
from the ordi11ai.j fish-typc call be exl)l:iinccl 
OII teleological grountls. The enormous tle- 
\ elopmei~t of the j a m  tllro~ts the brancliial 
apparatns out of' place, and entails its event~lal 
tlrgratlation. The peculiar constructioil of the 
1nout11, and opposability of tlie jams, appear 
to  be cor~elatecl wit11 sclcctioi~ for food, n hie11 
sclems to consist plincipally of globigeriuae ancl 
c.opt~pods, ~ l i i c h  n i  e cloobtlcss restrainecl from 
escape, ~ i t h  the TI atcr qjectetl from the 11iout11, 
by the structnres frinctioning ns pocliets and 
n l~alebone. 

Ailother papel*, lz~~~gely based on tllc morli 
of' tlle Albatross, \?as that of Dr. Gill on the 
i(~htl1yologicx1peculiarities of tlie Bassalian 
realm, as he has proposed to call tlie deep- 
sea region. Ilis views, wllich are at  direct 

:lriaiice froill those of Dr. Gi~ntlier, based on 
the st11dy of' tlie Challenger material, will he 
::ire11 i11 soine detail in a n  early anmber of 
Science. 

111 his paper ou mastoilons, read by I)r. Gill, 
IJlof. 4.:. L). Cope clai~ned that ten species mere 
linon 11 from Korlh Amclica, of which no less 
tliml eiglit fiourislled d n ~ i n g  the I'ncrco period. 

Dr. .J. S. l3illings, t l l ro~~gh Major I'omell, 
suggested a ncnT methoc~ of' staclj ing crania by 
i i ica~~s  aild exhib- of compo~ite l~llotog~apliy, 
ited so111e \cry intc.1 estiiig prints tulien in il- 
lust~ation,on e:lc11 of nliicli seven ailults of the 
same race ancl sex n7cre sho.i\ 11 from in front, 
iti piofilc, a11c1 from beneath. Sioux, lklr i~no, 
: ~ n d  Iln\~-aiion-Islanders n erc thc 1:lces chose11 ; 
niid tlie lnctllotl seemed cnpable of wide alq~li- 
(.ation mitli goocl results. 

IVcsitic~~tI:. 31. Gallandet read a l)nl)w oil 
Ihe ' combiued s j  steill ' of tenelling the deaf, 
nliicli he illustrated by one of liis l~a l~ i l s ,  who 
co~ilcl allsmcr questions pat to lii~x nit11 con- 
side1al)le disti~ictucss. 'rile spzalter n as liot, 

ALiT dIZCTLC V E S S E L  AN11 lII3R EQUIP-
lvriLV71. 

ii GOOD portio11 of tile scicr~ee of na r iga t io~~  
is deroted to the suljject of safetj . I11 navi-
gation in the ice, that object is i~lcreasccl ten- 
fhld in imporlance, and overshacloms all otliers. 
I n  tlie history of tlle different arctic royages, 
mbetlier for popnlnr rcadinq or for bcientific 
report, tliis qt~esiion of safety has generally 
been consiclerecl only so far as tliat particular 
voyage llacl any thing interesting or useful to 
suggest as a result of its own adventures. 
TVh~leit is not hoped in this article to aclcl any 
tliii~g to o11r 1)1,evio11s stocli of knomleclge, 
still it is possible, that by bringing togcthcr a 
statenlent of oarions dailgcrs allcl clifEculties 
to be met, and the lncthocls w11ich l i a ~ e  been 
employed to overcome them, its pub1ic:~tion TI ill 
aid in an ui~clerstancling of this often tnlkecl of 
arctic voyaging. 

Tile subject of ice-narigation embraces tlie 
coi~structioi~of ships for this peculiar employ- 
ment, or the altering for it of those that have 
seen less se\ ere selrice ; their mallagelncnt 
uilcler tlle v a r i o ~ ~ s  combinatio~ls of ice-paclis, 
ice-floes, icebcrgs, ticlcs, storms, currents, nncl 
evrry obstacle of' the frigitl zoiie ; their care 
ant1 lxeservntion in the ice during the aletic 
n inter ; ancl their liheratioa from this ice when 
the summer will allow them to bcqiil again 
their c spe~ ie i~ce  as tliey l?rosecnte tlieir journey 
011or homewards. 

I mill not dn-ell upoil sucli indubitable facts 
as tlie qnnlit of tlie ship's material, wllich i t  
is evident inust 1)c of tlie \cry best, be i t  troocl 
or iron, or tile aliilost equally apparei~t fiict of 
tile superiority of n vessel specially conslructed 
for this pu~posc,  b j  the llnllcls of proper per- 
sons nho  ha\-e liad espericncc in arctic nari- 
gation as ~ r c l l  ns na\ a1 constraction, o\-er the 

lionel er, of opinion that tlic use of tlie m a n ~ ~ a l  rccoiistinctcd mercl~antinan or eve11 strollger 
hystcin co~ild be cnlircl~ dispcnietl nit11, and 
c hnmcterized as n fallacy the vicv s 6ul)posed 
to he 11clcl by anotlier school, - tllnt because 
io111c dcaf l~acl I,eca taught to spe:~lib~ lip 
insllnction, tliereforc all conld be so taught. 
'I'lie sgstcni nl~icll L)r, C;allaudct picfers, 11c 
:vould p~ob:rLly consider an eclectic one, nppl! -
illg to eat11 case tlie metliod best ailnl~t~cl to it. 

Tiic folloning gcntlen~en n eic elected rucm- 
be15 of tlic :rcatiei~ly: P ~ o f s .  14:. h .  Da11a anrl 
h t l n c >  I. bmitli of' Yale collegc, Geii. C. B. 
C'olnstocb of the corps of engineers, Dr. TV. 
LC. 131ool~s of Jolins Iloplrins n n i ~  crsity, nilil 
Capt. 41. 1;. I)irltoi~ of llle U. 8.geological 
barvcj . 

'rhe autumn session of the acatlemj mill be 
llelcl ill October, at  Xen pelt, IZ.1. 

built man-of-n ar. Tlie s~~pci io l i tyof iron 
sliips over t1lo.e of noocl no longer llolds in 
tlic Arctic. Tile rapi(1 coni111cti~ e 1)otrer of 
tlic former makes it alrllost ilnpossible to I<eel) 
an equal)lc temperature nitllout a tllicli illside 
coating of some non-conclnetor, besicles the 
lliorc ral~id fo~mation of fi osts f ~ o m  co~iiienscd 
~noistules along tllc outcr siclec, of tlte b11111<s, 
causiilg serious diseases, tiilil grcatly aiclii~g 
tlie propagation of tlint niost te~riblc of all 
a1 ctic scoui gcs, tllc scnr~-y. ?'lie buperior 
strength and cndlirance of iloil over ~vood, i11 
the usunl nccidents of the tcillperate nucl trap-
icnl seas, seclll to bc lost nllcii the test coines 
i n  tile sljape of seyele plessure from tlic ice ; 
tile elasticity of the wood n l lo~ ing  it to return 
to it? oiigin:~l sllapc nf'ter an :~lmostindefinite 
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number of 11ippi11gs ~ l i i c h  are not sufficient to 
tlirectly crush the J essel, nhile thc same 1113111-

her of equal pressures on its irou coulpauion 
become slowly accnmnlative, until i t  finally 
succumbs. 
h wooclen vessel, Iio\vc\.cr, rnay he vely 

proper!;- platecl with iron over the hull for 
some ieet tulder water, to protect it from the 
griiidinq action of the ice-toilgues,' wliich are 
fo~medby the u~leqlial niclti~lg of' thr eclgcs of 
large lee-cakes, nl~icl i ,  projccling tlieir huge 
submerged l ~ o i ~ ~ t s  often for CL clistai,ce of twenty 
or thirty f e ~ t ,  becoille claagcrous to :Lvessel 
co~npellecl to tlireacl 1im.ro11~ ailil toltuous chau- 

rlels and lends' ill an operi fieltl of pack-ictl, 
where the first intiniation of tlieir l~reseiice is 
a low, tl1111, groaning sotultl, :?lid a, swinging 
of the ship, probably a lirtlf-dozen p o i ~ ~ t s ,  ile-
spite the helmsma11, or probably a perfect arrest 
as the hclpless sliil) collies uy broaclsicle against 
the cnlie of ice. ancl with all snils throw11 aback. 

Icc-tongncs ' ahich gradt~ally shoal fro111 a 
greater ilepth tliaii that dram11 by the vessel 
are not so tlangcrons as  those not so deep, the 
latter acting like a rail1 in a collisioxi. 111 case 
of a nip ' or a pressure fi.0111 ice oil both sides, 
these same ice-tongnes arc lo be carilestly 
prayed for, as their slioaling sides oftcli aitl a 
Y-~ssc lin being lifted out of thc water, when, 

in srlcli a tremciitlotrs pressure, she could bc 
saretl in no other way. Therefore, lullen x 
' nil) ' is inevitable in a narrow ' lead ' con-
stantly closiiig clom~l on a vessel, this fact 
should be stroi~gly ljornc in mind ill selecting 
tliat point where the least daruage TIill 11rob:tbly 
be done ~ h c n  tlie final colii,io~i comes. I t  
woulcl al)pcar, th(.refore, that i ro~i  ships are inf'c- 
rior to tlieir me:xl<er but inore elastic noode11 
compeers: and this is ably demonstrateil by 
facts in the sad fate of the River Tay ill lti(i8, 
in 13aEn7s Bay, aucl of the Swctlish csploring- 
ship Sophia, in tlie north of Sl~itzbergen. Iri 
1)otli illstnnces these \ cssels sank uudcr cir-

cuinstances where gooil \ ~ o o t l ~ i ~  vessels wo~rld 
probably h a w  snrvivetl. 

I beliere the linlitcd espcrielice with iron 
rigging in the arctic ~ e g i o ~ i s  has been against 
it ,  except on short sumrncr cruises nit11 no in-
tention of ni~itering. 1Iome1-el., it  is not a 
subject of ~nuch  importance, unless the sails 
be alone clep~~ldetl 011. 

Col)pcring is of little or no use, ancl 1 havc 
not been able to f i n ~ lany commeilts upon i t  
l.)y those who have usecl it. 111 such cases it 
was p~,obably a part of the sheathing becore 
the vessels lucre intendccl for arctic duty, as 
oil the Erebus ailil 'rerror. The fact that most 
bcssels are sl~eathrtl with two or three incite.: 

http:Iio\vc\.cr
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of plaaliing in  their r u l i ~ e r a l ~ l c  pal ts  for icc- 
navigation, makes the oidinary mct:tl shcnthing 
of but  little importance. This  wooden slieath- 
ing r a ~ i c s  considerably in arctic vessels a s  to  
the parts of the  ships that  a re  plated, tlie 
tliicl.;ness a ~ ~ d  orarno~ult,  ancl k i ~ i d s  of' hard 
soft rood planlring. 

I I a r i i ~ g  clecicletl to bniltl n n.ooclen lessel,  
the shape of' tile 11~111 is not a mattel. of in-
ditTerencc. 'I'lie filll, rountl ship, or. nantically 
s p ~ a k i i l g ,a ship 11ith full l i t~cs ,  i s  ~ilrlcli nlorc? 
liable t o  be c r ~ ~ s h c t l  oneby ice-pressure tliuii 
h~ l i l t  wit11 sliarl) lines ; :IS t'l~lly i l l ~ ~ s t m t e d  in 
Rolcleway's German esl~eclitiou, w h ~ a  tlie Ger- 
mania, built upon the latter l~rinciple, stootl 
the ice-nip mitliout very scrions conseqrlences 
during n lieavg storm, ~vliile lier cornp:lnion 
the IIansa mas cruslietl and sank ,  slie being 
modcllcd upon the former plali ; and this, cle- 
spite the fact tliat tile Germanin v a s  tile larger 
vessel, and therefore more 1i:lble t o  dcstrnc- 
tion than her lighter clscort. This  was :ilso 

l)ossible, compatible wit11 tlie ol~jcct  i n  vie\lr 
is  :t good one. Tlie silialler arid ligliter tlie 
boat, the more easily is  she raised I)y tlie 
squeezing floes ; and tlie cases where this lifting 
of a ~ c s s c l  from tlle glacial \ ice ,  i n  o r ~ e  or 
two i11stancc.s co~npl(%cly f i . 0 ~ 1  lier element, 
has E~ecn tlie salv:~tion of her, are  snfliciently 
nrunerous to be taken into accoilnt. -kgnin : 
x small ship is more readily liaiitllcd in the 
tor tuoai  chai~ncls  throng11 whicl~ slie is  often 
cornpellecl t o  thread licr may mliile working 
ill floes just sufiieici~tlg open t o  allow pro. 
grcss. 

Wllile arctic antllorities agree npon the em- 
ployment of small ships, the exact size in  tolls 
is  selclo~n s ta ted ;  but,  ill the few cases men-
tioned, :tbont four hundred toils rimy be tnltcn 
a s  the m a s i ~ n u m  limit. T h e  superioritg that  
a large rcssel has  ovcr n smaller oiie in i t s  
grcater momentum, wllen called upon t o  ' ram ' 
tlic ice, so as  t o  force a passage, is  compell- 
satecl by tile fzlct, wliicli espelience has ftllly 

said to  be tlie farlit nit11 the Jeanncttc, ~ ~ , l i o s e  scttlcd, that  tlie large s l ~ i p  ail1 succumb sooner 
cross-section is  shown in fig. I ,  taken fro111 t o  these selere  ant1 repented slioclts tliat she 
Xrs .  1Pe Long's .The  vojage of the Jcnii- is thus con~pr.lled t o  bear. I t  slioultl be atlcled, 
ncttc.' Notllillg less t1i:ln a n  L i c e - t o ~ ~ g r ~ e , '  arethat  i t  is only mhc~i  the flocs s ~ n a l l ,  and 
aliose subincrgctl edge would he bi~lo\v tlie 
point bracer1 bj- the inclined bean1 at its foot, 
woulcl have been of rnneli use t o  s a r c  her in  
a ' nip '  l ~ y  tlle method of lifting already 
noticed. 

These .ice-tongues ' :ire very n~ucl i  less fie- 
yuent t11a11 most people rniglit sn1)pose fionl 
the constant use of the csl~ression ill this suti- 
clc. They arc  really vc~.y rnre ; i ~ t  least, of 
such sllape nncl size a s  thosc inclicatecl. Tile 
cdgcs of an ictl-calte or a n  ice-floc may be 
of an7 shape consistent \\it11 anequal melting of 
i ts  pntts, and the ' tongue ' is o u l ~  one of tlie 
rare \arieties. If r e r y  :1c11te, i t  may 11c too 
nreali- to  n e d ~ e  "11 a boat, ancl may brt.ali off, a r  
I saw in one inst:u~~ce, which, Ir~clrily, was not 
cansed by a ' nil),' o r  the slril) nonltl h a \ c  been 
imrnecliately crushed. It is  I I ~ ~ O I Ithe  relative 
position of' tlicsc ineqanlitics of the ice-edge 
fore ancl af t  of' a sliip, that  tlel~ends ~r l i e ther  
o r  not she will inelitably he cruslletl ~vlleii 
two cakes o r  floes come togctl~rdr a t  her posi- 
tion clnring a heavy ice-ptessure : tlie~.et'ore, 
the  larger the ice-calres in  it ljacli, the hclter is 
lier c l~ance of escape. 

T h e  case with wliicli :i sllip can be  lift ctl is, 
of course, it direct fnnction of lier s i ~ c  2nd 
weight. Tlie size for a n  arctic exploring-yes- 
sel may vary, i i e l ~ c n d ~ n gupon tlie s e n i c e  to  
which she n1.y be 1)~1t, and tile time s l ~ c  is  t o  
be cinploged in polar scas ; still, the general 
l)rinciple that  :1 rr%ssel shoultl be a s  im:tll a s  

tile ice co inpa~:~ t i \ c lyloose, that  any  ship. 
\I hatcvcr ma), be lier size, can .rtun ' i t  with 
airy fair pros1)ect of effecting a passage. A 
stcarner intcndetl for ' ratiirning ' the ice is 
:iln.a\ s strcrigthened a t  the bows 113' ' dead-

BIG. 3.- ' L)catln,ood ' b:~chingfor bc~ws. 

wood,' or a solitl mood I)acl<i~ig (Fig.  2) not 
~ u ~ l i k ct11:~t givcn t o  trial-targets for o rdna~icc  
practice i n  soliciity : u ~ d  strength. T h e  t lc l~th 
o f t h i s  mny r c a c l ~  as riiuch a s  twenty feet, 
although I 1l:t1 e only heart1 of ant1 never seen 
sucli c1el)th. I t  rnay bc cot off abru1)tly pei8pcn- 
tlic~tlar to  the keel ( a ) , or gireil a pambolia 
flare ( b ) ,  ~ ~ l l i c l l ,for the same amonnt of wood, 
is c~ i t l en t ly  tllc stronger for tllc rarious strains 
that  tile bow of an ice-vessel may be calletl 
1111011 to bear. 

JVitl~n ~ e s s e l  thus proviclctl, someti~ncs a 
triangul:~. indt~ntation of a thin floe may be - i.ainmec1,' ant1 tlie ice si)lit by tlie weclgc, the  
rcssel bnrj ing herself ill the  crack ; slid tllen, 
nhe11 there is a large crcnT, their running in a 
body from l i o ~ t  t o  starboard, and reverse, by 
roclring the rc~ssel,  lias been linomi: to i~icrease 
the new and allow the ~ ~ e s s c l  ieacl,' t o  back 
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out for furthe1 o p e ~ n l i o ~ ~ s .  ileal of otl~er informntiou concerning that party, IYlicn the 1ri11cl is 
blowing vigorously, there are some disaclvan- is wrapped in mystery. Certain i t  is, Sir John 
tages in ramming,' besides the condition of Franklin came nearer accomplishing his object 
the pack caused by it. A vessel with the wind than any of his predecessors : but whether clue 
on the l~cam, nncl stanclino high out of water, to his propellers, or to a favorable season, can 

?and with coilsiclerable saihng-gear aloft, drifts only rest on co~~jecture.However, his pro- 
faster than tlic pack, and, in baclting out for a p~ l l c r s  were not powcrf~il enough to release 
fresh start, rnny find the ice in the rear inter- lnm from his two-gears' besetment in the ice- 
fering with her backwarel morcmcnts ; for a 1)acks of Victoria Straits, unless the cause was 
propeller mr~st  bc very careful in a11 her retro- due to a scarcity of coal. 
grade actions. With the ~rarious improvements in prol)ellers, 

This charging, ' ramming,' or pi~shing of ice especially in tlieir protection by iron gratings 
by a vcssel brings us to a cousiclcration of the ancl baskets, came tlieir more universal use 
motive power most serviceable for ice-r~ariga- in arctic navigation ; and a t  tliis date one sel-
tion, -steam or sails ; for i t  is only by thc dom hears of an expeclition to these waters not 
former that charging can be made possil)le, thoroughly fitted with this most essential aux- 
except in those extremely attenuated l~aclis iliary to a perfect success. By steam-power 
where the headway of the sailing-craft is suffi- onlr can a vessel clefy the ercr variable winds 
cient to carry her safely tl~rough, sho~~lcl she of thosc regions. The Mallory propeller, or  
be compelled to strike a few glancing blows on some mocllfication of that form, will, I think, bc 
isoltitecl calres. The use of steam may be laid found useful in threading narrow lanes through 
donn to be all-important, desl~ite the fact that ice-l~acks. Certain it is that there is no place 
somc few persons of no inconsiclcrable espe- in the annals of navigation wlicre a vessel i s  
riciice as arctic navigators still denoonce thc called to malie such short~ ~ p o n  constantly 
waste of room occupied by the steaming-ma- turns in snch limited space as in ice-navigation. 
chincry ; the necessarilj large amount of file1 Of the steam-winch placed on the Jeannette's 
to mnlte i t  effective ; and thc anxiety imposecl deck forward of the smolie-stack, capable of 
L I ~ O I Ithe commancler regarcling his propeller, lifting the screw, unshipping the ruclder, ancl 
which may break its blacks, despite its pro- warylng the ship ahead, I)c Long's joi~rnal 
tection of iron grating, ancl other clerange- says, ' &  Our steam-winch clid goocl serj71ce, for 
ments of macliineq, that may here bccornc we coold easily sni~b tlic sl~ip 's  head into a 
extremely dificolt, if not impossible, to repair. wcali plncc m11cn I\ e dicl not ha\ e room to turn 
The first attempt to use steam in ice-narigation her with the helm." 
was with a paclclle-nrlieel steamer; in IS29 ; Running before a breczc and nit11 a current 
and, as ~roultl be expectccl, i t  was thc most is said to be the 1110st fayorable conclition 
woithlcss when the most nccdcd. 'l'lic pro- that call be securecl for a sailing-cmft, more 011 

a c c o ~ ~ n tof t l ~ c  clisjoi~~tecl nncl open con-
dition of tlic ice-pack that is usr~ally pro-
tlucerl hy this state of affairs than the 
speccl, T\ hich a l ~should ays be lowered, 
sailer or steamer, if there is any cla~~gei* 
of unnecessary collision with the ice. 
Even in tliis inost favorable state, if she 
L)c ~unn ing  t o n n ~ d sthe tl11o:tt of' a funnel- 
s11nl)ecl chnn~lcl, shc 11il l  Inore than prol~a- 
blg cncountrr a go~gcrl ice-pacli a t  this 
point, bar] ing IICT lhi lher p~ogrcss. A 
sail i~~g-1cssel caugl~t ill this p~eclica~nent 
is in a rely l)~ecarious co~~clition. To  t l ~ c  

== 11ell-linoa11ohst:~cles of reti~rning against 
w111tl and c u ~ ~ c n t ,  l l i c~e  is superadded the 

-- ii~coming ice, vr hich will certainly adcl o n ~  
1 I(, -- hi i i i i l  S ~ I O U ~ I I ~  JUI I I I  I I inhlln'a 81 1 p 3~nd i i r c . 11, k-11 01. tn 0, if not tn  o or tlirce, points to her 

leeway, in eonst:i~~tl:, attcnipting to weatlier 
peller mas first used 011 Sir Jolln Franklin's ill- thc Ia13c ice-cakes and often equally clense and 
fated expedition in tlic ISrcbus a~icl Tellor, in larger ~cc-packs n it11 fluitless rcsults. The 
1845. It was worliccl Ir~y locomotive machine- time lost ill \waling lltr a~orincl, or tlilowing her 
ry ; m1cl I10w well i t  elid its morli, like a on the other tack w1ic.n n ck~zr~iiel,great open oncmin- 



ute, has closed in l ~ e r  front, makcs it almost 
and often quite impossible to rcturn: and the 
grinding, crushing pack soon builds up to her 
position, and encloses her under the most 
dangerous circumstances that can occur in ice- 
pressure, unless she can find an ' ice-dock ' 
like that described by Dr. Kane; and erexi 
this, a t  any mipnte, is liable to be obliterated 
by an increase of wind, or a prcssure clue to 

ice broke up iu Victoria Channel on July 24, 
1879, until the ice, newly forming, was suffi- 
ciently thick to stop a sailingvessel (which 
was about the middle or latter part of Septem- 
ber ), I was forced to notice an almost contin- 
uous north-north-west veering to north-east 
wind, evidently caused by thc warm rays of 
the almost never-setting summer's sun heat- 
ing and rarif~ing the atmosphere over the vast 

Flu. 4. - 1I.X.S. Alert forced on the I:ulcl. 

the accumulatio~~ of ice or change of tide. 
This state~of affairs is, I think, more than prob- 
ably illustrated in the case of the besetment 
of Sir John Franklin's Erebus and Terror, in 
September, 1846, off Cape Felis, on King Wil- 
liam's Land. Attempting to pass throngh 
Victoria Channel, whose soathwnrd-trending 
current is a t  this point greatly narrowed by 
the converging shores of Victoria Land on the 
west, and those of North Somerset, Boothia, 
and King William's Land on the east. his 
propellers worthless or his coal-supply short, 
either he must liave encountered this ice-gorge 
so la.te in the Scar that his ships were almost 
immediately frozen in, or the summer's winds 
held him against or in the pack, as already 
indicated. The latter idea seems to me very 
reasonable ; for during thc time my party was 
on King William's Land, from the time the 

snowless plains of tipper British America, whose 
place is filled by the denser air chilled by the 
great ice-fields of the Arctic Ocean. That 
this Victoria Channel is navigable under very 
favorable and esceptional circumstances is 
shown by the fact that one of these two ships 
afterwards floated down or sailed through this 
narrow strait to i~ear  the mainland of America, 
some one handred and 6ftr miles, manned by 
not more than four or five men. 

A steam-vessel can go into winter harbor 
much later than one with sails alone ; and this 
is of no small importance, considering the 
short scason during which navigation is a t  all 
practicable. This arises mostly from her su- 
perior advantages in ' charging ' the newly 
forming ice of the early fall. The action of a 
sailing-vessel in this kind of ice is so well de- 
scribed by Sir Edward P a r r ~ ,  who had seen 



five arctic expeditions, r~ll it1 sailing-craft, tha t  
r trnnscribe his short description :-
"Tlie f~rmal~ion of tlicof yourig icc npoll tlre sn~,fa,cc 

water is l>lic circui~lst;$ncrrvliicli 111ost tle~:iiietlly bclyir~s 
to  r,llt, a stol, ti, tile llnvigaliollof sc:,s, nlltl ,F-:rlls 

tliese hits of ndvice not strictly essential for 
steamers, jf tlicy bt? properly liarbored under 
the lee of tlie ice. With a sailing-vessel, this 

becolncs lnlIcll d:tngcrous. ~i~~ 

f:astel]ing to  an iceberg is not altopetllfr llllat- 
the seainail that tiis seasoii of nctiyo i,l~(:~~;~titr~istenrled n-ith dancer ,  and s l~ould only he res~rt~ecl  is 
nea,rlgat an c1111. It is iiideecl scal.cely 1)ossiI1lc to to n l ~ c nother i n ~ : t ~ r s  of safety :ire ~.&nlotc. Tile 
con(!eive the dcgree 01 llintlr~incc occasioneil by this l'olnris n a s  jostifiecl, 1:) such ail instance, ile iiny)etliiile~it~, :ls i t  always npliea1.s lit~fvre it is11.iili11g
eircou~itcred. TT'l~ell tlic sliect lias ncq~~iretl a tl~icli- 
ness of ai1o111Iinli' :ti1 iilcll, nliil is of coiisitIe~~al~li?cs-
tent, a ship, is liable to i ~ c  siopl~cti1)yit lii~less fnrorecl 
by a strong ailti free \ril~il; n r l t l  eve11 WIICII still it>l:~in- 
irlg Iler n7ay tlirougli llrc Tr:rtel. at illc rate of n iiiilc 311 
hour, l~crcoiu.sc? is not nlnnys ilrider l l ~ c  cor~lrolof llli: 
liel~~isir~an,tlloug11 assislet1 1))- ilie niccst :tl,tclition to 
llle actior~of l11c sni!s, licit clcpi~irtls ~lpon sollle ncci- 
dental ilicrensc o r  t1c~crr:nsc: in the tliickness of tlie 
slreel of ice, \\-ill1 ~ \ l ~ i c l l  I)onr or ilic other corncs o i ~ c ~  
in c011taet~. Kor is it l)ossiI)le in illis s i l ~ ~ : ~ t i o ~ i  for the 
11onts to rcllder their nsual rrssistniico 1iy rn~uiiiigoi t t  
li~icsor ot,l~ermise; for. or~ce l~;tviri:$critt:i~ed tllc yoiurg 
ice, they call only 111: p~.ol)ellctlslo\\-Iy iliroi~gli it Ily
tliggirig the oa1.s n ~ i dboat-lii~olis tliroirgll ii, at, 1111: 

se izi~igon to Ptoviclcncc l:c~ g ,  althougli I Iia\ e 
seen solile c o n t r n ~ y  opinions espressetl. A 
sailing-vessel shonltl oiily d o  this n.1len ~t b ~ -  
colncs iieeessarj to n\roitl (11 i f t i ~ ~ g  n moreinlo 
perilous l~osition. 

i h ~ ~ o t l l e rat11 rlntnge of srenrn over sail power 
alone is in the case of a call11 nitli a stroiig tidnl 
or other e r~r ren t  setting ton.:~rds nil ice-pack 01 

strantlet1 iceberg. in ~vnters  so  (lee11 that  anellors 
are  of n o  a\-nil ; the salvation of thc l a t t c ~  fro1n 
possible severe il?jnries clepc:idi~~g npola the 
re1ati1.e power of tlic carrellt. n11c1 tilt. streligth 

tlic i)oirl, f i . i> i~ iside to sitle. l,liisAfl(:r ctjlil iiil~i~lg
Inboriolis ~ v o r l ifor solnc tinie T\-it11 litilt~goc,tI cffc.cl, 
:mcl co~isiiler;tl~lo ii11d oa!.~,drnn:~gc to the ~ l i ~ r ~ l < s  a boat 
is oftcii obli,yetl lo  ],el 1rr11 tlle s:nne way t,li:~1 sire cnlile. 
bncltiirg out in  tlln enrial iliils forinetl to  iiol)~irliose.:' 

A sai l ing-~cssel  c a ~ i g l ~ t  in tliis L I I I ~ Itiinate 
s tate  of tlic ice inust im~netliately secli n inter 
cyuaiters in the nearest Ilarbor ; ant1 if that  he 
re~note ,  and the wind ui~f:tvora\)le, or, r:i~ller*, 
unless i t  be es t rc~ne ly  favorable, the cronrs will 
be forced t o  cut n ch:inncl the entile distnnce 
for the hell)less shill. Tliib Parry was Iorced 
t o  (lo in  1819, near Nel \  illc Island, tllc c~liallnel 
cut being ilea11 three nliles long. 0 1 1  the eon- 
trary, with steam-power, ice onl j  linlf an i11cl1 
tliicli is  an insignificant obstacle ; and a .icsscl 
thus eqnil)l)ed call slendilr force her v a y  
throng11 such a thin sheet, nhi le  el en that  
proportion of :i j a l d  call easily be overcome 

saille tinlc I~rcalilllg it acl'us.; llic l ~ o ~ r s ,  exerted b! licr m a l l  boats to  tom her off, ivliiie : ~ i i i Iby1~~11i11g 
tlic easy escape of tlie Sorrner is obvious. Also, 
i n  tlie eally a n d  lnte ua\ igation of these waters, 
the sails are  liable to  beco~ile completelj  clogged 
with ice and sleet, I-enderin:; them, in extreme 
cnses. impossible of innnip~llation. TTh state  
of afT:xi~-, nearly proved fatal to  the Griper 
(Capt. Lyon, ILK.) in $cyteml)i.r, 1634, in 
Pu'orth Pludson's Bay, nhi le  ntternpting to battle 
with a terrible two-(la! s '  storill ; tile sleet form- 
ing over a foot tlliclc on hcs decks, ant1 propor- 
tio~inllyover otlier parts of tlie ressel.  

I sl~onlti not have entered into so long n 
dise~issionon the see~l~ ing ly  palpable stlperiority 
of steam-pon~er over that  of sails, were i t  not 
for tlic fact that  such a great  proportion of 
the arctic esl~edi t ions a le  of a private nxt1u.e. 
~ ~ l r e r e i nthe 11leans of tlieliberal tlonor o r  clonors 
cannot reach the increased expctnse of steam- 
n~acliinery, fnel, m ~ d  i ts  nccompnn) ing clinrges ; 

by  charging, rcq!~iriag o i ~ l j  ~'i~ell-strciigtl~e~ied and those serving a le  willing to accept the sit- 
bows. 

Altholrgh good t~rct ic  anthoiitj- has said that  
& '  the  making S:xst to a floe sliould never be at-
temptecl e s c e l ~ t  ~vlien every hope of nax igating 
in tlie s ~ l r r o ~ ~ n c l i n g  :.ateis  lias i1ce11 fruitless," 
and fnrtlicr adtls, ' L A s  :L l)rinci[~le,m ~ t lso far 
a s  it is possible witliotit tlie esi-laustion of her 
powers, n ship in  the  ice shonltl c n d e n ~  or t o  be 
in constant motion, even thong11 this cntailmnuy 

uation r a t l ~ e r  t l i a~ l  cornj)rornise tlie errpcditiolt 
altogetlicl~. 'I'here are also a Sen-, a s  B have 
:111~eaclylii~ltcd, who nre o1)i)osed to stealn-pon (lr 
fionl the great  room it sacrifices, aritl i ts liability 
to  incur g l e a t e ~  risks t l in~l  it  c:iu cscnpe f~.oin 
if a t  all nnfor tu~~ntc .  Tliere is also a lnetlir~in 
class, who, aclinonledging the waste of ioom 
a s  the only dellinlent t o  hc fonncl in  steam, h r  
lieve that  this porver should be rel~resentetl  b j  

clranges of her c o u ~ s e  and the temporary re tu r~ l  machinery of the elleapest class, wliieli can I)e 
t o  a positiot~ n l ~ i c h  lincl been ahantlonecl " abancIonec1 :tntl i ts  room lnade l~sefiil a t  nny 
(Pa)  er) , still the latter suggestioii, i~ ivo l \  i ~ ~ g ,time that  it fails t o  snhserre  some gootl purpose. 
:IS it may, for a great  pe~iocl of time. t h e  con- 
sumption of coal, ant1 the mnnr  cases where 
vessels with banked fires h a r e  n~itki adva11t:ige 
fastened t o  Aocs with their ice-a~ichors, ready 
to escape :~lmost a t  n moment's notice, m a l ~ e s  

It m:ry be laid clown a s  n goocl role, tha t  all 
sailing-\ esscls s l~oa ld  liave some ' square ' rig 
to  snbservc active l~xoremcr~ts  Sailerin the ice. 
o r  stcnmer, the pipes for l~urnping sholild be 
m~icll more capacions than I I S I I R ~ ,  and there 
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slioulcl be a system of them reaching to every 
part of tile vessel ; for tlie pumps may be necdetl 
the most when tlie vessel is careened on hcr 
beam, or  a t  some unusual angle fore ancl aft. 

I f  l)ossihle, a tcntlcr should accolnpnny the 
exploring-T-esscl proper, cspccially if she be a 
steamer, whose stores of coal and other articles 
arc  t o  be transferrecl ~ r l i e n  tlic ice becomes 
claugerous for snch a craft, presumably not 
strerigtllened t o  combat with that  clement. 

I~IANYlilies of iatluctirc resezlrch lent1 to the 
conc l~~s ion  is ill a tliat tlie interior of tile c a ~ ~ t l i  
fluid condition, and that  tlie solid shell is coi11- 
paratively v c ~ y  thin, but ~ a r i a h l e  in  its tliieli- 
ncss from district to  clistrict, and in tlie same 
tlistrict from time to time geologically. A 
crast  t~~cnty-f ivc,  miles ill tliiciiness a t  a maxi- 
mum, and verymnch tllinncr :kt ani inin~nni ,  best 
i.xplaiiis geologic pheno~nena. I f  Ire consitler 
this c r i ~ s t  to  be made up  of units detiaetl a t  the 
upper surface I)y d i s t ~ i c t s  of some magnitnclc, 
i t  seeills necessary t o  regard i t  a s  existing in  a 
state of floating eqnilibiiuin ; so  tliat, if s o ~ n e  
portion of the roc lq  inaterial is taken from a n y  
s n c l ~district, i t  rises, ancl tliih district on ~vliich 
it is  deposited snl~sidcs. I n  case inaterial is 
transferred for a \.erg. sliolt distanccl, c~pl3rc- 
ciable clisplace~nent max not result, tlie local 
s t ruct l~ralrigidity being sufficient to  withstand, 
o r  largcly witllstancl, tile stress. Unt if tlie 
short transferrence is  across tlic line of a fault, 
from the npr:lisecl to  the tlirowii sitle, the facts 
seem t o  show that  the upl~eaved side coiitinnes 
to  rise by  reason of nnloatling, :incl the thrown 
side t o  sultsidc by reason of incrcasecl load. 

'Flie rigidity of the ~ ~ ~ 1 s t  of tlie eartli arising 
Siom tlie molecular coliesion of tlie solid s tate  
is  greatly ~lloilitietl by mechanical strr~cture. 
'l'he crust i s  conlposecl of geologic for~nat ions 
of diverse o r i g i ~ ~ ,  Tlie for- diversely a r ra~~gec l .  
mations are broken into g lca t  blocl<s hy great  
fault and flexure planes, in Inany cases doubt- 
less ~x tendi17g  qnite tl~roligli tlie rrnst.  I t  is  
also fiactrlrecl in m~~l t i tud inous  ways, ancl the 
crevices fillecl with rein matter.  Again : enell 
block or  segment of a fa~t l ted for~nat ion is  di- 
videcl into s~l ial l  fragments by s t r a t ~ n n  l)lanes, 
joints, schist planes, ancl slaty cleavage. T h e  
rigidity of each minute fragment i i  clue t o  the 
nlolecular cohesion of solitlitr. but  the general 
rigidity of the crust is clependcnt on mechnni- 

cal structure. 'l'lie 1'ragments of which the  
crast of the earth is composcd are  cscceclingly 
~niriutc ~ v h e u  corn1,arecl with geologic forma- 
tions, antl tlicy appear ~e la t ive ly  a s  hut grains 
of sand ~rlicll  com1)arcd nit11 tile whole crust 
of the eartli. 

This  fragmental chaiacter of tlic crnst is  
exllibitcd a t  tlie surface, and t o  tile greatest 
dcptlis to  which obscrvntion 11:~s cstencletl ; and,  
so far a s  it depentls u l ~ o n  the grcnt faults, i t  
must cstc~icl quite tlnongh tile c i t ~ s t .  There 
may be  alttl 11robal)ly is  a zone l)encat11, so 
nearly flr~itl by rc:lsoii of tcml)eratnre ancl 
pressure, tllat f'rnctnres arc  less easily gcncr- 
atcd m ~ d  more easily ~ c p a i r e d ,  bnt  tile rigiclity 
of tile crnst is  not incrcasetl thereby. 

Tile solidity of the crnst of the earth i s  lim- 
itccl by tenipcintuie and pressure under condi- 
tions of chemical coi is t i t~~t ion and Iiyclmtio~i, 
antl is  S ~ ~ ~ ~ t l i e i ~  the  contlitions of its liniitecl 1 ) ~  
~nechanical strnclurc. 

I f  rcrtical stress I)c al)glied to  a poiat on 
the surface of thc rnr th,  the strain is  1,ropa- 
gatetl Intt~rnily by the conditio~i of rigitlily, but  
not indcfinitcly, a s  this rigidity speetlily van- 
ishes i n  the l)rcsel]ce of the ciiormous forces 
inrolred in tile neight  of tlie crust itself, and 
in the great  bodies of ~ n a t t e r  that  are unloacled 
ancl loadcd a t  the  surf:lce. 'I'iie distance t o  
~ ~ l l i c l itlie strain c s t c ~ r d s  is grc:itly lcssenecl by 
tlle fact tllat t l ~ e  ~ ~ ~ 1 s t  is not a co~itinnous solid 
b r  col~esion, but l)l,cserves corltinuons rigidity 
in a r e r y  itnperfect way b r  mccllanical strnc-
ture alone. 

I f  tllc crnst of tlie cart11 mere practically ho- 
m o g e ~ ~ e o u sin the specific gra) ity of its ~ n n t e -  
iials, i ts static c q u i l i b ~ ~ i u i ~ ~  not permit ITOLII~ 
t l ~ e  existence oi' any  great  elevations :iL tlie 
suifacc : hut to  tlic coi~clusioi~ of a general 
equilibl.inm, geologists and geoclcsists are alike 
conrerging ; aiicl, if true, i t  ~ieccssitates tlie fur- 
ther  cone!usion that  tlic crust, ancl perliaps to 
sorne extent tlie uiidei lj ing ffuitl mattel., is  of 
varying cleniity from region t o  region. This  
conclusion follows fiom a eonsidcmtion of the 
i11eq11:~lities of altitncle esisting in  tlic earth's 
s l~rfacc: antl, since they are ever cllanging from 
clistrict to  clistrict, -as one subsiclcs ant1 an- 
other rises, -contraction and expansion 111ust 
occur. T h e  necessity for the liypotliesis of 
c~ontraction ant1 expa~lsioil  is  not obviated by 
tlie IIJ potliesis of a fluid interior. nor is  the 
lattcr rentlered nnnecessary by the former. 

Tlic~re i s  a constant lateral transferrence of 
material a t  tlie surface hy rains, rivers, and 
marine cnrrents ; there is a co l~s tan t  ~ e r t i -  
cal transferrence of nlatcrial by displacement ; 
there is  a constant transferrencc of material 


