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COASTAL GLACIERS OF PRINCE WILLIAM ISOUND kNa 
KENAL PENINSULA, AUSJKA. 

By U. 5. GRANT and D. F. H~oamn. 

INTRODrnrnON. 

BOOPIE OF T H I B  REPURT. 

During the summer of 1905 the senior author and Sidney Pa@ 
were engaged in a study of the ore deposits and the general geology 
of Prince William Sound. This work waa continued in 1908 for 
a few weeks by both the present authom, who in 1909 extended 
it to the southern part of Kenai Peninsula. In these three field 
Reasons the whola shore line of Prince Willism Sound (except that 
of some of the hlanda) md of Kenai Peninsula from Portage nay 
to Seldovilt Bay of Cook Met was examined. In the coupe of this 
work all the tidewater gl~ciers and many others near tidewater 
were seen and some notm, photographs, and map were made of 
all the tidewatar glaciers and of many of the othm. This work 
was hurriedly done and was secondary to the study of the b a h c k  
geology md the om deposits ; nworth8less it is thought worth while 
to put on m r d  the information thua obtained regarding the glaciers, 
for it will dord a basis for futurestudy of the fluctuations of these 
ice stream. 

This paper, then, is not expected t o  make many additions to the 
large amount of scientific material concerning the problems of 
glaciers and glwiation that is alraady available, but it is intended 
to supply some definib information regarding the present positiom 
of the fronta of the glaciers and the more evident facts of their 
fluctuations. Moreover, it is hoped thet this publication may 
attract attmtion to some of the most magnifiumt American scenery 
that is now acwsible to the tourist and nature lover. Except the 
Columbia, Glacier, the glaciem of Port Wells, and pos~ibly one or 
two athers, the ice atream here considerdl had not I>een 
nor described before this study was undertaken. 
In the h t  awon of field work, in 1 W5, informatiw concerxliag 

the Valdez, Shoup, Columbia, and hTe- glaciers and some of the 
glaeiem of Port W l s  was obtahd.  In 1908 the Vddez, Shoup, 
Columbia, and Barry g h i e m  were again visited, and the glaciem 
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of Port Nellie Juan, Icy Bay, and Port Bainbridge were mapped. 
Tbe mall glacim abo~e Thumb CaPe of Resurrection Bay dao were 
visitetl and skekhed. In 1909 all the tidewater glacim of the 
northern shore of Frince William Sound from Port Valdez westward 
to and indudmg Blackstone Bay m d  aU the glsciere of the ~outhern 
share of Kensi Peninsula & c u d  in this report, except those at 
the head of Tbumb Cove of Res-ion Bay, were visited and 
mapped. 

Since h g h h g  this work the authors have p m p d  ~ r n a l l d e  
maps on which the p i t i a p s  of the fronts of a nambr of theae gla, 
ciem are shown.' Most of these maps, however, are drawn on too 
small a ~ c a l e  to show in much detail the positions of these glacial 
fronts. Brief dascriptiona of some of the mom important glaciem 
d i s c 4  in thia report have been published mxmtly.' 

The earlisst explorer% of Prince William Sound ahd Kani  Penin- 
sul8 gatre little information conmmbg the glaciers; in fact, glaciers 
as such were not known to  them. Cook in 1778 and mpcially 
Vancouver in 1794 explod much of the above district, and some 
of their m a p  and descriptions show thttt certain of the b a p  or fiords 
were ended by vertical walls of ice, from which bblocb fell into the sea. 

Dall vieited Kachemak Bay of Cook Inlet in 1880, in 1892, and 
in 1896, and studied especially the Grewingk Glacier. The results 
of his mapping of tbie glacier ware incorporebd in c h ~  of the 
United States Comt and Geodetic Sumey. 

The more m n t  exploratiom of thia district by gmlogista of tha 
United S t e M  Geological Survey were begun by Meadenhsllm and 
Schraderq in 1898, hut the varied interests of th~ir expeditions dowed 
little attention to be paid to the glaciers. 
In 1899 the Harriman Almka Expedition vierited %ce W&iam 

Sound and described the Columbia G l ~ i e r  and the glaciers of Port 
Welle. The= daacriptions were written by Gilbert and form the 
chief published source of infomation concerning the glaciera of 

I Btrll U. &. h l .  B m w y  No. ZBI, 1- g. fB; No. 378,1809, PL IV; and p. No. 442.1B10, PI. 111: 
No. *19,1Q10, PI. 11. 

BOranf, U . R . , m d m ,  D . P , Q ~ d P r f r w s W l l l l e m M m d ~ m n ~ p s r t o f t h e ~  
F a h d a a  A h h  Bull Am. W., vot. 11, 1910, pp. ?21-ZW v o L  13, 1811, pp. 8aI498, 4KI-417, 
m-731. 
r C m ~ J ~ k ~ t a ~ ~ O D B a a r m d ~ b y ~ h e o D m m a n d d M ~ p W m ~ g  

~v~ In tb4 matbarn hadnplmm, sto., jn 171e-1780, s vob., London, 1W. 
Vsncmmm, w, Yo- o l  disoomtry 0 tbe North Pdfle Ooem, em., In lmIiU5, B rob., Lgarlw, 

f m. 
1 ~ W . E . . B o a P b I l m B o a , W ~ g b n , m L $ 1 B R l , p p . ~ 8 8 ; B r r t L U . B .  O m l . ~ N a 8 1 ,  

8swnwemth Rept. U. 8. od- sump, pt. I, p. 7 ~ 9 .  
~ M m d m b d , W . G . . A ~ a s h ' m ~ B a j  t o W ' l h m m ~ h ,  A b k a , b l =  

Tmnthth Rapt. U. 8. Gwl. 8rppey, pt. 7,lW p p  
r S r h R d a , F . C . , A ~ m o i a ~ o i ~ W W m M . n d W ~ R l v s r ~  

A b b ,  in 18pa: Idam. pp 3 u 4 .  
~(illbart,Ct.K.(Ibimsdg- ~ d R , q - m r l d k L m . 1 m  



Prince William Sound. No attempt haa been made to duplicate 
them awU~nt  dmriptiom in the present paper. 
In -1904 Dadson published a list, acmmpanid by notes and 

maps, of the coastal glaciers of Alwka. Brooks: in hb deacriptbn 
of Alaskan geography and geology, has made mention of the glaciers 
of thia district; Reid has contributed some notes on the variations 
of dlaakan ghciem; and Tarr and Martin studied the Valdex, 
Shoup, and Columbia glaciers in 1909. 

HAP8 OF THE @LAOmEB. 

Mwt of the older maps of Prinm William Sound and Kenai Penin- 
sula are an a scale ao small and are sa generalized that they furnish 
very little hfomtion concerning the actual poesitions of glacial 
fronts at tha b t e s  on which the maps were made. They are thus of 
little aid in debmining historic position8 of the fronh of the glaciers 
snd could not furnish a basis for s study of glacial fluctuations unlm 
the fluctuations amounted to several mil- maximum not reached in 
historic timas by the glaciers under discussion. Cook mapped Prince 
William Sound and Kenai Peninsula in 1778, but his map i~ on a very 
s m d  scde. Vmcou~er's maps of 1794 and Tebnkof'a of 1852, the 
lathr following closely those of Vancouver, furnished the basis for 
most of the m a p  of this district up to the end of the nineteenth 
mntury, Recently the work of the United States Coast and Geo- 
detic S m e y  has given accurate delineatiom of parts of Frince Wil- 
liam Sound and Kenai Peninsula, but very considerable portions of 
the cotbet line have not yet been mapped by this organization. Unfor- 
tunatsly for our purposes, the fronts of only two tidewater glaciers, 
the Shoup of Port Valdez and the Bear of R m m t i o n  Bay, have 
been thus mapped. The maps oi the Columbia Glacier and of 
the glaciers of Port WeUs published by the H&an Almh 
Expedition6 w ~ r e  the fmt to show details of these glaciers. The 
United State9 Geological Survey hm issued maps showing in Borne 
detail the positions of the fronts of soma of the glaciers of Prince 
William Sound, mpcidly thme of the Shoup and Valdez glscier~.~ 

Thua at h e  beginnin% of the p m n t  shudy of the glaciers of Prinw 
William Sound and Kenai Peninsula there waa available detded 
information concerning only the Valdez, Shoup, Columbia, and 

- 
1 DavIdsPn, Gtmrp, The of A k b  that m d m m  on R m  dmrb or mentimed In older nar- 

ratlm: k a .  m d  Proc. Qwg. k. WoiAo, ad mr., pal. 3,1BJ4, pp. 1% 11 map. 
1 B d ,  A. H., Tbe m p h y  and & ol A h k  Prol. P a p  'U. 8. Geol. h r m y  No. 45, I-: 

glpeclally pp, WWmd P t  XXZI. 
W, B. F., The Pariatlona 01 EU J m -  Wha, dol. 14 19B, pP. -@, wl. 17, lW, pp. BsY-i3?l, 

6 Taw, R, 8., md hbda ,  ~ ~ m ,  The N a W 1  -phi0 M t y ' s  MII mpeditiw of 1% 
Nst. QsPg. ILgg., mL Zl, 1810, pp lad. 

r G U M ,  a. K., Okdma 8nd gladatin: Abka, ~ 0 1 , 8 ,  Harrimaa M a s h  Expedition, 1801, Pi&. XI 
End xm. 

4 T w m W  Arm. Rept, U. 8. W L  Burveg, pt. 7,1800, m p  NO. a0, The geology d -1 rasoumpg 
or a prth 01 tha C o w  R l w  &Mot, A m  Bgeclel publlcaUma lW1, pl. 2 



Bear gllaciere and some of the glaciers of %rt Wells, and this inform* 
tion axtended back only a few yesrs. 
In the pwent report Plates I and I1 (in pocket) show the gene& 

diitribution of the glaciers of Prince William Sound and the southem 
part of Kenai Peninsula. More detailed information concerning. 
thsse glaciers is given in a number of the other plat- and &~res .  
T"nese maps wem, with minor exueptione, made by the junior iruthor. 
Some of the map are merely Bketch- indicating the general relw 
tiona of the g3twiers ta the shore line; othem are. more carefully made. 
An idea of the m c m y  of these maps can be g h e d  from noting 
the closeness and number of the positiom that were occupied or 
intersected in making the maps. In this work the information 
obtained by the authora was usually contmlled by graphic triangul* 
tion with the "baby" plane table from base lines or United States 
Coast and Geodetic Sumey triangulation stations. The base lines 
were determined by the log of the boat, and in the expansions these 
approximately correct value4 were e8smed to be the tme values. 
The control w u  supplemented hy occasional boat and fmt tra~erses. 
The sketching wa~l dona from the st.ations and from the boat between 
stations. A few minor c h a q y  were made in the ofics from 
photographs. 

PILOTOOBAPHB OF THx 

In my study of the positions of gkier from& dated p h o t q r ~ p b  
are of prime importme, far they f u d h  accurate m r d s  and c m  
be obtained when there is not time for detailed obsematiom. If the 
photogrt~phs are takeh from easily recognized ~tations which can be 
occupied in later yeare their vdue ia stilt greater. In the prssent 
ntudy of the glaciers of Prinm William Sound and Kenai Peninsula 
mmy photographs were taken from statmioris shown on the several 
detailed maps accompanying this report. These and other photo- 
graphs will be of so great value in the study of future fluctuations of 
these ice stmms that it has been thought w k  to list, undar the 
dsscription of each glacier (or general area), all the photographs 
showing that glacier or ares in the collections preserved in tho office 
of the United States Geological Suwey at Washington. In these liatta 
the following abbreviations have been used : 

G: Phohgmphe bken by U. 9. Gtsnt and D. F. -, 19W9 
Gi: Photopphe taken by Cf. R. Gilbert, 1899. 
M: Phomphu taken by W. 6. Mendenlull, 1898. 
P: P h o h p P b  taken by Sidney Paip, 1M5. 
8 ~ :  Photagraphs taken by F. C. Schrader, 1898. 
fip: Photupplm taken by A. C. Spencer, 1900. 

In addition to the photograph noted above, the foltowimg have 
bwn accessible to the writera: 11) Photographs taken by C. Hart 
Merriam and E. S. Curtis for the R&an Alaska Fapdition, 1899 ; 



POBT VALDEZ. 11 

(2) photographs t&en by W. E. Carlin for the Ckmrge W. P w b s  
party, 1909; (3) photographs taken by R. S. Tam and Lawrence 
M& for the National Qaographio Society expedition, 1909; (4) 
photographa takm by P. S. Hunt and G. G. Cantwd, of Valdez. 

UUCIERsE OF PRlNCE WILLIAM SOXJND. 

PORT VILISEZ, 

GENERAL FEATURES. 

Port Valdea ia the extreme northeastern fiord of Prinee William 
Sound. T h e  main portion of the fiord trends east and west and b 
about 14 miles long and 3 miles wide. Its axis is ementially parallel 

F m m  I.-- of V U  and m i t y .  F m  mups of the United Statw Geolodcnt 8umq and Oaast 
Bnd Geodetic Aumey. Submarine contow IntAmal, 10 Ithorns. 

with the strike of the country rocks. At its western ehd t h i ~  portion 
bends abruptly to the south-southwest, narrows to a width of s, mile, 
and cub  almost directly acrow the strike of the rocb. The depres- 
 on in which Port Valdez lies exhnda northwestward in the Shoup 
Glacier valley, northeastward in the VaIdaz Glacier vdey, and east- 
ward in the valley of Lowe River. Except for these valleys, each of 
which is much smaller than the port iteelf, Port Valdez is hemmed in 
by steep mountains, those on the west and north being extremely 
ateep and rising to heights of 4,000 to 5,400 feet. The mountains on 
the aauth aide are 3,000 to 4,600 feet in height. 

The main portion of Fort VaIdex h a wide, flabbottomed trough 
averaging about 800 feet in depth and reaching in one place rs depth 



of 868 feet bdow sea level. The aides of this trough below sea l e d  
are uniformly steep, having a cudornary dope of 24', but in one pfeca 
thhslopisover51"for averticat distance of 756 feet. (See*. 1 
and 2.) The e&m end of Port Vddez ia being rapidly fined with 
materid brought down by Lowe River and by streams from the 
Corbim and Vddez glaciers, most of thia material coming fmm the 
lathr glacier. me ad~ancing delta thus produced has a steep sub 
marine front, iB elope being marly 12'. The eubaerid portion 
of the delta extenda east along Lowe River, a h  northeaet, 4 miles, 
to the Vddee Glacier, &ing in this distance probably 250 feet. It 
txam quite prob~ble that dumping is taking place mmionally 
dong the seaward edge of the delta. On February 14, 1 3  an 
earthquake of considerable mngnitude visited this districL and 
broke in severat places both the Seattle-Valdex and the ValdezSeward 
cables, which run cast and west through Port Vddez. Accompanying 
the earthquake there wems to have been a slumping of the delC~ 
front which buried sections of the cables. T h e  cause of the earth- 
quaka is not h a m ,  but it is thought to have been minor faulting, 
for one of the cables was broken in deep water on the flat bottom of 
the fiord 11 miles from Vddez. The glumping rsf the delta front at 
this time waa therefore pmbably a result rather than a caum of the 
sarthqu ake . 

On Port Vddez them is one tidal ~Iwier, the Shoup. T h e  Valdez 
Qlacier reach- within 4 miles of the part md the lower end of the 
Corbin Glacier h a  7 milea east of Vddez. The Valdez GIaier ~ ~ V B S  

amder ice streams from the emt, but ite main snow field fiaa on the 
northwest. The Shoup Glacier and pmbably part of the Columbia 
GIaiar come from the same snow field. Them ars a few mall glmiem 
hgh up in the mountains about the ends of the m& portion of Port 
Vddez, the most noticeable of which are one (unnamed) a mile or 
more east of the front of the Valdez Glmier, and one 3 miles aoutheaat 
of Shoup Bay, called the Annin Glacier.' 

The Valde Glacier Ciig. 1) is situated about 4  mile^ northeast of 
the town of Valdex and is well known as one of the glacial highwap 
of A l w h  lhmg the spring and summer of 1898 and the early 
part of 3899 this glsc~er was used aa a roadway by the hmt of gold 
smkers passing northwwd from Vddez into the Copper River and 
Yukon basins. The construction in 1899 of the military talegraph 
line and trail, followed in later yeam by the development of the trail 
into a wagon road, from Valdez northward over Thornpaon Pass into 
the Copper River basin has taken away the n-ity for traveling 





, 

- - ,.,: - - .  . - 
, .  , ~ .? .. 

- ' 

+ - .*. .. . - ' . ' <  .. 
~ .- -.A,' ; -.." .-- , -  .. -.,., . , - .  . 

r .  -; ;,+? d,:;.::>,:-, <.,?+-. >?:,':i. *.; 
;, , %,, , ,.* :- :-:. +:*, - -  

. . ,. ,,,.: , s 7 . -  - . - , 
< ,+-, &-. : ;f;'Q>yi.j .:,?, - - --- 2, L: :;: -. - + 

,. <::" . . ':;-" " -.* .,, , : . . .- 5 :: . +,., , > , 7 , -  :,:-*u::*;;:;-2;.:-":, :<.A *-?*v > - MA*-- :.- . 
, .. . -*- -- .. , + ...<-a,- -:,-. -. !'+Y,-:-:G+. - - -  

d ; ;. - . 
.,-5 :.. .:.-I::.,. x.- --.. - * ' :  - -  

I.... , 
,, . ,.-.>;:' 
; ., . 2.. '.. <. , ;? . ,  , . 

, , , , t - : .. .. .. - ,  . . 
., - - f .i'. - ' 

:p;-.;l:,;: . -  , * .-,. - ..!. ,cg - x%. ;<:.; :,' :'',re-, -- - . .: - +'. . * ?'. ..*., & 
. '  .. , . 'k'< . a - .  :--:. - .,;=; -$ 

, .. -7- - 8 +,a+. - 7 '  --. - 



over the Valriez Glacier. The front of the glacier is covered with 
ddbris, has a low slope, and is easy of ascent, although in 1598 within 
the h t  600 feet of rise there were throe marked benches, each about 
100 f ~ t  high, over which passwe was difficult. The glacim itself 
and the method of traveling over it have becn intermtinply described 
by Schrader.' 

A hasty visit was made to the west side of the fmnt of the Valdea 
Glacier in July, 1905, and another on duly 1 1 ,  1908, At these times 
a few notes and photographs shnwing tho position of the edge of the 
ice wore taken, but no map of the glacier wes made. 

The front of the glacier is m ~ e r r d  wjbh debris PIS. III, A, and 
IV, A), and toward its center an area, thus covered runs b a k  f o m  
the front of tho ice and may form part of a medial moraine, thaugh 
this point was not determined. The front deplop slightly on the 
pIain of ootwash material, and it is commonly reported that the ice 
r e ~ h e s  out under t.Lq plain for s considerable distance, even to the 
sea, but the evidence presented for *.his exten~ion of the ice is far 
from conclusive. The cutwa~h plain b broad, contains many 
reticulated stream chsnnele, and reaches to the sea, (See PI. I I I ,  
B.) 'These streams v ~ r y  much in position and in volume. The front 
of the glacier is so fully expowd t o  tho sun that a fewconsacutive 
bright summer days cmise ext.ens;iae melting and a consequent flood- 
 in^ of the streams. Such an occurrence in the summer of 1905 
carricd away a few small buildings from the eastern edgelof V Jdez, 
but the t o w n  ia now protected from encroachments of this character 
by a strong. codon of pdes connectd by heavy pl&. 

Photographs of the front of the Valdez Glacier, taken in Jdy, 1906, 
are shown in Plate W. The mound from which these were taken was 
destroyed by an advance of tho ice at some t h e  before July, 1908, 
and while the glacier was extended a moraine EO to 30 feet high and 
25 to 125 feot wide was deposited 250 to 300 feet in advance of the 
positionof the front of thoicein 1905. Thismoraineis aquarterof a 
nde in length, and its wmtern end is about the same distance from 
the weatern rock wall of the valley. In July, 1908, the front of the 
glacier at the western side w a ~  about 1100 feet in advance of iks pmi- 
tion in 1905, tmd the cantrd part of the front was apparently a short 
distance less arIvancecI thm in 1905. In August, 1909, the VaIdez 
Glacior was visited by Tsrr and B h t i n ,  whose phatogrqhs show 
that the central and western parts were a little less advanced thm 

* they were in 1908, and that the extrome western edge mas slightly 
less advanced than in 1905. Photographs of the glacier, taken from 
er distance by A. C. Spencer in June, 1900, show that the position of 
the glacial front on that date wae not rn~terially different from its 

r-, P. 6, A d a p r t  o l  Prince Wfllinrn Bound and the P o p w  REwr disMet, 
&A*. h~ IW: T b v m W  Ann. Rept. V. 8.0ml. 8ur1wyr pt. T I  1800, p p  EW!&, 385.388,3814&5 
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podtionsin 1905, 1908, and 1909. Thereis no forest near the front 
of the im, hmm the present time seems to be in general a period of 
retreat for thin glacier. The cover of low mtation and the a m d  
extent of the b& Fane on the wsstern ~ id -o f  the vdev indicate 

Y - -  

that them has been no murk4 advance of the ice beyond i ts  'positions 
of 1905 and 1909 since the opening of the twentieth &ntury.- 

Reid givm the following &formation concerning the~ald& ~lacier:" 
__L 7 f Dr. L. 8. bm been kswin. 8. mcord mince 1901 of the maition of the Ysldas 

I Glacier, Prince William hund,  hash. A gtone monument -made on the moraine 
in front of the glacier d the diatance to the ice determined. E e  found the follow- ' 
ing varistione, msasuremente having been made in June of each y w :  1901-2, a 
retreat of 39 feet ; 1902-1904, 165 feet; I W ,  138 feet. Tbe next cbeemtion m a  .? nudeinOctober,1908: astheman~~rnmt h d  beend-yed, bsratimated item- 
tion aa we11 = he could, and found a retreat since the laat obeervstion of %$4 £&, 
making a total &at fmm 1901 to 1508 of 586 feet. 

Evidently the same advance of the ice (occurring between Jdy, 
2905, and July, 1908) that destroyed the abovementioned monument 
$80 destroyed the mound from which our ohmations were made in 
July, 1905. The deatruetion of these paints of reference makw it 
imposmible to  determine aocarstely the position of the ice front in 
1908 with reference to its position three years earlier, Moreover, the 
fluctustion of one part of the ice front diffem frfim that of other pwts, 
and as our obsemations and those of Dr. Camicia may not have had 
reference to  the same point in the g1aierys front, it is not surprising 
that the twu estima- of retmet from 1905 to 1908 are not in full 
agreement. Our wtimataa are b d  on a hurried examination of the 
locdity in 1908 md on B study of photographs of the glacial front, 
soma taken then and some three yeam before. 
The maps ~howing the Valdex Glacier hdioate thet 8 feeder mmes 

down the h t  valley on the oast and joins tho main stream. Our 
photographs show, however, that this smder glacier ends befom 
joining the larger stroam and that another glacier cornea in from the 
muth and nearly or quite joins the small glmier just mentioned. 

Sc 61, Front ot glacier born the west sdge d athe g k k ,  f& ahwe om level. 
The low dark pint in the center L the one referred to mder (1) in No. G 2 belaw. 
ISM, 

Sc 82 to 66. Viem on glder, bwk from the h t .  1898. 
Sc 68. Front of glacier from weat edge of the glacier, looking 8.25O W. 189& 
Sc 67. fburce qf river at h t  of glacier. 1898. 
& 50. Center of front of glacier, lwking N. Wo E. m. 
Sc 62 to 72. V h m  on glacier, back from the front. 1898. 
Sc 194. Dhtmt view of glacier. October 22, 1898. 
Sc 195. Dktant view of glacie~. 1898. 
Sp 7. General view of fmnt of g k i r r  Irom the mu&&. June U, 1900. 

~ReSd,X.P.,Ths~oi~fw.Q~,wl.17,l~,p.BRI. 
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8p 11. k e r a l  view of front of glacier from the muth. June 24, 190a. 
P 708, DBbrhawtmd h n t  d glacier and outw-mh pInin, taken from the glacier and 

looking b w d  Valdae. July, 1905. 
P 709. Creraase near hona of gl&- July, 1905. 
P no. Vsldez Glacier (in f m u n d )  and mallet glaciem on ellat side 01 the Valdez 

(In backgrotmd). JIII y, 1905. 
P 71 1. (Here reptodud m Rate IV, A.) Center of h n t  n i  glecier, looking muth- 

eaet, July, 1m. 
P 31k. (Em reproduced ss PI-, B.) Western edge of front ot glacier. July, 

193s. 
P 734. Out*Rsb plain, e-e awkm edge cf  glacier, and dl hm+g glacier. 

SeptembeP 9, 1905. 
G1. Geaerrl~awoflronfoEglscierhmadiBtanceofabout1+miloa. July11,1W. 
G 2. C a t e r  of iront of glacier, lm&g 8.67' E. h the p i t ion  h m  which this 

phohpph  was taken are aa followe: (1) S. 4" W. to outer end of rock ridge 
that extsnda into the valley for about haU a mile &om its esRt side; (2) &. 66' E, to 
talus slope on a m d l  stream of glacier--this talm slope ia ahown juet to the left of 
the center of thb p h o t p p h  and in the center of Plat8 IV, A: (3) 9. 61' W. to outer 
end of rock r idp that oxtende into the valley ifor a few roda from ita w ~ a t  sido. 
ThZa photngraph WM taken from very ne8rIy the aame @tion ea Nm. P "ill snd P 71 la. 
From the poeition above dmcribed the near& point of the ire wan 630 faet distent in 
a direction N.  4S0 E., on July 11, 1908. 

G 8. Weatem edge of h n t  of ~lacier, Imking N. 22' Vi'. from w e  p i t i o n  as Lsrrt. 
July 13,1808. 
G 4. Wwtmn dg of h a t  of glacier, looking h'. 14" E. fmm top of a nearly h l a r  

mound, 12 feet high, 40 feet in northaouth diameter and 30 feet in eaat-mt diameter 
of bme. T h i s m o ~ i n d ~ ~ b o u t o n e - f o ~ h o f a m i l e ~ m t h e ~ ~ d e o ~ t h e d e y , s n d  
ia the first prominent mound seen on appmaching the glacier hm the muthwmt. 
Ehm thie p i t i o n  beprEnRa am 8a Collowa: (I) 9, 3' E. to point (1) under No. G 2; (2) 
S. 73OE. to poiat(2)under No. G2; (3)S.%7*W.tap&(3}underNo.O2. Jdy11, 
1 W .  This m e  pdt ion  rws m p i d  by Tam and Martin in August, 1909. 

G 6, h t e r  of h n t  or glacier, looking S. 72' E. from game @tion as No. G 4. July 
11,1908. 
G 6. D e t d  d k t  of W e t ,  h k i ~  up fitat valley on east of glacier. July 11,1908. 
G 9. lhtern h n t  of glaciw fmm mlitheeat end of m r n  dock st Valdez. July 12, 

190s.. 
RIIOUP OIACIER. 

Shonp Glacier reaches tidewater at the bead of Shwp Bay, which 
m m t s  with the northwestern cornor of tho main portion of Port 
Valdez. On map published in 1900 this i~ c d e d  the Canyon 
Creek GIscier, but on the Unikd Statea Cowt and Geodetic Survey 
charts 8521 and 8519, published, mspectively, in 1902 and 1906, it is 
called the Shoup Glacier, by which name it is now commonly h w n  
at Valdez and Fort Liscum. This glacier is of economic importance 
in that it furnishes ice for Valdez and Fort Lhcum, the detached bergs 
being Mhd upon bsrges and taken to these towns, 
shoup ~l&ier wG visited and photographed on July 4, 1905, 

July 13, 1908, and June 16, 1909, and it7 front was mapped on the 
- ~ ~ s p t ~ . ~ - m r ~ r ~ , ~ t . ~ , 1 m , m m ~ 0 ~ . 1 9 , m , n .  m m m m ~ i o ~  
No. Z5, catgma, Bd mirm, map 7. 



Imt date. (Sse ?I. V and fig. 2.) The record of the p i t i o n  of the 
front of the giacier before 1905 ia confusing. The h t  of the 
m a p  made in 1898 (pubpished in 19wl end noted above) show the ice 
front aa rmhing tidewater dm behind the spit at, the mwtb of 
Shoup Bay, whereas the other map indicates that the glscier end5 on 
a flat a mile from tidewlbter. Them m a p ,  how eve^, f k . e  reconnais- 
gmce mapa, and probably the position of the front of the g1wier was 

R o m z . - M a p d ~ B a y a a d B b u p ~ h a l a , ~ V ~ ~ l 4 I f f R  
m m L i d X I m m ~ M d M e t M B ~ c b s r t N m ~ ;  WIhA-BamomadaM-wlltour 
in- on land, 20 rat; aubmarlne mW in-, 10 ihtbms. &pien poha fnd1-M d m k ,  
Snltenwesd pbln b~ craam. 

not cmfdlp located in the field. 'Fhe growth of vegetation a b u t  
the head of Shoup Bay show that the glmier hss not advanced more 
than sc few rods beyond i9 present position for the lmt 16 yeam and 
very l i k p l y  not for 50 y e m .  The Cow t Smey  c h  852 1 and 861 9 
show 8 disbce  between points A and B (@. 2) and the front of the ice 
one-third greater than that shown on our map. Thh diEemnce may be 

1-t A h  t h a D p o l ~ s m a l l , r o r m d ~ t e d m e k L P o b e b w t m W s b w e ~ L e d , m  t h e m  
potat ot the mtrnor, to t k  innm port ol Bhou? Day. Point l3 ir the one of thmm m k y  projerc 
Uvw On the northpolatof theen- to theher  prtol  Shoapnay. It ia  aboatw f~talboVu ea bw1, 
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due to inaccuracies in our sketch or to the fact t b t  the detailed work 
of the Cbsst Suwey WM not carried clear to the front of the glacier; 
or it m y  possibly, but not probably, be due to tho glacier fmnt 
standing farther back in 1900 and 1W1, the years in which the 6dd 
work for the Coast Sumey chart8 was probably done. how eve^, two 
men who obtained ice from the glacier in those years ~ t a t e  that the 
ice ww then in advmca of its present position and that the ledges 
{visible in 1 905, 1 908, and 2909, and shorn on the Iaf t of PI. V, A, 
and the right of FLV, B)  near the center of the ice front warenot then 
visible. An advance of 50 feet would CQVCF thase ledgm. They an! 
&own juert emerging from the ice in a photograph (Sc 61 ) taken by 
F. 6. Sehrador in 1898. 

Fhotogrspbs taken from point A, figure 2, on sach of our three 
rpiaih, as w d  aas those taken by Tarr and Martin in August, 1909, 
show practicdy no fluctuation in the p i  tion of the northern hralf of 
the front of the glaciw and slight verintiona in the position of the 
muthem bdf. In July, 1908, t.he ice near the aouthern edge of the 
front was 8 little (eathafed from photograph at 100 feet) in advance 
of ita position on the other dates, and in July, 1905, the same portion 
 mu^ a little farther bmk than on the otbcr date. h July, 11905, s 
small push moraine, rising 20 feet above high tido, h o d  a t  the front 
of the k e  100 yards north of the soutbern end of the front. At later 
dekm this moraine was not present. 

Vegetation extends within a few yards of the ice, henm there is ody 
a very narrow bare zone bordering the ice, in places practically none. 
This vegetation is 5 to 15 feet high and is m~inly alders, st leaat out 
tla far points A nnd B, mi3 t.he glacier front is now clme to its 
maximum externion in the last 15 m d  probably in the laat 50 yem. 
The ~hures of the bay lack the usud forest, and most of tho trees 
pmant are 1- than 3 inchca in diameter. Though tho trms ars not 
large, it %ems very improbable that the glacier hrts extended to the 
entmm of Shoup Bay within the last 100 years. The moubh of the 
bay is nearly closed by a morainic deposit, bebind which is s con- 
aidmbZ~ depmmion and in front of which is a steep slope to &% flat 
bottom of Fort Vddea. (See jig. 2.) Shoup Bay is, therefore, a 
hanging veUey on the side of Port Valdez, the floor of the bay Wing 
more than. 500 fwt above the lmttom or the port. The general post 
glacial submergence of this part of the AZmkan coast has e m b r d  
the drowning of the main glacial trough (Port Valdez) and the hang- 
ing valley (Shoup Bay) on its aids. (See submarine contour lines 
on fqp. 1 end 2.) 

Shotopqlr  of Bhoap OLclar, 

Sc &. D b n t  view of glacier, looking N. 40' W. 1898. 
Sc 81. Fmnt of &cb, looking N. 45- W. fm pint  on mutb 300 fset above nas 

level. 'Phb point k probably about we-fourth mile southwe% d point d in figure 2. 
ma. 

73740'-Bull. 526-1L2 



8c 197. D b t  view of glaciw, lmkhg nwth-north- October 26, L8%. 
P 862, Deail d front of glaciw from point near muth end of front. July 4,1905. 
P 6R3, From mme point as No. B 562. Nos. P 882 and 663 form a p 8 n m .  

P 664. 'Fmm Bame point se Yo. P 663. 
P W. North part of Iront of glacier, fmm p i n k  A, 2. July 4, 1905. 
P 6SB. V~nter of front of glacier, fmm pint  A. 
F 6F7. So~~thpwtof h n t  of glacier, from point A. Nw. P 668 to 667 form e panomma. 
P 705. South p r t  of h n t  of glacier. July 4,1905. 
P 706. A nepm view of the m e .  July 4, 1905. 
P 707. A still n-r vkw of part of the mne, sh- pwh momins. f d y  4, I=. 
G 10. Bem replodutlea M Plate V, A. North part of front of glecier, fram pint A, 

Bgme 2. Point h i a  the top of a mall round glaciated m k  h o b  nbout 80 feet a h  
e a level, on the aouth point of the entrance to the h e r  part of Rhoup Bay. July 13, 
1908. 
G 11, Center of front of glacier, from point A. 
G 12. Hem reprdluced AB PIah V, B. South part 01 front of glacier, from pint  A. 

Nw. G 10 Ito 12 form a p m m a .  
G 73. North part of front of gleciet, from point B ,  iigm 2. Paint B is the middle 

one of the tbEee mky pmjectiona an the north point o f h  e n m m  to the inner part 
of Shoup Bay. The crtation m a  about 30 feet above ge8 level. l m  16, 1W. 

G74. Swthpartofhntofglacier,frmpointB. Nm.G73sdl74formapanorsma. 
G 75. North part of fmnt of ~ltwiar, Imm point A, figure 2. June 16, 1909. 
a 16. Center of fmnt o f ~ h c i ~ r ,  imm pint  A. 
G 77. southpartof imnt of glacier, from pint A. h n e 1 6 , l ~ .  Nw. GT6b77 

form a pan-. Thia point wan occupied by Tarr and %rh in Aagmk, 1908. 

The Columbia Glacier i situabd at tha head of Columbia (or 
Olncier) Bsy, 15 miles northern t of the %awn of Ellamar. Davideon 
indicates t h ~ t  this- baa also k n  aded the Freemantle Glacier.1 
The n m  Columbia was applied by the Warriman Alaaka Expedition 
(1899) and ia now in mmmon use. Gilbert3 hsis deecribed the 
Columbia Glmier in detail, and it is not necaswy to duplicate hb 
descriptions. Some additional inf~mation, mosltly mncerning the 
fluctuations of the glacier, will be &yen below. Other fmka connmted 
with thi3 glacier have bseqnoted by Tam an$ N&? 
We visited the Columbia Glacier on July 10, 1W5, July 16, 1908, 

md June 24,1909. On the two d e r  datm a few no- md photo- 
graphs were taken, and on the last deb the bay and the frontof tho 
glacier were mapped and s mriss of photagmphs wtw obtsind. Our 
chief obsemationa have ta do with the fluctuations of the decial 
front that h v e  taken pi- since the study of the glacier by Gilbert 
in 1899. Data conmrning the position of the front of the ice are 
~ v e n  on the ~xompany iq  mip (PI. VI), on which i~ aleo indi- 
Atad appm-ateld the p&itioi of the g b i d  front in 1899 sa 

lDa-- T h a g ~ ~ o I A ~ t b a t m s h o m  om R u d m ~ o r m U m d h ~ l d m  
d m :  ~ramr a  me. aeog. goa Peoitlc, zd w., WL a, ~ s m ,  p a ~ .  

3 aubert, G. K., snd w t t o n :   AIR^, vd. 9, H- M l q  pp. rn 
#Tam, R A,, and -tin, r a m ,  The N~t laad  m h i c  sOd8ty'a V W  06 1806: 

XSr, &cg. Mag., ml. 21, 1910, pp. 144 .  
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MAP OF COLUMBIA BAY AND FRONT OF COLUMBIA @LACIER. 
:jmw B'gd 24. m. 5as.e. ii&-from Point Freemantle to Finski Point assumed 3.8 miles from Coast and Geodetic Survey chart 

Na:'85,l9. Occupied points iodicated b,y circles, intersected points by crosses. 
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P ~ o t o g r r a ~ l l  G 71 

WEST P A R T  OF FRONT OF COLUMBIA GLACIER. 

From point G. PI.  V I .  
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EDGE OF COLUMBIA GLACIER. 
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EDGE OF COLUMBIA GLACIER. 

S a m e  Ioca1;ty as t h a t  shown In Plate V l l l  





that the former m a b u m  advance of the ice was three or four ye- 
rather than 15 or more yeass w. 
In the advance of the ice in 1909 into the pmviou~ly disturbed 

forset, some trem were fornard bodily without being ovsr- 
turned, although the inclination of some waa cl~anged. One tree 
bad besn moved ahead of the b 100 feet by June 24, 3909, and 
even farther by August 23 of the game year, but was iatu nearly 
upright. This is the tall, limbless, barklms, nearly upright tree near 
the right of Plrrrte IIC, B. The same tree in a different pasition can 
be in the other photographs of this loc&ty ph. VUI, 
A and B, and IX, A). Such movement without overthrow of trees 
could ba readily accamplisbed, when the ground was frozen, by the 
glacier pushing f o m d  the frozen layer of soil, but in the w e  just 
deslcrilred part of the movement took place, in Jd3 and August, when 
the gmund was not frozen. 

Oa the W B B ~  edge of the hhnd on which the glacier rests the 
ice wae alao advancing on June 24, 1909. At the highest tide line 
the front of the ice had then just roached the h i t  of iki f~rthesf 
pwoiou8 advmm since tho advent of the prassnt foreat and was 
wain attacking the t r w  that had been killed or disturbed in that 
advance, estimatd ta have takcn place in 1894. (See PI. X, A,) 
The lowest tree resting on the ice shown in this illustration i~ Gible 
at tbe extreme left of a photograph (0. 19) taken on July 15, 1908, 
when the ice was 200 feet (-timatad) north of this tree. On the 
h c h  st this plam in IaO9 9 push moraine; 25 feet &h (PI. X, R), 
cornpeed of bewh mate&, b o d e d  the ice and werr in places 
actually being advanced by it. h this push moraine rested on land 
covered by the hrghest tidea, it had probably been formed only a few 
weeks. 

An ascent of the glacier WRS made near the western side of this 
Umd in June, 1909, and barometer readings checked on sea leael 
showed that the height of the tidal ice wost of the bland was at 
least 400 feet. In 11899 it was a t h a t e d  to be 300 feet. 

The eastenz .pwt of the bland consists of a termintll moraine, which 
is not cavered with bush= or treea and is of recent construction, 
pmbably dating from 9894. Thb moraine was being added to at the 
times of our &ite in 1908 and 1909. In the earlier year examples of 
both push ihnd terminal moraines we1.a seen in process of formation. 
The former were in placm being added to directly by deposits from 
the mdting of the ice that was censtnrcting them, and the latter 
showed, on a, maU scale, fine examples- of h o b  and kettle topog- 
raphy in tb making. h 1909 flow of mud were caning down fmm 
the melting edge of the ice and were reaching tidewater, where they 
aided in silting the tide b t s  just west of the north end of Heather 
Island. 
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In the moraine here described w m  many fmgmemta of ahells of 
pelmypoda and gastropods, appamtly of recent species. It is 
improbable that theas forma live in the cold milky watars adjwent 
to the melting ice, and the presence af their r e m b  in the recently 
depmitted drift wwld indicate that the ioe h n t  waa in geologically 
merit time considerably farther north than at prment. The head 
of the north end of the eaatern part of Columbia Bay js ahallow, and 
it is auggmted that a retreat of the ice front of not mom than a mile 
might have exposed pound above tidewater, so that the drainap 
from, the eastern part of the glacier would be diverted wedward, 
leaving the eastern part of Columbia Bay h e  or nearly free of glacial 
waters, thus establishing conditions favorable to molluscan life at 
thia point. 

The wide tongue of iw that re& on the mall island near the north 
end of Heather Island wm pushing fornard rapidly in June, 1909, md 
Tsrr and Martin report farther advances ia August of the same year. 
We have not sufficient jnform~tion to  determine dmtely how far 
tb fangue bas advancad in recent y a m ,  but Gilbed's map and our 
imprewiom pined by a hurried visit in 1908 wodd indicate that the 
extreme aouthern prtrt of this ice tongue in 1909 waa 700 feet in 
dvmm 'of itR pmition 10 yeam before. The mason for the extreme 
advance at this point is probably to hie found not so much in the 
fwt that thia portion of the glacier ia moving more rapidly than the 
mt of the Ice stram as in the fact that the front, both east and 
west of thie Itongus, is attacked by warm mean water and wa~es, 
which cause bmahng down of the ice front as well aa more rapid 
melting than an the land. The part of the glacier wmt of this island, 
where the water is probably deep, doubtless bss, it mmiderably 
higher rats of movement than the parh east of the island where the 
water is very shdow. The projection of ths t o n p a  of ice ahve  
mentioned beyond the general front of the glacier was very no t icabb 
in 1909 and is shown by photographa taken 1 0 yeam earlier, though 
it doesnot appesrso prominently on the map made in 1899. The 
approximate location of the front of this fongua in both thws years 
is shorn on the map forming Blah VT. 

At the northewtern comer of Columbia Bky (northeast of point C, 
ahown in PI. M) there was in 1909 a well-dehed bare zone 60 to 200 
feet wide between the ice front and the f o m t  which had been 
attacked by an wlier advance of the glacier. (See PI. XI, B.) 
Tbe ice was advancing on this bere zone in 1909. It wse probably 
at this point that Gilbert estimated, from epruce treae which had 
grown since the forest was destroyed, that this cetestmphe mmed 
not later t , h  1892. South of poht C &em b 8 a d  stretch of beau- 
-- -- -- 
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tifd and t y p i d  y momhie country (Pl. XEL, A), which is now well 
p a a d  over and wbich carrim small scattered aprucea and some 
thin t rmb  soil. These spruces range in size up to 6 inches in 
diameter, the 1-t being pwhap 15 or 20 years of age. South 
and southeast of this morainic arm are remnmts of a forest, which 
was partly destroyed by the ice when the outer portion of ofthis 
momhe wm formed (PI. XII, A), that is, at the earliest advmm 
recorded since the dvsnt of the present forest-probably 50 yeam ago 
and possibly longer. 

~ h o t o m p h n  or aoimbl. w r ,  

Qi 0 7 .  %taut view of glacier from point nsar & side of entrance to Calumbia 
Bay. Tune 25, 1899. 
Gi 338. Wes~ern prt  of glacier from pint n w  center of entffnca to Columbia h y .  

June 25,1899. 
Gi 339. Center of glacier. June 26,1899. 
Gi  34W-M. Panomma of glacier from hiIl a t  of glacier. June 28, 18BB. 
Gi MS. Fmnt of gk im h m  the wt. June 26,1899. 
Gi 3-38, Surface of glwier. June 26, 1899. 
9i 34Ba. BurEace of ~ h i e r .  June 26,1899. 
Gi347. B u r h e o f  brasdmoraineongiacier. June28,1899. 
ai 348 md 349. For& overturned by recent ad~ance of glacbr. June 28,1899. 
01 Wand Z51. h3onth& h t  of gkier. June 26, 1899. 
Gi 2-52 and ,155. FluLed moraine at front of glscier from a @tion probably a few 

@ northweat of p i n t  D, Plate VE. June 28, 1899. 
Gi354. Herr? reprodud aa Hate Y311, A. Fluted moraine, for& overtured by 

ice, and edw of glacier, fmm pint  D, Plate VI. See under P 873. June 20, 1899. 
Gi355. Hemrepduced aa PlateVII, A .  W&endof frontofgkiarfmmpoint 

a, a t e  VI. See underG9Q. Jma27.1899. 
Qi 358. Push molaine on weatern rhore of Columbia Bay. June 21, 1898. 
Gi357aud3M. ~ m o f ~ m ~ a f h t o f ~ l a c i m h ~ R h r n o f  

Columbia Bay. June 27, 1889 
Qi 359. h t  of glscier from w&em ohom of Co3umbia Bay. June 27, MI. 
Gi360. Frontof~ lac iwhmhi l lon  westemshmotColumbiaBay. Jnnen,1699. 
P 6.71 and 672. Front of glacier, born position near point E, Rate W. July 10,1905. 
P 673 and 674. 50. 673 ~q here repmduccd aa Plate VIII, B. Panorams of fluted 

omaine, forest ovattmed by ice, and front of glacier from p i n t  D, Plate VI. Point 
D h on the nottham part of the small idand on which the front d the glacier reata. 
Thia miom m a  wemidden by tho ice in August, 1809. hdy  10, 1905. From I% 
atme pit ion photqmphn have been taken as follows: Gi 354, June 26, 1899; G 17 
and 18, July 16,1908; G 85 Bnd 88, June 24,IWlg. 

G 15. Fmnt of glacier from mihion one-half mile northeast of point D. Plate VZ. 
July 15, 1908. 

G 16. Ice ovddbq  m m h e  from p i t i o n  s h u t  one-fouh miIe nortbeaat of 
puintD, PlateVI. July 15,1908. 

Cf 17 and 18. No. 17 ia here reproducd aa Plate IX, A. Panomnu of fluted mmine, 
fare& overturned by ice, arid front of glacier h m  point D, Plate VT. gee under 
P 073. July 15, 1908. 

G 19. Fmnt of glacier and puah momhe from a p d h n  n few rods we& at point D, 
plsc VI. JU~Y 15,1m. 
G 20 and 21. Morainic ? o m p h y  in proceea of formation fmm pit ion about om- 

fourth mite nor&ea& of point D, Phte VI. JuIy 13,1908. 



80 and 81. Panorama of front of glwier him point A, Pbte VI. Point A ia a 
rocky point on the east &ore of Columbia Bay I+ miles north of Ememld Cove. Juae 
24,19(39. 
G 82. Here repduced as Plate XII, A. Front of glacier and old mmme from' 

pint B, Plate VI. Point B ia on the Bummit of a beautifully developed momine st ' 

the north edge of the undiptuhd foreat mstd the mouth of the mrn which enters 
CoZnmbia Bay st ita north& comer. June 24, 1909, 
G 83. Bere wpmduced iu Plate XI, B. Front of glade? d wethtrned for&, 

fmm point C, Plate VI. Point C iu close to the edge of the ice and 0.9 mile n d h  of 
point B. June 24,1909. 

G 84. h n t  of g k i e r  and mud flm from podtion about one-hIf mile m t  of poht 
D, Plate VI. June 24,1808. 
E S a n d  86. Pio. 85 ie here r e p d 1 1 ~ 8 d  sa Plate IX,  B. Forestoverhmed by ice 

and edge of glacier, from point D, Plate Try. June 24, 1809. Sea under P 813. 
G 87. Hem reproduced 88 Phte X, A. Fmnt at g k h i  $om poaition a few r d a  

west of pint D, Flak 17. June 24,1909. The lowest (dead) tree in this phottygmph 
ia men at the e x h m e  left of G 19. 

G 88. Hew repPodnced M Plate XI, A, b n t  of glecier hum point E, Plate VI. 
Point E ia the top of a ledge of mm+@ned g r a ~ c k e  on the beach on the weat rdde 
aftheielandmwhichtheglwierreeta. Tbielpdgeisnotan~lycawredbydinary 
high tide. June! 24, 1909. fiotqraph G 184 wae taken fmm thin mame point. 

G 89. Front of glacier, Iwking N.  61' W. (magnetic) from point F, Phte YI. Poht 
F i a  a prominent expoeure of mmive pyrracke on the end of a point projecting from 
the we& aide of Heather Ialand, tlbout a mile fmm the south end of this bland. June 
24,1909. 

(3 90 and 91. Hem wpduced aa PlaC VII, B. West put of h t  of glacier from 
point G .  Point Q h on the end of B m k y  pfnt on the we& Bide of Columbia Bay. 
The actual pition from which the photogRph wna taken k- covered at high tide. 
June 24, 1809. P h m p h  GI 35.5 taken horn this Bame pit ion on June 27, 
1899. 

G 92. k t  at skier  from pint nesr north &am of I-. Jrme 25,lWM. 
Q 174. Front of dwbr from position 1,000 fwt muth of p k t  C, PEst@. W. June 

24,1809. 
Q 175. Front of glacier from Btation on m d a  about Wfourtho of s mile muth- 

nest of point B. June 24, lW. 
G 176, krmt of ~lwier from &tion about one-fourth of a mile eat& of Point D. June 

24,1909. 
0 177. Awface of glacier from station on g h h r  about one-eighth of B mile north d 

point D. lone 24,1909. 
G 17R. Front of glacier hnm mm s C a b  aa G 177. aune 24, 1909. 
G 179. Crevalne in ~lmcier fram Bsme a t a h  aa O 177. June 24, 1909. 
a lM. Burface of glacier from -me BCation rn Q 177. June M, 1909. 
G 181. Front of glscier and push moraine from a position a few d s  west of p i n t  D. 

June 24, lm. 
G 182. Front oigIrcier and mwdmned fmmt fmm a position a few mds west of point 

D. June 24,1908. 
Q 183. Hem repaoduced aa E%t,e X, B, h o t  d ;him ~ n d  puah momhe from a, 

pwition a few rode we& of point D. June 24, I W .  
G 184. Front of glacier from point E. See undw G 88. June 24, 1909. 
G 185. Fmnt of gIscier from a @tion shut  ona-eighth of A mile wuthesst of point 

E, Plate VI. June 24,1909. 
G 184 to IN. Icebergs from glacier. June 24, 
G 191. Front of g k i e r  from nerrr north &ore d Glacier Island. 5tme %, 19W. 
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GENERAL FEATUREB. 

Umkwik Inlet h 16 miles west of Glacier Bay and extends north- 
w a d  fmm the main body of Prince William Sound for 22 mile (4- 
rnatd). The bay is from I to 3 milm wide and does not appear te 
be very deep ; at my rste there are shallom in plscea due to morainic 
amulat iom.  One of the most noticeable of these is in the vicinity 
ofJonahBay. ThenorthernpartofUnakwiklnleth,h~~e~er,fi~rd- 
like and is pmbsbly deep. On the west side, about Jonah Bay, are 
a few 8 m d  glaciers high up in the mountab. T h e  of these me 
on the flanks of the most prominent mountain an the wast side of 
Unakwik Ray. We named this Unakwik Peak. From its wsstmn 
side descend the Amhefst and Crescent glaciers of Port Welh. East 
of U n a M  falet the Pedro Glacier E i ~ s  back in the  mountain^, m d  ite 
waters reach tidewater through Miners Lake and Miners River. 
Four milea north of the mouth of this river h a smd,  narrow, beau- 
tiful, caacding ice stresm, named Rrillisnt Glacier. Ranney Glscier 
ia n promimnt feature of the upper part of Unakwik TnEet. Thh 
glacier d o e  not rewh tidewater, but tl stream (Ranney Creek) from 
the gh ier  entern the nortl~wcat sidcl of tho bay hdf a mile wmt of the 
front of Unakwik Glacier. 

YEAREB auamR. 

The Meares Qhier ia ituated at the haad of Uxlilkwik Inlet. We 
have named it sf ter one of the early (1 786) explorers of Prince William 
Sound, Capt. John Meswm. Little defmite informatian cloncsrning 
this glmier is available aside from the sketch and photographs horn 
noted. Fiddgd (1791)) and probably also Vmcouver (1794)  sited 
thia bay, found the upper part blocked by ice, and noted the noi~le 
made by the fall of ice from the glacier front. The maps of that time 
are too ineccurata to give dafinite information concerning the position 
of the front of the glacier, On Aupys't 25, 1905, we made a hurried 
visit to the had  of Uneh ik  Inlet, but made no map of t h e  g l a d  
front and took no photog~aphs because our supply of films was 
exhausted. On June 20, 1909, we @n +sited the bay and mapped 
(fig. 31 and photographed (PI. X I ,  B) the front of the glacier. 

The Meam Glacier, dthough not so large ss othen, is one of the 
most hautiful ice streams of Prince William Sound. The end of the 
glacier is about 0.8 of a mile wide md forms a vertical wall of pure 
ice which wo estimated to be 300 feet bigh. It is actively disc-ng. 
The glacier is formed by two ice stroarns, which deecend from lofty 
moun taim, ! h e  northern stream is the larger, and from the junction 
of the two a em& medial moraine extends westward to the end of 
the glacier, keeping well toward ifa southern side. 
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In 1905, viewed from the distance of s d e ,  the bushea and trees 
886med to be d m  to the im, and no b m  zone (or at m a t  a very 
narrow one) wm visible btween the ica and the forest. In 1909 the 

dron t of the glacier ap- 
pared to be alittlein 
advance of ita position 
of four y a m  before. 
On the south side of 
the glacier nar the 
h t  wm B bmwn 
zone, estimated to IM 
200 feet wide, which 
appeared to be dead 
vsgetstion rather than 
bare rock, and on the 
northern edge of this 
brown zone, at the 
southern edge of the 
glacier, were a few 
s d  trees. Them is 
a sparse foreet dose to 
the glacier conhining 

mmr: 8.-Map of Mewen and head of UMkwik Inlet h M  10 indl88 (&ti- 
Jum 28, I-. && in approximabe. k p h d  pinb indic~tad in diameter. 
by chW, Interwted pohta by 

The ice is now, t h e  
fore, st ita maximum advanm within the lsst 100 yeam and quite 
probably at the maximum within two or three timas that period, 

G 93, B a h t  Glacier, east aide of Unakwik Inlet. June 26, 1909. 
Q 94. North part of front of hI- Glscier Rom point A, figure 3. Point A is on a 

small flat-bppedrock point, the h t  of the two mmt prominent p.intuon t h e m u t h b  
between thn  bend near the h m  of Unakwik Inlet and the glacier. It in about l d f  
a d e  from the point at the bend of the inlet. June 26,1909. 
G96. SouthpartoffrontofMearesGLacierhmpohtB, figuw3. PobtBisona 

amall rocky pmjecth on the north ahore of the b d  af Urn- Inlet, aituakd about 
3WI yards west of the gravel fan at the mouth of Ranaey Creek. The amdl point 
nextwwt af I! is covered withaldertl. Jane M, 1909. 
G 96. Hem raproduced as Plate XII, 8. M a e a  Gl& from point C, figure 9. 

Point C ia e d l  mcky point directly appdta the prominent point an the & aide 
of Unagwik h l e t  at the bend n w  ita head. Jwt hack (we&) of pint G r k  a very 
mbeap mountain a. June 26, 1909. 

Port Wells, with ita two lsrge a m ,  College irnd E ' fiords, 
forms the extreme northw~tern part of Prince W ~ m  Sound. 
The  alley in which Port WeUs lies is fery extensive, reaching f m  
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the dmnt of the Hamad Glacier south-snuthwat through Cochrme 
Bay to the head of Port Nellie Junn, m, dist~nce of 56 mil= at sea level. 
me ~ a m e  straight depression is continued for an unknown~drstanee 
both north-northeast and south-southwest of the poinh named. 
(See PI. I, in pocket.) 
The glaciers of Port W d s  were seen in part by Mendenhell in 

1898 m d  were studied by the Harriman klaska Expedition in 1899. 
W e  msde s hurried visit to Port Weus in August, 1905, and took a few 
notes and photographs. On August 11, 1908, we visited the Bar y 
Glacier. From June 28 to July 2, 1909, we were in Port Weh and 
st this time mapped the port and ih glaciers IPls. I and XVII and 
fig. 4) and obtained a few photograph. Port Wells and it9 glaciers 
form a veryinviting field and would well repay carehi1 study. 

West of Port Wells are extensive unexplored iae fields, from which 
numerous glaciers emerge. Many of these glaciers resch sea lewd. 
There are also numerous smaller ice streams, esch of which cornea 
from a n6v6 area of ita own, so that cha glacier and the n4vd are 
practically one. The southemost ice field of Port Wells is that 
about the h a d  of Harrimsn Fiord, which feeds the northemtward- 
moving Hamiman Glacier. The same ice field apparently furnishes 
material t.a the Rettles Glacier, flowing to the east, and to the Pigot 
and Billings glaciers, which flow southward. It is probable that ice 
from the same field moves westward into the drainage basin of 
Turnsgain Arm of Cook Inlet. 

The glaciers of College Rord (fig. 4) have been described by 
Gilbert.' Additional data, most of them cancarring the largest 
three glaciers, tho Yde, the IIarvard, and the Bryn Mawr, are here 
given. 

Along the west sido of ColEcge Fiord is a lofty mountain range; 
the prominent peak at the aauth end of this range is named Mount 
Emerson, &tar Prof. R. K. Ememon, who wm a member of the 
I-Tarrimsn Alaska Expedition of 1899. Within a short distance north 
of this peak the mountain rango carries ~overal glaciers that hang 
h@h above the fiord, and beyond thoso aro others which descend ta 
sea level and have h e n  named, from 8011th to north, the Wllegley, 
Vssssr, Bqn Mawr, and Smith glaciers. North of the latter group 
is the Baltimore Glacier, whic,h does not reach sea Icval (PI. XTV, A).  

The k t  dasoription of the Yale Glacier was written by Menden- 
hall' in 1898. In 1899 the gliwier was visited by the Rarrirnan 

I Oilmrt, a. K., A h h ,  voL 3, h i m a n  A m  Elcpedltlm, l a ,  pp. 814,178-178. 
1 Hmdenhall, W. C, A mnrJssatrm f ~ o m  RBsraectioa Bsy to the Tanma Wvcr, A i m ,  in IsPB: 

Twentieth Ann. Rept. U. 8. Qeol. Survey,pt. 7.19W.pp. E3,3E. 



Alaska Expedition and dewxibed by Gi1bert.l In 1905 the mnior 
author of t& report made a haety visit ta the east arnt of College 
Rord and noted that the only evidenm of either recent retreat or 
advance of the ice front was a wry narrow bare zone on the e& 
side of the glacier front. 

Notes and photographs by both Mendenhall m d  Qilbrt, compared 
with observations made in 1909, show that there h been no marked 

Fwmm 4.-Mhp of part of C d e = s  Fkd, Port Wnb, h m  84 1m- h p l a &  polnu lrdkaw 
b g o k k 3 , i a t a s e e l e s p o l n t s b y ~ .  

advance at the edgsg of the ice front since 1898, but tht the eastam 
sids of the glacier hes advanced slightly. Gilbert says: 

The tmugh in which it [the glacier] lies h forested dong the water edge on both ddea 
for the grater psst of the distance from the main fiord to the glacier, but b n  in the 
immediate vicinity of the glacier. There are atqg1iqR tntes high on the Mley wall 
at the end of h e  glacier, but they do not come down cloee to the ics. 

HBPlman Almb Expsdltlat, wl.3,1W, p. g8. 
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This was the condition of the surroundings at the time of our visit 
in 1909, except thst there was a very narrow bare zone on each side 
of the gLauier. On the east side the ice was separabd from grass and 
ddem by only s few rods of rock dhbris. Possibly these narrow bwe 
areas are due to no more b h a n  the rapid melting away of the ice in 
the summer. Although the aides of the fiord are barren of trees, tbey 
m clothed with a tangle of &onberry bushes and alders up to the 
line where .the scattsred timber begins. Tbia line is very distinct on 
each ~ d e  of the fiord el. XlII, A, right side). It is practically hori- 
zontal at an elevation of 900 feet (ea timehd) and probably marks the 
lateral mar@ of the great ice stream which once occupid the entire 
fiord. 

T b  published maps show the front of the glacier as approximahly 
straight, but intersections on the frant it 1909 showed that the east 
part of the glacier projects beyond the west part, The f omer porkion 
is held in place by a hard ledge of rock extanding about pardel with the 
axis of the glacier. Plate XIII, B, shows thiS feature of the front as 
well BS portions of the rmk projecting from under the ice cliff. This 
ledge ahom distinctly in a photograph made by Curtis in 1899. The 
tiny i s b d a  in the for~gound of Plate XIII, B, are gull rookeries and 
bdong to the same hard rock layers. The station from which this view 
was taken is on a glaciated knob of the same reaidant formation. 
Careful examination of the Hmiman expedition photograph shows 
that the ice front was then probably much as i t  is now. The irregular 
shape may have been overlooked in a rather cursory survey, far we 
have noticed that in in perspective view ice fronts are very deceptive 
and thst a wmning1y straight wall of ica shorn marked irregularitim 
when more clwly examined, 

The west side of the glacier is probably resting on a surface above 
high tide, as noted by Gilbert. In fact, at two p h  small portions 
of auch a surface may be seen, though an advance of a few yards 
would aover them. On the extreme west EL small morainal deposit 
is b e i i  made. 

The p m m e  of a mature alder thicket dose to the ice front indi- 
oaks that the glacier is now very near its maximum advance in a 
period of prhape 50 or more yeara. The gravelly point a mile below 
the glacier on the wt side of the fiord is probably the remains of an 
older terminal ( r k o n a l )  moraine. This moraine, however, is 
later than the time of greater ice externion indicated by the lower 
limit of the spruce f oreat about 900 feet above sea level. 

The b a r d  Glmi61: is trunk glacier of College Fiord and is the 
l q w t  and most impressive of that inlet. The glacier has several 
fgeders and six distinct m d a l  moraines, as well as other less distinct 
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drift accumul&tiona on its surfm. The frontal ~ 1 %  is estimated to 
be 350 feet high, and at the times of our visits was discharging 
~bundantly, the water down as far m CoUege Paint carrJli*g much 
im. Wave5 generated by the fall of icabrgs and the strong currents 
in front of the glmier make it impracticable to approach near the 
glacial front in a smdl boat. Reports are c m n t  that mtiw seal 
hunters in bidark= have been drawn under the glacier by northward 
f l o w  currents. At the time of our vis i t  in 1909 there ware marked 
northward-flowing cwrmfs on both sides of the fiord nmw its upper 
end. 

The Hafwrrd Cflacier was visited by the Hmrhan Alaska E x p  
dition in 1899.1 We ssw and phohgraphed the glacier at a distance 
in 1905 and from a nearer point in 1909 (Pls. XIV, A and B, and 
x v , A ) .  - '  

Gilbert's dewription calk attention to the relatian of the Hamam3 
Glacier to  ita muthemmost f wdm on the west, the Rdcliffe Glacier, 
and notea that tha two barely codescerl iu 1899, snd that the media1 
moraine bounding the feeder extendod without curnature to the 
h n t d  cfifl. A photograph taken in f 905 shows that practically 
the aame conditions prevailed at that date. In 1909, however, tkie 
medid moraine ww distinctly curved (as Gilbert predicted it would 
be should the ghiers advance), and it followed the goneraI axis af 
the trunk stream for half a mile befare reaching tidewater. (PIS. . 
XTV, A, and XV, A,) Thus the pmition of the west part of the front 
of the Ham& Glacier wae approximately the same in 1899 md 1905, 
but there waa am advance prior to July 1 ,  1909, nt which time the 
ice front is estimated to  haee been hblf a mile farther south than on 
the earlier data. 

Gilbert reporh, from 8 atudy of photographs, thrat in 1899 the 
e88tm-n part of tha front of tho Harvard Glacior was 1,000 to 2,000 
feet north of the apex of an alluvial fan made by a strew from s 
small hanging gltwior. A photograph taken 10 yeam latar PI. 
XIV,  B) ,  compared with his statemente and photogmph,' h d i o a h  
that in 1909 tho eastem park of the glacid front had advanced beyond 
ih position in 1899 by a distance roughly mtimatcd d a qua~er  of 
a mile. 

n= am- 
The Smith, which ia the b t  tidewater glacier south of the Haward, 

hm not been atudied is detail. This glmier is shown in photopphs 
m d e  i~ 1899 and 1909, but these were takes at some djstrrnce m d  
were not intended primarily to show thia +era A comparison of 
thsso photographs and of maps of College Fiord made ha the above- 
mentioned y e a  indicate that the front of the M e r ,  aspseay 
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F~n ln  orlint L. i ~ p r r  4. July 1 ,  1909. Byn Mawr Glacwr ~ n t c n t f r ,  S ~ 8 . h  Glecier enngb:. P'o?o7-sol F :'l) 
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PANORAMA OF WEST SIDE OF WARRIMAN FIORD. 

From po(nt 0. P l o i o  XVII .  From righ? to lsft tho alscicri  are l h c  %,pentins. Bake: O-+.rchnrl, S V I ~ I ~ S C I ,  rind C a t a r a ~ t .  T ~ P  h i j h ~ k i  ncnL in t h r  cenjpr is  Mnun: FAulr, nnrl thm, peak abovr and jurt 
fP  the lef t  r t  thp bvat is  Mount Giibcr T b ~ s e  e ~ : t k p  ..I<, npprex~mstc ly  10,063 fcr.: shnvu sea level .  T h e  fmr t  of t h o  Srrpen!l-m> Chclcr  11 2: m ~ l a s  (ram i h p  nbsorr4,r ~ n d  i n e  Surprlze 54 
miles.  June 23. 1909. Photographs G 793 to G 196. 



U. & DEOLDSICAL BURVTV DULLSTIN S?R PLATE XVlll 

PANORAMA OF WEST SIDE OF HkRRlMAN FIORD. 

From point D, P l a t t .  K V I I .  From tiqilc l o  l c f l  lhn p'acmcrr. . x r l ,  tli* Serpentine, Bskcr D ~ , ~ , i c h n r l ,  S:rrp~ire, and C a t x n c f .  Thv h ( ~ h ~ 1 1  pm-.lk in i h n  conier i i  Mnurt M ,~ i r ,  ~ n c l  ihr* p-ak s h n v ~  m d  j f ~ c t  
I n  i h e  lcff n ' l b r  honl t s  Mvlnun: Gqlb~n. Thcre a,.~:-r .,:,$ ~porox~mata ly  I U , O O V  tr,s,[  uhovc r4.n ievol. T n r  Iro.>t o f  m e  5 ~ r r o c r ~ t ~ r 1 c  G l ~ c l r r  15 2: m ~ l a s  from i n n  n h ~ c r v r r  a q d  tnr. Surw~t~n 5 $  
rnllrr. June 29, IBU?.  Plroto@raphs G 193 :o G :>6 .  



U. 8. GCOLOCIChL GURVEV BULLETIN 628 PLhTE TYl l  

MAP OF HARRIMAM FIORD, PORT WELLS 

June 20 and 39 1409, Occup~eJ poitllb indlcaied by r>rcle%, l n t e n e ~ t e d  points by E ~ ~ ~ ~ S Z S  
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Our photographs taken in 1W5 were few, and in 1908 time pernit& 
only a hurried view of the Barq Glacier. In 1009 a little more time 
was spent in Herriman Fiord, but very much less than the locality 
deserves. Sw!Ecient data are at hand, however, to show that the 
Barn md Surprise glaciers have ret.reateci markedly in the past 10 
years and that t h ~  Serpentine, Cat~ract, Harriman, d Toboggan 
glaciers have shown much less change in that t h e .  

T h e  Bsrrg Glacier ia in some ways the most interesting on Har- 
riman Fiord, land the record of its fluetuatiom is mom complete 
than that of any other on' Port Wells. In 1899 the front of the 
glacier was w-ell out into the waters of Hsrriman Fiord, and 10 years 
later thia glacier ~howed a much greater retreat than any okher that 
we h v s  studid. Thia glacittr has bosn called the W'aahington,' but 
the rime Bmy was propmed erarlior and is now in common use. 

From 1899 to 1909 the Bany Glacier retreated rrppmximately 2.1 
miles, memured along tho axis of the glacier. (See PI. XVII.) 
From 1899 to IS05 the retreat m 1.2 milea; from 1905 to 1938, 0.4 
mile; and from August 11, 1908, to June 29,1909,0.5 mih. In 1899 
a long point of ice extended forwad from tho eastern part of t,he 
glacial front; in 1905 there was e, similar projection from the wmtern 
part, and in 1909 a shorter pint extended forwad from the eastern 
part. Tho two earlier poinh of ice were probably in the mein 
unmelted stagnant portiona of the glmier mting mostly above 
tido level, but the 1909 projection was part of the moving glacier. 

Along both sides of the Btrrrg Glacier an axknsivo hare zone lies 
between the ice and s mature spruce forest (Pls. XdX and XX). 
Near t,he antimony prospect mthewt of the glacier there are frag- 
menta of tm in the drift, and near the southern h i t  of the barn 
zone nt thi locality are a number of fden trunks. The limit of 
this bare zone indicates the maximum dvmm of the ice since the 
growth of the present forest. The ice probably stood near this point 
of mnximum advance for a considerable period, during which were 
deposited the morainic accumuIations on the west sido of tha bay on 
which the glacier is situated. No means of ascertaining defmitely 
the date of the. end of this maximum advance are available,butthe 
condition of the for& above the bare zone and the vegetation on the 
morainic deposits just mentioned would indicate that such a maimurn 
occurred 25 or more yoars ago. The glacier had retrasted from thh 
farthest advanced poaition when it was fimt studied, in 1899. Stili 
more advanced poaition~l probably have not been omupled by the ice 
front for several centuries. 
In 1905 and 1908 the frontal cliff of the glacier was a tha ted  to 

be 250 feet high, but in 1909 the cliff appeared to have not more 



d zQs and %I. Na 208 ria here mprduced se- Plate XXV, A. Pan- of Harvard 
Glacier from pint l, figme 4. Jnly 1,1909. Point L ia on m mall mck bland on tha 
Baat side of Cld lqe  Fiord, about 3) miles m t h  of the Bamrd Glacier. The bland 
ia very b a y  on the ex!mme top, and the %eation occupied is on the west $de of the 
iuhnd at newly m great aa elevation. 

G 210. Hew mproduced M Plate XVI, A. Wed side of College Fjwd from point 
11, +re 4. Bmith Glacier on right. July 1, 1909. 

G 211. Earrrrud Glacier fmm boat a p e &  Dryn Miwr Qlsciw. July 3, 1m. 
G 212. Bryn Mawr Glscier. July I, 1m. 

The h t  r e e d e d  viait to Harrirnan Fiord was m d e  by the Hami- 
man Almb Expedition in 1899, and the main glaciers were named 
by the membera of that expedition. Prior ta that date the Barry 01a- 
cier, lying at the sharp bend in the fiord, was the only one that hsd 
been recorded, and earlier explorers evidently had assumed t h ~ t  this 
iw stream Wed the whole end of this arm of Port Wells (PI. XV31). 
That this glacier, however, has not extended acm the fiord for a 
long seriw of yeara is &own by the vegetation, including a s p m  
fore& that comes down nearly to t h e  wnhr's edge oppsite the 
glacier, and by well-authentioahd reporta that nati~s  ~ o a l  hunters 
had repeatedly gone past the front of the B q  Glacier and into 
the inner pert of the fiord. To the H&an expedition ia due the 
d t  of bringing to public knowledge this m@iicen t fiord, hemmed 
in by lofty mountains whose sidm and valleys carry many glaciers. 
Five of them ice stream reach tidewater. 

b o n g  the localities in Alaska, that derive scenio interest from 
glaciers three stand out pro&ntly--(%cief Bay, the Yekutatr 
Disenchantment Bay region, and Harriman Fiord. The pmoranm 
of mountain, ice, snow, and water that unfolds ihelf from points dong 
the mu theastern shore of ofarriman Fiord has few eqnals mywh~re 
else in the world. 

The mmt striking psah about the fiord are Mount Wbrt on the 
north and a four-peakd summit, Mount Muir, on the wmt of the 
Serpentine Glacier. (See PI. XVIIT.) Rough estimates of their 
altitudes made by vertical angles gave ~u1t.a approximating 10,000 
feet for each. Thesa peaka are named after Grove Kad Gilbert, a 
gmIogist on the Unihd Stat- Geobgical Survey, and John Muir, 
the vet- naturelist, who were both mong the ht gcientbts to 
see Harrimm Fiord. 

The records of the fluctuations of the glaciers dong Hariman Rod 
are unfortunately fragments y. Gilbert's descriptions rre derived 
m d l y  from s study of photographs and from accounts by obbera? 



doso exanination, The south p& of the iront of this glwk was in 
1909 xw far advancad rus it had been in recent yeam, wherens the north 
p& of the front haa very recently been 200 feet farther eastt We 
made no meesurements or photographs of this glacier in 1905, but 
our i m p w o n  is that in 1909 its front projectad farther into (huego 
Fiord than it did four yeam before. Gam~tt's map of 1899 does 
not show this glacier projecting eaet of the caast line, as it did 10 
years letm (6g. 4). T h e  1899 map, bowever, is dram on a very s m a l l  
scale, and is evidently a eketch map, so that this detail may have 
been omithd. StilE it b very probable that the Vsesar Glacier did 
advance between 1905 and 1909, as did the Bqm M a w  and Harvmd 
glrrciers and probably the Smith Glacier. ?!'he advance of the Vassar 
Glacier since 1899, and most probably since 1905, is thought'ta be 
about 500 feet. 

WELttWY QL4- 

The WeUesley Glacier csrriea minerable dhb* on it9 north side 
near itg front. There is a bare rnorainio zone along both 8idm of the 
frant of this glacier, and willows 10 feet high are s c a t t e d  over this 
morainic m a .  Herbaceous vegetation wmes practicdly to  the edge 
of the ice. It 5s sstirnahd that the ice front in 1909 stood aa far 
forward as it had at any time: in the last five years and that the 
morainic area carrying the d o -  represents an advance of 1 b or 
more yeam ago. No further detaila concamhg the Welldey Ghkr 
are available. 

~ o + q m p b i o i ~ o d ~ ~  

P 882. Here reprwIuced aa Bate XV, B. Bryn ?rdaw-r Glacie~. hugmet 21, 1905. 
P 693. B& GlGlacier. dugunt 21, 1905. 
C4 IN. Rere repduced se Plate XIV, B. M part of front of H a W  Glacier, 

PrampointM,fjgure4. Julyl,MO9. PointMiaontheeaatePaedgenftbom~point 
in front of the Baltimm Glacier and ia about 40 feet abve nea level. 

G 3 10. Weat end of front of H m d  Glacier; Bsltimore Glacier at left. July 1,190s. 
G 211. Bide viewof Rryn Mswr Glsciw. JnIy 1, IsOg. 

G 201. Waet &de of College Fiord from bay nwthweat dt Amherat Glacier. June 
so, Irn. 
G202snd203. Em~produmd~~f i t eaXEII ,AandB.  hnoramaoffrontofYdp 

Qlacier h m  pint I, figure 4. July 1, 1909. Point I i a  on a d l  round rock h o b  
snd 30 or 40 feet abave 8er level. This in one of a aeries of knobs formed by a hard 
w k  hygr whcm northatward pmlonpticm i s  marked by mnalI &&. A & 3 
feet high in an open upwe msrb point 1. 
C; 204 and 205. Pmorame of east ptt of krtt of Yale Glacier from poiat J ,  @m 4. 

July 1, 1909, Point J ison ammoth, mndedmck pint, themwt pmhentone 
between CCdlqe Point and the nmh end of the fmot of &e Yale Glacier, The rrtation 
is a few feet from the wates'~ edge on a mck strongly marked by glacial grooving. 
0 208. Here reproduced sa Plate XYI, B. Bryn &wr GIscier fmm ~ n d  of SalIege 

hint .  July 1, lwg. 
Q X m  reptodud w Plate XV, A. Hamani G M e t  fmm point R, ffgwe 

4. Jdyl, 1909. Point K b ~ m ~ p i n t o n t h e & i d e o i C o l l e g e  Fiord, directly 
+te the Bmith Glacier. 
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the southern half of the h n t ,  was more advanced in. 1909 thaa it was 
' 
10 yeam earlier. The amount of this advance om not be accurately 
mtimafed from the dsta at hand, but the part of the fmnt projecting 
beyond the shom line (me fig. 4 )  probably was wt prssent in 2899. 
T b  advance ia perhap as much as.600 feet, and judging from the 
advancea recorded in the adj went glaciers CHarvaFd and Bryn Mawr) 
it baa probably taken p h e  since 1905. 

The Bryn Mawr Glacier is the 1-t and the most attractive of 
those oa the weat side of College Fiord. It is a veritable ice cmcade 
and gives a vivid imprewion of a rushing torrent to one who views 
the gl&r from a point directly in front and sot far dktant. (PI. 
XV, B.) The glacier is formed by two trunk streams, which unite 
about a d e  back from tidewater. The two s t t a m s  BOW in a deep 
valley of fairly gentle slope, but just before joining they plunge 
over a steep slope. Bdow this junction the glacier has a, gentle 
gradient for about half a mile ; thes it iE1 brought by anofher and still 
mom tumultuous fall nearly to tidewater, before reaching which it 
again receives a flattened profile on the Aoor of College Fiord. Thaae 
ice cascades are shom ia Plate XV, B, and Phte XVI, B, md the 
profla of the lower part of the g l d e r  ia shorn in Phte XVI,  A. 
Below the m t  of the upper fall the glacier lim in a vary sh&w 
trough. The crests of these ice falls are thought to  represent the 
approximate upper limita of the trunk glacier of College Fiord at two 
earlier stages in its history; the Brp Mam Glacier of today occupies 
a hanging v l e y  on the side of hh i s  6ord. Similar oharaoh m 
~howa by other glacim of College Fiord, and thair s igdcax lca  has 
hen notd by Gilbertml 

A cornparkon of the pbotog~~phs taken in 1899 ' with thosa taken 
in 1909 ;Sdicstw thst the glacier was farther advanced at the latter 
date, and that ita front (especially the muthem half of the front) 
deployed mom widely on the ahallow bottom of College Fiord. A 
photograph taken in 1905 0'1. XV, 3) and the imprewion ghed 
from a brief study four years Zator indicate that the glacier was lass 
advancad at the earlier date, when it was at approximataly the 
same posjtioa aa in 1899. The amount of the advance shown in the 
photographa taken iu 1909 can not be eathated closely from the data 
at b t d ,  but it is probably as much as 500 feet. 

The front of the V- Glacier ia about 200 feet high 8nd is caved 
with d6bris to  such sn e&nt that the underlying ice ia men only by 

~OP.Olt,vol.l,pp.&%B,l7~l7s. 18eeidem, v o L % , p ~ a n d d . B , h t b p k a .  



E A S T  P A R T  OF FRONT OF BARRY G L A C I E R .  

From p o ~ n t  A .  Plate X V I I .  



CENTER AND WEST PART OF FRONT OF BARRY GLACIER. 

From point  A, Plate X V I I .  The waterfall at the left i n  B is  j u s t  visible at !he 
extreme? ler t  in A .  



than half this height. The photographs of Rate X3X, taken in 1905 
and 1809 from the same point, show cowiderabl~ change in the ice 
front, eapbUy in the altitude of the surface of the fmt feeder on 
the rkht, where it joins the main streata. Tbe height of the bttrs 
zone on the east aide near the present glacial front htaa been &ti- 
r n p b k l  = 400 feet ~ h v e  the ice of bday.  The thhm of the ice 
stream & i t s - b u r n  recoded extent, therefore, wm here; 400 feet 
p t a a .  at pment. The fmnt is now &out 2.5 milas back of 
tbis,mminiumr advance. 

The paition of the was* part of the ice front in 1909 with wferenea 
to the h t  feeder ( C m d e  Glwier) and the notioerrble waterfall 
from the hanging valley nem the north end of the forasted zone (PI. 
XX, 3) will assist in recording the amount of future flactuatioa of 

' 

thia @ier. 
0 - m  

Tb f h p m t i n e  Glacier is the first to reach tidewder west of the 
Barry Glacier. A coneiderahla barn zone dong tube sidss of the h r -  
pmtina Glacier and morainic accumulations in front of the glaoier 
are epidencm of sn d ~ s n c e  in compar~bi~ely recent yeam, but prior 
ta 18gQ. The bzrre zone on the side is underlain by a distinct 1&rd 
moraine d e p i t d  at the tims of this advance. 

Our information concerning a stiU more recent ~etreat of the ice 
front comhts in a few photograph taken in 1899,1905, and 1909. 
The ice cliff in 1899 was probably higher and extended f&her dung 
tidewater hhau in i909 (PI. XVIII), and the eastern side of the 
glwier ww more &meed at the earlier date. Photographs t h e n  

& W t e  laaelity (point A, PI. =I) in 1905 and 1909 show 
th& in the former year the w a t  part of the front wae mow advanced 
than  in 1909. 

Tha Serpentine Glacier, then, had an ttdvance a few y a m  befom 
1890 ; in 1905 the position of the front of the ice waa 8pproximately 
the m a  aa in 1899; and in 1909 the ice front was farther back than 
ab either of the other dates. Tha retreat from 1905 to 1909 was per- 
h q  a quaEtet of B mile, and from the aclvmce before 1899 to the 
pseeent time the glacier has retreated appmximately half a mile on 
i t s  center and eastern side a h  threequarters of a mils on its w a s h  
~ide.  These distanw are to bs r g d d  only as estimates, lor we 
did not study the front of this glacier dme aL hand, and mwt of aur 
M m a t i o n  cornea from photographs. 

. f i e  Baker Glacier is nmued after Dr. 3 f w u s  Baker, editor of the 
Geographic dictionary of Alaska.' The n6v6 and the ice stream of 
thie glacier me practically one, and nearly the whole glacier is shown 



in Plate XXI ,  A. The surface of the Baker Glacier haa n steep 
slope {@horn in partial pfofile in PI. XVRI), but new the tiiea the 
ice a t r a m  b r e h  over an &oat vertiod c W ,  from which the ice 
f& md then accumulah near tidewater. A s m d  tongue of the 
glacier, h o m e r ,  passee over this diff and j o b  the ice below. Thw 
feat- can be seen in Plate XXX, A, which ahom the mnditiona 
existing in 1909. In 1905 there was no ice at the base of the cliff, 
the small t o w e  of the glwier came downwmd ody a abort d h c e  
from the top of the cliff, and the ice front above the C I S  was not rn 
h~& nor .50 prominent as in 1909. The photqraphs taken in 1899 
ta which we have access show that tbs conditions existing then were 
very similar t~ thoae in 1909, but no front view of the glacier at the ' 

' earlier date is available. 
The Baker Glacier, therefom, shown a retreat between 1899 and 

1805, but in 1909 the ice had advanced to, and probably beyond, its 
position of 10 years pmvious. Data are not at band to rnmwum the 
amount of this retreet m d  d ~ a n c e ,  but the distance is probably 
only a few h u n d d  feet. --- 

The Surprise Glacier mwhes tidewater in a ~ & i d  c W  at the 
haad of the west armi of Harrimsn Fiord. Along both ~ i d m  of tha 
glacier is a barn woe, which extends forward nearly to the Cataract 
Glacier. Ctmmdt's map of Port Web showa the h n t  of the 
S u r p r k  Glacier practically at the point where the Cataract Glacier 
m h e  tidewater. P h o ~ p h s  taken that y w ,  howeverB show 
that the two glaciers were separated by a diatanca estimated to be a 
quarter of a mile. In 1909 the front of the S q h  Glacier m 
much faFther (st imatd at I .1 miles) back thm in 1899. How much 
of this retreat had taken place since 1905 is not clear, for our photo- 
graph of that  year is indistinct; but it is certain that a mmiderable 
part of the retreat had occumd by 1905. A m k  ledge, $irkled into 
two parts, projected from the front of the glwier near ita aouth side in 
1909. (See PI. XXI, B.) Ehident ly this ledge would be covered by 
s slight dvanm of the ice; d least, so it appamd from our near& 
paint of obmation to  the Surprise GIacier, opposite the h n t  of the 
C a t a d  Glacier. It is our m1lgdion that no such ledge waa visible 
in 1905. 

The maximurn advanoe of the Surprim Glacier in recent yeam b 
indimhi by the bar0 zone; by 1899 the glacier h d  retreated about 
atenth of a mile. Tbis h t  was being continued in 1905, md in 
1909 the glacier had retreated 1.1 mila from its position in 1899. 

CAT-CT 

The Cataract is a amdl glacier daeoendhg n steep vdey irnd 
reachrng tidewatef on the south side of the wmt ann of Hami- 
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man Fiord. A comparison of Uannett's map of 1899 wifh our 
map (PI. XVIIl does not show my noticeable change in the poaition 
of the front of the glacier in the laat 10 yeam. We have no photo- 
graphs of this glacier taken befora 1909, but those t &ken in that year 
Ws. XWII and XXII, A) will be of s k c e  in determining future 
advmce or retreat. The latter view show a narrow bare mne along 
tha w e t  aide of the glacier, but the extent to  which the a h b s  have 
anmached upon t h  zone indicates that the ice stream has not in 
recent yeam (perhaps 25 yean) been much larger than at present. 

-mAH aI&zXEB 

The Harriman is the trunk glacier of Harriman Fiord and comes 
to  the water's edge at the southwest end of the fiord. The frontal 
clitT is estimated to be 380 feet high. The glacier has several feedem 
and comes f mnl an extensive Enow field from which emerge only a few 
peaks that are. not snow covered. 

Photographs of the emtern p& of the front of the H&m 
QI)lacIer, taken from point H, Plate XVTI, in 1905 and in 1909 PI. 
XXII, 63, show that this side of the glacier retreated appmldmatdy 

,700 feet betwmn them dates. A comparison of an 1899 photograph a 

with our 1905 view indicates that between 1899 ahd 3905 the ewb 
~ i d e  of tho  glacier retreated about half the a b o ~ e  distsnce. AI the 
two photographa were not taken from the same point this e~timate 
of the retre~t batwmn 1899 and 1905 is only approximate. A careful 
examination of the western part of the ice front in 1909 from the 
@tion of a photograph taken in 1899 ahowed no noticeable 
difference in the pmition of the glacier. In 1899 a mnsidwable 
embayment existed kn the ewtern third of the front of this glacier, 
but this feature waa not present in 1905 ahd 1909. 
On the emt side of IIarrim~n Fiord scattered spruce treea exbnd 

southward to and just beyond the front of the Wedge Glacier, but 
do not reach BO far ~011th on the west side of the 6ord. The &hence 
of treee nBaPer the front of the Hsrriman G1mier seems to be due, aa 
m p t e d  by Gilbert,' not to the gltbcier's having recatIy covered 
t b  area, but more likely to .conditions unfavorable tn forest growth. 
Though the glacier front may have advancd 2 d m  farther north 
within the lmt century, it probably hss not done so. In fact i E  is 
not likely that an exten~ion of mow thm this distance hss taken 
place within two or more centuries. 

:Dirty Glwier is a amall ice stream reaching nearly to tidewater, 
thre+fourths of s mile northeast of the ewt end of the front of Harri- 

I l a ~ c l ~  * fdetu, PL XV, I- llgum. 
* U m , P 1 . X V , ~ f l s r u a  ' Idsm, p 88. 



man Glacier. The smder glacier camas h m  part sf the ~ x t m s i v ~  
mow field that covera this end of the valley of Emimm Fiord. 
That purtion of the Dirty Glacier which comm from the mu&wwt. 
lies in a ahs11.m vdley which ia full, and in r few p h  more thm fall, 
of ioe. This M i e r  has a medid rnomine, which W e r s  more pro- 
nounwid nem the end and wvm much of the -ge ier  with dark 
debris, whence the n-e Dirty Glsaier. In 19U5 thh glwier was a 
little more advanced than in 19n9, and ite t r i b u t q  va12ey above 
mentioned overflowed more at the emli~r data. 

The Toboggan Glacier is a mall ice stream wming from a rather 
extensive snow field that lies in the northern part of the peninsula 
eeparating H d a n  Rord from the lower part of Port Wdls. T b  
gltseier has a marked bare zone & n ~  its %ides, and it9 end deploys on B 

flat mt far abwe sen level PI. XXIII, A).  We visitad this 
@ d ~ r  on A u p t  21, 1905, and on Juho 29, 1900. At the earlier 
date a small cairn waa built on the ouhr or north end of the first 
pmjecting roek ridge on the right aide of the valley going up, and the 
following bearings were taken: (I)  To the e t ~ e m e  wight a d  ~f 
front of glmies, S. 45" E.; (2) to tjhe center or most advanaed part 
of h n t  of gE&r, S. 63" E.; (3) to the extreme left end of h n t  of 
glacier, S. 87OE. In 1909 bearing (I)  waa S. 65' E. and bearing (3) 
was 6. S t 0  30' E. In 1905 the centar or mod gd~anced part of the 
fronG(2) abo-was 723 feet (by pacing} from the cairn. Juet st 
the extreme frmt of the ioe at this time wse a law roe% ridge m&ng 
the vdley. In 1-909 the most advmoed pmt of the -gImierwre 282 
feet,fartherbsek thanin1905. Rowever,in 1908ahshly depsited 
low moraine on the northern half of the plain in front of the ~ l ~ c i e r  
indicates that the ice some time between 1905 and 1909 bad been 
about 400 feet in advsnm of its position in the earlier year. The 
map of 1899 ' &m that the glacier did not maeh tidewater at that 
time, but the abeence of vegetation on the bare Bone st .the d a  of 
the dwier and on the flat in fmnt of it in 1905 PI. mil, A} &om 
that the ice fmnt hns oooupied an advanced pmition, reaching p~m-  
tically to tidewater, tct a very recent dab, po~jbly, but not probttbiy, 
Jafer than 1899. 

-MlLd.not-nrpk 

PB83. Di&ntviawofBarrp Glacier. Augmt20,19636. 
P. 8&l and 685. No. 685 i s  hemragmduced as Phte XX, d. h t  of Berry amer 

from pint A, Plate XVII. August 20, 1%. Point A in about 80 feet above BBB 
level, an a mcay bench 50 to 100 fmt wide, on the mwt n d d y  p t  of . P & L ~ w I .  
From this etation the ground drop very steeply to tideffater. W m  t h e w  pnalkion 
the following photograph have besn taken: P 686 snd BB7, Q OB-100, G I OH. 





PORT WELLS. 

PgS&. Here repoaduoed aa Plus XIX, A. Emt Bide of front of ]Barry Glacier 
b m  pint  A, Phte XVII. August 20,1905. 
P W. -tine, Baker, and Buipriee glaciers fmm p i n t  A, Plate XITI. Auguet 

ao, am. 
P 6FIB. lhtsnt view of Harriman Glacier. 'AII~UO 20,1905. 
P 689. South Bide of front of Hamiman Glacier and muth &de of front of Mrty 

Ghcier from point H, Plata XVZI. Auguat 20, 1M5, Point H ia the top of a dark- 
colored conglommte bowlder abut 12 feet high, standing at high-tide line on tho 
-aide of Harriman Fiord on the mthern part of the fan from the M n g  Glacier. 
Thia hwlder is  plainly visible from a b a t  coa~ting along the ~hore. From the m e  
pmsition the following photograph have ben taken. P 690 and R9l; G 106, G I99 - 
m d  200. 
P GIK, and 691. h w t  of Barsiman QMm hma poht EI, Plats XVII. A a w t  20, 

Irn. 
P 731. Hrrre m p d u d  M Ptste XXIII, A, " I b w  Glacier. b p t  20,1905. 
P 732. Esnginq Glacier (probably the Rcdrig Glacier). August 20, 1m. 
P 733. Baker Glacier. Aumtu~t 20, 1905. 
G a. . h a t  psrt of front of Bany Glscier. August Il,1@08. 
Q 61. Wwt part of h a t  or Barry Glacier- August 11,1908. 
G 72. RT& part of I m t  of narry Glacier. &u@ 11,lPOS. 
G 97. Mountaim north and w e d  of Earriman Fiord fmm Egther Psaqe. June 

28,1W)4. The higheat dark paak in center of right half of photopph, is Mount Gil- 
Iwrt; Moeflt Muir in on the left. See G 3 9 2 .  

088. Here reproduced sa Phte XX, 3. Wmt side of Barry Glacier fmm point A, 
F'Ma XVII. June 29, 1909. See under P 684. 

G 99. Here wrppmduced as Plate XIX, B. Emt wide of Barry Glacier from point A, 
Plate XVII. J~rno 29, 1909. Sea under P l 4 .  

G 100. Sorpentina, Bdrer, and S u r p d  glacim bum point A, PLete XVII. June 
a, lsOg, Bee under P 684. 

G 101. Wast Bide of Barry Glacier, h r n  point C, Plab XVIT. June 29, 1909. 
h i n t  O ia about 80 feet above m level on the ~econd rock point mrth of the long 
e v e 1  beach on the eswt side of the bay on which the glscier is situated . This point 
in c?ompae;ed chiefly of hard date, much mmthed and rounded by recent glaciation. 
G 102. General view of Barry Glacier. June 29, 1909. 
G 103. Serpentine Glacier fmm p i n t  D, Plate XVII. June 20, IsM). Point D 

b abou t 60 feet above sea level on s 8mll bench, on a fairly steep m o q  dope, on the 
so~bhssat i d o  of H a h n  Fiorrl, 1 mile n o f i a t  of the front of the Toboggan 0hier .  
:fbotegraphe G 193-196 a h  were tsken from this etation. 

LG 104. Hem wptoduced ga PMe XXI, B. SurpriRe Glacier hm point F, Plate 
XVII. June !B, MH. h i n t  F ia about 10b feet above level, on a momy bench 
s mleewthlReet of t h e p w l  fnn in h u t  of the T o b w n  GIscim. Bebind (wtheaat 
of) this etation ~LI a w t a l I  dep&n opening to the muthweat, and northweat of the 
station the land de~cenda -1y fa the 8ea, Phokqq-aphs G 197 and 198 alm were 

. taken fmm thin etation. - G 105. Hare ~lepmduced a~ Phta m, A. 'Baker Glacier h m  point F, Phte 
XYII. June 29, 1909. 
G 103. Here reproduced na Plate XXXI, B. Eest d e  of front of Earriman Cfkk 

kom poiat H, Plate XVII; Dirty Glacjer at left. June 29,1909. SH under P 889. 
.G.L(YP. Hem repduced SE Plate XXTI, A. CBtnmct Glacier. June SO, 1909. 
Q 108. Weat mde of Barry Glacier from.point A, Plate XVII. June 30, 190% See 

undsr P a .  
G 182. Mona& mat of Bamman Fiord, from F&er hxqig; Mount Mair in 

centml kkground. June 28,1909. Bee G B7. 



O l W  to 1%. H- mpduced ss Plate XVIII. Pano- ahowing Catarart, 
harp&, Baker, snd Serpentine gkiers from point I], Plate XVII . Zune d, 1909. 
Bm under G 103. 

(3 197 and 198. Panmams of Spentha and Baker glacieta, from point F, slate 
XVLI . June 29,1909. See nnder G 1M. 

Q 19D and 200. Pamrrama of Ekdnun Qkb,  from point H, Rste XVZI; Dirty 
Glacier on left. June 29, lsD9. See nndar P 880, 

There are no glacim that reach tidewater on Pwaga C a d ,  
although s m r d  approach the canal from the north, west, md 
wuthw~~t .  The Seth and Billings glacim descend southward from 
the same general ice $old that feeds the H&m Glacier and end 
about a mile from the north shore of Paasage Canal. Northwest of 
the upper part oh the canal are at least three amall glaciers draining 
into thii body of water. The most important ice stream mar tha 
canal is the Portage Glacier, described blow. 

. A  h t y  vieit wae made by our party to  the i h d  of Pesaage Canal 
(Portage Bay) on July 3, 1909. The emtern end of ?or@& Glscier 
was too far dhtant from the shore and too much hidden by a low, 
bare rocky point in the gravel-filled vdey ta permit d u 1  
obmatioas. IC is probable that no large part of the glacier 
debouches on the east side of the divide between Passage Canal and 
Turaegain Ann, for no large ghcid stream enters the bead of tho 
canal. A trail over this ~18cie:r was much ueed for travel betwoen 
Prinm William Souad and Cook Inlet befare the SewardSunrisa 
trail was opened. 
In I898 M e n d e w  vhited the head of thh bay and made the 

following interesting observations : " 
The isthlnue which connwta Kenai Penhula with the mhhd j, only about 12 

or 15 milea b m d  from tidewater to tidewater and probably gtanda but little sbme 
mm level, but for 6 milee of thia digtancs i t is buried u d w  s glacier, which flm 
h m  the high mountains of the p e n i d  ta the muth. This g k i m  st iits high& 
point la about 1,000 fwt above tide, and w be c& in r few hours fmm the open 
mtam of P o w  Bay by proepectms dr otbera who deaim to m h  Bunrise City or 
the hadmatera of Gwk Inlet befm thia body of watet js open to mviptmn in the 
*ring. For mom t b n  100 yeam it hsa been used aa a mute, first by the RuPaian and 
Indian trdem, and latar by minere, who m U y  c- it without difficulty in t,he 
wiptar or early qrisg. In tbe ~ummer the- cwvamea open, and it is but rarely wed, 
eapecllly since at t h t  seeson the all-mter mute in w much d e r  snd cheapnr. 

Q * * 
IP-e Bay meiven  eevetal glscial tri'bntsries. Sonthwset of Point Pigot, which 

mpamtca thiR bay from Port Felb, is the mouth of Blackdwm Bay, which mdvas 
BlackRtone Glacier fmm the muth. Both the bay and glacier iue named for a miner 
who lo& hia life them B few y a  ago. 
Thme glseiem appmach eea IeveI at the heed of Po- Bay. Ona d t h e m  b 

P o w  Glscier, whose foot ia about a mile b*ck h m  the W. Ita ouW h toward 

ax-, W . C . , A ~ ~ R ~ B ~ ~ ~ ~ ~ ~ R ~ W ~ ~ O ~ ~ ~ O B :  
TwentM hu V. 8. OWL Burmy, pt. 7,1WO, pp P39, m, a!& 
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T u q i n  Arm, aad it pmhbly bea never dkhargd into Prime William Round. A 
m n d  gwer villa over tbe mountain rim 2,000 feet above tide in an ice cataract 
on the solibeast eide of the bay. Tbe third and smallest, now rapidly retreating, 
flown down from the mountaha to the northwest, and has until VQV recently mhed 

the belt of gravel delta which -tee the foot of the mountain dope from the 
head of the bay, but h a  now dwindled until the portion m h i n g  the p v e l  p h h  ia 
e n d l  and c m n w  whoIIy of white ice. 

Thia little glacier i I lu s t ra~  very well the mpidity af the ice mtreat nnd mhom UB tihe 
powen whoeo resulte only remain in pottiona of the Row England Iandacape. One 
pnsrterof a mile out fmm ita preecnt terminue i a  a hillock 220 bet high and half s mile 
long, with ita longer axis &leI with the glacier front. It in now wr#ueted from thla 
letter by an o p n  valley paved with bowlders. A t  first Bfffht thia elevation was 
apposed to be st ~imple t e r m i d  moraine, but upon axamination it pmved to c o d  
mmtly of ice deep1 y covered with angular dbhris, which is a h  dimeminated thrwgh it. 
Thin remnant of the gIacier -ma to ataad near a p i t i o n  which the i r o  Imnt occupied 
lung enough to become covered by a d c i e n t l  y thick mantle of pmtective dbbriu, s~ 
b a t  me1 tiq wm not m rapid rn in the less well-protected part of the glacier juet back 
of the front. The eepamtion from the glacier was probably facilitated by ththr exit of 
the mbglaeial atream through a tunnel back of the pmtactiqg mantle. The combined 
melting from abwa and below soon removed thk neck, leaving the fwmes front 
isolntcd na it atanda to-day. Binco its isolation it ba been drinking each Bummer 
and now occu piear larxa than ha1 t of ita original m. Around i ta maward side i a  B helt 
of rough ground of nligbt relief covered kith angular and unsorted material, which has 
Been Iet down into poaition by the melting of the ice h n t .  The outer rim of this 
mne ia wmewht higher than the inner prtion, giving it the fm of a ahallow amphi- 
thatcr facing the mmnant of tho glacier. Tbe &ability of the @tion of m i m u m  
advmce for a short time due to the balance between h and melting at the front 
accounte lor the atightly greater m m u l n t i o n  there and the building of the low rubble 
wall* 

These m n f  gbeial deteils of ~pograpbp ma tho mam strl%lng &ce they am b d t  
u p n  a mmth wsteAnid d e w  of relatively fine material. Thia delta i~ of the 
type which &ly forum b f o m  glecim in theee fiords and gives about the only levsl 

to be found nmr aea level in a region OF harp tapgmphic fom. A t  its outer 
margin, s abort diafanm ~ e s d  tmm tow-tido Eovsl, the delta dopes abruptly ta the 
profound d e p h  m often found in thew inlew. 

T ~ B  eafly D M ~ B  of the ahore line botween Point h h s  and Y a s q p  
were inaccurate, probably bemuse they were made by explorers 

who hsd not f ollowd closely the intricacies of the shore line. Black- 
atone B B ~ ,  exmpt its head, was fairly well shown on these maps, but 
Cochrme Bsy was poorly delineated, and Culrvlss Psaeage was not 
shown at all. Vancouver's map (1 794) of this district and Tebenkof's 
(1849) have formed the basia for other and lakr map.  Applegate's 
map of 1887 adda some detail and is the h t  map to which we 
have aceem that indicatei the Tebenkof Glacier. Culrossl Passage, 
behind Point Culms, w& mportd by the United States Geological, 



S m y  recoanaisasnce of 1.905 end indicated on c b r t  No. 8502 of the 
United S t a k  Coast and Geodetic Survey ia 3907. A mom detailed 
map of this district has now been published.' (Sea dm P1, I aud 
Bg. 5 of tho preeent mprt.) 

On the maps of Vancouver and Tebenkof, '5ca m d  snow," which 
undoubtedly refers to a glacier dischrrgin~ into the aeq am shown at 
the head of h h m e  Bay, and the mompmyhg deecription' 
indicates the same fsct. There was evidently a mistake in locating 
this glacier. It should be ahown at the head of the next bay west 
W k k s h n e  Bey), for them ia na evidence that in historic t& a 
glacier occupied the, head of Cochme Bay. The land 8t ttlze hmd of 
this hay is comparatively low, and extends muth+outhwmt to Port 
Nellie Juan. The glmier seen by Vancou~er was evidently the 
Blackatone Glacier, wbick reaches tidewater at thn head of BhMone 
Bay. 

Our information concerning the glaciers of Bbchtone Bay wsa 
gained by a rhumied mconnrtiasance on Jdy 5, 1909. No d&te 
information concsrning the positions of the fronts of these glaciers 
at an earlier date is extant. 

TEBmNKOF QLAOIER. 

The front of the Tebeakof Glacier comes within about a mile and s 
q u r k r  of the ahore of a small bay on the south side of the entrance 
to Blacbtone 'Bay a d  is named &I Cspt. M. D. Tebenkof, governor 
of Russian h a t i e a  Xxwn 1845 to  1850. This glmier is an ice stream 
13 to 2 miles wide, which flows northwad in a ~ d l e y , p d l e i  to 
Blackstone Bay. The ice field of this glacier is wntinuous with that 
of the Blmkstom Ghcier. The Tebmkof Gl~lacier htrs a comparative1 y 
low slope, m d  its front lies on a flat of glacial dd8ria. This flat in plwea 
is covered with aforest, which would indicate that the glncier had not 
remhed tidewahr in the Iast century and probably not in a comid- 
ersbly longer psrid. &ng each part of the front of the glecier is a 
bare zone, estimated to be 500 feet wide, which hrrs apparently been 
covered by a m n t  advance of the im. The datete iff thii advance, 
which pmbsbly dmtmyerl part of the forest at the wmt edge of the 
glacier, is uncertain, but the a k n c e  of vest  at ion on the bare zone 
i n d i c a h  that it probably took place within the Imt 10 or 15 years. 
The front of the dwier m not visited, BO nothing in known of the 
di~tanca b a t w ~  the p m t  front and this ment advanced poei- 
tion, which repmwnts the maximum advance since the growth of the 
present forest. The position of the front of the glacier in 1W la 
~hown in PIab  XYIII, B, and XXTV, A. 

1 Q r a n t , U . B . , a t t d f l ~ , D . P . , ~ O l ~ ~ ~ ~ ~ O l ~ W a  
W W d ,  W k %  Bull, rj. 5. Qd. 8-y No. M, k910, PL II. 

1 Qmtad by Davkhn, op. OIL, P. 39. 
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BLICRSTONE 'BAY. 43 

BLdCK8MNE OtbOLltB. 

!Fhe 3 3 h h t i o n . ~  Gllrrcier emnnds the h e d  of Bhlmt6ns Bay, 
d i n g  down from a very e&ve ice field no 1- t,hau ten ice 

stmame (fig. 5). Two of theee atmamn have aischsr&g diBs at 
sea level, and two 0th- on the east side of the bay reach just to high 



tide on gravel aprodformd at the lower mds of the alpine valleys 
occupied by the glrtciere. The earlier maps show the sauth end of 
Willard Is'slrtad cavered with ice, but as the eouth end of the idand 
hae a very deceptive qpearance till one comes close to it and rn the 
aiee and density of the vegetakios on, the idand indicate several 
dmadea of growth, it is idtagather probable that the ice has not 
been tu fw north aa WUmd Islsnd within the time of which we 
have resord, 'namely, eince 1794. 

There ie very good evidence, however, that mnch earlier, perhap 
two centuries ago, the front of the Blacbtone Glacier did extend 
well up to the north end of Wfiard Island. In figure 5 a line shows 
the approlrim~te position of this ancient ice front. North of tIlia 
line tho island is hsavily forested, but south of it the character of the 
cover change3 abruptly# and them consists only of sparse fir trees 
aad a dense growth of shbbery. 04 the west aide of the i s h d  B 

emdl g r a d  point marks the psition of the old termiaal moraine. 
No precise locskbn for the d d  front could be d e t m e d  on the wost 
side of the bay. On the east side of b0t.h island and bay is a notable 
~~~umuEatioa of morainal material extending across from the ialand 
to the mainland, under 8 ahdew channel in whinh tidd currents 
ma v e g  ~wiftly. Tho two points south of point C in figure 5 may 
be modified r e h  of two recessiond moraines. Although the 
i e l d  itself is v e r y  spw1y timbered wutb of the old ico front, the 
p a v d  depmita on the eset sSde of the bay are heavily timbered. The 
development of sparse and demo fomts in approximately the m e  
period is doubtlws due ta the more f~vorable conditions tor f o m b  
tion upon the grayel than on the bere glaciated rwck of the ialahd. 

The eceneq in view from the amall eminence on the aouth end of 
Willard Island ie nearly as wild and desolate as that at the head of 
Hamiman Fiord. To the south, from west to e a t ,  a vast ice- field 
a h o a t  bamn of nunatah atretches back to a brilliant white sky )ins. 
From the central - mmy tongum of ice lap down over the mooth 
rock dopes or break og inh the sea, It requires little eflcrrt of the 
imagination to picture all these tang;uea walmed into one ghnt 
ice stream filling the whole head of the bay and e x t a d i  far down 
over Willard Idend to the ancient moraine. 

Q 1U. h n t  of Tebanka t Gthch. Xuly 6,1909. 
G 113. Here repradumd as Plnta XXIII, B. Front and weat side oi T e W  

Qlecier from point A, figure 5. July 5, 1909. Paint A ie an the top of a mky bIet 
or reef at the emt  mde of the entrance to the omall bay an the muth dde d* sad n~ 
the lower part of, Blackstone Bay. 

O 114. IIere r e p d u d  ae Plate m, A. East Bide of h t  of fibdd Olwier 
b m  point B, f i p  5. Idy 6,1909. Point B is on the end of the point at the 
aide a£ the entranm tq the small bay m the mth mido and near the lower put of 
BhkubneBag. ' 



PORT NZLKJE JUAN. 45 

C 115. Nwthwly lobe of Blackatone Glacier, whicb d m  not reach tidewater, from 
pint  C, figwe 5. July 5,1809. Point G i a  on a low, treelea bland near the east 
ehare of Blmckatone Ray and abut  3 milea no& of the head of the bay. 
6118. MainpartoffrontofB~%atoneGlacier,hmpaintC,figuro5. JulyS,1909. 
e l 3  and 214. Paurnma of front of D l a c h e  G1rtcie.r from pint  D, @ue 5. 

July 6,1909. Point J3 is the top of tho mall round hill, 60 or 70 ieet above t h  q 
on the ~011th end of Willard Fsland. I t  ia  about 200 yarda north of the muthem ex- 
tremity of the W d .  

POET IUlELLIR TUAH. 

Part Nellie Juan (PI. XXV), fiomotimee called Bay after a 
pmqator who had s cabin near iits head, is the moat extedve 
embnymant on tho west coast of Prince William Sound. The long 
southwestern arm of Port Nellie Juan wss nob shown 04 the earlier 
maps* nor were the glaciers of thh port indicded. The fmt map 
ahowkg the detaiIs of tho upper half of t h b  b ~ y  wag made by S. 
Applegate in 1887.' We a sited Port Nellie Juan on Auguet 8 and 9, 
3908. The accompanying map and the hfonnation obtained in 
August, 1908, embody d the data known fo us concerning the gla- 
ciem of t b  pod. The gladom on tho west t4de of Port S d i e  Juan 
were not seen at dms range, so the locations of their fronts (PI. 
XXV) BNI ody approximatfi. 

South of the centrd part and east of the eouthern pert of Port NeUie 
Juan is a snow field of u s h a w n  but considerable extent. Several 
glaciers flow north and west from this field, and two of them, the 
NnUia J u ~ n  and the Falling g l d m ,  rench tidewater: On the west 
side sf the aoutharn part of the port sre other glaciers, one of which, 
the Taylor, reachm sea level. At the head of Port Nellie Juan the 
water ia shdow and is kept very muddy by K i n e  and Nellie Juan 
rivers and smaller stroams bringing charm of silt from the neigh- 
boring glaciers. These st,rearna come fmm what is probably one of 
the largest im-wvored are= of the Kenai Peninsula. 

The UIt ' e Glacier, so named because of the clear blue color 
of the ice near its end, %I aituabd st the h d  of Blue Fiord, the 
second deep indentation from the entrance in the southeashm coast 
of Port Nellie Juan The glac.ier cornea within about a quarter of 8 

mile of tidewater, and the western part of its front extsada beyond 
the eastern two-thirds and mts on a glacial flst. The eastern part 
of the f o n t  rests on a rock ridge about 300 feet abo~e the ma. 0s  
thh d g e  i~ rr marked bare zone, and thero is another at the side of 
the &cia. The front of the glacier was not visited, but at  a dis- 
twce this bare zone appeared as if  the ice h d  retreated from it in 



the laet two or t .hm years, Applgnbb sap  referred to 'above 
indicatee that the glader in 1887 reached to tidew8ter d o n g  ita whole 
front. The fbmt  in front of the -tern part of the glacier show 
that this part could not have extended eo far. Ths weetern pmt 
me7 have ramhd tidews* at lthab tirn~1, bnt men this is doubtful. 
Our ohmatiom on tbie gl&m were mads af s didanen of about s - milemdahalf. 

BlmLm Jum G u m .  

The NelIie Jnsn Glaoier (Pls. XXV and ia the 1-tF at 
leaet in b d t h  of front, on Port Nellie Jntm, rafter which it isnanrad. 

fmt of the glacier ja dhlhatly h rim from the entrance of 
the port and mats on n gravel beach, mmt of whieh is mvcreti by 
high tide; nenr the cantar of the front the Soe is bathed even by 
low-tide water. On each side of the lower part of the glacier is a 
distinct bare zane of smoothed -nib, 100 ta 500 feet wide, which 
mds a h p t l y  at  the edge of a foreshovered t~traat. This m e  ie 
prominently developed on a granite hob ,  h t  aa island, at the 
wed side of the glalaaiul fmnt. km;sS the top of this h o b  is a 
small mmbm (A& pint A, PI. XXV) from I to 10 feet hrgb and 5 to 
30 feet wide. This moraine aontains fsagaaertts3 of deed wood, and 
just north of it is an area of scattered trees some of which me a fm6 
in &&meter. South of the moraine ia some vagetation-mm, gram, 
d d m  6 feet b h ,  and a few spruce trem 4 feet &h. Most of the 
vegetation dianppeaas haway fm the moraine to the ice front. 
From the extreme swnmit (point A, P1. XXV) of the abovementioned 
gmGte h o b  the nearest paint of the momhe is 48 feet distant ia a 
h t i o n  S. 10" W. From the same aPmmit thaxtmm front of the 
ghkr bears S, 74' E., sad the n m t  point of the ice is 500 fest 
S. 13O w. 

The moraina notad ~ b v e  mmb the fatthmt admm of the ice 
&ce tbs growbh of 60 p m n t  forest-that is, for a century, and 
most probablg for two or thee csntnrias. This maximum advance 
in historical time m u d  at teaat 20 ago m d  prnbably-~~~ch 
wlier. 

FALLIN0 GUCLER. 

Fdhg Glder  is n gmaU ice ~trsam on the east 5de of the a~uthern 
dmtah of PoPt mllie Jaw. Z)xl Aagust 8,1908, a m u  tongue from 
the ice jmt mtohed the aa. In front of the glacier; however, is 
a bme gone, wknh has bmn covered by the ias within IL TW few ye-, 
Whea this zone wm covemi the glwier had a tidal front of about 
1,200 imt. 

TATJXR QUCIEE. 

The Taylor Olmier ie the only one that mitohe%' tidewater on the 
west shore of  PO^ Nellie durn. Thia g1wie.r hm a medial moraine 
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m d  a marked bare zone along each side of its lower end. We did . 
. not examine the Taylor Glmier carefully and h m  little hfomtian 
conrreFning i t  other thsa that shown on the map and in thnee of the 
p h t o g r ~ p b  listed below. The freshnw of the bare zone indicates 
that the maximum advance of the glacier S ~ G B  the present for& has 
gmm up took p l ~ m  only rr ve~g few gesra ago. In this advance the 
front of the glacier reached a lino about a quarter of a mile beyond 
ita pressnt position and had an extent of a mile along tidewatsr. 
Applegab's map of I887 shows a glacier, probably the Taylor, reach- 
ing not qnita to the wswr. 

G 49. Nellie Juan Glacier from northwest end ot bbnd near & &ore of Port Nellis 
Juan, about 5 miles north-northmart of tho glacier. August 8, 1908. 
G 50. IJkmwhe Glacier from distance of abatrt If miIae. August 8,1908. 
G 51. Here mpdacedav PIah XXYI, A. Fmnt of Nellie Juan Glacier E m  paint 

A, Plate XXT. Augast 8, 1908. Point A in about 175 foet ahwe wa level on the 
-me trip of a granite knob, a h w t  an idlend, on the we& side of the fmnt of the 
glacier. 

G 52. Hers repminced m PLate XXVI, 8. W@t wide of Nellie Juan Glacier from 
point A, Phte XXV. A u p t  8,1808. 

G 53. khabe, f d  and forest1em zonoa at pinE A, Plate XXV. Au@ 8, 
1m. 
G 54. A more d h m t  Piew of Bsme luality a8 No. G 53. 
G 56. Nellie Juan Glacier fmm n point ~bbout 2 milm nwth. kugoat 8,1?W. 
G 56. !hylor Glacier from amall island on east ride of Port XeIlie Juan and abut 

one-balf mile mth of entrance to the upper prt of the port. Auguat 8,19US. 
6 57. Fmnt of FaZling Glacier* Augurrt 8,1808. 
F 58. Front of Taylor Glacier. Angust 9,lSOe. 
6 89. Fmnt of Taylor Glacier. buprrt 9,190R. 

X C P  BAY. 

No gtaciefs exist near tidewater on frinco William Sound between 
Port KeKe Juan and Icy Bay (5g. 6 ) ,  which is a fiord extendtng from 
the gtrutliwwterq pnrh of the sound. The axia of Icy Bay runs 
northeaat and gonthwcwt, and the 6ord is approximately 10 miles 
Iong. This bay has hen represenhd on m a p  as about 4 milm long 
and ae having an east and west axis. It waa not until after the 
United States Gaologioal Survey reconnaj~ance of 1008 that the 
bay was deIineated with approximate aoouracy." The emrs in 
mapping arose from the fact that Vancoaver~ representation of this 
bay was followed in later maps, and be had reported: &B quoted by 
Daoidson, that the bay was "terminated by a compact body of ice 
t b t  dasoPAlded from high perpendicular ,rMs to the water kde.!' 
At that date (1794) it is verg probable that the glaciers jn Nassau 

- 
1 Clrmt, U. B., and Bigghs, D. F., dmfw mad mi Wllllrm EmW: Bull. 

U. 8.  ad. Bwrey No. 379, lsOB, PL IV. 
r ~ m .  aad ~ r o a  a m .  h. PWSB~, 3d ser., VQL a, IW, p a 



Fiord, the 1- bay on the northwest side of Icy Bay, eompIete1p 
sled that fiord and extended into, but not mmxm, the main part of a 
Icy Bay. This,together with the mtasive discharge of ice from them 
glaciers (combined aa one), probably pmented dose ingpeution of 
the bay ~ n d  the disco- of its upper part. 

Our visit to Iuy Bay wm on August 5,1908, when wa made a hasty 
momaimance of the bay, oame within half a d e  of the Tiger 
Glacier, and obtained our information concerning the Chemega and 
Princeton g1:laciers from the rock idet (point C, 6g. 6) at the entrance 
to N&ssau Fiord. In the following p a r  Icy Bay was visitd by the 
George W, P e r h  party. The ntunw here used, except the aame 
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FRONT OF CHENEGA GLACIER. 

An~ytrst TS, lo:?, From pl io toyraphs by W. E.C?cIl,> ' r t h r  George W. Pprkins party. 



ICY BAY. 40 

Chmega Glacier and the name Princeton for the glacier immediately 
northmsrt of the @mega, are those proposed by that party. The 
Chanqa, tbe main dischqing glacier 4 Ioy Bay, has long been 
h w r i  l d y  by this name, and the name haa been published at least 
Ith timss.' 

~ Q E T O ~  ULAQnm. 

The Princeton Gleoim ia the mmt nortbeastmly ice ~tream d b  
charging into Nwau Fiord of Ic~t Bay. The glac=ier htas apparently 
a d v e  moraine along most of itg front and reaches tide water 
only at its western side (PI.  XXVII, A).  This glacier ia not dk- 
charging rapidly. Further partiedm concerning it be found 
wder the Chenega Glacier. 

The m e g a  Oiher mwhw tidewater atrt the hed of Nassau 
fiord, i8 discharging abundantly, and is the ice stream which fur- 
nhhes most of the floating ice so common in trnd abut  th0 mouth of 
Icy Bay. From the top of a amall rock island at the entrance to 
Ntassau F'iotd (point C, fig. 6) both the Chenega and Princeton 
glaciem are ia full view {Pl. XXVII, A). From this point true 
bewine were tsken as follom: (I) Extreme right of front of Prince- 
ton Glacier, N. 8' W.; (2) extrame left of front of asame glacier, N. 
19" w.; (3) extreme right of'front of Cbenega Glacier, N. 28" W.; 
the extreme left of the same glacier ia not in view from this point. 
On August 19, 1909, the George W. Pmkins party approached 

much nearer tm the Chenega Glacier. Photographs made by members 
of this party ehow much lm floating im in Nmsau Fiord than was 
present in August of the preceding year. They obtained good views 
of the front of thim glacier, which are here reproduced, through the 
courtesy of Mmars. Perkins and Cadin, in Plate XXVIII. 

The rock gurfnce about the entrance to Nassau Fiord has been 
recently glaciated and no forest has de~eloped on it. The entrance 
to this fiord rss well as the peninsula at the north side of the entrance 
were wverd by ice undaubtdly within the last 100 yeam and 
quite possibly' within a much shortsr period. The Indians living 
at the settlement of Chenegtb have tt tradition that the Ghenega 
Glacier m d e d  to the mout'h of Icy Bay about 100 years ago, but 
the growth of the fomt about the bay and even well up past the 
mouth of Nmau Fiord precludes this idea. The trdtion would 
refer more reasonably to the mouth of the northm mn (Nassau 
Fiord) than to Icy Bay itself. 



The Tiger Glacier reaches tidewater at the &mime head of 1o-y 
Bay. The front of the glacier is sbep and the eastera part of it 
was diacbaqkg in 1908 with f& rapidity. The western half of 
the front shows a ledge of rock just emerging from under tha ice 
(PI. XXVII, B). In a photograph taken by W. E. Carlin, of the 
George W. Pmkins pnrty, on A u p t  19, 1909, th ledge is com- 
pletely m m d  by an advance of the g l d ~ .  The amount of this 
advance can not be determined from the phoW@apbs, but it probably 
dow not ex& a few hundred feet and may be 1- than 100 feet. 

Ga. Tiger Glad= from poiat A, @m 0. August 5,lW. Paint A i a  an the 
w d m n  end of the hgortt  Uand at the & d e  of the entrance to the upper mwmw 
portion of Icy Bay. 
G 45. Here reproduced as Phte m, B. Tiger a k h  W point B, l@m 6. 

August 5,1908. Point B ia on the flat, e m  at low tide, a t  the r n d  d a mull 
g k i a l  &yeam entetfng the upper narmw portion of Icy Bay about 12 milea mntbwest 
of point A. 
G 46 and 47. h m m m  of Uhenege and Pdnceton g1&ra, from pint C, Ggme 8. 

A~p&5,1908. ~PobtCbtbetopof&rnckjsletat&eaou~mataideoftbew~e 
to N m u  Fiord, 
G 48. Here r e p d u c d  fa mte =I, A. Gbemp and -h &&m, 

fmm point G, figure 8. Augwt 5,1908. 

The ~ L h b r i d ~ e  Glacier is the only tidewabr glacier on Port 
Bainbrkige. A mile north of this glstcier is B smaller one endiag 
about 500 feet abve ma level. The Bainbridge Glacier d m  not 
appear on the emlior maps, although it is. in view from ships pawing 
Point Elrington. The ftrst map known to us that shows this glacier 
is a small one published in 1906.' The gI&r had, howaver, been 
known long before that data and the nama Bainbridge is in c u m o n  
use locdy. W e  saw the glacier from a & b c e  in 1905 and on 
August 3, 2908, vjsikd it and mapped ita front (fig. 7). 

The Baiabridge Glacier ends on a ghial  fiat, and the central part 
of the front is reached by the usual high tide, so that an ice cliff is 
developed dong thb part of the fmnt. This cliff is approximately 
100 feet in height, and itis top is composed of ragged ie phtlc1es 
sing~ltwly free from d4brb and showing in suntight a beautiful play 
of greenish-blue colors. Near the northern part of tha ice front is a 
push moraine, 10 feet high, which in places stand& directly at the 
edge of the ice and at other plmm b m much ras 60 feet away. Tl& 
moraine is v q  fresh and probably waa formed in then of 
1908. The momhe hchdes fragments of trees and toward the 
~Qmt,U.B.,Cqpraadommralnerdmoumsol PrhmWmlem W B d l L U . B . a e P L m  

NO. aSr, 1% P. 



U. n. nro~or l l r~c  ~ u ~ v : r  B&:LFTI'. *?a  PLATE X X I X  



U. S. GLC..CG'Phl SVLVEV I ' ~ : L ~ T I N  **a K A T T  K ' X  

, I ,  ICE I-RCm:.lT, pUr.4 :.' : ., ' , <  ;' :::' T.:::. ' -  r ! I . , . . .  ' 8  ,! 

GC:.I LF 

* I , ~ q u r :  3, 1 QGR. Pnv!ograph G 41. 



north enmsches upon a, spruce foreat, many of whose trees have 
been Md by being partly buried in glacial out-h (Pl. XXX, A). 
Betwwn the south part of the front P1. =SIX, B)  and the for& is a 
small hgu lar  hare zone of m k .  

The photographs here reproduced Ph. XXIX, A and B, ma 
lDCX, A) mark the position of the front of the Bainbridge Glacier on 
Augusf 3, 1908, and will be of service in determining future advance 
orretreat. h 1908 the ice WM prtrcticauy if not absolutely at its limit 
of m k u m  advance sinca the growth of the present foreat. 



G 39. Etainbridge Glwiot from e a t  aide of Port Rainbridge and j& nmth of north 
entrance to Eqgj Bay. August 2, 1W&. 

G 40, Bere mpducod 8a Plau .XXLX, A. F m t  of Bahbddge Glacier h m  
point A, Figure 7. Aup;udt 3,1908. Point A i~ on the top 01 the mmt mutherly 
raef at the north emtrance to the lsba1low bay In which i~ the Bainbridge Glacier; 
thia reef is covered by the ordinary high tide. 
C 41. Hem repmducod aa Plate XX'X, A.  North pad of h t  of Bainbridp 

Glacier, aha* push moraine, overturned tmem, and dead fwaat. August 3, 1908. 
C 42. Detail of fmnt of Bainbridgo Glacier. Auguat 3, 1908. 
G 43. Hem r e p d u c d  sg Rate XXYX, B. douth part of front of Bainbridge Glacier 
hm point B, Figurn 7. Au@ 3, 1908. Point B  it^ at  low-tide line on the m t h  
bank of one of the larger glachl dreams. 

GLAClERd OF THE BOUTRERN SEOBE OF KENAX 
PENXNSUfik. 

Between Prinoe William Sound and Rssurre~tion Bay, or more 
atrictly between Capes Puget and Resurrection, there am at least 
four marked hdentationa of the shore line having vallep opening 
into them. Each of thew valleys contains a glacier. From east to  
west these glnciem uro the Puget, the Excelsior, an unnamed glacier, 
and the Ellsworth. This const lacka p o d  barbom that me not 
expwd to the m~therly wind8 and oxcept for Day Rarbor hras been 
seldom viaitad and not carefully mapped. Our delineation of this 
shore (see southwest corner of P1. E and emt edge of PI. 11, in pooket; 
eleo fip. 8 and 9 )  shown more detsila than other m a p  but can not 
be regarded as accurate. 

PUGET IXCAODCR. 

The Pug& Glacier, to  which we apply the name of the adjacent 
cepe and bay, ends about n mile and a q u d r  from the head of 
Puget Ray. This glenier is s h o w  on Tebenkof's map (1852) and 
probably also om Vancouver's map, though it is omitted from recent 
United Statea Comt and Geodetic Survey ch- (Nos. 8502 and 
8550). We visited the head of Puget Bey on July 11,1909, at which 
time the accompanying sketch mep (fig. 8) wna made and the glacier 
wm photographed (PI. =, B) . 
The wdace of the upper p ~ r t  of the Pugat Glacier b mmooth, but 

about a mile m d  half above its lower end the glacier narrows and for 
half a mile ih surface is steep and much c r e v m d .  It then widena 
and becomm smooth again but farther down p m m  over .a cliff, on the 
top of which the wmtern side of the glwier ends in an ice wall -ti- 
mated to be 200 feet in height. The hl ncks of ice which f dl over the 
cliff from this wall probably do not consolidate, although th waa not 
conclusively ahown by our observations. The emtern pert of the ice 
stream cornea over this cliff in ;a much e r e v d  condition and then 

I Davidm, m, op P., p. SQ, m p  6. 



becomee smoother snd d e p l o ~  toward its end. Beyond the end of 
the glaier in a bare zone of considerable extent, between which and 
theseaiaamatureforeet. The barezona 
appesrs to have been occupied mently 
by the glecier. Davidson states that the 
glacier ended half a mile from the shore; 
this diatance wes probably taken from the 
older maps (Tebenkof b or Vanaouver's) , 
lor evidently it was not carefully mamured. 
W e  did not go nearer the glacier than 
pint A, &ure 8. 

The nams Excelsior is In urn locallg. for 
thia glacier; we do not h o w  when the name 
ww- applied m d  have heard of no other -= ,-worPtlBat ors. 
name being used for this ice atream, which da md bead or Puget Bay July 11. 

ia shown on the earlier maps.' We p-d 'SOX 

within 2  mile^ of the glacier on July 11, 1909. Its front appea-rs 
to be witbin half a mile of the sea. On the eaat is s very wide bare 

zone between the ice and t.ha foreat, and 
an the wmt there is dso a bare zone, but 
this h not so dearly amn. %'be glacier 
ends on a low gravel flat, the central part 
of which h bare of vegetation. Fmm the 
appearSIlm of &me bare zonee it seema 
that the ExceIsior Glacier has been con- 
~idemblgt lsrger within s few yeare, and 
its front may have reached the sea very 
recently. 

The Ellsworth Glacier is situated at the 
head of Day Harbor, t h e h t  bay eest of 
Reaurrection Bay. T b  glacier is not 
mentioned by D~vidson and evidentIy did 
not appear on the mapa of Tebenkof or 
Vancouver. It is shown as r e d i n g  tide- 
water onunited StaWCaast and Geodetic 
Survey chart 8502 (1907). We visited 

Plaasll 0,7Sk%tph nap F,IlsWMth the head of Day Harbor on July 12,1909, 
a w w  d head of Day ~wbor JU~Y at which time the accompanykg aketch 
12 leas. map (fig. 9) of the glacier was made, mainEy 

from point A. The name Elhworth Glrtcier b in uae at Sewad, the 
' glacier King named after H. E. El~worth of that place. 

1 Dnddmn, George, op. OIL, p pBO, map 6. 
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The Ellsworth Glacier is an ice &earn of corisidemble length and 
low slope. It ends about a mile and threequartem fmm tidewater. 
The glacier c d e a  four well-marked medid moraines, and the emtern 
part of its front is covered with much dbbris. Two feedm join it 
from the east. Abut  opposite tihe upper feeder is a nunatak, and a 
little south of this feeder m d  farther weat is another nunabk of small 
s h 4  both of which rise only a little above the ice ~udace. On the 
west side of the end of the glacier ia a bare zone perhaps 200 feet in 
height (Pl. XXXZ, A).  On the east aide of the end is a morainic 
deposit, also bare of vegetation, and there are some morainic hilbb 
in front of the glacier. Part of the outwash plain ig covered with 
vegetation. We did not visit the front of the glacier and therefore 
have no information as ta remnt retreat or advance, except for the 
bare zone noted abooe. It is very improbable that this glacier bas 
reached tidewater within historic tima. 

West of the head of Day Hsrbor are two other northgouth d e p .  
The eastern one contains two small glaciers some 8 or 10 miles fmm 
the sea, and on the  weatem side of the wmtern valley is another small 
glacier about 4 miles from the sea, In tbe mountains west of the 
head of Day Hmbr are aeveral cirques, on0 of which contab the 
small glacier just noted. T h e  other &qua have moraines ttmm 
their fronts and possibly may contain small glaciers. 

G 117. Hem mpduced w Plate 2CXXl 8. Puget Glacier from point A, figure 8. 
July 11,1909. Poht A h n w  the wt end of the b& at the had of Puget Bay. 

Q 118. Weat eide of front of Excehim Glacier from beat. July 11,1809. 
G 115. Emtdde of front of&cehim Ghierkwn b L  Tdy 11,1909. 
G 120. Eihorth Qlacier fmm boat. July 12, 1909. 
Q 121. IIere reproduced ae Pla~ XXXI, A. Elhorth Glacier h m  point A, figure 

9. July 12, 1909. Point A is the top of a drift hill about 80 fmt above 8ea level, 
u n d m t  on the north d e ,  at the northwt corner of Day Hrrrbor. The -it of 
#e hi11 ia forested, and the &tj, $,at the edge of the forest and at the top of the ~teep 
northerly dope. 
G 215. Hanging val lq  and cirque pmibly mtGning aglacieq at wed dde of bead 

of Dsy Ebbor. July l2,lW. 

BEBURRECTlON BAY. 

Resumtion Bay is the most northerly extanding indentation of 
the coast h a  of the Gull of A h k a  between Prince Wdliam Sound 
and Cook Inlet. The high mountaim east of this bay carry several 
small glaciers, which end far above sea level, and on the west side of 
the bay ia the Bear Glacier, the largest ice stream to reach the sea 
on the Ksnai Peninsula. 

THUMB COVE GLACIERS. 

On August 21 land 22,1908, we made a short trip to Thumb Cove 
(Iocdy known as Porcupine Bay), and in visiting the pmpects in 
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this vicinity made a sketch (fig. 10) md took a few notea on the 
g h i m  near this little bay. Although these glaciers, when ~ m d  
from the bay, mem to be clinging to the mountains as hanging 
glmim, a visit ta them rev& tho f sct that they occupy well-defined 
v d v .  The Spoon an8 h p e d  Glaciers especially occupy well- 
developed cirquea whose w& are in places nearly a thousand feet 
sheer. The Porcupine Qlder was not Visited, but i ta front could 
be ~ e r y  well seen from tidewater. 

The h p t  Older was n m d  f m  the fm t that Q. E. Iikea  ha^ 
done considerable prospecting along the back cirque wdl. The front 
of the glacier is breaking over a small rock cliff. The Spoon Glacier 
wna no named on sccount of it8 smooth, glassy, round front, which 
remindsone approaching from below 
of tha inverted end of a huge spoon. 
The Porcupine Glacier bears the 
local n m e  of the bay. 

Tha bare meas about the fronts 
of all t h e  glaciers indicated in 
1908 a minimum recorded extent of 
the im, Between the Pmpect and 
S p n  glaciem ia an abandoned 
medialmoraina. It is a b u t  80 feet 
high in the highest parts,  it^ top is 
sharp, and its sides are very steep, 
for they have not yet adjuated 
themselvee to an angle leea than 
that of repose for the material of 
the mar- Bowldere of prodig- m- 10.4- lmep  TI-^ - g ~ n -  
ioug ~ i e e  are common. The 1-t ~ ~ ~ w - ~ & ~ ~ l ~  
one seen was estimated as equal to md h t i ~ f l ~  h m  c m ~  states Coast end 

aB&foot cube. The condition of GO"deUcS-~~eon~m*-mPeet~ 

the vegetation on the mornine indieatea that several decades have 
passed ainca t k  glaciem coalesced. 

Just north of the hmpect  Glacier is what a p p w  to be a small 
ice cap covering the tap and upper part of the western slope of a 
mountgin more than 4,000 feet in height. 

The Godwin Glacier is on the east %ids of Rmurrection Bay directly 
east of S e w d ,  and is the soumeof Godwin River. The glacier ends 
about 3 milea from the bay at an dtitude of spproximately 1,000 
feet. The end of the glacier is forked, and in imnt of it, ss seen from 
the bay, is a bare mne about a quarter of s mile wide. Next to this 
is mother zone of eimilar width covered with bu&m, dm which 
cornea a forest extending ta ma level. 



BEAR OLACKER. 

The Bear Glacier ends on s grave1 flat on the west Bids of Earmrrec- 
tion Bay 12 miles eouth of Seward. The name Bear CfIacier is in use 
at Sswd.  Our visit to this glacier ww made on July 20 a d  21, 
1909. No mmmte information mnwrning tha glacier, except ita 
existence and the f a t  thlrt it r e d e a  sea levell, w m  availabIe before 
the publication of chart No. 8538 of the Unitad Sbtee Coast and 

mamtre I l . - l l b a p o f M ~ d ~ ~ J u l y 4 0 d 8 , l s O a  - w w b p *  
morn abow dimtbm in wbkb pbptogspha r s ~ l  trltm; ebmtlcms Imm United llZatas C.mL d 
C-tle E n m y  -No. €2m CllDtour S n k e Y d ,  r n h L  

Geodetic Sumey. This map ahowa thet the front of the glacier was 
in .eeaentially the eame position in 1905 as it was in 1909. 

Tha Bear G h x k  has a comparutively low slope and c d e e  two 
large medial moraines (iig. 11 ) . The gr8vel flat on which the glacier 
reeta is partly covered by the higheat tides, and apparently a com- 
bination of high& tids tand ~trong southerly wind bring8 wavea over 
the greatar part of it. Along the center of the ice front high tide 
reaches the glwim. On the east side of the flat is a gravel tamam 
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BAY. 

PI. XXXI, B) mvmd with grm and a few bush&; the terrace 
at ib south end ia at high-tide h e 1  and rises a b u t  30 feet in going 
northward s mile. A small remnant of apparently the same terrace 
p d t a  on the w w h  part of the glacial flat. The tmp of the t e m m  
probably represents the surfwe of the outwash plain as it was whm 
the glmid front staod farther back than at p r ~ e n t .  

Northeast of the glacial front is a bsre rock face about 200 feet 
high, evidently recemtiy glaciated, and south of this is a mcky island 
in the glwial flat. The northwestern side of the bland is bsre of tim- 
ber, but the southe8stern side is wooded. West of the glacier front is 
s batre zana about 200 f e e t  lugh (PE. LXXIT, A) ,  which extends a quar- 
ter of a mile beyond the ice front. This bma mne has been invaded 
recently by talus con@, and its upper side ia not sharply marked. 
The glauier front, therefore, haa h e n  perhap a qu- of a mile in 
advance of its p m t  position in comparatively m e n t  years, but haa 
not been farther d ~ m m d  than that distance since the growth of the 
present forest. 

The probable fluctuations of the Bear Glacier sixice the grow& of 
the p m n t  fomt may be recorded as: (1) A maximum advance to 
and into the forest, perhaps 25 or more yearn ago; (2) a retreat of an 
unknown distance, during which ran outwash plain (now represented 
by remnanb of a hrmx) was constructed at a higher level than the 
present plain; and (3) an advance to the present position, which is 
perhaps a q u a €  of a mire short of the maximum mentioned abave. 

G 68. Vim north- into Thmh Cove hm boat, abm*ng small ice cap on 
left, ndv6 field of Spoon Glacier on right md P r a p c t  Glacier in center, with mw- 
rounding p b s ,  AWE 21,1908. 

G 64. Same WJ Q 63; a cloeer view. daguat 21,1908, 
G 65. Porcupine Glacier and munding mounfaina h m  boat near head of Thumb 

Cove. Auguet 21, 1W. 
G 322. F a t  part of f a t  of Bear Glacier from point A, fyyum 11, July 20,1W)9. 
G 223. Here reproduced ae Plate XXXI, B. Ewt part of front of Bear Glsn'er fmm 

pint B, fillur% 11. July 20,1909. 
G 124. Here wproduced as Plate XXXII, A,  West part of fmn t of Jhr GWwfmm 

point C, fiw It. J d y  21, 1909. 
am. ~ e a r ~ l a c i e r h m h t .  ~~1~21,1809. 

BAT. 

OENERAL FEATURES. 

dialik Bay i% the deep bay just wmt of RssumtionB~y. Both 
the point between these two bayg md the ahores of &lik Bay are very 
irregular, being indented by many approximateZy &circular small 
bays and COVES, which r e p m n t  old glacial cirques partly or cam- 
pletely drowned, (See P1. XXXLII .) The drownjng is most pro- 
nounced at the south end d the bay, and the cirque doore rise 
grsdudy until ut tho north end they lie above see level. 



On the eastern &ore of the upper half of Aiilik Bay are four small 
ghm. On the wwtern shore of the bay are other ghxm high up 
in the mountains, and three large glaciers remh tidew~ter. {See 
PI. XXXLIT.) These three ice s trew,  as well rag the Bear Glacier, 
come from an h e m e  mow field lying northweat of Aialik Bay. The 
depth and extent of this snow field are u h o w n ,  but it is one of the 
largest, if not the largest, on the Kensi Paninauh. Qkiers from the 
wmtem side of thii snow field drain into h t u m e n a  Lake and 
probably others into SkiIak Lake. ' 

The Aialii Glacier r e d e a  tidewater at the w a t  side of the ex-8 
head of AkAialik: Bay, whence the name here applied. This glwier is 
not mentioned 'by Davidson? and so probably wm not shown on 
Vancouver's and Tebenkof's map. It is shown ea reaching tidewater 
on chart No. 8502 of the United S t a b  Coast and &odetic Swey 
(1907). We visited the A W  Glacier on July 23, 1909, and most of 
our obaematjom were made from the tol, of Squwb Island, a mile 
east of the ~outherm pad of the front of the glacier and 100 feet above 
sea level (point A, PI. XXXIII) . 
The glacial front is a cliff, estimated to be 200 feet high, fmm 

which ice ia b e ' i  dkhargd rapidly. There is no medirrl moraine 
on the Ailik Glacier, and the lateral moraines, especially the one on 
the northeast side, m not large. At the; center of the front a m a l l  
mass of rock has just been u n c o v d  by the ice, and another amall 
mass appears a b u t  a third of the way from the center to the nodh 
end of the front (Pl. XXXXX, B). On each side of the glacier is s 
marked bare zone, and in the bare zone on the south side is a lateral 
moraine (PI. XXXIV, A). When the ice extended over this bare 
zone, posaibly 10 years ago, the front was about a quarter of e mile In 
advance of ite pmant position. Much more advanced positions of 
the Aialik Glacier, occupied several centuries ago, are indicated by 
shoals, caused by morainic accumulations, stretching wmsi the head 
of AiaXik Bay opposite and a mile north of the iront of the Pedamon 
Glacier. 

PEIIEBI30N GLACIEB, 

The Pedmon Bhir ends 4 miles south of the $iaWc Glacier. 
Davidsona statm that the Pederson Glacier is shorn by Tebenkof 
(1852), and that it ends half a mile from the ma. We d t e d  this 
glacier on July 23,1909. 

T o w d  its end the Pedmon Glacier is smooth; it deployrr upon a 
glacial flat, and the center of its front ia reached by hgh tide (PI. 

s ~ ~ ~ m t t ~ r t h e & o t t h h  g r a a t w l o l ~ f l e l a , ~ y o t h e a e & d m r t h , ~ ~ ~  bg 
P. H. m t ,  d the UnIM Butas m l m l  Bumey. , *Op.OIL,P. 19,mapl. 



MAP OF UPPER PARK OF AlALlK BAY. 

July 22-24, 1909. Occupied points indicated by cirdss, intersected points by cro~ses. Contour 
interval 200 feet. 







m). The northern p& of the fmnt forms a pwpendbula~~ 
CW of ice perhapa 100 feet w. 'This glacior haa no medial moraine 
and has a well-marked bare zone on aach side of the front. On the 
north aide this zone is approximately 200 feet high where it touches 
the ice, m d  it extends a third of a mile east from the p m n t  front of 
the glacier (PI. XXXTV, B).  Along much of tho front, a quertar to a 
third of s mile from the ice, are remnants of a low moraine, which hw 
now been nearly out away by the wavm. On this moraine ~1.e  

herbumus plsnb and some aldem about 2 feet high. The moraine 
w u  probably deposited at the time when the glacier srEv%noed to the 
edge of the bare zone mentioned above. TI& advance may have 
been made 15 yoam ago and apparently was the maximurn advance 
of the glacier since t8he advent of the pment forest. The earlier 
recorded posiliion of $119 ice front mentioned by Davidaon was prob- 
ably close to its position in 1909. 

The Fhlgate Gllecier lies st the head of Holpte Bay, the main 
westerly branch of Aiiik Bay. This glncier is mentioned by David- 
son aa nearly reaching the beach and is shown on Tabenkof's map 
(1852).l We exemined this glacier from points C and -D, Plate 
XXXIII, on July 24,1909. 

The Iiolgah Glacier reaches tidewater in two s t m u  separated 
by a small mass of rock, which not many y e w  ago was a nunatak 
in this glacier. (See Pls. XXXXII and XXXV, A,)  The northern 
and larger stream is &charging rapidly, but the discharge from the 
southern strerrm is small. Near the south side of the larger stream 
is a emdl medial moraine, but the glacier as a whole is free fmm 
medial moraines. The same statsment can be made mneerning 
the other glaciers on the west side of Aialik Bay. They all come 
from an oxtensive anow field that has few bere peekg rising above 
ita aurEm. 

About three-fourths of a mile east of tbe front of the northern 
stmaan of the Holgate Glacier is a rounded reef, matly glaciated 
and now covered by the high& tidas. (See pint I), Ple. -11 
md XXXV, A).  7%em are no trees: on the s ida  of Holgake Bay 
w i t h  11 mila of its head, and beyond this the forest is sparee, 
Thew are no bushes snd veq  few herbwua  planta close to sea, 
level from the glacier to a point a quarter of a mile emt of the reef 
mentioned above. The rock maas between the two p- of the 
glacial front haa bushrss only on its upper half on the front and on 
its upper fourth on the sides. (PI, XXXV, A.) In very recent y e w ,  
then, possibly within the twentieth century, the front of the Holgate 
Glacier was about a mile in advance of its position in I W ~ .  
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On th8 southwestern side of Hiorgate Bsy aeverd ice tonguea 
dmend the mountain side8 but do not reach within s few hundred 
feet of sea level. Most of these glaciers lie in ~sZlttltow vdeye, md 
dl come rtppmtly from the same part of the p a t  snow field that 
feeds the Holgh  Glacier. 

W-*.ai@admMAWkny. 

Q 127. Pedermn G M w  from bat.  July 22,19m. 
Q 128. Bouth p& of h n t  of Aialik Glscier from point A, Plate XXXIIT. Jdy 23, 

1909. Point A i s  the top of s m%g d e t  a mile mat OF the glacier. 
G 129. North part of Imnt of Aialik Glscier from p in t  A, Plate -. July 

23,1909. 
Q 130. Here teprodnced M Plah X X ' ,  B. Nwth part of front a[ Pedemm 

Glacier from pint  3, Plate XXXITI. July 23,1909. 
G 131. South mMe of h n t  of Pedmmn Glacier from point B, Hate XXXXTI. July 

23,1R09. 
G 132. 3Im repmluced aa Plate m, A. Howta Olaeieo fmm point 0, Plate 

XXXIII. July 24, 1809. Point C b on a AingIe beach on the north side 01 Holgate 
Ray, a h u t  1.2 milea from the glacier. 
G 133. North part of Holgak Glacier from point D, Plate XXXLXX. July 24,1901). 

Point D is on R l a p  rock reef, which i n  a p p w t l y  covered by the hi&& tidcn, and 
is shown in photograph G 132 (PI. XXXV, A). 
G 134. South part of Holgate Glacier from point I), Plete XXXITI. Sdp 24,1909. 
G 135. G1miem o n  muth gide of Holgate Bay from boat. July 24,1901). 
Q 220. Here reproduced as Plate XXXW, A. hutb  part of i m  t of A hlik Glacier 

&m point A, Plata XXXIII. July 23,1909. 
a 221. Horn reproduced as Plate XXXII, 8. N& part of front ot Aialik Glacier 

fiom point A, Plate XXXIIT. July 23,1909. 
G 222. Glaciers on south side of Holpte Bsy from boat. Jdy  24,1909. 
G 223. Holgnte Glacier from point C, Plate XXXIII. July 24, 1909. 
G 224. Sou~h part of Holgate Glacier fmm p int  D, Plate XKXITI. July 24, IW. 
Q 225. North part of nolpte Glarier Imm p i n t  D, Plate XXXLII, July 24,1908. 

MORTRWErnBN aLbCXE=. 

The Northwestern Cfltwier (fig. 12) reaches the ocean at the haad 
of Harris Bay, the second large bay southwest of Resurrection Bay. 
This glacier is  one of the largest ice atrerrms of the Ksnai Penhula 
and is in full view from the open oman, forming, with its surrounding 
lofty psaks, the moat striking scenic feature of the southern shore of 
the Kensi Peninsula The Northmstern Glacier, which we named 
after Morthwmtmn University, i~ s h o n  by Tebenlrof a% reaching 
dm& to thn ma. We visited this glacier on July 26 and 27, 1909, 
and examined it from points 1 to  5  mil^^ distsnt and aliw, from a 
boat lesa than a rniIe from the glacier front. 

me Northweatern Glacier descends from a large ice field north- 
west of Harris Bq. Eight or 10 miles from the water several p e k e  
stand out above the edge of thia Ice field, snd from the vicinity of 
thme peaka ice stmarns descend rapidly to s wide, low valley, which 



Y. 6. T.$OIWIC&L suRVEr BULLETlM Urb PLATE I X - I  

r 1 

Fmm boa' J v l i  2 7 ,  : iJ? ".:, ' . .~:r~rph G 149 



KORTH WESTERN GLACIER. 61 

the main glacier follows t.o the Baa. The ghciec ehom on its surfam 
a number of well-marked medial moraines, six af which coma down 
to ita tidewater h n t ;  at leaat two others end in the W on the 
north (PI.  XW, B) .  The pe& just mentioned and the medial 
morainm corning fmm them are of reddish granite, and in conse- 
quence the surface of the glacier is atriped with bands of a buf3 
&lor. The west quarter -of the 
front of the glacier form a steep 
cliff and is dischaq$ng rapidly. 
The wtern half of lthe front liea 
on a gravel ftaf , the eastern part of 
which is not covered by high tide. 
On each side of the fsont there is 
a bare mne between the glacier 
and the forest PI.  XCCVl). This 
zone extendla a quarter of a mile 
beyond the front of the glacier 
and is eetimahd to remh 150 feet 
in heizht above tha surface of the 
glacier near its front. 

FWW 1 ~ 4 - h  m p  01- rn or ~ w t h -  The front of the North~mtern 0 ~ 5 u l ~ a 3 , 1 8 0 s .  Occupkdgalnta 
Glaoier vas in 1909 sbou t a quarter 

~ ~ I ~ b ' h ~ h ~ & ~ ~ k  Wm by 
of e, mile back of ita wsition of 
maximum d ~ a n c s  sin& the growth of the present farest. This maxi- 
mum paition was occupied perhaps 10 to 15 years ago. 

G 136. Northwedam Glacier from boatt lul y 26,1909. 
GI37. ~ererepduoedmPlateXXXvI,  A. Eaaternpsrtaf frontof Northwe&& 

ern Glacier from point A, figure 12. July 26, 1909. Point A is at  the h e  of the 
rocky spit connecting a -11 iatsnd with the wcat shore of m a  Bay, about 1.2 
mil- south of the f m t  of the Notthwe~tern Glacier. 
G 188. Bere r e p d u d  as Plste XSKV, B. Northwentern Glacier £rum end of 

point on south aide of the m d  l a w  bay h m  the glacier on the ssst Bide of Ehrris 
Bay. Thie point ia jut northmat of the north end of the granih idand 5 milea long 
atthaeatrternentrancetoHsrrisBay. July 27,1909. 

G 139. Same poaition m G 138; the camera wm turned a little more to the left. 
July 27, 1909. 
G 140. EIem Teproduced an Plata XXXTI, 8. W m h  p r t  of front of Northwestr 

em Glacier from boat. July 27,1809. 
G 226. K o r t h ~ b m  Glacier. Julp 26, 1909. 

TWO BAT. 

Two Brrn Bay, thus callcd locally from its fom, liw 18 mil- 
& of CKsweU Islands and 12 mdes northeast of Pye Ialmda. 
(See PI. 11, in pocket.) Tebenkof, a~ quoted by Davidson,l in- 



dicatm a glwier coming clme to but not reachmg tidewrttar at 
the head of e ~ h  arm of thk bay. The same g l h e m ,  the wastern 
one coming to see level, m shown on United Statas Coeet and 
Geodetic Survey chart No. 8602 (19071. We visited the heads of 
both arms of thb bay in July, 1909. Thsre is no glacier to be seen 
on the weatem arm, and we noted no evidence of the presence of 
one in historic times; neither do the stream entering the bay, as 
far EM we saw, c q  glacial silt. About the head of the emtern 
anm of thiB bay, however, nre ~t least four small glaciem whose 
waters reach the bay. These ice streams end about 1,000 feet above 
gea level, and one of them evidently comes from the ssme great ice 
field from which the Northwestern and McCarty gluiers flow. Our 
mcolloction is that them is a mature forest separating all gltr- 
oiers from the ma, so they have not reached nearly to tidewabr in 
histori~ timsa. 

BAT. 

Nuke Bay is the large inlet Eying just mt and northwest of the 
Pge Islands. It has selrersl arms or bmches. At the head of khe 
eastern arm is the McCarty Glacier, the most westerly to m h  tide- 
wahr on tha sovthern ahore of the Kenei Peninsula. The Split 
Glmier en& about 2 d m  from the head of the northern arm. On 
the a ~ u t h w ~ t  Bbom of the northmt arm are st least four glaciers, 
but none of them end near sea level. The western arm IP&k Bay) 
has no glaciers $raining into it. On the western txide of Nuka Bay 
south of Yalik Bay are two larger glaciers, Yalik and Petmf, a d  
several smaller ones which do not ranch the seeL but whom waters 
drain into N u b  Island Passage. The information here given con- 
terming tbe glaciers of Nukls Bay wm obtained between July 30 wnd 
A u p t  8,1909. 

M ' C A R ~  GLACIER. 

The McCarty Glacier reach- the ma at the bead of the north- 
eastem arm of Nuka Bay (@. 13). The glmiar wm nemed by 
rmidenta of the locality after William McCartrty, of Seward. It hm 
a prominent medial moraine in its weaimn half, which stanrts up 
above the ice surface as a ridge. The front of the glacier deploys 
in ssmicircular form on a p v e l  flat, which ia mainly above sea level. 
At the center of its front, however, the glacier reaches tidewater and 
in places presents a steep wall about 200 feet &h. From this wdl  
bloch of ice fall into the water, which is so shdow thet the larger 
imbqp do not float away. 

East of the h n t  of the M&&y Gl&er is a broad pitted plain, 
and nearer the ice are morainic r i d g ~  wbi& mark an advance of 
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the ice some y e w  ago. Between the glacier and Delight Lake thm 
morainic ridges reach a he&t of 60 feet. South of this lake a rock 
ridge extends weatwtrrd within about a quarter of a mile of the 
@&. This ridge is &own on the right side of Plate XWIVF,  A. 
The end of the ridge is of 
bare mck and h& bm 
glaciated up to a height of 
250 feet, at which eleva- 
tion the im invtlded a 
mature h&t and killed 
many of the trees, wbich 
m now witbout bark and 
mmr of which ara lying 
on the ground. Stan* 
among the dead trees are 
b e  8pmm, thelargest of 
which are 12 feet high and 
Ginchmindiarneter. The 
dvanca of the im that 
d ~ t f ~ y e d  the large trees mc- u. -mp~rroatpar~~m~ Qlacier my m, im. 

Ocmpkd polnta indicated by cdmlaq interssot& points by the 
urn. D o M  h at sldm orghlea indicate 1imitsoI barn 

rainic ridgm just men- zones. (xmm intctd, m ht. 

tioned occurred perhaps 
50 years ago and is the extreme advance of the eastern part of the 
glacier since the growth of the premnt foraat. 
On the weat side of the glacial front L a gravel plain with two 

lines of low morainic ridges, one near the outer edge of the plain 
and one within about a 
quarter of a mile of the 
ice. These morainic ac- 
cumulations were prob- 
kbly apohmnous, re- 
spectively, with the old 
and young lateral mo- 
aines shown in %re 14. 

The extreme weshrn 
side of the M~Carty Gla- 
cier falls abruptly over 

~ P U E X  ~-a-~-tic~acss ~act~oa or west alde of M-Y the point of a rock ridge 
a-9 t h  m b  and mt m h  point D of &gtlte 350 f& m, (See 
V d  c a b  p t l y  e-ted. Pl.XXXVIII,A.) From 

the tap of this xidge and just west of the ice (point D, %. 13) 
an excellent view of the glacier and its environs is obtained. Here 
are two laterd morrsinas now beyond the edge of the ice. The older 
and outer of thwe moruines ia not very well defmed and rang88 from 
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a few feet fa 12 feet in height. M m  and young spmca t m  wver 
moat of its surfme, and in it am many fragmmta of tree trunks and 
stump. Jwt outgide this moraine on the m t  ia s for& practi- 
c d y  d whose t m  near the ice were Kitled at the time, ~rppar- 
entIy, at which the moraine wm farmed (k. 14). Thm0 trees sre 
in s h u t  the ssma sbge of decay as the fragments of wood in the 
moraine and are d in a more advmced atago thsn the tress at my 
othm I d t y  dmr ibd  in this report where a forest has bean invaded 
by the ice, eacept thoae of the forest dsatroyd by the maximum 

advance of the embm part of the Colum- 
bia Gltwier. 'She advmce &at lriiled 
these tm was the m b u m  of the mt- 
ern part of the McCarty Glacier sinca the 
growth of the present farest and probably 
occurred at the time of the maximum ad- 

\-. vmce shown on the emtern aide of the 
same glrrciec. 

1 
East of the lateral moraine just de- 

scribed is a simiPar but much younger one, 
On this there is little mom, but mmy 
young spruce t- 1 f 2 inehaa high. 

BPLTT C)LkClZRm 

The Split Glacier ends in the upper part 
of a stmply graded, pd-filEed  alley at 
the h e 4  of the north arm of N u b  Bay 
(PI. XXXVIII, B). The front of the 
glwier is b-te, beesum of rr mck: ridgp 

PxwaaIb--Mag~ffmtpsrtaf$plit 
near its canWr. Abut the d g e  of the 

a m  hagust 2~m. -pledpoinm ice ia a bare zone, whom b i t e  fire shown 
bdi-ted di-l-, * m w  Boinb by the ouhr do ttad l i e  on the map (fq. 
by- d r m w s ~ ~ t e d i r e c t l m  
in WE* photowpha - - 15). On the w n t d  ridge and the hills 
caburb@rwl, lm*b, gp the side of the vdey tbis bare mne is 
m W k  tnterPel baing ms?d in the 

v i c r a i g o ~ t b e g ~ g  ~ m p l ~  ~harply marked, but in the center of the 
DotM - a h ~ t - t  01 wq in- valley it merges into the bere gravel floor. 
dlcam limit6 of -t nd4mu?a Within this zone is a emsller one, inrli- 

ca td  by the h e r  dotted b e  on the map, marking the limit of s more 
m t  advance of the ice. The distance from the fowef on the eastern 
part of the cant& ridge north ta hhe ice is a little over a fourth of n 
mile. Aa one w h  from the fomt-covered part of this ridge n o d -  
w a d  toward the glacier he paawa at first thmugh a dame growth 
of alders, grass, and mom, which gradually becomes smaller and lem 
den= as the ice ia approached, thus indicating a verg gradual retreat 
of the glacier from ihs maximum advanw since tlm advent of the praa- 
ent foreet. 



The narrow toague of ice projecting from the eastam part of t,he 
glacial front is a d6bri+wvemrl remnant of the ice of the most recent 
sdvmce. The low area between point F, shown in %re 15, and 
the fmnt of the western lobe of the glacier is ocmpied by gravel- 
c o m d  ice, which seems to be floating on water, and parts of the 

ice have caved in because of the weight of the gravel. (See PI. 
XXW, B, and fig. 16.) 

The Split Glacier with ita aummding mountaim form a scene of 
quiet color and beauty not excelled by my among tho glaciers of 
Prince William Sound and ltha sout,hm part of the Kenai Peninsula. 
The im front is smooth and easy of m s ,  .and tho dacier would 

probably afford an easy route for exploration 
from Nuka Bay across to tho head of Kgchernak 
Bay of Cook Inlet. 

PdWK GLACIER. 

The Yalik Gluier ends on a steap gravel flat 
about 2 miles north of the northwestem side 
of Nuka Idmd Passage (fig. 17). The g1:lecier 
wlrs named fmm the small settlement of Yalik, 
which formerly existed on the southern of tho 
two -tern arms of Nuka Bay. Thh glacier 
h a  two ~rominent medial moraines. which 

h O u R t  17.--8-h mnpoffmut 
spread to&d the end of the ice, so th*t about 

Danorydk oleekAumua 7. half of the frontal edge of the glacier b d4b& 
im mmr interval. covered. Them is a bare zone along the glacior 
iw t. 

f-ront, and at the edge of thia wne h a forest 
that was invaded by the ice some years y a .  Part of the gravel plain 
in h n t  of the glacier is forested, as is s rock ridge rising out of the 
plain near the western part of the glacier front* h places, especially 
t o 4  the e ~ k m  ~ i d e  of the plain, the fomt has been partly 
buried and many tmes havo been killed by outwash from the glacier 
(Pl. XXXIX, A). This probablg. omarred at the time of tho ad- 
vance marked by the limit of the bare mne along the im front. 

73740"-Bull, 6 % 1 M  



The Petrof Ghciar ends on s gravel p b  wsst of N u b  Mand P m  
saga and about a mile from the sea (Q. 18). This glacier wae named 

after Ivan Petrof, who was 
special agent for Alaska of the 
Tenth Census (1 880). 

The 'Petrof Qhier has no me- 
diaI moraines; it baa no lateral 
moraine along ita eastern aide 
and only a s d  one along its 
westarn side, A bare mne ex- 
tending along both the east and 
tho west parts of the ice front 
has been encmwhed upon by 
small vegetation {Ph. -, 
B, and XL, A).  Two smal l  
termind moFainea mom the 
upper end of the grave1 ff at in 
front of the glacier. 
In fmnt of the Petraf GWer 

am a m d  ridges, 1 to 5 feet wide 
m d  6 to 18 inchea high. Some 
am 2'00 feet in length (PI. XL, 
B). They run out fmm the ice 
front and in plmm cmm amdl 
~ u e h  morsinee. maae ridge8 

DliTOflt areccomectedvp'ithradidfissum 
A- a lm. cw~lpi~a pmts  iudimted by c l t r ~  in the thin edge of the ice and 
intenracted phts by c r m .  Armm LndLcata dirw- 
Worm in which plmtqmphs hachum are formed by ddbrk ialhginto 
w l l x l t c  -U - r n  h a m  11~tem.1, them fissures from the me1 thg 
200 feet. front of the im. The h ~ u r e s  

are widened by the melting, and their sides become doping; thus the 
bottom of w h  one mivea  mat  of the drift which lies on the aur- 
face of the ice in a space two f o four fjmw the width of the ground 
uncuvemd by the &sure. As the ice front r e h a b  iho debris deposited 
in the haures stands up aa small ridgm. 

Ph-phr of ~ l d w n  of ?bb BY. 

0 142. Mchrty Glacier from boat. July SO, 1909. 
6 143. Hem reproduced MJ Plste XXXVLI, A. Jbet part of front of Bf-y 

Glacier h m  point A, figurn 13. July 30,1909. 
a 144. Behe reproduced as Plate XXXVII, 8. Central part of front of HcOertg 

QrIacbr frbm point A, figure IS. July 30,1909. 
Q 145. Hem mpduced as Plate X X X E ,  A. Ihd part of fmnt of Yalik G k i e r  

h m  point A, f ipe 36. Auguet 7,1809. 
G 146. Central and e r n  p r t  of front of Ydik GIacier from pint A, figum 11. 

A u p t  7, Im. 
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G 147. Central and &ern p r t  of h n t  of Petrof GIacie? from boat. A- 9,IW. 
G B8. Hem mproduced as PIate XXXVTII. A.  W& p r t  of h n t  of McC!&fiy 

Glacier+mm pint B, figrue 13. July SO, 1909. Point R ia a mall gravelly knoll about 
7 feet high: it ia the nearest to the m and west g m q  knoll on theglacial flat, and 
ia n b m t  feet nmkh of the h c h .  
6 229. West side of McCarty Glacier from point C, 13. July SO, 1909. Point 

C b s amall bare gravelly knoll at the edge of the Bare zone and a few hundred ket 
mth of a fad m k  ridge. 
G230. McGrty Glacier £ m m  boat. Jdg31,liKW. 
G B l .  Split G k i a  born point E, figure 15. Angnst 2,1939. Point E is tbe 

bighest barn rock h o b  on the e a s ~  aide of the mhl r i d p  in fmnt of this glacier. 
Thia point ia w k d  by a c m  mt in the bedrock and by a csim. Point E k 
shown in Pl, XXXVIII, B. 
G 232. R m  repmdud M Plate m V ,  B. Split glacier fmm point F, figure 15. 

duguet 2,1909. Point F is the notthmmt d highest p i n t  of r bate p r e l  ridge, fmm 
which p i n t  there is s rather steep d m n t  e& to a Btream leadiq from tho glacier. 
G 233. HererepmdnoedaaPlateXXXVIII, B. SplitGkierfrom point G ,  figure 

15. Angmt 2,1909. Point G is marked by a cairn, and b r i n g s  from it arc aa follows: 
{I) N. ma WE. to s prominent fall, abut 1,000 feet above the 8ea, eastof the glacier; 
42) N. 20- 3W E. to the bnE-c~lored cli& on which ia point E; (3) N. 2U0 IT. to the 
mountsrin ahodder {appessing w a sharp &mak from point G), abut 1,200 feet a b v ~  
ma level, akovo the west part of the front of the ghies .  
G 234. Split Glacier from b t .  August 3,1909. 
f3 235. Ydik Glacier from b t .  Augud 6, 1909. 
Cf 238. Yalik Glacier fmm bcat. Aug& 6, 1909. 
G 237. Weat put of front of Petmi Glacier from point A, figure 18. A- 8,1909. 

Point A ia tbr? top of s pmminent gravel lutoPE on the eawt Bidc of the valley, and beaF 
inge Irnm it are as followa: (1) N . 46' E . to a brownih-pink rock leas near the east part 
of the fmnt of tbe gIwi~r; (2) N. 65' W, to tho top of tho prominent mountain which 
lies a b u t  a mile and a half met of the front of the glacier; (3) S. 39O W, to a l n p  cleft 
in the north mde, and two-thirde of the d b m  to the top, of the pmmincnt mountain 
(h Mountain) near the coast and south of the glacial b t .  

G 238. Bere repduced aa Plate XXXIX, B. Eaat part of fmnf of Pet& Glacier 
from point A, figurn 18. Auguet8, 1909. 

G 239. Here mpduced as Plate XE, B. B W  ridge8 in fmnt of P e w  Glader. 
August 8, 1909. 

G 940. Eero reproduced aa PI& XL, A. W& part of h a t  of IPetroC Glacier lrom 
p i n t  B, 18. August 8, 1901). Fmm point B bcarinm are as follom: (1) 6. 
41" E. b the mu& and oi the timbcr on the r i d v  aouthe~et of  tbe fmnt of the glacier; 
(2) 8. 29" W. to the eleft mentioned under G 237; (3) 8. 3R0 W. to the middle and 
hi&& d the t h  harp cmid poinb on tbe wmt fink of Brown Mountain. 

PdRT nxoa. 
Port Dick, named by Portlock in 1786, is an embapmt of con- 

siderable aize just northweat of Point &re. About a mile northwest 
of the head of the northern arm of Port Dick ia a md glacier which 
terminated in 1909 about 1,000 feet above the sea. This is, as far as 
our knowledge goes, the most southern glacier on the Kenai Penin- 
mla. About 3 mil& north-northeast of the head of the above a m  
is another glwier, which also drains into Port Dick Some of the 
maps show a glacier (the Southern) coming close to  sea level north 

1 BdL W. 8. QsoL Burveg NO. Z T ,  lWB, PL 13. C b %  U. 8. Cart and Gmd. Burvep No. 1M. 



of the end of the west acm of Port Dick and extending north ts 
near the head of Tntka Bay of Xachmak Bay. There la no evi- 
dance of a glacier in the lower 4 milea of the valley which entera tho 
end of the west arm of Port Dick fmm the north, and the stream in 
this valley, as well as the stream here entering Port Dick from the 
west, is clear and shows no evidence of glacial waters. Evidently 
the Sbutbern Glacier, if such a glacier exbta, lies entirely northwest 
of the divide between Port Dick and Tutka Bay m d  dm& ody into 
the lattar bay. 

BAY. 

On the southeastern side of Kachemak Bay of Cook Inlet iare at  
least four glaciers, which apprmch but do not reach the sea. These 
are the most westerly glaciers of which we have knowledge on the  
Kenai Peninsula. From sou thwmt to northeast these g1aciem are the 
Southern, which drnine into Tutka Bay, the Domhin, the Wosanes- 
senaki, and the Qrewingk. Them glaciers, e x q t  the last, have not 
been studid and dascribed, at least so far ss we have been able to 
discover. The Qrewingk wm visited by W. H. DdI in 1880 srnd in 
1892 and 1895.l The results of ha mapping of this glacier were inwr- 
parated in charts of the United States Coast and Gmdetic Sumey. 
Dall again visited the Grewingk Qlrtcier with Gilbert in 1899, and the 
latter hw dwribed this glacier in detaiL2 The writers have not aeen 
the glaciers of L h e m a k  Bay. 

Some of the glaciera hem described-the Valda, the h p ,  the 
Columbia, the glmiera of Port Wells, and the Bear-hsae been under 
obsemation at two or more t i m e  during a period of 10 years. Them 
are pmticdly no observations, however, fixing d&iteIy the posi- 
tions of the glacial fronts of the others ear1ie.r than 1908 or 1909, and 
for informstion regarding their retreat or advance recourse must be 
had to the relations of their fronts in 1908 or 1909 to the mmundings 
and e s p d y  to tba forest growth which mantlas mmt of the coast 
fmm sea level to an altitude of several hundred feet. Reference B 
here made to  the slow-growing mniferoua forest and not t o  deciduous 
Jders and wtbnwoods, which in some placm, especially on sand md 
grevel areas, rapidly cover ground recently abandoned by glaciers or 
by glacial drainage. Much of this forest consists of a mature grswhh 
of large treea on a mom-md-soil zone of considerable thicknm. 
Trees I00 years of age, and some prob~bly much older, are thought to 
be rsbundttnt, and these are growing among fallen and decaying trunks 
- 

1 DsIt, W. K, Bull. PhlI. 8oc. of W&-, ml. 6,1881, pp 9SJB: BuU V. 8. W. Pnrmy No. B b  
IWJ; Bemuteenth Ann. Rept. IT. 8. Ceol. Surveg, pi. 1, ISgA, p 788. 

r Unbrt,  Q. K, pd 3, Eurdmaa AlasLa ErpediMn, 1W4, gp Or-IBR . 



of similar she. The time necessary for the development of such a 
mature forest is undoubtedly much longer than the age of the oldest 
living t m ,  ~ n d  mmquentIy there seems t o  be p o d  reawn to afEm 
that &he prasent conditions of forest growth were present toward the 
end of the eighteenth century, when Cook and Vancouver visited this 
district. The expresian "since the growth of the present forest ," 
which f here used of necessity many times, refers, then, to  an indef- 
inite pariop, which can not be lw than 100 years, and which in a l l  

is of m ~ e r a l  centuria duration. 
The forest undoubtedly varies in age from place to place depending 

on environment. Our observations lead to the conclusion that on 
sand and gravel areas the deciduous forest is likely to  be wtablished 
first, and that this first foreat is lat,tar replaced by the slower growing 
conifers; on areas underlain by till the evergreen forest is sometimw 
developed directly, and the earlier cycle of deciduous growth is 
entirely ldmg.  The growth of the conifmus forest and even that 
of the smder herbaceous plants is a dower process than is mmetimes 
thought, as can be determined fmm dated photographs showing con- 
ditions dong the front of the Columbia Glacier. The location of the 
forest with reference to the open ma and its warm moist winds is also 
an important ecologic factor. The hxuriant forest in front of the 
Columbia, Bainbridge, and Northwestern glaciers may, therefore, be 
no ddm and may even be considerably younger than the spame, 
mall, and stunted forest toward the heads of such d e t s  as U n a  
Bay, Port Wells, and Icy Bay; indeed, at the extreme heads of some 
id& rtonditions may be 80 unfavorable a to pmhibit forest growth 
entirely. 

The Vddez G k i e r  has fluctuated somewhat since 1900, but its 
front was 1909 nut far from its position at the @ a r k  data. Some 
time between 1905 and 1908 them was an advance of 300 feet m 
more followed by a retreat. Within a century the glacier has prob 
ably been considerably in advance of its present position. 

The Sbup Glacier has remahed newly stationary during the l& 
10 ymm and is now near its maximum position of advance in the 
laat 50 yeare. 

The central part of the Columbia Glacier retreated about 360 feet 
between 1897 and 1905. In 1908 it advanced 100 feet and in 1909 
the advance was continued into the forest, the ice front rewhhg by 
August 23,1909, a point 120 feet in advmce of its maximum of 1897. 
Zn 1909 the western side of the ice stream was farther in advance 
than at my time ~inca the growth of the present forest. The m&- 
mum mrdd on the eastern side of the glacier was perhaps 50 years 
ago. At some time since the establishment of present conditions the 
glacier front b been considerably farther back, perhaps a mile or 
mom. 



The Memas Glacier changed little between 1905 and 1909, during 
which period it was near its m h u m  advmce h c e  the growth of 
the present fomt. 

The Yde Glacier baa shown little change since 1899, and is a+ 
pmmt about aa far advanced as it has been w i t h  the last 50 years, 
but before this period it was much further advanced than now. 

The Harwlrd Glacier showed little change between 1899 m d  1905, 
but in 1909 had advanced half a d e .  This and the other glaciers 
of College Fiord havo probably bean much larger within a c&tury, 

Tbe Smith Glacier has advanced about 600 feet since 1899, and this 
advance probably waa made aince 1905. 
The Bryn Mawr Glacier in 1905 was in ebpproximatdy the stme 

po~ition as h 1899. In 1909 it had advanced about 500 feet. 
The Vassar Glmier has probably had the same histov since 18W 

d the B r p  Mawr, its advance sinca 1905 being ~bout 500 feet. 
The Wellesley Glacier was apparently aa far advanced jn 1909 as 

at my time within the five previous yew, but w w  probably more 
advanced some 15 y e w  ago, 

The Barry Glacier shows mom retreat irr the I& rO yeam than my' 
other ice Btmam here described. Its maximum advmce since the 
growfh of the present forsst was reached prhaps 25 yeam aga. From 
1899 to  3905 this glacier retreated 1.2 miles; from 1905 t o  1908, 0.4 
d e ;  fmm 1908 to 1909,0.5 mile, This is a totd retreat of 2.1 miles 
in the last 10 yam. 
The Serpentine Qlmim m h e d  ib maximum e h e  the growth of 

the present forest a few years before 1899. Xn 1905 its position was 
approximately the same as in 1899, but h 1909 the ice front had 
retreated a quarter 02 a mile and was half a milo farther back than the 
maximum position before 1899. 

The Bakcr Glacier shows a ~ r n d  retreat between 1899 md 1905, 
but in 1909 the ico was probably fadher sdvancecI than four yoars 
earlier. 

The Surprise Glmier retreated 0.1 mils in mmt ye- before 1899. 
Thin retreat WBS probably continud in 1905, and in 1909 the glacier 
wae 1.1 rniJes farther back than its maximum in recent ye-. 

The Cataract Glacier bas probably vsrieil little in the last I0 yeare 
land has not bean much in dvmce of its present position in the last 
25 yeam. 

The Harrimsn Glacier retreated on ita eastem dde about 700 feet 
between 1899 and 1909, half of this retrsat taking place belore 1905. 
The western side of the glwier has changed little since 1899. 

The Dirty G l d e r  was a little more advanced in 1905 than irr 1909. 
The Toboggm Gllscier retreated 723 feat between 1905 and 1909, 

but at some period between these datea it wae farther advanced than 
in 1905. T b  glacier htts m n t l y  reached its maximum advance 
since the growth of the p m n t  forwt. 



me glaciers of Hamiman Fiord b ~ v a  probably not, within the Iast 
cantu y or two, been very much io advance of the maxima recorded 
on page 70. 

The ?rebankof Glmier has retreated a short distance in the last 10 
or 16 yearw. 

The B I ~ k s b n e  Glacier has retreated abut 3 miles within the last 
200 yam or more. 

The Ultramarine Olwier shows some retreat in the last few yeam. 
The Nellie Juan Glacier has in the 1 ast 20 yeam or more retreated 

500 feet from its d u r n  a d w c e  since the growth of the present 
fomt .  
The Falling Glacier bas retreated some in the Imt few gem. 
The Taylor Glacier has retreated about a quarter of a mile in the 

last few yeam. 
The Princeton and Chenega glaciers were in about the same poaition 

in 1909 aa in 1908. At some previous time, within 100 years, thlese 
glwiers filed Nmmu Fiord out to Icy Bay, being then a b u t  2 miles 
in advance of 'their present positions. 
The Tiger Glacier advanced pmbably 100 feet bstwmn the sum- 

mers of f 908 and 1909. 
The Bbbriclge Glacier in 1908 was dose to its maJdmum since the 

growth of the prmnt forest. 
The Puget GYncisr has retreated in recent years; before the rotrest 

began it was at its maximum advmca since the growth of the presant 
forest. 

The Ex&~or and Ellsworth glaciem hsve a h  retreated in recent 
Y-• 
The Bear G k i e r  was assentidly in the same position in 1809 as in 

1905, but perhap 25 years q o  it reached ita maximum advance since 
the growkh af the present lorat, bringing ilt about a quastsr of a rnib 
in front of its presant positinn. At some date within 25 years the 
glacier was mnsiderably f~rther  back than it is at  present. 

The Aid& Glacier i a  now about a quarter of a m i l e  f&her back 
than it waa gome 10 y e w  ago, when it mached it9 maximum within 
mcent t imb. 

The Federaon Glacier some 15 ye- ago was about a third of a mile 
in advmca of its present position. At that data it reached its maxi- 
mum &# the growth of the preaent f o m t .  

The Rolgate Glacier has within recent ytwm been a b u t  a nib 
in d v m m  of ite present position, 

The Northw&mn Glacier some 16 or 15 years ago wss about a 
quarter of a mile h front of its present position. That advanced 
pi t ion  is tbe mBximum since the growth of the present forest. 
The M c C d y  GlacTar bss retreated about a quarter of a mile 

within the I s s t  50 years or less; at some time during that period it occu- 
pied ita most dm& p i t i o n  since the growth of lthe present foreat. 
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The Split Glacier is now about a quarter of a mile farther back than 
its maximum pmition skca the growth of the present forest. 

The Ydik and Petmf glaciers have also retreated from thbir maxi- 
mum positions since the growth of the present forest. 
Tho BAIW, Surprise, Chenega, Princeton, and Holgata glaciers 

have shown a considerable retreat within recent years; tho srnount 
of th in  retreat ranges from a mile to more than 2 miles. The retreat 
of the B q  m d  Surprise glaciers hm taken p l m  mdnly within the 
laat 10 years. The retreat of the others htls c o v e d  a longor period- 
that of some perhaps 50 or more yearn. The Glurnbia and B&- 
bridge glnciem have sdvmmd recently to their rarrxirnum pAtions 
sinca the growth of the p m t  lorest, and the Warnard Glacier and 
the glaciers on the w s t  side. of CoUege Fiord have advanced in the 
last 10 years, the main advance t a b g  place since 1905. Some of the 
glaciers have shown alternate retreat and advmcs since they have 
bmn under observation, and very probably rneny othere would  how 
gimilar Auc tugdona were there sufficient data to mveal them. Thew 
fluctuations take place, not only in different glaciem but in differ- 
ent parts of the same glmier. Retreats are easily recognized, but 
aclvances, unleas there are accurato recerde of previous poaitiom, m 
difEcult to  measure and sometimes to detect; thue aome of the 
glacim that are now in a position somewhat back of their m&ma 
since the growth of the present foreat may still be much in adeance of 
their position a few years ago. 

The hia tory of the glwistion of the dietrict under dbcussion includes 
the formation of an exhnsive Pleistocene ice sheet, which extended 
ta the sea and reached upward on the mountains to altitudes which 
decrease tow& the main c o ~ t  line where the glaciation extended 
about 2,000 feat above present sea level. S i m  this period of maxi- 
mum gE1Lclation there has been a marked decrease in the extent of the 
imovered arc=, until now only valley glfieiers reach the sea. This 
withdrawal of the ice was probably puactuaterl by ternpotmy advmcea 
and the p m n  t is only an epoch in the long history since the maximum 
Pleistocene glaciation. Earth movements have a h  played a pert, 
as yet little known, in this history; changes on Frince Wiam Sound 

still taking pIa~e> and since the maximum period of glaciation 
tbere has been a considerable sinking of the corrat line, in much of the 
area, and between Resumtion and Nuks bayn t h m  trre numerous 
drowned cirques. (See PI. 11, in pocket.) .On the whale, theglaciers 
here studied do not give uniform evrdence arj, to a generd rehat  or a 
general aidvance within the last half century; some are evidently in 
a period of retreat and others in a period of advance, and the general 
balance between re treat and advance can not be ac~unrtely determined 
by data now a t  hand. 

1 atant, 0. 8., md HiggIns, D. F., Rmonnnlmnca d the d o t t y  m d  mtnsral mmrm~ ol Mom 
FRlfllam Eloand, .4la~h: Bull. U, g, Geol, S u m y  No. 48,1810, p. 17. 
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Lode mining in mut mtem Alaahs, by C. 'K. Wright. In 5 f l h  314,1907, pp. 

47-72. 
Nonmetalliferoue m i n e d  f e e o m  of 8outh-rn m k a ,  by 6. W. Wripht. In 

Bulletin 314, 1907, p p  8 3 - 8 1 .  
Reconnaimnce on th? acllic court fsom Y h b t  to dlaek Rim, bg Eliot Bhk- 

weldcr. InBulletrn314, 1907, pp, 8 2 4 .  
* M e  mining in mutheastern Atnakn in 1907, bp C. *w. Wright. h B d d n  3.15, 

1908, pp. 78-97. 45 ccnta. 
T h e  buildlng stonas nnd meteriala of southe&m~~ Alaah, by C. w. W M t .  In 

Bulletin 345, lW, pp. 1 I&-136. 46 ccnte. 
*Copper tl~poRiw on KaRaan Ppninuda, P h c e  of Wales Inland, by C. W. Wright and 
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*Notes on ~ e o f p q  and rninml pimpccte in the vicuuty d h w d ,  &mai B-, 
by U. S. Grant. In Ruiletm 379, 1909, pp. 98-107. 50 mute. 

Reliminarp report on thn mineral res~urcw of the rnuthm of Kaasl P ' - g" bp U. R .  Grant and I). F. H i d n ~ .  la Bulletin 442, ID1 ;pp. 166-178. 
Ontl~ne of the ~ e o l ~  sod rn~nrml ~ e a a u r c ~ e  of  the I l l a m  and Clark l a b  won,  

bv Q. G .  startin and F. J. E;atx. In  Bulletin 442, 1910, pp. 17%200. 
&Id' l a m  of the Al~rEchatna, by F. 5, Ratz. In Bulletin 442, 1910, pp. 201-202. 
T h e  hkunt  MrKinlev -on, by A. H. Bmks, with descri tiona pi the mus mclm 

~ n t l  of the ~onrliiield and Kmtisbna dietricts, by L. %. Pnndle. %ofmional 
fi ?r 70, 191 1, 234 pp. 

A r e o b c  mnnstaanre  of the Dhmua region,. Mash, by Q. O. W i n  and F. I. 
Katz. Bulletin 485, 1912, 13& p 

atwlo~y  and roa! fialils o i  the ip"erTiatsqmb van-. AI+, by (i. C. MIL 
F. .t. Kstz; lncltldan~ detailed gmlqqc and t o m p h c  map. Bulletin 600, 
1912,98 pp. 

*Goldde~t3oftheSd-Sn~~on,~Peninsnla,byB.L.Eobnwn. In 
Bullet1 r r  $20, 11812, pp. 131-173. 50 
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Wold placera of the Yentne diatsict, by 8. R. Capp. In Bulletfa SM, 1912, pp. 
174-200. 50 cent& 

?he Yenbdlstrict, A h a h ,  by S, R. C9 ps Balletin 534,1913,75 
Preliminary report on a debiled survey o? of the Matanneb ms?%ld*, by a. C. 

Mptin: .In Rufl&in 480, 1911, p. 1%. 
a M f t ~ ~ ~ i a a a n c o  of the Withw W t  mld e o n ,  by F. J. Katz. In Bulletin 480, 

1912, p.  152. 
T o m p i c  map. 

Ted- Ssnimmls, northern rtion' d e ,  1:250,000; by E. G. H a d t . .  Con- 
tainedinBulletin 271. 2+!%nU: Not oblishsdaparately. 

M n h h i w m c e  rrtil of Matmu~ka and ~agmtna on. wale, 1 : 250 0b0; b T. B. 
Gerdine and Pfl 8, Sargent. Contained io9ulietio 327. dnt pu&inhad 

Mount - ' """8. bIc 'nley region- mle, 1:625,000; by D. L. Reaburn, Contained in Pm- 
- fdonsI Pa 70. dot publi~hcd sopmhly. 
Iower Y s h u s g ~ a l l e ~ ;  sa le ,  1: 62,500; by R. A. 6arge.t. Mnhrinad in Bulletin 
- 600. Not pubbhed eepamtely. 

SODTaWElTEM btalEA. 

%I6 dm an ~~ I b d ,  by A. J. Collier, In Dullstfn 258, lW5, pp. 102103. 
..lr5.=ta, w a w t a  d Vie' gZilliPsgin f etsnda, by CI . G. Martin. In Bulletin 259, 1%. 
pp. 100-101. IS cents. 

*Notes on the petroleum fieIda of Alaska, b G. C. Martin. In Bulletin 258,1905, pp, 
128-333, lj cents  (Abotnwt from ~ u l r k u  250.) 

The pbnIeum. KeIda of the Pacific c w t  of A h h ,  with an account of the Bering 
IhvFr em1 depaaits, by G .  C. Blartin. Ddletin 2W,1905,64 p. 

W?emttkes of muthwwtern Alwb,  b y  K. B. Stone. In  BUR^^ 225,1806, pp. 
1R-.l71. 15 centa. 

& Berendeen l3q-  em1 fielde, by Sidney Fai~e. In Bullstin 284 1908, pp. 101-108. 
*Mineral reswurcm of wutbwe&m Alirska, by JV. 8, Atwood, In hnlbtm 379,1908, 

pp. 108-152. 50 cent@. 
Geoloat- and ruinern1 m~urcmof mrta of A- Penhula, by W. W. Atwood. But- . - 

let% 467. 
Qutline pf the geo snd mined remmss of the lliamna and Clark W e  reginn, by 

G.C.  Martin I& . J, -Hat&. In DuIletir1~442, 1910, p . 17S200. 
-. 

9% 
4@* reconmi-e of Ula ilirulnn repon, Alas+, !y O .  C. M& and F. I. 

G; including geolglic and topo~raphlc mmwrulance map. BuUecin 485, 
19L2,13R pp. 

!he BaTboa-Herendm Bey and Unm Inland 4 o n ;  -la, 1:250,000, byH.Y. Eakiu. 
Contained in Bulletin 437. Not imued =paratel . 

h e  Iiinrnna rc~ ion ;  acnle, 1: %?,OM; by D. C. ~idBlapoan and C. E. GitSn. Con- .. . tained in Bulletin 485. Not wnc~cd wpmtely. 

.u,: -. . . . 
coal mnoureas of the Yukon, Ahka ,  by A. J. Collier. Bdetin Zl8,1903,71 pp. 

.' lK&A.' -- 
% 1d plaeem d the Fortpile, Birch Creek, and FsirbanIre regime, by L. M. 

~ % d h .  Rul1etin %l,l905 89 p. 35 cents 
Y W n  pl- field., b L. If. ~d*. I* B W I I ~ ~  284,1W!, pp. 1Wl31. 
Recnnnni-ce from C%rch to Fort Uamlin. bv B. W. Stona. In Bulletin B4.1906. . . . . 

p l2&-131. 
The %nkm-~mans @on, AlrrLa: description of the k I e  gadmqk, by I. M. 

Prindle. DuUetin'tl)S, 1908, 2ipp. 
The Bo~in ifieId and h t i a h a a  reom,  by L. M. Prindle. In Bdetin 314,1907, pp. . .. .BP22ti- 
m k r c l o  precinct, Alada, by A. H. Bmh. In Bulletin 314, IIKYF, p. 187-204. 

m e  Yukon=Tanana rs 'on Almka; description of the Fairbsnka and &mpsrt d 
-lea, by LM. &n$le, F. L. Hem. d C. C. Covert. Bulletin 337.1908, 102 
pp.- 25 cents. 

%ccumce of goH in the ~ u k o n - N m a  4081, by L. M. Aindb. f n Bulletin 
345,1W, p. l7*186. 45 c e n h  

m m  .Mymi? e gold-placer district, by L. M. Prindle. In Bulletin 345, 1008, pp. 
187-197. 4.5 ~ente.  



*Wstmapp mwdgatiom in M a ,  1908 and 1W, by F. F. Eenshaw and C. C, % Covert. ater-Su pl Paper 218 1908,158 pp. 25 cents. 
v ~ t 8 r  apply of the 8 k L  diaf&t in 18m, by C. C. &-. In S15, 

1903, pp. 198-2435. 45 centa. 
Tbe Fortymile qwhmgle ,  bv L. M. Prindle. Bulletin 376,1@09, B2 pp 
Water-eupply inva-ti lims *m Yukon-Tanana ragion, 1908-1908, by G. C. Covert. 

and C E. ~hox. 'KaterSu pl Pa r 228, 1909.10% p 
T h e  Fairbaaks gold-placer &on, & 5. 3El"~rindlo and F. 3. -fib. la Bulletin 

379, 1909, pp. 181-200. .XI centa. 
*Water suppl of the Ydm-Tanana region, lsW-8, by C, 0. Covert m d  C, E. Ells- 

w ~ r t h .  ih ~ a e t i n  3 W ,  1909 pp. 2 0 ~ 8 .  cen*. 
Wold pbcera of the Ruby Creek district, by A. G. Maddmn. In B u m  379,1909, 

pp. 229-233. cmts. 
*&ern of the Gold E l l  Wet, by A. E. Mddmn. In B d e t h  379, IW, pp. 

234-237. 50 centa. 
%old lacem of the lnnolro district, by A. G. Maddmn. In Bnlleh 879, lw, pp. 

23E266. 50 ten@. 
The Innoko gold-placer d f i c t ,  hh, with mmte of the cmtd Ihahkmim 

Vallev and the Ruby Creek and Gold R i U  ~laccre, by A. G .  bfaddnen. But- . - 
letin 410, l!XO,8t p .- 

Rketeh of the 01 orthe n o r t h e m t e m p  of tba F a k h n b  qudmngle, by l.P. 
PRndle. g ~ ~ e t i n 4 4 2 , l 9 l O  pp. 3-208. 

The auriferow quark vcina of the kmrbanka dint&& by L. M. -8. In Bulktin 
442, 1910, pp. 21*2!29. 

Placer mining In tho Y uken-Tanam region, by C. E. Elbrmrth. In Ball& 4 2 ,  
3810, pp. 230-245. 

Occumncc of wolframite and cdterita £n the Fd phem o l  Md m k ,  
~ i r c h  creek di~trict by 13. L. ~~~~n. 14  tin +42,19r0, p .246-250. 

Watcr eunnEv of tho Jukon-~anana repion. bv 6. E. Ellsmrth. ~ d e t i n  W. ., . . naio, i+ ,351-283. 
The ~uyaCuk-~hmialar gold region, by A. 0. Afaddren. In Bullstin 442,1810,pp. 

284-3;s. 
Placer mtning in the Yukon-T~tnam region, by C. E. Ellawwth and G. L. hrker. In 

DuIlccin 480 1911 
Wan.ler~~~p !y o f ths f  u%~bihmgigion, Il0,by C.E.Ellmrmhnnd0.1. P&er. 

I n  ~ w l f c t i n  480, lsll, . 217. 
Minomi r m u m ~  of tho ~omh5eld region, by 8. R. Cnppa. In Bd& 4@3,1811, 

p .  235. 
Oold placer mhirq devolgpments in the Xnnoko-Iditad reginn, by A. G. Msd- 

In Bulletin 480, 1912, p. 2?0. 
*Phcr  mi run^ in tho Fortymrle md Bevmtymile ~ Y B T  dietrIctn, by E. k Porter. 

Pn Bulletin 620, 1912, pp: 211-218, 50 cents. 
*Writer nu ly d the Furtyrmle, Seventymile, and Eagle djstricta, by E. A. Porter. 

lnlh$Ktin 620, 1812, pp. 219-239. 60 cenp. 
*Placer miriine: in the Fairbnnlre and C:jIcle &trtcta. by C. E. Ebworth. In Balletin . - 
. 520, 1912, pp. 240-245. 50 cenM. 

V a t p r  en/> ly of the I'nirbanh9, Sdch&et., and Circle W c t a ,  by G. E. E k r t h .  
I n  ~ u l & t i n  520 1912, pp. 246-2713. W eenta. 

m e  Rampart and hot S p m p  qiona,  by H. hI. Ed&. Xn Bulletin 520,lSl"L, pp. 
271-286. centa. 

T h e  Ruh y placer ~ u i c t ,  by A. G. Maddren. In Bdetin 620, 1912, pp. 281-298. 
5Q eente. 

Wold placere bet- Wdcho per v d  Fourth of July creeb, u Yulron firer, 
b L.M.PrindlelodJ.~.drtie Ir. 'loBulleth520,1812, p%-210. Meanta. 

me %onnr6eld d o n .  iV.at., by A. R. Gnpp; including geoPOgic and topgraphic 
reconmatice r+p. Bulletin 501,1912, 162 pp. 

lo6.i~ recomawmce of a part of the Rampart quadrangle, Alaaka, by 'LI. M. 
A %&in. U u ~ o t i n  SSS,  1913 38 p, 
A g q ~ ~ c  r w p ~ n p  pt /be Pair- luhngle, A& b *L. M. m e ;  

mrh a dewled dwnphon of the ~aybsn%8 dislrict, by L. M!. Jmdle plld F. .I. 
Katx,  and an @count ol l d e  oliniqg near Pairbah, by P. 6. Smith. BulIeth 
625, 1913, 220 pp. 

The Xoyuk$-Chandah @on, A h t b ,  by A. G. kiaddrw. BuIleh632, M13, 
lllJ pp. 

A mlagic recomknnce of aha Circle qaadmgle, hh, by L. M. Pdndle, 
h u e t i n  538. (In prepatation.) 

The Id~tnrod-Ruby region Alaska, by H, M. Eagin, with geohgic and -p& 
monmimancs map. bulletin -. (In prepamtion.) 
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Topographic maps. 

Fortymile quadrangle; No. 640; scale, 1: 250,000; by E. C. Bamard. Price, 10 cents 
a copy or $3 for 50. 

Fair- quadrangle; No. 642;.scale, 1: 250,000; by T. G. Gerdine, D. G. Wither- 
spoon, end R. B. Oliver. Pnce, 20 cents a co y or $6 for 50. 

Rsmr quadrangle; No. 843; wale, 1: 250,000;%~ D. C. Witherspoon and R. B. 
0 ver. Price, 20 cents a copy or $6 for 50. 

Fairbanks district; No. 642A; scale, 1: 62,500; by T. G. Gerdine and R. E. Sargent. 
Price, 20 cents a copy or $6 for 50. 

*Yukon-Tansna r 'on, reconnaissance map of; scale, 1: 625,000; by T. G. Gerdine. 
Contained inyulletin 251,1905. 35 cents. Not published se arately. 

*Z'PhbUIL..nd Birch Creek districts, reconnaissance m a p  of; acal)e, 1: 250,000; by 
T. G. Gerdine. Contained in Bulletin 251, 1905. 35 cents. Not issued sepa- 
rately. 

&cle quadrangle, Yukon-Tansna region; scale, 1: 250,000; by D. C. Withempoon. 
Price 50 cents a copy. Also contained in Bulletin 295. 

SEWARD PENINSULA. 

*A reconnaissance of the Cape Nome and adjacent gold fields of Seward ~enhsu la ,  
Alaska, in 1900, by A. H. Brooks, G. B. Richardeon, and A. J. Collier. In a 
y u a l  publication entitled "Reconnai8mnces in the Cape Nome and Norton 

ay regom, Alaska, in 1900," 50 cents. 
*A reconnaissance in the Norton B a ~ ? ~ $ ~ ~ ~ & e  ka, in 1900, by W. C. Mendenhell. 

In a special publication entitled Reconnaissances in the Cape Nome and 
Norton Bay r om, Alaska, in 1900," 1901, 38 pp. 50 cents. 

*A reconnai-ce z t h e  northwe~tern portion of Seward P e n b u h ,  Alaska, by A. I. 
Collier. Profe88ional Paper 2, 1902, 70 pp. 30 cents. 

T h e  tin deposits of the York region, Alaska, by A. J. Collier. Bulletin 229, 1904, 

*%nt PI- evelopments l5 cents. of Alaakan tin deposits, by A. J. Collier. In Bulletin 259, 
1905, pp. 120-127. 15 cents. 

+The Fanhaven gold placers of Seward Peninsula, by F. H. Moffit. Bulletin 247, 
1905 85 pp. 40 centa. 

The ~ o r k  tin region, b F. L. Hess. In Bulletin 284,1906, pp. 145-157. 
 old mining on seward%'eninsuh, by 3'. H. Moffit. In Bulletin 284,1906, pp. 132-141. 
The Kougarok r 'on, by A. H. Brooke. In Bulletin 314,1907, pp. 164481. 

*Watet .up ly o s o m e  region, Seward Peninsula, Alaaka, 1906, by I. C. Hoyt and 
F. P. Eenahaw. Water-Suppl Paper 196, 1907, 52 pp. 15 cents. 

w i  tm ply of the Nom? region, Heward P e n i d ,  1906, by I. C .  ~ o q t  and F. I. 
~ e & w .  In Bulletrn 314, 1907, p . 182;186. 

The Nome r .on, by F. H. Moffit. In gulletm 314,1907, p . 126-145. 
C a d  fields T t h e  Solomon and Niukluk river baains, by P. g. Smith. In Bulletin 

314, 1907, pp. 146-156. 
Geology and mineral resources of Iron Creek, by P. S. Smith. In Bulletin 314, 

1907, pp. 157-163. 
The old placers of parts of Seward Peninsula, Alaska, including the Nome, Council, 

kougarok, Port Clarence, and Goodhope precincts, by A. J. Collier, F. L. H a ,  
P=8. Smith, and A. H. Brooks. 'Bulletin 328, 1908, 343 p . 

*&v-tion of the mineral deposits of Seward Peninsula, l!y P. 8. Smith. In  
B ertin 345,1908, pp. 206-250. 45 cents. 

VIlhe Seward Penmula hn deposlta, by Adolph Knopf. Tn Bulletin 345, 1908, 
pp. 251-267. 45 cents. 

*Mineral deposits of the Lost River and Brooks Mountain regions, Seward Peninsula, 
by Adolph Knopf. In Bulletin 345, 190$ pp. 268-271. 45 centa. 

*Water sup ly of the Nome and Kougazok rqons,  Seward Peninsula, in 1906-7, by 
F. F. genehaw. In Bulletin 345, 1908. pp. 272-285. 45 cents. 

*Water-mpply investi tions in Alaska, 1906 and 1907, by F. F. Henshaw and C. C. 
Covert. water-g  Ly Paper 218, 1908, 156 p. 25 cents. 

G e o t x o f  the sewarBSeninsula tin deposits, gy Adolph h o p f .  Bulletin 568, 
72 p. 

%g dsragpments in southern Seward Peni-la, by P. S. Smith. In  BuUetin 
379,1909 pp. 267-301. 50 cents. 

~ r h e ~ r o n  Creekregion, by P. S. Smith. In Bulletin379,1909, pp. 302354. SO cenb. 
*Mining in the Fairhaven precinct, by F. F. Henshaw. In Bulletin 379, 1909, 

pp. 355-369. 50 cents. 
*Watrsupply inveati tions in Seward Peninsula in 1908, by F. F. H e n s h .  In 

B\tfletan 379, lapp. 370-401. 50 cents. 



.! t h I o g g  and min&resomm of th Solomon sad Caeadepga qudmngles, b w d  
! P(dnmdahI by 8. 8. Smith. Bnllstin 443S, -1910 .B7 
5 - 1  rermrres aftbe YdatrAouncil region, by P. B.TA d EL M. &&a: 

1 Jn Bulletin JAE,I$IO, pp. 316452. 
: @ ; n i n g i n ~ e d ~ ~ l a , b y ~ . ~ . ~ e m e b a < ~  &I3 a U i 9 1  b p W 7 i ;  
; W.tBFmppIy in- t m ~  m 6 - d  Peni- in i q b y  P:F. %enaham, 
; Buil~tin 4-43, 19% pp. Si2-418. 

h p 1 M c  remoonimnce in mtherrtan Spnud P ~ a q  & the Norton 8 ~ ~ -  
XuIatD T o n ,  by P. S. Smith rand E. M. Eakia, Bu &.4+9, 19I1,lM pp. 

CH~*jop minrng in Gmard Peninmula, by 7.8. Smith. In HuUeti~&aQ, 1912, pp. 

Topgmphie map. 

Csaadepgn gmdmug!e, SerrPrd Pwbeuly No, 61& C; &, 1:62,600; dy 'Zt. G. 
Gerdine. 

~ r a n c ~  ~ ; e n t n l  &gh, b d  ~aainrmls; NO. WY A; d, 1: am; by T. 0. 
&dine. - 

Nome q~~adrangle fJpd Peniuuuh; NO. Md3- male L,~ ,Mo;:  T. (i. d i n s .  
solomon q~,a&np e, f i e 4  Peoinouln; No. 648 b; I&, 1 :62,WO%=T. 8. Gerdine. 

The three folbwhg map  nre fw aale at W centa a copy ot 8 8  & 1 ' 

8arud Peninsula, nathaatern pation af, -phi. rrmnotj~&&d:'bi,, 
1:250,000; by T. G. Grdine. 

B m d  Peninm northweatem @n d, t o p p p b l c  m m m ~ a k m c e  of; d d i  
: 2 j o . f l ;  by%, G. G ~ r d i n e .  

hwmtl Pm mwthmn po* of, m p h k  e c e  af; male, 1:%0,- 
000; hy T%ine. 

~rrtr-itasra. , . - .-., . ;.,2*722-,>i . L..-7 - L 

*A mcon ' F&, + d i n  k~ Ko&wbua 8orm& A S k h ~ ' b ~ ~ a 6  .w, 
nd KO& nvem by W. C. Mend&1l. R o f a o o ~ = I  Rpo 10, 

IB02, 68 pp. @ccaB. 
*A mowukance in north- Alaska amm the &Icy lhmhma 

John, AnAktuvuk, and CoIvilIe rivem, and the Arctic ma& ,d%theKayuLnkl pa Llabume, to 
in 1901, by F. C. Schmder and IT. J. Petera. Pwfeasional Paper 20,190a, 139 pp. 
40 wnb. 

fCoal  field^ of the ape Liebma d m ,  by A. J. ha-. h Blabtin my &; pp. 
172-185. 25 mte. , .  . : 

d o l P W  and coa~ ieeaurcee d &pa ~abtme ragion, a w d  J'. W & , : ~  
,,on 218, 1933, ,v pp. 15 cans. 

T h e  S h u n ~ a k  on, Kobuk Valley, by P. 8. Smith.& 8. KWi. I* %rdletin 
480,II)ll 3 1 5 0 5  

Tha Squi7af g% by P. 8.1Smith. In BnlletinrYY), 1911 
weolovc lnvm uons at ~a -W W- by A:%%&. ~a 

Bulietin 5209012, pp%-3~. 50 c+a. 
*The Aletna-Xoa,* ~egon ,  by P. S. Srmth. In hI leh  K& & lpp 

60 centa. : 
The Soatak-Kob* region, by P. 8. Smith. .- 536. (In pmpmtiou.) 

q. , - 

*Fort Yukon toE&mbw 8-oun4 rerpmsiwmwe raeb of; 4f&$&$& - h b u r n .  haloed m ~ f e x u o n e l  Peper 10. 30 cemtk -Np pub1 eepa- . 
- 6 - L  1 

m-Y 
* v k u L '  ~iwto mouth d @lvilla River, includii ~ohnki~; .  m&,l:$@;,rnO. ; 

y W. J. 133- CBatdsetl fh lkf&&naI P 8 p  ab. 40 &h. Not ~~blrahed 
wpmtely. 
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