\··· 

., : -~ :. : 

. ' ... ' : ~-! ...... -~- ,j;. '·, . • . '• 

··~·-··:··r:~--~·-.: -.:-~ ··- ·:_.·-~::: 

. ·:. ·.. . .\... ' ;: ·.> - •, . . ' .: ; .. ·._.:; ... ,~~~··'', ... :. ··. ·'· . . : . -.'. '. ; ......... '· ·. ' . ~ ' .. , - .. ·' . -- ·, ·-. . .: .' .~ ::..,_ ·._.i;·· ..... ;·.- ·. 
·, c.hi-pe( .from _the··Jieavy ·±ce·· fle-lds-·~ra~·ca:lled·;;-~.!~etori·s'.'·'~hy<tn~~ Dani:sh :page 209 

·. . .· .. : .· .·.,·· _. . :: :-:::: .. :' ... . . . . ._,. . . . . . .. ·' 

·and ·t}le :. ~pr~eg:1on~--~ ~e-~r1ihs ·iite~ari§(".big':.ice.''. ~ : .. 'l'h~ref?:r,-e j in .:: ·. ·· · ..... 

··the G1:~eep_iari.cl sea··_.bet~e~ri~·North~:ast~ ·roreiand. ~d.:·J~n .. :,~~~h~ t~_er~ 

must have occurred a: bre.akfrig ··ili('of'· ~~E) '":):tfroge :'ie:e· 'fi:eld.s \;rt' t'h;e .. 
. . . . • t' · .. ' · .•. - •, - .• . ..... - ·,• : .•. ., . 

'~ ·, . ~. ::. . ,. ~ 

Ali~eady · cilir~ns -tli~··. Chelyus~iti'··-'exP,e(llt:±ozi· i~i. ~~d :t~eh riqt;ed::':-, ·. :· ... 
. ·_,·· 

. :_ •·-·· '. . . . . •.. . . . .......~ ' ; . . ·-. ~--.. . . .. _.· ~ .. 
I ' .' . t , • ,r , ~-

~hai:, .. som~times~· 'ee:pedialfy durin~· hUnixuoc~ing_r·of!:_~i.c,e:~ fiE?~~~e·:/~the're'. 
- . . . ' :. . . . . -. . . . . . ' .. , '. . ·. ·• ~.. . . : 

~e~~~ci.~ t? .. be rimri'ing 'over· the:·i4e ·wav'e¢ ~-~Q;~r·:_t~~ .. ·:ac:~t9~·.::·~:r.~whic~;::·: ·. 
•' ,. ' ' I ' • ' . . • • . ' . " ' .: ; •' \ ' ', ~~ • •, ··if 't ··' ; ~ • • • 

the· ic:e r·iald:s .. bega~ to· ~ock~ *· ~-~~:.:~ • <)>: · :: .. ·-.··· ~·: · · ,. · · .. , · · 
~ .. _;,· --~- •, ': .:-· :._ . .. l·. -~· ·' ·. -·· . . o.l ' - ·- • ~- •• ':: ~-: • ' 

' ThE§·s~ c:6ncfit'ibhs ··'-tere-:weli · lcild~~ri to .. shirshov ~and Krenkel-'~'·(6·£<;. · .... · ~- ' 
•Of' -~- ••• : • ' l.· -~ -~ • • . • •' •.. - .. •,. • : ' -~ .• - ·-.~: ,:·· _.; /j· . ·~ •. -~ . . : ' . 

. the·~--~ap~-~:ri~ ~ex~~d'~~~bn) ~hb"'baCl' 'he~n·~embers of:. :tlh~·· .E;h~i~~sk:i~ --~ex~ ·. . 

peQ.it~bri •. ~0~ th4t reaeoll Jfe~o~ov (of the. P~Panin· pB.riyj :re~rV~d · 
.. ~,, .--··.' ._·,. _,::,c > .. _.:', .. ·;. ·, .. ·· . ". . . ... · ' .. :_ ·:;·· ···):~- >_. .. :-

wit.h spe:ci:~l' a.t·tention' during· the .'.drift :th~ 'behavfor of: . .the':btib))J;e.. • '•C 

• • ' ~ • ' • • . • J ' .• • ' . ~ • • ' 

ill the l!ivel'~f. tll~ :thecedciiite; ea~ablished ori the nee,' 1ri or'ci~x' ) ..... 
r· 

to d.~ te~~~i~·~t~e :~-~. ·fi~c·:t u~t i6ns ~ ·: ~ · · · · · .: ~, · ·- .... 
' .... -... ~ . . 

The· ~~ift/.-of ·thE} station :''North· Pole·":···aa we ·na_>v.e.·.: s.e~n/··.at_..:.: : ·. · · · · 
,; ,_ . ' . 

first , Pi~Ceeded: in. ~neial' • ilxtreili6ly' rcallnlir •. ·The winteierfi · .scimOtiJ;ea · · •·· · · ·· · . 
' ·~ ·.-· • ' •. • • ' - • ·; • . • ' ·' ' • • • ! 

<ii~c_over~d~ .c~~~~·s: -iri._ .. t.he:i.r.floe, ~whieh:.ha.d·.beei+. prod~ced. th~dugli·· -; 
-.. ; ·, ·.; ·.. ~- . -:: :. . . ' . . . . . . . . . . ... . . ~- . . . ~ . .. . . . 

cP,~~~E( ~f. ·,,t;~~;~r~tur'e;, . ·but· breaka:ge.' or ,.~s~a~p . Jolt.~;".wer.e: .. n:-~t "ob:~J~ved • .f .I .· 

t_~li ;~e.~~d bf: \T~uary.~ · · E'velr ~he·' turns pf' th6 ·t Ce · f'ie~d !l.l'ci~d · 
t~h.e v~~-~Jcal :'a:xis ··wet.e-': cbiripa!>afiveiy 'small.~-~ s.pecially' at .. ··the·:· .. ~e·~in~ 
. ' .:, .• > . :·:· 5 i .. ·· ·. <> ;·. • • • • • -~. : . • • .~( '. -·· • :::.: ::.;., • 

t. :i.ns .. :9r·, the'·· .. ~r.if·t ·~·- · .. 
·-· ,.· ... "·' ...... ··· . 

',• .. 

. . • r ~ . ~ 

. ,. 

·.'*. ·'.The meaning: 1e· that when ··p~e-ssure :ridges ·are ~~.ing forfue·d· fn 
one.· o~. mor~. places on a- lEirge . ice fielP.. ~hen _there .is. 'a sort. of' wave 
motion ·in the paJ:~ts :o·:f'. the·.:tield. :where' nci hummocks·:are':: ... a.ctutilly .. ' .'<. ··: · :·" -~. 

being formed.· . The accounts ·'of the third Stefansson expe.dition re· .. 
. fer to t:hi_Sc':·as ·a:· quivering' of.;.the ,:j;ce-- 1lSUally. nOt~ perceptible to · 

the human senses but 80 pronO'U.I'+~ed nevertheless ·that sextant observa
tions could not be taken beca~se or·waves produced in the mercury 
horizon.· (Npte by Stefanssori), . . 



. . 

· ~·- · Th~ :f:trst-' ~trong··Joit .. wa·s 'noted· on January ·2o;- :the ·first· flue . ..;.·· page 209-
- . . -· . ~ . 

I contd. 
tuations <±n :the' :.-1ev-el of ·t·he"-'the:odoli'te. ':iere.· fouhd' -~ly.::·on::~the:· 21st ":'' 

o:f·Jan~rY., !938, :when the .floe::h~d r~ached the Greenland :Seaf apprbx- ··.-

·imately at./7?¢··-N ;:'tat /-:·No -dou;t;>~+,~l1-~s;~:.~4-~~,$"0B~ected. with th~ ·storm~ .. · 
. . . . . . . . . . . ., . . -·:·~-:·~~~~~-!??i ~ ~:\-:.-.(;,~L:·~~.-i~~t;~-:; ,. · . . · . _ · · 

· iness o~·;··:the~·whole· ·of Jan~ary:,in--:tne .. ··;Gre~I?.lan~ Sea •. · Wind velocity·~--

__ frequently.:/re~ched·~,30 m~· .per sec.6rid •. :aecauee -·~f· that force of the.·,.· 

wind;;· artd,·:bec_a.li~e·•.t~ef~:easterri __ :part of the Greeh'iand · s~a; ·is aiwa.'ys . :: · 
. : .t . - . • . .. . 

' .:free· of,_:_i:ce,, ;tl1'e .· f~oee(;b~gan.-mO'v.~ng in·. response:. 

:~_.,~ _;Ja!-ni~rY ,~26 t~e ·:~f4~-day · sto~ ·began·, :~nd. ·the -floe·-·~e~~ik:th .·; 

experriehce greater 'tbdrirfg·. 
•• • .. --1 • ' ........ · ..... ' ; • 

·II 

The :period of the ro~king was· 1o :to ·-:12 : 

. seconds' ~(apjp~ox#na.t-ely-·.t-~e. s~e as observed wi.th ~e-a ·,v~~~e~·)in -~- ~to:tm>i' 

the' inclination: 'pf,;t'~le :-ice f-ield· reac.hed 60 s·econd~- 'dr. ~c /-~<1-_rnor~.-~' 
... ·:As a r~sillt· :ot:~.th-ie_: i-ocking, · te·nsfon ·was cause·d in the ice~~. -F-inally 

; ' . ' . . . :·, .•· ..... . • ~ . • . . . . . ~ . . . ·~· . • . . ' : . ·. ~~ ... l. . \. :. 

·,. ·on ·February lat.,- ·:'th~· .ice· field -broke- along lines ~approxiina:be.ly,··per• 
._._ . ;· . ' 

1 ·.~ 

i. 

cause Of:.:.··t}ie.·:rb'dkin:g;, and:: the::. breaking. bf the '·fee 1 ' ~as· a: gr:'aa:t·. ~well, ·· · 
- . 

. '~. , .. ·: 

· of the o-re.enianc!: S'6a.; -:whfcli·. sw~ll-; ·accordl,ng· _to: genera:I· liiw; was 

• ~ ~I' 

·. -:· 

After .the_·breakae;e:~of ·the~ ice f·ieid. the .. winters- of<the .-: ·. 
. . . ~ 

·stat·ion··;"North' -Poie'~-· fo~d-. them·se·lves-._~n a floe .rp.easuring ~o bY:. 

50 meters.,:; se:Qarated fro~- :~ther floes,. by :cracks 'of ·1 to··:5. ~eters . 

in wiO.th.,::.- ~en~--t~e-, wi~d-·subs'ided,· ·the. floes· began- to get·-close·r· 

to each :othe):o: and: fre~ze t·ogether·; ~by the 19th of. FebrY.arY.\:the· ·.dis-
,· \ - . 

. . 

tance ·from: the->;statioO::·.·t~. the,~edge .of\ the· new 'field on: which ·it ·.was 

.. page .210 

. l~cated_: was~ alre~d~--~b-outl·J2_)nn;· .. <But-.the. ileW fie_idt,'-fO~]Jled_, from: tne- .. 
. i · . 

. - .. , ... -: · .. -·: . ·,··: 1-:. . ··.· .. -.. : r • ... ~. • 

-i89-' 

/. 



·:·brok~n;_;p~rte::·ot· the o~d.:.i~~·-·fie-~d-e:, was .na·t·ur:alJ.r,_:not~ .. aa,:etr<;>ng·a~:~ · page 210 

:th~ ~1<).-:one~·had:_:b~.e~; ._o-f. .riourse., even ~eak ·wi:nda·.c9~d ~a:v:e ·broken~ .. ·- .. ·:··: .' 

. ~ . /'.. ' 

t' ·I 
Duri·ng .ite:drift the et&.~·~op,.- ~~North Pq;J.e" dropped, south in~-·;:-,/~ · ·. · 

' ' I • .. 
. '. . ·. '' .. · . . .· i.. . . . · .. 

latitud_e I, ,,1~0, sea miles.·. t~e ·:Pft~~~~~. r~~ ':flCC~mpliehed· unQ!er. tile .-· ... : : 
~ .. : . ; . ; ' . " . . . . . ' . ~ ~ ~: ' 

influence of. a -:c·onetant current and ofL-iocal· -winds .• · If ·we , -take·· into> . ·. ·.: 
. . . . . - . . ; : -~;! ~~r .., . . _,~ ·,. ·. .. . - -~. . ,. . . :--

account. the obs~rv-ati,en~ ."of ~~' f:~: .ShJ:r;-EI~lqv.:-- Eind .E~ ·:K. 'Fe:dorov.:,:". ~ade· : :._ · 
' ' ' . ~ .. - . ' . ·. - . . .. : . 

by them during the drift of. t}1~ :~t~t-~p~.-· ~lNQ;rtli 'Pole", ~of :the: .d-irac;-·. ,. -
.. - ; ~: (> r ~; ·; ' . :v·l··: . ' . . ' . - i . 

t ion and- ,.spe_ed.- of. the conetan~ -·q~;r~p~~~f t,~~~ we· eb~ll ·. sE1~.' ,tha-t.' about . . . . . . ' ;; . ; '.· : ~- ·: :-:: . ; -.' : . . ·. . . l 
-~ _;?_o() .. mile~ of the :~ene~al, ex_terit ~f;'~~~---Artf~ i~- ac.counted;·_ro~· ~y,the · 

-/ . -' ' ~' · .... 
·favorable, currents and ort1y ~gQ ··Ipf~~-~~ ~r~ ph,argeabi~ -to.-~the., f,~y·6rable;··.: 

~ ~ . ' . ' . . .. _:_: ; . ' -~ ~ ': . :~ ~ ~ ·. . •; - '. : ~ . ' ', . : ·.• '· ~; ' 

winds. Mqreovert- the, theoretica~ drift of. the Sedov ~is .-ehorter·._,t-hazj · ; __ .. 
.. 

the actua-l· one .bY. 550: miles.··~:- _precise·ly be·c&UBE:} f when ~~ket.c·~ing,:~·\· . 
. ',!-

·(forecasting) i:t; -we,_t·ook. ·int:o ac.cotmt only.the.lO"c~l winds~.:·:··· ·>·· · . . . , I. 
I 

··.considering :thEFobservation~.-:.and caic'ulati-one .of .. ~-~ :·:P.:r-·Sh;I.rehov:·.:,~> ··_: .. 

and E.- ~K.-. Fedorov:, we- ~derto.ok -~o cal.cuia_te· the :drift. ·of :':th~ ... t;=Jt~~-' 
• I 

. ' ,: .; 

. . 

tion "North Pole"-··8.6 ,cotiai·t1.oned- on':the.:.:~one hand -by:-t)l~ ~isttibu~ion -:-<-: 

. . . . -

of atmos:ph~ric. pree~ur.e.·~nd· ·_on.-th~.:·other, ·by· tlie_-:permanent-:.·cu.treh~ •. , __ .: : .. · 
' . 

Comparing the actual. io.c~tion _of the. ·atat-ion·.,~N·orth ,Pole". ¢:n :Feb.~ .... -:-.~----~ ~-
• • . I 

~ua.ry 1, 1938 ,-.'.w.r~~ ~hEF ~-heor.eticaJ,.,~ ce1bW.~te·d-..l-Ti t~-· th~·:.:pr.e·~eryt )··. ~

author's formula·, .ta:.k:i.ng .... _into>account. th~.- .permanent ,cur'r.ent.1, .. :we;····find~--~·.,: 
.. -.· . . 

. . . . \ I 
by only 50. miles;·,~+· :.e.,.: d·iverging only_ 5%i,_from· the. ·length. of.-: the~-',:; .. '.· . . ' . . . ' i'· 

. . I 
drift along the meridian; Such coincidence mu~t be,attr1,butid''Jn ; , , 

:part' t'o the accuracy of the. data upon which:-the: calcUiatlions::·were"' ; ; :,.:· .. 

~based.··· So·,this· coindidenoe-' ~mphas:izes: .bn.'ce:-more. ~-theL. a:IJ;lhZ'ing ~;aecu•:. · 
' • ~ . . ·"' .i ', ;, : . . ' ' • 

racy of observations on the· :part' of the Sedov'i tee and Papanin'i ~es. 



•\ I"'' '• : • ' I • ~ .. .;,,,'·-,,!' ' ' ' ' ' • 
.,,- .. 

~·:) 

. ...... : _) 

·. m..-,t.he-~·.cen~~a~ -Wee:tlier: :S\u:'eau_ . .Q.a:i.~y .mapa :e.,:re. conatructe(l·.':tnd.i~-.< ,·:page 210 

,~S:t~ng.~hEl dietr.~bUtfoo o~ atmospher.ic pres~~e over tliEl ArcH~· ' contd. 

basin,. ·.e?d: 'or(.them 1sobar~· ,ar,e:· trt;ce_d~ From ~heee mapa·:it; ia-~not;. 

difrig,!llt t~ .take the direc~n~'~f\t!~!~l;tt~\fe, .and the dietatic~ ·. ·••·· · ' 
between· them "at any:.p.oint· on~·,;e~~~,g~~if(~§:ii:irrface·.··\ From:-this_ may_ be' · . 

. ) .. :.·:_". . ... ·.: . ·,_. 

computed.·: a."cq.o?:"ding .'to: ~ormBJ.aa· opta.~ned: a~ a reaplt. of. the ·analysis· .. 
: ••• l •• .... \ 

o:e' the :di.iit· ·_C>,r :the.: ~Sedov ,: -the ~peed and direction ·or> 1-~e.· ··mo;ement. 
·_ ••••• ·-~·. • •. _.l', • 

·: :i~- .any .. · region ~f the· :Arctic Se~:· ·· · .. ,· .- . , , ·. 
, . ~-·· · · · · · · .· · · ·. · · · · pag~ 211 

.. :fu::fig~~ 38 _we ha:ve a.·ma.:P· ~f: mean- monthly atmospheric. pressures· 
. .. . .... .. . . ' 

i -:· • '.: 

:·b~e:r ·\:be. Arct1c ~basin; for Janua:ry, 1939. In the same.·. inustrat'lon· ·' : . 

tlie ict~:l·~~ft o~: the S~dov ·.for the e~e month is. indiCat~d with' · _,._. .t: ';:: •··.. . .._.._,.,.......,.. 
·~, . . : . .. 

a ddubie'.-·al'j'ow.: ·.As we ae~, _it coincides wfth .the/-i_s.ob~r> · 
~. I : •,_ . ·• ~ ' . • ' . ' ' ~ . . • • • ' • . , , • 

;The '~if:·t:' dt! :i:ct3· Jn var~9us regiona. of the -~.Ai~t-iq 'b.~sin~ durfng 

·Januai;: ~93~ 1~ . ~dicat~Jd, si~u~t~eously . in. ~~e ~~e i1'~e . . ~~e · . 
-,';"'!· .. . :_ ~~ ··:·: · .. · .. · ,1,,.,. •• :~· • --~ · •. ;:~·-. . ; J .· .. · • ~· 

· d.ir~ct;fons ··or-·. the· arrows, -.1-!ldio~t.e t}).e directiori -~i th~;·~~ic_e --~ift:i 
• • ~ ~ ':,:' '•·:· I;~; .. ~--- ;• __ : ', ... · •--: ,. ' • · .. .- . ;·,:·! • ·. ,• ',· : ~ ' ·. ,• 

arid~ .thE{ I~~gt·~. o~.'·.-·fi~~o~_s_ -ip~~y~ ~-~s. th~ s:peed of -.the ·'oxift:~. ··, . From _;ex- -

amin~tibn of thi·S= f.lJustration· it .beCOII1es-·apparerit th~t· t:he.·ice of the 
/~ ·... . . ... _:_· ·.:'' : . · .. · ... -~- ·.·· ·.·' ·• .• - :' _.. . ' •. · ...... :·. : •. :':.. ....... !· ' .· . . ,. . - . 

c·entral Arctic-_'ba.a~n .• ~lilove.~.- p._ot_ f;Lt _all a~ one .whole, ,·but ~:it:h: -~a±-ied .. _ . 
-:... • - '; '1· : .. . : • . -~ : . . . • . ' • · ... ·. .; ' ., .. . ·.. . 

.. ~pe~d · and in. var'ious --directions. · There ··are zones. of :t~apfd movement., . 
- ~ • r-.,. • • ~ • ' • . : . '· . . •.- . • . ' . ' . .. - : . ' . . . 

._ .: --~ahcF ~f ·relative· calm.· At th~. :pqfnt where. ·the arro~~ me~t;·, a compression 
-.. ~ ~ " 1 ' ~ ~ • ) :~ , ' • ~ 

) : . ' ; . ~· ·.• ' . 
of ice,- with ~~~,a~ages·,--- -t~k~s place; a~d where' 'the arrows _part t~e ice 

. : ~ 

1-

....... ,.. '1 

. . . . ,_ .I 
• • I ~ • . 
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beqomes · .. less- dense. and ]>a-tcbes' ·or· op.en·.wate~ ··fo~· between':tlie~:sepa:.:.-. page 211 
·· . · · · : . · · · , ·contd. ,. . ,. . * 

rated ice- fie·lds •· · .. · .... , . I 

·.Obviously.,: whenever -t};le ·.movement of·:the ';polar 1·ce 'is -away 'from: 

the Soviet Arct:ic .cqas.t· -we may .. e~p~ct · fa.;vpr~ble · ·:tpe haviga.tion: cpnd:i·~ 
. . . . . ' . ~ t: .. ~ . . . ~ . -: . . : ;_ ,• . '· : -; . ~- . ·, . : . . . . - . 

tiona in the. ~at-era· of. the· -Nokth~:rin Se~- .Route •· -- '. 
~ • ~ ~ '.>•~ ~- .~ ~' ~ • I j ~ ·: <=~ ::,~ ~ t •• ~ 

• • • • ·~ ·: t • 

... 

Wiu~nev:e~ ·.the poiar ic·~-- li1PYef3 ·dw~i 'ff.0vi 9lW shores, 't;h.ere:· is.·:, ...... 
~ . . : ~;-~ ~ ~~ :. <~ . ~ ~ . -} { ~: p-·· .. .· - . . . . 

also. a~ :increased ·o:r:r--~hore moy~w!9~r~ ·-qtr ·+C?P~* i·c·e ., .. ~hich. ·biig. roi1n~ .. _ ,. 

ed in 6ur bOrder seas. Heci~~p~;l,~Y', r~t~·~~e approach o(:the ;6~ ·~· 
ice towards -/our co~st· the· outflow-:of-l6cal· ~9e· ceases·~ !t,.al·s<) ·· ·· 

~.:::--~ ·--~ -~- ·-~ f: -;~,-;:': ·:- .:·: -~·- . ~\' --··· . 

happens that :i.·ce· from, th.e· c·enttaJ. baedn · 1~ 

seas. TMn,:of course, B~iri~~9~~fyion,~ 
~orse .. alo~s the Northern ·sea. ~R,~ute·.: ., ·· · 

-~~- . . ...... -'. "' '. 

carried. into the border. : . : : 
~ ,~ 1~ . • • :· ~ • • 

"• 

. ~o~·,·tli:t:s'.:we· can ·a~e b.bw' impo~tant ar'e th~-'new rUles ·:rc,~·· improie- . 

ment of' :lee predrctiOn>which' 61uCidiltri th6 d~istfib~fic;~- oi i~e ort- '-, 

separate pa~ts of the :Northern ·sea Route durin{:( the ·co~~~ ·~of-:nav~.;;.: .. ·r . 

iga.tiori~. <These p~edi:ctions ·are: based ·on. the.'~bserV-at·i:ons·· ~of 'the·'·: .:._ · 
·-

-. ' 

c~rried out-'·during:··Arc-tic. hevig~t:ion ·:by a.i.rp·l~e's·- ana --~hf~s ~, . :.o1i- · 
". 

servatibns made by. the· meteorolog:i.cai. ~ta.tions· .cov~~· oniy:. ·t":he ~basta!· 

'. 

· · · · page .212 .. 
portiori's of' the .seas; ·observations .. by· plane e,r;.dF slii·p ;ca:niiot. b .. e .-~oilstant. · .. 

~o;r ... .dO' _thc:~r·tak€ ·in_' alj region~::·~· ·.So> thor~: ~~St .he .:cl~p$ndori~~-~~~on a .. 

constant s~:r:utiriy o.f :the movements of the ice ·fields in the 

--}~ Illustration 38 would seem important. f~r study. (Note b:y 
Stefansson). 

' I 
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r .. -. 

·· .. , .... 
-:.- .. light :of weather. charts made, every· day with the 'aid. of.·the' dis~· 

eovered method~ 
. ~ .. -: : .. 

In thi·s· pos~:ibili'ty .. lies on~~ of. the. greatest prac--tic·~i ·re~:'lJts·. 

of the ~v drift. This ~tmftf;~fff~~~~r~tde pbesib:t6 by the' axe~~: 
lent work of the remarkablE{· COl'le:c:tiv:e.·· '6f' ·soviet polar: ·w~rkers 1 

• 1_. 

specially the· magriiri~_~nt work of the crew of· t'he: fceb:r~a.ker Sedov~ 
.. 

We-·have:· manir ·famous names among .. sa:i.l.or:expiore!ra, ,·,o~· whom:- we·· 
.. _, ... 

are justly proud. To. this . i1st are· now to ·be. ~d.ded .. the n~s o:r. 
... : r .. 

the Sedovites. They ;;ere not .onl.y: able 1 under very difficult . condi-

tiona·, to keep safe their ship, a membe·r of the So;iet:: icebreaker· .. 

. ··' :··-: . 

. . . :,. :_..:. (\· . . . . . .. . . . . . . . . . . . '· . . .. . . ... . · .. ':.!;page 213 
fleet, but were also· able· to cond:uct a eerie a of most· 'valuable ob- ·· · . · 

. . : .. · ·. : .. · . ~ . • , : . . . ·.:. ·'· .·. . . : ,. . '·r . ' ' 
servatione in the Arctic· regions, where before· them.hot a: single ship 

had :passed,~--n~r E;l ·Bingle afr:pla:ne· •. : ·:~hUB th.ey h~~e .'~bed muc}{liSht·. 

on the proble~s· of: the .s~~i~t -~xplo~~~:~~:-'·~hich·.-pr.oblems~ ~ere. set 

for the1tl''by ... the XVIII Con~e~~: of··.:.th~ ·.·P~rty and personally. by::;· 
.. 

• ••• ' -i • • .; ... )-

Comrade Stalin: , ·to transform- the · No~therp Sea· Route into a .nor~· · · ·· · 

mally functioning· ·ae~ ·ma.gie.tral -(main line) •. 

, ._, 
' ... ~ ··~·- ,•I 

. . ~. 

• • ': •• ~ t • ', ! 

\ 
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Fig. 26.- llap.ot ioe drifts find of surface 
cu~rents of the Arctic Ocean. 

-I 
I 

I. 
! . 

.· 

.N 

$ 

... 
Fig. 29. Relation between 
the action· ot the wind and 
the drift or the station 
11 North Pole" from 3rd. 
through the 6th. ot August, 
1937 (according to ·shirshov). 
The speed ot the wind· is not 
indi~ated in the illuatration. 
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"Sedov" drift 
Direction of wind-----
Seot. 1,· 1938 to Feb. 1, 1939 

. I 
I 

l.t?.r\1!1"146 !leT~ 
;~ oe·JO ?000 ... -----1 
~ It ('(; :!0 4L IIIII 

•,\acu:rr.~6 c~ril~!a 

/ , 
' : tO·fX· -~ 

' ' ' 

/ , 

, .. f·.'f 

, , "' 1'. 

, 

. 20:/X ,' 

' ~~----./-

' \ \ _,. t·IX 

·Fig.· 30. The schem~ of the drift of the Sedov and 
the'direction of tb~ wind from Septemb~r 1, 1938. 
through February 1i, 1939. 

. I 

i 
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Fie;. 31. A, ch~rt of distribution of. pressur~ in 
the .~rctic fer ·the first ten days of December, 1938 

1 . 

Fi~. 32. ·chart o!' .distribution of press·ure in 
the Arctic !'or t'he third ·ten-day period o!' 
D~~ernber, 19.38 
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15 

15 

Fig. 33. ·chert or the distribution of m~J~n atmos
pheric pressure, in millibars, during winter in 
the Arctic. The arrows show -the basic movoment 
of the ice 

• 

~5 

0 

Fig. 54. ·chert of distribution of the mean etmos-
pheric pressure, in.millibars, in the A~ctic · 

. durir.g summer. '!'he arrows indicate the basic 
movement of ice. 
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Actual and theoretical drifts or the station "North Pole" and icebreakera 
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Jan. & Feb. 

July ,:.; Aug. 

Fie;. 3o. Ji::>tribution of winds, 
eccordirt.: to th~ir force Hnd 
dir':lcticn, over til~ r:orthern· 
pert of tr.e .~. t lar:t.ic Jctlar~ And 
the North iuropean ( Greonlenc) 
.:)ea ~n .!anuAry anc:! ?ebruery.! 
The thicl:ne:>[; of tl1e arrows cor
rospor,ds:to verious speeds o.f 
wind: 1 - lt::ss thnn third de
greo; ? from tbird to fifth 
degree;~ 3 - fror.1 fifth to 3.ixth 
de£r.ee; 4 - higher th.an s i xtl1 
degree•. 
•These, cegrees, or crades, may 
refer-to the Beaufort ~cale 'of. 
winds. (Note by. Stefensson} 
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Fig 37. Scheme of cur
rents on the surface of· 
the Greenland Sea. 

{ Nansen) 
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I 

• 

Fig. 38. A map showing the average monthly 
atmospheric pressure over the Arctic basin 

ih Janua1ry 1939. 
The arrows indicate the drift or the ice; 

J double errow - the act1.u-al drift or the Sedov • 

1. 
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AIR EXPEDITION. TO HIGH LATITUDES OF THE 
ARCTIC IN·. 194~ . 

. ' by D. B •. KARELIJ.\f · 
. I 

Izvestia Vsesoyuznovo Geograficheskovo Obschestva, 
·No. 3, Vol-. 77, 1945, P. 164 ff:. 

·" 

Translated At The Stefanssiqn Library 

\. 

I I 
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FOREWORD 

The following ·arti.cle is especially importarl:t in that ~it indicates 

the type of .flying and landing condit~ons (with respect to op~ration of 

a· moderately hea~y.plane)·which·;may.be'encountered·n~ar-that central _area, 

·which i~ the JUOSt ina_ccessible part of the Arctic Sea. This area is well 

'de:scribed by words and map in Ste·fansson 's "The Fri.endly Arctic", ~p~ 8-9 

and 75 ~r - 762 ._ 9·: . 

• I 
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···· ·AIB .. EXPED!~lQI't T.O~lliO~LATtTUDES. 6:k'.THE.·ABCi'i,c IN 1941 , .. 
' ' . ' . '·' . - -~ . ;;: 

I~~-:, . ,,.· ' . -·. . .. , ' . ' :: . ·. · ;'f' .-.~- • •. · !• ';."~,·-·: '.{,·) :.,"\ -~.-; .. ·_:·:· ·:·.~ ' . 

The v'a~t une:xplol?~ti c·a.rea·t-,',i.tbr~t..be;·,/'_~cq.~.:c)f. !D:~cp~~f:Jibility" iri .its 
. . ·.. . : :. ' . ' ' • ,, I '' ,·. /.; · ...• · . '' '·,:~f: ::: '_~; • ·,· -.:·;•\:.·;'~, •:;,(, _:.· ·.<.;"f:. ',',,_;;,':...' • .· .. , 

cent~r, . p¢c;·l)..~ie~i_ ab:o:Ut:·-2~•2:~1dill).IiJm:;··~qi:l~r.:e.-.~:lJ.om.~:~rs:;_ ... tn~·::~~q~ivalent· of, 
' :· ~~'~,,_;··:~,~~ ~- .t . .::-.1.· 

25% ·or ··th;e·· ~tit'ire surtaQ·€)· of :the: Ar~t-fc ocean ... 
~ ' ' .,.._· . -:...- -. 

. hi". ~ 

Ail. ·a:ir.expedit.ipn~he.~d~d by·.the;_flyer. Qher~~ic;tly '~as.~o~g~nj~ze~.r ·l?Y 
. . . . . - . . ' . . . . . . . ~ ,' - . . ..• '· . . ' ,. .. . . 

', • .1 ''· • 

. Y. ·s'.: Lib in, in. chargf?.;. lna.gne,tic.i~n.~&stronoJner .M., E ~. Ostr~kin,. and hydro .... 
, . . :-. .: ,. ;. ~ . . .. . . . . . .. . : . ·. . . .. . ·. ( . . . . . . . . . ' ,. ' .. . . ,) ·~ 

legist -~c.tfndne~rist· N •. •.T.:< Che:rn:rgovi;ski, ·.The :pl~n _Qf the e~pe.d.i.tiot11fas 

worked. out . by< the Arctlc .. ];nstlt~:te · ,ih conjunc·tion:. wlth· the Adm:inistrat·l~n . 
~ ' . I . • ' '' ·• . l . . ' ' ' . . ' ' o • • ' : ''. • • ' • ,' . • • ' ' I 

of Polar- Aviati()~-~ .. ·.The: ·sC"i.e~~·ir~;ii;:··~~·11'±11ii.~fii~:'lw~~:§~~:pf.e:par_~d· by tfle Arct-ic ·~ 

and·.ASt~onOmical InBtitu~es 1.:~~ cqn~i~;:}a, qf·~b ~irr.sr~nt' ;i~ceS of, . 

appm·~~~s weighing . a £o~a,l ot Ji(;q ~~~( · ~·~~ e~;edi¥rop~i; anp;: oth~~:equiP-
"· ...... 

to· s~eqial ~6sk~,· th~ ·_ex:p~dition w~s·" to do high lati~udEf, .. i~e. sc,outi_ng. 
· .. :• 

•. ~ . . . . . - . •. ' . 

March 5;· 1941; ·Flight from Mosc9w_ .to Arc}!.angel: :. 
'. . ·, . . . : . . '. . . . . . . . .. ~ . - .. . .. • . 

kr§.r6h 6: .~;lif)h1; fr9ll! Archange 1, t9 the Karl'!. .f;t'I;J. ~o~s t • 

Narc.h · ?:: · ::rcr;b~sing' of>the southweetern :P~rt, of Kqra .. sea ~,d land.;. . 
~-·.' . " . I ·' . .;,. ~ ." ' . , . 

Ma;rph 9: F~igpt ·fro~ -Ga~~., :ZJ:le~~PY!-?<'·t6: Frariz. Jbsef·< 'Land •. Beyond 

the nar+.:ow· :~'trip of land.fas;~ <:i.<?:e.:.·-:bp:rd.ering .OlJ .:riov~ya Zemly~,. there lay 
" , · _ ~ _ . , . • '· · · · , · • f·· ' 1 ; "· ' ' . ' ; , 1 . · i . . ~.: • ..::'· ·, , . ' ', : :: ' : . ·, , 

a 100-mi:i:e area:. of: rath~-r sca:.'t.t~·r~d-; ie~, •. ; .Thel:-e- -was.; ·clear· wat~r- and· 
: ·' . ·' .·· .-:'' ... --: ,~, \~·-. ~-~~ .. ~ .. · .. ~~·· .. ;,;~~-.. ~,·.··: ·>.~<_:;_· ·. ·~·.:.: .. · .. _ ·.·.·- •: ·~· . . '~ .. 

· s'cat~ered ice· in~ the·:vioi-P:ity pf, ;RU~_qJ,f' .. -Isla:ndl (most- n.ortherty.· of the · . . ·.' ·; ' : .,· ·::> .. -~··.~if ~··. ~-~-~·:-·-~ •::. -~:,..~::,:. ·:~· ..... :.:· ':·:. !·:, :.,.,_ .. _ ~ .... ~-·. . ·: .·~ .·· -~ .. 

Franz Jof3e.f Group.).. 
. . . . :· i " •. ~ ... : 

.,. . 



northernmost.extremity of Seve~naya Zemlya. Part of the sea was packed 

vlith last year's ice; part of it v.ras covered With young ice, which had 

not yet formed so as to close all leads. The ice conditions tur"hed 

out. to be varied, 'l'here was no polar IW.ck, characte~istic of high, 

latitudes of the Arctic, which WB.S evidence that local ice was being 

dri'lten northward out of the Kara Sea. -l''fere the drift in the opposite 

-direction, from north to south, the expedition would have encountered 

old ice, 

Upon reachin~~ Cape 'Iolotov, the plane hea:ded southward along the 

eastern siwres of Severnaye. Zemlya. No vrintar observations had ever 

been made before in this region. The limits of.' the extension of land-

fast ice were determined for the first time'; the average number of ice-

beq;s forming from local glaciers was also determined. The grea tc,st 

number ,pf icebergs was found in the Strait of the .t{ed Army, INhere there 

were up to 80 in an area a mile square, Beyond the landfast ice was a 

wide lead, ·apparently of recent formation, as no young ice had as yet 

formed over it. 

Landing on Cape Che lyuskin proved very difficult mving to the rough 

surface o.f the air.field, which was covered ·with large, hard snow "'. strugi. 

A take-off y;ith full load therefore seemed dangerous~ So, on I.'Iarch 17, 

the plane took off with a port 'load of fuel, landing in Kozhevnikova Bay, 

TJhe1:"' it filled up to capacity and took off for Kotelny Island on ~1Iarch 

18. 

In the course of this hop, icebergs 'rere encountered around meri-

dians 114°-116°, i.e,, l00-l30.miles east of Severnaya Zemlya. These 

icebergs may, to a certain <>xtcnt, yield informution ·as to currents and 

ice drift in the western part of Laptev Sea. 
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: 1.' 

• 

:, .. , '::·: .. ;··.:? . . J.. . • . ....•. 

Numerou~ --~and ,vi:tde J.eaqs: we.re.;;·:s~~B arourid ,liie~idian .'1j2:0 .• ·Tlle·Ir• .· · · 
. < . : .. · :. ,_ :': .: . ' · .. , . .. ' . ~ . : ,. ' .: : :::~ . ·.: ~ ; . . ·.··. ',- . . . : .· . . . ·' l . • • • : •• ·, '- • ' . 

Ib.cat.ipn co:tncided·· .. 'With.;the·- _"borderJ:1.ne~~-.bet~ft7ien the:.coritinerit~l·-·ahell'- and 
• ' • • :_ • • • _. ., :; ·'. \• • • - • • & " •• \ ~ :· ~: • • • • • •••• ••• :. •• • 

ooeanic._.·~~pthst·. "'~i~~- ;·86~'~. to 9.on~irm··::f'ijJ·: .. t•h~ory ~he}j ·.:ibe''}s~~-~spar:ser ov~r-
. ·-··\ ·· .. :. ·, ..... ·- ·,.. . · .... :·i· ... ·: ,.,, .... \ .. , ·, . j. . .-. .-. . . 

t~e _con:b·~·nel)t~l .~J.le.lf .·~ha~·-:-ove~: ~he -~·de~p· .. ~:·~~~a~· · •: .~-, _~:..,;' .;·· t · · · ·' -~--
... . ··('·' .... •.• . .-.' . 

. ·:· · Oh. -M~rch 20t4 the .. p~a1~e ~c~y·e,:r.ed .-the longest: stre:tcih fr6m Ket·e+fiY·. 
• . _,. . • • -.. . • . . • •. • .• • • ' • . • ... l ~ ' . 

V;iously. une:x.plore.d .. e.wea :~ .. ·._ A. 8 trqng ', head -win~ : loWeJ:ed ·. th~ ·._-'speed. to 'i 50 .. _ .. ,, -~··. 
• • • ' • .. ._, ...... ·.·.·.; '.. • - " • • ·' '.· . • f. ' -

km·.,· per .. hoUr~ .. A. great amourrt. of' ;pfi~k ice ·waS seen between latitudes'. -76° ... ~ 
301 -. 7~o::oo' ~rid ~~ridiana'·iet0 30* - -166° ·oo' •. · o~. :P.arallel· 75° .. · 36•·, · 

between pi~;i'di~ne 16~o 30:'. ~nd, lq69 ,. ·~her~ was obsel;'Ved. a- ctir:tou's· ~t~i-J?:.:·:<' · 
:- . ~ . . . . . . . - . . .. . - - . . ' . 

' • • : •• : .••• - • •• ;; .: ·.; :·· -~ •-,; ,j· ••• .. ._1'. • •• • :_. ... ·•• ._ • .- ·• .. ·- - • 

of ice. broken into ~mall. :rloe_~;_.·.,~-~--Pl~¢6.~ ·t:~~rE? ·¥as :even-·firie1y'<c~ushed· .,~- · ·· 
• • •• -1 - . -· ' • • ' • • ; - • . •. •• • - • 

. . . . 

Small ip~b~rgs,,were a:tso_ seen!' ' : 
... -.-- ·.: .,. 

.. 

The .. fesuit:~ ·of. thea~:~ ·<?bserv~t:torts~~Y he.· far more· :.:sign:tf'id;~nt'<'t4~::<.· ·;' ·-
.. 

seems; at .. ·~first ~sight·~ ·._~ail floe~ anq,- qpu;c~hed .:·ice cq~ud:·;na~re f.~rni~cl 'in_ ;.-·-. 
· ... ·., ·.-

of· drift~i1g- :tee fielO.s:. 
. :-: · ... ·;'~ .. -· . 

Onlly ·as a ·r(3sult :.o-f ,-t.he: p~essl.Jr~. \?f'.: th~ .;fields=·.·~> ·· 

against such ~~- obst.a?~~ . C<?ul<?-;.'thEl' )._c·~ have be~n broken··~p :an:<f·YcrU~~(?d:· 
. ·-· 

over. ~o ~.id_e al?-·a.~.e~~ -~or~ siSfiificant :stil.~ _is,-the .presence- of"·:tceftoerga~·-
. ~... . 

whic'h means ·_that glaciers h~ve 'slid doWn' from·, some. ne-iBbbof·:trig 'land"~;...:,· j ,'. 
' ''I- ; \- • ~- • • ' • • •• . - ~~· . • • • • • ' ; ' ~. ' • • . . • .: • - ' ' • 

. -y-.. 
Judging ~y predon+i:p,ati_ng ~w~nds and: currer1ta-; ·th~·-_:ice'per.gs 6ouJ.d,·11av~i-·:. ~ < ..... : .... _: 

• • . • ' . ; • :. • -: :. ' .., 1- • • '' I ;. . > 'l i . . • . ' - ~ . : .. :.:_· ~ ' 

c~me dr~fting._f.rbril':south~astw·ar;d; .i .~ .. ·:·; . f;r·om· thS'. area ·'of, :'the' _'.~wh;ft.e''' .. ·. ~ <:>·-
' . t. ·. . . . . '·. ' .·. ''/: . . ' : .. ; . . . _:: . . . . . ~ . . : .: .... ·. . . ;.,; .\ . .. " 

.... 

spot II aroUnd 'lat':t,tucie '7~~-.· This· may lead t-o. .the. re·-emergence of ·the . . ,·.•.f .. 
• • • ' ~ .... ~- :: , j • ,, .< • . • 

t11,eory ot -~'An~~~.V-···,8 ·ta:nd.~i·,_ .. w;qrch.··~i;:P~~rect-·e+bout :2o'o -Y:e.ai-s ·q.g·o-:r(l763~4) :· 
. . . . ~. . . - . . .. ' . ', ' , \ ' . - ·. . . ' : .... ' ... :· . . . ' 

and was d~scar~ed: 'in ·receQt .times'·: ~i-~;~~ ~nu;me;r0\18 ''fli~l.s ;i~t·6·. th~·- r~:~i-~ri:.. . ·:~· 
• '• • : ''I I ' • • • • • • I ' ' • '" ,.; ' ' • • '. ~ • • .' • ' X 

Jij yiew ~f :£hi.s reqen~ _diSCOVe.~y~~--Of -~rU!3bed · ~Ce~ a~d icebergs,· it-.· ··. 
• ~ _, • • ....... hi '• ; • • • l . ' ... -~. 

is necessary to e~pl~re -the-. :~~w~i te :'spht'.'.; .J:>efo;r~ .. de£rn·fte~y. ~discarding ~-

.. '' ,· 

.~2()7·- . 

::· 
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the existerwe of Andreev 1 s Land. It can be argued the.t what may have 

been mistaken for icebergs by the observers WGre iceberg-like formations 

of· ps.lcocrystic ice, old shoal ic6 (stamukh:t), or floebergs. But, even 

in such case, one should infer the presence in this area of an extensive 

shoal hfJ.mpering the f:reo movemon t of ice. 

On tho return flight, by order of the Arctic Institute, the 

com·sc of N-169 lay across the "white spot 11
; but poor visibility pre-

vc::nted extensive observe.tions. In 1940, Cht:orE:vichny had also been 

l].ampercd in his obsorvo.tions by fog when flyh1g: over the same 11vvhite 
I 

;:;pot". 

Aft8r l8J1di.ng in Rodgsrs Bay, Viran;::el Island, the Cherevichny 

expedition vvas held up l:)y a c;uvc :l"C :3no-rv storm 1s. sting 10 days. They 

finally took off on April 3, and ::Lfter a flitht of 6h. 55m. they landed 

on a drifting ic0 floe in Latitude 81° 04' }J, and Longitude 1780 20 1 E., 

after penetrating 800 km. deep into the unexplored area. Pack-icc was 

l t ., ' .-,30 first 0ncountered nGar a J.c;uae 1 55 1 , and the border of predomine.ting 

pack-ice around Lf;,titude 75° 20' N. Large l0ads extended throughout the 

ice ·fj_elds which 'i'e.re UD to 10 1'-.:m. vvide 8.nd -L+-5 kn .. long. These wer·e 

covered V·•ith thin young ice. 

Th(; very first obsf.:rve.tions yielded unexpcctE:Jd results; the ice 

flo,, was only 196 em. thick. This meant that thE; ir~e v':o.s no older than 

l-l/2 to 2 ysars, and that this floe ·was not yet actually old pack-ice. 

(It may bo mentioned for comparison that, in Hodgers Bay, ice of autumn 

formatio~ .,,,as (by spring) 165 em. thick.) This, in turn, refutes t:h . 

theory advanced by e. numb0r of <3Cientists, that in the region of the 

Pole of Inaccessibility, ice t::,kes part in an enclosed circular move-

mont, !:emaining in high latitude::; for s. lon~ peri on of tif'le (mo.ny years), 
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therefore acquiring c9nsiderable thickn~ss arid changi:.pg iD;~O pale.ocrystic, 
0 0 ;. \ ; o .: :·. ' • • 0: '. ',~ ~ .. ' ... .:~ \ ; ~- 0 1: -: I 0 '\. ~ ~ ~ < • 0 •• 0 

'•: J ••• 

iCe·-~ . Att}ofa±n~.:>ta the:·:;t:>b?~r;yat~9Ift1 qf. ~he.; e:x:ped~tiqn~'·· the f~9t A~- that: . 
·: -~ '· · . , __ .. _.·· .' -~ :- · · -. ; .. : • : · ··. _'. · :'" · ·· ·.:..· ;.·t·.:r .::.--- . . __ _ : . _... .:.·- ~- ·-. · -·}·.· .' , .. ·· - .:.. ~ ~· ..... ·. . · 

·the ·ice is being :rapidq;;y car:r:ied.:;out. of tpe: _region.,. :and .. ap:p_a~e:p.~ly takes 
,,.. •, ' . .• , ';- r, ,· • < ,· :· • · • .. ; .;' · _ ,""-,~ .,,~-l::::·./ , ··, :•\ •, .·,_·_~t •: "-~ ., .: .~ , .,..· '· ·. , ' ' .. ;,r .• -

This:'··J..·s aiso ev·id.enced-. by the .extensiv~. leads, ·ep.co~te~ed almost ·every-
• .. ' • • ~ • , ,~ '_.. ,• '~ t•l\}, • ,• ~- ;; .',! 1 , ',-!: !.-.-:;::;.·· .. <, ' : ' • 

. ~her~ :.by' ·th~· · :expedi.t:ton·;*. · . . . __ 
! .. ·.__ •• ,, ·.: •'. • .... \.t -!- .• - • ·--, 

.r-

'±:h~· .. expedl~~~n mea.-~u.r.e~., a 'q,~~th of. 2.,64.7 J11.:.~ ·: l~~ei-,;' when the' :fl9~;

had <i~ift~·d .. 25 ·:miles ~orthward,. theY, .g~t 2;427_m._· G~e?-:t~·r.4ept4s )1ad. ,_ 
• • •• :_ • - J .~- J ~ ••• •• •• :._· •• .;-••• _: t:. ... ·_: .... l __ ; . -~. ·,,...-· , •• •• -t,w ~.~ ... - ... ·, -··· .,' • ... ,-, :·-. ·J. 

been ~:x;pect·e'd here, .f'or· Wi~kine, sounding ,360 klri. to aoutheastw~rd, __ ha¢1. _ : 
: . I . . , . ~ _.,. · .... - - - ... ~· . . . , . . . :::' . . ..'.. ,.-tr·..._ ., •• 

obt~:lri(:)(l, a depth o,f. ·5 ,'440 m~· ( ip .1927) •. -_The obSer~ations ~f ~the N~~69 . 
.f'. • •• 

• I :' ' ' •' • • • ' I ' •; o f·, ~\ • ;, ;,_: '. "l ;:: ~~ • ~ o'~ ,! ' ': .._ • ' : ;--~ ; , '$ • • ' '• • • .• 

exp~dition ·lead tis· to d·oul?t t4e Wtl~ih~~ ±'~!3l..lJ.t~ ,· ·-bu~ .are not sU:ff_iq~ep.t,. 
, • : • ~·. ,'i ',. ; ... :. ' r·~.:; ..... \.•':~' :,:'-!. f_:~!~· ~- .. ·~-~-;}~- _·, .. ~- · .. ~.: ~.;'·· ~ • •• ~--- '··-. ·~ ... ' .' • 

for X:e;fu~ing them.~* , . · . ,. .. ,, ·. .• . .• _ •· \ .. ·, ·. •. , 

. Upon,· comparing all dep'ths r?gi.stereq. b.Y th~ ~..:169_ expeQ.ftion_,. t:Q~ -. 
•' • • \ ,• '·:.o•'r >;·\· '.· .. ·.-.:... ·~ ... ~~-;._ ...... ::~~- -~1·<.:-. .'~ ·.i .'' ···: • ~~·;:_ ·.·. ~-·. J .'r·. :.-:.-.:~· -J. -: ... ":'~ ··:~ ~}.: 

, oonclusibn.may be ·.~eac.hec1 that the. sea bottom inclines· to ,southeastward 
;. 

0 

~ 0 :· ' : 

0 

' < 

1 

.. ~ 
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.. • 
0

' .~ .:~ • < 
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" '

0

:. 
0 

O < ~~-J1~ O O\ -.... 1 __ : 0 0 

~:: :. :-

·<ab;ut ~~!~9 • . Taking th~s angle as a ;t?asis,· ~ft Elay ·~~ :P.res~~P.·_:t!.ia,~,,. ,~t._ · .. 
·····-···· •. ; ---:· ...... :7-:::.:· .. · ..... . · ~ .. - .. _. __ .. ..... ·~ "", -_ .· .. ·. -~-" ' .. -:·.::_ .:::····,·' .., tt:'t' ... ........ __ -~-~ •.. ::.-··--:··. :'' . ·~~~-"'·...-: ~ --~, ·~-.·-~ 

t·he point .of the- Wilkins .. airplane landing the depths :were ab_o-qt )~ ,J~po m. _'._If 

tlli s. angle i ~ . ~il:~e~ ~ q increa~6. t ~ ,1/2°, •. a WH\rins ~~pth ,·o~ §,, 44o ~m. : , 
··-~ -.-~~--. -·-: --: ,:· ... ~: ... ~ ... ~.; ··:· --~--~---" ._·. ·. . ·.· ~--_-.:~·:-:·:· . : -:. _"' ..... ~·-:\;.~ ... :'· --·~- .,.. __ ··.~ .... -: •\•'.,_ '.- · .......... ·.)_:. --_, 

· the l~mi.ts .of a grS:de ·J1sual for t-he o.cean bot~om,::-.. T~e · ~~s~~yatt,?n~: -~f.~~<·· ,
7 
... 

the ice,~breaker SeP.ov;, which drif~ed.: J~ t:h~ )?o:)..ar. Bas_in,. _s~owe_q.: ~ -Il:~ber 
·- ·~ .• , --~~ . . ·--;' .. - ;,_··r/ .. ···: . • ·.· -·-· ·."'~ .. · .. ·.; ·., :· .-~., 

• ': ' t • ·, • •I ~ -t· . ' ...... ·- -, . 

. · * . . The' \r.iew ·express~d~ by Stefansson has been that. if there is :,.the , 
• · ·\,. . _ . . , I 1 • • ' • , . . ·" • , > , • • • ~ •· •• ·' •• i _ • . ~· ~ , • : .. · 

, ~1scus~~d- ·.'~dd.Y the.ri, -~ ~ ·w~~J,; ·.lie ·.betwe'$ri ··.the· Point _Barrow meridian arts the 
Ban~s-Eord~n Line. of island, coasts' -(therefore :perhaps. near -76~. or' 7~ . N.;,.-. 

· .135°· o;<14-Q~· W.) ,- not-. af·~ne-,'Pole of.::· inaccessibility~' .. (l'Jqte .·1:)-y Stefens~on) ~· 

** The, wilkin:s ... :Eielson soUnding-._was·-take<n by.·the·echo·m,~_~hod·~and :so .. ,._ 
:pres~bly wt;1s open to error.· -~. (Note:; by Stef'ansson) _. · · · 

. _ _'.:' -.~ '-.;. • - >- - ·. - ·,, . ·-· , .. 't • •· 

. '· ... .;, .. · 

; .-. ~ ~ .. ... . - ·_._,_ ,. ( ,:,. 

. .. J 4 



of' sharper changes of d\C•pth, as well as 'an increase of the angle :._' in

clirwt5on to c.s much as l-l/2° or even 2°. 

Tho plane sp£:.:nt morE:: thon L~ dnys on the first floe. ·During t.,is 

time {lyd:rolog;ical work was done &.t 2 stations, a round-tl-1.6-clock station 

observing the curre:nts in conn'Ection v;i th 2 horizons. Me.gnetic, gravi ta-

tiom-tl, meteorological s.nd hydrobiological obsm·vv.tions were carried out 

and samplE .. s ,of w&ter were collectG'd for chemical analysis. Observations 

of water temp0rature revealed the presence of a layer of warm waters ·Jf 

(doubtless) .Atlantic origin at a depth of 275-900 m. Thus was confirmed 

the hypothosi.s of tho exte:ns ion of the su wato•s over .the entire deep 

area of ths Polar Basin. The 'drift of tho icc-floe during the 4 days 

may 1-_,_, 'traced by tho coordim,tes (TGble l). 

Table l - Location of Icc Floc No. 1 
~~·-----· I 

------.. ------·-·-----·-----------------------------·----~---·-----
C oord:Lna te s Depth in 

Date Latitude 
..... _, ___ _.·-.--·-- Lon~itude moters __ ,__, _______________ _ 

. . 

.Apr.3 c3i o 0~-' 1~ • l7oo 
IL 20 1 v~. 2647 

Ap:r.5 .81° 17' Iii. 1790 58' ;,. ~ ' 

Apr.6 81° '29' N, 178° 30' 11", 
.Wo 

.Apr;7 81° 37' !\T 
H. 179~ 00 I E, 
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·.:ind (Force Tc .;Jrature 

in points) 

SSE 3 

E 4 

E 5 
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0r1 .. Ap:ril .7. the . Pi~n.e ··t o9k) o:ff · frqm . )~h~ flo~ · .a,Pd, ;·.,~f"t·el-.;· .. ~· · fJ.i@lt: ·of 
. ' ·---~~·.:·:~:-~·~·-_:·,-: .... _; ,";.·~~~-. ·.~-~~-~:·: .. ~:_ •.. _-·/;_~ ·:·_·.·.:·.:··:>·-."_;· .. .-~~~ <·:~··f;. '-/~.- '~: :··.:.:·i~: _·· _ _.;_ .. ·_ ·._~. _ .. -:·_ 

7h 52m. it landed· on W,rangel· .Is.l.an4; .wnere. i~ _urtloa.d,~d .. l>ar.t.·>gf-:,i.ts.; . · 
' •} ', • • ',• • •. ;. ' ' : .' I ·, _.. ,: ' . •:: ' • ·. ,, ' '':· I • ,' : - .. ' ' ' "': I ' • j ' •- . ' ·''.:·' :._ 1''• . . ' • ~ . ' : . : ~ ~ ,. • 

A s~.cpnd flight·' was .. carri~q out: A:pr~:l:-:_13t}f:,. W:hen ·;~h~(p'la:ne .. }re:turned~:- . 
. : · __ ·:·_ ,--~------ , . .: .. :· ... ~->- -__ :_ ... __ -~_-.... -. ;. ;_··\ ·. · ___ ··:.···:<·-~---~------~;.-::~-:~.:·· __ ·_ ~-·-_·· .. ·. : ____ .. ·_.~-:,:~~ -:~ ~-- . r-:1 ~-.... ,. ~ ~ -·-· ··:_~ 

to. Wr.B:r.lgel Islarid.·. tq .p:Lck ·1.\:p Qstrekin;' arid_-_ Chen."lig.~v.skj:_, t_qg~ther !{-ith 
I ·.~.:~ ·~:·:·· :.;__'•, o '.:·<: 'o~ •/' '• f,·.·' ,· , ) • ~:- o .', '· .... ,' '• ·_:·.· ••: • - •."::··: •.' ,• ~ • :. :•' ,' I,',· • ·-~t~ '.· •': o • ' 

the1r eq1li:plnept .•. It flew. ·northward: ·fo~- abqut·:;.6 ho.~s ~ .. ppon .neari;ng):~ · : ." .-. 
. · ... :· .. '·:·. -:.. '· ... · .· ... ··· ··~----~ ·. : ~- · .... · . ,';" ~ ... ~..·. --~· ' ...... ·· ... :. ..... · ... _ .. ~. ·. ... . .. ~ ... '· -: .. :· ··.! ... ... .·- .. ~ 

the, area decided on, th~ plane s:pent· 40 min .• hu:nting for _a ~floe .. su~t$-ble .·_, 
• • • r..- • • • • • ~ , • • , - ~· , ~ • : • • ' • , • 

for lanai.ng. · -Tbe c~ord~~a-~es. of ~he. ~a~ding s:pot ~e.re 789~ .26:-~: · l.\J~: :a.p~{-': .·: .. : 
_', • •• ,\ - ••• .' ":.-·):.• \ .... • r • : . •• • • ·• ,•--; • : •• ,· ,· •• • ·, •• J• • • • 

176° .40 I E. . Owing to a quart'e~ing hea:d wi~<t _and ~ow. ce·~ling''· which •. -~ ' r·.·. 

. . . ' .... ··' . : .. . . : . . . i :: -:.' ':' .. j .. ,. .':.•., :_~:_:·;··: l. :~:; .• :. ·;·:·· ··,·., :, .· • '. .. - . • . ' . . . . ~- .•. 

:prevented astronomical. obseryat.~qii,_ ·. t~-~- i?.+a~.l~ ::Q~a ·'q.eyiaJ;~d . 4,0~. ~i*~~: -., ·. ~ · <··: 
.. : .-.~~: .. _·· ..... · ...... ·., _·.: -...... ,··.;.· . .-,,:_~· _·;.:'':-·_· ... ' .. ·'. ":/:·.' : ·,·'_.::- '_ .. · .. '.:_·_~-. ' ...... ···""·' ·.-.,·.· .. , . ' 

trom,·its ·course, ·"yestward. ..- >. '~: . .,- ~· .. 

e.~~a~ ·.f?hel{ .·i.ri,. ~he ~egioD: of Wrangel ,.Is~and. A polar: b~:a~c.and··:a ~wh±t~~f'. : ... ·. ·,.: ··. 
' ' · ... •. ' • ··:~- , • , ' : , , ' : . • I . ·, •: • , • ' • ' • • ) . ' ' ;· ~ .· ' • ~~ : : • , ~ \ • •, ' ·. I 

: fox were:. seen in the 'vici.nity' of .the .-floe.· .Me'.teorolpgical·.cond~tipns:-' ·· · ·_ ~. ·· · 
• • .. ~ ' ;.. ~--. ~-~~·:· :'. - ... . • • ~ . . -·. • • • ..•• ·: . •• ·::.. ·;: : '· • • ·::~·- •' ~- ,':! ;' ~ • . • • ' . 

we~~. ·ve:ry.:al;n·.iaar. ·to· those· en Floe' No·.- ·1.-· .. [·he ··a'ed6nd···flo~ ·wa.~.:·'local~(f _,. ··. · .. ~:~, ·. 
. . ~ . . . .._ .· . ' . . . . ' . . ·. . . . \ ~ . . . . ' . . . . . ' . . . . .. 

,. 

in thE:) ~one of· the. ~o;Lar :rnaximu.m, vr;t.t;tob,. ~qc.ounted _for~ .. c,~.Im-·1·Tf~ath~r.·,. the~ ·, ... ·. · 
. . . 

conseqJ,lenoe· l:>~irig: that .. the drift was very insignif:tc~t •:'··,.'(.see .. ·Tab1e 2) · =· 
' .• l . .._. . ; -!:." • . · •.•• -. ' •• ~ ./ • . ••. ·'·· • ., • • : ' i . . . . ·•. '. . . 

. :Table.· 2 -:Location 

...... 
'. ·' ~ .. 

. · ··c.oordlnates ··. · .· .· .. > · 1flind. (For.c·e · -Temperature· 
. D __ a_· t ... e--~· ·_·1-.La_. ·_t,...it_·u ..... ·d,.;.. .. e ... ;..· ..;...:· _·_ ...... · __.;~L.;;;.·· o .... n..;.:g.:.i_t.;.;..:.u.,.;..d_e.....,..--~,._,:.i;.;.;.n.;;..· ·..=P..;..·o .... i..;,;;n_t__,s ):· .· ·. · · ·.of. ai·r· : 

. . .. · .... ·., ,\,.,·,,' ,··:, 

Apr •. l3 . 
AP:r"• 14 
Apr.· ·15 
Apr. 161 

Apr., ·: 17. 

· ·._. ·.· 176°4o•< E'~. ·_ 

, 176.040 • ··E.. . · · 
:.·:iy6°o_ot·: t· .. 
.. .. : .. .rO t; .. '· 
.. ~To .03.. K •. · 
·'176°oq•··.t·;:~,:·_ . 

NN:E·· l··· 
··. · ~NE :4, . . . . . 

ENE g,_· 

\ 

-21°: 
. ~19°. ·. 
-24.0 

. .:' .. 

. _., 

l 
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I 

I 

:-.·~'.'" ,; . :-.~\ ·:_:-~ ----~~- .:::; "".·:_ .• _-_,. _-___ ;··_J_· .. ~-._·_· :· •••• , .•..• '. .... . • .. . . 
- ~ "1, .';) ;;: ... ' .. _. : ::::1_:·. ' •.. .. ' ' ... _. !~ . . . • . : ~ . . . . . ; . . • -

.. · . .' . . ,'}_,· _::. ~·:: ~~-~·::. _~·;l>'~~J;:·.·~:: .. ,.; . :'.':{:_~;-~--~')-,_-'··. •'.::.~-- ·- .. <:.~:~ :',: ;·~.- ·. -~: ... \ .· .· ·. .." .. . 

. .- _ Hi_@; a ~m_qs_:p~_eri9 :, p_r~_ss:ure_ was_ . regi~tered ,.· -<~Yv$r' ·.1,; 04_6 ::mq," {as· :i·~geA.nst 
. ~ .'~·· .. ·<. ' '• ·: ~ .. :_: .. ~ .... ·~~~·r~~::~~ .. r~:~~)<;:~;~i-)_:~->~.t-~:~J:,:.r ~ <: :J. :-·' ·. ·.·:·.· --~~---. :~: ·.,; . . . . ..... ~-... ;·_ .• ::. :! •. ~.·-:." - . '. : ' ~·~ • 

. _1, o2o o11:. sl,l.()r~)'.·: , ··. · · .. ·· .. _., ,- · :i.~:_,,~/.· .. ,;("5' . i _ .,. .. :·· 

: ... • ·' .•. •·'. :.· .•• ~~:':"':'::.~::~~· :. -:-··.:- ' ··.:/ -~· ~~·~-· 1•. '.. . .; •.. ..... ,: ·:.,··:. ·. ' ... 

: AP~.~~. ,IJ ~~~, fl.-~~?,.h~;, the . i[;~~ ·~·;~~~~~~~,·.t:1··~r;~l~::triliifr>d:; , · .. 
t~e..<f.l,"i;@~. _l_&~:l~ing '.6h •. IQm. ·.: · - · ··· ··- ·'· - ·' · r::.-::_;·· 

~ '.·. :~; ... ·.· "'·' ~_..~, .• .. ;.·.~- ;3.' .::<· .::· .: :l·,_ .; .. \ : _.pl, ·. y :· .... 

· .·.1\J?:r~·l .. ,,?3 -'~~~ .. ex~edi~'iQ~: ·s~ta:rt~.~ .9Ut.: o~· :i~c~· --tP.i..td· :~r+i@i~.~:·~:.-~~·n~:·: 
. - ·--.: ... ·:'" ,_. __ -' . ·.;·--. ·_ ~·-. :· . .-; ,_.,_.,/·.--· ''.(: ··>:, . ·.-<:.<:i ' ... ---.:> . -' . \ .. :: : ;: - '... ;' .. -. -.- . .. . . . 
they X'?ac;b_~q., the;,,desired _.area· the search. for -~- .landing spot.: took-: :2 hours" 

;·~· ':'"'_;-~ ..• ·_:-·~. --::·:": .. -- .. r- -----:·:-;_.-.·- :· .. : __ .:_·_,·,-,'.5· :;._ ... ·-- -·_·:- . ·, . · .. · . . ' 

a;n~_·_t,he -P~~~e._ 'land~d 'e:fter 9 hours. in .. the: ai-r._' TllE/_ice ~~8-.',about: 1.)0.: 
. . ·. -~ . . -_-'·- . __ ;. ___ : ... _._·· . .','; >'':-' .. •).; ,· _·/ ; .-_- .. - -:._ ! ·• : •.. ,_,_._; •• 1:. - . - .; . . -. -

m. thick •. All, .. sc_ientific obser;vations. wer~r again ·rep·eated.· .])epths. were· 
~ ' -~. ' . . . ' . ., ... . 1: . . . ' . . . . ' 

3,45:J: ,Ill_., . ['lle <,l!".ift. of: Floe.No~. 3 .i·s_·-~ho~- o~ ·T~ble: -?/~-: ·-_ ·· ., · · -
~. . . . . . . . ... ·.~ . . ~-~:~ : .... ·.·' .. ' .. ~-. . . 

. -, :Tabl~ 3 .·~ ·-_Locati:o:q of Ice Fioe ·No. · 3 ~·· ··: 
· .. :.· ..... ""; -. :: ... :.- - . - ·-.:- :-·: .. ', .-t . 

,) ... 
,_;,' 

:-_ -~ • • • 1 

:•' 

·: .• 1·_.\ '; 

•• ~ . i -_' 

-Coordinates Wind (Force. · -. Tem:pe:r;at~re.; · 
__ ,-:·:-:Latft~ae< :: <: .. · · ·::Longitud~ ,· 

: ·~p~-~:~::~~~r:·:·~--- :·.·~·· B0°0b~;: ;_:N/_\ . ·
/·· 

170° 00'-' w. 
'. --. . ~ ' . .. Ji 4 .. 

.. ::. :\ .. 

-190 . 

Ap~~,>:~.4· · .. : ,. 

Apr. i~:<· 
Apr;.· ··~-6:··:' 

Ap~ .: --~~B' 

(. 

... -..,·: :': 

1-9·0-54 ·-. ·~.-:~. ·- · 

' . 
.. · .7.9Cl53·t· rr~ {?). 

j~-6~ 3··:-,:-: .N., · .. .r-

. ·' 
_:.:l·._-· 

. .. 

·. · ·169° 48··~- w-.:. 

··169° 35'' w i 

.-

:·'lil0 ·t~4i. W: •.. 

-·. 
) . 

.:~:;;, .:. _ •. ;.: ;; ; :~-. " ... ;-.·,·:· .. ,· .. · ... · ......... ; ... : ... . 

7! . : 

I .. : 

._-. 
. :- ... : ·. . : . ~ ; -; ., · .. ' 

_ N 4_: 

,_.N~W 3 

. :N 2 . 
I • " ••i ~ • , -~. - . 

N .. J~ 

. .. ... ~- ~-. 

. ,. · .. ., .. ..,., 

. ., ., . 

·• .•. ••· ·. !~•'f',J~ •• ,._···. ' .. · ... ·~:-.: ~ ... 

._,_.·. 

.. ·r! \ 
'·I ., ·. · .. : 

. ' 

\ 



tl· 

·• 

I. 

···:±he'· pi~~: -.retur~ed. to~ WrMsei.' ·iaiana ··o~ '· Apr:ti 2-9tli.~· · o·strek~n:· e.D:.d 
\ . . - . . . . : ·:::.'.{ ._ '· .. · :. . ' . ~ . ~ ,. . . . ~ . . . 

Gherr1i gc;;v ski.·:~ema:i~ed . th~re :~hi~ei. ··the' · plah.e· ~1~~/ 6v~r: ·:t q· :q·~pe. · 'schlni;dt'.: 
• ~ • • -! . : . ·, . • • - • ' . ; 

eahd'kilbmeters~'h~d be~Ii covered atid ·i5':·days:·hS:d:-~b:e'9ri.'spe~t :c,~: ~~iitfn~·; .. . . . . .. ,.~ . -~- ' . 
,.· . . 

ioe· in· the :·centrai Arctic· basin·. 
. . ·: . :. .-. ' 

!'laY 2 ihe N -169: i'le~ · ~Ver to Aneidyr and bi\ck to bape Scb!ni a,~~: ·'~y . ..· . 

3 she_ . .visited··w~angel''':I~3!atid and:~#ook .off: for'.kot~i~·:·Isla~~ ·9h'.May :5th·~·.~·-

.:The C(7)iling.•-was ~ow, there·:vTas fog :from :tirilEji ~0- ti.me:;.::anrl: snow.• : B~tt.reen 

meri~~ails . ~ 7]. 
0 

!md. 1~5° E: ,:.;4~ -rse-;~~+;~''·+rf ;i<:zrea_ ~f- p;1ar 'P~c~-; · lea,ds 

were ·erlcount~red; ,C)n meri.di~ l5$,P·: ~~l;?;+,S:~.,-·J.~~~ · .. i.9ebergs .·'f~;re ·seen.:· ..... The .. .. ·:· 
; ~ . · .. ··. . ~. ' ~ ..... :: ·:.· ... ~:.-... ' ~,:· .:.'··~ ... · :: .. 

' .• -:~ ...... _ ..... • :::_ .. \'-:·~ ' ... _~' • _JJ~ :1 .... ~. :' .::;..-' • '(:l <..- ~ ' .... .., •• 

origi_n' of' thee~ reniaiils Juf:!t .a~/~ys~~~~g~a ~8 tpf1.t of. ,t,h~·-· ipe.:bergs. ;~,e.eh: 1· · ... ' 

~·. . ~·~.:-, .... ;_-·.< .. ' .. :r.,:~: ~-~"-.·- ~ 

f~om the. De.· Long I_slttnd£?, as·. if- that ca'ee they sltoul~ have dpifted ~QO .·, . 

to 300 km. a_gainst t!1e wihd' an4 pur~ent. 

·May 6 ~he N~l69; took. off .and. re~ched la~itud~. '79~,~- .:~~J~.~~dl-the: ~hqref? 

of Sev.ernaya. Zeinlya, · cr.os~ed; Vilk;i t ski. Strait twice,_. a~d. l~nderd.: ·at .. the· 

mouth qf Tai~yti.:· River. . In t;he J:a:ptev ·sea :much. :pack ;i.ce .was encoun·tered; 
' • ' I , • ' ' • , ~ . , • 

te.st;ifyipg that ... there ::roeoently. }lad b~~n a drift from north to ·~~ut:p;. 

insteaq of ... the. us:ua-1 po;rthward 'drift. T:tliS: circu;mst_ance was. si~ific~~~' 

"" for a ~l9pg'\'"range ice ~r·ognosi s. 

MaY 7 the ~l!mc lai>a,ed, Oil Cape Z:hel~a, after a ),2 minu:te st():P it · 

took· off agai:n. and. reacl~~d: Mato.chkin· .Sliar -the·_satne. day_. 

May 8 ~he, N-169. was in. Am~erma,~ thus· beat.ing t~~ record, :for s:pe:ed. 

along the Northern Sea. :Rou.te·. 



:.;--: .. ":: Ip.Jf\md~-~:.::~~1~. ~~e.~:-.:81?-~~~g~~\·.:.~g::;yf~e,~.t~.!· .. _ .. q~ ·¥~~: .. 9.·.; .t .. __ he N-,f69:.was in . 
• \ • I : ' .~ • 

Archangel, on May 11 back in Moscow, 8 1·500 ·km. had. -been~ cov~red on .. this 

pa~1i! .pf: '; .. ~.A~/.J9~n~~:i::?~i.·~~-~p:U~:::~:;B_?~.:~.:~~ :. 'f:~~-e .... :_?V,~~ ·~r,9.~l?: .:~e~.? ~- :.;_ ..... 
. :~ · .. ~8. CI:ayfiJ ~ t_he -~l:~e.:;,h~~ cpver,e~ ·?, to~.~~ .9f. 24.,000 km. 'o~ whigh 

- ~ •• <- ~. ~ ~ ... : • • : ~ • • • •• ~.: .• :/ ' 

weather conditions, in pre·par.ations and i:q.· .t.hei··prelimin.ary study or· 
. ·. . '. ~-· .. . . ' . :,-·: ~ ... ' .. · . 

·~·. ,1 ·' . .. , 

.. ( ~ ':; IJ:IPE1': '\lPe.Xpl.q:t:;ed area:, o;f' '·the Arct;l.Q :sea .is. now a- quarter of a mil.i. . 
( ' ';, 

l~~<;>.n· :sqU?-r.~-i km, ~ +~~~- .. th~:.:;p;)e(iou~ly •. : ·.~~ere -~:ar.e · hume.rous other· s·c-i·entif•· 

~ ic~.: r~Gul.t·s- •. :· ~.e : . .Arqtic .... it1st~tute ·~/ ;piki:·~·b:r .:sU:rveying the· Ar'ct·.ic by' 
. . ' ' . . . . ·. . . ' . . . . . ! . . . . ~~ ·: . . ' . ' • 

me®s·•qf,-_a,:Y.f,lying l,a.~9r~~:t~rY 11' has_ p!'O"?'ed.·:re_ae"i?le and': suc'cessful.· 

•': ,' 

.' '!' .. 

;. 
···-. ~ : : :~ ·• •• •• • .; ' \.,~ ': ' • . t •• : ~ 

• l • • • 

. --·. 
• • f ~ - • :, .... ~; 

=·•,; 
....... ;·, ···,: .. 

. ' 
.: .. " ·~ : · ··· ,; ~ ; .,. [.I = .. ..' . ; 

.·;: 
' '. -~- . . . ·. . . 

, __ ,1.,, 

.... ·, 

' .. ·· .. 

~,.-- .. 
' ~ .. ~. . . 

, .. ;·.:' 

' .... -,.: • .• -,_i 

. I f,, ('" 

.. '• -. . --~ .·. :··· ,. . ,-:_ 
f: ,' .~ ,. . I <. 

•. i:l 
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Al11F1ELDS ON. ICE 

by G. Volkov 
,...,t.<>: 

•••• ~to· - .~. 

Translated ·At The Stefansson Li b:rary. I. 

Footnotes and·same parenthetical ma~erial 
have been su,pplied by tlie translator a~d 
by the_editors • 
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AmFIELDs ·ON 'rCE 

In 'l-1inter, when ·the aquatoria* fre~ze., hydropl?-nes may· chap.ge -th.eir 

water-landing gea~ to skis, -.~~t9~+PS ~~~pl to _pursue their work· using .ari ice 

airfield as their base. TilE;! )¥16 P,v~·+ceairfield brings up the.ques~ion 
I • ~ •' . • 

of determining 'the thic~~~f:J qf tn~ :~pe- ~hich may ensure .. the safe landing 
~. ~ :. ~ .:. ' : . . ! . .. . ._ 

. and take~o:f'f of· hydro:plap.~~-o ·. ·:~'h~~- 9:~P~f1P,8 on the .weight of -the ,i>lape,_ on 
. . ~~~-;,~: -~'<~_-::; ~:_ . 

the ,s-trength of the ice anq.-·qn 't;h~-lf~l~t per ~q~are em. of the runner.e. _ 
- , - - . • < • • ;• • • ·. ~:;( • • ~. ; I ': . 

The study of the meqp~~ip~~+ ~H~tf~t~e of ice- has been t~ken- HP bu~ 
:' . • • • 1 ·,·. '/ : ·:' • ; ~ • 

quite recently ·in connection with: the building of ice crossings· ·over· rivera · 
. . . :~· l~: ~~ ·: ~--:; :~ ~, . {. T' . - . . . . . . . 

for railroad trains ( BTY llf\ 9 ': tyti C,rP§ ~ings, Transpe~ha t, M.. 1 ~29; A. N. ~ 

Komaroveki, The St:ructu1•e and physical properties of the ice- cover of~_ fr~sh_ 

water. State -Energetics publicatio~s, M~:-.. Lo 1932) As regarQ.s ice a_i:rfie_ld~, 

experiments -were carr_i~d ou:t on the ·.aolid~ty .. of ice by the "HUt1'' of the 
. . 

Civil Air Fleet. The results. were published. in a,book by engineer N. N~ 
• I , 

. . 

.Kaehkin "Invest.iga~i~n of· the work of Ic.e: Airf~elds when und:er the load of 

a -plane".,.. We shall borrow hie methode to·a'id us in our computations. 
I 

Conditi~hs oi' Ice··Forma~ • 

. ~he formation of ice is a conseqt!-ence. of the freez~ng of _water.. Fresh 
• I' _;,;·.' .... : 

- ·. 

·water solidifies (changes into. ice) at a temperat,tu·e. of oo,; ·sea water 
. . ' ' 

.. freeZef? at lower temperatures. This :phenomenon is due to 'the degree of sal• 

inity ~t the water. It has .been discovered th~t: 

~J Themore·salty the water, the lower will the temperature of 
. .. t . 

~ ·'t. 

freez~.ng be below o.oc·.; t~e maximum denei ty of salt water occurs at a· t~mper-
•••• ' •• ' • • ' ! •• ~· • • • 

ature below -4°c.; 
------------~--------~~~~------~·~----~~------~·~-. ----~-----

* "Aquatoria" _ ·= Water areae used as lan(lipg .places for airplanes. 
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. ,· _ · .. b). When. ice_ forms, n~t_ aJ_~- o~ t;he salt i£;~ incl.uded ~n .t;tJ.e ice; 
. . . . . 

:pa;r-t.. Of the .. -salt . remains. in tlie- -Wa tf;fr ;·inc:r<:):as~i:q_g~. the '~ensi.~y . pf . the -upper . 
' • 7' • • 'I> JO f,.,... • ·:·• ! •' • • 0 • .. :~ ~.-· '• • • o 

. layt?;- o'ft1ia'~er ·:and· ~J:.le~_sby proifok~g, int,~n~ive conv;~c~ion.. .... ... . . . .· 
· - · · · -. .. · ·:· ,~~:~t~;·~~~~~~i)~}~{!J\WJ;f~1~rt ~ , ... . . . - . . . . 

· .. -.. ·:rip: ~a<i~~lori, :.:t:pe ·swell, wh$,ch~:I;:at~~"W:et~J~i~tea~uent tn. winter~, also delays 
:; '. . ' . .· . .,, . · .. :• .'.t'\.'·'~-·, ;,;:-;i.;~f:·~:.··~')~·::~ ·'it~·. - :. . . . " . . . . . . 

-.tbe:·,formati6il:.-6f';. coritinuo.ua. ice. · ~~ . 
_1. • ..:, • ~·. . ·~ • •· •• . . -:l.... · . • . , 1 : 

,. > .. ::F-r·om· .the~· ·d_a~a -sup~l~·ed in _Table I,· sl~towi_ng:::;that 'the~ :te!nl?erat.iir~ ··o~:_ 
... 

. . ~- ~ 

.. ·the ·,aalihity:: of'.-~ate~-incr.~,a.s~s,. the. -temperattfre ~f_.maxim,\im .~en_sit,y_ ~p:proaches 

th~:. ·f.:r.~.ezf,rig. t~mp_erature_. f.i?d·," __ whe~ saltni-~Y. :reabhe·a ·24~ 7. 0/00, thE?~~- -t~znper--. · 

~at.~~ a _:c·o±ncide-•. ·· .· .... -

' .. "' .. ~ . ~ .... : 
'l i ~' -:' • .. ' : '" .. " . · T a b 1· e 

.. ':. :-. 

I: , :-_'· 

, -~_: .. ~· :· sal~n,i'ty._, ·_ >_. .:_ ·:'. 

• t.: .. :- .. · .,. _:; ···~.,9/DO. . . 
· · :: . ( ~~t,s .· per{.loQo ): ·:~. · 

TeD1pera~u;roe 

of ·rreezi!lS , : ·.: 
0 . - ' 

::\ ~-. ~empe~~~~e_--~

·.ot·maxi.mum · · 
· :. -~ ·· .de~-s_i ty .-

. 6' . 

- )o• ~ • 

.. , .... .. c ·:.-.·· .-····-.. 

'·. o .. 
- o • .; 
•.· :0.5 
-. 0~8- . , ... 
~ 1.1. 
- 1.332"' 

l•-35 
·1~6:. 

~ 1.9· . -.. 
.. .;..- 2.2 

:. ;.· 

.c. 

:, . ... ·~ .• 98 .. -~ . -I 

g·~9· 

_: __ :1.9 .... 
0.8 

. ... : . .0.:3 . ' . 
- 1.332 .. 

1.4 
2~5· 

3!'5 
- 4.5 

.::.·'-:·:..:; 

.: .! 

· __ ~us,.when sali~ity-is_·-be.low.24~·-~7-ofoo_, fre~-~in~ __ is e"imilar to that of 
, r_ :·. -~ ; ~~~-"'{ ~;.:~-; • .. -. . : :- ' 

fresh wa.ter: while· th~ temper~ture- of· th:e -w;at~r ,is fall~ng~ there occur· 
- . ' . . . ,·. - . . . -.. - . . . :.-- . 

• \... • .--. • • J 

conv,ection currents, which cease the ~o~ent.maximum density is reached; only 
' '•.:·. < :~ -~.~' _;_:. ·< -: ., ; •. ··~·<: ·. '·,,~-.:. . ···;· . ' ' - . . -.... in .. the upper 1:-ay~r does the temperat~e ·:fall ·to the- freezing;· ·point and .ipe 

- :·~- -- .; • • • ; l •• • : _', - ·:~-: -. ~---- - - ••• ~. • ·'J - •• • • :-- -.. .. '- ·• . ' • #' _.: • • • ,.: 

forms on. ·t·h~. su;.f~ce of the 'wate:r.· Whe~:. ~a.lipf:ty _o('j.,ater .i.e 24.~ 7 oioo or 
,· -~ ·. _ .. ': 

_, "· ·: nio~e';'·'·cqriye.cti"On :-cu,rrents -.continl,te>.'IJ:P :to the moment- of freez:ing; consequently, 
• • • . •• • • • • • • .1- ••• ~ • • ~ -

.:-.: ... 



~ 
I_.· 

The de-ealt1:rig Of the- upp·er -layer :Of.·· the:. ·a·e~ by ·Waters from .. the . rivers 

flowih§--:~tb-.,;t·l;l~ ·-~_·e~ ,'.:,~rid·, t_h~-- snow~ failing. onto the' sea/ -b~~h: cohtri bute · 

to the· ·freeL.~-. ~;: __ ~a~:'~:" ,,c ; "C[; '' " 11 
r; ''·: ·: '.: · > < :; : :,: · . .·. . • c · 

, ·•· . : ·. When J~er ~bi~c~· i~'/;~ :~bEl ·p~~~e~a~·.~~~ coOling lias x\ea:dhEid a defini t~ ... 
' ~.~~pe~at~j{de~en:ip~ ont!le dElEWBB~ ~( ~·onc~ntrati~. 0~ sft~t 1~ i€·)dt • . 

prooucee· . .-cry,_e:~.~s.-.of; _:tee!; or_· ~c~ ~e~~es,_ w}llch contalii'·fresh ·water &s· it : 
' .. \ ~ . . • ... ' • 't .-~ ~·.·:·: •. :., ~ !: :;·.·~- -.~:.·· ., .• · . , ~ - .. 

fa:_'t·he>:P.ure· · e(:)l.ven·b· alo*~:: tpQ;t · f;-f~:~·a·s;: ~herea's·: the-. se~ts· :d.~eeo'lvecF·>:trf ~the_. 
. : . . ·. . ~ . ·• . . . . . . ·. . ._ . ' . 

:.-.. : . ·:. 

·vTater, ·are e<tlec~e~, '.'i_ncrett~ing t~e- density .Of. tlie W~ter· WhiclJ>-'has ·not yet ·_ 

· f'rozeli, Thl· crystals of ·~c~ -~ di~tr:tbutSa Oil the eUl-face ·of -the. water, 

,· orlilay pener~ate to ~ cer~a~n ~6pth• .·.• '• . . ·.·. . . " ' .. ' . 

·. :· .. ·' · . ..: ·.·The ·furtber formatipp ·Of.: +q~. o~d1~:re. by ~ean.s ·of_ the ·fr~e-zingi:·toget}l_~r 

' Of'•the••.ice 1~e<UeB ~nto ~hip fil.m!3 f10at'inS on the ~Urrace of the ~ter; . 
_-. . . . .· I .. ·. . . · .... : ·.'.· .. :· --~. . . . ; .;· ·_., ... ( . .. _.- " ... · .. · ·: ·. .· . . . .·... . ... " . _· . __. ~-. · ... · .~ :·_· ·. ·_. 
tJiese: inaY aiL~o ·tQn,n patches·. of ·a gray-leaden ·color·.which ··ate- c·a-ll~d·i··.';'~a:Lo", 

···i' ·: .:s.lu· a·h: ·.·{·o.·r· . ll~_a. ~-c· ·e···)·.· .. < ... . . . ,. ·.' '. . . .. · .. : · . '. ·,_,,, :;-.,' ·,. ... . , . ' 
~· + ~ ..... .,:.-(' . ..., . :~ . .... ,. ·r . . ·· -. I ·: . . . . . .. . ..... . 

· .. · ~- _ .on calin .~ate:r ,' slush (.salo) freezes. togetheJ;', fo~ing·. a.· 'tranelucep~:J 

l:iic&•c~at ~llled ."nil~e": . T~~~ ice cru~~ 18 hard arid Sh8:rp1 and.:,br~a~e . - : I . . . - -';;,·.. . . . . . . .· . . 

.··~aeily· .. in- the win~. . ._· '. ,..: ·: ' ... ·.· .. ' : 
. . . . . : . . I (} . : . ::- . . . :· _,_ ..... :~ : ... 

) .: ,_.: On. ·a ~lea· roqked. by' a awe~l, but in , the ·a~senc·e of cit B.trorig w-ind ~nd,. of 

c ~nsid~ra:'bll. wave e, the fr~~z itig ~~·. ~;Lush ( saio) ' o~curB· eimill. tan~·~uslY. ,iri I . . .. · .. -,.... . ·: .. : . . . ·. . . ... 

, . ~e~er,u c~nrel;"e, which .~e eo to speall; foci of f~thEiP ~rr~~zill~H ceOtere of 

·· · crystallizarioil). Th~s results in thE~ appe~~c~ ci;~ di~C:"ci:fiee~ ?O ems 

·. or more in aiameter, which are termed panc.ake ice. · . , ·' ·; 
,.. I I .· .. ' ' ' . . ., .- ,'· .. ' . , .. 

·.:> · ·· .~ .· · Wben :t~e.'.~i~d an~ ewe~l: -'~re. st~ong. enpu~-~ 'th~ .. :~iush ('s~lo} .:ireaks up 

· ..•. ·.··~::::YY::~c~:e~~~::~~~::.~n.~w f~i,e~'onthe; ~od}ed,w~~-~~' ::her;;~· a 

I •1 • ' • '", '_ ~ .. · '. ~ >' -· '• ·,:~ .'' .' •"' 

Jn .low. temperlit~es, .and even in the preeEnic·e: ·of· wind ~d swell-, a~d 
. :. ·,: . . . . .. ·' . •' .:- '. ',"' .;: . ' . . ~ ' . . ! ·~ . . . ·. : . <; • ·~ ~\ • J 

• 0_ . 

;.f. ~- . ' .,_ 

• ' T.. 6 ~ " 

i;J, :. 

. ~ .. : . .' ':.. ~:··. ·:· ~ . .:: ... ·. 
. ····· 
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.as- a result of crushing· and -con~ipued freez'ins'1 .. "siniga··••· 'and: ·;,·an.e .. zh:uret" ·also 

· ·-.'gfOurid. :ice·~ ·~~esultihg. ·rropt frictiori: •. · · ., · · · 
' . . ';.::~_}:~;!::7'~~:'~-~;;l{:'r;;;:~~~-:~·:L; .... 

\. 

. · .. '?}h~·-;rjlrther formation::·or 1'6e:h)e'e·~~a~ita:a~~~~~:genera1 rul~:by·wai of 't:reezing . 
. '.::- -~~~:; .• .. rf,'<>.:·:~~~~.'···~-~~\·1:: -~-.- ,· 1 

> ·tosethe .. ~_- ·:and ·or ··:thickening -of P8:ncake. i c~, ·-of' sh\tga and of enC;;ihura~ 

smooth .ice .. forms. both. at.· sea: Eiria' ·riear 
·L'·, ·, • • ' . -, , . • • I 

__ .;· 

shores.~ In. the.latter c.a:s~ it' free.zes to -the shore· in the:guiae·of 1a.nd.faet 
. . . .· .. :_· ·.·- .. ·· . \. 

, 1-c~~ · ("; ~~bereg;1 ) ·; · ·thereafter-; s:p_rea.ding seaward,.·; it form~ ··.atat.tona~y ·leV:el 

ice., denominated ":pri:pai 11 -fast ice.. Th~. thi.ckriess of le.vei · ibe·· ·dep~nds·: on 

~physi'cb~·ge·~gr~:phicai and hydro-meteorological. cond~ tion's ih~ the·' given area~ 

I . • 

ice'·6cc.urs :.from-·b~low~~-'by·way of yie~~irig_heatJto the"atm:ospher~ -t·hro~Sli; t.he 
·i. 

•·, .... -:· <·. ~ , • : •• , .. . , ·. • • \ . .._. , r • . . . . • , .. • .• ·. ' . ', ·, • ·: ·. • 

:-··thickhess of ·t·he;)· i·6eo· :rn c_orisequence of the low tbermal conductivity pf ·ice 
' i ·. ; . . . - . . • ; . 

. . . . . 

fits' coefffc·i'ent- .fa 0.~005},· and of._t[.lE,) ipc:reae.e.d·:'salinity of' 'the wat~'r ·(pro . . . . . - . 
•' .. · 

·duced···'by ·. tlie~'-~ait~. ·e'jec'ted ih '·the formatfon of ic·e r the. irowt.h :of. 'i(Je; pi··o'· 
· ceed·a: ~f/ry' a-~6~ti·.: .. ~EVeh. in :polar· regions ic~. r.eaches. a· 'tb~ckiles~· ... of ·nc,··:·~~e 

,;" 0 . 

thari:.:2· c._.-_ 2 .·5 :-.ni'e~~-( 6~~1/2 _.; 8 f~et) in' th·~ ·c·~ur~e of: w~nter•''·.. · ·' 
·,. 

, ____ > ·_>".,_:-In .the):>eg1ru1iner, whi~~-··t}le ice .is· ·st~li·_~hin{ i~e(pre·aence? _cioe_~· ··.I1o·~ 
... ·. 

• . 1 , . ~ • • 

af~ect' ··the·· amotmt Of' ~eat·, . Which the. sea yiel9,8. :to· ·.tbe ~ atmoepher.e (.gi v·en: a 
( . ' . . . . . ' . 

-: c~rtain de-termined .. difference 'Of 'temp"e'rii't¢-e b·~·twe~n thein .• ·r .. Howevf3r-~ l.j~~n-
. .· . . 

' . 

:'the layer, of .. -;tce .reache's ·a. t.h.~Gklle.a,s···o{ about· '15 em~ '(e ... i·ri~-)~ t:he ~-it~ation. 
. . . '•- ., .. 

changes; the· amouny orr' he~~·- wh~ph, ·_irl. the; ~i.v~ri; differ~nce~· of tem~er~tur~ 
- .· betwee~ air·· ·and w_ater , .. 'wi{3ht ·liav~ l)~en .. y;t~i~e.{i ··by· t').1e · se~.; · ~·aDnot ·pass through 

. . . . . .;·:' !" . . .··· ," . ':· ' •. "-: < . ·. ' .. · . '. . ' . 
'the ·i'ce, even ir···the >'th,ickness of ice -~s· bu.t ·,s~i'@ltly above ... the liniit ·figure 

j • • ' •• , 

-r~ment.ioned·.-.: 
,· < 

....~' 



r 

--..4 ' .; 

.... 

fo;rming ,fra~~~t-s ,Y{l;lich_ va,ry _in. siz~,_',~~d cl?.~§.Ct_~r •... -;·-
....... ' • ·:·· •• 1 • ., • ,.· .; '''<!. 

-- . .:. ,I.a;r:ge ar:eas .of ,floa~~pg ice·, w~,of;Je l:ength:. SlW,J?a.ss~s .. ~· ktiis;_.~{i ~- 1/4 nilles), 
' .• • • • ' ~ . . . • : . • .._ ' -· .,.. :· ' I • ' • " .'• .._ - • ~ ' ' " • ~ ' . - • -'' ', • . ' ' ' 

·are termed i9e fields~· 'rn the coi..lrse,_.of.,f~th~r d~struct:I:on ·of~"a.h ice,.field, 

. t_1lere. r,e!3_ul,~_-_fr~gment~: Pf +~~----~~t?+.9.;§._.~~t~ndJng.-,to:.2QO::-~ '.2-1:000·:~ms· . .(i/8 to 

.. ~ - 1/~ Ini~les) .< ,Di,Z.ect,:~.esJfH9~~:~~·~Qf,. ~~atio~ :tee;, or Or an iCe ·f.~eld, and 

the ~adua+. ;~es_t:r1lq~i.o~ _. qf:, ;f~~SW.~H~~ R~< _ic~, :f'~elds. reeuJ.te .. :in.- the· .formation 
. • .... ...-~- , .•. ·"" •. :·.. . ! .. 

· Q~ .lar;fl>e~ br9~en. i,~~ .. f~Ppl. :gO: ~-9 g9Sl . .-·~~--· { ~5 to_· 650 f.eet.);_ d;n -bre8:dt.n, ... :and- of 

~ll-<;r ]<r~](ei) Ace,; le,se!_ ~f~' ~p. ~.~\-f6~}feet) i~ b,rea.~t4•o / ; •. i · • ., 

--~_rge "R:r'?~elJ.: . .ic.e 1lla~:·.a;~o 7 ~q;ryn,_;'§Y·:~a;y- of, the. _fl'!~_e.zi_~g\t(og~ther;. of,.:oon-
. . . ·r· . . 

side:?-bl_e. e.+l9~~ t:~a~ent~ -:c;>f ;p~,.. _. · .. -. ·.. • · A. , .... i:.--::·' ~:,.' .. ,. , ·: . .-. , 

. ·.. ~ll,~n }nil:~fl with s). ~~; { ~~!l ~p~~} !!p,!i YOlJI\f:! if~ (?h)lga. }:,o ~t· btokEln 

.·up .~ce._f~riP.~ Jp,~ ~sha -_ ·.{~_ltid~· )_'~· ·.-.P.~. ~-~~· i_ce_ .?r~pk.:.(~dge·, or ·ic-e),:i:iludge 
. ... ' ·, 

· _ {Jta~b.?:·) acc~\l_.la~es .. .ii). ·8: layer :wpich.-may':.;re~qh e~ve~~~_.:rp.s_ •... :;:~·~ ;\ --.;-~----<·· .:;,:t .·~ 
·,. • ', :·~:·,. ',lo .~ .• • ~ ~- .• ._.: ·•.·• ·., -~ ; .'. • •• ',.: • • • I, •. • 

_ T}?.e. deatr:uctip!l of leyel :lee by _t,he' forces-~of vr.£nq_,._13,W~ll ai;lct:.p¢-re~ts 
•' • .. • ··:· .. '. :·· ., ' .,.:,. . . . • • I . • _.·,,' '. . . . ,. ' . • 

_,is .no_t. l~mited to,.+ ts J?real,ting ~nto .. small ._fragm~nte.,~, ~the 2 .c.on.s.ta.n;t;:_,;.shoqks 
' ... ~ ~ _: .' ·.· . . . ', . ·; ' . "":. ' . '' .. ... ~ ~- . . . ~ ·• . . . . .... /. ' ..• : .... ' ·.. . . . ~ 

,. _-: . . . .. . ' . \ 

'·:and pressure .. (of. floatipg ice on_,stationary :-~c~ ,and: ·of ~sep~r&te~- 4~6 ·.:frag~ 

. m~n~S ~n aach other) re.~u).t in the !lj,li~g llP o( accum~a1;~~!l-~f,var,tous . 
1- • • • ~ • • • • • • ' • . ' • ' '. - • ' '• • • • -· • • - • . • ·-. - • -

. . . . 

'\lP;r.lBbt e>n :the .. le~.el; swfa9e;.' ~'tprosy"_ ~ humniocks, :W~i9tl:· ar~~ aocuml;llations 
. :.. . • . .. ·. -::\ : .• . : . . .. • . -. r. .... " . : ' -· -~ . - / . . ; , :· '· ,.. • ~ 

s_epe·rB;te_ massifs;. '.'stai(Luk:hi'·' ._-. ac;.c:u~ull3.tiOI_l8 of. larg~. f~r~e;rq~~ta-~:C'6ns,1derable 
·' ' ' . ' . - . . . -•. . . - .~. ' '· ···' ..• . . "" . ' . ' - . . . . . 

_. . in s~~e ,a11~ gro..\lilc1ec1 op . .a~: .. aho.al, 9r- 6n.llfn~;-__ !i:siko.~a~':'· - the ··result., of s.everal 
"·~. ,.'. • ··, • •. ~~ ~ ...... !'I,.!: .,.,, ·,' ""• '. ~ ,, • •. ' ,' •· ,· •• · .. •,· •... ·•• ·• . . . ' 

raftings_.C?f. ic_e. flqe.s-lying ;flat, -_On .top of~·e.ach .other-._..·:··.~.~-, 
~ . ~ . . .. ':. / -~ . . ·. ...... .· . . ... ~-""" . ! . : . -. . . ~ . . , .. c ... • -' •• • • • . • . \ 

. : ., : · •. • . ':·.": ·. ~. I I 

The elevation above the water surface. pf ~- t.he ... ·fJ..o~;t~~g,.:.p?-r-t: 'f){ :.the · ic'e 
,,~: , -~-~,.~:· .. _: .• .:.;_ , .'.'•':'., ···.•· •. :. ';.\ ._,_:,. , . ·:· ,_:·. r;, "':· \: .. ·' '.;. 

is . of: considerable ... interest . in. the .case of fl~-~:c oper~ti,Q:(lEf.-.. ,- Jf.Pr h~ock;J< ic~, 
• " • _,- ..... , .. :-: ...... ,· .. ,. . .. ••• , •'. ' ·': . -· ' ...... >- .•. ' . •'. ·:: •••• : • - •.•• · ' ,_1 

the above-:water height .as a. general-rule corresponds ~o 1/3 ~ 1/4.: ~- ·~/5:~of · · 

tne __ ,~-~t8;_1: t,hi~~ess., ~,~ ice~,· , on,.an,:.~ve.~~y~e, _~p_e ~~9v~ .. w:~~er ._:p&Tt,s/o.f.' hummocks 
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• . "t 

.:\._ ·.~ · . ;,<.The·- Gh~_~a~ter·_.bf: t.he. snow-cover depends on the amourit ·;of_ fallen:snow, 

on the <WindS> and on th~ relfef ~~~~*~if.i~~~l:~t . 
.. .. .:: ·'c· _ .. _ :'v~ry ·0ften·, ~·tile: snow-cover is·::r'ou~ and: uneven, Bn:d :only' in ~are cases 

t:·"· . . . . . . . . ' . . ' . . . 
··::.'.is .. it: ':level and smo'oth •. , Sometimes --there is no anow

1
at .. all'' on· the surface· 

j -

.,· _r . 

. In r.egard to configuration, t}?.e unevertness of the .snow· covering:Iilay be 
. . . \ . I . 

,; d'i:V4,ded.·,.in~b-"'· "zastrugi "., "sugrcby" ( BP.()W drift~ and '.'nadduvy"~. 

: ;· ·J, .. _. · ·•. ": --za_strug:t·!L (Jr-ig.- 1) rise above -the' sm"face of. the·-_ snow blanket in the · 

... :·_- torm:.:o.f ·xnminds /rising- in>· t}le ·direction of· ;predomiriat.ing winds., :·and. ·sloping 
. . . . .. . . . . . . . 

towards th~ horizon·.-( at an-. angle of _several d,egre'es.)_. -':On the· lee side these . . : . , - . . . 

,_,_ m·ounds-':hu.ve. fext~nd,lng: tongues.' and· encL_in: .r.ourided -ra~ines.~ Tlhen-· the-· extend-
. J • . 

·:·_·- tng tongues ... .'reach .a.' coi'lsider.able. si_ze, they. break~ off.. . Th~y ·may· be e'everal 
:· •. ,... ' ' ·,_ . .. ·, . • . . ', ' . > .. · • .. .' :: ·' . . • 

... decimeters·.in -l~ngth; :. Usually 1 th_e. heigh~. o:e.·~ a· • 1 ~astru~~". does· not. a:Urpass 

-, o-~:5- ·,me:te:e~:- (2'6 -in.J~ ' ·with '-'zas'trugi·,; on a)'i,eld, :~ pla:ne· 'should not -~ttempt' 
•. . ~ . . .. . . . . . . 

. : ·. uneven~e·ss · <?f the ice ·surfa.ce •. _ Encountering an ob_ataole, the wind--dr.:iv~n 
• • 7 

I' • ., •\. 

· .. ,sno~ ·.is~ held. up ·and thicke1:1s ori the windward eize .. of ice·:·mass.ifs.- _:On t'he lee 
' ~ ·; . 

.. side j-· th~ p~.tj;c·lea· 'or. e~6w ··which' .llave lost ~-thei:r speed,··. accumulate.:~itrmediate· 
. ' . . . ' . .. . . : . - . . . . . ~ . . ·. . . 

'· ,ly behin~. the.-::b.Wano9:k/ forming· .a -hee.ped. ·up sriow. 'drift.-.: In. ;t~me·,· the· uneven -•l 
~ . ~ . ·: ~ . ~ : 

. ·:.-parts ''fil:L.:~±'th'•:~hoW:>.:both ~to wind~~~d and ,i~~wa~·d:,: ~d ,t-he-. s~o:W::Cirifts ~0~ 

q\ur& a ~t'r~akJ;fned Shape ,·Wi~h · ai~PeB varying i_nhei8ht and: et6epileee • 
~ " • • 6 • • - ~ • - • • ••• .. • • • : 

·,_ · .. · ... ::.--~:·. ·:!1Naddu\ry:·,··:.a:re··.forme_d-:'-in "the hoilowa bet~een ·upright· 'ice:.·fragmerits·;, 

. I 

....... 
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fill.i:ng. the~( hollowsc~ and c uneven __ p·ar.t-e. with- snow~~ " rn~ the :proc~sa ·of the-ir-· 
. ' . . i . . 

forlD.Eltion "nadduvy-''':·may r.emain· em:p.ty; this-· depend~ on\_me'teoroiog~9al~ con.;,· 

ditions- ~hd··:or( :tpe ... bh~ract~~- ~or'{~~;~~~ :-~~~i·f .. whfch- is ~bei;ri~:~.filled ·with' 
.. ..... 

snow. · • • ~r._ . . • ~ ' \· ' , .... 
)/ 

J,v-1'"'·' .,'' ., 

.. ·~·;.-A. ~~ooth · s~"_faqe. of-. tfl~~- .E!fl~;-· 9ove~'ing.c o~c~s ,.-o~ -~-lev~l; · -· ~~~~th~ young-

ice·,· :when:~o:-strong wi~d' if3 .bJ..qwin~---~tir~n~rthe--~~~fall •. '" ,T~~ -~~ickiless of· 

·the SnOW:':-COY~ring :may· reach_ 20. to 30 C:Ir+S. (8 to 12 inches)-. ·in the· -ViCinity · · 

·: .. 

.. Bare' surfe:c·es -occ·tir- on· level· ~?e' as-:-~: -~xce:ptj:on/, and .·'Only ·.on se~~rate_ 
i.t - . • • • , .. _ :• - . ~- ·.r ' i ·' . 1 ,. . ·- • .... {: ,., :; ,· • ,. ;·. I ,' '; ~ 

spot-s; usually ·th'e :a~f~c-e of- ·the. ic~. if3: covel!ed :wi.th -c~y_stais·~o:f\.•aa·lts .-and,-
• '

1 

, > , f , 'Mo • ,,.1 '• J • ,; • •;0' ' 0 .~· ' 

consequently,-~ by· a;_ thin· film o~-,brin.~; ~- ,; Th:e a_now:_ ·fs:··,t:herefore:. :.riot: blown~y·away, 
,. '~ "I • 

. . \ ' . . " -i 

. -bu~: c/o~~rs -:'th.e--:·.;ce ·.'ytith a· -_l~y~·; '?r·,~i:ns:l:g:nificant.·· thi·¢-kness:·~~and-~tntermix~-8 
l ., . .,' ;. . . ... , ' _' ·. ·. _' ·l ;~ ;, ' ~-- ': -; . . • . . ·' '. " . : ·' · .. I • • . , . . .' : . . • . , ·. ·.... t • • ' ·. ; ' •• • ; .·_ • :_;_ • "; , , • . • 

. wit~ r~~ (brine ·, . P(·~an~i~g .· ~n iee '~ which i,B :c 0\T~~~d ~Hh· ~ryet~~B. Of, salt B' 

· may TsUl t, in the . c~pBJ.Z~ng:'f the plane OWJ.ng to_:~~e. increaee.<o~{th~ ,.qo~ , , ., , 

· .-efficl~ent. of:: fric~iQn b~tween the· runner-·( ski): e.nd t:nec:: ic_e. surfS;ce-l<-t. >_ v·-' .. ---

.. :-·lo~. op~~~ · -i~~ef: .s:pa:~-es_;·._:s~b~~~ted to -the :a~t-io~: o;,··pr~do~trj~:~Jin~:-~:tnd.~, 
i i ,., ' . . ,· ·. : ~,f.·:)·~~-··· J·:: : .. -:·· .l:t(!. 

• _,1 e ' -i. j ~ :. • r ,1 
o I •·: ~ #~ ::,,f,~ ~''I ~ 

. the:i~_spovr _blanket :·:is. densified,,: as though .. it' wer~ -~compacte·d-.- ·- · ()n._ ~n--·.inter~_ 
"::_·_1:: . ·.· ·-': ·. ~ ' ' · __ :' .. , ·. ·-:::;·~. ; :' .' ::·· .. ::!_,_•·:'.'! .. : ·'--~---·· .. .- .. 1:. ~- 't 

. secte;d surf'ac_e ~ (-one.::·cp6sseQ.:-b~ ·rj,dee_sJ,. ~~ the :rnids~ of .. hummqck~:'··:-t~e ~now _,., 
~:,- 1·. - ,_ : .. ._, . . : ~ :· ·'-' ·"': · __ ' -. :': -:-. .. _'. _· -· :.-~- ~; . ~ . ,. ; . ·" ·•·. , ~ :'. . -;_:· . - ... : -_ - - . - .. .- . ·-· . . . . . ·- ·.:.. . __ _. -- : 

. is · .prio·~ected. by ·the<lat.ter.<and. is ;·therefore. -not. ·b.eiris .. cofupre·ssed- ·:by-.:the'---~wind-
. . " ; J. ~ .' - :_ . '': . . ·:· ·. t .·: '\ I ~ ' # ' ~ • ; •' ,' •• • ·• , ~ , ' :'/ • ., ' •, • ·" , • • '·' • '· • , :, 

it:.-reina.ins .- ri-uffy- t~;~-a-· certain,·.:extent ,: .. particular1y -on_ the~·ree ·side~ :of",J~he 
-- j . . --. - --. . ~-:: . .-. -:··;: ··r,rU ., ,-: ··. ·-:' . . -. ···i _- .. 

ice mas~ifs ~-: -· ·-· · - .. ,-, -, ~ .,.-. · -· ' >_: .-:.- .. ··.:, ·' 

'·,. 

,' ! ~ :. ) • \,: ·~ ' • ' •. ' I ) ~· •, • ." • f' ' _., 

River·~--±·o:e.. fo~s, -~n rivers. ·and in:-;thei~· ·estuar:ies· dliring>th_e .·winter ;.sea-
. . .- . 

... ; .. ·•. . . ~- ... ~ •. :: , : ·, , 
'' ., l. ~-· .:... 

~son. -In conf3equence. of .the- _r:i.sing\of water.; . th,in·(ice ,lfntio:sP 1:' m.~y · e.omet_imes 
. . ' ' .~ : 

for~-.on the, s_urface . .-~-t the_~~-i~e -~,.-~-£~, b;~·aks ·._:e.~~ily,::~der·;:t~~e·.: ~~k;La•.'of a plane. 
!I. . . · ... - ... ~: .. : .. :.· -~ .. --'._.~ .. -~--~- '>,·.>· ... '- ·' . ', .· . 

, ~'Sea: ~ce diffEH:~~--~;-in S:~rlfctur~'·from river -ice, ',:mainl.y\by ::jj~·s ';V:iSC.QS:i:~y 
•·,1 

and: p:la.sticity ··: ::Crystals;:df: salt· .. ,.apd .bub.bJ::es .6r'\~1r· are:.-c·o·nt:a:ined:::in i·t. 
' - , . I . • , .' ' 

·, ~:; ,1 .• ~ ~\. \. • I .~ ' 

. . . ·. ·~ ·. . :; 
.. . ..... 

....... 
.. . ·.I:,. 



.. 

. . 

The speciflc·- grav:ft.y;·q.f:~:~ea~·-ice ··is.·~ about:. 0·.9;. giv~n· 'fi·:risgUlar:· (se9.Pietri:cal 

ahap~',: the·:r~tio·: .. ~:r.·-_.the····above~wate~ ·piirt and' the···a~btnat'in~>·p~~b' equals 1·:7~· 
• • • t. .. .• ' . • - . 

·;~ .. ~ :: .. : ice~·l.inelts··:an¢.' :·becomes. :wate,r: .a.t·., the. ·te~perature. O'f 0°C.~·~.;~· :Pr.ovid~d· 'libw- .· 
. . '. : .. :; l:' . l ' ·. . 

. ·. ''• ··ever, ... that··)the atmosplier'fc'~pressi.trp; :~qua_i:~.~·.;~~:atinosphere·; l with ~·-rising 'pres-
. . I . . ·. ••. ';·' ''.; ., ..• : ~·: ~. '· \'. ; -/: ~~ •· ',I 

- ~ure.;· ···~·ile.\f~.e;e_z~ri·s·: p'oint·. o:f :Lee ;fa1'ls:,: . :Tnus,· given ·a.·p!te;seiure · of·l,ooo 

.. atmo·s-~, .·:the f'-reei'i·n~ ·:Po.int· :would. d.ro:p ·to · -7 ~-5°~ and to:· --22·. 5°.,.- giv~n: a pr~a·-

·~ s''lire ·or: 3 ;ooo atmos o · • 

The conne,ction .. betw~en tlle chang~. in· specifi9 gravity:· ·at ·the· t·:iine· ~f 
. I . . . ~ 

. m~ltirig.;:~ a:n4: ·th~ change ·of ;the· fJ;>ee·zing· point, i~ ·conditiotl'ed by the fact ' · ... 

th~·, . if a.'-bbdy· e~p&nde wher( .. free~ing,. 'an :i~creas~ of' pressUre: nece.esar.lly . 
. . . .. · . . . . . . · .... 

ha.m:pers.···.,tlif:a·'·'~ipa!16'4on,~;· .,!t ts there·f.ore neoes:sary to, cool. 'the body· further, 
·. . . - . ' 

I 

paJ;lsio:n. · This-' is acb;i~v~d .bY ~ .lower_ing of te:rll;perature •. ' 

~·· :· ·- .. ~~,The .. vari~tiop ··of ~p~¢.itic . sra"?'ity- 'r-s~ 'de'p~ridarit' on' pre~-suie~ and ~~·· p~es

Slll'e too. d~p~nds .. the den~i ty· .. of . ic~ · .•.. :Wberi t'iiawfng (mel ti'ng?'); ;~t'ee .· .P.oou:c~s . 
' . , • • • . , ~ • I 

:·~ensity:.' ·-.:~:m'--'Co~eeq:uence,·· i'ce ~:a ·l!·Bht~! than .wat~r~ ana··tlierefo~e· rioate: o~' 

"·1'ts. surfat~e·.~· < f/.t e.·· te:inp'er:a;t·~~· ol_40:c~~,·~ :t}he vo.lwziec Qt···water equals ,-1;' ~t :.a 
' ·" 

. temperature of. o9c. it_ ~q~als 1.·000~2.;:· e,t .a tempera~ .. ure· of ~o~c' •the volume 
I . 

or ice ·equals 1.0908.2."_ The differe~ce is 0.09070,· i.e_. apovei'· 9%. 
..... ·.,. 

. ,._ 

. ; : ~ ·1.:-·: . ,.· . \,.. . •. ~ .·.. t ..... 

'\·. ; .. 
'" ·:· . .~7. ':-. · .. -: ;:~ 

~ '··:.. 

1 .. 

if 

.. 
I 

. : ~ 

_, 



-~-'"·•-· ., 

.. 

· to hUimnocking and.~neither to the formation .of "''na_c~.;<iu:y=y:'-:;_ ::.;·· _ 
••• •••• l_ -~ .. - } •• _·;:J. ~- ·._. .· .::. ~~ '... ........ J 0.: ., -~:.-: .. -,.. ·.· .. •- 't ··••• ·:·It· . 

.... · -:·.: 

• ••• ,f. 

· - . , - - 2) ~- .Th~-.. Jce ::covet .:m.u,st ·po_s,sess.-~s\U'flc.:i.ent ~ol-+d~ty -~o stand .. the 
.. . •' ""• J. -.- ..• ,,· . . ·•4. : •• --~ .. ·, ·' .·, ,·, ·, • '· ·,: • . ~- •. t "-:~. . . . . '• ' .· . : " . - • 

. . . . 

'··; ·_ -':f:re:q~~nt .. dynam:lc·- lo~d.:-of _the -~hqcl~ ·rrom_.the.:f3ki~_-_ofJ~he .. ,;p'll:l:~~\-:-:W)len .landing, 
'-· "".:1. ' •• • 1'··· • '/ • :> . f · ·• /r• . . . : " .'. · · '·•. • ·. ~.-. · '." ' .·. . ·.. · · ' · •·. · · · · 

' -

__ -,. -~s_ W:~~~--~a~- ~-~~ _·:·s~~~~9 ___ :Lg~~.-q~:- ~~-~, .-·P.l:-~~a.--~~-se~~ -wh~n- ~1 t,>if? sr:o~~E3cl C?Il. the ice. 
I - .: . - ~ : --~ ; ' . - : •. - - - . . : • - - -

:The_ s~.udy of __ tpe .me,thc:>.d~~ R~ q~:p:qt~~~o~ t:€J paseQ. op: ·:1ih6.-. f-o1:J;owing:,·-:pre-
~ ·_ • t- •• .... • •• ~-, ~· ~ • •• ·; ~~--·-·=:1-:, t-·:.~ ·. <-·r .... ~~ . · . · . ~ _ --

mise·s_;. -ice. is taken .. ~a·. a:q. ~l?.:~t:J:g 'P9.P.Y~i" sul?-je_ct .-t?o. --Ho,9k,~ ':~fh law., ~fn ~h.e-:-·_e¥e:q.t 
. . - . -.... . .. ,. -. -· . ··-~ ... ~ ~-: .. · ;: ·~ :· .. · ~-~-;~·::(~Y :.~. .. . . .. - .: ... _:· . . . .. .. 

• • • • • ~ \ ~ 1' .. ' • 

. of mfnor· t'ension ( str~in) ~ AAQo. ~q~~~P.~fPS definite J?h:YeJpal--a_nd meqha:!f;Lc~l 
. ' : ~ ": '· _.-·.':::. -~'·.~;':,.~::~~:·--.~~:~ -~; .. ·- ' .. · ~ ·( . . ·.~ 

· :prop~rtie_s.· :":Th~s~ ·.Pt:'eini~~~--,-~~~?:·:~~~~[~.:~Q~,~ . << :~--,·-~ · ~/., · -. _:, _. " ,..· .. , ,, 
··.·· 

.,, · ... ·····t~e ··~oa4,~:-:···a;:~~=~:::r.:::~;;R;~;Fifs:::r::o:~~::~:e .•of· .. ~.efleQt,f.":: 
·-~~,us~_&-· b7 t.~~- _19f1<}.,{. ~s·99m~a;-e~----~o the'--~~z~.,~:~.f._.the .. ·i.~-~~ ~~f~c~··.of·.·la;rge·-r1_yers 

;;,; 

and lakes; :-..·.;.-

•. ~'-' ::~.-> 3}-~-.'I'~~--r,e~.~t~b~t~}li~le~t_to._-a.;,_c;~.r~&~n~ p~~--i~0~"Q.9m:P+.~~~- degr.ee, of 

the. d-eflect-ion,, af_'ter :the load h~s-_beE;?n withdr~wn-•-.. ~:_, :<~ .'· ·> .· ·,.;,·?·:;::< >-~ .. ~:· ;,-.:-
..... :: :. j ".•" • -,7" . • ~:,. • ' ~ : •. •. ~ :.: - ,_ ~. .. ..· .. • • ., . . . • ' • '' .· • ' . . 

_.:·~·: ··~'· -~ow~v~~~) t.V._~ ~~~~--·~PEl;,~ .tc_~ '-:beiD:S. ~, e_:la,.~t~c--:p~<\7-.I'-OS~"~_~.-se~:·J>r-ope~ties 

i, - · ?~-~ ~-?l:;~~it~ ~~:,- ~.s,<p,~e.~Y: _p.opd.i~io~a._~,-: and~:I?;~_c-es~;i ~~at~s _,the,~_-,.ac.ce,:pye4ce::·:.of'.:;a-;·_ 

· -;·<---~~~_ai:~e-rB:9}7e; ~:9e~~~9.~~n~- '?(· r._~~-~rv~. ·9f }~o+.i-dity {f.a.c_ti9~, ·:C?~:~:~aafetyJ,, anQ.: t·hia 

:<i:~:r::·~ve;s -.. f'x:.qm._·P~q~l~_~P :pq~~Aqa.~ .pp.o~er_t1~s-:-w~i<?.P.'::d:L_s"~:~ngv.if!.~- ice~ £rom .other 
• • ~. • ... • • .. ' ' ' • •• ' • • • • • : • • 1 • < 

materials. ...... ~ . .. " ,: ,_~r : ~ ' 

· Tl:te.se,.-.prop~rtie.s -t:~,~e: 
• ~ - ! '.• ·• '~ • ' .-.: ; ~ 

: ~ . '·. 1: ', 

' •t: 

' . 'Y,.•( 'f ·:." ' r. • .~ • 

' . ·~ . . 
' ' ' 

_; ·1) . Cons~q.~r~ble~~val;"ia_t.ion :of: :th~ .}3las.t-~c:i·ty __ ~ ~s)f ... ~_ce, depending 
~ - . < ~: .. ~- .. ·:.·· '.:· ~-... -~ : .. ~ .. ' "' ..... · ... ~ ·. .;,;: ·" ... 1• .• • ;· •.• ·:· • ~· ....... _:_ ·: ·'1 ·:: ,. : _.,, •• •• J' ·<:' ..... -.. ·. r:... : 

. -',,, 
•• J..<· 

-, 
"": .. -.. -·· .. ~. -~ 

• I I I• • • ,· _; . '). 

··~ ..... , ..... 

· . )? ) "·:- }:PEf p+a~,t~qi t,y .. and., V;iSC!OS.i'\:.Y~-- 0f.~ iCfj ·Wh-~p.h_: al).pw ;·CQ~~id:erable 
' • - -. '~ · •• ' . -1 • : ~ d• • • .... . • .--,J -.. . • . ·. • i 4 :.. ' • : . - . ·• • . ' . ' 

re~idual deformations without its dest.ruc~_ipn;-._. .. ·_. ·:·-.~. ~-:-~~ . .-~, :-;<,-·f·-:. ;_~,·· .-:·. __ ,.! -
. . .. . . ·- . 

_.,: .-.-.3 J , . .-: T~~'- P-~Q;~~~ar __ . fa_ct.~ -~,,:th~~- ·apr~rs '.-1~~--. +.e.-~~c~p.e}b~~~i!:of- · st~~ding 
•• -~ . • • '· ~ • ... . ~ '> . ' ' - • ': • ·-· . . :- . . • • • • • • ' . • . ~ • 

much lesser loads than winte:r ice_,, a:Q.d computation ~ust therefore b~ based 
--' • ,""<''·1 



on-~. m~nimum.non.n· •.... , :. 
. • -. ~ • •t(. • • 

·.- ·.- , ., .: ... •. ~ 
:": - . . ~ ': . . _.'.: :~ ·: ~-

. .. · '• . ' .·• . 
·, .. ·•. .. . .. . . . :'. ·_;::_· ;: ; 

·When. det~~ining ·t;ne. forces :of. ~en~·ion ·in._ ic_e flqa:td·ng. .on the ·water:, 
.::·J ... •· .•.. . _: ... · ·:.'';· ;·;:_.: .. , .. :.-··.:,·: :_ .. ; .... · ... · ·:·-· ..• :·~ .. :·-~---~· .. ·:·.-·::·::.:. ·,_;·· .. ,·.· :.~·::. ·.~.·-· ·.·•. . ... 

. . we consid.er:.,e .. ither a:c~ntralized .lC?a~. {Fig. :.?).;·~,pr .. a _loaq: ·d~s~ri1>:ut~d on 
.... i.::.>;·: ::_,_<·.<·,_.·,_· .·_:'. < { .·· ::;' · .. • · .. ::' ·-·;·.:.;;t·.;'J.~~---~.;~)~··;/i';i<··~':·';).',i·<;:;: .·· .. ,·· -~·'··-' . : ·:. 

: : a· more. or 'less limited area a~d:;s~:'::i-~l}\;·'~1'. J~~~f:,.~~~~i3ii~~:def-lec.ti-on in the sheet. of 
<. : .. < : ~, : . . ..;J,· . • • : . . • . :· • • . . • . .• ·~:'·.'i..~\-~ ; ·. J:1.~~~F~1;·~~V.~?~~r,i f< . .. ·. . , . . . ,. . , . . . 

. .· .. ice. (Fjg~·'· 5 )_._. ., 
.. ~,4 •.. J' ··:_·.~·-•• ~--~~·~·:·_>·:·. ·.:· .. ~~./ 4

.,. ... 
. ~ '. . ' 

ic~ ar~ ._no,t t?ken .;into. consi<;le~ation,. because :·.t)l~se rep_resen.t -~ lqad:.: .. ;regu-
.... , .. ":- .. . . . 

.. 

l~rly. di~tr~but~d qv~r the: entire area, of, th~. ice.,· ·anQ. ;r-esUltiil.g ip a ... uniform 
.• ···~:·~· ·-.. ..• • •'I· .• ·. ••• '· •. '·:: .... ·:··.··•· ·-.~· .... ·.· •··• :···· ~\.':1~ .• l 

. . . 

.. )Iml}e~a.iqrhp( t_he ~ntire. aheet of icEt_ .. dee:per irrco.:the wati~r (fo~lowing the law 
::··_.' ~::-..... ::'. :~. ~-- ~-.·~ ..... -.::: ·' · .. :· ..... ·. ·:.': ~:-~~i .... ~: .. ;:· . . ·.·~.!-· .. ::i,.:.: . ... -~;· •·· ··.'!, '.· · .. - . . . . ... 

. C?f Archimedes), wi.t~out p;roducing any deflecti~n-.'-of the. ice-shee.t,. (F_ig. 4). 
';_' • · .. • •. • .' .· .''·.· ,·\. :;.-~ :, '·· ... ~· ' .. · -· :.·. ~.:, • , , •' ''·;·;IJ ': ':· • ''._.;, ·- .. ~ 

· .. The. fall of the .load G from the h,ei@.lt)r, ·:hi.~·s ~he ~urf'ace of the ice 
··:·· ;·: .· .. ·~·! .... '. ·_.~.: :.: :· ... _.· .... · __ ,._ . ·.~ ~;·'!.. t. 

I . 

. wit,h.,forc~. P .• ·, The .. force of ·the shock prov.okes· the- -defl~ct.ion ·f. As e.ction' 
•• ~- ; ',.. .... '~ :· . ~l ..... ~ .. • ~ • ... l •• !. I: : ~ • I .... . ~ • .T • : •. I • •• • • .· .' • ':-. ..: ~: .. . ' •• •. :· .... ; .'' ~ . \ 

-: t~4e, t,o __ fo~.c~. · P and. bears _.a c9ntrary. sign. (F:ig •. 5): . 
' . ·,·. ·. ··J ... ·: ·. ,· :- ·.. •" .. '. : :' . . . : .. ', . . :: . : . . :· .. ~: .•.. ·.:: .:·.: ~ ... . : 

,,.· :· ~ . ·. t;'. ·< \i· . ~, .=· · .. rl :·f --~~:,·t_~- _~P, . > :_! ·. •.·. . .. ••.. . . . . . ~ . 

. r1 .. b_~--i~B. ~~~- ip.e~~ia .. ~f ~~~ wate:r ,_IDEH3s_,_. and ~2- tilE! .f'Pr¢e. of,:ae~~;op. o~ .. the 
.. ··. · · : 1 ··.s -~-: J 

.. i~ter~~.l _el~s~ic .~~rC?e~- _of. the·: i~E?· ._shee~. "~S~larly .to. ~or~e: .P" -:forces n_ 
I ' • ,' . :;: ~~ I - • • • • • t ~. • • ' .. • ,\ ' .' ' • ~ I .. 

8.-1)4 . .,):•2 · -~ncre~ae .. wi_~ll- deflect;. ion ··rr9m, zero. te> tlie max.iiJ;J.Ul11·· : · Thl:J:S, .i~~--.u~ual 
;~·~-~_Jo,·~.:·. ~: ~.:./_"···_:·:· .... -: .' •. •• .•. ~ 7:·. , .. ·. ~. j~. ,·.~i .. ·.'I .~· ·._.-, ;:· :.·. · ... ·. ·.·.·:·: . ::;.·· ·r .. ·- ..... '.·.·-'): ..... : .... 

;··.C10nd.i:tion,s:;· .. :P.art;; Of t~~ .f_O~?.e. Of ·~-~e ShQCf,-i~_··.~~~~~d(~~~:. f.O~~~ rl~ ;· ~~·:, p~rt · 
. .. '.:'.-;;:.:_._>__' . ·." '< . :-'·: . . .. ·. .' , .. • . . . . . . '.. ,_.- . ·: . . . . . .. . I 

by for~~~ r 2 .•. _: 

; . ;r~. -the _wa~e:r_,_,.in ... ~~~ch the ice- f~o_ats, wer.e e~plosed. -in ·a hermetic con-

· t,ain:E?~ ,I. :PC?. d~f.lectJon. f --W:9~J.d ,o_c:cur, i-n .. :c_onseq uence -of t}le.- i:ncompreeai bil.i t,y 
~· .- . ''!: .• ' ... ·· ":-'~--- '"·... •• .... ',.' • . .. . :: ·.-~ • .. ~ ..... • ' . . ·: .. ·:· .. :·' •. . ' ~ • 

of.iiquids; the p;r.essm:e of the ice wq~ld be t;ransmitted ·through the liquid 41!1 
·-, .- ,. I · ' "' _; ' • • , • : • . • • • ' • , , ~ • '.'.! ,· y, ' •. • •': '·: ~ • : ~ f' ,f 

-:.~9·.~.11~ .. -:Wt?-l_l.s.;9f t.})e.,_ ~e,rpl,~~i.c c.onta.~ner. ~i_n the .. way.-it' occ~s f~ a~ hydraulic 
·.;'' ,. :· .. ·-~~ .· .·'"· .. ;· ... ,· .···; . : ...... 1..... ....... . ~· '.!··-~-·~ .. : ... · '·.·.:~:·~· · . .': _;·:~.~ ... ; ' 

?~e .. ~e. (:B~ig •. J}. -~. . ..... , .... . · ··. :;. ;·: .... 
1
, ••. 

';' l· , ... 

"'~ "" '. '.. ~ . 

. . . ' ,. 
: _, .. ::·fl _n~tUr.a..l_. ~~t-~:t; pa~ine p:f_. .. ,-~ona~derap~~ .:.si,~e_.~ (~iv·e~~./ ·P9~d~·, lakes.), 

~ ' . . . ·; ~ . 

: .. t:,: 
: . ~ ' : 

. ·.·· .. ·. .,' ','i .: :' • 

. · ... · 
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[ 

~- ( 

· let alone . seas,. no._ tlght:ly enctQs·ed nia~,s~s. of. water are. ·ever · ericomitere<t 

(there 'are -open:lhgs<·beti.Te:en' ,the.' 'tc'e·-:f,ui(f the·· sh6re:Ll.n'e',~ 'c~a'cks ~-irt· ~he .ice, .. ·. 
- ..... - - . . .. . .-. . . . . . - . 

' > 

etc.:,. ·:through: which the:. water···may· e~erge··rrail 'uhde"r. the 'icel. _:· Th.e_r~~or.e, 
. . . 

the ·mass_ :or ·water. ~tibJ-ect.ed. t-C>. ~~~;,.;~q;i!.f:?ri 'qf' ,f}\~fioc'ii:~oiio the {i.d·e,_··:ta·!·:~pe~d.ed . 
• · .c . • :::· •. • ;~- t .... ·, > • <, . . . -· ' ..... ·. . 

up; the pressure .of wat~r ·on t•lf~ ;q~{ ,f:;pg:,n. "P~+9w: surpasses th~ ·'hy~(;s_~atic , : 
' \ ' ', ~ ; • • ,_ ' ; ': ~ -. :~ -~ ~- ~- : I ' t ~ ; I • ., I' ~ • ', ·' ' 

press~e-·and ~he. wat~r.· spouts .·HP- ~h~i1U,w t:t~f.-~P~riins· in the: .i,c~,~-~ a~·:"sho\.ip on 
. . . . ~ -:' .. . ~- z ~ ~. ,( ;. ·_ ~ ~ : -~~ j t ' 

.•'-Fig. ~6-o. ·· j l ":· -~, •• - ~ 
. ~ .. ~ . · ~~ r 1 ~ . • .. - • • 
. ~ ..... .. . . . -."' . . . . 

... ~ ... 

, : The g:J:'Clfth or tihe . ro:tCJe; ~qq ll~$~ci. py l~~ mas 6 Of' wate;:; ·under ·the: :tC~ , 

· brings; about . th6 .·· eme,r8en~e . Of a' k~r~~J~t~ ~Qrp.~ · bt 'ill~~~~~;~,-~ ~~i:~: .. de~t~as;', bri' 
the :m~ss_' of ·w~te_r.· receiving acq~J.:~;p~~~o:q?' ~ ~:n~r pn acceleration· i t'a·elf~ •· This 

• 'I . ; ;/• ~ ; ~ ~ I i· . ' ' 1 lool ' ;, • : j • " ~ I ' 

forc'e of inertia' is represented -~t rl'r ;..... . ·," ·:·.: .. --.. ~·.~-' \~ .. •. ·:>~ .r··~-{.' 

,'_ .. 'fh~· mo~~m~p.t·::or: water· be.-iow the .~i~e: enables. tii~-:·ice·_~:to ~en<t~·. up·'·t·<?~-·the·_ 

moine_rit ~~he_h the. -w~f~i~ :apouts···u:P·-~throiigh·:_the -o~e'riirtgs·-~-t·-~he' :lt'ilrie' the· ~.shoc:k . 
. ·' • . • - • 1 • • • • • 

is deli ver~·d, the _ice works -oriJ.y toward:·s ··coiY:Pref3s.i·dn.~-:·aAcl-fidhe~e-~ce · (::shea~)·; .

after. the ·mass ot wate~. ha~ come into- motio~; the~- ~ri·e .. ~o~k~-. to~ard defle.ction, 

:. • • , • ! ' • '. . ... . ' ... . • • • • . • • - )--- .: • . • ··._. . j ' .. ~- -.. ··~ ·. ' • J ' ·.-. • • ... .... ': : t .' 

accqmpanied'· by-· ~:Q~ _ ·c:~r~e:sponding work ·bf -irt~ernal _ '~or~e'fJ ·of E>l:Ei~t'~c·tty .r?·~. 

''l1he.~e:fore.,' the·_·:m.ar:e:·c.onsi:dera'bre 'ia~·;r . ~·:·t~he .·le·ss:: will" be·: tlie' ·reS:ri~t'ion-. . : . '· . . . .. · 2' ·-... ·.:. > •• '•- •• •• ·:· ••• • ,_. • ' 

of ··the, ice .. 'at: ·the_ moment: of 'landing·; .. the :scirt'e~ :vJi·ii .. 'th~ ;,plarie:'~iJihd;>.witll': 
. . , . . . , .: , . , . : . , . - ~ .. . . r. 

stress) en<;].ured by .. the 1-c.e from ··d:eflect ion at' the moment; of- l&ldirlg·;::.:,.~ ; ... ' . 
. . 

·'· · . ; ·~ vfould·· ft· ·b'e ~ossible .tc(regUlate~ t~~-~ relatiori~'b~{t~ee]i tt··a:nd: ;~'? Be

. gW;a till@ · ts· pOs ai blii to a cei:-tain e:x;tent' 't?Y l!leariB ' of 1\:i>O·v':i\ltilg· or' c;J.i,atnS' 

. of{ ilpertur'e~-- 'in~· tne~: 1c'6·;, .·: Ifor· e~cimpfe /.'in ;ord.e-~··t·o.;,;eiisl.i:t-e 'til~- p~:>~sf"P~iity ·· 
. . 

of' ·land:ing·~ a· .pl~rie"; 0~ thih·'~:c·e,' ~t-~ i:s··n:~ce·8~s~y·'tb ~8elil :up ~~ll ··~~-·±gplmring 
• • • ' • - • . • •• \ > :· ' • ' • 

ice-hole:s in order .t'o uti.lize the "inerti~ of· the water. for f'~c>ilit:atirtg the 
. " . . .. I . • . . 

l 



r 

~o_: ips;~~~~e-. -t:lJ,e . size 0~.--i~.e holes- in or~e-r. to .a-J_~ev;iate .th~ shock,_ o,f the . 

pla:qe a~ t~e ~oment '?,~ l~nd~_ng. 

_The l}~igh.~; of ~~h_e. colWiJP. of. wa~er_. ejec~ced __ .from _small·. aper~ure_s _in 
.: i :... ; .~. :·.:.: ·-~., ;, ::: ;s,c ... • . . r. 

the. event .. of .a dynamic loe.d. -~~~:se~~~\H:)1~tt~:J~;~hlnd:i.cator of ·the force qf inertia 
:·•. - • - . · · ·--· ·: '~i /_~~:i.; ... ;.::·I:"~:~~-~0i'~~;·."';,~i; : - · 

of. the ~at_~r ~-

When a dynamic load i!3 applied to it, the -ice undergoes __ a gradually. 
• ... • ·, .r• 

· diPlin~E?hi~g f~;u.ct_u~ting movement o 
. · ....... ·.' .. : : -. . 

... : . .. : r; . 

,. ~, .. ..- ,;. 

e_lr:tf3_t.±~r:-'~~?P:~-~~~i,O~fili ty, :-·the -elastic ·forces r 2 , _which. tend· _t9_'-retttr:n ~:Q~-- ~c_e 

t9_. lts._.preyious- p-psition-, are proportionate· t.o_ the Aefl_ec.t_i~n or- to the· dis• 
··. . ~·* . - :. ' ... _ •. • ., . . . .. . . . 

·._ .=.! 

~~~-e :-_from: the s_;t.~t-ionary -9enter • 
. . :. . . 

I i 

Th~ ~xperim~nts.:.q~;rri;ed- _on have revealed that the· fll;l:ct~tiohs.'Of the.; . 

. _1-~~- ·<1:~9r.~ase _ y,er~:- .r~ptd.:t-Y .. from -the resistance, ~f wat_er_-;,a.Ild .air, the r~sul.t 

. b~~ng that t_he .th~rd 4eflection is a~~-st_: unnoti6j~ab'le .·(F-f:~.~ :ef. · · 
~· 

-· :, .. : As .. regards . the action _·on ice. of ~.static load-;. it re·aul,fs- fn>defl~ctione; 
. . : . . . . . . ~- . .· . . " . - . ~ . . .. 

. . 

the_ nl.asn:itude .. :of., the !d~f~ec~.ion _increasing ~n- pr<>pc:>rt.fo~ ·:t9 -the_ ·lo~d-~ '. ·A· -. . . . . . ' 

·:~omparif3on _of: ~h~ _ ~~.sults of, deflec·tfons from ~tatio .·attd: d:Yn~19 ,,loads has\ 

revealed-:that a .... dynaruic ·load- TNhich·, in- magni tud_e, ia bhree ·t.imes _. gr~a~~r 
. . • . ' . .. ' •. .. I • ' ' , •- • , ' ' ' ., • :. ~ . ' ' . ' 

.t-ha..t_ a, static .. one,::·pr_oduc~s. deflections_ of _ice 'which are .considerably .emalier· 
• , _I· •. ~- • • , • _· '·• .; • ~ .~ : • .. ~ • :·~. •· . ' , , ~• ... • 

.than_-_in th~ ca,s~ of- a"protracted statio. load. ·_ 
::. .... ,. . . ' . . . ~ •' . .. . 

. ~ .. ,- There;f'9re, the_n;t~;imum defl·~-ction, ~nd c-~nse_quently, ~the __ .::maxfuum_·~enaion 
. . .. . - .. '\ .· . ·- . 

. ·' . 
(ten?:i.J7e~_ s~res_s,) ~~--_the t~~-- of. ben(iin6, _w~ll ,occtir in the.· ~v-ent ~of a static 

-. ..:·- - . ;· ·. .. . . ·', ·. _- __ . . - . -

'·: 
l9a·d_1 · wh~ch sh9uld pe 9oneide_red- as_ the least advanta~eous., ;_ ·. :~. : ... 

" .; -·;. ·-. . . 
.·.f;' 

; : _ .. ,.-. ', ;' Ar -.~he. Jl!.O~~n~ -:_Of land,.i~g,,_. and depending . on . sp~~d_;, . «?n -:~h~ -~ork . of- . shock 
......... ·.: : . ·: ,. . •. . . . '·- . .,.· . . . . 

absorb.e,r.s,-._--_On:·.th~ _angl~ of .. landing and various o_ther. faqtors; the ·pverl.oad 
~ , e ,; ~. ;': J • • • _: • • • : •• ·;- _: , , ·: ; , • • _ •• ··, • ,. •• , • J •• ~ · 4 , • ~ • 

.('6t Toad?)_· ·is usually ·ex:pre·ssed by_ the weight t>f the plane multiplied''·by the 
.. . . ' .' . . . :'. . . 

...... 

:·:·· .· . · ..... ·,·(,· .... 
.. . -~. 

. ~-



coefficient· of: the ·overload; whicn·equals 2-3;. and only in except"ional cases 

6 •. Therefore, taking into consideration the ·elasticity of· the· :tee sheet/ ·

which mitigat·es·"the sh¢ck;·· .. ft may ·be pr_esimled that· ··deflection::from this 

-dynamic ... ~load; will. be;· i~ae ;.than· ··q;~fl~q-ti';n.- fiom' a :P~otracted ', ·statlq:<load, 
. ... . .... - ·.: .i ·-.' . 

efficient reachfng·--6~- .: · 'f--.· 

I , 
. . 

We know· that~ ··follovring: th~ ~~wth of ·;Pressure·· ori·· ice.,' tl;le·. _-tem:perat.tire 

of melt'·ing fall··~_.~ :,andt therefore a lqad" d~ricentrated: oil' orie. ;spot·: will.<very 

rapidly -·sink i1t the· ice owj.ng· to :th~ · +at·e~ ~·a meltin·g ... · fi:otr~'cte~',:~-~~cin- ··:;_.~ .. : 

centrat'ed· loads'·bn ··ice ·.all'ouid "ther_E:)fQre riot be 'allowed {for .. examp~e' tnat- of 
,· . <; .· ; ':• .• . . 

the tail crutch of a plane). ·Arcywa;r, mats made· of b~ards ahoul:(l"_be· ";Provided 

.. for the stationing of planes On' SrlO\{ and·· ;ice. airfi'elds·. ·-·. ·: .. ·~·: .· .r 

·As regards: 'c.oncentrated*_ lo_~ding/ thfs, ine.y -be ·safely·· apprie·d· ;t_o-·1-ce ·ro~ 
. - '" - ' 

a more or leas·' l6ng.time~ '··· ... ·~· <· .a; • . • :.4. 

·Mechanical Properti'e~· ·.or· :rce ~- :: 
-....-.....r. .~-.-.~, 

mainly on tem::perat:ure-~ · ... ,. .. ... ~--~ ~ . ~" .. 

.. 
(tensile ·strength):of: ice· und.ergo~ng deflection· 'ha:s been_- dete:rtrd~e·d: ?o vary .· 

betw~e~ .22 arid 5 Y~/cm2 .. (3J;.3 and 71 ps~. )·. ··For. 'th:e: ·atat'ic·: (_load) c'omp~tat:l~n , 

of ·ice, discounting'S. ·certain .. ·reserve of solid.ity:·(-factor. ~f .. safety),·· .it is 

advisable to take the lower limit , namelY ,5 'kg/cm2 '( 71' 'psi) , iJ.D.d: the 6_6;- ·. · · 

responding'modulus·o":r· el~sticity.E··= 5,·ooo kgfcm2 (71,10.0 ps.i)~. · 
.· . ·.··· 

-The· ·ma-griitu~e of de·strdctive··-·teiis:i.or1 (br¢aking: stre.~s ):'fr~m adherence 

(shearir;g) ~long -(parallel to) crystals' varies .. ·fr.om,:6· to '12'•5·:·kg/cm~ _(85 ·tb · · 
~ '.· -~ "'•"', j . ,. 

* Russian original uses· t~rin "conc·entra.t·ed" but it is conS!idered that .this· 
is an error .and ·that it should read "non~concentrated". . : . ' . .~ . ; . . 

.. ·.,. 

.·• 

',) ; . 
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178 psi) •. As regards contact tension (tangential ~tress.) .to-~ be. allowed, c · 

. it is· ·advisable.: to.:take 6::kg/c~2 (85 ~ps-i:.)· •. The··.tr~rieversal·.force Q·, which 

induces. contact tens:i.on (tangential ·-stress.) .in the ice'· sheet,.· produces a.-
• .• ' ~ I - .; •r :• J._ ~ • \. ~ ~ ; :I... I 

deforrnat.i'on: .in the· form,of an-(1·~~~:1;~~.1:;¢inf~iplal side shifting of the .. ice 
• J 

layer in ··the plane of·. the vertical section ·without. deflecti'on;. at ·the same': 

time, it does not provol~e .. the· :reaction of the elastic found.ation underly~ng 

the iee, -namely of .the water. 

.. . Therefore, ... at ... the .. mom~rit .. of land~ng on. ~ce., ·the dynamic ·action. of the 

pl~ne•s load, which provokes a threefold overloading of_ the plane. together. 

with the .:c·orre·spondi-ng ~transversal force Q, is assumed. (in t~~ presenc·e of 

a~ere·n:ce ;:(ehee.ring)) :in. full by the- inne:r f.orces of·ice elaf;3ti~it.y,, w:~th.;; · 

out .any ... alleviatiori ·being ~fforded -by. .the reactive act'fon of ·the :water. .. layer 

(Fig, 9). 

... _; ' '~· .. . . ·- · the·. Ice ~-cover • _, __ --~-
. ·.\ If,.the·-.:winter .. ~<iuatoriu.trJ. ,·of the hy;d.ro-airp.ort· has -~ even,: smooth. ice:::, 

I -...• 

surface, covered :wJtlJ, a -more or lees thick layer of snow_, .it may·be· .utilized 

as a winter airpoJ;'t for the takeoff an,d landing of hydr.oplarief! fitted.with 
. . 

ski landing~,,~gea;r.l .. -·However,-:to;aliow the use· of. the _ice ag.uat;·oritllll:i,t .is 
\ . 

· ,necessar.y'·,that ;t~e ice·: rea,ch .a• certe:in thicknes·s', requisite·· for, a-ssuming -~. . . . 

. ~ :. . 

of the plane. · .. 

The ice surface· of the airfield may be considered as. a sheet resting 

·on an -'ei~~-tic. rt,·urida~tiori. - The· \oa.d o.f 'tlie' .hydroplane. rs 'rto( ... transmi'tted to . 

th_e .. _ic~._.,as_ ~ .W:~ight,-. po~1qen~r~ted at .-one. pOiil.t, but .. _in the fo~ of .. a -load . 
"• • , .._ ~ •· .......... .. '..-:.·. ~-Lt" . .- ·,, .. ~ ,•;- .• · . .,· ; : .· • .· ~. .:;•, , ,·, 'I •' , 4 ' , • , .,.· -.,. 

transmitted to the ice at ·three place·s .correspon..din~ -to t1't<:>- working ·skis-
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and one tail ,skt ..... _,.. · · · · · ·- ··. · -·,· .. _;· ·- ·-, -- .. 

... _Enginee~ .Kashkin~ therefore. uses .the· method. :of.·· computa-tion· of an equi~a

lent loading .in the- form of. a. continotts load·, ·distributed over. the ,area- ()f· 

the circl~ ·which has:_ radius ··A •. ·:,~b~ ·.~fJ:~ft~~p.4~- of rti.d-ius·, A. of thee· c~i'cle·· is· 
·' r • ' · t. • · 

• • • ' , I ~ 

de:terrnined ·by; the ·distance. bet~ve~p:-- t~@- ·:poi:q.t~:·of support of·. thE? place {see· 
. : ~ . ·~: . . .. -... . . . - .. 

Fig •. ·10.) :'. · . • . ,._f. ' ~ ·:. . :. ,'~_· ~ ...:, 

A· 2alj ~~? . (/!!1 f. ·?f~. !". ' , .. 

. . .Qne.:may .dispense .with ~a:~+~-~~·~-->~~ Jlf'9Yt~ed there ;is' sma)::l::load·-·on the 

tail· ski-.. ·.·. · .. , ,_. ,. " .· -: ~":<.;: ··.?, ·:-_,.:-:.r 

\. 

Accepting. ·such· a. distribu-piqp Rf ~fl~ ~~9a4.; d:iscount·J,ng :·t·he; ~action of.~' 
, . • . . I . 

the ·neig1iboring sections ·of ic~- .pp· -~i~e ·a:r.~~ -~J!~(le:r,~· •. considE?ratiori,-l_:and · intro~ 
• t ;_ '' ; • / ' ~-: l . . \ • • 

duoing.Poisson's. coefficient of tr~nsver·sal·contre.ct·tort (m).;·- we.'·dis.co:ver :_,:· .. ' 

,t • i .~ .the characteristics of ice ( ~: ) : 
·'\. ***' 

...... 

· h - thickness of ice in meters; E -::·Modu.lu·s of elasticity. (in metric tons 
•.• ;- ;. • ., . ·, . .J ... \. • 

~er, sg;:uare·.,:meter ); ::k - .. s:pe·cJ.f.ic gt~avlty :of t-he :liquiQ. ·-~G, .~· .. <-metric, tons_ /m2 /m = 

j .•• ~' • •• ~ • 
~. . . ·_ -~.::1 ·. . ,. ' 

., ...... ..;.. .:. ... 

m.:...Pqi·ss.oh''s-:coeffici'.ent·· .. (m .=·2--to_~;;}.. ·~:--- ··· ·.:·; ·· ... ,. ~ · .... ··-:.,· .. ,.>,· ··.· 

·. ·:,· .. - ,. ~~-~.--,-.~ .......... --...--~--~·-----.-.. - .. -, .. -... -,,-.. -.. -.. ,-.,--f-.. -

* 'rhis equation app~:rently in error in Russian original. 
read : A ·= 2a1 . I ~~a2· =:. a1 I ::_z· 

Perhaps should 
. ' 

·2. 
-.,_. 

; 

** Orig~.nal. Russi.an ·t~x~ .. ,shqvrs. -~9-uar.~ root .. ~ym1'o,l, ?~:t, __ ha.e. b'een __ pp:rrected to 
fOtlrth root_ here • . . . . . .. 

***. · . .Jfor aei-.1 v'~t:·i;o~ ,·6r ~ch~' • ro~·mUia. ·s~_e .. ".Ice .:c~oss ing~ u- .by, ~ri~ine~r- 'Bern~ht~ in 

., ' 1 .• , .. ' 
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· . . ·.') 
··\·' . ~:'· 

,· .. 

and .consequently of the corre.sponding tensions (stres_s_e .. s). 
'" l· 

Then, the ~ax:lmum def~ecti6n 6~ ice :·under :·a·:load ·~ill be: 

. < ~· ( • }max : ~~. -~·. ~·'·J,_;.,, ,.,, ": .. 
· The maximmn bending· momen~- inS~~6+r,$.d~~\~:h~~t-h:mdf:3r the load: 

. . • • • . . . • I : I • '; ~ . ~ • ~· ; -~ • ·: .. • , - 'f, . . 

. l ~ 

.· .. ·"' :.t. 

M (: .. •: )_. ·:; G (m··f-lL c·. (:--:_) 
max 2m 

. The maxi;num tension (tensile stress) at .. bending:. 

· · o (..-.J. . : 6M ·: .1G. (m · 1) · c· (:<> )' 
• 1 : ~ ~ •• ~ •• max ·hZ · mh2 · . 

. The ,.meximuzn shear. along .the perimeter of- ~he area of .d~~tr.ibution of 

. : : ·. ~ 
t •. 

·th~·--load: . 

T (-': ·.. ) . 
max-

q_ D (· ·\)·. 
;_ ~ . .. • 

• ,,-. ' ') j. ~ .... ~ • '... ... ..... ''•... ~- • ••• "" • 

~nd the· .maximum shearing_ stress . 

. . · . ( ;:;~"'). 
I ·,, ,• 

·. 

2.· ·rr ~ ' . .;-•: l - .1· Q__ D - max. 
2 h . .... c 2·,. ·y~ri ·. ·'.· _._. '- .. m<.£X 

·; 

.·:<- :·, :'~; ::'rj- , are .re:Pl~e-sent(;}d in the diagr~ .(Fig •. ll). . : •.. . . . . . . . 

.~n C8.L?eS when the. ;tee -is.·:cons;l.der~d'.as·-.·a 'sheet JTo~ting: o:p. WEtter,· rto 'discount 
. . . . . . ' . . . ' ·- ~ . . . . . . ' . 

.. be·ing mad.e .. d~-;:.the·irtfluenc~ .~f .sho~e.··-'support_s~,·:_·: As meD.t·ioned· above, t'hese . · 

col}ditio~~- are: also. satisfied·-by ·ice ·_aquatqr[i:·.a, ·wlibse ·mini'inum ·size 'is· twtce 

the ,,le_ngth ~f the curve·· of deflect ton· .occurring unde·r ·the ·-we:ig}?.t· of a :plane. 

. Jt. a:ppea:r.s ·.that, in .low' winter temp~rati.~e·s,- 'the···s·-f.ze. of a region with 
', ' ' , I 

positivi? deflectj_ons of._ice, apd whose b·order ier determi.r~ed. by· the condit'ion 

W : o, is an extremely c~n~;tant_ (stable) qua:t;lt~ty~ close to the circle df 

·.·.I 

. \. .... ' 

. "'.:.· 
, ...... ~ "I. • ., ~._, 1-

.· (~ 

L ' 



.·, 

' . 
; ,.,.· 

. · .. 
ra~iua 40-50 m (130-165 fee~) and· independe.nt of either the ·magnitude of the 

0 ~ 

• ~c;la\l;Jc ~ Of the th\6krie~s'oi ice; this qumltity depends excluSivelY oD. the 
··:.. .,•' 

;.. '• • t.: .... ' 
)· . 

.A zero deflection of the ~hE1et q:r an· t:)iastic. foundation,· ·i·a· located 
' • • ,, ' •, • ' ~ • .' ' I. ·'. • ;" ·, • ; • ,. : • '• , , ' ~ . ' , 

at the folldwfrt~··:d:i.,~tance fro~ -~p~ c~nter~ of loading: X = 0.751, 1 being 

the length of. the half curve of t~e df?flect~pn~ 

~ ~ .· : :. :_ .. . :'·.l. 

. '\ 

·::. '. 

' '~ t I • •' •' 

. ~- . \ . 

'·.·2~: ~· 2 x· 50 . .. . ~3.3 Irl -
~o·· 7-5···· .-:·,""!'", 

.' -; .... · ... ' --.. 
.. 

,'I·. 

-j . 

':. ' . ~-·=. : '. 

wli~n6~: ·~~ conclude that, at- the tj.me pf the lowest wa~~:r ,:: the diniensi_oll:s of 
. ' . . -~.. . ~ '::_ ~ ' 

the ice airfield. (from ·one shor.e suppo;rt to the other)'-· sboul~ be. no le?~ than 
, •. •·. _,. r .: .. .:.:;. 

2 X 133 =· 266 m (approximately .875" feet) •.. Given: the
2 

elna:il magnitude of the 

modulus or ela~ticity. of ~Pring· ice, the length '!~ ~tpe. cul;:y;~ .::ae~::re.ases cor-
__ :i' .. 

respond;ingly. '., ., 
.. T •' •' 

'···.~ .·?.: 
.. ·.· 

:: :.' :: 
~ :- ... 

'" 

'·' 

. C9ns~d~;r:-ing :tll.~=t rup:_.~qf:-tbe 'pl~h~ ... folJ-owing j_t:s: -J~ding;·:··j:fe --c·oine:·.·to' the 

. coniliu~rOD' :~~t ·~P~c ~~~ .•• ~:e. _airti~ld~··~~~ ·c~ a. s~tici~nt ·size to. alloW cQm-
. ·, 

putati:on. without ~aki.ng into acco~t th~ .infl-uence- :·o:r· supports •. ~.As-. the b¢.- · 
• • . . . . . - . ~ . (. ' j- : 

l • ·, • 1 

havior of the ice -·~similar t.o tl;lat,. Qf·.& :·?-be-am .on··two. supports·.~ carmqt: b~' 
. . .·. ~ : ... "·' . .. . 

.. ··, 
.·. \ . ~. 

calcula:t~,f~4:. d~e:: to~;.th~ 'crac.ks exit?.t.ins .. in'. J:t,. t'he~l~dtng. and stationing 'of .. · 
• • • • • ~' ' • • •• • • : : ' ;_, ; ' .. v, • • ..:._ ~~. ' : • • '" •• -· ' ' • 

·- planes on:n~rrow·.::r.~te~~~f~fieia:a_,· -1~ .;·ossible oi1ly. in th~· -~;ent· of. consi_d~r.~;· 

. able, thickness· of .. Jce,,-. to be determj.ned ·by ~rJ.ve~t.igation-•. · 
\ . 

Example ·of .Computatibn~ .... ·:.: ... ~:- ..... ·.·: . 
. ~-·~ . .-~.> .. · .. : .. · :~~~~ ·~ • .. ·. '· 

. ·t .. , .. 

Let' us determine.the tension of ice. The ·given thickness of ice is 

h =-0.25 m (9.84 inches); the hydroplape· equipped with sltis, ·has a flying 

weight .of 5. 5: tons (metric). ·The distance between the axles ·of the skis,. 
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2a1 = 5 m (16.4-·fee-t)~ · 

W~ .·cpns~der the-: ic~::· layer aa.:.:a J~rge s.l?;ed sheet~- without allowance for 

:' .,. ,: :: the actior(~or :coas-tal ·supports, and we·+ consider·· it as placed· ·on ·an elastic 

founfia t ion, i .,e . as . float ihg ·~~, ~~t~t~ :~~~~ L: .· · .. 
/-

···.·,,_'-~A-le obtain. the~·character-istic~ or· the ice from the formUla:·:· 

4, i :-:-2~-----3·-------~------- _. .. _ .. .:. ___ __ 
• • ~- • ' .:_ j • ·; m Eh · · · -:-· -

I'-------------~----------·.:.. .......... . 
~ k (mz·~ 1) 12 

Taking 'the following _quantities;· E ::: 50,000 t/m2 (moduiua·:of ela~tiQ~~t-_ . 

--:-metrice:t6nsfm2_)-; -~:n ~: 0.25' m · (thic·kness· of· ice);· -k =: i. ~/m3. --{s:pe·cif_i·c::sr~vity 

\".: 

we·.-!_obtain-:~ ·::~--~:·~-- ;· ~- , -~ : . .... -~-~ · .- ... · ·., 
.. ·: 

. 4 . ··---· __________ :_ __ 
. . .: · 1 ·2· F. .· •. 3 

- -.. > =~ ;f·l') -.X' 50,000 x -0~25· ..... :2. 93_,:-m, 

.• , >: , • • ·.·. V.,~, /1 6 2 ~··1} . 12-:: 
We obtain the quantity: 

~ :' . . . :~ .. ~-- '.. . 

,,-::: .. ~.···~;:·:_··:· ·;._ .. :-,..•;l:-~~-- .. 2~"5;"-:·:~-~:::':0i.84·:. -. -:>· .._ ,. : . - ;: :· ·-- ·. •. . ...... 

. . . "~. . . . 2. -93 . . . - ' . ' ' 
. :·we .. "determ-ine ~~the;;'ay$rage·. tensile. ---s~ress ·on _the -cm::ve· in. the presel'lc·e of 

- . . . . . . . ., . ~ ' 

. . '. -~ 

. \ . 

.-··· --:'' .; ., > ·~max , , · 

G - wei-ght of the plane; 
. ': ... 

'. 
on and is detern;liried .from" di~-gr~ c~'- ~i_s~·:ll; ~-~ .t;he given case c {_ ·:·.) = . '"' .. , 

0~014. 

Thus: 
····'• ••• _•1,, •• 

,.._,t 

! ' ..... 4. ~: • :_~-- • ., •• ·: ... • ;'·. ·;.,, ·;....- ·:.!. . ...,.. '· •. : . 

-·M · (: :·· ). nuix , = ·· :5.5 -~ 4 · ··x o.ou : -0.04_9 .tm:·--
. ,, , ,_-··.\ ; . ~ .. : - - G- . . . ~ . ... .. . - . --; 

.: .. 

:..:-:· ... (' .. 
. . , . 

; . . ( :. ~ : . . . . •. 

..... , -~ 

~· ·-: '. 
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• 0 

The average ·tension (tensile. stress) ·Will be:·~. : ,,·.,_'_,._ ·' ·,· 

~, _; < ( ::·J,}. ·' . _:: :6M =" 6. -x o. ~ 9 :. _ 4-~ 7.· -kg/cin2 .. '=·:<:s·~: ·kg/ cin2 
.. . ~ ~ .' ·' -~. . . 

- . max h 0.0625 ~ · .. · . _ 
· __ The .. obtEJ.ined. average,_ .tens.ion---(t~!lsil~· _strees.) .. ~during. deflec.ti.on: :.is· less 

• ~ • •• • • • . ' • ••• • ' . '. ' • • • • • •. • • •• .- • • 1 ' •• 

. . I . a \ 
than that. allowed, i.e_. ~ lts_:P~L:-~. <,:-; _.:·. :;,, · -·- · •: _·,:-: ~: .-.. ·· . ,: -· _., ::;·./ 

• ' ·- ~ . I . •.. • :. "> '• : o • , • ' 

.. We: 4~-~-e~~!l~.>~be .J3hf3~:P~PB ~t~~~~ :."'~·- .. The she~r.i:ng-:stre·as'.f's -determined, 
~ ·,_: .. ·-. . :,·._,_,.~~·-._:. ·:-~~ ~ ··~·~~-- .:_ 

. not frqm .. the s:tat+.c, bu~ fr.9m- t:P~ P,.yp~ic load,_ 1-.e .,:. by· ~hree:.times the ', . . ....... ) :. ·:·~:: -~, .\' ::~·:.~·:. :> ·. :, .. 
we.ig4~ . o~. the_ airplane : 

I. 

.·:. 
•· •., ~ .... ,. ; :. :· t ... .,·. 

~ ;_;i:rt . .a. ~o:q.nal laJ1din~. 9f>~-;P.*f¥l~ ~~ft.i.~C·f3 ,· ~ontac:_t · w~th.ice .. rtakea-~ place 
. . . . . :·' .' ~ .. ~·: : :::·~ ' . .. . :' . . . . . . ' . . . . . . . ' : 

. ~~muJt~neotfsly _for.- th~ ~l.Wf~Q~,.; qf _·:'PRPfl ski·E3.• ,_ . OW1ng t:0 the hinge >.connect ion 
•, '. •' : . · • \ • ' 1 I ~ ':r "!• ... ,. ": .. ·• : ~ .r• f : ' ~ ~ ' , ' • • , • _', , 

of t~e ~;it? with i:.h~ fiu~~:J..~ge ~. + ~· W~Y' l)e-. asaumea/ that: the·:· co~tac·t ; .. occurs· . 
. . . . ~ '·:;·.:··:f.:;: \; <···:;·J'····: -· . ~~- ' 

· over the_ fUll sur~ace of the. ~~i, . ~.<1 :,rtp_t· __ onlY>:w1~~-- it~( .. edge ~--: ,. · 

However, in exceptional cases,. a la:n,dl~g:·pn .. bne: .. s_ki '1-s:.not~ exc.luded• 
,'' .-~-. " ..... ~~ .. ~ .... · ·~ .. f. ' .. -~: 

.'In, such cas,e; ~he f\lll weigb.t of the G1i-r.pl,$.e W.:t.-:bh:. ·~lie. ··threefold load is. 

· tr~nsini tte.d: ont'o the s.urface.- of; o.ont~.ct: w-i:t}l: ~he:;1'A-ce·i __ by::~me~ap.s .of ·one·. ski 
• .' . • ; .' :. - 1. :· • • ' ••• ": -:. -~ •• • ••• • .. • ~--~; ~-- ·-. -;-:< 

. . . ' ......-

. o~~Y ~ _ ·<TJ:lts: 1@_ an ~~?=ample. wP.~9.h·!:~h91Jld-.:.be.;·QQ~s:i~epe.d·:~:.as .::.the.:·worst -:for- : 

Given the size of the :P~ane •a akis· at 3 .-1.0 :x: 0 •. 70 m, the mean· radius 
. ;,••:. _, 

.of distril>ution of load -ivill be found to .pe the: ~eqmetrical· mean of the dis-__ 
,' .i._ • ::'-• \ . '' ~ ~ I:· 

tance-from the-aiis of the skis·to the axis of th~ airpl~e*: 
~ .. ' :.._ ... ~ : . ·. 

' ·. ··J ... . /"- . 

. -

a .~:· 
I ' 

.-----~- .. ; 
' I • 

. ;--:-------· ~ 

. ~. -\;'217 ·; o.74 m: -\i 3-10. ~-0 .. -7.0 _: 
;:· . 4 .. 

* 'rhis ~el:ltenc.e -is; 99nfusip.g, but ~t-ria ta~eri ~Q· in$an t}la.t distanc'es are 
taken parallel.to_and perpendichlar.·to the long axis O:f the loaded. ski. 

. . ~ 

,. 



We then determ~n~ -~~e·vat~e of: 
. ··. ~ · . 

. ·K.: a :, 0.74 :. o. 253 
/ '". I :; . 2 ~ 93 ' ' . . 

·and the .- mag1;1i tude· ·of the . max :lmum shear : · 
- 2G . 

~inax- · J. 0 < .), · 'i?:~~.f: 1~i~,~~~;;ff~' ·· ·· 
Where ~ ::; 16.5 t (metr;ic .tone), ia ~h~ wei&lJ.t of the planEl with the .overl()ad~ •... , 

while D (1':<. ). _is the. co.effic~ent, wh;l.ch may b.e foimd troni.·d.i:as.r~. :Fig~. ll.and_ · ... .,, 
(~11 

depends 'on the magnitude Qf i~ •• j in this case we have :0 (c)'.:..') = 0,065 • 
. ' ' -~ ., . ·. .·. . .. ·. · .. 

Thus·: . 
. T :: .2. --~ l6. 2. :x: 0. 065 :. 2.14 ·. - o. ?2 m 

_ ___ , . ;max · .· .,. 2-~ .. 93 :._: ·, · . , 2 •. 93-

w)lertce ·.T.- ,_ .. · . . ,_ ·. . .. , ··· · ·· · 
··:{;~ .. ·· = l x. ··max_: 3 x b. ?2 = 4~32 kg/cm2 

max 2 · · · h ~-x-.o.-'25_. 

.. ,· 

Con~eq~~nt~y, .the .eheari~g s~:ress obtainec:t is lee~ than -.~he one allowed, 
' ' .>" 

i.e. 6 ks/sm2
' .... :: ( .... __ .. ,." . -. _ .. ; .. . .. . . . .·_·r.: · ... 

Taking,,c~:p.secuti-vely _d1,.fferent{ IIla:@litudes_ ~or--~ (thick,nese of i_ce }, 
• , .... • • • ,' ' ' I • • I. • ! , 

and Obtainins. QY .~:Qe apoVe:JneOt_i.oned._metbod ,the; znagOit.ude:e -;Ot· ·.<:f'and ~1 1 · 
I l,.. • • ' ... • •·• I • .- • I . . ... . . ··. ·. 

' .. 

· we can obtain:h; corresponding to values. clp_se._ ..:t.o tbe ope a:p.o_wed, -~nd. thUS .. 
_. • .' • / ' '. r ,' •," -.,., •, .R" •• • f ,J. • ,•' ".,., 

. . 

· detertrJ.iriE? .. :t.h~ :Q'lin,~:um thiQkn.~ss of ice whj,en may .• be acc~pt~d ,J'or. an i.c·e . air-
.• l- '• • '. ' ~ ' :· ( - ' I • ' ' . . . ' ; ' . . • • 

field~ .. -
;,..... . . . . .. 

J /: 

'·., 

..... . .... ~--~· ..... -~ - . ; 

··~ . ·. ·. . .... _.: _-.. t~ 
• .1~ 
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Direction of pre·
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':~~--4-l . .• 
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Fig~ 6 
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