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* The T W  Qlaeier, vhich flows out. of the Jmeau Ice Field, i s  i n  the 
I soutbmstem of &&a about thirty miles east of Juneau, The JMBBU 

Ioe Pield covere an area of several buldrsd ~ p ~ l a ~ e  miles and exfends across - the inters&ioxml knwfdarSr i n to  C W a q  The Glacier is pecultar i n  
tbat  it is the only one af the mrtny t h ~ t  mmm&e from the ice f i e l d  that 
is advanohkg Uong itsa fmnt,  while fhe cr- glaoiecs f m  thf? awe s o w e  
are either re%ma$$eg o r  ramhing  stetiopary. This c o d % a n  has bsm 
m i e r  investigation durrng tbe past W ~ W T  a9 a pa* of the Jweau Ice 
f ie ld  Research Projeot apoaeored by the limeriaan tkwgmphical Society. 

A knowledge of the thiches~ of the i ce  on Talm Glacier was deemed 
a most important pbass of W s  study srnd Stanford Research ImOitute was 
asked t o  furnish personoel am3 sei8mic equipment for these mea~llrenients. 

Pre*w At*% at Ice Meas%.maentzl 

During the past de&e there have Men many atteapts to mea@uTe the 
tUcknes8 of ~~ i c e  ty mmaeag of conventioml seiemie equfpsent d a g  
both refraction and i.~Plsc€ioa techniqnea, soaia ega%gment W n g  fre- 
quencies up to several hundred op les ,  redsti,vfg mwmmmeaQs, and even 
radar, with ge-r PDsatisfaetory results by a l l  m.chods, While cer- 
tain of tbese method.@ a m  W-wbpted to  t&e problsa, &ere memed t o  be 
M real, reason why the mPsact&ern and mflection sei&&i&c k&que sholiLd 
not give aatfsfackexy msats, perticularly view of tbe e m  ptlQnallg 
good ree.ulta tbat  were o W n e d  i n  2,934 on the Ross &elf 1 c e J  I n  a 
W y e i s  of the  condition^ t& be enaormtcrred i n  no& on ,@aci%a, Eor the 
most wC, the eame factorp lfait t&e we of comrentional shot hole mi&a 
kchnlque on the ite a s  where it is desi* fo oMaia shallmi refleetione 
i n  oil f ie ld  e x p l o r a t i ~ n ~  &me of tb& c w % F i s t i c e  of the oonmnt&onal 
shot hole s e i d c  tschnLque whrtch aemly fapose ccerkin LWtetione i n  o i l  
f i e ld  exploration BL&ke it not only impmctioal to OW tbe &~t holes on 
glaciers but d i f f icu l t  to w e  them even i f  they could ke readfly drillad. 

20 most geophp i~ ig t s  it would seem thathat Preking mea&ummxats of the 
thiokness of the ice on glaciera by conventioW @hot bole reflecticn 
+iechnique should be e r ~ m e l y  h p 1 e .  It should not be d i f f icu l t  ke 
d r i l l  the necseeary shot holes, the i ce  should tsstnamit s e i i c  energy 
very nell, there may ar may not be a enow or  n W  cover c o r r w 8 f p o ~  to 
8 weathered layer, the low density i ce  should he resting on 801id rock 
blow of much -i%r demity, and no mch depths are involved as i e  the 
case i n  the o i l  fields3 but l e t  us examine each of these more wre fd ly .  



The L l d l m N c  of Shat Wes 

The dz?Ulbg of ehot holae far sei&mic work on glaciers has B i a -  
ooamsw msng invWt%@t~rs and aany twchiqwe have been proposed, in- 
cludlng had-  and pouer-oprakd drills and e l e ~ ~ y  h a t e d  devices 
f o r  me;l%iag W e e  in the ice, The zwults fm m& holes 8s have been 
drilled by one mwns OF wtheT, ~ P B  not y5elclad re8iiLtp a s  satisfactory 

w 

The Ice T%-wllaib Well 

The transmission of energy throwb the i ce  ia very @; i n  fact, i n  
this respect it is a b u t  equivalent to the limestwe on tb Edwards Plateau 
i n  Tezas which has thue far succe@&Wy resisted %be application of con- 
ventioxal refXect&on t e W q u a s .  T h  s t t e ~ t i o n o f  we= i n  the solid 
i ce  of Teka Glacier m s  so  low for  Zxvth the l o & W n a l  and transverse 
wases that it was v e q  helpful to use a s v f e n  whereby it was possime 
'b toprate thase two energ&@ h a v i ~  such W I y  diffedng velocZtiee. 

Snow Cover Cegpamble to W~trtlrered a r  

As i n  the cage of the %%nards PlaWu, there m y  or  may not be a re- 
lat ively W n  lower wloc i tg  lamp o n ' 6 e  BLXFPBC~. h the caw of  now 
end nSv6 on gleetern, the densi0y and veloeitg will tover a wiser m e ,  
but i n  g w s d  there w i l l  be a'- graddual transition which should be a 
more favorable cazldttion. The r a e i a c  velocity in  the snow may tovex 
&iI.moet the cavpletie range frola the velaci* of s o w  i n  air to the 12,9OQ- 
foot velocity for s o w  ioe. 

The Ice-Rocg I n W a c e  

The density ra t io  between the i c e  and the uaderl- rock is much 
greater than w i l l  be fauud in mbsurfaea hortm i n  moat o i l  fT%ld ex- 
ploration. Hm~v~r, since the s e i W c  welodty i n  ice is 12,909 fee t  
pe* second, or aUw5t identimal wPth the ro& oa which it resks, the 
difference i n  density Loses PWch of it$ siaatfioanoe. The iw-rock i n t e 5  
face, themfore, ev& thou& it aay bs aery stiarply defined, is in general 
not a very good FsPleoting brimn. 

8. 

Reolectians A r e  Not Deep 

In ice  f ie ld  and $lacier ~ 8 ~ n ~ ,  the ice  thickn-asa w i l l  in 
genesal be less tbm 1500 feet  and in many wss w i l l  be very mch less. 
W i t h  a vaocfOy a g p a i w t i n g  l3,000 fee t  psr m n d ,  tXle a d d  time 
of *e reflecMglyr vill be wa BBF3.y on t b  m~01-4e that thq w i l l  l ikely  
be completely aask4 i n  the first arrivals from Bhot holes even though 
extremely e m d l  c h t t r p ~  are  aaed. 



- 
The &ef Uiffiaulty encountered i n  #e esr l i e r  work was the inabili%y 

to send en& energy h t o  the i ce  to get a u~a221e retunt without ham 
the mf3,eotian hidden bJI the Mgh autp1;LtYtle d the first arrivale. Prior 
to the p~a8ent  wo&, the e-xplaefvee used $a areah the s s i d c  wave were 
either plapsd on the susface of the i ce  o r   now o r  bmied oaly a short 
distance below the surface. 

poulter Seismic W W  of GeouhflsicaL b L o r a t i o n  

It was th-t that the Ponlter Seismfc Method, which is finding wide 
acceptance in the gstroleaui Lndwtrp, and i n  which the explosive is placed 
on mtal stakes ss8 detDoated in the air, 8Sgbt e l m t e  many of the 
diffZculties encmteFBd w i t h  the conventioartl sb t  hole twhnique OR the 
ice. This wi8mi.c methad is t .3~  direct outgrowth of work b%gtn trg Dr. 
PowZter while on *e Seaond Bplrd da0arct$.t &p&it%o~ (1933-35). 1% de- 
velop~ent has been the result of a ve- intensive m r c h  pmgmm ex- 
k&ing over a period of several years, first by the inventor and auk- 
esquently under the sponso~~h ip  of the Inst i tute of I m t i v e  Bemarch 
and conducted a t  the BRnorlr Research Fom@ation of -is Institufe of 
%ohnolow, the 50uthwest ICewrch fnst i tute,  Engine%% Iadustriee, Inc,, 
the RepuLiLia &&loration Company, end the Sfanfomi Research Institute. 

Under thls -ear& prograa~ the method hes develuped into  a complete 
system which affects xbha l l y  a l l  ph;irses of seimie exploration, Through 
tbe wlection of t&e sise, ebpe and $tpe o f  p t t e r n  of citsrgies, a s e i i c  
&pulse i s  $anemW haviilg t$e propsr fhqumq= to be trsnsmittsd well 
am3 dwelop a good ~eflee%ion, therew pswitt ing the use of a nearly flat 
response recording raystem. 

The fastmment u @ d  was a WtfW Portstile Sehmqpaph built by the 
Techdcal I n p t m e a t  of buskin, Teas, w i t &  speciaJly modified 
filtering. The caw& and a htlk of Welee 8mpUfiers wsrs  closed in 
the w e  staUilsesi s%eeL case and fitW witb a uatmpmof 00- when 
not i n  we. The emuera had k l v a  geophone b a e s  and oae t b e  breek 
*c%. 

The records wre made on 15 om. paper, and conventional .Ol-second 
timing l ines  were recorded on the morr i s  w i t h  hwvy Od-aecond l ines  9nd 
nrediran .05-8efmnd lines, The papermagaeine holds a MQ-foot roll of 
15 a. paper and ands puUed thm* the amera by a gevernor-controlled 
electr ic motor at the hete of 24 inches per second. it is  picked up in 
a receiver which i e  aqtamatiaallp light-trappea by a serrated kriLfe for  
muoval t o  the dark tank for bcmlopamt. The amplifiers are hemetically 
sealsd  i n  individual metal containers which can be easily removed and 
reptece. 



Powerr for the c&nerawier u n i t  was fwnbhtul by a motor- 
generator unit in a water t i@ ease. This ~ a w  fit+& m r  a 6-volt 
aufamtio9 type p h r s g e  W t t e m  apd a ~ ~ i w t e 8  t o  it wikh spring loaded 
pmba. 

A @&.*~. l&gWweL#& .&@phone was phowed psr U g ~ e  cot111eW ed 
to fbe "in@% :barso The wt kex i s  a s%siaLees 8-1 I&% Wch d d  

w t b e M &  a@ c p ~ ~ ; % n e d  test mew far .aaUe and in8tMnWt 
t e s t i ~  atr WD. a* * w i n  panel fer wbles and *a-ne lead. 

DetonaWon of e+osfwi m a  :mmanpLisftsr5 w i ; b  @&wr-Bliae*r 
h o w  in a box ma.k4&g %be inpt kur. tm bgx ,&LBO cgntsi.ned .a q 

irnd a t r s m  ,- for ~ e o t i n g  9, ~~ X W  and ble- 
phne U e .  

A amall etainlem steel fsnk Pftted *th four ~ ~ ~ $ a 3 t o ~ p  cana and 
a UghtpwI  C*S m v e ~  was wed foe dew1;vp%ng ths mcords i a  the ffeld. 

Ti& ,eqagunegi, plme t00&1 and %pppllee., ms man*.& on -a 88all 
7-1/zZmf -I&& ;&lMb The s M  fftw s wea-rti&% woodBB 
box m w  just romwa or clinwr for 'tpola, gpsm pezros, and mw@iee 
iihat nee&& most prcte.o.tioa.. Oa %he wx%@j.de QP this I%% hooks w e r e  
mt,e@ on Mhiah geop~owe rrere hmg m e  trawling. On top -6 a atgnd 
for holdibg, eahle me@ wQiI.8 -4% in c r ~ l i u g .  Just foi.rwrcl of 
this tool bx wttnted wmra+@idic@ d t  aa it cofid h .qemted 
wktbut ~~ $% f- tbe eJ,@. 'Ib psrrer u&;t we %wed on the froat 
snd of the sled so it oowld bs 8as%l$ mnmved gsid est slqngside t2ie =xWm 
for oparatiw. Just behind &a h o l  b x  was 8. lmge cmvas W t 9 ~ k "  i n  which 

e e d  .* pmeq t W ' B  ~ e k 8 ,  @ m f ~ e U ~ ~ 2 8  d k 8  of & @$k 

mnt. On the eftspqnd wasugmiced #m &&! POF dmhping the records 
a e  .asla. BPM weimiwttt the tsnfr aad wtm bebind the 

sled was ih 8l&&e ere* c&S5$tSag of a Mc@e W i t h  a C g C b W b r  
for m-ng ~. & h c e  trav8%&. " 

Lqwer Taku QlacZer i p  ~qec i . a l&~  well aczfted fer eq%rimntal and 
calf.hra%f~n m~k, not Wwwe it i s  reaildlg accewi.Ue bu% e;laro be- 

,I I I cram #e WcLeW of the ice &s .hmm w i #  a F ~ : T  do-! og aerclzwcy 
o w  an ~gwtta of smtraz gqama ~Kiz~8.. Thlb e .  M e  poeeiws beryrw~ 
Glacier has adwmd e W aattbe 0S%# tb$ past ~m the c@&i;twr .d 

bbrtam had p d o w L y  'been itetsz?&md. $Ithot%gh ~~ surface was tra- 
versed by aany &eep crmrsaea whi& snrfaae t%mX e & ~ e ~ l e L y .  dtfflcult, 
the,ee mxe sot enti.reLs *eir SdwmQsges POP o w  expe&menW aarl 
d ~ ~ a - i  fn&, si,ttoib YIep pea* &ql%@ed t$e prolalea of obkh&ng a 
mt osri@ty af ezpcwhwte;l qmlLSepa wkth a pxitdm@a of ,Wffc13tre E)Jr 
early JuLy, wtwn fkls W wacr ewe,, fibem i e  #erg UMe snaw left on 
the W a c s  of the lover &mefar, a& @lt&ow& the mrfaoe is  wed ofl 
a c a e  crgW~fne  af d U i n m w  las, it$ density i e  W s W W y  
unity, snd d%h tkt* emp%on of the ~ e e s ,  it sen be ~middiwd BOW 
hlue ice alaDcQlB enM.m&y fige tzom &ratLtfiea.(;to,n. 



First S B i d c  Oars9 on Taku qJ,eie~ 

The s a f e o  party and eqaigqmnt MW f b s t  t F a . ~ r O s d  tO 8 pint on 
the t8lsrirats bf Taku Glacies on the f i W  of Jrily % boa%, where it 
wag possible b. rtnlaad dSmct&y en the im. R e  apxXFrnent loftn-haulul& 
to a mvti.wlr leva1 ~ G B  tka ice  wkm a w n t i m  block of ice 
could iw found whL& waa 10661 e n o w  m thatfiat the flfrot a& @opiwne 
s p m d  could be s c P t  up wicholit bavQg cmmas~es c W s  wt;weeri the geo- 
phones or  betmen the &pophone -'& and me abot poi$%. 

'1Zlrr locatLon of the shot p i n t  ~ w t r  80 wlmted that ckrges could 
te .placed above the mwface, on the ewrfaee,, i.g s-w Bhot h ~ b s  dxLl&ed 
i n  the iae with or *thout nrter W p g ,  ar i n  a c ~ , t i v e l $  dsep are- 
vas* without w i n e  We &@tease or nSUtAve posi%1.va o f  ttrQ && point 
f m  the geophonw. Tbe el(rwtt6n af tha shof pch t  was 230 feet -above 
sea level wif$ a rather d f o m  a m  .slop +.a an eLmwt1Lexa ef 250 fee% 
a t  the f a r  'end af the s p d .  

A W e  necesaitg i n  any seLamic wu&& is an a ~ c q t e  know&*e,,of the 
velecftg of f e  se-c WVB i n  tbe ~patex&l Oo he is 
&Pea in a* B W c  nb*k fbr PgtnzltSn ex@loraBiart bg l,awwing a 
gee- i n  a oi l  well and detoaa:Wng. ottrrsge new ths. Ma.ce .  Shca 
the depth of the geophom f a  h a m  an8 the the a£ &mLvzil of the -adds 
wawr .aan be a-.$sly measus&, i t  $,% pog4i%iUe to arrive a t  %ha veloeity 
04 the. wave in t&e -a,. 

It I?& very Wly ~ ~ s e d  tkt the,= ak leaet three dWfamnt 
type8 of wave mo.Man in fhe fee, a high xe*E* ee~tp~@6$w m, a .ah* 
wave, and a kr%e&h w e ,  the Jgtt;e~ Wo ha* sWut o n d f  the mlo- 
~ i t y  of the l3mpm3atoa rwee. 

4 **F of .tha Uters%xare m e a l s  a mFy .wid- rmp o f  seismic wo- 
citiea and i n  soaa cw%w ths exisaatws BP dlfBmm% m s  of m e  ~ f i o n  
has not bwn reem@&aad. B s a g e  of aalaes am k be '$oxand i n  the 
U.tnmtuxe and thii f o l l m  ere mpmsen&&ive~ 

3Go'~thwait, CrFUoa and lUooeh Qaaier, U g f r a  9,900-15,000 4,3.0036,000 

'koulter, Rosa Shelf Ice, dntaretiaa ll,oOe12,900 2,9&5,200 

%ortAmod B Sinipson, Sevasd Iae Field, dlQIska 71300--8,2CQ 6,700 

7~eterqton, Point Barmw, %m 6,W 



k t  a u e a  appr0dP.w &kX% fee$ par e' can be s b w  i n  &r&e 
m~rree  of cgew Up8 Leeo 

Par d@*WiaS$ton of tiOX'%SOt&W V ( I Z O & ~ ~ B % ~  UW'8 sad* tO 
s e l ~ t  Sa-B t3oXl- )trl& of ice haVbg XO ~Z#%SV&~SB WXWWSBBSa a- 
khmgb it m in  geaenul ~ s 8 f b l . e  b sellsrcf d is tdt~lr  &' mom thka a 
few m r e d  feet wit$oat  eon^ m e  @lo%& %me msiag bk 
tween the shot point and the geaphonee. 

I30FIwuCBl ve3ocities i&lw ae! asixiaaq, ccwasse depCh are e&'sed*- 
t W y  the erne w tbe vc&Aaxl, bat daar tbe ,m&ew, eo%a in  qaww 
-lid i.ee, the hc:rimutsl *Lo&Gfes acyr ba epp-&?hUy lesa 12,m 
fee% USWDbr 

R.w :mu- v e d d  w10dty tyabmL~~Mqn wa wzw rathem ;f .%a 
a ie~ov~~ i 'ng~  a &J igouldn i .~b Wcrb ct &CFF nee  zmerurd to B ,@ . 
660 m m  fo\lrtritan fee$,: 8. :- @f gwpho~a H ~ a  -%liF ' a*..- 
surface new the ocwlhi 'to reL-& t$a a%HW ef the k e r n  act .#+he 
d a . m .  Sevenel &ta -aade in the &nB a m#er ackipta 
dstern@mtfcid cf the T & o c ~ % ~  2- mW.ing. WU 
&ntliu w emldaed :By ~lowwr* a bri& Z i b t  htQ if, and it, *as 
fW h ,Bona58t of $&oar t&w' ice .$??a8 fr& sb6d&Pieis%ion sf aeg kina 
ae fm gd) eoald be bebabsdbsd by ftfte &xapee&ont The &te dwweff a 
'1(3-% of 12',-, f& .w BeQBad fm the -8dba 'iSW fa fa.., %&' 
velot&fy wed wed fw dq*  h d . $ e ~ . b i - i w  PbdP dw$sg @&e -F. 
The neaelleaq o b m w o n  ,trae &w*& I-or tbe lon #Qs,ce Wedby 0s 
ths;a&mmmmts titat uem a d e  ia th9 &fJ 80n~. By ,mema of Wr, btth- 
niwe S;t &s aha mssibf.e to &&fe-ttia a w p e t e  &t&on 
~ed6dC V B ~ O Q ~ ~  and d'd deasiw & p a . .  

By nerrne of e~ti&g :geopboned QlDt in  pal,ra, ope in a YSFSW ,psi- 
tion W @e otbes la a boz%maW ~R&%&OXI, PW mre, lltae ts de.%embte 
tb4t the M&h tfQIO.Ci,Q wave: vas B ~ s s I L o a  ware, k t  taat them wema 
both *ear w&ms a& byLt@ waves pra-t in &e low ~-3oeifg we*. 
Fsrftapa P D ~  generally m~oepiolmg the fa& thslf th-. La wch a nkda 

of veloolties end d f f f a d  fe- of wave naokbn in the fee and 
.snow of glaciers is one of the Wrge thaf h&s q e d  a greet UW d 
a o ~ i e n  is t$e attcsppte that hsvs Been Bundr ix-wj@p eeidslic abetia&# 
to the d e ~ ~ ~ e n  o;f foe $ h i a k s e s ~ ~  on &mi&s. 

For i&e o0 e+miy+t~g tt@ dl.CfbNa% wevcr SORIB, a ~.@me%se 
were eeleeted ahi& i a ~  b @*~k ap TZf.tsy feet (1:- aiadbwk~ah M*I a&& 
t m ~  fee$ Mde at Lts aidesf pace. TJ# w a l l %  -6 orewx~rge reg@. 
kgecbe~ aQ om eml 8o k t  +he ice emrmmt&hig tJze e-~.ca famed qrp 



ccatiwus PLSBS of solid ice. The wMtb of W: ,=aweem beaeae qgi.te 
ttw&op a t  a depth ei' Wxty. .feet. 'Phi.a am4 oC$w o ~ s e r r  p v i d d  
an O P B O , ~ ~ ~  to S W r  the cU,sWional dM%%ht+i&~@ of ,the Wferent 
tvnas cf mees as vmll as their &$@ aitd ml@W teLaWw. 

4. The low v e l o o i ~  tmmsvsrse waves were uo lw in in%ensity 
110m to the mf&ue that tbey n6t de-a 

5.  Boa the b d 9 o n W  &WSF wave Bnd a e  mKt~(~fnd cmpssioaal,  
wave pmrilwe a oewortl &e~&&eauat of flie H a a e ,  

7. On no occasion were we aUe %o iBeaUe pard+he4  milsaMons 
of shear Y&=B fmm ~colrnwk or fw-a%r iabSaa&s, h k  +$ke 
latter was appawn.hls pzwwg a3 ha.*d ncriee p a r " t t m l d ~  
i n  +AM qem of a m 8 8  brvieg i n  * im. 

me plw&mm @f %Pee type,  a8d *locrit;i.ae of wa*e m%&m rrcm abrgw 
bur%& in t&e b e  i n  any near the ~ B B   or^ in &q em$a#oree 's 
~ W A W L J  ~HifWbgj ~OYBV~F, dkb t$e C M $ W  fSkBmd abOVe ths 
face onlp %he ammrraloa weye i s  di-ted dawaward bo pmaa* n,gle+eai@ 
froO bDttOP. Fh. .RaJrlir.i& wve 18, .h gBlleral, abeent and ?he, .ab- 
wave tmp~)le primarSly alniq the wfaae ,  there& greatzy sbplif&ag the 
in%%~pretation of ths w o r d s .  



Field P1.oceolare 

TRo 11886) of gtX gem- :each were plaowd fn khe fo- of a cmm 
wi& a spkdng X#,Wew gmpimteta of trenfy-ffm fee%. A .&&e geophone 
~ ~ a o  wed for &ah Ipoe, ?&e Ltnes af -B. wm oI.r&@ gp that, 
etrg fSmt 8- --& m . 6 1  to :pFed-b QP 
~ lg&  that WS$ p-me iQ tha Ske QZ W r  T h  X3tlPeY &W WUS p l a 4  
at r2#t &,w b the flrst -line. The geoSa,wS, - plaW on &r jwt 
balw the smfacra, n s ~ e  bsLng,Wrem ta eiaw3 a Sna trrtce for sach. 

ElePBa0W of the h e  d a a e s  VWX8 OW& US8 of 8 

&d dl.t;tre-%w wM.&i'waa ~~y obacksd. a&ast sea, l d  dadas  the 
w e  #st WQ w,m t w a  on .h l- part of +Sue glacier, 8es level 
edfirsbtents warn ,wewed f m ~  tbtt U. 8. V ~ t b e r  Rurem 6.teWn is JWR 
Perthe d&*aai t&m* f#irkieh.wsa ~ e * r e m a e f $ e b e u ~ p e ~ i c # ,  
field. 

The lC?Q8%%On Sf S ' t i l a ~  the &iser %'&% m ~ ~ 6 b  sen, 0b%&Wd 
&P TW%m ~~4 @io%S ,dtb B Wb8I q W  Dd 

platting W em a *aWaal, pgptegrq&a aap -sf the lWa pm- 
vas wce8.sary bmaw the &ry X&Q@ &s%aOe &tra W e  i% ttt%Wwy 
to travel a c ~ ~ s  &* one &t%H,oll Co a e  .im&* me aal- 
6 on btfr .Brces af tb lover &aefer =re vexy ahep anrl pi&eed a 
mxy *m str oobo hra the .aaticttw~n,, g t  m &wm, atts , p e w  to. 
he very Eos ebtuizhg %I@ .sppma%mta d i s w  tlsat ,the ge:rt3 W 
tra~~aerd o ~ 8 - . ~ u i e r  ca *aea SMW, 

'Eire w w ~ f i  wils ~@&W%@d fa 6kWl& aW!%$~ flW the 
p o h t  ar, air WUM naf LMke tihe ~~t anti1 aiter 
a , aneet i~ l l . s  faaa hem rewmml ~w mi0r0gbodea +AS$ .BWT 0 0 ~  za 
@ie p3oglang ~ B t w  wmla *b$ be prn~n8ed~ fror clmmsbw the w o r d .  

-of c-, mces~ibted'W we of a 150-f~& e&ewIen on the .pol 
gbmme ceblas anb a teleptione able kkreen the #hootor and Ohe 6b8QRbr 
for mmzdhatbg We fmng', ef thg c k r g e  zml CZle opsrrtt~n of thr, ra 
m* eqdpent. The reoords wm QhIoEPeg imbMiaWy to arrrkg u ~ 8  
h t  tbep wslre 8aUsfae'tory bef~ne :on k~ t;o a. e$a,W@nc 

T b  && ,@&ti* iil tb* wt &c#, f%eld vbm f ; h ~  of the fmira. 
UuM op *tfime ocPeup3,aBwbe LlhoaW eWmgi3 Bo $bS% the Be4'Wb , 
laar4p could -1 fn a ,2ina WZV#L %MI i* fkeXa, M.&ciut. ~fswr- 
ime~o8 froa aehsserr. =w:pez%i- fhe a- & CXIb s1edge me%er 4- 
~e+anniniag the spaow between sb~tiw, 

a sf eLplepi*aa y~ u&,, h b  pig fmrae 13ter of W- 
amity,  ""T c ~ y  vera mvplt~  abut-  re. w Bpd IUglg re$oofta 
dpam&te. S h e  both l v p a  .af e%pbd.&v$ wd- miwt aa8 it mta aeoek. 
m q  to aae a esieaogmpa Bpe sap Wt d d .  deIta*.ka t$e vszy 8%&3 W9 
thQ NoJo. 6 M d g e  g&.ato wtpe we= wmd. 8hae the &wdb 



h e  a acg.whst lwer detonation velocity than the C2, slightly larger 
ChEP@S i?f dp€&* w%FE ZeCpd8eB. 

thwel different types and misee of petterm of oharges were eatis- 
faotoWy aed .  Far work on the -lid hlfle ice of the lower gZacier s i e e  
Dhoges vf as anall as one o w e  m % e d  on a mta3. .stake six to eight feet 
above the Spsfaoe gave quite mtirrfaetory maerds. On the apper ice field 
where tbe ice had a snow and &v@ c e e r  of a s  muah as a* feet, sewn- 
aher@ patterm of as l a w  ae -half pound per &arc w e r e  ased of a 
to ta l  of Chree and onblaalf pounds per 8Bot. In saw cae%e nhm a aingle 
cbar$g ~ B B  u d ,  it a s  placed 'st; We c%nbr of  the oms&~p~@ad,tnt 
d t i p l e - e m e  pettesns were aim* wed dtib an offset distanae of O m  
300 to 500 feet. 

In  61l cases the most eatisfaotorg rmofdg wm obtsined wing sn 
offeet pattern char@ badng frequency abumetsrtetiias oorwspmding; to 
tha frequency of the refleetion. The ahrrgas a m  tmmmged in  a bam@zxal 
pattern w i t h  one ohtvge a t  the osntbr, thue realring; the disCanoe bet- 
charge* the ssppe thmughoat the pattern. 

I n  order to obtain the Met rsmlts, a pattern is selected which 
generates a s e i d c  wave hevfsg a fmqwnq rod m d & l y  txwm&tted 
through & ice and refleated f m  the le-r mrfaoee CPmeg for k h  
seleation of fhe pmper gattern fveqnexwy are based on s x p d m B p t a l  work 
conducted a t  the Ddloveras Rial6 bborator~r of the Stanfomi llesesmh 
Inst ikte .  

In ell i ~ ~ ~ t e n o a s  * ~eai3ICls that  Yere mw38 in Ws awmet' were 
--or to the otser wPrethod. 'Pime sad lack of aazepwer &Id not p e d t  
the uw of the offset pattern for all the work on a *, bat the m- 
oords mawsd by both wthods are sf sufficienXly good qaality to permdt 
cmfidence in the p f i l e s .  

The terrain blow the n u  none is quite cmcwsed and much cf it 
me kpossiMe fop %e s e h i & u  eqslipnent, but on portions of it the cre- 
w - ~  were auffbiehly A m o w  to pa&% the nrammn% ef ki~e sled across 
Weza, Them were ale0 areas of' * p r e ~ s m  %asa h u g b  which tmavel bg 
&ed waa most d i f f ia i l t  and it uae neoeimwy to scat ahead for possible 
motes. 

Icefalls and pressure areas prohibited aooeaent of the eq&ipw,nt bg. 
eled froan the laver flacier to the amas .fo be shot i n  the dd 8088. 
The equipnent veil transported to tbe t%&u8 of the glacier after wa- 
pleWon of the work on the hlue ice whem it vsrs placed on e sPPall ba8t 
for tsanafer to airplane equipped with ponkyons for ahipumt back fo 
Jmeau. From there i t  was t~gn~ported to the upper ice field by 8kf 

plane. 



The surface of the oB* i e  raLatively 8~00th cumd gmeFally free 
of armtisees altbougb labr in tke m a  saag c-es were men. Ux- 
cept in l& area, txnrel tp sled w a  not hhaderaa and it was possible 
to fjam m i d o  eba%oo8 i n  a gtrd&t l b .  TBe Wt snow on the 
st@tm w e d  o o t l d d ~ b l t a  dfffimilw and %he mowlpe~t of the heavlPy- 
Lbden sledges at tiaW@ was quits acw. 

The seismic equipant vas first  set up on Lower Taku (;lacier so that  
it could bm operatmd and cheeked 'in an area the s t ruct t l~e  errd thick- 
YleSfl of 6hs -6 knoM. m&W% 2 &OWE %he loC?&ion of the SbkioBS 
o&sd on l m m ~  TBgu Glaciez Pad the lowtion 03 de-tf~ll~ of the 
dsp* of the brry as reporCed on the httpmetrlc Ghart of fbe u.3. O W  
mi Oeoaefic QPPvt)lP, 1890. The d8pth d d t s ~ t 2 M [ I  mdde on lover T a b  
~laaier d w  ~ u l y  of 1 ~ 9  aad the C O ~ W J ~ ~ X I ~ ~ U ~  asptha a s  ppaa- be- 
fope the glaciet. mvm4 a m  am l i ~ t a d  in T%bLB I. Fmm them data 
it wfll be a m  tbat the W c h e s s  of the i ce  as debrmfned by m e s m  of 
%be eeiamgaph compared ko %e wSIle~ obtained fm the bat&'~tz'ic chart 
as8 e lev~kiom of the &ace c?e$em&& P ~ B I  an euemia altia!eter checked 
my wel l .  This 'provlb~~ en exueumt  &a& on the reliaM1itg of %he 
-tar Seismic H e w  for  the d e t e w t i o n  of glacier ice  . t $ i ~ s s e e .  

'Etls quality of the re%o&s &at i k  vae possible ta o W i n  even in 
a(k8 aone em shwn in figrug 1, and Table IT Uts all of Che rp- 

which were taken prhwily fo r  the papee of detwntntng We thick- 
nssg of the i ce  O r  ffrmr Idlioh lafle~tiOB8 pel?&tkrd' WrCh de%em?&atiam. 

Ihe loeatton of aL1 of the e k t i n s  wc11pieB d m  $he BtPrmter an, 
show on the a o d o  rap (Fig. 3) -ah wa9 Me up frao vertical pho+ 
grapss. Four Uaee of sk t iona  -re occapied fma *ah it was pmsible 
ta c ~ ~ e k r a a t  vertical cross sectiare of the W i e r  and #cue aw 8 h o ~  
i n  Figure k. 

Although wd3 mFir resralne t o  bo dow oa tke aeieaic reCords obbined 
auriDg the tiBII k t  the Jgam Icsfield R e a m  Pm;feat m i n  the flald, 
W analyeie has pzogrwed f a r  aou& to p m a e  a g m ~ t  deal of usef'ul 
fnfores&a, 

The pasenas of at leaet three Qpes of wave matian have hen sftown 
fo be pre8anC in &Lacier foe, and gpethoda of @ue#&ng and idenUfyiBg 
thPrm has been w&rksd out, 'Rae diffemnt typeg of mve mtim srre l o w -  
h d i W  o r  mxAp2.egaion mvea, tr8mv- o r  &em warns, and Beylaigb 
ayes w h f c h  are a combhatlon of tmmb*rn and 1oPgitudiual *wme that 
travel only along the of the ice w i t h  thar i c e  psu-ticles trawling 
i n  es elliptloa3 path. The Rsyleigh uavea wars detected cmd studied 
two ~~~t geophncs* 



It ~6bs found &t ch&rSgS aut@WBd abve the emface produce mnlp 
0 ~ 5 i 0 n a l  mms dimted d m  sllpl emLP V1CP88 tra-wuns: prirrarily 
6J.omg Wa mriaoe. Thw, i5' t f  ekkqp i a  +ad a h  t b ~  euriaea of We 
Ace with a cmvaes6 craeeing bimm #e gsopbone and the BbOC mintS M 
BBgleigh W5m w i l l  be p w ,  a@ shear w e  will not cmas the ore- 
rasse, aad fbe ~-8sstca waws *ah are &zw~Bd dowman3 are free to 
pducu  milect&oas dth'kt a very &&nun of ba- W e .  In 
fact, mted vely good FBfleQtfona Vera obfaiilea xiuunat the w e  of wc- 
ploatvea kxt m e w  by kpping with a b ~ b e r  a eWM Wvw inta the ice. 

U x m m e U y  favorable aonditione were obkbed Polr malting velocity 
de+,eaai~~~ticna, and e e s s n W y  t$eoretiW M u e e  were o W a e d m  

Solid BLue Ice 

lon@tnrliMl Vass - 12,900 feet psr second 
S h e  wave - 6,6= feet per seeom3 
R&y1em Wem - 5,800 feet per second. 

Longitudinal Wave - 3,600 tca P5,QW feet per seaend 

p** ,Qf 4l-w 

A ~)meai.mt s&mLc -%hod .cwa devieod for Wily d e ~ ~ n g  the 
depth of el?mmBsee. I+, cow&b:W' 0s pladng -eta oa tie% * m e  of 
tha CffrW4S8S a& *811 -.-+ , . - a 6  mbdM ld&L6 8- i h E  bp 0f 
a ma+@ swr which b w  b.bq_drtn. iiab tP. f #.% &e geopkona~~ on 

I 
O W  of the o m .  %e tamel tiae e* the mmpr~91~nrrl 
wave dews olio side of #e emmesa aad irp the OWP e%% tb;B dep* d 
+he CWWM can rgrg readtl3r be d a m m .  TBia ie palrtfaaa~a we- 111 ~ i ~ ~ ~ t b e d e p ~ l ~ * q ~ a n ~ ~ t ~ ~ ~ ~  
if *em are cwmecting ice Wdgeg~ or lwp 1~5dngem be- the ttED 
op-ite fame of the arw&k&ie. 

b0tb and D W M ~ ~ F  o f  81w- 

The $ep.t& and variation in dens%@ of %e ~ 6 ~ 6  @sn readily ks a m d -  
psted frola the average peloeiw ig vasi008 dapthe aa &*rained f rq~  :the 
f i ro t  arrival t ime on the seiwtc 19ao&s, P'rola Buch data it has ?&i 
determined that the a9ora~.velo&ties faa tha f i n t  f i f ty  feet i n  depth 

. .. 



of the gL8cier on the upper ice f i a d  V81.iles from 6,7W feet per seoond 
to mom 11,000 feet per aetxnd, %has giving a depth of gnoonsou- 
&tea n6vB of fra l.4 to 25 feet. 

T h i s  s e i d c  equipntant and method have grown to be the most effec- 
ttve ccs~Mmtion lht ha6 thw fa r  bnan wed in  the study of tb thicknew 11 of a c i e r  ice It is t e u e a  tht fma tbe l i l l o n a o a  mine. on 
this expedition techniques aan t@ developed which w i l l  give wen glaeater 
portab-tlitp and flexibility. 
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1. BocoFde Woe. &-117, 2 5 4 9  and 27-I,% 

2. &lam seation of lower H c i e y  d O h  the loation and a n e  
of a1 d-tb &et*mbatiotr% as detsmbsd Wfom the arsa wee 
covered bg the glacier. Ill& the locatLon of all d W a  
etatione. 

3. MoBkic map of TBhl r;taeier and upper iee field with location 
of a31 etatiom s larked on it 8 4  iaelu&ag mwe of ao 
difPsrent post50na cf glaaier sld iae field as are available, 
esmp locations, 60 forth. 
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